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Fuel Cell Bipolar Plates

Introduction
The present invention relates to bipolar plates for use in hydrogen fuel cells (in

particular PEM fuel cells) and to methods of manufacture thereof.

Background to the Invention

An increasing awareness of the effects of climate change has led to an increase in
research on alternative “fossil free” energy sources, such as hydrogen. Hydrogen fuel
cells have been developed that produce electrical power through an electrochemical,

typically catalysed, oxidation of hydrogen to form water.

A widely used hydrogen fuel cell is the proton exchange membrane (PEM) fuel cell
which comprises a semipermeable membrane which permits protons to pass through
the membrane while acting as a barrier to electrons and reactants (e.g. hydrogen and
oxygen gas). PEM fuel cells exhibits a number of advantages including having a high
energy conversion rate, being environmentally friendly and having a low operating

temperature.

As each cell in a PEM fuel cell produces relatively low voltages, multiple PEM cells
can be connected in series to increase the output voltage. The multi-cell assembly is
sometimes referred to as a fuel cell stack. Adjacent PEM cells are connected together,
the cathode of one being connected to the anode of another, effectively forming a
bipolar plate which conducts electricity from one PEM cell to an adjacent PEM cell.
Each cathode and anode plate, and hence each half of the bipolar plate, typically also
contains channels on their surfaces along which reactants or coolants can be fed. As
a core component of the hydrogen fuel cell, the bipolar plate has many important
functions, including conducting current, supporting membrane electrodes, uniformly

transporting and isolating reaction gases and circulating coolant for rapid cooling.

When adjacent PEM cells are connected bipolar plates are formed from the respective
two separate plates (an anode and a cathode) of the neighbouring cells. The plates
are typically welded together. There are a number of problems associated with this. In

particular, oxidation and corrosion at the welding site can reduce the efficacy of bipolar
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plates. Bipolar plates are nevertheless conventional in this field when there are

multiple cells in series.

US 2020/212470 discloses a fuel cell unit formed from a plurality of flow plate
assemblies disposed in a stack configuration, with adjacent flow plate assemblies

disposed at an offset angle relative to each other.

DE 10 2020 207353 discloses bipolar plates for a fuel cell system, wherein the plates
are aligned such that the flow of coolant through a first channel structure and a second

channel structure are different.

US 2015/325876 discloses a fuel cell having an anode/cathode stack with first and

second channel structures, having first and second feeding structures respectively.

US 4292 379 discloses a fuel cell system intended to alleviate uneven reaction

distribution.

US 2019/169759 discloses a stack of interconnected solid oxide electrochemical gas

separator (SOEGS) cells separated by interconnectors.

An aim of the invention is to ameliorate problems with known fuel cell stacks or provide
an alternative to known fuel cell stacks and to the bipolar plates between adjacent fuel
cells. An aim of particular embodiments is to provide an improved bipolar plate for a
fuel cell stack and to provide a fuel cell stack incorporating one or more improved

bipolar plates, and methods of making the same.

Summary of the Invention

The present invention provides a hydrogen fuel cell unit comprising, in order

(i) a first bipolar plate having a front face and a rear face, the rear face being
an anode in the unit,

(i) a first membrane electrode assembly,

(iii) a second bipolar plate having a front face and a rear face, the front face

being a cathode in the unit and the rear face being an anode in the unit,
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wherein the first membrane electrode assembly is between the first and second
bipolar plates, and a flow path is provided between the rear face of the first bipolar
plate and the first membrane electrode assembly for flow of hydrogen, and a flow path
is provided between the front face of the second bipolar plate and the first membrane
electrode assembly for flow of oxygen,

(iv) a second membrane electrode assembly, and

(v) a third bipolar plate having a front face and a rear face, the front face being
a cathode in the unit,

wherein the second membrane electrode assembly is between the second and
third bipolar plates, and a flow path is provided between the rear face of the second
bipolar plate and the second membrane electrode assembly for flow of hydrogen, and
a flow path is provided between the front face of the third bipolar plate and the second

membrane electrode assembly for flow of oxygen.

Preferably, the bipolar plates comprise channels for flow of oxygen, wherein the
oxygen flow channels of adjacent plates repeatedly diverge and converge across the

plate, e.g. in a criss-cross pattern.

The invention also provides a method of making a bipolar plate, comprising

(i) providing a sheet of metal or alloy;

(ii) stamping the sheet to form a bipolar plate comprising a plurality of hydrogen
channels and a plurality of oxygen channels,

wherein the bipolar plates can be used to make a hydrogen fuel cell unit

according to the invention.

Further, the invention provides a method of making a hydrogen fuel cell, comprising

(i) providing a first bipolar plate having a front face and arear face, the rear face
being an anode, and a second bipolar plate having a front face and a rear face, the
front face being a cathode and the rear face being an anode,

(ii) locating a first membrane electrode assembly between the first and second
bipolar plates,

wherein when the first membrane electrode assembly is between the first and
second bipolar plates a flow path is provided between the rear face of the first bipolar

plate and the first membrane electrode assembly for flow of hydrogen, and a flow path
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is provided between the front face of the second bipolar plate and the first membrane
electrode assembly for flow of oxygen,

(iv) providing a third bipolar plate having a front face and a rear face, the front
face being a cathode, and

(v) locating a second membrane electrode assembly between the second and
third bipolar plates,

wherein when the second membrane electrode assembly is between the
second and third bipolar plates, a flow path is provided between the rear face of the
second bipolar plate and the second membrane electrode assembly for flow of
hydrogen, and a flow path is provided between the front face of the third bipolar plate

and the second membrane electrode assembly for flow of oxygen.

All plates can be the same design, each stamped from a sheet of metal or alloy, with

adjacent plates rotated 180 degrees with respect to each other.

Details of the Invention

A hydrogen fuel cell unit of the invention thus comprises, in order

(i) a first bipolar plate having a front face and a rear face, the rear face being
an anode in the unit,

(ii) a first membrane electrode assembly,

(iii) a second bipolar plate having a front face and a rear face, the front face
being a cathode in the unit and the rear face being an anode in the unit,

wherein the first membrane electrode assembily is between the first and second
bipolar plates (e.g. between the rear side of the first bipolar plate and the front side of
the second bipolar plate), and a flow path is provided between the rear face of the first
bipolar plate and the first membrane electrode assembly for flow of hydrogen, and a
flow path is provided between the front face of the second bipolar plate and the first
membrane electrode assembly for flow of oxygen,

(iv) a second membrane electrode assembly, and

(v) a third bipolar plate having a front face and a rear face, the front face being
a cathode in the unit,

wherein the second membrane electrode assembly is between the second and
third bipolar plates (e.g. between the rear side of the second bipolar plate and the front

side of the third bipolar plate), and a flow path is provided between the rear face of the
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second bipolar plate and the second membrane electrode assembly for flow of
hydrogen, and a flow path is provided between the front face of the third bipolar plate

and the second membrane electrode assembly for flow of oxygen.

The plates comprise channels for flow of hydrogen (also referred to as hydrogen flow
channels), each channel having an inlet and an outlet. The respective inlets and
outlets of hydrogen flow channels of adjacent plates in the fuel cell unit can be aligned,
suitably vertically aligned in a vertical stack of plates. In a stack this makes design of
gaskets between plates simple; e.g. the same gasket can be used throughout on the
cathode side of each plate (e.g. to seal the hydrogen inlets and outlets on the cathode

side of the plate to prevent hydrogen flow on the cathode side).

Each hydrogen flow channel further comprises a conduit between its inlet and outlet.
The conduits or channels of adjacent plates in the fuel cell are preferably not vertically
aligned along the whole of their length. Adjacent plates therefore do not nest together
when held, e.g. clamped, into a stack that is part of the fuel cell. Portions of adjacent
plates that abut each other hold the membrane electrode assembly between adjacent
plates, assisting sealing of hydrogen and oxygen channels to keep those respective
channels isolated from each other. Non-alignment of channels along part of their
length means also that adjacent plates support each other in a stack and hold the

membrane sealed between plates.

As shown in examples described in more detail below, hydrogen flow channels of
adjacent plates may have their respective inlets vertically aligned and then the
hydrogen flow channels diverge and converge across the plate, finally converging at
vertically aligned outlets. The hydrogen flow channels may repeatedly diverge and
converge across the plate, e.g. in a criss-cross pattern (regardless of whether the
inlets and outlets of adjacent plates are vertically aligned). In preferred embodiments,
the hydrogen flow channels of adjacent plates may diverge and converge in a regular

pattern.

The plates comprise channels for flow of oxygen (also referred to as oxygen flow
channels), each channel having an inlet and an outlet. The respective inlets and

outlets of oxygen flow channels of adjacent plates in the fuel cell can also and
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independently be aligned, suitably vertically aligned in a vertical stack of plates. Again,
gasket design can thus be simplified since the same gasket can be used on the anode
side of each plate (e.g. to seal the oxygen inlets and outlets on the anode side of the

plate to prevent the flow of oxygen on the anode side).

The oxygen flow channels further each comprise a conduit between its inlet and outlet.
The conduits of the oxygen flow channels of adjacent plates in the fuel cell are not
vertically aligned along the whole of their length. Again, this prevents nesting of
adjacent plates and assists in tightly holding the membrane electrode assembly in
sealing engagement between the plates. Adjacent plates can better support each
other in a stack as a result of this partial non-alignment, with it being preferred that
portions of both the hydrogen flow channels and portions of the oxygen flow channels

are not aligned.

As shown in examples described in more detail below, oxygen flow channels of
adjacent plates may have their respective inlets vertically aligned and then the oxygen
flow channels diverge and converge across the plate, finally converging at vertically
aligned outlets. The oxygen flow channels may repeatedly diverge and converge
across the plate, e.g. in a criss-cross pattern (regardless of whether the inlets and
outlets of adjacent plates are vertically aligned). In preferred embodiments, the oxygen
flow channels of adjacent plates may diverge and converge in a regular (i.e. repetitive)

pattern.

With reference to the examples below, it will be appreciated that hydrogen and oxygen
flow channels may be defined by a combination of indentations in one plate and the

membrane electrode assembly held between that plate and an adjacent plate.

As shown in more detail in examples below, the bipolar plate may comprise hydrogen
and oxygen flow channels that are substantially transverse to each other. For example,
hydrogen channels may run substantially left to right across a plate while oxygen flow
channels run substantially back to front across the plate, or vice versa. Suitably, most
of the hydrogen flow channels are substantially transverse to most of the oxygen flow
channels. In specific embodiments, all of the hydrogen flow channels are substantially

transverse to all of the oxygen flow channels.
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An advantage of the invention is that each plate can be stamped from a single sheet,
with no need to weld or otherwise connect respective anode and cathode sides to
form, in effect, a bipolar plate. Instead, each stamped plate of the invention forms, on

its own, a bipolar plate.

Hydrogen and oxygen flow channels are formed by the interface of one plate,
preferably a stamped plate, with the membrane electrode assembly — which
membrane is held between two plates. A projection on a plate is held in sealing
engagement against the membrane and an indentation on the plate forms a channel

between the indentation and the membrane.

For transverse flow, in accordance with embodiments of the invention, hydrogen
channels and oxygen channels pass across each other. Oxygen flow channels can
suitably be formed by an indentation in the bipolar plate and transverse hydrogen flow
channels can at the same time comprise a notch in the indentation that forms the
oxygen flow channels. The notch may lower the height of the oxygen channel at that
point, forming a hydrogen channel on the other side between the notch and the
membrane. The opposite is also an option. Thus, hydrogen flow channels can be
formed by an indentation in the bipolar plate and transverse oxygen flow channels can

comprise a notch in the indentation that forms the hydrogen flow channels.

One effect of the cross-over of hydrogen and oxygen flow channels, in embodiments
of the invention, is that, as mentioned, the bipolar plate can be stamped from a single
sheet of material. As illustrated in the examples below, with plates stacked vertically
on top of each other a horizontal cross-section of the plate (i.e. a plane through the
centre of each plate, perpendicular to the vertical direction of plate stacking) can be
taken such that the cross-section passes through both hydrogen and oxygen flow

channels. This is not the case for known hydrogen fuel cell stacks.

In preferred embodiments of the invention, all plates, e.g. each of the first, second and
third bipolar plates of the hydrogen fuel cell unit, are the same design. This means that
not only can the plates be made by stamping, also only a single stamping tool is

needed. Adjacent plates are conveniently arranged in a stack with adjacent plates
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rotated 180 degrees with respect to each other (suitably about an axis perpendicular
to the plane of the plate). The non-symmetrical plate design means the plates can
effectively be stacked together, forming the hydrogen and oxygen flow channels while
not nesting channels in adjacent plates and while retaining sufficient plate-to-plate
contact to hold the membrane between the plates to form sealed channels that keep

the hydrogen and oxygen sides separate.

In such embodiments, the bipolar plates lack rotational symmetry about a line through
the centre of the plate in the vertical direction of stacking (i.e. a line through the centre
of the plate perpendicular to the plane of the plate). Therefore, by rotating adjacent
bipolar plates 180 degrees with respect to each other, the indentations on the plates
do not align, meaning the plates cannot nest. In preferred embodiments, the lack of

rotational symmetry is due to the shape of the oxygen flow channels.

In embodiments where the bipolar plate lacks overall rotational symmetry, there may
still be rotational symmetry between particular features or elements of the plates. For
example, there may be rotational symmetry of manifold apertures of each plate.
Preferably, there is order 2 rotational symmetry of manifold apertures on each bipolar
plate. That is when any bipolar plate is rotated from a first position through 180 degrees
about a line through the centre of the plate in the vertical direction of plate stacking to
a second position, the position of the manifold apertures in the first position map the
position of the manifold apertures in the second position. Such rotational symmetry

allows manifold apertures of adjacent plates to vertically align, forming a manifold.

Independently, there may be rotational symmetry (e.g. order 2 rotational symmetry) of
inlets and outlets of the hydrogen and/or oxygen channels on the bipolar plate.
Preferably, there is order 2 rotational symmetry of the inlets and outlets of hydrogen
and/or oxygen flow channels on each bipolar plate. That is when any bipolar plate is
rotated from a first position through 180 degrees about a line through the centre of the
plate in the vertical direction of plate stacking to a second position, the position of the
inlets and outlets of the hydrogen and/or oxygen channels on each bipolar plate in the
first position map the position of the inlets and outlets in the second position. Such

rotational symmetry allows the inlets and outlets of the hydrogen and/or oxygen
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channels to vertically align in a stack of plates where adjacent plates are rotated 180

degrees with respect to each other, as described above.

In alternative embodiments of the invention a different stamping tool is used to form
adjacent bipolar plates (e.g. the first and third bipolar plate are stamped using the
same stamping tool, whilst the second bipolar plate is stamped using a different
stamping tool). When two (or more) stamping tools are used, adjacent plates do not
need to be rotated to prevent nesting of the channels of adjacent plates. In these
embodiments there are preferably 2 bipolar plate designs, wherein the hydrogen flow
channels and/or the oxygen flow channels of adjacent plates are not aligned along the

whole of their lengths, adjacent plates thus being prevented from nesting.

In such embodiments where there are 2 bipolar plate designs, it is preferred that
particular features or elements remain in the same position in both designs. For
example, manifold apertures and, independently, inlets and outlets of hydrogen and/or

oxygen channels are preferably in the same position in both designs.

Also provided herein is a bipolar plate for a fuel cell unit of the invention with no
rotational symmetry about a line through the centre of the plate in the vertical direction
of plate stacking (i.e. perpendicular to the plane of the plate). The bipolar plate is
suitable to be any of the first bipolar plate, second bipolar plate and/or third bipolar

plate in the hydrogen fuel cell unit described above.

In preferred embodiments, the lack of rotational symmetry is due to the shape of the
oxygen flow channels. As noted above, even in embodiments where the bipolar plate
has no overall rotational symmetry, there may still be rotational symmetry between
particular features or elements of the plate. For example, there may still be rotational
symmetry between manifold apertures on the bipolar plate, or independently between
the inlets and outlets of hydrogen and/or oxygen flow channels, as described above.
The rotational symmetry of particular elements may be order 2 rotational symmetry,
i.e. the elements will map onto themselves twice through each rotation of 360 degrees.
In preferred embodiments, the bipolar plate comprises two or more manifold apertures
and there is rotational symmetry of the manifold apertures. It is particularly preferred

that the rotational symmetry of the manifold apertures is order 2 rotational symmetry.
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The bipolar plate is preferably stamped from a single sheet of metal or alloy, e.g. steel,
titanium or aluminium, or alloys thereof. It may be coated, e.g. with ta-C. Preferably,
the bipolar plate has no welding joints, i.e. there is no welding step in the formation of
the bipolar plate.
Further provided herein is a method of making a bipolar plate, comprising

(i) providing a sheet of metal or alloy;

(ii) stamping the sheet to form a bipolar plate comprising a plurality of hydrogen
channels and a plurality of oxygen channels,

wherein the bipolar plates can be used to make a hydrogen fuel cell unit
according to the invention, including according to any of its embodiments and

preferred embodiments or combination of features.

The method preferably does not comprise a welding step.

Still further provided by the invention is a method of making a hydrogen fuel cell,
comprising

(i) providing a first bipolar plate having a front face and a rear face, the rear face
being an anode, and a second bipolar plate having a front face and a rear face, the
front face being a cathode and the rear face being an anode,

(i) locating a first membrane electrode assembly between the first and second
bipolar plates,

wherein when the first membrane electrode assembly is between the first and
second bipolar plates (e.g. between the rear side of the first bipolar plate and the front
side of the second bipolar plate), a flow path is provided between the rear face of the
first bipolar plate and the first membrane electrode assembly for flow of hydrogen, and
a flow path is provided between the front face of the second bipolar plate and the first
membrane electrode assembly for flow of oxygen,

(iv) providing a third bipolar plate having a front face and a rear face, the front
face being a cathode, and

(v) locating a second membrane electrode assembly between the second and
third bipolar plates,

wherein when the second membrane electrode assembly is between the

second and third bipolar plates (e.g. between the rear side of the second bipolar plate
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and the front side of the third bipolar plate), a flow path is provided between the rear
face of the second bipolar plate and the second membrane electrode assembly for
flow of hydrogen, and a flow path is provided between the front face of the third bipolar

plate and the second membrane electrode assembly for flow of oxygen.

Preferred methods of making a hydrogen fuel cell comprise one or more or all optional

or preferred features of the invention as described elsewhere herein.

In the methods, the bipolar plates are preferably all of the same design, adjacent plates

being rotated 180 degrees with respect to each other.

A method of making a hydrogen fuel cell unit comprises

(i) providing a sheet of metal or alloy;

(ii) stamping the sheet to form a bipolar plate comprising a plurality of hydrogen
channels and a plurality of oxygen channels,

(iii) repeating steps (i) and (ii) at least once to provide a plurality of like bipolar
plates, and

(iv) arranging the plurality of like bipolar plates in a stack, adjacent plates

rotated 180 degrees with respect to each other.

A further method of making a hydrogen fuel cell unit comprises

(i) providing a plurality of like bipolar plates, each comprising a plurality of
hydrogen channels and a plurality of oxygen channels, and

(ii) arranging the plurality of like bipolar plates in a stack, adjacent plates rotated

180 degrees with respect to each other.

The bipolar plates can thus be used to make a hydrogen fuel cell unit according to the
invention, including according to any of its embodiments and preferred embodiments
or combination of features as described herein. Exemplary stacks comprise 5 or more,

or especially 10 or more like bipolar plates in a stack.

Gaskets are conventional in hydrogen fuel cells and are suitably used in the invention
between adjacent plates to prevent leakage between the respective hydrogen and

oxygen sides of the fuel cell, provide a seal between the hydrogen flow channels inlets
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and outlets and a hydrogen manifold, as is conventional in a hydrogen fuel cell, and
seal top and bottom plates in a stack to the current collectors. It is optional to include
an oxygen manifold, and if indeed present a gasket can be used to seal the oxygen

flow channels inlets and outlets to the oxygen manifold.

In preferred embodiments, a first gasket may be used on the cathode side of all bipolar
plates (referred to as a cathode gasket) and a second gasket may be used on the
anode side of all bipolar plates (referred to as an anode gasket). Preferably, all cathode
gaskets are the same (i.e. have the same shape) and all anode gaskets are the same
(i.e. have the same shape). In some embodiments a third gasket may be required for
the anode current collector and a fourth gasket may be required for the cathode current
collector. In other, preferred, embodiments, the first gasket (i.e. that used on the
cathode side of all plates) may be used for the cathode current collector and the
second gasket (i.e. that used on the anode side of all plates) may be used for the

anode current collector. A separate gasket for the end plates may also be required.

The methods thus suitably comprise adding a hydrogen manifold and adding current
collectors and locating gaskets between the respective components and clamping the

plates, gaskets and other components together.

The single plate bipolar plates of embodiments of the invention do not require welding
between adjacent plates. As a result, the oxidation and corrosion seen in previously

welded plates is avoided.

The single bipolar plates can be thinner and require less material than hitherto. The
overall size and/or weight for hydrogen fuel cell stacks of comparable output to welded

stacks can be reduced.

The single bipolar plates can be all of the same design, merely oriented differently
from one layer in the stack to the next. The complexity of manufacture of the plates
and construction of the stack is reduced. A single stamping tool can be used to make

all plates in the stack.
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It has been found that the single plates used in embodiments of the invention are easily

and reliably sealed to each other using internal gaskets and the MEA.

Drawings
The invention is illustrated with reference to the accompanying drawings, in which:-

Fig. 1 shows known bipolar plates in a fuel cell stack;

Fig. 2 shows the components of known anode and cathode plates forming a
bipolar plate;

Fig. 3 shows a view of a bipolar plate of the invention from above and to the
side;

Fig. 4 shows a plan view from above of one side of a bipolar plate of the
invention;

Fig. 5 is a view from above showing the channels of two separate bipolar plates
of the invention, one stacked directly on top of the other, both plates having the same
shape and configuration and one bipolar plate rotated 180 degrees with respect to the
other;

Fig. 6 shows a view from above of the bipolar plate of fig. 4 with a proton
exchange membrane on top, sealing the anode side of the bipolar plate;

Fig. 7 shows a view from above of the bipolar plate of fig. 4 showing the anode
gasket on the plate;

Fig. 8 shows a view from above of the bipolar plate of fig. 4 showing the cathode
gasket on the plate;

Fig. 9 shows a view from above and to the side of part of a stack of bipolar
plates of the invention enabling view of a cross-section through the stack, showing the
air flow channels;

Fig. 10 shows a more detailed cross-section in the same direction as part of
Fig. 9 at the centre of a fuel cell stack;

Fig. 11 shows a cross-section through a fuel cell stack, in a direction
perpendicular to Fig.s 9 and 10, showing the hydrogen flow channels;

Fig. 12 shows a more detailed cross-section at the edge of a fuel cell stack, the
cross-section has been taken in the same direction as Fig.11;

Fig. 13 shows a plan view from above of an alternative embodiment of the

bipolar plates of the invention;
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Fig. 14 shows a view from above showing the channels of two separate bipolar
plates of the embodiment shown in Figure 13, one stacked directly on top of the other,
both plates having the same shape and configuration and one bipolar plate rotated
180 degrees with respect to the other;

Fig.s 15a and 15b show a plan view from above of another embodiment of
bipolar plates of the invention;

Fig. 16 shows a plan view from above of another embodiment of a bipolar plate
of the invention with a closed cathode, for use with an oxygen manifold;

Fig.s 17a and 17b show a plan view from above of a further embodiment of
bipolar plates of the invention with a closed cathode, for use with an oxygen manifold,

Fig. 18 shows a view from above and to the side of a fuel cell comprising a
stack of bipolar plates of the invention;

Fig. 19 shows an exploded view of the fuel cell stack of Fig. 18;

Fig. 20 shows a view from above and to the side of a cross-section through the
centre of the fuel cell stack of Fig.s 18 and 19, showing flow channels;

Fig. 21 shows a more detailed cross-section in the same direction as Fig. 20,
showing a conduit for connection to a hydrogen manifold;

Fig. 22 shows a similar cross-section in the same direction as Fig. 20, but
through the perimeter gasket;

Fig. 23 shows a more detailed partial cross-section through the perimeter
gasket, in the same direction as Fig.s 20-22;

Fig. 24 shows a view from above and to the side of a cross-section through the
centre of the fuel cell stack of Fig. 18, in a direction perpendicular to Fig.s 20-23,
showing the hydrogen flow channels;

Fig. 25 shows a more detailed cross-section in a similar direction to Fig. 24,
though from the side, showing the hydrogen flow channels and perimeter gasket;

Fig. 26 shows a similar cross-section in the same direction as Fig. 24, but
through the additional section of cathode gasket;

Fig. 27 shows a more detailed partial cross-section through the additional
section of cathode gasket, in a similar direction to Fig 26, though from the side;

Fig. 28 shows a view from above and to the side of a further alternative
embodiment of the bipolar plates of the invention;

Fig. 29 shows a plan view from above of the bipolar plate of fig. 28;
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Fig. 30 shows a plan view from above of the anode side of the bipolar plate of
fig. 28, showing the anode gasket;

Fig. 31 shows a plan view from above of the cathode side of the bipolar plate
of fig. 28, showing the cathode gasket;

Fig.s 32a, 32b and 32c respectively show views from above and to the side of
the anode gasket, cathode gasket and endplate gasket of the embodiment of the
invention shown in fig.s 28-31;

Fig. 33 shows a cross-section through the anode gasket features (along line A
in fig. 29) of the bipolar of fig. 28;

Fig. 34 shows a view from the edge of a stack of bipolar plates (parallel to line
A in fig. 29) according to fig.28;

Fig. 35 shows a cross-section through the hydrogen inlet channels (along line
B in fig. 29) of the bipolar plate of fig.28;

Fig. 36 shows a cross-section through the centre (along line C in fig. 29) of the
bipolar plate of fig. 28; and

Fig.s 37 to 40 are colour versions of fig.s 33 to 36, and are otherwise equivalent

to each other.

Referring to Figures 1 and 2, for reference a known bipolar plate assembly comprises
alternating bipolar plates 1 and membrane electrode assemblies (MEAs) 2 spaced by
gas diffusion layers 3. Each known bipolar plate 1 comprises in fact an anode sheet 5
of a first cell, a cathode sheet 6 of an adjacent cell and a welding seam 7 - to form the
bipolar plate. The anode sheet 5 and cathode sheet 6 are hence welded together to

form the bipolar plate, on either side of which is gasket 8.

Referring to Figures 3 and 4, a bipolar plate 10 of the invention is formed as a single,
stamped steel plate having two sides, one forming and used as an anode side 11 and
the other forming and used as a cathode side 12 in the middle a fuel cell stack; plates
at respective top and bottom of the stack are either anode or cathode. A bipolar plate
of the invention further has a through aperture 14 at each end, for sealed connection
in a stack of plates to a hydrogen manifold (not shown here, shown in figures below)
at the top and bottom of the stack of plates. The apertures enable H; to flow from an
inlet manifold (not shown) along and across the anode side of the plates in the stack,

via Hz channels 16 to an outlet manifold (not shown). Hydrogen flows lengthways
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across the plates and is prevented from escaping by a gasket (not shown here, shown
in figures below) between adjacent plates held in gasket channel 18, and a proton
exchange membrane (not shown). Hydrogen is prevented from flowing out of the H>
manifold aperture 14 on the cathode side of the bipolar plate by an additional section
of gasket (not shown here, shown in figures below) present only on the cathode side
of the bipolar plate. Hence, hydrogen can flow into channels on the anode side but not
into channels on the cathode side. A bipolar plate of the invention additionally has air
channels 17 on the cathode side 12 of the plate, through which air flows sideways
across the width 20 of the plate on the cathode side. Air flow (sideways) is substantially
perpendicular (transverse) to hydrogen flow (lengthways). When viewing the plate
alone (i.e. without the gasket or membrane present), there are no differences between
the anode and cathode sides of the bipolar plate (other than orientation), however

Figure 4 has been labelled as the anode side 11 of the bipolar plate.

Figure 5 shows two bipolar plates 10 of the invention, one on top of the other, with the
top bipolar plate being partially transparent (purely for representative purposes), such
that the hydrogen channels (not labelled but see Figure 4 for reference) and air
channels 17a,b of the lower plate are visible in the Figure. Orientation of the plates
alternates: adjacent bipolar plates in a fuel cell stack are rotated 180 degrees about a
line in the centre of the plate, perpendicular to the surface of the plate. The channels
are purposively designed such that the air channels 17 of adjacent bipolar plates are
not fully aligned, i.e. not along all of their length: in Figure 5 it can be seen that the air
channels of the top plate 17a are aligned vertically at their edges, i.e. inlets and outlets,
but then criss-cross in opposition directions, their paths repeatedly diverging then
converging, so that they are not fully aligned with the air channels of the lower plate
17b. The plate is designed so that air channels of adjacent plates (i.e. of one plate
rotated with respect to the next) are intentionally partially not aligned so that channels
of adjacent plates do not fit into each other, or ‘nest’, and to enable the membrane (not
shown) to be clamped between adjacent plates, clamped at points where a lower
surface of one plate meets an upper surface of the other, without falling into or being
urged into the air channels 17, since this would reduce air flow and/or compromise

sealing.
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The curved shape of the channels is also significant. The air channels are not straight
in order to prevent a fuel cell stack from partially compressing / collapsing. Alternate
bipolar plates in a fuel cell stack of bipolar plates of the invention are rotated 180°.
Therefore, since the air channels are not parallel on adjacent plates, the plates cannot
nest into each other. This is important to provide support from one plate to the next
and to prevent the air channels and hydrogen channels from being blocked by the
channels on adjacent plates pressing into each other. The partially non-parallel
channels between adjacent plates also allow the proton exchange membrane and both
the anode and cathode gaskets to be clamped securely between adjacent plates in
order to prevent Hz leaking out of the cell and to prevent mixing of H> and air within

the fuel cell.

Figure 6 shows a membrane 20 on the anode side 11 of a bipolar plate of the invention.
The membrane extends across the width of the bipolar plate between the gasket
channel 18 (here with gasket present) on either side and across the length of the
bipolar plate between the H> manifold apertures 14 at each end of the bipolar plate.
The membrane allows H:zto flow out of the H2 manifold (not shown) lengthways across
the plates through the hydrogen channels (not shown) and into the H> manifold
apertures at the other end of the bipolar plate, without escaping and without leaking

into the cathode side of an adjacent bipolar plate.

Figures 7 and 8 show the gaskets present on the anode and cathode sides of a bipolar
plate of the invention respectively. The anode gasket 22, passes round the outside of
the bipolar plate in the gasket channel 18; this prevents H: leaking and allows H> to
flow thorough the Hz channels. The cathode gasket 23 comprises an additional section
23a which prevents Hz passing out of the H> manifold channels on the cathode side of

the bipolar plate.

Figures 9 and 10 show a cross-section through a fuel cell stack, taken through line A
as shown in Figure 4. A plurality of bipolar plates 10 are seen in the stack, each with
the lower side being the cathode side 12 and the upper side being the anode side 11.
A membrane 20 is seen on top of the stack and attached to the anode side of each
bipolar plate in the fuel cell stack. The anode gasket 22 prevents air flow on the anode

side of each plate, whilst the air channels 17 on the cathode side of each plate are
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open to allow air flow. It is noted elsewhere that the air channels in adjacent bipolar
plates of a fuel cell stack are not aligned along the whole of their length, however the
cross-section shown is taken at a position where the channels do align for ease of

viewing in Figure 9.

Figures 11 and 12 show a cross-section through a fuel cell stack perpendicular to that
in Figure 9, taken through a line B as shown in Figure 4. A number of bipolar plates
10 can be seen in the stack, each with the lower side being the cathode side 12 and
the upper side being the anode side 11. A membrane 20 is seen on top of the stack
and also attached to the anode side of each bipolar plate in the fuel cell stack. The
additional section 23a of the cathode gasket (along which the cross-section was taken)
prevents Hz flowing on the cathode side of each plate, whilst the H, channels 16 allow
hydrogen to flow on the anode side of each bipolar plate 10 in the stack. Figure 12
additionally shows the anode gasket 22 in the gasket channel 18, to prevent air flow

along the anode side 11 of the bipolar plates.

The H> channels 16 in Figures 11 and 12 do not extend through the full thickness of
each bipolar plate 10. This is to prevent the H> channels 16 blocking the perpendicular
air channels 17 (shown in Figures 9 and 10). The air channels 17 are stamped into
the bipolar plate such that each channel has a depth d4, the perpendicular H2 channels
are then stamped into the bipolar plates with a depth d>. The depth d> of the Hz
channels is smaller than the depth d1 of the air channels. At the positions where the
air channels and Hz channels intersect (on opposite sides of the bipolar plate), the air
channels have a notch in them and are narrowed to a depth d4-d>. This arrangement
enables air and hydrogen to flow in cross-wise directions to each other through their
respective channels in approximately perpendicular directions on opposite sides of

each bipolar plate simultaneously.

The bipolar plate shown in Figure 13 is an alternative embodiment of the invention.
Similarly to the bipolar plate described above in relation to Figures 3-8, the bipolar
plate 30 of Figure 13 is stamped and then alternate plates are rotated 180 degrees.
This rotation prevents air channels 38 from being aligned, allowing the cathode and
anode gaskets (not shown) and proton exchange membrane (not shown) to be

secured between adjacent plates. The bipolar plate of Figure 13 differs from the bipolar
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plate of Figures 3-8 due to the different shape of the stamped air channels. Otherwise,
the features of the bipolar plate of Figure 13 are the same as or correspond to those

of the bipolar plate of Figures 3-8.

Figure 14 shows two bipolar plates 30 of the invention, one on top of the other. With
the top bipolar plate being partially transparent (for representation purposes only),
such that the hydrogen channels (not labelled but see labels 36 in Figure 13 for
reference) and air channels 38b of the lower plate are visible in the Figure. Orientation
of the plates alternates: adjacent bipolar plates in a fuel cell stack are rotated 180
degrees about a line in the centre of the plate, perpendicular to the surface of the plate.
The channels are purposely designed such that the air channels 38 of adjacent bipolar
plates are not fully aligned: in Figure 14 it can be seen that the air channels of the top
plate 38a are aligned vertically at their edges, i.e. inlets and outlets, but then criss-
cross in opposition directions, their paths repeatedly diverging then converging, so
that they are not fully aligned with the air channels of the lower plate 38b. The plate is
designed so that air channels of adjacent plates (i.e. of one plate rotated with respect
to the next) are intentionally partially not aligned so that channels of adjacent plates
do not fit into each other, or ‘nest’, and to enable the membrane (not shown) to be
clamped between adjacent plates, clamped at points where a lower surface of one
plate meets an upper surface of the other, without falling into or being urged into the

air channels 38, since this would reduce air flow and/or compromise sealing.

The bipolar plates shown in Figures 15a and 15b are an alternative embodiment of the
invention. As discussed above (e.g. in relation to Figure 5 and Figure 13), bipolar
plates of the type described in Figures 3-8 and 13 are stamped and then rotated 180
degrees in order to prevent the air channels form being aligned. In the embodiment
shown in Figures 15a and 15b, it is not necessary to rotate the bipolar plates when
stacking them. A different stamping tool was used to form bipolar plate 50 (shown in
Figure 15a) and bipolar plate 60 (shown in Figure 15b). Therefore, when a fuel cell
stack is formed by alternating bipolar plates 50 and 60, it is not necessary to rotate
any of the plates. Other than the pattern of air channels 57, 67, these bipolar plates
have channels that follow the same principles as those shown in Figures 3-8. The
upper surface of each bipolar plate is the anode side 51, 61, whilst the lower side is

the cathode side (not shown). There is an aperture 54, 64 on either side of each bipolar
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plate 50, 60, connecting the hydrogen manifold (not shown) to the hydrogen flow
channels 56, 66, on the anode side of the plates. Additionally, in each of Figures 15a
and 15b, there is a gasket channel 58, 68 in which the anode gasket 52, 62 sits.
Adjacent plates do not nest with each other can hold a MEA sealingly between

adjacent plates.

The bipolar plate in Figure 16 is a further alternative embodiment of the invention. The
bipolar plate 80 in Figure 16 has a closed cathode, meaning it can be connected to an
oxygen manifold. The bipolar plates of the invention shown in Figures 3-8 and 13a-
13b both have an open cathode, meaning the air channels are not sealed. In Figure
16, an embodiment is shown with a closed cathode, meaning the air channels 87 are
sealed, and air passes into the air channels from an aperture 94 which connects to an
air manifold (not shown). The closed cathode arrangement also allows for pure oxygen
or air with additional oxygen, to be passed through the air channels 87. As well as the
presence of an air aperture 94, the bipolar plate 80 with a closed cathode arrangement
additionally has a different shaped gasket channel 88 to complement the different
shaped anode gasket 82, and cathode gasket (not shown) required by the closed
cathode arrangement. The anode gasket 82 and cathode gasket, have an additional

section to seal the air aperture 94.

Figures 17a and 17b show an alternative arrangement of a bipolar plate of the
invention with a closed cathode. Similarly to bipolar plates 50 and 60 (shown in Figures
15a and 15b), the bipolar plates 100 and 110 (shown in Figures 17a and 17b) do not
need to be rotated when stacking. Instead, two separate stamps are used to form two
bipolar plates 100 and 110. These bipolar plates are alternated when forming a fuel
cell stack and this prevents the air channels 107, 117 on adjacent plates aligning.
Other than the shape of the air channels 107, 117, bipolar plates 100 and 110 are

identical and have identical features to bipolar plate 80 shown in Figure 16.

Referring to Figures 18 and 19, a fuel cell stack is shown comprising bipolar plates of
the invention. This fuel cell stack features bipolar plates with an open cathode (such
as those shown in Figures 3-8, 13 and 15. The fuel cell stack comprises a stack of
bipolar plates 120, at either end of the bipolar plate stack is a current collector plate

123 and end plate 121. The fuel cell stack also features a number of different gaskets,
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in particular an anode gasket 128 and a cathode gasket (not shown) in the bipolar
plate stack, current collector gaskets 127, and an end plate gasket 129 at each end.
Bolts 124 hold the two end plates 121 together, compressing the stack and ensuring
there is a seal between the various gaskets 127, 128 and 129 and bipolar plates / end
plates in the stack, preventing gases leaking between the hydrogen and air channels.
Hydrogen inlet 125 is shown, through which hydrogen is pumped in controlled manner
into the hydrogen manifold and through the apertures (not shown) and hydrogen flow
channels (not shown) in each bipolar plate. There is additionally an insulation layer

126 between the collector plate and end plate on each side of the stack.

Figures 20 and 21 show a cross-section through the centre of the fuel cell stack of
Figures 18 and 19 showing the air channels 130. The cross-section also enables view
of the hydrogen manifold 131 and apertures 132 in the bipolar plates 120 through
which hydrogen enters and exits the hydrogen channels on the anode sides of bipolar
plates of the fuel cell stack. The cathode gasket 136 can be seen preventing hydrogen
leaking out of the fuel cell stack and the additional section of cathode gasket 136a can
also be seen, preventing hydrogen passing along the cathode side of the bipolar plates
in the stack. The anode gasket 137 additionally passes around the outside of the
hydrogen apertures 132, preventing hydrogen leaking from the fuel cell stack, whilst
allowing hydrogen to pass through the hydrogen channels along the anode side of

each bipolar plate.

Figures 22 and 23 show a further cross-section through the fuel cell stack in the same
direction as that in Figures 20 and 21, however the cross-section passes through the
perimeter gasket and not the centre of the fuel cell stack. The anode gasket 135
prevents air entering the anode side of the bipolar plates 120. A membrane and current
collector gaskets 127 and 138 are present between the bipolar plate stack and current
collector plate 123 on each side of the stack, to prevent hydrogen from leaking out of
the bipolar plate stack. There is additionally an end plate gasket 129 between the

current collectors 123 and end plates 120 of the fuel cell stack.

Figures 24 and 25 show a cross-section through the centre of the same fuel cell stack
in a direction perpendicular to the cross-sections of Figures 20-23. The hydrogen

channels 140 are shown, through which hydrogen passes along the anode side of



10

15

20

25

30

WO 2023/126475 PCT/EP2022/088004
22

each bipolar plate in the fuel cell stack. Additionally, the anode gasket 128 can be
seen, and prevents air entering the anode side 142 (the upper side in these Figures)
of the bipolar plates. The cathode gasket 143 is also seen and prevents hydrogen
entering the cathode side (the lower side in these Figures) of the bipolar plates.
Additionally, there is a membrane between each bipolar plate, which prevents
hydrogen passing from the anode side of one bipolar plate, to the cathode side of an

adjacent bipolar plate.

Figures 26 and 27 show a further cross-section through the fuel cell stack in the same
direction as Figures 24 and 25, however the cross-section passes through the
additional section of cathode gasket 136a adjacent the hydrogen aperture. The
additional section of cathode gasket 136a prevents hydrogen entering the cathode
side of the bipolar plates. The anode gasket 135 can additionally be seen, and
prevents air entering the anode side of the bipolar plates. These gaskets, in
combination with the proton exchange membrane between each bipolar plate, are

important in ensuring separation between air and hydrogen in the fuel cell stack.

Figures 28 — 40 show an alternative embodiment of the invention. Referring first to
Figures 28 and 29, the bipolar plate 200 is formed as a single, stamped plate having
two sides, the first side being an anode side 211 and the other being a cathode side
212 in the same way as the embodiments described above. The bipolar plate has an
aperture 214 at each end to form a hydrogen manifold when multiple plates are
sealingly stacked together. Hydrogen is able to flow from the inlet manifold (not shown)
through the hydrogen inlet channels 216a via the main hydrogen channels 216b (e.g.
formed as notches in the air channels) and anode valleys 221 (formed as a result of
the air channels on the cathode side of the plate), through the hydrogen outlet
channels 216¢ to an outlet manifold (not shown). The hydrogen inlet and outlet
channels in this embodiment are positioned to one side of the bipolar plate, these may
instead be spread evenly across the width of the apertures 214. Hydrogen is only able
to flow on the anode side of the bipolar plate due to the cathode gasket (not shown
here, shown in figures below) sealing the hydrogen manifold on the cathode side of

the plate.
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The bipolar plate of this embodiment additionally has air channels 217, through which
air (and therefore oxygen) can flow on the cathode side 212 of the plate in a direction
substantially perpendicular to hydrogen flow. Air flow is prevented on the anode side
of the bipolar plate by an interaction between the anode gasket features 220 and the
anode gasket (not shown here, shown in figures below). The anode gasket features
are stamped sections of the bipolar plate that have an elevated profile on the anode
side of the bipolar plate. The anode gasket features are not connected to the anode
valleys 221. Therefore, when the anode gasket is compressed between the anode
gasket features 220 and the MEA (not shown), the anode side is sealed and air flow

is prevented on the anode side of the bipolar plate.

When stacked, alternate plates are rotated 180 degrees to prevent stacking of air
channels between adjacent plates, allowing the MEA (not shown) to be held between

adjacent plates.

Figures 30 and 31 show the anode gasket and cathode gasket respectively positioned
on the anode side and cathode side of a bipolar plate of the invention. These figures
should be considered in combination with Figures 32a-c which show, in order, the
anode gasket, the cathode gasket and an end plate gasket. As noted above, the anode
gasket 230 is sealed between the anode gasket features (not shown here, shown in
figures above) on the anode side of the plate 211, and the MEA (not shown). The

anode gasket is a loop of continuous thickness.

The cathode gasket 235 is sealed between the cathode side of the plate 212 and the
MEA (not shown) to prevent hydrogen flow from the aperture 214 on the cathode side
of the plate. The cathode gasket is shaped to complement the hydrogen inlet / outlet
channels 216a, 216c. In preferred embodiments, such as that shown here, there is
rotational symmetry between the hydrogen inlet channels 216a and hydrogen outlet
channels 216c. As such, the same cathode gasket 235 can be used for the apertures

214 at each end of the plate.

The endplate gasket 237 may be present at one or both ends of a fuel cell stack (not
shown) to seal the hydrogen manifold (not shown). For example, if the hydrogen

manifold inlet and outlet are positioned on the same side of a fuel cell stack, then two
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endplate gaskets 237 will be required between the current collector plate and end plate
on the same side of the fuel cell stack to seal the apertures (not shown). In this
example, no end plate gaskets would be required between the current collector plate
and end plate on the other side of the fuel cell stack. In alternative embodiments the
hydrogen manifold inlet and outlet may be on opposite sides of the fuel cell stack, in
which case it can be envisaged that one endplate gasket would be required between
the current collector plate and end plate on either side of the fuel cell stack to seal the

apertures.

Figure 33 (and corresponding colour figure 37) shows a cross-section through the
anode gasket feature of two adjacent bipolar plates 200 (the cross-section is taken
through line A in Figure 29). In this figure the upper side of each plate is the anode
side 211 and the lower side of each plate is the cathode side 212. Air channels 217
can be seen on the cathode side of each bipolar plate, the air channels are bound by
the cathode side of the bipolar plates and the MEA 238. Anode gasket features 220
are present and form a seal between the anode side 211 of each bipolar plate and the

anode gasket 230, therefore preventing air entering the anode side of the bipolar plate.

Figure 34 (and corresponding colour figure 38) shows a view of the edge of a fuel cell
stack from the same direction as the cross-section of Figure 33, however not
intercepting the anode gasket features. It can therefore be seen that the anode gasket
features 220 are sealed and not connected to the anode valleys 221, enabling the
anode gasket features to contact the anode gasket 230 and seal the anode side 211
(in this figure the upper side of each plate) from air. The air channels 217 are visible
on the cathode side 212 (in this figure the lower side of each plate) and allow air

containing oxygen to flow on the cathode side of each plate.

Figure 35 (and corresponding colour figure 39) shows a cross-section through the
hydrogen inlet channels of two adjacent bipolar plates 200 (the cross-section is taken
through line B in Figure 29). The hydrogen inlet channels 216a are visible on each
bipolar plate. The hydrogen inlet channels are formed between the anode side (upper
side in this figure) of each bipolar plate and the MEA 238. Hydrogen is prevented from
entering the cathode side (lower side in this figure) of each bipolar plate by the cathode

gasket 235 which is shaped to correspond with the shape hydrogen inlet channels and
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is sealed between the cathode side of the plate and the MEA 238. The anode gasket
features 220 of each bipolar plate and anode gasket 230 between the two bipolar

plates are also visible.

Figure 36 (and corresponding colour figure 40) shows a cross-section through the
centre of two bipolar plates 200, along a line C in Figure 29. The hydrogen channels
216b can be seen on the anode side (upper side in this figure) of each bipolar plate.
The MEA 238 can be seen positioned between the two bipolar plates. The cross-
section intercepts the edge of the bipolar plates and therefore an anode gasket feature

220 is visible on each plate as well as the anode gasket 230.

In use, hydrogen is pumped into the hydrogen manifold and then passes through the
aperture on one side of the fuel cell stack, the hydrogen then flows along the anode
side of each bipolar plate in the stack through the H> channels. At the other side, there
is an exit manifold, through which unused hydrogen can be recirculated. Hydrogen is
prevented from entering channels on the cathode side of each plate by the cathode
gasket. Whilst passing over the anode, H: is converted to H* ions (protons) on the
catalyst (part of or incorporated in the MEA). The protons then pass across the proton
exchange membrane where they combine with oxygen and electrons on the cathode
catalyst to produce water. Electrons produced through the conversion of hydrogen to
H+ ions pass through an external circuit (not shown) to a current collector, where

electricity is collected. A current collector is present at each end of the fuel cell stack.

Air flow can occur passively. Simultaneously to the controlled hydrogen flow, a fan can
pump air through the approximately perpendicular air channels on the cathode side of
each bipolar plate. Air is prevented from entering the anode side of each plate by the
anode gasket. The flow of air supplies oxygen to the cathode, which is converted to
0% ions by combining with electrons on the cathode catalyst (not shown). The water
formed from the O% ions combining with H* ions passes out of the fuel cell as water

vapour in the air channels.

Between each bipolar plate in a fuel cell stack of the present invention there is a
membrane exchange assembly (MEA). The MEA is conventional in the art and usually

comprises, in order, a first gas diffusion layer (GDL), an anode catalyst, a proton
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exchange membrane, a cathode catalyst and a second gas diffusion layer (GDL).
Each of these layers is conventional in the art. In a fuel cell stack of the invention, the
first GDL (adjacent the anode catalyst in the MEA) will be adjacent the anode side of
a first bipolar plate 10, and the second GDL (adjacent the cathode catalyst of the same
MEA) will be adjacent the cathode side of a second bipolar plate. Other arrangements
of the MEA are also known and can be used with the bipolar plates of the invention,

for example GDL and catalyst layers can be combined into a single layer.

In making the plates and the stacks, a single stamping tool can be used to make
multiple plates, and each adjacent plate is rotated 180° with respect to the previous
plate, an MEA is positioned between adjacent plates and adjacent plates sealed to
each other with gaskets. Alternatively, two different stamping tools can be used and
then bipolar plates made with each stamping tool alternated in the stack. Using two
different stamping tools prevents the need to rotate adjacent plates. An additional
advantage of using two separate stamping tools is that the cathode flow field can be
uniform, eliminating unused space at the centre of the bipolar plate, which may be
inevitable when a single stamping tool is used. Channels on the faces of the plates
form sealed channels for hydrogen and oxygen and the gaskets and the MEA
compressed between the plates keep the hydrogen and oxygen channels separated
and the hydrogen channels sealed, preventing leakage between the respective
channels. The stack of plates is held firmly together by a clamp or outer fuel stack
body. Current collectors are added to respective anode and cathode ends of the stack.
Sealing of the hydrogen channels forms a single hydrogen inlet at one end of the stack
and a single outlet at the other end. A hydrogen manifold is attached to both inlet and
outlet and sealed thereto, to enable controlled flow of hydrogen through the hydrogen

channels, as is conventional in fuel cells, and which is not part of the invention.

In the embodiment illustrated, oxygen (contained within air) flows freely into and
through the oxygen channels (air channels) on the cathode side of the plates while
hydrogen access to the anode sides is controlled via the manifold and a gas inlet
control system, and the fuel cell operates to generate electricity. As will be appreciated
reference to hydrogen channels is reference to channels for flow of gas comprising or
consisting of hydrogen and reference to oxygen flow channels refers to channels for

flow of gas comprising or consisting of oxygen (especially in air).



WO 2023/126475 PCT/EP2022/088004
27

In another embodiment, an oxygen manifold (air manifold) is also provided for control
of input of oxygen (or air) and exhaust of water. In this alternative embodiment, the
oxygen manifold and oxygen channels are both sealed by manifolds and gas flow

controlled by valves at respective gas inlets and outlets.

The invention hence provides bipolar plates and hydrogen fuel cell units comprising

the plates and methods of making the same.



WO 2023/126475 PCT/EP2022/088004
28

CLAIMS

1. A hydrogen fuel cell unit comprising, in order

(i) a first bipolar plate having a front face and a rear face, the rear face being
an anode in the unit,

(i) a first membrane electrode assembly,

(iii) a second bipolar plate having a front face and a rear face, the front face
being a cathode in the unit and the rear face being an anode in the unit,

wherein the first membrane electrode assembly is between the first and second
bipolar plates, and a flow path is provided between the rear face of the first bipolar
plate and the first membrane electrode assembly for flow of hydrogen, and a flow path
is provided between the front face of the second bipolar plate and the first membrane
electrode assembly for flow of oxygen,

(iv) a second membrane electrode assembly, and

(v) a third bipolar plate having a front face and a rear face, the front face being
a cathode in the unit,

wherein the second membrane electrode assembly is between the second and
third bipolar plates, and a flow path is provided between the rear face of the second
bipolar plate and the second membrane electrode assembly for flow of hydrogen, and
a flow path is provided between the front face of the third bipolar plate and the second
membrane electrode assembly for flow of oxygen,

wherein the bipolar plates comprise channels for flow of oxygen and wherein
the oxygen flow channels of adjacent plates repeatedly diverge and converge across

the plate.

2. A hydrogen fuel cell unit according to claim 1, wherein the oxygen flow channels

of adjacent plates diverge and converge across the plate in a criss-cross pattern.

3. A hydrogen fuel cell unit according to claim 1 or claim 2, wherein the oxygen

flow channels diverge and converge in a regular (i.e. repetitive) pattern.

4, A hydrogen fuel cell unit according to any preceding claim, wherein each
oxygen flow channel comprises an inlet and an outlet and a conduit between its inlet

and its outlet, and wherein the oxygen conduits of adjacent plates in the fuel cell are



WO 2023/126475 PCT/EP2022/088004
29

not vertically aligned along the whole of their length such that the adjacent plates do

not nest together when held in a stack that is part of the fuel cell unit.

5. A hydrogen fuel cell unit according to claim 4, wherein the membrane electrode
assemblies are clamped in place between the bipolar plates without falling into the

oxygen channels.

6. A hydrogen fuel cell unit according to any preceding claim, wherein the plates
comprise channels for flow of hydrogen, each channel having an inlet and an outlet,
wherein the respective inlets and outlets of hydrogen flow channels of adjacent plates

in the fuel cell are vertically aligned.

7. A hydrogen fuel cell unit according to any preceding claim, wherein the
hydrogen flow channels further comprise a conduit between its inlet and outlet,
wherein the conduits of channels of adjacent plates in the fuel cell are not vertically

aligned along the whole of their length.

8. A hydrogen fuel cell unit according to any preceding claim4, wherein the oxygen
flow channels each have an inlet and an outlet, wherein the respective inlets and

outlets of oxygen flow channels of adjacent plates in the fuel cell are vertically aligned.

9. A hydrogen fuel cell unit according to any preceding claim, wherein the bipolar
plates comprise hydrogen and oxygen flow channels that are substantially transverse

to each other.

10. A hydrogen fuel cell unit according to claim 9, wherein oxygen flow channels
are formed by an indentation in the bipolar plate and transverse hydrogen flow
channels comprise a notch in the indentation that forms the oxygen flow channels, or
vice versa, i.e. wherein hydrogen flow channels are formed by an indentation in the
bipolar plate and transverse oxygen flow channels comprise a notch in the indentation

that forms the hydrogen flow channels.

11. A hydrogen fuel cell unit according to any preceding claim, wherein with plates

stacked vertically on top of each other a horizontal cross-section of any plate (i.e. a
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cross-section taken on a plane through the centre of any plate, perpendicular to the

vertical direction of plate stacking) passes through both hydrogen and oxygen flow

channels.

12. A hydrogen fuel cell unit according to any preceding claim, wherein the first
and/or second and/or third bipolar plates do not have rotational symmetry about a line
through the centre of the plate in the vertical direction of plate stacking (i.e.

perpendicular to the plane of the plate).

13. A hydrogen fuel cell unit according to claim 12, wherein the lack of rotational
symmetry of the first and/or second and/or third bipolar plate is due to the shape of the

oxygen flow channels.

14. A hydrogen fuel cell unit according to claim 12 or 13, wherein the first and/or
second and/or third bipolar plate comprises two or more manifold apertures and there

is rotational symmetry of the manifold apertures on each plate.

15. A hydrogen fuel cell unit according to claim 14, wherein the rotational symmetry

of the manifold apertures is order 2 rotational symmetry.

16. A hydrogen fuel cell unit according to any preceding claim, wherein each of the

first, second and third bipolar plates are the same design.

17. A hydrogen fuel cell unit according to claim 16, wherein adjacent bipolar plates

are rotated 180 degrees with respect to each other.

18. A hydrogen fuel cell unit according to any preceding claim, wherein an anode
gasket is present adjacent the rear face (i.e. anode side) of each bipolar plate and a
cathode gasket is present adjacent the front face (i.e. cathode side) of each bipolar

plate.

19. A hydrogen fuel cell unit according to claim 18, wherein all anode gaskets

adjacent the rear face of each bipolar plate are the same.
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20. A hydrogen fuel cell unit according to claim 18 or 19, wherein all cathode

gaskets adjacent the front face of each bipolar plate are the same.

21. A bipolar plate for a fuel cell unit with no rotational symmetry about a line
through the centre of the plate in the vertical direction of plate stacking (i.e.
perpendicular to the plane of the plate), wherein the bipolar plate is suitable to be any
of the first bipolar plate, second bipolar plate and/or third bipolar plate according to

any preceding claim.

22. A bipolar plate according to claim 21, stamped from a single sheet of metal or

alloy, e.g. steel.

23. A bipolar plate according to claim 21 or 22, wherein the bipolar plate has no

welding joints.

24.  Abipolar plate according to any of claims 21 to 23, wherein the lack of rotational

symmetry is due to the shape of the oxygen flow channels.

25. A bipolar plate according to any of claims 23 to 24, wherein the bipolar plate
comprises two or more manifold apertures and there is rotational symmetry of the

manifold apertures on each plate.

26. A bipolar plate according to claim 25, wherein the rotational symmetry of the

manifold apertures is order 2 rotational symmetry.

27. A method of making a bipolar plate, comprising

(i) providing a sheet of metal or alloy;

(ii) stamping the sheet to form a bipolar plate comprising a plurality of hydrogen
flow channels and a plurality of oxygen flow channels,

wherein the bipolar plates can be used to make a hydrogen fuel cell unit

according to any of claims 1 to 20.

28. A method of making a bipolar plate according to claim 27, wherein the method

does not comprise a welding step.
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29. A method of making a hydrogen fuel cell, comprising

(i) providing a first bipolar plate having a front face and a rear face, the rear face
being an anode, and a second bipolar plate having a front face and a rear face, the
front face being a cathode and the rear face being an anode,

(i) locating a first membrane electrode assembly between the first and second
bipolar plates,

wherein when the first membrane electrode assembly is between the first and
second bipolar plates a flow path is provided between the rear face of the first bipolar
plate and the first membrane electrode assembly for flow of hydrogen, and a flow path
is provided between the front face of the second bipolar plate and the first membrane
electrode assembly for flow of oxygen,

(iv) providing a third bipolar plate having a front face and a rear face, the front
face being a cathode, and

(v) locating a second membrane electrode assembly between the second and
third bipolar plates,

wherein when the second membrane electrode assembly is between the
second and third bipolar plates, a flow path is provided between the rear face of the
second bipolar plate and the second membrane electrode assembly for flow of
hydrogen, and a flow path is provided between the front face of the third bipolar plate

and the second membrane electrode assembly for flow of oxygen.

30. A method according to claim 29, wherein the bipolar plates are all of the same

design, adjacent plates being rotated 180 degrees with respect to each other.



