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(57) Sammendrag:
The present invention relates to a solid state hydrogen compressor, comprising at least one membrane
fixed between two porous electrodes, together forming a membrane electrode assembly, a pair of cell
plates or bipolar plates, between which the membrane electrode assembly is clamped, wherein the
membrane has a larger area than the porous electrodes and protrudes outside an area of the porous
electrodes; and the cell plates have a larger area than the membrane and protrude outside an area of the
membrane two insulating gaskets each surrounding one of the porous electrodes covering the part of the
membrane that protrudes outside the region of the electrodes and protruding outside the area of the
membrane, further comprising a reinforcement layer, arranged between the insulating gaskets, outside the
area of the electrodes.
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Solid-state compressor

The present invention relates to a solid state compressor, in particular a solid state

hydrogen compressor, and more in particular to the sealing of such compressor.

The core of a solid-state hydrogen compressor is @ membrane which is normally
fixed between two porous electrodes, together forming a membrane electrode
assembly (MEA). The electrodes are porous to allow gases and fluids to pass to
and from the membrane, and electrically conductive to allow a current to be
affected.

The membrane electrode assemblies are fixed between cell plates (also called so-
called bipolar plates) which are complex structures that have multiple functions:
they mechanically support the membrane electrode assemblies, allow current to
pass through and supply and divert gases and water to and from the membrane
electrode assembly. The combination of membrane electrode assembly and
surrounding bi-polar or cell plates is usually called a cell.

A solid-state compressor is normally composed of multiple cells to achieve enough
capacity (total membrane surface area). To be cost effective and to allow current to
be passed through the cells without wiring, the cells are stacked in series and
clamped between end flanges. This is well known from the field of fuel cell stacks,
which are stacked in a similar manner and for the same purpose.

Contrary to fuel cell stacks which are normally operated at a few bars pressure, in
the case of a hydrogen compressor, the end flanges and cell plates need to provide
sufficient mechanical strength and stability to contain the operating pressures of the
compressed gas which can exceed 1000 bar.

In fuel cell stacks the membrane electrode assemblies are clamped between the bi-
polar plates and have a non-conducting edge (the border/gasket) which prevents
current from passing directly from electrode to electrode around the membrane
electrode assembly (an electrical short circuit) and often also provide a mechanism
of sealing at the same time. Sometimes the sealing function is provided by other
parts such as gaskets.
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An example of a cell stack used for an electrochemical compressor wherein
gaskets are used for sealing is described in US2011081591 A1. The gaskets
described herein are formed from meltable polymers or rubbers which can be

processed thermally.

In the case of high-pressure solid-state compression stacks the same insulation
and sealing functions need to be performed as with fuel cells. Both functions can be
conveniently performed by employing an insulating polymer (film). The polymer
(film) can either ‘wedge’ the membrane of the membrane electrode assembly, or
else be employed on one or both sides of the membrane and forming an insulating
‘gasket’.

By exerting a mechanical (vertical) pressure on this border polymer, the sealing can
be accomplished and a mechanical pressure higher than the compression pressure
is applied. In some cases this may be in excess of 700 bar or 1000 bar. However,
at these very high sealing pressures the polymer and/or polymer and the
membrane may be plastically deformed and forced either out from between the bi-
polar plates or into orifices needed for passing through gasses and or liquids to the
membrane electrode assembly, or the orifices of the cooling fluids.

The amount of deformation depends on the characteristics of the polymeric
materials and their thicknesses. The thicker the layers and the more plastically
deformable, the easier it becomes for the materials to ‘flow’. In any sub-volume of a
polymer the molecular chains have some degree of freedom to move or stretch.
The thinner a polymer sheet is, the less this flexibility allows the core part of the

polymer sheet to move/deform laterally.

Another way to provide enough sealing with tolerable lateral deformation is to make
the border very wide. This increases the ratio of the lateral part of the polymer to its
thickness, however, this increases the cost and size of the peripheral structures.

It is a goal of the present invention to take away the disadvantages of the prior art
solid state compressors, or at least to provide a useful alternative. The invention
thereto proposes a solid state hydrogen compressor, comprising at least one
membrane fixed between two porous electrodes, together forming a membrane
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electrode assembly, a pair of cell plates or bipolar plates, between which the
membrane electrode assembly is clamped, wherein the membrane has a larger
area than the porous electrodes and protrudes outside an area of the porous
electrodes; and the cell plates have a larger area than the membrane and protrude
outside an area of the membrane, two insulating gaskets, each surrounding one of
the porous electrodes, covering the part of the membrane that protrudes outside
the region of the electrodes; and protruding outside the area of the membrane, and
a reinforcement layer, arranged between the insulating gaskets, outside the area of
the electrodes.

The reinforcement layer may be a high pressure sealing, which is a sealing that is
capable of withstanding a pressure up to 50-1000 bar, which provides insulation
and also results in borders of manageable size.

The reinforcement layer may for instance surround the membrane, and thus be
located at the place where the gaskets extend beyond the surface of the
membrane.

Preferably the reinforcement layer fills the area between the insulating gaskets
around the membrane. An even distribution of the forces exerted on the gasket and
the reinforcement layer is herewith obtained.

The reinforcement layer may be made of an insulating material such as Kevlar,
which has the advantage that the risk of an electric shortcut is reduced, but it may
also be metal layer, which may be beneficial because of its high strength.

In general, the solid state hydrogen compressor according to the present invention
may have a round cross section, wherein the membrane, the electrodes and the
cell plates all have round cross sections and the gaskets and the reinforcement
layer have ring shaped cross sections. This leads to a robust construction.

The reinforcement layer may be within the region of the bipolar plates. So it may be
kept just as small as necessary, not extending outside the stack forming the
hydrogen compressor. For an optimal insolation, the gasket may extend beyond the



10

15

20

25

30

35

DK 181774 B1

4

membrane on either side of said membrane in the direction facing away from the
porous electrodes.

The gasket may be made from a polymer, which may a regular polymer used in
hydrogen compressor according to the state of the art, be it that the reinforcement
layer allows the gasket to be thinner, and thus have a smaller risk of deformation.

Alternatively, multiple reinforcement parts may be applied, in particular surrounding
channels in the solid state hydrogen compressor. These channels may be for

coolant or for a gas to be compressed, such as hydrogen.

A reinforcing structure may also be embedded in the polymer border material, most
conveniently by laminating. Preferably here also a metal reinforcement may be
used, but other reinforcing materials such as Kevlar etc. may be used.

This reinforcing structure prevents the outward deformation of the polymer by
allowing thinner polymer layers that can withstand more lateral shear force.

Ideally this structure is of a suitable thickness and in combination with the polymer
film make the border of a thickness in the same range of the membrane electrode
assembly itself so that flat bi-polar plates can be used.

The thickness of the reinforcement may be between 1 and 200 um, while the
thickness of the bipolar plates may be between 200 and 5000 um.

As the reinforcing structure is insulated between the polymer sheets, it may be of a
conducting material as the polymer provides the insulating feature, but an insulator
may be applied too, and even be preferred.

Alternatively, for intermediate pressure systems, if the membrane itself forms part
of the border, smaller reinforcing structures may be embedded around the smaller
orifices to prevent membrane and/or polymer to deform into the orifices.
The invention will now be elucidated into more detail, with reference to the following
figures, wherein:

- Figure 1 shows a fuel cell according to the state of the art;

- Figure 2 shows a stack of fuel cells according to the state of the art;
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- Figure 3a shows a detail of a first embodiment of a stack of fuel cells
according to the state of the art;

- Figure 3b shows a detail of a second embodiment of a stack of fuel cells
according to the state of the art;

- Figure 4a shows a first detail of a problem associated with the state of the
art;

- Figure 4b shows a second detail of a problem associated with the state of
the art;

- Figures 5a and 5b show details of the present invention.

Figure 1 shows a fuel cell according to the state of the art. The cell comprises a
membrane 2, clamped in between electrodes 31, 41, formed by graphite blocks. In
between the membrane and the respective electrodes, gas diffusion backings 71,
81 are present, with a smaller area than the area of the membrane 2 and the
electrodes 31, 41. The diffusion backings are surrounded by Teflon masks 51, 61.

Figure 2 shows a stack 101 of multiple fuel cells 1 according to the state of the art.
The stack 101 comprises multiple fuel cells 1 as shown on figure 1, separated by
cooling plates 11, 12, 13, 14. The fuel cells are clamped in between end plates 15
and 16.

Figure 3a shows a detail in a first embodiment of a fuel cell 1 from figure 1 in a
stack of fuel cells, as shown in figure 2. In the figure it is visible that the membrane
2 extends beyond the electrodes 7, 8. Where it extends, it is clamped in between
gaskets 5, 6. The gaskets are larger than the area over which the membrane 2
extends beyond electrodes 7, 8 and engage each other outside the membrane

area. This is indicated with region A.

Figure 3b shows a detail in a second embodiment of a fuel cell 1 from figure 1 in a
stack of fuel cells 101, as shown in figure 2. In the figure it is visible that the
membrane 2 extends beyond the electrodes 7, 8. Where it extends, it is clamped in
between Teflon masks 5, 6. The gaskets are just as large as the area over which
the membrane 2 extends beyond electrodes 7, 8 and do in this embodiment not

engage each other outside the membrane area.
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Figure 4a shows a problem associated with the a fuel cell 1 according to the state
of the art, in a stack of fuel cells 101 as shown in figure 2, once a mechanical
sealing pressure is applied on the cell stack 101. It is visible in the region indicated
with B that the gaskets 5 and 6 have shifted in a direction perpendicular to the
sealing pressure, both with a different amount. The region indicated with C shows
the effect, both masks are pressed out of the stack, also to a different extend.

Figure 4b shows a second detail of a problem associated with the state of the art,
when gaskets 5, 6 are in the vicinity D of a through hole 10 through the cell plates
3, 4, for coolant or for hydrogen for instance. The force for assembling the
compressor forces the gaskets 5, 6 into the through hole 10, which may then be
unintendedly be blocked or partly be blocked.

Figure 5a shows a detail of the present invention. As can be seen in the figure, the
membrane 2 extends outside the electrode 7 and 8. Where the membrane extends
outside the electrodes, gaskets 5 and 6 are placed between the cell plates 3, 4 and
the membrane 2. Where the membrane stops, a reinforcement 9 is placed between
the gaskets 5 and 6. The reinforcement 9 has a similar thickness to that of the
compressed membrane 2, while the gaskets 5 and 6 have similar thicknesses as
the electrodes. As a result, the gaskets remain at their intended locations.

Figure 5b shows a similar configuration, with a through hole at location E. Around
the through hole a small reinforcement is applied, with a corresponding hole 10, to
avoid the gaskets 5 and 6 to be pressed into the through hole 10. In a configuration

like this, several reinforcements may be applied.

The examples given are exemplary only and do in no way limit the scope of the
present invention, as defined in the following claims.
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Patentkrav

Faststofbrintkompressor, der omfatter:

mindst én membran, der er er fastgjort mellem to por@se elektroder, der
sammen danner en membranelektrodesamling;

et par celleplader eller bipolaere plader, hvorimellem
membranelektrodesamlingen er fastspaendt;

hvor

o membranen har et sterre omrade end de porgse elektroder og rager
uden for et omrade af de porgse elektroder; og
o cellepladerne har et starre omrade end membranen og rager uden
for et omrade af membranen;
to isolerende pakninger,
o der hver iseer omgiver en af de porgse elektroder;
o daeskker den del af membranen, der rager uden for elektrodernes
omrade; og
o rager uden for membranens omrade;
kendetegnet ved
et forsteerkningslag, der er anbragt mellem de isolerende pakninger, uden
for omradet af elektroderne, hvor forstaerkningslaget har en lignende
tykkelse som tykkelsen af den fastspaendte membran, og hvor pakningerne
har de lignende tykkelser som tykkelserne af elektroderne.

Faststofbrintkompressor ifglge krav 1, hvor forsteerkningslaget omgiver
membranen.

Faststofbrintkompressor ifglge krav 1, hvor forsteerkningslaget udfylder
omradet mellem de isolerende pakninger omkring membranen.

Faststofbrintkompressor ifslge krav 1 eller 2, hvor forsteerkningslaget er et

metallag.

Faststofbrintkompressor ifglge et hvilket som helst af de foregaende krav,

hvor pakningen er fremstillet af en polymer.
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Faststofbrintkompressor ifglge et hvilket som helst af de foregaende krav,

hvor pakningen er fremstillet af kevlar.

Faststofbrintkompressor ifglge et hvilket som helst af de foregaende krav,
med et rundt tveersnit, hvor membranen, elektroderne og cellepladerne har
runde tveersnit, og pakningerne og forsteerkningslaget har ringformede
tvaersnit.

Faststofbrintkompressor ifslge krav 1, hvor forsteerkningslaget er begrasnset

til det omrade, der er deekket af de bipoleere plader.

Faststofbrintkompressor ifglge krav 1 eller 2, hvor pakningen streskker sig
ud over membranen pa begge sider af membranen i den retning, der vender

veek fra de porgse elektroder.

Faststofbrintkompressor ifglge krav 1, som omfatter flere forstaerkningslag,

der omgiver kanaler i faststofbrintkompressoren.

Faststofbrintkompressor ifglge et hvilket som helst af de foregaende krav,
hvor forstaerkningslaget er en hgjtryksforsegling, der kan modsta et tryk pa
op til 1000 bar.

Faststofbrintkompressor ifglge et hvilket som helst af de foregaende krav,
hvor den forsteerkende struktur er indlejret i et polymerrandmateriale, iseer
ved laminering.
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