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Improvements in Gaskets and Bipolar Plates for PEM Fuel Cells

Field of the Invention

The present invention relates to a bipolar plate for a PEM fuel cell. Furthermore the
present invention relates to a sealant for efficient sealing of such a plate in a PEM fuel

cell stack.

Background of the Invention

Fuel cells are devices that provides for clean and relative efficient conversion of mat-
ter into electrical energy and heat. A range of different technologies have been devel-
oped within the last couple of decades, each employing its own principle, type of reac-
tants, optimum operation conditions etc. One technology which has gained particular

interest in recent years is the so-called PEM fuel cell.

A PEM (proton exchange membrane) fuel cell comprises an anode and a cathode and
a proton exchange membrane interposed there between. The protbn exchange mem-
brane comprises a catalyst on the side facing the anode as well as on the side facing
the cathode. The principle of a PEM fuel cell is that supplying hydrogen to the side of
the membrane facing the anode by virtue of the catalyst on the side of the membrane

facing the anode results in the chemical reaction:
(1) Anode reaction: H, ->2H +2 ¢

The anode is made of an electrically conducting material and thus transports the elec-
trons generated on the anode side of the membrane, whereas the protons generated on

the anode side of the PEM-membrane diffused through the membrane.

On the cathode side of the membrane oxygen (or air) is supplied. If an electrical load

is connected between the cathode and the anode of the cell so as to form an electrical
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circuit, the electrons generated at the anode flows through this load to the cathode. The
oxygen supplied to the cathode side of the membrane by virtue of the catalyst on the
side of the membrane facing the cathode reacts with the protons which have diffused
through the membrane and the electrons flowing to the cathode according to the fol-

lowing chemical equation:

(2) Cathode reaction: O, +4 H" + 4 ¢ ->2 H,O + heat

Hence, the net reaction taking place in a PEM fuel cell is:

(3) 2 Hy + O, -> 2 H;0 + electrical power + heat

One PEM fuel cell is capable of generating a voltage of 1.23 V. In order to achieve
higher voltages for PEM fuel cells, a number of PEM fuel cells are usually connected
in series in a so-called PEM fuel cell stack. A fuel cell stack is for the sake of econ-
omy often designed in a way that integrates the cathode of one fuel cell with the anode
of an adjacent fuel cell of the corresponding stack. This is achieved by employing so-
called bipolar plates. A bipolar plate is a plate which has two sides, one of which func-
tions as an anode for one fuel cell, and the other of which functions as a cathode for

the adjacent fuel cell in the corresponding fuel cell stack.

A PEM fuel cell is quite sensitive in the sense that it is important that the hydrogen
supplied to the anode is not contaminated with other gases. Furthermore, due the heat
generated on the cathode side, it is important that this side is cooled in order for the
fuel cell stack to remain within the temperature limits which provide for optimum per-
formance. A fuel cell stack may be cooled by supplying to the cathode side of each
cell more oxygen (or air) than is needed relative to the amount of hydrogen supplied
on the anode side of each cell. Another principle of cooling is the implementation of a

coolant circuit in the stack.

On the basis of the above considerations much research and development of PEM fuel
cells has in the recent years focused on the specific physical design of the fuel cell and

in particularly on the physical design of the bipolar plates.
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US patent application No. 2003/0059664 discloses bipolar plates in a stack formation,
where the bipolar plate is sandwiched between an oxygen and a hydrogen electrode
adjacent to the electrolyte chambers separated by the bipolar plate. The electrodes are
formed with channels in a grid like fashion, making the formation production-wise

complicated and expensive.

A more simple stack formation is disclosed in International patent application WO
2007/003751 as a prior art example, where the bipolar plates are sealed against the
electrode by elastomeric sealants formed as square o-rings. These o-rings do not allow
oxygen or hydrogen passing by, such that a different, improved system is proposed,

which however has a production-wise complicated configuration.

WO 03/077341 discloses a bipolar stack formation with bipolar plates having channels
running from edge to edge of the bipolar plate. The channels are sealed against the
electrolyte by a plate of fibrous composite material. In order to achieve a gas tight ar-
rangement, the dimensional tolerances for the fibrous plate are narrow, which produc-

tion-wise is complicated.

Accordingly numerous different designs of bipolar plates have been disclosed in the
art. However, although a substantial amount of these designs fulfil the technical re-
quirements for such plates, they all suffer from the disadvantage that the have a struc-
ture which is quite complicated and therefore their manufacture is costly. This is in
particular the case in situations wherein in addition to the dipolar plates, also cooling

plates are included in the fuel cell stack.

Object of the Invention

It is an object of the present invention to provide a bipolar plate for a PEM fuel cell
which overcomes the above disadvantage and a sealant which is suitable for use with

such a bipolar plate according to the present invention.
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Description of the Invention

This object is achieved with a bipolar plate in combination with a sealant, wherein the
bipolar plate has an anode side with first channels for transport of a proton-donating
fuel or a cathode side with second channels for transport of proton-accepting fluid, or
both, wherein a sealant, preferably an elastomeric sealant, is provided parallel with the
bipolar plate for sealing the bipolar plate against an adjacent electrolytic membrane,
characterised in that the sealant has secondary fluid channels across the sealant for
transport of proton-donating fuel or proton-accepting fluid, respectively, across the

sealant and along the bipolar plate.

By providing a sealant, for example much in the form of an o-ring, in which channels
are provided, gas tight sealing is achieved around the entrances or exits of the fuel
channels or fluid channels in a simple manner. Thus, no difficult production process
with narrow tolerances is required, which makes the production easy and minimizes
production costs. The fluid channels can be provided as cut-outs, where the term cut -
outs does not necessarily imply that the channels are truly cut out, but where the ap-
pearance is like cut-outs. A preferred production method is moulding of an elastomeric
sealant, where the sealant is moulded between two mould parts, where one mould part
has a corrugated region. The corrugation of the moulded sealant provides the fluid

channels for entrance or exit of the fluid, typically hydrogen gas and air, respectively.

In a preferred embodiment, the first channels or the second channels or both are sur-
rounded by the sealant. In other words, the sealant confines the channels, for example
by extending along an edge side of the bipolar plate. For holding the sealant in place,
the bipolar plate can be provided with a groove, for example in the form a shallow

recess or in the form of a deep furrow.

Optionally - but not necessarily — used in a combination as described above may be an
inventive bipolar plate for a PEM fuel cell, said bipolar plate having a anode side and

a cathode side; wherein
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a) said plate having a penetrating inlet hole defining a flow channel for hydrogen gas
entering the fuel cell; and said plate having a penetrating outlet hole defining a flow

channel for hydrogen gas exiting the fuel cell; and

bl) said cathode side having one edge section comprising one or more grooves defin-
ing inlet channels for oxidant gas; and said cathode side having another edge section
comprising one or more grooves defining outlet channels for oxidant gas; wherein the
inlet channel grooves as well as the outlet channel grooves extend to the edge of the
respective edge section; and wherein said cathode side having one or more grooves
defining flow channels for oxidant gas and connecting inlet channel(s) for oxidant gas

with outlet channel(s) for oxidant gas;

and/or

b2) said anode side having an inlet channel for hydrogen gas in the form of one or
more grooves extending from the inside of the inlet hole; and said anode side having
an outlet channel for hydrogen gas in the form of one or more grooves extending from
the inside of the outlet hole; and said anode side having one or more grooves defining
flow channels for hydrogen; said grooves providing fluid connection of hydrogen gas

from the inlet hole for hydrogen gas to the outlet hole for hydrogen gas; and wherein

c) either the anode side or the cathode side or both sides of the plate comprises:

a sealant groove for taking op a seal, said sealant groove extends alongside the edges
of the plate so as to be able to take up a sealant for efficiently avoiding escape of gas
except via the channels intended therefore as defined above; said sealant groove if
present on the cathode side intersects the inlet channel grooves for oxidant gas as well
as the outlet channel grooves for oxidant gas; and said sealant groove if present on the
anode side intersects the flow path of hydrogen entering via the inlet channel for hy-
drogen gas defined by grooves; and said sealant groove if present on the anode side
intersects the flow path of hydrogen gas exiting via the outlet channel defined by

grooves.

The present invention relates also to a method for the manufacture of the bipolar plate

according to the present invention.
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The following describes a sealant for sealing the cathode side of the bipolar plate as
described above. The sealant is adapted to fit into the sealant groove of said cathode
side of said bipolar plate; wherein said sealant in the part adapted to fit into the part of
the sealant groove which extends alongside the specific edge sections comprising the
inlet channel groove for oxidant gas and the outlet channel groove for oxidant gas re-
spectively, comprises one or more cut-aways for allowing oxidant gas to pass the seal-

ant via the respective inlet and outlet channels for oxidant gas.

In a further aspect, the present invention relates to a sealant for sealing the anode side
of the bipolar plate as described above. The sealant is adapted to fit into the sealant

groove of said anode side of said bipolar plate; wherein:

- said sealant in the part adapted to fit into the sealant groove which intersects the
flow path for hydrogen gas connecting the inlet channel grooves and the grooves
comprises one or more cut-aways for allowing hydrogen gas to pass the sealant via

said grooves defining the inlet channel for hydrogen gas; and wherein

- said sealant in the part adapted to fit into the sealant groove which intersects the
flow path for hydrogen gas connecting the outlet channel grooves and the grooves
comprises one or more cut-aways for allowing hydrogen gas to pass the sealant via

said grooves defining the outlet channel for hydrogen gas.

In a further aspect the present invention relates to a process for the manufacture of a

selant according to the present invention.

In a further aspect the present invention relates to a PEM fuel cell stack 90 comprising

more than one bipolar plate and one or more sealants .

A further aspect of the present invention relates to a PEM fuel cell stack system. The
PEM fuel cell stack system according to the present invention comprising a fuel cell
stack , wherein the PEM fuel cell stack is enclosed in a container in such a way that

two separate rooms are formed within said container, the first room is located at the
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specific side of the fuel cell stack which comprises the edge sections of each fuel cell
comprising the inlet channels for oxygen; the other room is located on the specific side
of the fuel cell stack which comprises the edge sections of each fuel cell comprising
the outlet channels for oxygen; said separate rooms thereby defining an inlet manifold

for oxygen and an outlet manifold for oxygen.

In a further aspect, the present invention relates to a method for the production of elec-
tric power and/or heat using a PEM fuel cell stack or by use of a using.a PEM fuel

cell stack system .

In a further aspect, the present invention relates to use of a PEM fuel cell stack accord-
ing to the present invention or use of a PEM fuel cell stack system according to the

present invention as a back-up power system.
In a further aspect, the present invention relates to a use of PEM fuel cell stack accord-

ing to the present invention or use of a PEM fuel cell stack system according to the

present invention as continuous power generation system.

Description of the Drawing

Fig. 1 is a plan view showing the anode side of a bipolar plate according to the present

invention.

Fig. 2 is a plan view showing the cathode side of a bipolar plate according to the pre-

sent invention.

Fig. 3 is plan view showing a sealant for sealing off the anode side of a bipolar plate

according to the present invention.

Fig. 4 is plan view showing a sealant for sealing off the cathode side of a bipolar plate

according to the present invention.
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Fig. 5 shows a plan view of a membrane for interposition between the bipolar plates

according to the present invention.

Fig. 6 is a perspective view seen from the anode side of one “sandwich element” com-
prising (from left to right): a sealant for sealing off the anode side of a PEM bipolar
plate; a PEM bipolar plate; a sealant for sealing off the cathode side of a PEM bipolar

plate; and finally a membrane.

Fig. 7 is a perspective view seen from the cathode side of one “sandwich element”
comprising (from left to right): a membrane; a sealant for sealing off the cathode side
of a PEM bipolar plate; a PEM bipolar plate; and finally a sealant for sealing off the
anode side of a PEM bipolar plate.

Fig. 8 is a perspective exploded view of a fuel sell stack assembly according to the

present invention showing bipolar plates, membranes, sealants and endplates.

Fig. 9 is a perspective exploded view of a fuel cell stack system according to the pre-
sent invention, wherein a fuel cell stack is enclosed in a container in a design that pro-
vides for two separate compartments that functions as a manifold for incoming oxy-

gen/air and a manifold for exhausted oxygen/air and water vapour respectively.

FIG. 10 shows an alternative embodiment of a bipolar plate as seen from the anode

side;

FIG. 11 shows an alternative embodiment of a bipolar plate as seen from the cathode

side;

Detailed Description of the Invention

The bipolar plate
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In a certain aspect the present invention provides a bipolar plate for use in a PEM fuel
cell stack. The bipolar plate according to the present invention owing to its simple

design is very easy to produce and thus can be manufactured at low cost.

The bipolar plate according to the present invention has two sides; viz. one side, as
illustrated in FIG. 1, designed to function as an anode and another side, as illustrated
in FIG. 2, designed to function as a cathode. The bipolar plate according to the present
invention furthermore a penetrating inlet hole 2 defining a flow channel for hydrogen
gas entering the fuel cell as well as an outlet hole 4 defining a flow channel for hydro-

gen gas exiting the fuel cell.

When stacked together in a PEM fuel cell stack several bipolar plates according to the
present invention are arranges in such a way that the inlet hole for hydrogen gas of
each plate is located exactly in the same position in respect of each other. In this way,
the inlet hole of each bipolar plate of the stack defines a flow channel for hydrogen gas
entering the fuel cell stack. In addition, the outlet hole for hydrogen gas of each plate
is located exactly in the same position in respect of each other. In this way, the outlet’
hole of each bipolar plate of the stack defines a flow channel for hydrogen gas exiting
the fuel cell stack.

The bipolar plate according to the present invention preferably has four edge sections
and preferably has a geometry in which adjacent edge sections are essentially perpen-
dicular to each other. In such a design, it is preferred to arrange the inlet hole for hy-
drogen 2 and the outlet hole for hydrogen 4 in essentially opposite corners of the plate
Fig. 1 and 2 show this arrangement. Alternatively these holes 2 and 4 can be arranges

near adjacent corners so as to be arranged on the same edge section.

The cathode side of the bipolar plate of the fuel cell

The cathode side of the bipolar plate 1, as illustrated in FIG. 2, comprises two edge
sections 10a, 10b. One edge section 10a comprises one or more grooves 6 defining

inlet channels for oxidant gas. Another edge section 10b comprises one or more
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grooves 8 defining outlet channels for oxidant gas. The groves 6 and 8 extends all the
way to the edge of each edge section 10a,10b respectively. In this way openings in the
edge of the bipolar plate are provided which serves as channels for introduction of
oxygen to and exhaustion of oxygen and water vapour from the reactive sites on the

cathode side of the bipolar plate.

The inlet channels defined by grooves 6 and the outlet channels defined by grooves 8
are in fluid connection via grooves 12 so as to provide for a flow of oxygen from the
inlet channel grooves 6 via the grooves 12 to the reactive section of the cathode side of
the bipolar plate and out of the bipolar plate via the outlet channel grooves 8. The spe-
cific geometry of grooves 12 connecting inlet channel grooves 6 with outlet channel
grooves 8 is not critical and is entirely optional. However, it is preferred that the chan-
nels 12 have a geometry which ensures an efficient supply of oxygen to an area of the
cathode side of the bipolar plate, and thereby to the corresponding active sites of the

corresponding membrane, which is as large as possible.

The bipolar plate according to the present invention comprises on the cathode side and
alongside the edges of the plate a sealant groove 14a which is provided for taking up a
seal. This is illustrated in an exploded view in FIG. 6 and 7. When stacked together in
a fuel cell stack, the sealant located in the sealant groove 14a ensures that no oxygen
or oxygen/water vapour gasses escapes the cathode side of the fuel cell stacks except

via the channels intended there for as described above.

The sealant groove 14a surrounds on the cathode side the inlet hole for hydrogen 2 as
well as outlet hole for hydrogen 4. When a sealant surrounds the inlet hole for hydro-
gen 2 as well as the outlet hole for hydrogen 4 it is ensured that no hydrogen originat-
ing from either the inlet hole 2 or outlet hole 4 for hydrogen will leak into the cathode
side of the bipolar plate of the fuel cell stack.

At the edge section 10a and 10b the sealant groove 14a intersects the inlet channel
grooves 6 for oxygen as well as the outlet channel grooves 8 for oxygen. However, as

disclosed below in the section relating to the sealant per se, the sealant in the locations
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corresponding to the edge sections 10a and 10b has a number of cut-aways that allow

for passage of oxygen.

The number of inlet channel grooves 6 is entirely optional. However, it is preferred
that the number of inlet channel grooves is: 2 — 20, such as 4 — 18, e.g. 5 — 15, such as

7 — 14, for example 8 — 12, preferably 9, 10 or 11.

The number of outlet channel grooves 8 is entirely optional. However, it is preferred
that the number of inlet channel grooves is: 2 — 30, such as 4 — 28, e.g. 5 — 25, such as
724, fbr example 8 — 22, such as 10 — 10, such as 12 — 18, preferably 13, 14, 15, 26
or17.

In the preferred embodiment in which the bipolar plate according to the present inven-
tion has four edge sections and has a geometry in which adjacent edge sections essen-
tially are perpendicular to each other it is preferred that the edge section 10a compris-
ing the inlet channels grooves 6 is arranged opposite to the edge section 10b compris-
ing the outlet channels grooves 8. Such a preferred design is shown in fig. 2. However,

the edge sections 10a and 10b may in another embodiment be adjacent edge sections.

Fig. 2 shows a plan view of the cathode side of a bipolar plate according to the present
invention. Fig. 2 shows the bipolar plate 1 comprising an inlet hole 2 for hydrogen and
an outlet hole 4 for hydrogen. Furthermore the bipolar plate on its cathode side com-
prises inlet channels for oxygen in the form of grooves 6a-60 which extend from the
edge of the edge section 10a. Additionally, the cathode side furthermore comprises
outlet channels for oxygen in the form of grooves 8a-8o which extend from the edge
of the edge section 10b. Fig 2 also shows that grooves 6a-60 are connected to grooves
8a-80 via flow channels 12. Finally, fig. 2 shows the sealant groove 14a of the cathode
side of the bipolar plate according to the present invention. Sealant groove 14a sur-
rounds all other grooves (except outer portion of grooves 6a-60 and 8a-80) of the an-

ode side thus efficiently providing for efficient avoidance of leaks of gas.

Alternatively, as illustrated in FIG. 11a with an enlarged cut-out region in FIG. 11b,

the inlet channels and outlet channels for oxygen can solely be formed by the sealant
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50. Strictly, the grooves 6a-60 and 8a-8o are not necessary, which production-wise is

an advantageous.

The anode side of the bipolar plate of the fuel cell

The anode side of the fuel cell, as illustrated in FIG. 1, comprises inlet channels 16 for
hydrogen gas in the form of one or more grooves 16 which extend from the inside of
the inlet hole 2 for hydrogen. In analogy, the anode side furthermore comprises outlet
channels in the form of one or more grooves 18 which extend from the inside of the

outlet hole 4 for hydrogen.

In addition, the anode side of the bipolar plate according to the present invention com-
prises flow channels 20 for hydrogen. The flow channels for hydrogen provides for
efficient distribution of the hydrogen supplied to the anode side of the fuel cell, and
thereby efficient distribution of the hydrogen supplied to the corresponding active sites
on the anode side of the membrane. The flow channels 20 connect the inlet grooves 16

with the outlet grooves 18.

The specific geometry of grooves 20 connecting inlet channel grooves 16 with outlet
channel grooves 18 is not critical and is entirely optional. However, it is preferred that
the channels 20 have a geometry which ensures an efficient supply of hydrogen to an
area of the cathode side of the bipolar plate, and thereby to the corresponding active

sites of the anode side of the corresponding membrane, which is as large as possible.

The grooves for hydrogen 16,20,18 allow hydrogen to flow from inlet hole 2 for hy-
drogen via grooves 16 and flow channels 20 for hydrogen to outlet hole 4 for hydrogen

via grooves 18.

The bipolar plate according to the present invention comprises on the anode side and
alongside the edges of the plate a sealant groove 14b which is provided for taking up a
seal. This is illustrated in FIG. 6 and 7. When staciced together in a fuel cell stack, the

sealant located in the sealant groove 14b ensures that no hydrogen or escapes the an-
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ode side of the fuel cell stacks except via the channels intended there for as described

above.

Tests have shown that if the geometry of the sealant on the cathode side mirrors the
geometry of the sealant on the anode side in the sense that the seals are arranged so
that they eclipse each other when viewed in a direction perpendicular to the surface of
the plate, an optimum quality of sealing properties is achieved. Due to the fact that the
cathode side of the plate must comprise sealant grooves which surround the inlet hole
for hydrogen 2 and the outlet hole for hydrogen 4 respectively, it is preferred that also
the anode side of the bipolar plate according to the present invention comprises a seal-
ant groove surrounding the inlet hole 2 for hydrogen and the outlet hole 4 for hydrogen

respectively.

The provision of a sealant groove on the anode side of the bipolar plate and surround-
ing the inlet hole 2 for hydrogen has the consequence that the sealant groove 14b in-
tersects the flow of hydrogen entering the anode side of the bipolar plate from inlet
hole 2 to flow channels 20 via inlet channel grooves 16. In analogy, the provision of a
sealant groove on the anode side of the bipolar plate and surrounding the outlet hole 4
for hydrogen has the consequence that the sealant groove 14b intersects the flow of
hydrogen exiting the anode side of the bipolar plate from the flow channels 20 to the

outlet hole 2 to via outlet channel grooves 16.

As disclosed below in the section relation to the sealant per se, the sealant in the loca-
tions corresponding to the intersection of the flow path of hydrogen and the sealant

groove 14b has a number of cut-aways that allow for passage of hydrogen.

The number of inlet channel grooves 16 and outlet channel grooves 18 respectively is
entirely optional and will depend on the dimensions of the bipolar plate. However, it is
preferred that the number of inlet channel grooves 16 and outlet channel grooves 18
respectively independently is: 1 — 10, such as 2 — 9, for example 3 — 8, such as 4 — 7,

e.g.Sor6.
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Fig. 1 shows a plan view of the anode side of a bipolar plate according to the present
invention. Fig. 1 shows the bipolar plate 1 comprising an inlet hole 2 for hydrogen and
an outlet hole 4 for hydrogen. Furthermore the bipolar plate on its anode side com-
prises inlet channels for hydrogen gas in the form of grooves 16a-16g which extend
from the inside of the inlet hole 2 for hydrogen. Additionally, the anode side further-
more comprises outlet channels in the form of grooves 18a-18g which extend from the
inside of the outlet hole 4 for hydrogen. Fig 1 also shows that grooves 16a-16g are
connected to grooves 18a-18g via flow channels 20. Finally, fig. 1 shows the sealant
groove 14b of the anode side of the bipolar plate according to the present invention.
Sealant groove 14b surrounds all other grooves of the anode side thus efficiently pro-

viding for efficient avoidance of leaks of gas.

Alternatively, as illustrated in FIG. 10, the inlet channels for hydrogen can solely be
formed by the sealant 70. Strictly, the grooves 16a-160 and 18a-180 are not necessary,

which production-wise is an advantageous.

In one embodiment of the bipolar plate according to the present invention, the bipolar

plate only comprises the features described above in respect of the anode side.

In another embodiment of the bipolar plate according to the present invention, the bi-

polar plate only comprises the features described above in respect of the cathode side.
In yet another embodiment of the bipolar plate according to the present invention, the
bipolar plate comprises the features described above in respect of the cathode side as
well as in respect of the anode side.

The manufacture of a bipolar plate according to the present invention

The present invention in second aspect relates to a method for the manufacture of the

bipolar plate according to the present invention.

The bipolar plate according to the present invention may be of any suitable material. It

is an essential feature that the material of the bipolar plate is electrical conductive and
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that it is corrosive resistant. A suitable material may be selected from the group com-
prising: graphite; graphite powder comprising a binder; a metal; a metal comprising a
corrosion resistant coating; an alloy; an alloy comprising a corrosion resistant coating;
an electrically conducting elastomeric compound; and an electrically conductive ce-

ramic material.

The bipolar plate according to the present invention may be manufactured by tech-
niques known to be conventional in the art. In a preferred embodiment according to
the method for the preparation of a bipolar plate according to the present invention, the

bipolar plate is produced by the following steps:

i) provision of a material having dimensions which at least corresponding to the de-

sired design of the bipolar plate;

ii) provision of the details of the desired design by milling off excessive material, e.g.

in a CNC milling machine;

iii) optionally coating the plate with a corrosion resistant coating.

In another preferred embodiment according to the method for the preparation of a bi-
polar plate according to the present invention, the bipolar plate is produced by the fol-
lowing steps:

i) provision of a material suitable for moulding and/or casting;

ii) casting the material into the desired design of the bipolar plate;

iii) optionally coating the plate with a corrosion resistant coating.

A sealant for sealing the cathode side or the anode side of the bipolar plate ac-

cording to the present invention and the process for its manufacture

In a third aspect the present invention relates to a sealant for sealing the cathode side
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of the bipolar plate according to the present invention. The sealant is adapted to fit into
the sealant groove 14a of said cathode side of said bipolar plate in order to efficiently
seal the flow channels represented by the grooves in the cathode side of the bipolar
plate. The sealant in the part 52a,52b which is adapted to fit into the part of the sealant
groove which extends alongside the specific edge sections 10a,10b comprising the
inlet channel groove for oxidant gas and the outlet channel groove for oxidant gas re-
spectively, comprises one or more cut-aways 54a,54b for allowing oxidant gas to pass

the sealant via the respective inlet and outlet channels for oxidant gas.

In a preferred embodiment of the sealant for sealing the cathode side of the bipolar
plate according to the present invention, the number of cutaways 54a,54b respectively
in the sealant corresponds to the number of grooves 6 defining inlet channels for oxi-

dant gas; and grooves 8 defining outlet channels for oxidant gas respectively.

Fig. 4 shows a plan view of a sealant according to the present invention for sealing the
cathode side of the bipolar plate according to the present invention. Fig 4 shows the
sealant 50 comprising sealant material in a form that allows for perfect adaptation into
the sealant groove 14a of the cathode side of the bipolar plate of fig. 2. The sealant in
fig. 4 comprises cut-away-channels 54a and 54b in the edge sections 52a and 52b re-
spectively. These cut-aways provides for passage of oxidant gas in and out of the fuel

cell.

In a fourth aspect the present invention relates to a sealant for sealing the anode side

of the bipolar plate according to the present invention. The sealant is adapted to fit into
the sealant groove 14b of said anode side of said bipolar plate in order to efficiently
seal the flow channels represented by the grooves in the anode side of the bipolar

plate.

The anode side sealant in the part 72 adapted to fit into the sealant groove which inter-
sects the flow path for hydrogen gas connecting the inlet channel grooves 16 and the
grooves 20 comprises one or more cut-aways 74a for allowing hydrogen gas to pass
the sealant via said grooves defining the inlet channel for hydrogen gas. Furthermore,

the anode side sealant in the part 76 adapted to fit into the sealant groove which inter-
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sects the flow path for hydrogen gas connecting the outlet channel grooves 18 and the
grooves 20 comprises one or more cut-aways 74b for allowing hydrogen gas to pass

the sealant via said grooves defining the outlet channel for hydrogen gas.

In a preferred embodiment of the sealant for sealing the cathode side of the bipolar
plate according to the present invention, the number of cutaways 74a,74b in the seal-
ant corresponds to the number of grooves 16 defining inlet channels for hydrogen gas;

and grooves 18 defining outlet channels for hydrogen respectively.

Fig. 3 shows a plan view of a sealant according to the present invention for sealing the
anode side of the bipolar plate according to the present invention. Fig 3 shows the
sealant 70 comprising sealant material in a form that allows for perfect adaptation into
the sealant groove 14b of the anode side of the bipolar plate of fig. 1. The sealant in
fig. 3 comprises cut-away-channels 74a and 74b in the sections 72 and 76 respectively.

These cut-aways provides for passage of hydrogen gas in and out of the fuel cell.

The sealant according to the present invention — whether it is intended for the anode
side or the cathode side of the bipolar plate according to the present invention may be
of any suitable material. A preferred material for such a sealant is a material selected
from the group comprising: elastomers, such as hydrocarbon rubbers, substituted hy-
drocarbon rubbers, such as fluoro-hydrocarbon rubbers; or silicon rubbers. It is pre-
ferred that the sealant material is highly corrosion resistant and/or highly capable of
withstanding penetration of hydrogen. The term “highly” in this context means that the
material has the above desired properties even after prolonged exposure, such as expo-
sure for several months or years, under the conditions encountered during operation of

the fuel cell stack

In a fifth aspect the present invention relates to a process for the manufacture of a sea-
lant according to the present invention. The sealant according to the present invention
is manufactured in a manner known per se in the art of elastomer engineering. Pref-
erably, the sealant material is manufactured by moulding the sealant material into the

desired design of the sealant.
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The proton exchange membrane

For the sake of completeness and referring to Fig. 5, information is provided regarding
to proton exchange membrane to be used with the bipolar plate according to the pre-
sent invention. The proton exchange membrane may be made of any suitable material
conventionally used with such membranes. A person skilled in the art will know of
suitable materials for use as proton exchange membrane. The membrane comprises on
one side a catalyst for catalysing the anode reaction and on the other side a catalyst for
catalysing the cathode reaction. The catalysts used may be of any conventional type. A
person skilled in the art will know of suitable materials for use as catalyst on the anode
and on the cathode side of the membrane. It is preferred that the proton exchange
membrane has dimensions corresponding to the dimensions of the surface of the bipo-
lar plate according to the present invention. Furthermore it is preferred that the proton
exchange membrane comprising holes allowing the passage of hydrogen enter-

ing/exiting the fuel cell.

Fig. 5 shows a proton exchange membrane 40 comprising a catalyst material 46. The
proton exchange membrane 40 has dimensions corresponding to the dimensions of the
surface of the proton exchange membrane according to the present invention. Fur-
thermore, the proton exchange membrane 40 comprises holes 42 and 44 allowing the

passage of hydrogen entering/exiting the fuel cell.
The PEM fuel cell stack according to the present invention

In a sixth aspect the present invention relates to a PEM fuel cell stack 90 comprising
more than one bipolar plate according to the present invention and one or more seal-

ants according to the present invention.

Fig. 6 shows in a perspective view seen from the anode side one “sandwich element”
comprising (from left to right): a sealant 70 for sealing off the anode side of a PEM
bipolar plate; a PEM bipolar plate 1; a sealant 50 for sealing off the cathode side of a
PEM bipolar plate; and finally a membrane 40.
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Likewise, fig. 7 shows in a perspective view seen from the cathode side one “sandwich
element” comprising (from left to right): a membrane 40; a sealant 50 for sealing off
the cathode side of a PEM bipolar plate; a PEM bipolar plate 1; and finally a sealant
70 for sealing off the anode side of a PEM bipolar plate.

The PEM fuel cell stack according to the present invention comprises two or more
repeating sandwich units as depicted in fig. 6 and/or 7. The ends of the stack are ter-
minated with an end plate. The design of the endplate follows conventions in the prior

art and it is within the ability of a person skilled in the art to provide such end plates.

Fig. 8 shows in a perspective exploded view a fuel sell stack assembly 90 according to
the present invention comprising bipolar plates 1, membranes 40, sealants 70 and 50

and endplates 92.

A seventh aspect of the present invention relates to a PEM fuel cell stack system. The
PEM fuel cell stack system comprises a PEM fuel cell stack 90, and said PEM fuel
cell stack is enclosed in a container 102 in such a way that two separate rooms
104,106 are formed within said container, the first room 104 is located at the specific
side of the fuel cell stack which comprises the edge sections 10a of each fuel cell
comprising the inlet channels 6 for oxygen; the other room 106 is located on the spe-
cific side of the fuel cell stack which comprises the edge sections 10b of each fuel cell
comprising the outlet channels 8 for oxygen. The separate rooms thereby define an
inlet manifold for oxygen and an outlet manifold for oxygen. This allows for pumping
oxygen/air into the separate room comprising the edge section 10a and thereby into the
inlet channel grooves 6 and thus allows for securing a constant supply of oxygen to the

active sites of the membrane facing the cathode side.

Fig. 9 is a perspective exploded view of a fuel cell stack system 100 according to the
present invention, wherein a fuel cell stack 90 is enclosed in a container 102a,102b in
a design that provides for two separate compartments 104,106 that functions as a
manifold for incoming oxygen/air and a manifold for exhausted oxygen/air and water

vapour respectively.
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Uses of the PEM fuel cell stack according to the present invention

In an eighth aspect, the present invention relates to a method for the production of
electric power and/or heat using a PEM fuel cell stack according to the present inven-
tion or by use of a using a PEM fuel cell stack system according to the present inven-

tion.

In a ninth aspect, the present invention relates to use of a PEM fuel cell stack accord-
ing to the present invention or use of a PEM fuel cell stack system according to the

present invention as a back-up power system.

In a tenth aspect, the present invention relates to a use of PEM fuel cell stack accord-
ing to the present invention or use of a PEM fuel cell stack system according to the

present invention as continuous power generation system.
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CLAIMS

1. A bipolar plate (1) in combination with a sealant (50, 70) for a PEM fuel cell,
wherein the bipolar plate (1) has an anode side with first flow channels (20) for trans-
port of a proton-donating fuel or a cathode side with second flow channels (12) for
transport of proton-accepting fluid, or both, wherein a sealant (50, 70) is provided par-
allel with the bipolar plate (1) for sealing the bipolar plate against an adjacent electro-
Iytic membrane (40), characterised in that the sealant (50, 70) has fluid channels
(54a, 54b, 74a, 74b) across the sealant (50, 70) for transport of proton-donating fuel or

proton-accepting fluid across the sealant and along the bipolar plate.

2. A combination according to claim 1, wherein the sealant is elastomeric.

3. A combination according to claim 1 or 2, wherein the first flow channels (20) or the

second channels (12) or both are surrounded by the sealant (50, 70).

4. A combination according to claim 1, 2 or 3, wherein the bipolar plate is provided

with a groove (14a, 14b) for accommodating the sealant (50, 70).

5. A combination according to claim 3, wherein the groove (14a, 14b) is along all

edges of the bipolar plate (1).

6. A bipolar plate (1) for a combination according to any preceding claim, said bipolar

plate having a anode side and a cathode side; wherein

a) said plate having a penetrating inlet hole (2) defining a flow channel for hydrogen
gas entering the fuel cell; and said plate having a penetrating outlet hole (4) defining a

flow channel for hydrogen gas exiting the fuel cell; and

b1) said cathode side having one edge section (10a) comprising one or more grooves
(6) defining inlet channels for oxidant gas; and said cathode side having another edge
section (10b) comprising one or more grooves (8) defining outlet channels for oxidant

gas; wherein the inlet channel grooves as well as the outlet channel grooves extend to
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the edge of the respective edge section; and wherein said cathode side having one or
more grooves (12) defining flow channels for oxidant gas and connecting inlet chan-

nel(s) for oxidant gas with outlet channel(s) for oxidant gas;

or

b2) said anode side having an inlet channel for hydrogen gas in the form of one or
more grooves (16) extending from the inside of the inlet hole (2); and said anode side
having an outlet channel for hydrogen gas in the form of one or more grooves (18)
extending from the inside of the outlet hole (4); and said anode side having one or
more grooves (20) defining flow channels for hydrogen; said grooves (16, 20, 18) pro-
viding fluid connection of hydrogen gas from the inlet hole (2) for hydrogen gas to the
outlet hole (4) for hydrogen gas;

or both bl and b2, and wherein

c) either the anode side or the cathode side or both sides of the plate comprises:

a sealant groove (14) for taking op a seal, said sealant groove extends alongside the
edges of the plate (1) so as to be able to take up a sealant for efficiently avoiding es-
cape of gas except via the channels intended therefore as defined above; said sealant
groove (14a) if present on the cathode side intersects the inlet channel grooves (6) for
oxidant gas as well as the outlet channel grooves (8) for oxidant gas; and said sealant
groove (14b) if present on the anode side intersects the flow path of hydrogen entering
via the inlet channel for hydrogen gas defined by grooves (16); and said sealant groove
if present on the anode side intersects the flow path of hydrogen gas exiting via the

outlet channel defined by grooves (18).

7. A bipolar plate according to claim 6 comprising feature a), feature b1), feature b2)

and feature c).

8. A bipolar plate according to claim 6 comprising feature a), feature b1) and feature

c) only in respect of the cathode side.
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9. A bipolar plate according to claim 6 comprising feature a), feature b2) and feature

c) only in respect of the anode side.

10. A bipolar plate according to any one of the claims 6 - 8, wherein the plate com-
prises feature bl; and wherein the number of grooves (6) defining the inlet channels
for oxidant gas is: 2 — 20, such as 4 — 18, e.g. 5 — 15, such as 7 — 14, for example 8 —
12, preferably 9, 10 or 11.

11. A bipolar plate according to any one of the claims 6 - 10, wherein the plate com-
prises feature bl; and wherein the number of grooves (8) defining the outlet channels
for oxidant gas is: 2 — 30, such as 4 — 28, e.g. 5 — 25, such as 7 — 24, for example 8 —
22, such as 10 — 20, such as 12 — 18, preferably 13, 14, 15, 16 or 17.

12. A bipolar plate according to any one of the claims 6-11, wherein the plate com-
prises feature b2; and wherein the number of grooves (16) providing passage from the
inlet hole (2) for hydrogen to the grooves (20) is: 1 — 10, such as 2 — 9, for example 3
—8,suchas4—-7,e.g.50r6.

13. A bipolar plate according to any of one the claims 6-12, wherein the plate com-
prises feature b2; and wherein the number of grooves (18) providing passage from the
outlet hole (4) for hydrogen to the grooves (20) is: 1 — 10, such as 2 — 9, for example 3
—8,suchas4—-7,e.g.50r6.

14. A bipolar plate according to any one of the claims 6 — 7 and 10 - 13 comprising the
features a), b1), b2) and c), wherein feature c) comprises a sealant groove on the anode

side as well as on the cathode side of the bipolar plate.

15. A bipolar plate according to any one of the claims 6-14, wherein the plate is made
of a material selected from the group comprising: graphite; graphite powder compris-
ing a binder; a metal; a metal comprising a corrosion resistant coating; an alloy; an
alloy comprising a corrosion resistant coating; an electrically conducting elastomeric

compound; and an electrically conducting ceramic material.
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16. A method for the manufacture of a bipolar plate according to any one of the claims

6 — 15, comprising the following steps:

i) provision of a material having dimensions which at least corresponding to the de-

sired design of the bipolar plate;

ii) provision of the details of the desired design by milling off excessive material, e.g.

in a CNC milling machine;

iii) optionally coating the plate with a corrosion resistant coating.

17. A method for the manufacture of a bipolar plate according to any one of the claims

6 — 15, comprising the following steps:

i) provision of a material suitable for moulding and/or casting;

ii) casting the material into the desired design of the bipolar plate;
iii) optionally coating the plate with a corrosion resistant coating.

18. A sealant (50) for sealing the cathode side of a bipolar plate according to any of
the claims 6 — 8 and 10 - 15, said bipolar plate comprising the features defined in b1,
wherein said sealant is adapted to fit into the sealant groove (14a) of said cathode side
of said bipolar plate; wherein said sealant in the part (52a,52b) adapted to fit into the
part of the sealant groove which extends alongside the specific edge sections (10a,10b)
comprising the inlet channel groove for oxidant gas and the outlet channel groove for
oxidant gas respectively, comprises one or more cut-av(zays (54a,54b) for allowing
oxidant gas to pass the sealant via the respective inlet and outlet channels for oxidant

gas.



10

15

20

25

30

WO 2009/010066 PCT/DK2008/000272

25

19. A sealant according to claim 18, wherein the number of cutaways (54a,54b) in the
sealant corresponds to the number of grooves (6) defining inlet channels for oxidant

gas; and grooves (8) defining outlet channels for oxidant gas respectively.

20. A sealant (70) for sealing the anode side of a bipolar plate according to any of the
claims 6 — 7 and 9 - 15, said bipolar plate comprising the features defined in b2,
wherein said sealant is adapted to fit into the sealant groove (14b) of said anode side

of said bipolar plate; wherein:

- said sealant in the part (72) adapted to fit into the sealant groove which intersects
the flow path for hydrogen gas connecting the inlet channel grooves 16 and the
grooves 20 comprises one or more cut-aways (74a) for allowing hydrogen gas to
pass the sealant via said grooves defining the inlet channel for hydrogen gas; and

wherein

- said sealant in the part (76) adapted to fit into the sealant groove which intersects
the flow path for hydrogen gas connecting the outlet channel grooves 18 and the
grooves 20 comprises one or more cut-aways (74b) for allowing hydrogen gas to

pass the sealant via said grooves defining the outlet channel for hydrogen gas.

21. A sealant according to claim 20, wherein the number of cutaways (74a,74b) in the
sealant corresponds to the number of grooves (16) defining inlet channels for hydro-

gen gas; and grooves (18) defining outlet channels for hydrogen respectively.

22. A sealant according to any of the claims 18 - 21, wherein the sealant is made of a
material selected from the group comprising: elastomers, such as hydrocarbon rubbers,
substituted hydrocarbon rubbers, such as fluoro-hydrocarbon rubbers; and silicon rub-

bers.

23. A sealant according to claim 22, wherein the sealant material is highly corrosion

resistant and/or is highly capable of withstanding penetration of hydrogen.
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24. A process for the manufacture of a sealant according to any of the claims 18 - 23,

comprising moulding of the sealant material into the desired design of the sealant.

25. A PEM fuel cell stack (90) comprising more than one bipolar plate according to
any of the claims 6 — 15 and one or more sealants according to any of the claims 18 -
23.

26. A PEM fuel cell stack system (100) comprising a fuel cell stack according to claim
25, wherein the PEM fuel cell stack is enclosed in a container (102) in such a way that
two separate rooms (104,106) are formed within said container, the first room (104) is
located at the specific side of the fuel cell stack which comprises the edge sections
(10a) of each fuel cell comprising the inlet channels (6) for oxygen; the other room
(106) is located on the specific side of the fuel cell stack which comprises the edge
sections (10b) of each fuel cell comprising the outlet channels (8) for oxygen; said
separate rooms thereby defining an inlet manifold for oxygen and an outlet manifold

for oxygen.

27. A method for the production of electric power and/or heat using a PEM fuel cell

stack according to claim 25 or a PEM fuel cell stack system according to claim 26.

28. Use of a PEM fuel cell stack according to claim 25 or a PEM fuel cell stack sys-

tem according to claim 26 as a back-up power system.

29. Use of PEM fuel cell stack according to claim 25 or a PEM fuel cell stack system

according to claim 26 as continuous power generation system.
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