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FLOW BAFFLE FOR MOLTEN CARBONATE FUEL CELL

FIELD OF THE INVENTION

Baffle structures for a molten carbonate fuel cell are provided, along with

methods of operating such a fuel cell.

BACKGROUND OF THE INVENTION

A conventional fuel cell stack assembly may be formed with a plurality of fuel
cells, each with an anode layer and cathode layer separated by an electrolyte layer. The plurality
of fuel cells may be arranged to form a stack of fuel cells. Each anode layer includes an anode
inlet (i.e., one face of the stack of fuel cells) and an opposing anode outlet (i.e., an opposite
face of the stack), and anode feed gas passes through the anode layers from the anode inlet to
the anode outlet in a first direction. Similarly, each cathode layer includes a cathode inlet (i.e.,
another face of the stack) and an opposing cathode outlet (i.e., an opposite face of the stack),
and cathode feed gas passes through the cathode layers from the cathode inlet to the cathode
outlet in a second direction, which is perpendicular to the first direction. The perpendicular
flow of the anode feed gas and the cathode feed gas generates a two-dimensional distribution
of current within the fuel cell. For example, the current may be highest in a corner proximate
both the anode inlet and the cathode inlet (due to increased gas concentrations) and may be
lowest in a corner proximate the anode outlet and the cathode outlet (due to decreased
electrochemical activity). The two-dimensional distribution of current then varies in both the
first direction and the second direction, making it difficult to optimize the flow of the anode
and cathode feed gases to reduce variance in the current across each fuel cell.

The standard perpendicular flow, or cross flow, configuration produces a two
dimensional current across the cell surface, which in turn induces a two-dimensional thermal
gradient. This thermal gradient, with one corner colder than the average temperature of the
flow field and another corner hotter than the average temperature of the flow field, is
problematic when many cells are stacked due to differential thermal expansion. The hot
corner/side grows more than the cold corner/side resulting in stack distortion, tilting, and
bending because the cells are no longer planar. This distortion can also induce contact loss, and

vary the amount of local compression on different areas of the cell. The taller the stack, the
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more this effect comes into play. It would be advantageous to provide a fuel cell assembly that
provides anode feed gas and cathode feed gas flowing in parallel directions in order to provide
a one-dimensional distribution of current and, thus, a one-dimensional temperature gradient. If
achieved, the cells within the stack will remain substantially planar, resulting in better contact,
more predictable movement, and less challenges with maintaining uniform stack compression

U.S. Patent 6,509,113 describes a baffle for use in an electrode of a solid oxide
fuel cell. The baffle is described as reducing the amount of fuel that is able to access the anode
when the fuel concentration is at a maximum, while allowing maximum exposure of fuel to the
anode when fuel concentration is at a minimum.

U.S Patent Application Publication 2020/0176787 describes a flow field baffle

for a cathode in a molten carbonate fuel cell.

SUMMARY OF THE INVENTION

In various aspects, an element in a molten carbonate fuel cell stack that includes
a baffle provided. The fuel cell stack element includes a gas flow inlet. The fuel cell stack
element further includes a first volume in fluid communication with the gas flow inlet. The fuel
cell stack element further includes a second volume, the second volume including at least a
portion of an anode active area of a fuel cell anode, at least a portion of a cathode active area
of a fuel cell cathode, or reforming catalyst. The second volume can be in fluid communication
with the gas flow inlet via the first volume. The fuel cell stack element further includes an inlet
baffle comprising a plurality of inlet baffle apertures at an inlet boundary between the first
volume and the second volume. At least a portion of the fluid communication between the first
volume and the second volume can correspond to fluid flow through the plurality of inlet baffle
apertures. A length of the inlet baffle can be at least 60% of a length of the inlet boundary. An
average height of the inlet baffle ca be 100% or more of an average height along the inlet
boundary. A combined cross-sectional area of the plurality of inlet baffle apertures can be 0.5%
to 6.0% of a total cross-sectional area at the inlet boundary. Additionally, the fuel cell stack
element can include a gas flow outlet in fluid communication with the second volume.

In some aspects, the fuel cell stack element can correspond to an anode or a
cathode of a molten carbonate fuel cell. In such aspects, the first volume can correspond to at
least a portion of a volume in an extended edge wet seal chamber. In such aspects, the second

volume can correspond to at least a portion of an anode active area and associated anode flow
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field, or at least a portion of a cathode active area and associated flow field. In some aspects,
the fuel cell stack element can correspond to a reforming element, where the second volume
includes reforming catalyst.

Methods for operating a fuel cell stack containing such a fuel cell stack element

are also provided.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic of a fuel cell.

FIG. 2 is a perspective view of a fuel cell stack configured for cross-flow
operation.

FIG. 3 is a perspective view of a fuel cell stack, according to an exemplary
embodiment.

FIG. 4A is a top plan view of a fuel cell assembly, according to an exemplary
embodiment.

FIG. 4B is a top plan view of a fuel cell assembly, according to another
exemplary embodiment.

FIG. 4C is a top plan view of a cathode level of the fuel cell assembly depicted
in FIG. 4A.

FIG. 4D is a top plan view of an anode level of the fuel cell assembly depicted
in FIG. 4A.

FIG. 5 shows a side view of an example of a baffle structure.

FIG. 6 shows a side view of another example of a baffle structure.

FIG. 7 shows a perspective view of an example of a baffle structure.

FIG. 8 shows a top view of a fuel cell with an extended wet seal and a desired
flow pattern for the anode gas flow.

FIG. 9 shows anode gas flow direction in an anode with the use of a baffle
structure.

FIG. 10 shows anode gas flow direction in an anode with a comparative baffle
configuration.

FIG. 11 shows anode gas flow direction in an anode with another comparative
baffle configuration.

FIG. 12 shows a comparative baffle structure.
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FIG. 13 shows pressure drop variations when using the comparative baffle
structure of FIG. 12.

FIG. 14 shows another comparative baffle structure.

FIG. 15 shows pressure drop variations when using the comparative baffle
structure of FIG. 14.

FIG. 16 shows a top view of an example of a reforming unit as an element in a
fuel cell stack.

FIG. 17 shows examples of aperture patterns for a baffle.

FIG. 18 shows an example of a baffle configuration.

FIG. 19 shows another example of a baffle configuration.

FIG. 20 shows an average temperature profile for a cathode in a fuel cell stack.

FIG. 21 shows an average temperature profile for a cathode in a fuel cell stack
that includes reforming units using a baffle configuration according to FIG. 18.

FIG. 22 shows the temperature profile of the cathode from FIG. 21 along the
centerline of the cathode.

FIG. 23 shows an average temperature profile for a cathode in a fuel cell stack

that includes reforming units using a baffle configuration according to FIG. 19.

DETAILED DESCRIPTION OF THE INVENTION

In various aspects, molten carbonate fuel cell configurations are provided that
allow for introduction of an anode input gas flow on a side of the fuel cell that is adjacent to
the entry side for the cathode input gas flow while allowing the anode and cathode to operate
under co-current flow and/or counter-current flow conditions. It has been discovered that
improved flow properties can be achieved within the anode during co-current flow or counter-
current flow operation by diverting the anode input flow into an extended edge seal region (in
an extended edge seal chamber) adjacent to the active area of the anode, and then using a baffle
to provide sufficient pressure drop for even flow distribution of the anode input flow across the
anode. A second baffle can be used to create a pressure drop as the anode output flow exits
from the active area into a second extended edge seal region (in a second extended edge seal
chamber), prior to the anode output flow leaving the fuel cell. A similar arrangement could be

used to manage the cathode input flow and cathode output flow, if desired.
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Additionally, it has further been discovered that when using baffles to manage
pressure drop between extended edge seal volumes, it is beneficial to use a solid baffle that
blocks substantially the entire flow field, but includes apertures or perforations that allow flow
of gas across the baffle. This is in contrast to a conventional baffle configuration, where the
pressure drop would be controlled based on a gap between the baffle and the top or bottom of
the flow field. It has been discovered that due to the sensitivity of the pressure drop to minor
manufacturing tolerance variations, improved control over the pressure drop can be achieved
by using apertures rather than relying on a gap between surfaces. Optionally, for the input
flow, an increased amount of available flow field can be provided at an end of the baffle that
is farthest away from the location where the anode input gas flow enters the input extended
edge seal volume. This increased amount of available flow field can be due to using larger
apertures near the far end of the baffle and/or by using a baffle that does not extend the full
length of the flow field (such as a baffle that is shorter than the length of the flow field by up
to 5% of the length). Optionally, for the output flow, an increased amount of available flow
field can be provided at an end of the baffle that is farthest away from where the anode output
gas flow exits from the output extended edge seal volume.

In still further aspects, baffles can also be used to manage flow into reforming
units that are integrated as elements in a fuel cell stack. In such aspects, a reforming unit can
be integrated as a stack element in the fuel cell stack on a periodic basis, such as having one
reforming unit per three or more fuel cells, or one reforming unit per five or more fuel cells,
such as down to one reforming unit per twenty fuel cells or possibly still less. Integrating a
reforming unit into a fuel cell stack can allow excess heat generated during fuel cell operation
to be at least partially consumed by performing reforming in an adjacent and/or nearby element
in the fuel cell stack. In such aspects, the baffles can be used to adjust the flow pattern in the
reforming unit, so that the heat consumption pattern in the reforming unit is relatively similar
to the heat generation pattern in the adjacent and/or nearby fuel cell elements in the stack.

For fuel cell stacks, one option for managing the gas flows into and out of the
stack is to use manifolds. Due to practical considerations, it can be beneficial to have the
manifolds for the anode input and anode output flows physical separated from the manifolds
for the cathode input and cathode input flows. For a fuel cell stack with a roughly rectangular
or square geometry, a convenient method of physically separating the manifolds can be to
locate the manifolds for the anode input flow and anode output flow on different sides of the

fuel cell stack from the manifold for the cathode input flow (and the manifold for the cathode
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output flow, if one is present). While this type of configuration can reduce or minimize
geometric difficulties in connecting the manifolds to the fuel cell stack, this can result in the
direction of flow in the anode being roughly perpendicular, or cross-flow, relative to the
direction of flow in the cathode. Unfortunately, under some operating conditions, operating a
fuel cell in a cross-flow configuration can lead to non-uniformity of reaction conditions within
the fuel cell. This can potentially pose mechanical problems and/or fuel cell lifetime
difficulties.

In order to maintain the benefits of maintaining physical separation of the anode
and cathode manifolds while avoiding the difficulties of a cross-flow configuration, it has been
discovered that the direction of flow in the anode can be modified to achieve co-current or
counter-current flow within the fuel cell while still achieving a substantially uniform modified
flow pattern within the anode. In order to achieve a substantially uniform modified flow
pattern, however, it has been discovered that a relatively even distribution of the anode input
flow needs to occur across the full width of the anode in the direction perpendicular to the
desired direction of flow within the anode. Otherwise, flow pattern difficulties similar to the
difficulties with a cross-flow configuration will remain, as there will be uneven distribution of
gas within the anode.

In this discussion, modifying fuel cell operation to have co-current flow or
counter-current flow is described based on modification of the direction of flow in the anode.
Modification of the anode flow are described in order to facilitate description of the
modifications. It is understood that the direction of flow in the cathode could be modified
instead.

It has been discovered that a substantially uniform distribution of gas across the
full width of the anode can be achieved in part by using a plurality of baffles. Initially, the
anode input flow can enter the fuel cell stack and be diverted into an (input) extended edge seal
chamber by a blocker. A first baffle can then be used to create a pressure drop for the anode
input flow after entering the extended edge seal chamber but prior to entering the active area
of the anode. A second baffle can be used to create a second pressure drop for the anode output
flow prior to exiting the active area of the anode into a second (output) extended edge seal
chamber. It has been discovered that having sufficient pressure drops on either side of the
active area of the anode can allow for a uniform flow distribution within the active area of the

anode. Additionally, it has been discovered that positioning the baffles roughly at the
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boundaries of the active area of the anode can reduce or minimize non-uniform operation within
the active area of the fuel cell.

In order to achieve the desired substantially uniform distribution of gas while
reducing or minimizing non-uniform operation, it has further been discovered that the type of
baffle used can impact operation. To achieve a relatively uniform distribution of gas, the
pressure drop between the extended edge seal area and the active area of the anode can be 0.1
kPa to 1.0 kPa. Achieving this level of pressure drop can require reducing the cross-sectional
area of the flow field that is available for fluid flow to roughly 0.5% to 6.0 %, or 0.5% to 4.0%,
or 0.5% to 2.5%, of the total cross-sectional area of the flow field at the baffle location. In some
aspects where a relatively uniform pattern of apertures is used along the full length of the baffle,
the available cross-sectional fluid flow area at the baffle location can be 0.5% to 2.5% of the
total cross-sectional area of the flow field at the baffle location. In aspects where additional
available cross-sectional area is present at the end of the baffle that is farthest from the gas
entry / exit location, the available cross-sectional area at the baffle location can be 0.5% to
4.0% or 0.5% to 6.0% of the total cross-sectional area of the flow field at the baffle location.
In this discussion, the available cross-sectional fluid flow area at a baffle location is defined as
the percentage of the total cross-sectional flow field area that remains open for fluid flow at the
baffle location after placing the baffle in the flow field. As described in further detail below,
the total cross-sectional flow field area can depend on the configuration of the fuel cell. In
some aspects, the total flow field cross-sectional area at the location of the baffle can
correspond to an area between a plate-like surface of an anode collector (or cathode collector)
and an opposing separator plate that is compressed against the anode collector (or cathode
collector) during construction of the fuel cell.

When determining the available cross-sectional flow field area provided by the
apertures in a baffle, it is noted that for a V-shaped baffle, the size and/or number of apertures
may be different for the two sides of the V. In such aspects, the available cross-sectional flow
field area for a V-shaped baffle is defined as the available cross-sectional flow field area for
the side of the baffle that has a lower cross-sectional flow field area. More generally, for any
type of baffle shape where a gas flow must pass through two or more apertures to completely
traverse the baffle, the available cross-sectional flow field area is defined as the cross-sectional
area for the set of apertures corresponding to the lowest cross-sectional area.

Due in part to the relatively small amount of cross-sectional area that is available

for fluid flow, it has been discovered that the pressure drop between the extended edge seal
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chambers and the anode has a relatively high sensitivity to variations in the cross-sectional
area. Due to this relatively high sensitivity, it has been discovered that a solid baffle with
apertures that otherwise occupies or fills the entire flow field (i.e., gas flow path) along a
boundary or line between an extended edge seal chamber and the anode can provide improved
operation. This improved operation is relative to a configuration where a baffle has a height
that is less than the height of the flow field at the boundary, so that the baffle occupies or fills
a majority, but not all, of the cross-sectional area of the flow field along a boundary between
an extended edge seal chamber and the anode. This improved operation can be achieved in
part based on the improved ability to control manufacturing tolerances for apertures within a
baffle, as opposed to the manufacturing tolerances for the overall size and shape of a baffle.

It is noted that the location of the baffle defines a boundary between a first
volume and a second volume. In aspects where the length of the baffle is less than the full
length of fuel cell at the baffle location, the boundary is defined to extend beyond the baffle so
that the boundary extends the full length of the fuel cell at the location. Thus, the boundary can
be longer than the baffle that defines the boundary. It is further noted that the boundary defined
by the baffle does not need to be the same as the boundary between the extended edge seal
chamber and the anode (or cathode). For example, the baffle could be located within the
extended edge seal chamber. For the input flow, this would mean that after passing through
the baffle, the gas flow can still have a distance to travel before reaching the portion of the
anode flow field that is associated with the active area of the anode. It is less preferred to have
the baffle located over a portion of the anode active area, as this would mean that the anode
gas flow could interact with the anode active area prior to achieving the improved gas flow
distribution that is provided by the pressure drop across the baffle. In other words, having a
baffle over a portion of the anode active area would mean that the anode input gas flow could
enter the anode flow field associated with the anode active area before encountering the baffle.

In some aspects, the baffle can correspond to a compliant baffle that initially
has a height that is slightly larger than the height of the flow field. In such aspects, the
compliant baffle can deform under the pressure used for assembly of the fuel cell. This can
reduce or minimize difficulties with managing tolerances for the height of the baffle while still
allowing the baffle to completely block the flow field at the baffle location, with the exception
of the apertures in the baffle.

A variety of options are available for how to use a baffle to provide a desired

amount of available cross-sectional area for the flow field. For example, the apertures in a
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baffle can be uniform (i.e., substantially of the same size), or the size of the apertures can vary
in a baffle. Optionally, the variation in aperture size can follow a pattern, such as alternating
apertures of larger and smaller size, or increasing aperture size along the length of the baffle,
or another convenient pattern. More generally, any convenient method for selecting aperture
sizes can be used in order to achieve the desired amount of available flow field cross-sectional
area.

In various aspects, for a V-shaped baffle, the apertures on one side of the “V”
can be offset from the apertures on the second side of the V. By using apertures that are offset
on the two sides of the V, any gas entering through an aperture on a first side of the V-shaped
baffle is required to travel laterally within the baffle prior to exiting through on aperture on the
second side. If the apertures on the two sides of the V are aligned, “channeling” of gas flow
could occur, where gas could pass through aligned apertures without lateral movement. Such
channeling can reduce the pressure drop across the baffle and/or can reduce the benefit
provided by the baffle for producing a more desirable flow pattern. Although the apertures on
different sides of a baffle are preferably offset, in some aspects the size and/or pattern of the
apertures can otherwise be the same for the two sides of the baffle. In other aspects, at least one
of the aperture size and the aperture pattern can vary between the two sides of a V-shaped
baffle.

In some aspects, additional available cross-sectional flow field area can be
provided at the end of the baffle that is farthest from the location where the anode gas flow
enters / exits from the extended edge seal volume. For example, for the input extended edge
seal volume, the anode input flow enters at a first end of the input extended edge seal volume.
In such an example, the baffle between the input extended edge seal volume and the anode
active area (optionally located at the anode inlet, which corresponds to the beginning of the
anode active area) can allow for additional available cross-sectional flow field area at the baffle
location at the second end of the input extended edge seal volume (i.e., at a portion of the inlet
baffle location that is farthest from the gas input flow to the extended edge seal volume). This
additional available cross-sectional flow field area can correspond to 25% or more of the total
available cross-sectional flow field area, or 50% or more. Additionally or alternately, the
amount of available cross-sectional flow field area that is located at a farthest end section of
the baffle can correspond to 0.1% to 5.0% of the total cross-sectional flow field area, or 0.1%
to 3.0%. In aspects where there is additional available cross-sectional flow field area at the

farthest end of the baffle, the remaining portion of the baffle can have an available cross-
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sectional flow field area that corresponds to 0.4% to 2.5% of the total cross-sectional area of
the flow field at the baffle location.

There are several options for providing the additional available cross-sectional
flow field area. One option can be to have larger apertures in the portion of the baffle
corresponding to 3.0% to 20% (or 3.0% to 15%, or 3.0% to 10%) of the length of the baffle
and/or the length of the baffle location that is farthest from then entry point of anode input gas
flow into the input extended edge seal volume. Similarly, for the output extended edge seal
volume, larger apertures can be included in the portion of the baffle that is farthest from the
exit point of anode output gas flow from the output extended edge seal volume. As an example,
in some aspects the length of the flow field (corresponding to the interior length of a fuel cell)
can be roughly 30 inches to 40 inches (roughly 750 mm to 1000 mm). A baffle for such a flow
field can have a similar length. In an aspect where the baffle and/or the baffle location has a
length of 30 inches (~750 mm), the final 1.0 inches (~25 mm) of the baffle and/or baffle
location corresponds to roughly 3.3% of the length of the baffle and/or baffle location, while
the final 6.0 inches (~150 mm) would correspond to roughly 20% of the length of the flow field
at the baffle location.

Another option can be to use a baffle that is less than the full length of the flow
field at the baffle location. In such an option, the baffle can be shorter than the full length of
the flow field by 0.05% to 5.0% of the length of the flow field, or 0.05% to 3.0%, or 0.05% to
1.0%, or 1.0% to 5.0%. In such an option, the gap created due to the difference between the
baffle length and the length of the flow field can be located at the end of the extended edge seal
volume that is farthest from the input / exit location for the anode gas flow. As an example, an
aspect where the length of the flow field is roughly 750 mm, a baffle that is shorter than the
flow field by 0.05% would correspond to a baffle with a length of 749.6 mm. A baffle that is
shorter than the flow field by 5.0% would correspond to a baffle with a length of 712.5 mm. It
is noted that for a baffle that is shorter than the full length of the flow field by a percentage
amount, the amount of additional available cross-sectional flow field area due to the open gap
is roughly the same as the difference in length between the baffle and the flow field. Thus, a
baffle that is shorter than the flow field by 1.0% results in additional available cross-sectional
flow field area of 1.0%.

Still another option can be to have an initial portion of a baffle (i.e., a portion
closest to the flow input / output) that has a reduced or minimized amount of cross-sectional

flow field area. For example, an initial 5.0% to 25% of the baffle can include less than 0.1%
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of available cross-sectional flow field area. Optionally, this can correspond to having no
apertures in the initial 5.0% to 25% of the baffle.

In some aspects, the baffle for the input extended edge seal volume can be
different from the baffle for the output extended edge seal volume. In such aspects, any
convenient type of differences can be present between the baffles. This can include, but is not
limited to, having different available cross-sectional flow field areas for the baffles; having
different aperture sizes for the baffles; having a different pattern of apertures for the baffle;
and/or having a difference in the amount of available cross-sectional flow field area at the end
of the baffles. In some aspects, the difference in available cross-sectional flow field area
between the input baffle and the output baffle can be 0.1% to 1.0%. In some aspects, the
difference in available cross-sectional flow field area between the input baffle and the output
baffle can be 1.1% to 5.0%.

General Molten Carbonate Fuel Cell Structure

FIG. 1 shows a general example of a portion of a molten carbonate fuel cell
stack. The portion of the stack shown in FIG. 1 corresponds to a fuel cell 401. In order to
isolate the fuel cell from adjacent fuel cells in the stack and/or other elements in the stack, the
fuel cell includes separator plates 410 and 411. In FIG. 1, the fuel cell 401 includes an anode
430 and a cathode 450 that are separated by an electrolyte matrix 440 that contains an
electrolyte 442. In various aspects, cathode 450 can correspond to a dual-layer (or multi-layer)
cathode. Anode collector 420 provides electrical contact between anode 430 and the other
anodes in the stack, while cathode collector 460 provides similar electrical contact between
cathode 450 and the other cathodes in the fuel cell stack. Additionally, anode collector 420
allows for introduction and exhaust of gases from anode 430, while cathode collector 460
allows for introduction and exhaust of gases from cathode 450. The shape of anode collector
420 in FIG. 1 is intended to represent the concept that curved structures (such as curved
protrusions from a plate-like surface) can be used to provide contact between anode collector
420 and either anode 430 or separator plate 410. For example, such curved structures can reside
above a gap in the anode collector 420 to allow fluid to flow into and out of anode 430. Any
other convenient shape can be used, including having at least one surface that corresponds to a
plate-like surface with openings to allow gas to pass through the plate-like surface. Cathode
collector 460 is similarly represented by curved surfaces, with the understanding that any other

convenient shape could also be used.
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During operation, CO> is passed into the cathode collector 460 along with Ox.
The CO; and/or Oz can be derived from any convenient source, such as air or flue gas from a
combustion device. The CO2 and O diffuse into the porous cathode 450 and travel to a cathode
interface region near the boundary of cathode 450 and electrolyte matrix 440. In the cathode
interface region, a portion of electrolyte 442 can be present in the pores of cathode 450. The
CO; and O, can be converted near / in the cathode interface region to carbonate ion (CO3>),
which can then be transported across electrolyte 442 (and therefore across electrolyte matrix
440) to facilitate generation of electrical current. In aspects where alternative ion transport is
occurring, a portion of the Oz can be converted to an alternative ion, such as a hydroxide ion
or a peroxide ion, for transport in electrolyte 442. After transport across the electrolyte 442,
the carbonate ion (or alternative ion) can reach an anode interface region near the boundary of
electrolyte matrix 440 and anode 430. The carbonate ion can be converted back to CO; and
H>O in the presence of H», releasing electrons that are used to form the current generated by
the fuel cell. This can occur, for example, in the presence of electrolyte 442 within the pores of
electrolyte matrix 440. The H» and/or a hydrocarbon suitable for forming H> are introduced
into anode 430 via anode collector 420.

Referring to FIG. 2, a conventional fuel cell stack 10 includes a plurality of fuel
cells 11 (such as fuel cell 401 shown in FIG. 1), each having an anode layer 12 (comprising an
anode electrode and an anode flow chamber/current collector, not shown) and a cathode layer
14 (comprising a cathode electrode and an cathode flow chamber/current collector, not shown),
with the fuel cells stacked one on top of another and so on. The fuel cell stack 10 includes an
anode inlet side (or stack face) 16 configured to receive anode feed gas and an opposing anode
outlet side (or stack face) 18 configured to output anode exhaust after it has passed through an
anode layer 12. The anode feed gas may be provided via an external manifold (anode inlet
manifold 116) adjacent to and sealed against the anode inlet stack face 16. For reference
purposes, the external manifolds depicted in FIG. 2 have been removed from the fuel cell stack
10. To be clear, during operation, external manifolds (e.g., anode inlet manifold 116) would
be sealed against corresponding fuel stack face. The anode exhaust may be received by another
external manifold adjacent to and sealed against the anode outlet stack face 18 (anode outlet
manifold 118). The fuel cell stack 10 further includes a cathode inlet side (or stack face) 20
configured to receive cathode feed gas and an opposing cathode outlet side (or stack face) 22
configured to output cathode exhaust after it has passed through a cathode layer 14. The

cathode feed gas may be provided via an external manifold adjacent to and sealed against the
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cathode inlet stack face 20 (cathode inlet manifold 120). The cathode exhaust may be received
by another external manifold sealed against the cathode outlet stack face 22 (cathode outlet
manifold 122). In some embodiments, at least three of the four stack faces may have external
manifolds sealed against each stack face. For example, the stack may be housed in sealed
housing (e.g., module) and the anode inlet side, the anode outlet side, and the cathode inlet side
may be sealed with external manifolds. The cathode outlet side in this example may be open
to the sealed housing.

In the conventional fuel cell stack 10 shown in FIG. 2, anode feed gas flows
through each anode layer 12 in a substantially linear direction from the anode inlet stack face
16 to the anode outlet stack face 18. (As referenced herein, “substantially linear” means a
majority of volume of a gas flows in a certain direction.) Similarly, the cathode feed gas flows
through the cathode layer 14 in a substantially linear direction from the cathode inlet stack face
20 to the cathode outlet stack face 22. The anode and cathode feed gases flow substantially
perpendicularly to each other (i.e., a majority of volume of anode feed gas flows in a first
direction and a majority of volume of cathode feed gas flows in a second direction that is
substantially perpendicular to the first direction) when they are within the stack (also known as
“cross-flow”). Because of this, the current density may be highest at a corner of the fuel cell
stack 10, proximate where the anode inlet side 16 meets the cathode inlet side 20 (region I) and
varies non-linearly in the directions of each of the anode feed gas flow and the cathode feed
gas flow through the fuel cell assembly 11. It would therefore be advantageous to reorient the
flow of the anode feed gas and the cathode feed gas relative to each other within the stack, such
that the anode and cathode flows pass through the fuel cell stack 10 in a substantially parallel
configuration (also known as “parallel flow”, “co-flow”, or “counter-flow™).

The present invention allows substantially parallel flow of two process gas
mixtures within a four-sided fuel cell stack where the two process gas mixtures are supplied
and removed from the stack in substantially perpendicular directions from each other. In other
words, the present invention allows substantially parallel flow within a fuel cell stack without
significantly changing the process gas delivery to and from the fuel cell stack (i.e., with external
manifolds) as described in relation to FIG. 2.

Referring now to FIG. 3, the fuel cell stack 200 shows how anode feed gas
passes through corners of the fuel cell stack 200 to be redirected substantially parallel to the
cathode feed gas and anode exhaust is again redirected to be output substantially

perpendicularly to the cathode exhaust. (For ease of reference, arrows designated with “A”



10

15

20

25

30

WO 2022/173454 PCT/US2021/020838

- 14 -

represent the flow path for anode process gas and arrows designated with “C” represent the
flow path for cathode process gas.) The fuel cell stack 200 includes a plurality of fuel cell
assemblies 211, each having an anode layer 208 and a cathode layer 210, with the fuel cells
stacked on top of one another and separated from each other by a steal separator sheet (e.g., a
bipolar plate). It is noted that the top surface of the top most fuel cell assembly 211 has been
removed to show flow paths within that fuel cell assembly. It will be appreciated that save for
the porous active area of the anode electrode (anode active area) 213, the anode layer 208 of
each fuel cell assembly 211 is otherwise a sealed chamber with a single inlet (partial anode
inlet 216, discussed below) and a single outlet (partial anode outlet 218, discussed below). As
used herein, “active area” is the area on a fuel cell layer (anode, cathode) that is configured to
allow selective diffusion of molecules in a process gas to diffuse there through, i.e., feed gases
undergo an electrochemical reaction in the active area. Said another way, the leading and
trailing edges of both the anode and cathode of a fuel cell have a narrow non-active area
corresponding to a wet seal between adjacent cells above and below the fuel cell. Feed gases
pass through the wet seal without undergoing an electrochemical reaction. The rest of the area
of the fuel cell, which is overlapping and common to both the anode and cathode layers, is
subject to electrochemical activity and is known as the “active area”. Similarly, apart from a
porous active cathode electrode (not shown), the cathode layer 210 of each fuel cell assembly
211 is otherwise a sealed chamber with a cathode inlet 226 and a cathode outlet 228. It will be
further noted that portions of the side walls of the fuel cell assemblies 211 have been removed
to show flow paths through the cathode layer of the top most fuel cell assembly 211 (and flow
paths of the anode and cathode layers of the fuel cell assembly 211 directly below the top most
fuel cell assembly 211). It will also be further noted that reference may be made to enumerated
features corresponding to the top most fuel cell assembly 211, but such enumerated features
may be applicable to other fuel cell assemblies 211 included in fuel cell stack 200.

It will be noted that the fuel cell assemblies 211 described herein include an
anode layer 208 and a cathode layer 210 separated by an electrolyte matrix layer, and steel
separator sheets form the upper surface and lower surface of the fuel cell assembly. However,
in other embodiments, a first fuel cell assembly may include an anode layer 208 and a cathode
layer 210 separated by a steel separator sheet, and an anode electrode forms a first surface (e.g.,
upper surface) and a cathode electrode forms a second surface (e.g., lower surface). A single
functional fuel cell unit is formed when a second fuel cell assembly (having the same

components as the first fuel cell assembly) is stacked on top or below the first fuel cell assembly
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and the two fuel cell assemblies are separated by an electrolyte matrix layer. In other words, a
single fuel cell unit is formed when the cathode of the first fuel cell assembly communicates
with an electrolyte matrix, which communicates with the anode of the second fuel cell
assembly.

Although FIG. 3 shows three fuel cell assemblies 211, the invention is not so
limited and a fuel cell stack may comprise more or less fuel cell assemblies. Each fuel cell
assembly 211 includes two extended edge seal chambers 236, 246 -- a first extended edge seal
chamber 236 (e.g., an upstream extended edge seal chamber) on a first side of the fuel cell
assembly and a second extended edge seal chamber 246 (e.g., a downstream extended edge
seal chamber) on the opposite side of the fuel cell assembly. As depicted in FIG. 3, the
extended edge seal chambers extend cantilever outboard from the stack face, beyond the active
area on two opposite sides of the fuel cell.

As with the fuel cell stack 10 depicted in FIG. 2, the fuel cell stack 200 (in FIG.
3) includes an anode inlet side (or stack face) 212 and an opposing anode outlet side (or stack
face) 214, which is substantially parallel to the anode inlet side 212. However, unlike the anode
inlet stack face 16 of fuel cell stack 10, which includes a substantially open face/inlet for anode
feed gas to enter each fuel cell, the anode inlet stack face 212 is not so open and each fuel cell
assembly 211 includes a first partial seal 212a and a partial anode inlet 216. In an exemplary
embodiment, an external manifold is sealed against the anode inlet stack face 212 (not shown)
and anode feed gas provided in the external manifold (not shown) enters the anode section of
the fuel cell via the partial anode inlet 216. Thus, the external manifold and partial anode inlet
216 are adjacent to the anode inlet stack face 212. Similarly, unlike the anode outlet stack face
18 of fuel cell stack 10, which includes a substantially open face/outlet (not shown) for anode
exhaust to leave each fuel cell, the anode outlet stack face 214 is not so open and each fuel cell
assembly 211 includes a second partial seal 214a and a partial anode outlet 218. Thus, partial
anode outlet 218 is adjacent to anode outlet stack face 214.

During operation of the fuel cell stack 200, each anode layer 208 is configured
to receive anode feed gas at the anode inlet side 212 of the fuel cell stack 200 from an anode
feed gas supply (i.e., source), for example, via an external manifold (not shown), and to output
anode exhaust at the anode outlet side 214 of the fuel cell stack 200, for example, via another
external manifold (not shown), after the anode feed gas has been reacted with cathode feed gas
in the fuel cell stack 200. Specifically, each anode layer 208 includes a partial anode inlet 216

(i.e., an anode inlet opening) formed in only a portion of the anode inlet side 212, at an upstream
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portion of the anode layer 208. Each anode layer 208 further includes a partial anode outlet 218
(i.e., an anode outlet opening) formed in only a portion of the anode outlet side 214, at a
downstream portion of the anode layer 208.

The fuel cell stack 200 further includes a cathode inlet side (or stack face) 222
and an opposing cathode outlet side (or stack face) 224, which is substantially parallel to the
cathode inlet side 222. In some embodiments, the cathode layers 210 are similar in structure
to, and similarly operate as, the cathode layers 14 of fuel cell stack 10 depicted in FIG. 2. In
other words, in some embodiments, the cathode feed gas may flow through the cathode layer
210 in a substantially linear direction from the cathode inlet stack face 222 to the cathode outlet
stack face 224. As depicted in FIG. 3, it will be appreciated that the first extended edge seal
chamber 236 (at the anode layer 208) is cantilevered over a cathode inlet 226. Moreover, a
plurality of the first extended edge seal chambers 236 forms a series of cantilevered protrusions
along the cathode inlet stack face 222. These cantilevered first extended edge seal chambers
are adjacent to the anode 208 on the cathode inlet stack face 222. Similarly, a plurality of the
second extended edge seal chambers 246 forms a series of cantilevered protrusions along the
cathode outlet stack face 224. These cantilevered second extended edge seal chambers are
adjacent to the anode 208 on the cathode outlet stack face 224.

During operation of the fuel cell stack 200, each cathode layer 210 is configured
to receive cathode feed gas at the cathode inlet side 222 of the fuel cell stack 200 from a cathode
feed gas supply (i.e., source), for example, via an external manifold (not shown), and to output
cathode exhaust at the cathode outlet side 224 of the fuel cell stack 200, for example, via an
external manifold (not shown), after the cathode feed gas has been reacted with anode feed gas
in the fuel cell stack 200. Specifically, each cathode layer 210 includes a cathode inlet 226
(i.e., a cathode inlet opening) formed in the cathode inlet side 222, at an upstream portion of
the cathode layer 210. Each cathode layer 210 further includes a cathode outlet 228 (i.e., a
cathode outlet opening) formed in the cathode outlet side 224, at a downstream portion of the
cathode layer 210. According to an exemplary embodiment, the cathode inlet 226 and the
cathode outlet 228 may extend substantially an entire width of the cathode layer 210, although
according to other exemplary embodiments, the cathode inlet 226 and/or the cathode outlet 228
may extend along only a portion of the width of the cathode layer 210.

As shown in FIG. 3, the anode feed gas is supplied to and the anode exhaust is
output from the anode layer 208 along substantially parallel flow paths through the fuel cells

and fuel cell stack. For example, the anode feed gas is fed to the anode layer 208 from the
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anode inlet manifold (not shown) along a streamline substantially perpendicularly to the anode
inlet stack face 212. The anode feed gas fed through partial anode inlet 216 is redirected with
an anode inlet diverter (a blocker or diverting surface) 252 through the first extended edge seal
chamber 236 and back into the anode active area 213 of the fuel cell assembly 211 into a stream
substantially parallel with the flow of cathode feed gas and then into the second extended edge
seal chamber 246 and then output through the partial anode outlet 218. It will be appreciated
that a portion of the anode gas traveling through the active anode section is redirected with a
first side of an anode outlet diverter (another blocker or diverting surface) 266 into the second
extended edge seal chamber 246 and that the anode gas traveling through the second extended
edge seal chamber 246 may be redirected with a second side of the anode outlet diverter 266
through the partial anode outlet 218.

In the above configuration, the anode exhaust is diverted into a streamline
flowing substantially perpendicularly to the anode outlet stack face 214 of the fuel cell stack
200. As further shown in FIG. 3, the cathode inlet stack face 222 and the cathode outlet stack
face 224 are substantially perpendicular to the anode inlet stack face 212 and the anode outlet
stack face 214 of the fuel cell stack 200. In this configuration, the cathode feed gas is supplied
to and the cathode exhaust is output from the cathode layer 210 along substantially parallel
flow paths from each other. For example, the cathode feed gas flows along a streamline
substantially perpendicularly to the cathode inlet stack face 222 and the cathode exhaust gas
flows along a streamline substantially perpendicularly to the cathode outlet stack face 224.
According to an exemplary embodiment, the flow of the cathode feed gas through the cathode
layer 210, as itis reacted and converted into cathode exhaust, flows along a substantially linear
streamline between the cathode inlet 226 and the cathode outlet 228.

Although the first and second extended edge seal chambers 236, 246 depicted
in FIG. 3 have a trapezoidal footprint extending away from the anode active area bounded by
one long sidewall, two shorter sidewalls, a top surface, and a bottom surface, it will be
appreciated that the invention is not so limited. The first extended edge seal chamber 236 may
have any dimension, or be any shape, that encloses a chamber capable of accepting anode
process gas fed via partial anode inlet 216 and redirected by anode inlet diverter 252 and
providing that anode process gas to the anode active area 213 through anode active area inlet
272. Similarly, the second extended edge seal chamber 246 may have any dimension, or be

any shape, that encloses a chamber capable of accepting anode process gas fed via anode active
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area outlet 274 and providing that anode process gas through the partial anode outlet 218 (via
redirection by anode outlet divert 266).

As shown in FIG. 3, the anode inlet diverter 252 extends at a non-perpendicular
angle relative to each of the anode inlet side 212 and cathode inlet side 222 of the fuel cell stack
200. Also, as depicted in FIG. 3, the anode inlet diverter 252 extends in a straight, linear fashion
from the anode inlet side 212 toward the cathode inlet side 222. However, the anode inlet
diverter 252 may be curved (concave or convex) or any other shape, as long as it redirects
anode process gas fed through partial anode inlet 216 into the first extended edge seal chamber
236. The anode inlet diverter 252 extends vertically along substantially an entire height of the
anode layer 208. This can reduce, minimize, or potentially even eliminate passage of anode
feed gas over and/or under the anode inlet diverter 252. Due to the difficulties in forming a
seal between non-compressible metal surfaces, however, in some aspects a small portion of the
anode feed gas can still pass over and/or under the anode inlet diverter 252 into anode layer
208.

Similarly, anode outlet diverter 266 extends at a non-perpendicular angle
relative to each of the anode outlet side 214 and cathode outlet side 224 of the fuel cell stack
200. Although the anode inlet diverter 252 depicted in FIG. 3 extends in a straight, linear
fashion from the anode outlet side 214 toward the cathode outlet side 224, the anode inlet
diverter 252 may be curved (concave or convex) or any other shape, as long as it redirects
anode process gas fed through second extended edge seal chamber 236 through the partial
anode outlet 218. The anode outlet diverter 266 extends vertically along substantially an entire
height of the anode layer 208. Similar to anode inlet diverter 252, the anode outlet diverter
reduces or minimizes passage of anode outlet gas over and/or under the anode outlet diverter
266. However, due to difficulties in forming seals between non-compressible surfaces, in some
aspects some flow of anode outlet gas over and/or under the anode outlet diverter 266 can
occur.

Referring back to FIG. 2, it will be appreciated that as a process gas flows
through a fuel cell, the composition of that gas will change as it travels across the fuel cell and
is reacted with another process gas in the fuel cell. As such, the composition of the anode
process gas flowing through fuel cell stack 10 (in FIG. 2) changes as it travels from the anode
inlet side 16 to the anode outlet side 18 of the stack. However, the composition of the cathode
process gas entering fuel cell stack 10 is uniformly distributed along the width of the cathode

layer 14 (measured from the anode inlet side 16 to the anode outlet side 18 of the fuel cell stack
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10). In contrast, during operation of the embodiment depicted in FIG. 3, the anode process gas
enters the anode active area 213 through the active anode inlet 272 rather than an opening
spanning the anode inlet side 212 of the fuel cell stack 200 (such as depicted in FIG. 2). As
with fuel cell stack 10 (in FIG. 2), the cathode process gas enters the fuel cell stack 200 (at the
cathode inlet side 222) in a substantially uniform flow distribution along the entire width of the
cathode layer 210 (measured from the anode inlet side 212 to the anode outlet side 214 of the
fuel cell stack 200). Thus, the composition of the anode process gas entering the anode active
area 213 and the composition of the cathode process gas entering the cathode layer 210 are
substantially uniform across the width of the fuel cell stack 200 (measured from the anode inlet
side 212 to the anode outlet side 214 of the fuel cell stack 200). As will be discussed below,
the uniform compositional distribution of the process gases entering the stack (along the width
of the cathode inlet) in a substantially parallel fashion enables a more uniform distribution of
current density across the cathode inlet span, instead of higher current densities proximate the
anode inlet side 16 and cathode inlet side 20 of stack 10 (region I of FIG. 2) and lower current
densities away from the inlets.

FIG. 4A is a top plan view of fuel cell stack 200 with the top surface of the
anode layer 208 (of the topmost fuel cell assembly 211) removed to show (a) anode feed gas
entering the anode active area 213 from a first extended edge seal chamber 236, and (b) anode
exhaust entering the second extended edge seal chamber 246 from the anode active area 213.
The flow of anode process gas across the anode active area (which enters as anode feed gas
and exits as anode exhaust) in a substantially linear fashion parallel to the flow of cathode
process gas through the cathode layer 210 of the fuel cell assembly 211. As noted above, this
flow arrangement may be described as co-flow.

FIG. 4B depicts anode process gas flow through a fuel cell assembly in a
counter-flow direction. FIG. 4B is a top plan view of fuel cell stack 300 with the top surface
of the anode layer 308 (of the topmost fuel cell assembly 311) removed. Similar to fuel cell
stack 200 and fuel cell assembly 211, the anode process gas enters fuel cell stack 300/fuel cell
assembly 311 from an anode inlet side that is perpendicular to a side where cathode process
gas enters and anode process gas exits a side opposite the anode inlet side and the cathode
process gas exits a side opposite the cathode inlet side. The anode process gas enters the anode
inlet side of fuel cell assembly 311 via a partial anode inlet 316, which is similar to the partial
anode inlet 216 (for fuel cell assembly 211). However, partial anode inlet 316 is proximate a

stack corner between the anode inlet side and the cathode outlet side of fuel cell stack 300.
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Whereas the partial anode inlet 216 (for fuel cell assembly 211) is proximate a stack corner
between the anode inlet side and the cathode inlet side of fuel cell stack 200. After entering
the fuel cell assembly 311, the anode process gas is redirected (by an anode inlet diverter 352)
into a first extended edge seal chamber 326 (located on a cathode outlet side of fuel cell
assembly 311) and redirected further into the anode active area 313. Reacted anode process
gas exits the anode active area 313 and enters the second extended edge seal chamber 346 and
is redirected toward anode outlet divert 366 and anode partial outlet 318. In this configuration,
the anode process gas traverses the anode active area 313 in a direction substantially parallel
to, but opposite of, the cathode process gas traversing thru the cathode layer of fuel cell
assembly 311.

In either flow configuration (co-flow or counter-flow), the distribution of each
of the anode feed gas and cathode feed gas is substantially uniform laterally across the fuel cell
stack in the direction from the anode inlet side to the anode outlet side, providing a one-
dimensional distribution of current density across the fuel cell stack (measured from cathode
inlet to cathode outlet).

It will be appreciated that the co-flow configuration depicted in FIG. 4A and the
counter-flow configuration depicted in FIG. 4B can utilize the same external manifold
arrangements described herein with respect to fuel cell stack 10 (depicted in FIG. 2).
Alternatively, a counter-flow configuration may be achieved with the embodiment of FIG. 4A
by rearranging the direction of the anode process gas through the fuel cell stack (e.g., switching
the anode inlet manifold with the anode outlet manifold) or by rearranging the direction of the
cathode process gas through the fuel cell stack (e.g., switching the cathode inlet manifold with
the cathode outlet manifold).

FIG. 4C is a top plan view of cathode layer 210 (of fuel cell assembly 211) with
the cathode electrode removed to show cathode active area 2113. During operation, cathode
process gas traverses cathode active area 2113 in a substantially linear path from the cathode
inlet side to the cathode outlet side. First cathode edge seal 2115 prevents cathode process gas
from entering the anode inlet side of fuel cell assembly 211, e.g., anode inlet manifold (not
shown). Second cathode edge seal 2117 prevents cathode process gas from entering the anode
outlet side of fuel cell assembly 211, e.g., anode outlet manifold (not shown).

FIG. 4D is a top plan view of anode layer 208 (of fuel cell assembly 211) with
major portions of the top surface covering the anode active area 313 and the extended edge seal

chambers 236, 246. During operation, as described in detail above, anode process gas enters
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first extended edge seal chamber 236 and traverses anode active area 313 in a substantially
linear path from the cathode inlet side to the cathode outlet side (of fuel cell assembly 211).
First anode edge seal 3115 prevents anode process gas from entering the cathode inlet side of
the fuel cell assembly 211, e.g., cathode inlet manifold (not shown), as the anode process gas
travels from partial anode inlet 216 to first extended edge seal chamber 236 and to anode active
area 313. Second anode edge seal 3117 prevents anode process gas from entering the cathode
outlet side of fuel cell assembly 211, e.g., cathode outlet manifold (not shown), as anode
process gas travels from anode active area 313 to second extended edge seal chamber 246 and
to anode partial outlet 218.

According to yet another exemplary embodiment, it should be understood that
the cathode layer 210 may be configured in substantially the same way as and in place of the
anode layer 208, such that an extended edge seal chamber associated with the cathode inlet
(e.g., “cathode inlet chamber” or first extended edge seal chamber 236) is disposed on a stack
side adjacent (and perpendicular) to the cathode inlet side 222 and configured to cooperate with
an inlet diverter in the cathode layer 210 to redirect cathode feed gas therein to be substantially
paralle] with anode feed gas received directly at the anode inlet side 212 of the stack. Similarly,
an extended edge seal chamber associated with the cathode outlet (e.g., “cathode outlet
chamber” or second extended edge seal chamber 246) may be disposed on a stack side opposite
the cathode inlet chamber and configured to cooperate with an outlet diverter in the cathode
layer to redirect cathode exhaust from the fuel cell stack 200.

In this discussion, fluid communication between elements refers to the ability
for fluids (gas and/or liquid) to flow between two elements. Direct fluid communication refers
fluids being able to pass between two elements without passing through another intervening
element. Indirect fluid communication refers to fluids traveling from a first element to a second
element by passing through an intervening element. For example, in FIG. 3, partial anode inlet
216 is in direct fluid communication with extended edge seal chamber 236. Partial anode inlet
216 is in indirect fluid communication with anode layer 208 via extended edge seal chamber
236. It is noted that when a baffle structure is present at the boundary between an extended
edge seal chamber and the anode, the extended edge seal chamber can be in indirect fluid
communication with the anode via the baffle. Alternatively, if the baffle is located entirely
within the extended edge seal chamber, then a portion of the extended edge seal chamber may
be in direct fluid communication with the anode.

Baffle Structure and Manufacturing Tolerances
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One method for forming molten carbonate fuel cells, such as the fuel cells
shown in any of FIGS. 1 — 4, is to build the fuel cell in layers and then compress the layers
together to seal the fuel cell and form the desired electrical contacts. However, when
attempting to add a baffle to the anode (or cathode) flow field to achieve a desired pressure
drop, the manufacturing tolerances involved in this type of layered construction can pose
difficulties.

In a molten carbonate fuel cell, the height of the anode flow field can typically
be between 1.0 mm to 4.0 mm, or 1.0 mm to 3.0 mm, or 1.3 mm to 4.0 mm, or 1.3 mm to 3.0
mm. The height of the flow field can be selected based on the design of the anode collector (or
cathode collector). For example, in some aspects the anode collector can correspond to a plate
like structure with protrusions that provide gaps to allow passage of gas through the anode
collector into the pores of the anode. A separator plate is then compressed onto the anode
collector. In such aspects, the height of the flow field can roughly correspond to the height of
the protrusions, or alternatively can correspond to the height of the protrusions plus the
thickness of the plate-like structure, depending on the configuration. In some aspects, the baffle
can reside on the plate-like structure in a gap between protrusions. In such aspects, the height
of the flow field at the location of the baffle can correspond to the height of the protrusions.

Due to limitations in the nature of how sheet metal can be processed to form the
various fuel cell layers, the height of the anode flow field can vary by +/- 0.025 mm. When
forming a solid cylinder (or other shape) for use as a baffle, the size of the baffle can also vary
by +/- 0.025 mm. Thus, when attempting to insert a baffle while providing a desired gap in the
flow field, the combination of the two tolerances means that the size of the gap can vary by as
much as 0.05 mm.

In various aspects, an improved uniformity in the anode flow can be achieved
by using a baffle to create a pressure drop between the extended edge seal volume and the
anode of 0.1 kPa to 1.0 kPa. To achieve this level of pressure drop, the baffle needs to block
94% or more of the cross-sectional area of the flow field, so that the available cross-sectional
area for fluid flow is between 0.5% to 6.0% of the original flow field cross-sectional area, or
between 0.5% to 4.0%, or between 0.5% to 2.5%. In aspects where additional available cross-
sectional area is present at the end of the baffle that is farthest from the gas entry / exit location,
the available cross-sectional area can be 0.5% to 2.5%, or 0.5% to 4.0% or 0.5% to 6.0% of the
total cross-sectional area of the flow field. In other aspects, it can be desirable to have a baffle

that constrains flow along the full length of the baffle. In such other aspects, it can be desirable
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to block 97.5% or more of the cross-sectional area of the flow field. In such other aspects, the
available cross-sectional fluid flow area can be 0.5% to 2.5% of the total cross-sectional area
of the flow field at the baffle location.

In various aspects, it has been discovered that the flow pattern and/or general
operation of a molten carbonate fuel cell can be improved by including improved baffle
structures in the flow field for the anode flow and/or the cathode flow. The improved baffle
structures can occupy the full height of the flow field, so that the pressure drop is managed
based on apertures (such as perforations) in the baffle. This is in contrast to a conventional
baffle design, where the pressure drop across the baffle would be determined based on the
baffle height being less than the height of the flow field, so that gas could flow above / below
the baffle.

A baffle can be formed from a convenient material that does not degrade in the
presence of the anode input flow, such as stainless steel. The apertures can be formed in the
baffle by a technique with low size variability, such as photochemical etching. Photochemical
etching has a tolerance for size variability of 0.001 inches (0.025 mm). The apertures can
correspond to holes, slots, or any other convenient shape that has a desired cross-sectional area.
After forming the apertures, the sheet metal can be formed into a desired baffle shape using
conventional methods, such as using a press brake and tooling dies.

The baffle can be formed in any convenient shape that allows for formation of
apertures to allow gas flow while also blocking the full height of the flow field. An example
of a suitable shape for a baffle can be a V-shaped baffle, oriented so that the bottom of the “V”
is closest to the anode during assembly. For a rigid or non-compressible baffle, the baffle can
have the same height as the flow field, so that substantially all of the flow field is blocked by
the baffle (with the exception of the apertures) when the fuel cell is assembled. For a
compressible baffle, the baffle can have a height that is greater than the height of the flow field
by roughly 0.1 mm to 0.2 mm. When the fuel cell is assembled, the baffle can be compressed
so that the compressed baffle substantially matches the height of the flow field. In such aspects,
the top of the baffle structure can include tabs or flanges that serve as the initial contact point(s)
with the layer above the baffle during fuel cell assembly. For example, for a V-shaped baffle,
additional tabs or flanges can be present at the top of each arm of the baffle. It is noted that the
compressible nature of the baffle can also be beneficial for any small changes in the height of
the flow field that might occur during fuel cell operation, such as changes in the height of the

flow field due to differential thermal expansion of various elements.
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FIG. 5 shows an example of a baffle that can include a plurality of apertures to
manage flow of gas across the baffle. In FIG. 5, a baffle 510 rests in a gap between the curved
protrusions 520 of an anode collector structure 501. Baffle 510 is shown as a V-shaped baffle,
but any other convenient shape can be used that permits formation of apertures to allow gas
flow.

In some aspects, the position for the baffle (i.e., the gap between the curved
protrusions 520 of anode collector structure 501) can be substantially aligned with the interface
between an extended edge seal volume and the active area of the anode. In other aspects, the
baffle position can be entirely within the extended edge seal volume. Using either positioning,
the baffle can provide a flow restriction (i.e., a pressure drop) so that the anode input flow gas
distributes in a substantially uniform manner throughout the extended edge seal volume prior
to passing through the baffle into the anode. By substantially aligning the baffle with the
interface between the extended edge seal volume and the active area of the anode, or by
positioning the baffle entirely within the extended edge seal volume, variations in current
density can be reduced or minimized. If the baffle was located so that the anode input flow
could contact a substantial portion of the anode active area prior to passing through the baffle,
then the contacted portion of the anode active area would be exposed to an increased pressure
of anode input flow relative to the rest of the anode active area. This would contribute to non-
uniformity in current density. It is noted that positioning the baffle so that the anode input flow
is still within the extended edge seal volume after passing through the baffle can potentially
reduce the available volume within the extended edge seal volume for holding the anode input
flow prior to passing through the baffle. In aspects where the baffle is located within an
extended edge seal chamber, the portions of the chamber volume on either side of the baffle
can be referred to as separate chamber volumes.

In the example shown in FIG. 5, the bottom of baffle 510 rests on a plate-like
bottom surface of anode collector structure 501. The top of baffle 510 includes top surfaces
512 that correspond to flanges or tabs that extend from sidewalls 540. The top surfaces 512 of
baffle 510 are slightly taller than the curved protrusions 520 that are used to contact the
separator plate (not shown). For example, top surfaces 512 of the baffle 510 can be higher than
the top surfaces of the curved protrusions 520 by a compression height 514 of roughly 0.002
inches to 0.01 inches (~0.04 mm to 0.25 mm). The top surfaces 512 of baffle 510 can be
compressed when the fuel cell is assembled so that the baffle is compressed to have the same

height as the curved protrusions 520. This means that the baffle can also have the same height
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as the full height of the flow field 530 for the anode input flow. Using a compressible baffle
can reduce or minimize issues related to manufacturing tolerances, as a height variation on the
order of 0.025 mm (~0.001 inches) for the top surface of a compressible baffle will not
substantially change the operation of a compressible baffle. Instead, such height variations will
primarily change the amount of compression for the baffle during fuel cell assembly.

As an alternative, a non-compressible baffle can also be used. FIG. 6 shows an
example of a non-compressible baffle 610. The non-compressible baffle in FIG. 6 can be
located in a gap between curved protrusions 520 in a manner similar to FIG. 5. However, the
height of the sidewalls 640 of non-compressible baffle 610 can be substantially the same as the
height of the flow field, so that substantially the entire flow field is blocked, except for the
apertures in the baffle. Thus, the height of the non-compressible baffle 610 can correspond to
the flow field height that is defined by the distance from the bottom surface 660 of the anode
collector (or cathode collector) and the surface of the adjacent separator plate 670. Again, any
convenient shape can be used for non-compressible baffle 610, so long as apertures can be
formed in the baffle to provides the desired cross-sectional area for fluid flow. It is noted that
for a non-compressible baffle, a baffle having a single wall shape or a solid shape may be
suitable, so long as the apertures can be formed.

In order to allow gas to pass through a baffle, such as the baffles shown in FIG.
5 or FIG. 6, apertures (not shown) can be drilled, etched, or otherwise formed in the sidewalls
540 of baffle 510 or sidewall(s) 640 of baffle 610. The apertures can be seen in FIG. 7, which
shows a perspective view of the baffle 510. As shown in FIG. 7, the apertures 750 correspond
to openings that are substantially uniformly distributed along the length of the baffle 510.
Although the apertures in FIG. 7 are shown as being placed at a height that is roughly halfway
between the top and the bottom of the flow field, other convenient heights and/or patterns for
varying the height could be used.

In aspects where the baffle can be compressed, the sheet metal used for forming
the baffle shape can have a thickness of roughly 0.25 mm to 0.40 mm. The thickness of the
sheet metal can be selected so that the baffle is compressed during fuel cell manufacturing
process to conform to the height of the flow field. A fuel cell manufacturing process can
typically involve pressing the fuel cell layers together under a pressure of 100 kPa to 200 kPa,
so the thickness of the sheet metal can be selected to be thin enough to compress under a

pressure of 100 kPa to 200 kPa.
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The apertures of the baffle can have a combined cross-sectional area
corresponding to 0.5% to 2.0% of the area of the flow field. The area of an individual aperture
can vary depending on the number of apertures relative to the length of the baffle. This is one
of the advantages of using apertures, as the size of the apertures can be selected to reduce or
minimize the impact of manufacturing variability. As the size of the apertures is increased, the
desired reduction in available cross-sectional area for the flow field can be maintained by
reducing the number of apertures. By contrast when using a solid baffle, the size of the gap
between the baffle and the surface above the baffle is dictated by the desired cross-sectional
area, so there is little or no ability to adjust the solid baffle configuration to mitigate problems
due to manufacturing variability.

Based on manufacturing tolerances, it can be beneficial to have apertures with
a characteristic dimension of .25 mm or more, or 0.5 mm or more, or 0.7 or more, such as up
to 1.5 mm (or possibly larger) so that manufacturing variations do not have a substantial impact
on the area of an individual aperture. For a substantially round aperture, the characteristic
dimension can correspond to the diameter. For an aperture with an oval, oblong, or rectangular
shape, the characteristic dimension can correspond to the shortest axis or shortest side. As noted
above, a technique such as photochemical etching can create features with a variation of 0.025
mm or less. By using a characteristic dimension of 0.25 mm or more for the apertures (or 0.5
mm or more, or 0.7 mm or more), any manufacturing variations in the apertures will result in
less than a +/- 10% change in the characteristic dimension. In the limiting case of a round
aperture, a change in characteristic dimension of +/- 10% corresponds to a change in area of
roughly +/- 20%. This is in contrast to the situation for a solid baffle, where the combination
of variations in the manufacturing of the baffle (+/- 0.025 mm) and variations in the flow field
height for the assembled fuel cell (+/- 0.025 mm) can correspond to up to 60% or more of the
desired gap between the baffle and the separator plate above the baffle. For example, for an
anode flow field having a height of 4.0 mm, a gap corresponding to 2% of the flow field height
would correspond to 0.08 mm. The combined tolerance variations for the flow field height and
the baffle height are 0.05 mm, meaning that the gap formed between the baffle and the separator
plate above the baffle can vary by as much as +/- 60%.

FIG. 17 shows examples of four different types of aperture patterns for a baffle.
In FIG. 17, top down views are shown for four different V-shaped baffles. Generally, the
apertures in the two sides of the “V” are not aligned, so that any gas flow passing through an

aperture on one side of the baffle has to travel laterally within the baffle before exiting from an
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aperture on the other side. In other aspects, one or more apertures in the two sides of the “V”
could be aligned, but this can allow channeling of gas flow to occur.

Baffle 1710 corresponds to a V-shaped baffle where the aperture pattern is
different on the two sides of the V. The baffle 1710 represents a baffle where the apertures
1712 and apertures 1714 are 0.032 inches (0.81 mm) in diameter. The apertures 1714 are
spaced apart from each other by 0.233 inches (5.9 mm), while the apertures 1712 are spaced
apart from each other by 0.466 inches (11.8 mm).

Baffle 1720 corresponds to a V-shaped baffle where the size and aperture
pattern are the same on the two sides of the V, but with the apertures still being offset between
the two sides of the V. The baffle 1720 represents a baffle where the apertures 1722 are 0.032
inches (0.81 mm) in diameter. The 1722 are spaced apart from each other by 0.466 inches
(11.9 mm).

Baffle 1730 corresponds to a V-shaped baffle where the aperture pattern is
different on the two sides of the V. The baffle 1730 represents a baffle where the apertures
1732 and apertures 1734 are 0.030 inches (0.76 mm) in diameter. The apertures 1734 are
spaced apart from each other by 0.233 inches (5.9 mm), while the apertures 1732 are spaced
apart from each other by 0.698 inches (17.7 mm).

Baffle 1740 corresponds to a V-shaped baffle where the size and aperture
pattern are the same on the two sides of the V, but with the apertures still being offset between
the two sides of the V. The baffle 1740 represents a baffle where the apertures 1742 are 0.030
inches (0.76 mm) in diameter. The apertures 1742 are spaced apart from each other by 0.233
inches (5.9 mm).

In terms of relative resistance to gas flow for the baffles configurations shown
in FIG. 17, baffle 1740 provides the lowest gas flow resistance (i.e., lowest pressure drop), as
baffle 1740 has the largest amount of available cross-sectional area for gas to pass through on
both sides of the baffle. Baffles 1710 and 1720 provide similar levels of resistance, based on
the lowest cross-sectional area sides having roughly the same area of apertures in both baffles.
It is noted that baffle 1710 offers slightly less resistance to gas flow due to the greater number
of baffles in one of the sides of the V. Baffle 1730 represents the baffle with the highest
resistance to gas flow.

Baffles for Integrated Reforming Unit

In some aspects, the baffles described herein can also be used manage flow

patterns in a reforming unit that is integrated into a molten carbonate fuel cell stack. The baffles
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described herein can be used to enable co-current or counter-current flow within the fuel cells
in a fuel cell stack while providing improved flow uniformity and/or reaction rate uniformity
across the fuel cells. During such co-current or counter-current operation, the pattern of heat
generated in a fuel cell will be different from the pattern of heat generated in a fuel cell during
cross-flow operation. It would be desirable to develop flow patterns in an integrated reforming
unit that allow the heat consumption in the reforming unit to take advantage of the heat
generation pattern in the adjacent and/or nearby fuel cells. The baffles described herein can
assist with developing such a flow pattern in the reforming unit, in combination with an
appropriate selection of a reforming catalyst pattern.

When operating a fuel cell to have co-current or counter-current flow in the
anode and cathode, the corresponding pattern of heat generation in the fuel cell can be roughly
aligned with the axis corresponding to the direction of co-current or counter-current flow.
Using baffles to separate the extended edge wet seal volumes from the anode or cathode can
further assist with reducing or minimizing the tendency of gas to try to flow directly from a gas
inlet to a gas outlet in the anode and/or cathode. As a result, using baffles can further align the
heat generation pattern in a fuel cell operating in co-current or counter-current flow mode with
the axis corresponding to the direction of co-current or counter-current flow.

Based on the alignment of the heat generation pattern in a fuel cell with the axis
of co-current or counter-current flow, it can be beneficial for any integrated reforming units in
the fuel cell stack to have a heat consumption pattern with increased alignment with the axis of
flow in the fuel cell. One way to achieve this can be to introduce the hydrocarbon for reforming
along the same entry face of the fuel cell stack as the entry face for either the cathode flow or
the anode flow.

In some aspects, the baffles described herein can then be used in the reforming
unit in a similar manner to the way the baffles are positioned in the anode or cathode. In other
words, the baffles can be used to define an entry volume where hydrocarbon for reforming
enters and is distributed along the length of the volume prior to contacting any reforming
catalyst. The hydrocarbon can then pass through the apertures in the baffle or around the end
of the baffle to flow across the reforming catalyst. After reforming, the reforming products can
pass through or around a second baffle prior to exiting from the reforming unit. It is noted that
the reforming unit does not include an extended volume. Instead, the entry volume and exit

volume in the reforming unit are within the footprint of the fuel cell stack.
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By using baffles to modify the flow pattern in the reforming unit, a variety of
corresponding reforming catalyst patterns can be suitable in the reforming unit. In some
aspects, a relatively constant density of reforming catalyst can be used in the area between the
baffles. In other aspects, a gradient of catalyst density can be used, so that the density of
reforming catalyst is lower near the input baffle and gradually increases until it reaches a
highest value near the output baffle. Still other choices for the reforming catalyst pattern can
also be suitable. The catalyst pattern can be achieved in any convenient manner. For example,
a desired uniform catalyst density or gradient in catalyst density can be achieved by depositing
small particles of catalyst in the desired pattern on the bottom and/or top surface of a reforming
unit. In various aspects, any convenient type of reforming catalyst can be used.

Flow Pattern Examples

FIG. 8 shows an example of the desired operation of a fuel cell when the anode
flow input is re-directed to allow for co-current flow or counter-current flow operation. In FIG.
8, a top cross-sectional view of a fuel cell is shown so that the anode flow field corresponds to
the top layer. In FIG. 8, an anode input flow 801 is introduced into an inlet volume 805. The
inlet volume 805 includes blocker 810 that re-directs the anode input flow 801 into extended
edge seal area 820. The dashed line 830 indicates the position of the baffle, which creates a
sufficient pressure drop to allow the anode input flow 801 to distribute across the extended
edge seal area 820 before passing through the baffle. The dotted line 832 represents the active
area of the anode. As shown in FIG. 8, the position 830 of the baffle is selected so that the
anode input flow 801 passes through the baffle prior to reaching the active area of the anode.
The anode input flow 801 is substantially evenly distributed across the full length of the anode
as the gas flow passes across the active area of the anode. The dashed line 840 indicates the
position of the second baffle, which provides a second pressure drop to further assist with
maintaining an even distribution of gas flow across the active area of the anode. Blocker 850
reduces, minimizes, or prevents direct passage of gas flow from the anode active area to anode
exit volume 860. Instead, the anode output flow 861 is formed by gas that passes through the
second baffle (located at position 840) into extended edge seal area 870.

In order to test the gas flow pattern within the active area of the anode for
various configurations, a series of tests were performed where air was passed through various
anode flow field configurations. During the tests, the flow pattern through the cell was
determined by running two types of air flows through a cell with a piece of diazo paper on the

bottom surface of the anode flow field. The flow field had a total height (plate thickness plus
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protrusion height) of roughly 2.3 mm. However, because the baffle rested on the bottom plate
of the anode collector at the baffle location, the thickness of the plate is not included for the
flow field height at the baffle location. Thus, at the baffle location, the flow field height was
roughly 2.0 mm. A first air flow, corresponding to air without further additives, was passed
into the cell under controlled conditions and allowed to vent to atmosphere on the exit of the
cell. This first air flow had sufficient volume to establish the flow pattern in the cell. A second
stream of air that had been saturated with ammonium hydroxide was introduced at a series of
ports machined into the flow test fixture. The trace air that was concentrated with ammonium
hydroxide turned the diazo paper blue showing the direction air was flowing. This trace stream
was <1% of the flow so it did not affect the direction of flow. Since the ammonium hydroxide
was consumed by the reaction with the diazo paper, introducing the trace stream via the series
of ports allowed the flow pattern to be traced at multiple locations within the cell. The
concentration of ammonium hydroxide over the paper affected how dark the flow stream
appeared. When there is more air flow in a particular area of the cell the concentration of
ammonium hydroxide is low and the flow stream appeared thin and light. When the airflow is
lower, the higher concentration of ammonium hydroxide will make the flow stream appear
thick and dark. This technique was used to evaluate a series of baffle designs and CFD
(computational fluid dynamics) models were calibrated using the results of the flow tests to
find the optimized baffle configuration.

FIG. 9 shows results from a configuration where blockers were used to divert
the input flow into an extended edge seal area and baffles including apertures were used to
achieve a pressure drop of 0.1 kPa or more. In FIG. 9, the input flow 901 is diverted by blocker
910 into extended edge seal area 920. Baffles corresponding to the full height of the flow field,
but including apertures to allow for fluid flow, were placed at positions 930 and 940. The
apertures provided an available cross-sectional area corresponding to 2.5% or less of the
original flow field, so that the pressure drop across the baffles was 0.1 kPa or more. As shown
in FIG. 9, this resulted in a gas flow pattern that would be substantially parallel to a cathode
gas flow during operation. Based on the measured flow pattern, CFD simulations were
performed to model operation of the fuel cell. The CFD simulations indicated improved
uniformity in the current density across the fuel cell.

It is noted that in FIG. 9, some flow did occur across blocker 910. This is due
to the difficulties with forming a complete seal for a fixed height blocker when assembling a

fuel cell. As shown in FIG. 9, this was a relatively low volume flow, and therefore did not
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pose problems for improving the uniformity of the current density during CFD simulations. A
similar low volume flow over blocker 950 was also observed.

In order to illustrate the benefits of a configuration such as the configuration in
FIG. 9, a series of comparative configurations were also studied. FIG. 10 shows results from
flow testing on a first comparative configuration. In FIG. 10, a blocker was not used to re-
direct the input flow into the extended edge wet seal area. Instead, the input flow 1001 was
allowed to enter over the anode active area. Solid (cylindrical) baffles were used to block a
portion of the flow field. The height of the baffle was roughly 1.6 mm. Compared to the flow
field height of 2.0 mm at the baffle location, this corresponds to blocking roughly 80% of the
total cross-sectional area of the flow field. The positions used for the baffles are shown by
dashed lines 1030 and 1040. As shown in FIG. 10, the baffle positions 1030 and 1040 are
within the anode active area. Additionally, in the example shown in FIG. 10, the baffles
blocked 80% or less of the flow field, so that the pressure drop across each baffle was less than
0.1 kPa. As shown in FIG. 10, because there was not a sufficient pressure drop across the
baffles, the flow pattern clearly shows a flow from corner to corner within the anode, rather
than from side-to-side (which would be parallel to a cathode flow during operation).

FIG. 11 shows results from flow testing on a second comparative configuration.
In FIG. 11, larger solid cylindrical baffles were used, so that the available cross-sectional area
of the flow field was reduced to 2.0% of the original cross-sectional area. Once again, blockers
were not used and the baffles were placed in positions 1130 and 1140, which are over the active
area of the anode during operation. As shown in FIG. 11, by reducing the available cross-
sectional area for fluid flow to 2.0% or less, a pressure drop of 0.1 kPa or higher was achieved.
This resulted in the flow pattern shown in FIG. 11, which would be substantially parallel to a
cathode flow during operation. However, as shown in FIG. 11, the positions 1130 and 1140 of
the baffles were over what would be the active area of the anode during operation. When CFD
modeling was performed of fuel cell performance using the configuration shown in FIG. 11,
the uniformity of the current density was poor. This was due in part to holdup of the input flow
prior to passing through the first baffle while still over the active area. Similar non-uniformity
was observed one either side of the second baffle.

Based on the CFD modeling performed using the flow results shown in FIGS.
9 — 11, a substantial improvement in current density could be achieved in a fuel cell by using a

blocker to divert the input flow into an extended edge seal area, and the using a baffle to provide
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a pressure drop of 0.1 kPa or more for gas passing from the extended edge seal area into the
active area of the anode (or from the anode active area into the second extended edge seal area).
During the flow testing, an additional difficulty with using baffles to achieve a
desired pressure drop was also discovered. Due to limitations in manufacturing techniques, the
height of the anode flow field in a molten carbonate fuel cell has a tolerance of +/- 0.025 mm.
For a solid baffle, the height of the baffle has a similar tolerance of +/- 0.025 mm. It was
discovered that because this variation was similar in magnitude to the desired gap between the
baffle and the separator plate, the accumulation of manufacturing tolerances could cause
substantial variation for the pressure drop across the baffle during operation of the fuel cell.

FIG. 12 shows an example of a solid cylindrical baffle placed in the flow field
for the anode input flow of a flow cell. Although FIG. 12 is not necessarily to scale, the figure
does illustrate the problem with attempting to use a baffle with a height on the order of 1 — 10
mm to control formation of a gap with a height on the order of 0.1 mm.

In order to further investigate this difficulty, a series of tests were performed to
determine how the pressure drop changed as a function of gap height. FIG. 13 shows the results
from those tests. As shown in FIG. 13, for a 2.0 mm flow field, a gap height between the baffle
and the separator plate of 0.1 mm (~0.004 inches) resulted in a desired pressure drop of roughly
0.1 kPa (or roughly 0.4 inches of water). However, due to manufacturing variability as
described above, constructing a fuel cell to have a desired gap height of 0.1 mm could result in
an actual gap of 0.05 mm to 0.15 mm (~0.002 inches to 0.006 inches). As shown in FIG. 13,
this means that the resulting pressure drop across the baffle during operation could range from
roughly 0.06 kPa to 0.24 kPa. This would mean that the flow rate could vary by as much as a
factor of four between different fuel cells. This substantial variation would result in poor and/or
unpredictable performance for fuel cells manufactured using a solid baffle.

In an effort to mitigate the impact of manufacturing variability, a different baffle
shape was tested. FIG. 14 shows an example of a trapezoid shaped baffle, with the long face
of the trapezoid at the top. For a round baffle, the flow constriction occurs at a single point
corresponding to the top of the cylinder. By contrast, the trapezoid shaped baffle provides a
flow restriction along the entire width of the top face. Due to the longer path length of
constricted flow, the trapezoid shaped baffle was able to generate the same desired pressure
drop of 0.1 kPa at a gap height between the baffle and the separator plate of roughly 0.23 mm,

or more than twice the gap height for the cylindrical baffle. However, even with the larger gap
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height, the variation due to manufacturing tolerances still resulted in a potential variability in
pressure drop between different fuel cells of almost 100%. This is shown in FIG. 15.

As described above, forming apertures having a characteristic dimension of 0.25
mm or more (or 0.5 mm or more, or 0.7 mm or more) results in a size variation of 20% or less.
Additionally, the magnitude of this size variation could be further reduced by using larger
aperture sizes, such as having a variation of 10% or less for apertures with a characteristic
dimension of 0.5 mm or more. By contrast, even for the trapezoidal baffle, the variation in gap
height due to manufacturing tolerances was greater than 20%. Thus, by using apertures to
control the available cross-sectional area for fluid flow, a substantial reduction in
manufacturing variability can be achieved so that fuel cell performance can be maintained more
consistently between cells.

Reforming Unit Examples

FIG. 16 shows an example of a baffle configuration for use in a reforming unit.
In FIG. 16, the hydrocarbon input 1610 for the reforming unit enters on the same side of the
fuel cell stack as the reforming outlet 1620. When a hydrocarbon input for reforming enters
the reforming unit via hydrocarbon input 1610, the hydrocarbons initially are passed into an
entry volume 1630. Preferably, the entry volume does not contain any reforming catalyst. This
can allow the hydrocarbons to be distributed along the length of the entry volume 1630 prior
to having any reaction with reforming catalyst. The hydrocarbons can then enter the main
volume 1640 of the reforming unit where reforming catalyst 1645 is located. The hydrocarbons
can enter the main value either by passing through apertures in baffle 1650, or by passing
around the end of baffle 1650 if the length of baffle 1650 is less than the length of the entry
volume 1630. In some aspects, baffle 1650 can have substantially the same length as the length
of the entry volume 1630. In other aspects, the length of the baffle 1650 can be less than the
length of the entry volume 1630 by 0.05% or more, or 0.5% or more, or 5% or more, or 10%
or more, or 20% or more, such as up to 50% or possibly still higher. Expressed as a ratio, this
corresponds to a baffle that has a length that is 0.9995 times the length of the entry volume or
less, or 0.995 or less, or 0.95 or less, or 0.90 or less, or 0.80 or less, such as down to 0.5 times
the length of the entry volume. For example, the input baffle 1650 shown in FIG. 16 has a
length that is roughly 60% of the length of entry volume 1630. This results in a gap or area
1651 where no baffle is present. It is noted that the exit baffle 1660 can independently have a
length that is similar to the length of exit volume 1670 or that is shorter than the length of exit

volume 1670 by any of the values described above.
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After entering main volume 1640, the hydrocarbons are at least partially
reformed by reforming catalyst 1645 to form reforming products such as H>. The reforming
products can then pass through apertures in exit baffle 1660 and/or around exit baffle 1660 (if
the length of exit baffle 1660 is less than the length of exit volume 1670). The reforming
products can then exit from exit volume 1670 via reforming outlet 1620. It is noted that an
outlet blocker structure 1680 is shown in FIG. 16. The blocker structure provides another
structure for reducing, minimizing, or eliminating flow directly from the main volume 1640 to
reforming outlet 1620.

FIG. 18 shows an example of a baffle configuration. In the example shown in
FIG. 18, the baffle configuration is used as a baffle for a reforming stack element. In FIG. 18,
an initial portion 1850 of the inlet baffle corresponds to a solid blocker (still V-shaped) that
does not include apertures. A second portion 1840 of the inlet baffle corresponds to a baffle
having the aperture sizes and pattern used for baffle 1740 in FIG. 17. The initial portion 1850
and second portion 1840 meet at location 1801. It is noted that initial portion 1850 and second
portion 1840 can correspond to a single baffle piece with different hole patterns etched into
initial portion 1850 and second portion 1840. Alternative, two or more pieces can be used to
form the baffle. Outlet baffle 1841 corresponds to the aperture sizes and pattern used for baffle
1740 in FIG. 17. A solid blocker 1855 is used to prevent direct flow from the reforming active
area to the outlet for the reforming element.

FIG. 19 shows another example of a baffle configuration. In FIG. 19, there are
variations in the aperture size and pattern for both the inlet and the outlet baffle. In the example
shown in FIG. 19, an initial portion 1950 of the inlet baffle corresponds to a solid blocker that
does not include apertures. A second portion 1930 (starting at location 1903) corresponds to
the aperture sizes and pattern of baffle 1730 from FIG. 17. A third portion 1940 (starting at
location 1904) corresponds to the aperture sizes and pattern of baffle 1740 from FIG. 17. For
the outlet baffle, a first portion 1931 corresponds to the aperture sizes and pattern of baffle
1730 from FIG. 17. A second portion 1921 (starting at location 1912) corresponds to the
aperture sizes and pattern of baffle 1720 from FIG. 17. A third portion 1941(starting at location
1914) corresponds to the aperture sizes and pattern of baffle 1740 from FIG. 17.

FIG. 20 and FIG. 21 show the temperature profiles from operation of two fuel
cell stacks. In FIG. 20, the average cathode temperature profile is shown for cathodes in a fuel
cell stack that did not include any reforming units as elements in the stack. The fuel cell stack

in FIG. 20 was operated at a current density of 130 mA/cm?, a fuel utilization of 50%, and a
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CO» utilization of 70%. The concentration of COz in the cathode input flow was 8.4 vol%. The
fuel cell was operated in a counter-current flow mode. For FIG. 21, a similar fuel cell stack
was used, but a reforming unit was inserted between every 6 fuel cells. In the reforming unit,
the baffle configuration shown in FIG. 18 was used. The operating conditions were the same
as for FIG. 20, with the exception that the fuel utilization in FIG. 21 was 55% instead of 50%.
Based on having the same current density, however, it is believed that FIG. 20 and FIG. 21
provide a good comparison of the impact of including reforming units on the average cathode
temperature profile. It is noted that the direction of flow for the reforming units in the stack
corresponding to FIG. 21 was co-current with the direction of the anode flow.

As shown in FIG. 20, the fuel cell stack operated without the integrated
reforming units showed a substantial amount of temperature variation in the average cathode
temperature profile. In particular, in two separate regions, the average cathode temperature
was greater than 660°C, with a peak temperature of 688°C. As shown in FIG. 21, the addition
of reforming units as elements in the fuel cell stack (one reforming unit per six fuel cells)
resulted in a decrease in the peak temperature from 688°C to 659°C, while maintaining roughly
the same lowest temperature in the fuel cell of near 590°C. The temperature profile in FIG. 21
can be more clearly seen in FIG. 22, which shows the average cathode temperature along a line
in the center of the fuel cell that is parallel to the axis of the counter-current flow.

A further improvement in the temperature profile was achieved by using the
baffle configuration from FIG. 19. In another test run, a fuel cell stack with one reforming unit
per six fuel cells was used, but the reforming units included the baffle configuration shown in
FIG. 19. The resulting temperature profile in the cathode is shown in FIG. 23. As shown in
FIG. 23, the lowest temperature is still near 590°C, but the maximum temperature is now
between 620°C and 630°C.

Additional Embodiments

Embodiment 1. An element in a molten carbonate fuel cell stack, comprising:
a gas flow inlet; a first volume in fluid communication with the gas flow inlet; a second volume
comprising at least a portion of an anode active area of a fuel cell anode, at least a portion of a
cathode active area of a fuel cell cathode, or reforming catalyst, the second volume being in
fluid communication with the gas flow inlet via the first volume; an inlet baffle comprising a
plurality of inlet baffle apertures at an inlet boundary between the first volume and the second
volume, at least a portion of the fluid communication between the first volume and the second

volume comprising fluid flow through the plurality of inlet baffle apertures, a length of the inlet
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baffle comprising at least 60% of a length of the inlet boundary, an average height of the inlet
baffle comprising 100% or more of an average height along the inlet boundary, a combined
cross-sectional area of the plurality of inlet baffle apertures comprising 0.5% to 6.0% of a total
cross-sectional area at the inlet boundary; and a gas flow outlet in fluid communication with
the second volume.

Embodiment 2. The fuel cell stack element of Embodiment 1, wherein at least
one of the plurality of inlet baffle apertures has a characteristic dimension of 0.25 mm or more;
or wherein each of the plurality of inlet baffle apertures has a characteristic dimension of 0.25
mm or more.

Embodiment 3. The fuel cell stack element of any of the above embodiments,
wherein the combined cross-sectional area of the plurality of inlet baffle apertures is 0.5% to
2.5% of the total cross-sectional area at the inlet boundary; or wherein a length of the inlet
baffle is less than the length of the inlet boundary by 0.05% to 5.0% of the length of the inlet
boundary; or a combination thereof.

Embodiment 4. The fuel cell stack element of any of the above embodiments,
further comprising: a third volume in fluid communication with the gas flow outlet, the gas
flow outlet being in indirect fluid communication with the second volume via the third volume;
an outlet baffle comprising a plurality of outlet baffle apertures at an outlet boundary between
the first volume and the second volume, at least a portion of the fluid communication between
the first volume and the second volume comprising fluid flow through the plurality of outlet
baffle apertures, a length of the outlet baffle comprising at least 60% of a length of the outlet
boundary, an average height of the outlet baffle comprising 100% or more of an average height
along the outlet boundary, a combined cross-sectional area of the plurality of outlet baffle
apertures comprising 0.5% to 6.0% of a total cross-sectional area at the outlet boundary.

Embodiment 5. The fuel cell stack element of Embodiment 4, wherein the
combined cross-sectional area of the plurality of inlet baffle apertures is different from the
combined cross-sectional area of the plurality of outlet baffle apertures; or wherein one or more
inlet baffle apertures comprise a different characteristic dimension than one or more outlet
baffle apertures; or wherein a length of the inlet baffle is different than a length of the outlet
baffle; or a combination thereof.

Embodiment 6. The fuel cell stack element of any of the above embodiments,

wherein apertures in a portion of the inlet baffle that is farthest from the gas flow inlet comprise
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25% or more of the combined cross-sectional area of the inlet baffle apertures, the portion of
the inlet baffle comprising 5% to 20% of a length of the inlet boundary.

Embodiment 7. The fuel cell stack element of any of Embodiments 1 — 6,
wherein the second volume comprises reforming catalyst, and wherein the gas flow inlet is
adjacent to a first side of a fuel cell stack, the gas flow outlet optionally being adjacent to the
first side of the fuel cell stack.

Embodiment 8. The fuel cell stack element of any of Embodiments 1 - 6,
wherein the second volume comprises at least a portion of an anode active area and an
associated anode flow field, the first volume comprising at least a portion of an extended edge
seal input chamber, the extended edge seal input chamber being adjacent to a first side of a fuel
cell stack, the gas flow inlet being adjacent to a second side of the fuel cell stack.

Embodiment 9. The fuel cell stack element of Embodiment 8, wherein the gas
flow inlet further comprises an inlet flow blocker, the inlet flow blocker being positioned at an
oblique angle relative to the inlet baffle; or wherein the second volume further comprises an
outlet flow blocker, the outlet flow blocker being positioned at an oblique angle relative to the
inlet baffle; or a combination thereof.

Embodiment 10. The fuel cell stack element of any of Embodiments 1 - 6,
wherein the second volume comprises at least a portion of a cathode active area and an
associated cathode flow field, the first volume comprising at least a portion of an extended
edge seal input chamber, the extended edge seal input chamber being adjacent to a first side of
a fuel cell stack, the gas flow inlet being adjacent to a second side of the fuel cell stack.

Embodiment 11. The fuel cell stack element of Embodiment 10, wherein the
gas flow inlet further comprises an inlet flow blocker, the blocker being positioned at an oblique
angle relative to the inlet baffle.

Embodiment 12. The fuel cell stack element of any of Embodiments 8 - 11,
further comprising an extended edge seal output chamber adjacent to a third side of the fuel
cell stack; a gas flow outlet in fluid communication with a first output chamber volume of the
extended edge seal output chamber; and an outlet baffle comprising a plurality of outlet baffle
apertures at an outlet boundary of the first output chamber volume, a cross-sectional area of
the plurality of outlet baffle apertures being 0.5% to 6.0% of a total cross-sectional flow field
area at the outlet boundary, the first output chamber volume being in fluid communication with

the second volume.
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Embodiment 13. The fuel cell stack element of any of the above embodiments,
wherein the length of the inlet baffle comprises the length of the inlet boundary.

Embodiment 14. The fuel cell stack element of any of the above embodiments,
wherein the baffle comprises a V-shaped baffle having a first side and a second side, and
wherein apertures in the first side have at least one of a different aperture size and a different
aperture pattern relative to apertures in the second side.

Embodiment 15. Use of a fuel cell stack comprising a fuel cell stack element
according to any of the above embodiments, a pressure drop across the inlet baffle during use
optionally being 0.1 kPa to 1.0 kPa.

All numerical values within the detailed description and the claims herein are
modified by “about” or ‘“approximately” the indicated value, and take into account
experimental error and variations that would be expected by a person having ordinary skill in
the art.

Although the present invention has been described in terms of specific
embodiments, it is not necessarily so limited. Suitable alterations/modifications for operation
under specific conditions should be apparent to those skilled in the art. Itis therefore intended
that the following claims be interpreted as covering all such alterations/modifications that fall

within the true spirit/scope of the invention.
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CLAIMS

What is claimed is:

1. An element in a molten carbonate fuel cell stack, comprising: a gas flow inlet;
a first volume in fluid communication with the gas flow inlet; a second volume comprising at
least a portion of an anode active area of a fuel cell anode, at least a portion of a cathode active
area of a fuel cell cathode, or reforming catalyst, the second volume being in fluid
communication with the gas flow inlet via the first volume; an inlet baffle comprising a
plurality of inlet baffle apertures at an inlet boundary between the first volume and the second
volume, at least a portion of the fluid communication between the first volume and the second
volume comprising fluid flow through the plurality of inlet baffle apertures, a length of the inlet
baffle comprising at least 60% of a length of the inlet boundary, an average height of the inlet
baffle comprising 100% or more of an average height along the inlet boundary, a combined
cross-sectional area of the plurality of inlet baffle apertures comprising 0.5% to 6.0% of a total
cross-sectional area at the inlet boundary; and a gas flow outlet in fluid communication with

the second volume.

2. The fuel cell stack element of claim 1, wherein at least one of the
plurality of inlet baffle apertures has a characteristic dimension of 0.25 mm or more; or wherein

each of the plurality of inlet baffle apertures has a characteristic dimension of 0.25 mm or more.

3. The fuel cell stack element of claim 1, wherein the combined cross-
sectional area of the plurality of inlet baffle apertures is 0.5% to 2.5% of the total cross-
sectional area at the inlet boundary; or wherein a length of the inlet baffle is less than the length
of the inlet boundary by 0.05% to 5.0% of the length of the inlet boundary; or a combination

thereof.

4. The fuel cell stack element of claim 1, wherein the length of the inlet

baffle comprises the length of the inlet boundary.
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5. The fuel cell stack element of claim 1, further comprising: a third
volume in fluid communication with the gas flow outlet, the gas flow outlet being in indirect
fluid communication with the second volume via the third volume; an outlet baffle comprising
a plurality of outlet baffle apertures at an outlet boundary between the first volume and the
second volume, at least a portion of the fluid communication between the first volume and the
second volume comprising fluid flow through the plurality of outlet baffle apertures, a length
of the outlet baffle comprising at least 60% of a length of the outlet boundary, an average height
of the outlet baffle comprising 100% or more of an average height along the outlet boundary,
a combined cross-sectional area of the plurality of outlet baffle apertures comprising 0.5% to

6.0% of a total cross-sectional area at the outlet boundary.

6. The fuel cell stack element of claim 5, wherein the combined cross-
sectional area of the plurality of inlet baffle apertures is different from the combined cross-
sectional area of the plurality of outlet baffle apertures; or wherein one or more inlet baffle
apertures comprise a different characteristic dimension than one or more outlet baffle apertures;
or wherein a length of the inlet baffle is different than a length of the outlet baffle; or a

combination thereof.

7. The fuel cell stack element of claim 1, wherein apertures in a portion of
the inlet baffle that is farthest from the gas flow inlet comprise 25% or more of the combined
cross-sectional area of the inlet baffle apertures, the portion of the inlet baffle comprising 5%

to 20% of a length of the inlet boundary.

8. The fuel cell stack element of claim 1, wherein the second volume
comprises at least a portion of an anode active area and an associated anode flow field, the first
volume comprising at least a portion of an extended edge seal input chamber, the extended
edge seal input chamber being adjacent to a first side of a fuel cell stack, the gas flow inlet

being adjacent to a second side of the fuel cell stack.
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9. The fuel cell stack element of claim 8, wherein the gas flow inlet further
comprises an inlet flow blocker, the inlet flow blocker being positioned at an oblique angle
relative to the inlet baffle; or wherein the second volume further comprises an outlet flow
blocker, the outlet flow blocker being positioned at an oblique angle relative to the inlet baffle;

or a combination thereof.

10. The fuel cell stack element of claim 1, wherein the second volume
comprises at least a portion of a cathode active area and an associated cathode flow field, the
first volume comprising at least a portion of an extended edge seal input chamber, the extended
edge seal input chamber being adjacent to a first side of a fuel cell stack, the gas flow inlet

being adjacent to a second side of the fuel cell stack.

11. The fuel cell stack element of claim 10, wherein the gas flow inlet further
comprises an inlet flow blocker, the blocker being positioned at an oblique angle relative to the

inlet baffle.

12. The fuel cell stack element of claim 1, wherein the second volume

comprises reforming catalyst.

13. The fuel cell stack element of claim 12, wherein the gas flow inlet is
adjacent to a first side of a fuel cell stack, the gas flow outlet being adjacent to the first side of

the fuel cell stack.

14. The fuel cell stack element of claim 12, wherein the baffle comprises a
V-shaped baffle having a first side and a second side, and wherein apertures in the first side
have at least one of a different aperture size and a different aperture pattern relative to apertures

in the second side.
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15. A fuel cell stack comprising: a cathode input manifold adjacent to a
cathode input side of the fuel cell stack; an anode input manifold adjacent to an anode input
side of the fuel cell stack that is different from the cathode input side; a fuel cell comprising:
an anode comprising an anode inlet, an anode active area, and an associated anode flow field;
a cathode comprising a cathode inlet, a cathode active area, and an associated cathode flow
field, the cathode inlet being substantially parallel to the anode inlet; an electrolyte matrix layer
separating the anode and the cathode; an extended edge seal input chamber adjacent to a first
side of the fuel cell stack, the first side being the cathode input side or the anode input side, the
extended edge seal input chamber being in fluid communication with the anode input manifold
when the first side is the cathode input side, the extended edge seal input chamber being in
fluid communication with the cathode input manifold when the first side is the anode input
side; and an inlet baffle comprising a plurality of inlet baffle apertures at an inlet boundary of
a first input chamber volume of the extended edge seal input chamber and optionally being
substantially parallel to the anode inlet, a combined cross-sectional area of the plurality of inlet
baffle apertures being 0.5% to 6.0% of a total cross-sectional area at the inlet boundary, the
first input chamber volume being in fluid communication with, via at least the plurality of inlet

baffle apertures,
a) at least one of the anode flow field and the cathode flow field, or

b) a second input chamber volume of the extended edge seal input chamber, the
second input chamber volume being in fluid communication with either the anode flow field

via the anode inlet or the cathode flow field via the cathode inlet.

16. The fuel cell stack of claim 15, wherein the combined cross-sectional
area of the plurality of inlet baffle apertures is 0.5% to 2.5% of the total cross-sectional area at
the inlet boundary; or wherein a length of the inlet baffle is less than a length of the inlet

boundary by 0.05% to 5.0% of the length of the inlet boundary; or a combination thereof.

17. The fuel cell stack of claim 15, wherein apertures in a portion of the inlet
baffle that is farthest from the gas flow inlet comprise 25% or more of the combined cross-
sectional area of the inlet baffle apertures, the portion of the inlet baffle comprising 5% to 20%

of a length of the inlet boundary.
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18. The fuel cell stack of claim 15, wherein at least one of the plurality of
inlet baffle apertures has a characteristic dimension of 0.25 mm or more; or wherein each of

the plurality of inlet baffle apertures has a characteristic dimension of 0.25 mm or more.

19. The fuel cell stack of claim 15, further comprising an extended edge seal
output chamber adjacent to a third side of the fuel cell stack; a gas flow outlet in fluid
communication with the extended edge seal output chamber; and an outlet baffle comprising a
plurality of outlet baffle apertures at an outlet boundary of a first output chamber volume of
the extended edge seal input chamber and optionally being substantially parallel to the anode
outlet, a cross-sectional area of the plurality of outlet baffle apertures being 0.5% to 6.0% of a
total cross-sectional flow field area at the outlet boundary, the first output chamber volume

being in fluid communication with, via at least the plurality of outlet baffle apertures,
¢) at least one of the anode flow field and the cathode flow field, or

d) a second output chamber volume of the extended edge seal output chamber,
the second output chamber volume being in fluid communication with the at least one of the

anode flow field and the cathode flow field.

20. The fuel cell stack of claim 19, wherein the cross-sectional area of the
plurality of outlet baffle apertures is 0.5% to 2.5% of the total cross-sectional area at the outlet
boundary; or wherein a length of the outlet baffle is less than a length of the outlet boundary

by 0.05% to 5.0% of the length of the outlet boundary; or a combination thereof.

21. The fuel cell stack of claim 15, wherein the anode inlet manifold further
comprises an inlet flow blocker in a flow path between the anode inlet manifold and the
extended edge seal input chamber, the blocker being positioned at an oblique angle relative to
the inlet baffle; or wherein the fuel cell stack further comprises an outlet flow blocker, the
blocker being at least partially positioned in the second output chamber volume and being

position at an oblique angle relative to the outlet baffle; or a combination thereof.
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22. A method for operating a fuel cell, the fuel cell comprising an anode, a
cathode, and an electrolyte matrix layer separating the anode and the cathode, the method
comprising: introducing an anode input flow into a gas flow inlet of an extended edge seal
input chamber adjacent to a first side of the fuel cell; passing at least a portion of the anode
input flow through a plurality of inlet baffle apertures in an inlet baffle, the inlet baffle defining
an inlet boundary of a first input chamber volume of the extended edge seal input chamber and
optionally being substantially parallel to an anode inlet of the anode, a cross-sectional area of
the plurality of inlet baffle apertures being 0.5% to 6.0% of a total cross-sectional area at the
inlet boundary, the first input chamber volume being in fluid communication with, via at least

the plurality of inlet baffle apertures,
a) an anode flow field associated with an anode active area of the anode, or

b) a second input chamber volume of the extended edge seal input chamber, the
second input chamber volume being in fluid communication with the anode flow field;
introducing a cathode input flow into a cathode input of the cathode; and operating the molten

carbonate fuel cell to form an anode output flow, a cathode output flow, and electricity.

23. The method of claim 22, further comprising: passing at least a portion
of the anode output flow through a plurality of outlet baffle apertures in an outlet baffle, the
outlet baffle defining an outlet boundary of a first output chamber volume of an extended edge
seal output chamber and being substantially parallel to an anode outlet of the anode, a cross-
sectional area of the plurality of outlet baffle apertures being 0.5% to 6.0% of a total cross-
sectional flow field area at the outlet boundary, the first output chamber volume being in fluid

communication with, via at least the plurality of outlet baffle apertures,
¢) the anode flow field, or

d) a second output chamber volume of the extended edge seal output chamber,
the second output chamber volume being in fluid communication with the anode flow field,
and passing the anode output flow out of a gas flow outlet of the extended edge seal output

chamber.
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24.  The method of claim 22, wherein a pressure drop across the inlet baffle

is 0.1 kPa to 1.0 kPa.

25. The method of claim 22, wherein at least one of the plurality of inlet
baffle apertures has a characteristic dimension of 0.25 mm or more; or wherein each of the

5 plurality of inlet baffle apertures has a characteristic dimension of 0.25 mm or more.



