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(57) The invention relates to a reduction flow member
for a water electrolysis cell, the reduction flow member
comprising a first face lying in a first plane (P1), a second
face lying in a second plane (P2) parallel to the first plane
(P1), at least one first barrier (64) and a second barrier
(64) extending between the first plane (P1) and the sec-
ond plane (P2), at least one channel being arranged be-

tween the first barrier (64) and the second barrier (64),
wherein a height (h) of at least a portion (621) of the
channel (62), measured orthogonally to the first plane
(P1) between a bottom wall (623) of the channel (62) and
the first plane (P1), is strictly less than a height (d) of the
first or the second barrier (64), measured orthogonally
to the first plane (P1).
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Description

[0001] The present invention relates to the field of elec-
trochemistry and more particularly to cells for the elec-
trolysis of water to form dihydrogen and dioxygen.
[0002] These cells are connected electrically in series
and hydraulically in parallel to form modules, also called
electrochemical reactors or stacks, allowing the delivery
of significant volumes of CO2 free dihydrogen and diox-
ygen, in case the electrical energy for the reaction is of
renewable origin. Subsequently, these products of water
electrolysis can serve as a CO2 free energy vector to
feed various sectors like e.g. the industry or mobility sec-
tor with CO2 free feedstock. Dihydrogen can be used for
example in the mobility sector to power fuel cells of cars
or for example in the steel making industry for carbon
free reduction of iron ore.
[0003] In such an electrochemical reactor, the cells
each comprise a stack of material layers and are stacked
on top of each other. The cathode and anode of each
cell each comprise a metal plate known as a "bipolar
plate", because the cells being connected electrically in
series, the bipolar plate of the anode of a first cell is also
the bipolar plate of the cathode of a second cell immedi-
ately superimposed on this first cell.
[0004] Water is fed into each cell by means of a dedi-
cated water circuit arranged in the reactor, allowing the
water to circulate tangentially to the plane of each metal
plate, between the latter and a separator, acting as an
electrolyte, for example a polymeric membrane with cat-
ionic conduction (conduction by protons) or anionic con-
duction (conduction by hydroxyl ions), separating within
each cell, an anode compartment from a cathode com-
partment. Other types of separators can be used depend-
ing on the electrolysis technology adopted, for example
thermoplastic separators or ceramic separators.
[0005] In particular, in PEM (proton-exchange mem-
brane or polymer electrolyte membrane) technology, a
proton-exchange membrane separates the anode from
the cathode of each cell, as well as the dihydrogen re-
leased by the cathode and the dioxygen released by the
anode, by allowing protons to flow from the anode to the
cathode.
[0006] Indeed, during the operation of a PEM water
electrolysis cell, electrons are released at the anode of
the cell within the oxygen evolution reaction (OER). H+
protons cross the proton-exchange membrane and form
together with H+ protons H2 within the hydrogen evolu-
tion reaction (HER).
[0007] The membrane is of polymer type and has a
typical thickness between 50 and 250 microns (or mi-
crometers). Electro-catalysts are deposited on both sides
of the membrane, each forming a layer of a few microm-
eters to a few tens of micrometers thick.
[0008] In a water electrolysis reactor using such a tech-
nology, each anode or cathode compartment of each cell
comprises a water inlet fed by an injection well of the
reactor, and a reaction mixture outlet (monophasic or bi-

phasic depending on the technology) connected to a col-
lection well of the reactor.
[0009] In the simplest case, the electrochemical reac-
tor is connected to two separate and closed water circu-
lation circuits: an anode circuit and a cathode circuit.
Each circuit has different functional blocks, for example,
a liquid-gas separator which allows the separation and
collection of the gases resulting from the reaction, a heat
exchanger, typically only on an anode side, which allows
the extraction of the heat produced in the cells during
electrolysis, a resin bed which allows the control of the
conductivity of the circulating water, a pump which en-
sures the circulation of the water in the circuit, and dif-
ferent pressure, temperature and flow sensors which al-
low the operation to be controlled by an automatic control
system.
[0010] In more complex systems, several reactors are
electrically and fluidly interconnected, in series or in par-
allel, each of them having an individual or common anode
and cathode circuit.
[0011] In operation, liquid water is injected by a pump
into each compartment of each cell and a biphasic mix-
ture (liquid water and gas generated in the cell during
electrolysis) is collected at the outlet of each compart-
ment. A mixture of liquid water and oxygen gas is col-
lected at the outlet of the anode compartment and a mix-
ture of liquid water and hydrogen gas is collected at the
outlet of the cathode compartment. The flow of liquid wa-
ter through the anode compartment of each cell is used
both to feed the electrolysis reaction and to cool the an-
ode compartment because the oxygen release reaction
is exothermic. The liquid water flowing through the cath-
ode compartment of each cell is used both to collect the
electroosmotic water flowing through the membrane and
to cool the cathode because the hydrogen release reac-
tion is exothermic.
[0012] To operate electrochemical cells in an optimal
way, it is of major importance to ensure a uniform elec-
trical distribution on all the active surfaces of the cell, a
uniform fluidic distribution on all these active surfaces
and a good mechanical support between the anode and
cathode compartments, to endure differential pressure
application.
[0013] Such an operating electrolysis cell 50, repre-
sented in figure 1, comprises different conductive layers
which are stacked in the following order:

- a metallic bipolar plate 51, generally in titanium,
working as an anode for this cell (and as a cathode
for another cell adjacent to this metallic bipolar plate),

- an anodic flow control device 52, consisting of a me-
tallic mesh structure,

- an anodic porous material 53, generally consisting
of titanium particles or fibers sintered together,

- a proton exchange membrane 54,

1 2 



EP 4 446 470 A1

3

5

10

15

20

25

30

35

40

45

50

55

- a cathodic porous material 55, generally consisting
of titanium particles or fibers sintered together, or of
carbon fibers,

- a cathodic flow control device 56, consisting of a me-
tallic mesh structure, and

- a metallic bipolar plate 57 working as cathode for
this cell (and as an anode for another cell adjacent
to this metallic bipolar plate).

[0014] The interfaces between these different layers
are active surfaces of the electrolysis cell 50.
[0015] The main purpose of the flow control devices
52, 56 is to mechanically support the anodic and cathodic
porous material 53, 55 and proton exchange membrane
54 especially under differential pressure operation, and
to serve as an electrical conductor.
[0016] The bipolar plates 51, 57 are flat metal sheets
with the required cut outs for input and output manifold
lines. Notably, bipolar plate 51 has an anode water inlet
59, an anode water and gas (O2) outlet 60, a cathode
water inlet 61a and a cathode water and gas (H2) outlet
61b.
[0017] The anodic flow control device 52, the anodic
porous material 53, the proton exchange membrane 54,
the cathodic porous material 55, and the cathodic flow
control device 56 are maintained in a frame 58, generally
in moulded plastic.
[0018] The water circulation in the electrolysis cell is
indicated in bolded arrows. Dotted arrows show circula-
tion water in another plan than the cutting plane. Circled
crosses indicate a water circulation which is orthogonal
to the cutting plane.
[0019] Part of the electrical energy produced inside the
cell is transformed into heat, by Joule effect, and another
part of this electrical energy is transformed into chemical
energy (production of hydrogen within the HER and ox-
ygen within the OER). The uniformity of the fluidic distri-
bution is a crucial condition linked to the evacuation of
the calories released by Joule effect. Subsequently, the
uniformity of water flow and more specifically the uni-
formity of the local velocity fields of the water in the active
surface of a PEM electrolysis cell is directly associated
with the proper functioning of the cell. This uniformity
allows to locally evacuate the heat generated during elec-
trolysis operation due to the occurring overpotentials in
the cell and is crucial to avoid the formation and stagna-
tion of hot spots which could damage the components
(especially the proton exchange membrane) irreversibly.
[0020] Homogenizing the water flow within the active
surfaces of the cell 50 is mainly affected and driven by
the frame 58 which includes at least different zones z1,
z2 and z3 as presented in figure 2, which shows an active
surface area z4 between the bipolar plate 51 and the flow
control device 52. The frame 58 also includes:

- an anode water inlet 58a communicating with the

bipolar plate 51 anode water inlet 59,

- an anode water and gas (O2) outlet 58b communi-
cating with the bipolar plate 51 anode water and gas
(O2) outlet 60,

- a cathode water inlet 58d communicating with the
bipolar plate 51 cathode water inlet 61a and

- a cathode water and gas (H2) outlet 58c communi-
cating with the bipolar plate 51 cathode water and
gas (H2) outlet 61b.

[0021] The first zone z1 is a transition zone between
the anode water inlet 58a and the second zone z2. This
first zone z1 is subject to a fast flow. The thickness of the
flow path in this first zone z1 is characterized by the dis-
tance between the frame 58 and the bipolar plate 51.
Support studs moulded on the frame surface in this first
zone z1 allow to maintain this distance.
[0022] The second zone z2 is an inlet jet breaker zone.
The turbulent water flow arriving at high speed from first
zone z1, must turn 90° to spread out all along the third
zone z3, which extends along the active surface area z4.
A plurality of studs in this second zone z2 contains over-
pressure and facilitates the change of direction of at least
part of the incoming water flow. These studs are moulded
on the frame surface.
[0023] The third zone z3 is a fluid distribution zone
characterized by the distance between the frame 58 and
the bipolar plate 51, as well as by the distances between
a plurality of studs of generally rectangular shape ar-
ranged in a hydrodynamic way inside this third zone z3.
These studs are moulded on the frame surface. This third
zone z3 is subjected to the mechanical pressure exerted
by the cathode fluid at the cell inlet (monophasic) on the
other face of the frame 58 and on the other face of the
bipolar plate 51, because this cathode fluid has a higher
pressure than the anode fluid circulating in the third zone
z3. The studs in this third zone z3 therefore have the dual
function of maintaining the distance between the frame
58 and the bipolar plate 51 despite the opposing forces
and of creating fluid paths that can distribute the fluid
along the active surface area z4. The number of rows of
studs is determined to maintain a compromise between
the roughness created by their presence resulting in a
pressure drop and the distance between the studs al-
lowed by the rigidity and strength of the frame 58 and the
bipolar plate 51.
[0024] The first, second and third zones z1, z2, z3 are
reproduced at the outlet side of the frame 58, to facilitate
the water flow convergence towards the anode water and
gas (O2) outlet 58b. These zones at the outlet side pro-
vide similar functions as those at the inlet side of the
frame 58.
[0025] The combination of zones z1 to z3 aims at en-
suring good fluid distribution while maintaining the me-
chanical stability of the cell stack. This is achieved by the
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surface of frame 58, which contains moulded studs and
can change its thickness on the different zones in order
to regulate the water flow.
[0026] However, there is a need to reduce the size of
electrolysis cells, in order to build compact and powerful
electrolysis reactors. This reduction of cells implies a re-
duction of the studs’ sizes in the different zones, which
is not feasible by injection moulding of frame 58.
[0027] The present invention aims at solving at least
part of the state-of-the-art drawbacks, by providing a re-
duction flow member for a water electrolysis cell, a bipolar
plate for a water electrolysis cell integrating such a re-
duction flow member, such a water electrolysis cell and
an associated water electrolysis module, the reduction
flow member ensuring a pressure drop at entrance of
water flow in a flow control device of the cell, and a uni-
form flow in the flow control device, in a manner consist-
ent with a size reduction of the cell.
[0028] To this end, the invention proposes a reduction
flow member for a water electrolysis cell, the reduction
flow member comprising a first face lying in a first plane,
a second face lying in a second plane parallel to the first
plane, at least one first barrier and a second barrier ex-
tending between the first plane and the second plane, at
least one channel being arranged between the first bar-
rier and the second barrier, wherein a height of at least
a portion of the channel, measured orthogonally to the
first plane between a bottom wall of the channel and the
first plane, is strictly less than a height of the first or the
second barrier, measured orthogonally to the first plane.
[0029] Such a reduction flow member is intended to be
arranged between on the one hand a water distribution
zone interposed between a bipolar plate of a water elec-
trolysis cell and a frame of the water electrolysis cell, and
on the other hand a flow control device of the water elec-
trolysis cell, interposed between the bipolar plate and a
porous material of this water electrolysis cell.
[0030] Such a reduction flow member preferably com-
prises several channels arranged along the flow control
device, in a way such that they are oriented longitudinally
(lengthwise) orthogonal to the stacking direction and to
a proximal inner edge of the frame. The limited height of
the at least one channel portion of each channel, com-
pared to the thickness of the reduction flow member ex-
tending between the bipolar plate and the porous mate-
rial, allow to adjust the pressure drop at entrance of the
water flow into the flow control device. The channels are
regularly arranged along the flow control device, each
having the same cross sections, so that the water flow
is uniform in the flow control device. This reduction flow
member, which is not present in the prior art, allows to
consider other processes than injection molded studs to
control the water flow in the active surface areas of the
cell, and to ensure the mechanical strength of the whole
cell.
[0031] As an example, the height of the at least one
channel portion is 20% to 90% lower than the height of
the first or second barrier. Preferably, a cross section

area of the at least one channel portion is 2% to 10% of
that of a repeating pattern of the reduction flow member,
the pattern extending between the first plane and the
second plane. As an example, the cross-section area of
the channel portion is about 0,6mm2, or between
0,15mm2 and 2mm2, or more preferably between
0,15mm2 and 0,8mm2.
[0032] In one embodiment of the invention, each of the
first and second barriers have a U-shape when seen in
the first plane. In this embodiment, the first plane is in
contact with the porous material. Having these U-shapes,
the barriers each includes a void zone between the
branches of the U, this void zone having a bottom wall
in the second plane, in contact with the bipolar plate and
thus transmitting a clamping force between a frame of
another cell located at the other side of the bipolar plate,
and the porous material. This frame preferably includes
a stud in contact with this bottom wall, in order to ensure
this clamping force, which is transmitted to a gasket un-
derneath the porous material, as described further in re-
lation with the description.
[0033] Moreover, in this embodiment of the invention,
the at least one portion of the channel is a first portion of
the channel, the channel comprising a second portion of
the channel in which the height of the channel is strictly
greater than the height of the channel in the first portion
of the channel, the second portion of the channel extend-
ing from the first portion of the channel to an end of one
of the U-shapes, corresponding to a junction of branches
of the U. This second portion of the channel preferably
extend from a bottom wall of the reduction flow member,
in the second plane, to the first plane. This bottom wall
thus allows to transmit a clamping force between the
frame at the other side of the bipolar plate, and the porous
material, thus between the frame at the other side of the
bipolar plate, and the gasket underneath the porous ma-
terial. Besides, the second portion of the channel gener-
ates more hydraulic resistance to supply water uniformly
to the flow control device along the entire length of the
reduction flow member. Moreover, this second portion
associated with the first portion creates a venturi effect.
[0034] In one embodiment of the invention, the reduc-
tion flow member is formed by stamping or hydroforming
of a strip of metal material. When stamped, the barriers
have rounded shapes, making the second channel por-
tion wider than the first channel portion, when this stamp-
ing process is associated with this optional second por-
tion feature of the invention.
[0035] The invention also concerns a bipolar plate for
a water electrolysis cell, the water electrolysis cell com-
prising a stack of at least the bipolar plate, a flow control
device and a porous material, the stack being bordered
at least in part by a frame, the bipolar plate being char-
acterized in that the bipolar plate comprises at least one
reduction flow member according to the invention, allow-
ing a circulation of water between, on the one hand, a
distribution zone comprised between the frame and the
bipolar plate and, on the other hand, the flow control de-
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vice.
[0036] The reduction flow member is preferably
stamped or hydroformed and integrally formed with the
bipolar plate. Alternatively, the reduction flow member is
produced by deforming the material of the bipolar plate,
which can involve subtracting or adding material, or the
reduction flow member is integrated into the bipolar plate
by soldering or welding a strip of metal material on an
initially plate bipolar plate.
[0037] Preferably, the distribution zone of the water
electrolysis cell comprises studs extending through a
thickness of the bipolar plate. For example, these studs
are stamped or hydroformed in the bipolar plate. Alter-
natively, they are produced by another type of deforma-
tion of the bipolar plate, or they are welded or soldered
to the bipolar plate. This distribution zone made of studs
on the bipolar plate, has the same functions as the third
zone z3 in the prior art. The integration of the distribution
zone in the bipolar plate allows avoiding making them by
an injection moulding process, together with the frame.
[0038] Preferably, the distribution zone comprises a
portion in which the studs are oblong in shape and extend
mainly parallel to the water circulation, said portion being
comprised between a water flow inlet zone and the re-
duction flow member. This portion corresponds to the
inlet jet breaker zone z2 in the prior art and thus has the
same functions, but is integrated in the bipolar plate,
avoiding its realisation by injection moulding.
[0039] Moreover, the bipolar plate preferably compris-
es integrally formed protruding patterns constituting the
flow control device. This integration of the flow control
device into the bipolar plate allows to simplify the cell
assembly process and to spare material. As an example,
the protruding patterns are stamped on the bipolar plate.
Alternatively, they are formed on a metal sheet which is
then soldered or welded to the bipolar plate.
[0040] The invention also concerns a water electrolysis
cell comprising a stack of at least one bipolar plate, a
flow control device, an anodic porous material, a sepa-
rator and a cathodic porous material, the water electrol-
ysis cell having a frame bordering the stack, the frame
having at least one inlet and one outlet configured to allow
a circulation of water within an anode of the water elec-
trolysis cell, and the water electrolysis cell including a
distribution zone capable of supplying water from the inlet
to the flow control device interposed between the bipolar
plate and the anodic porous material of the water elec-
trolysis cell,
[0041] the water electrolysis cell being characterized
in that it comprises at least one reduction flow member
according to the invention, the at least one reduction flow
member being arranged between the water distribution
zone and the flow control device.
[0042] In this water electrolysis cell, the bipolar plate
is preferably a bipolar plate of the invention, thus inte-
grating the reduction flow member.
[0043] The cell also preferably comprises a further dis-
tribution zone adapted to feed water from the flow control

device to the outlet, and a further reduction flow member
having channels adapted to circulate water between the
flow control device and the further distribution zone. This
further reduction flow member is preferably integrated
into the bipolar plate and identical to the reduction flow
member of the invention allowing to circulate water from
the distribution zone to the flow control device, except
that the further reduction flow member is arranged sym-
metrically to the reduction flow member with respect to
a symmetry axis which is parallel to inner edges of the
frame, along which extend the reduction flow members.
Thus, corresponding channel portions of the reduction
flow member and of the further reduction flow member
are facing each other and are separated by the flow con-
trol device. The further distribution zone is preferably also
integrated into the bipolar plate, for example by stamping.
Different ways to integrate the further reduction flow
member and the further distribution zone exist and were
already mentioned in relation with the distribution zone
and the reduction flow member (stamping, welding, sol-
dering, etc).
[0044] The invention also concerns a water electrolysis
module comprising a plurality of water electrolysis cells
according to the invention, the water electrolysis cells
being stacked on top of each other, a first cell and a sec-
ond cell of the plurality of water electrolysis cells sharing
the same at least one bipolar plate, the bipolar plate com-
prising integrally formed protruding patterns constituting
a flow control device interposed between the bipolar plate
and an anodic porous material of the first cell, and con-
stituting a flow control device interposed between the bi-
polar plate and a cathodic porous material of the second
cell. Thus, in this water electrolysis module, a same bi-
polar plate functions as a part of an anode electrode and
as a flow control device for the first cell, and as a part of
a cathode electrode and as a flow control device for the
second cell. Due the fact that the water flow homogeneity
is not as critical on the cathode side of each cell as on
the anode side of each cell, a frame of the second cell
integrates studs forming a distribution zone and a reduc-
tion flow device on top of the bipolar plate. For example,
the studs are molded on the frame, itself made of molded
plastic.
[0045] This arrangement is reproduced on the cathode
side of the first cell. Thus, the frame of the first cell con-
tains studs on its cathode side to perform the distribution
zone and the reduction flow member function but is flat
on the anode side of the cell, when the distribution zone
in this anode side is integrated in the bipolar plate.
[0046] Indeed, it should be noted that the frame of a
cell is preferably common to the anode side and the cath-
ode side. For example, the frame is shaped like a thick
rectangular frame which larger faces are each in contact
with a bipolar plate. Each face has two parallel sides each
formed by an inner and an outer edge between which
the inlet or outlet is arranged. A reduction flow member
extends along each inner edge of the frame.
[0047] Of course, as an alternative embodiment, the
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bipolar plate may also integrate a distribution zone and/or
a reduction flow member on the cathode side of the cell.
[0048] Other characteristics and advantages of the in-
vention will become apparent on the one hand from the
following description, and on the other hand from several
embodiments given by way of indication and not limitation
with reference to the appended schematic drawings, on
which:

[fig 1] already described in relation with prior art,
schematically figures a water electrolysis cell,

[fig 2] already described in relation with prior art, fig-
ures a frame of such a water electrolysis cell,

[fig 3] figures a water electrolysis module according
to the invention, in an embodiment of the invention,

[fig 4] shows a cross-section of a water electrolysis
cell according to the invention, in an embodiment of
the invention,

[fig 5] figures a face of a frame of the water electrol-
ysis cell represented in figure 4,

[fig 6] figures a bipolar plate according to the inven-
tion, cooperating with the frame of figure 5 in the
corresponding embodiment of the invention,

[fig 7] is an enlargement of a part of a reduction flow
member integrated in the bipolar plate of figure 6,

[fig 8] further shows a part of figure 7 and how it looks
when the reduction flow member is realized by
stamping,

[fig 9] is a cross-section of the part shown in figure
8, represented both schematically and in a more re-
alistic manner for the stamped case,

[fig 10] is another cross-section of the part shown in
figure 8, represented both schematically and in a
more realistic manner for the stamped case, and

[fig 11] is a cross-section of a part of the water elec-
trolysis module of figure 3, showing an anode side
of a first cell of the module and at least some com-
ponents of a cathode side of a second cell of the
module.

[0049] According to one embodiment of the invention,
a water electrolysis module 70 shown in figure 3 is con-
stituted by a plurality of water electrolysis cells 1 stacked
on top of each other along a stacking direction E, per-
pendicular to a main plane of extension of each of the
cells 1. In fact, each of the cells 1, although themselves
made up of a stack of layers of materials, retain a gen-
erally flat shape.

[0050] The water electrolysis module 70 comprises a
first incoming pipe 71 that connects to a water inlet pass-
ing through the stack of cells 1, more particularly through
a frame of each cell 1 and through a bipolar plate of each
cell 1. More precisely, this water inlet is intended to in-
teract with anode compartments of all cells 1, to cool
them and to feed the electrolysis reaction of the water.
[0051] The water electrolysis module 70 also compris-
es a second incoming pipe 72 that connects to another
water inlet passing through the stack of cells 1, more
particularly through the frames and bipolar plates of cells
1. More precisely, this other water inlet is intended to
interact with cathode compartments of all cells 1, to cool
them and to feed the electrolysis reaction of the water.
[0052] The electrolysis module 70 further comprises a
first outgoing pipe 74 which connects to a water outlet
passing through the stack of cells 1, more particularly
through the frames and bipolar plates of cells 1. More
precisely, this water outlet is intended to collect the two-
phase water-oxygen mixture produced inside the anode
compartments of the module 70 after circulation of the
water in the vicinity of the anode catalytic layers of the
module 70.
[0053] In a similar manner, the electrolysis module 70
also comprises a second outgoing pipe 73 which con-
nects with another water outlet passing through the stack
of cells, more particularly through the frames and bipolar
plates of cells 1. More precisely, this other water outlet
is intended to collect the two-phase water-hydrogen mix-
ture produced inside the cathodic compartments of the
module 70 after circulation of the water in the vicinity of
the cathodic catalytic layers of the module 70.
[0054] Preferably, the first incoming pipe 71 and the
first outgoing pipe 74 are connected to a water flow circuit
comprising a heat exchanger, while the second incoming
pipe 72 and the second outgoing pipe 73 are not con-
nected to a water circuit benefiting from an active cooling.
It is to say that the anode compartments of the stack of
cells 1 benefit from an active cooling while the cathode
compartments of the stack of cells 1 do not benefit from
an active cooling, since less critical in terms of temper-
ature.
[0055] The water inlets and outlets extend along the
stacking direction E. Finally, in order to ensure the stack-
ing and sealing of the cells 1 within the module 70, the
latter also comprises a plurality of fastening means 75
allowing the cells 1 to be pressed together along the
stacking direction E.
[0056] A first cell 1_1 of the module 70 is shown in a
cross-section in figure 4. This cross-section doesn’t cross
the water inlets or outlets in cell 1_1. The first cell 1_1
rests on a metal current feeding plate 76, which is elec-
trically connected to one of the terminals of a voltage
source. The last cell of the stack of cells 1 is similarly in
electric contact with another current feeding plate con-
nected to the other terminal of the voltage source.
[0057] The first cell 1_1 includes a stack of material
layers maintained between two bipolar plates 161, 141,
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for example made of titanium. Bipolar plate 161 is in con-
tact with the metal current feeding plate 76 and thus only
belongs to the first cell 1_1. Bipolar plate 141 is common
to the first cell 1_1 and a second cell 1_2 (referenced
figure 11) adjacent to the first cell 1_1.
[0058] The first cell 1_1 has a frame 12 that is clamped
between the bipolar plates 141, 161. A first gasket 121
outlining the frame 12 is compressed between the frame
12 and the plate bipolar 141, and a second gasket 123
outlining the frame 12 is compressed between the frame
12 and the plate bipolar 161, to ensure the tightness of
the first cell 1_1, whose anode and cathode compart-
ments are crossed by water.
[0059] Inside the frame 12, the following successive
material layers are superimposed on each other:

- a cathodic porous material 163, for example consist-
ing of titanium particles or fibers sintered together,
or consisting of carbon fibers,

- a proton exchange membrane 2, for example in
Nafion ® or in a hydrocarbon material, and

- an anodic porous material 144, for example consist-
ing of titanium particles or fibers sintered together.

[0060] Thus, the anodic compartment 14 of the first
cell 1_1 includes the bipolar plate 141 and the anodic
porous material 144. It also comprises a flow control de-
vice 142, integrated into the bipolar plate 141, as de-
scribed further.
[0061] Similarly, the cathodic compartment 16 of the
first cell 1_1 includes the bipolar plate 161 and the ca-
thodic porous material 163. It also comprises a flow con-
trol device 162, integrated into the bipolar plate 161, as
described further.
[0062] The frame 12 has a globally rectangular shape,
whose inner edges receive the proton exchange mem-
brane 2 and the anodic porous material 144. The proton
exchange membrane 2 and the anodic porous material
144 are clamped on their end edges between the bipolar
plate 141 and a sidewalk 126 of the frame 12. This side-
walk 126 extends inner edges of the frame 12 orthogo-
nally to the stacking direction E, in a part of the frame 12
bordering the cathodic porous material 163. This ar-
rangement allows a third gasket 22 outlining the sidewalk
126 to be compressed between on the one hand the side-
walk 126 and one the other hand the proton exchange
membrane 2, the anodic porous material 144 and the
bipolar plate 141, ensuring the tightness of the anodic
compartment 14 of the first cell 1_1 with respect to the
cathodic compartment 16 of the first cell 1_1.
[0063] Moreover, the bipolar plate 141 integrates re-
duction flow members 6a and 6b extending along parallel
inner edges 127, 125 of the frame 12, and bordering the
flow control device 142. These reduction flow members
are pressed against corresponding end parts 144-1,
144-2 of the anodic porous material 144 as described

further. That is to say, the flow control device 142 and
the reduction flow members 6a, 6b do not extend on a
surface of the frame 12.
[0064] End parts 144-1, 144-2 are integrally formed
with the anodic porous material 144 or are made of a
cheaper material than the rest of the anodic porous ma-
terial 144, for example in PTFE (PolyTetraFluoroEthyl-
ene).
[0065] Furthermore, the bipolar plate 141 integrates
distribution zones 4a and 4b extending respectively along
reduction flow members 6a and 6b. These distribution
zones 4a and 4b are pressed against an end face of the
frame 12. The distribution zones 4a and 4b, the reduction
flow members 6a and 6b and the flow control device 142
are confined in the volume delimited by joint 121, allowing
a water circulation coming from an anode water inlet 129a
(referenced figure 5) located in the frame 12 and opening
on the end face of frame 12, to pass though these ele-
ments of the bipolar plate 141 without affecting the tight-
ness of the first cell 1_1. Similarly, the flow control device
162 integrated in the bipolar plate 161 is confined in the
volume delimited by joint 123, and pressed against the
cathodic porous material 163. That is to say, the flow
control device 162 does not extend on a surface of the
frame 12.
[0066] Figure 5 now shows the end face of the frame
12, facing the bipolar plate 141 on the anode side of first
cell 1_1. This end face extends along two orthogonal
directions being a first direction L1 and a second direction
L2, themselves orthogonal to the stacking direction E,
the two parallel inner edges 127, 125 of the frame 12
extending in the first direction L1. A homogenous water
circulation, represented by bolded arrows, uniformly
pass through the inner edge 127 to the inner edge 125
inside the frame 12, in the second direction L2.
[0067] The water circulation is coming from the anode
water inlet 129a crossing the frame 12 in the staking di-
rection E and opening on the end face of the frame 12.
The water first passes from the anode water inlet 129a
through a transition zone 2a. In particular, the transition
zone 2a is subject to a fast flow, confined between the
frame 12 and the bipolar plate 141, the distance between
which being mechanically maintained by support studs,
guiding the flow towards the distribution zone 4a (refer-
enced on figures 4 and 6). Between the transition zone
2a and the distribution zone 4a, support studs in the tran-
sition zone 2a form a plurality of thinner channels, orient-
ed according to the second direction L2. These thinner
channels create a pressure drop adjustment barrier. The
cell pressure drop is thus adjusted by the friction created
by the passage of the fluid through these thin channels.
The studs also have the function of maintaining mechan-
ical support for a gasket 123 located on the other side of
the bipolar plate 141.
[0068] The water then flows from the transition zone
2a to the distribution zone 4a, created by studs 42, 44
stamped on the bipolar plate 141, as shown in figure 6.
[0069] The bipolar plate 141 has the same external
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dimensions as the end face of frame 12, that is to say its
external edges superimpose to external edges of the end
face of frame 12. Not surprisingly, the bipolar plate 141
has passage holes for water superimposed to water inlet
or outlets of frame 12:

- the anode water inlet 129a of the frame 12 commu-
nicates with a passage hole 9a in the bipolar plate
141,

- an anode water and gas (O2) outlet 129b of the frame
12 communicates with a passage hole 9b in the bi-
polar plate 141,

- a cathode water inlet 128a of the frame 12 commu-
nicates with a passage hole 8a in the bipolar plate
141, and

- a cathode water and gas (H2) outlet 128b of the
frame 12 communicates with a passage hole 8b in
the bipolar plate 141.

[0070] The anode water inlet 129a and the anode water
and gas (O2) outlet 129b are opening in the volume de-
limited by the gasket 121. The cathode water inlet 128a
and the cathode water and gas (H2) outlet 128b are out-
side this volume but are each surrounded by a toroidal
seal clamped between the frame 12 and the bipolar plate
141 or respectively between a frame 12 of the adjacent
cell 1_2 and the bipolar plate 141. Several of this kind of
seal used in module 70 are visible on figure 11 showing
a cross-section of a part of module 70 according to A-A
cutting plane (referenced figure 5).
[0071] Coming back to figures 5 and 6, the water flow
coming from the transition zone 2a passes through a dis-
tribution zone 4a and then through a reduction flow mem-
ber 6a integrated into the bipolar plate 141, before flowing
uniformly through the flow control device 142.
[0072] The distribution zone 4a extends along the sec-
ond direction L2 between an edge 15 of the distribution
zone 4a, adjacent to the transition zone 2a, and the re-
duction flow member 6a. The distribution zone 4a ex-
tends along the first direction L1 on a whole length of the
inner edge 127, superimposed to the limit between the
distribution zone 4a and the reduction flow member 6a.
The reduction flow member 6a extends along an edge
11 of the flow control device 142, extending along the
first direction L1. The lengths of this edge 11 of the flow
control device 142 and the inner edge 127 of the frame
12 are equal.
[0073] When the water flow comes out of the flow con-
trol device 142, it passes through another reduction flow
member 6b and another distribution zone 4b, integrated
in the bipolar plate 141. The other distribution zone 4b
guides the water flow towards another transition zone 2b
on the frame 12, bringing the water into the anode water
and gas (O2) outlet 129b of the frame 12. These other
reduction flow member 6b, other distribution zone 4b and

other transition zone 2b are respectively symmetric to
the reduction flow member 6a, the distribution zone 4a
and the transition zone 2a with respect to a symmetry
axis separating the flow control device 142 in two equal
parts in the first direction L1. The flow control device 142
extends along the second direction L2 between its edge
11 to an edge 13 parallel to edge 11 and of the same
length, and along the first direction L1 between two par-
allel edges 18 superimposed to corresponding inner edg-
es of the frame 12.
[0074] The other distribution zone 4b extends along
the second direction L2 between an edge 17 of the other
distribution zone 4b, adjacent to the other transition zone
2b, and the other reduction flow member 6b. The other
distribution zone 4b extends along the first direction L1
on a whole length of the inner edge 125, superimposed
to the limit between the other distribution zone 4b and
the other reduction flow member 6b. The other reduction
flow member 6b extends along the edge 13 of the flow
control device 142, extending along the first direction L1.
[0075] The distribution zones 4a and 4b are confined
between the frame 12 and the bipolar plate 141. These
zones each include a plurality of studs 42, 44 formed into
the bipolar plate 141, the studs 44 being of generally
rectangular shape and arranged in a hydrodynamic way.
These zones are subjected to the mechanical pressure
exerted by on the one hand the water arriving in the cell
1_1 or leaving the cell 1_1 in the cathodic compartment
16 on the other face of the frame 12, and on the other
hand the water arriving in the adjacent cell 1_2 or leaving
this adjacent cell 1_2 in its cathodic compartment 16 on
the other face of the bipolar plate 141, this water being
at a higher pressure than in anodic compartments 14.
These studs 42, 44 on the bipolar plate 141 therefore
have the dual function of maintaining the distance be-
tween the frame 12 and the bipolar plate 141 despite the
opposing forces and of creating fluid paths that can dis-
tribute the fluid along the flow control device 142 in the
first direction L1. The number of rows of studs 42, 44 is
determined so as to maintain a compromise between the
roughness created by their presence resulting in a pres-
sure drop and the distance between the studs 42, 44
allowed by the rigidity and strength of the frame 12 and
the bipolar plate 141.
[0076] The distribution zones 4a and 4b each respec-
tively contain a portion 5a, 5b extending the respective
transition zones 2a, 2b in the second direction L2. This
portions 5a, 5b are jet breaker zones. Indeed, most of
the turbulent flow arriving at high speed after the inlet
pressure drop adjustment barrier of transition zone 2a,
must turn 90° to spread out in front of the reduction flow
member 6a. As a result, one of the velocity components
is greatly slowed, forming a local overpressure stop. The
purpose of the plurality of studs 42 formed into the bipolar
plate141 in the portion 5a is to contain this overpressure
at a sufficient distance from the reduction flow member
6a. These studs 42 are characterized by the distance
between them (5 to 7 mm between each stud 42), and

13 14 



EP 4 446 470 A1

9

5

10

15

20

25

30

35

40

45

50

55

by the fact that the total inlet cross-section in the portion
5a is as large as possible. Conversely, at the anode water
outlet, most of the fluid must turn 90° to pass from the
other distribution zone 4b to an outlet pressure drop ad-
justment barrier at the entrance of the other transition
zone 2b. This causes a rapid increase in one of the ve-
locity components and thus a venturi effect. This effect
is contained by the portion 5b at a sufficient distance from
the other reduction flow member 6b so that its operation
is not disturbed. The studs 42 are thinner than studs 44,
having for example a round section. Indeed, the studs
42 are used to fill a jet-breaking role, to distribute the
water flow in a more laminar way, and to provide a good
mechanical support. They are located in the same direc-
tion as the water flow to create enough hydraulic resist-
ance without blocking the water flow.
[0077] Reduction flow members 6a, 6b connect the dis-
tribution zones 4a, 4b to the flow control device 142. They
make the flow lines in the flow control device 142 uniform.
As visible in figure 7, they are formed within the bipolar
plate 141 by a plurality of channels 62 arranged orthog-
onally to the first direction L1. These channels 62 have
a small hydraulic diameter allowing the regulation and
the equitable distribution of the fluid flows upstream of
the flow control device 142. The number and diameter
of channels 62 are chosen so that the pressure drop they
generate allows the flows to be balanced.
[0078] In this embodiment of the invention, channels
62 are formed by stamping of the bipolar plate 141. They
are stamped between higher barriers 64 also stamped
in the bipolar plates 141, these barriers 64 having a U-
shape when seen in a plane P1 parallel to the main ex-
tension plane of the bipolar plate 141 and referenced
figures 9 and 10. The bold arrows in figures 7 and 8 rep-
resent water flowing inside channels 62 of the reduction
flow member 6a.
[0079] The water flows from a left side L to a right side
R of figure 7, the reduction flow member 6a extending
between the left side L and the right side R. It is to be
noted that on figure 7, only the reduction flow member
6a is shown on the bipolar plate 141, regardless of the
distribution zone 4a which is in fact located at the left side
L and of the flow control device 142 which is in fact located
at the right side R.
[0080] As shown in figure 7, each channel 62 contains
two portions: a first portion 621 and a second portion 622,
the second portion 622 being deeper than the first portion
621.
[0081] The first portion 621 faces the right side R and
the second portion 622 faces the left side L. The second
portions 622 extend between the bases of the U shaped
by the barriers 64 while the first portions 621 are adjacent
to the free ends of the U branches shaped by the barriers
64. Between these branches, a non-stamped zone 66 is
in contact with the frame of the cell 1_2 adjacent to the
first cell 1_1 and is dimensioned so that all these non-
stamped zones 66 ensure a clamping force between the
anodic porous material 144 and studs of a cathode side

distribution zone of cell 1_2 ’s frame on the other side of
the bipolar plate 141.
[0082] Symmetrically, each channel of the other reduc-
tion flow member 6b contain a first portion and a second
portion, the second portion being deeper than the first
portion and facing the other distribution zone 4b, while
the first portion faces the flow control device 142. The
second portions extend between the bases of the U
shaped by the barriers of the other reduction flow member
6b while the first portions are adjacent to the free ends
of the U branches shaped by these barriers. Between
these branches, a non-stamped zone is in contact with
the frame of the cell 1_2 adjacent to the first cell 1_1 and
is dimensioned so that all these non-stamped zones en-
sure a clamping force between the anodic porous mate-
rial 144 and studs of the cathode side distribution zone
of cell 1_2 ’s frame on the other side of the bipolar plate
141. Similarly, the stamped branches of the U have a top
wall transmitting a clamping force to the anodic porous
material 144 and the third gasket 22 underneath the
anodic porous material 144.
[0083] Figure 8 shows a realization of the reduction
flow member 6a made by stamping the bipolar plate 141,
and thus having rounded outlines. Only a little part of the
reduction flow member 6a is shown.
[0084] Figure 9 shows this little part in the B-B cutting
plane parallel to the first direction L1 and crossing the
first portions 621 of channels 62. This cross-section
shows that the reduction flow member 6a is bounded by
the first plane P1, in contact with the anodic porous ma-
terial 144, and by a second plane P2 parallel to the first
plane P1 and in contact with the frame of the cell 1_2
adjacent to the first cell 1_1 on the other side of the bipolar
plate 141. The barriers 64 extend from the first plane P1
to the second plane P2, blocking the water flow on a
height d, while the first portions 621 of channels 62 allow
the water flowing on a height h which is strictly less than
the height d of barriers 64. The height h of a channel 62
extends from a bottom wall 623 of the channel, part of
the bipolar plate 141, to the P1 plane. The height h also
extends from a flat part of the bipolar plate 141 to the P1
plane. These heights are measured in the stacking di-
rection E. Moreover, the first portions 621 of the channels
62 each have a width e measured in the first direction
L1, such that this width e and this height h of these first
portions 621 generate a predetermined pressure drop.
[0085] For example, the height h of a first channel por-
tion 621 is between 20% to 90% lower than the height d
of a barrier 64, and/or the cross-section area of a first
channel portion 621 is between 2% to 10% of that of a
repeating pattern of the reduction flow member 6a. This
repeating pattern contains for example a unique barrier
64 and a unique channel 62, so that its cross-section
area has a width f and a height equal to the distance
between the first plane P1 and the second plane P2. Pref-
erably, the cross-section area of the first portion 621 of
a channel 62 is about 0,6mm2, or different but between
0,15mm2 and 2mm2, or more preferably between
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0,15mm2 and 0,8mm2. The height h of the first channel
portion 621 is preferably between 0,1mm and 0,5mm.
[0086] Barriers 64 have a width, measured along the
first direction L1, wider than that of a channel 62.
[0087] Figure 10 shows the part of the reduction flow
member 6a of figure 7, in the C-C cutting plane parallel
to the first direction L1 and crossing the second portions
622 of channels 62. These second portions 622 have the
same height d as the barriers 64. They allow to support
efficient transmission of compression forces between the
cells 1.
[0088] Figure 11 shows in cross-section in a plane par-
allel to the stacking direction E and the second direction
L2, a part of the first cell 1_1 and of the second cell 1_2
immediately adjacent to the first cell 1_1 in the water
electrolysis module 70. This cross-section passes
through the anode water inlet 129a and the cathode water
outlet 128b. This cross-section makes apparent that, be-
tween the reduction flow member 6a and the other re-
duction flow member 6b, the bipolar plate 141 comprises
integrally formed protruding patterns constituting the flow
control device 142 interposed between the bipolar plate
141 and the anodic porous material 144 of the first cell
1-1 and constituting a flow control device 162 interposed
between the bipolar plate 141 and a cathodic porous ma-
terial 163 of the second cell 1_2. These protruding pat-
terns are stamped on the bipolar plate 141. It is also ap-
parent that frames 12 are simplified with respect to prior
art, since frames 12 includes less studs than in prior art.
They contain studs only on the transition zones 2a, 2b
on the cathode side. Studs on the cathode side are cre-
ating a distribution zone between the bipolar plate 161
and the frame 12, are in contact with the non-stamping
zones 66 and transmit a clamping force to the anodic
porous material 144 via the reduction flow members 6a,
6b.
[0089] Alternatively, the distribution zones 4a, 4b
and/or the reduction flow members 6a, 6b and/or the flow
control devices 142, 162 may be stamped on one or sev-
eral separate material strips which are then welded or
soldered to the bipolar plate 141.
[0090] Such a realization of the distribution zones 4a,
4b, the reduction flow members 6a, 6b and the flow con-
trol devices 142, 162 integrated into the bipolar plate 141
reduces the number of components per cell, hence eases
the assembly process and makes it more robust.
[0091] Moreover, the structure of the bipolar plate 141
improves the water flow distribution homogeneity over
the active surface areas of the cells, hence optimizing
their stable operation and their lifetime in service for
stacks.
[0092] Furthermore, it decreases the cell thickness
and reduces the interfaces between components, hence
making the system more efficient.
[0093] Of course, the invention is not limited to the ex-
amples just described and many adjustments can be
made to these examples without going beyond the scope
of the invention. In particular the reduction flow member

according to the invention and/or the distribution zones
and/or the transition zones may not be integrated in the
bipolar plate but may be made of additional pieces or
integrated in the frame using another process than injec-
tion molding.

Claims

1. Reduction flow member (6b, 6a) for a water electrol-
ysis cell (1), the reduction flow member (6b, 6a) com-
prising a first face lying in a first plane (P1), a second
face lying in a second plane (P2) parallel to the first
plane (P1), at least one first barrier (64) and a second
barrier (64) extending between the first plane (P1)
and the second plane (P2), at least one channel (62)
being arranged between the first barrier (64) and the
second barrier (64), wherein a height (h) of at least
a portion of the channel (62), measured orthogonally
to the first plane (P1) between a bottom wall of the
channel (62) and the first plane (P1), is strictly less
than a height (d) of the first or the second barrier
(64), measured orthogonally to the first plane (P1).

2. Reduction flow member (6b, 6a) according to claim
1, wherein the height (h) of the channel portion (62)
is 20% to 90% lower than the height (d) of the first
or second barrier.

3. Reduction flow member (6b, 6a) according to claim
1 or 2, wherein a cross section area of the channel
portion (62) is 2% to 10% of that of a repeating pattern
of the reduction flow member, the pattern extending
between the first plane (P1) and the second plane
(P2).

4. Reduction flow member (6b, 6a) according to any
one of claims 1 to 3, wherein each of the first and
second barriers (64) have a U-shape when seen in
the first plane (P1).

5. Reduction flow member (6b, 6a) according to the
preceding claim, wherein the at least one portion of
the channel (62) is a first portion (621) of the channel,
the channel (62) comprising a second portion (622)
of the channel in which the height of the channel (62)
is strictly greater than the height (h) of the channel
(62) in the first portion (621) of the channel (62), the
second portion (622) of the channel (62) extending
from the first portion (621) of the channel (62) to an
end of one of the U-shapes, corresponding to a junc-
tion of branches of the U.

6. Reduction flow member (6b, 6a) according to any
one of claims 1 to 5, wherein the reduction flow mem-
ber (6a, 6b) is formed by stamping or hydroforming
of a strip of metal material.
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7. Bipolar plate (141) for a water electrolysis cell (1),
the water electrolysis cell (1) comprising a stack of
at least the bipolar plate (141), a flow control device
(142) and a porous material (144, 163), the stack
being bordered at least in part by a frame (12), the
bipolar plate (141) being characterized in that the
bipolar plate (141) comprises at least one reduction
flow member (6b, 6a) according to any one of claims
1 to 6, allowing a circulation of water between, on
the one hand, a distribution zone (4a) comprised be-
tween the frame (12) and the bipolar plate (141) and,
on the other hand, the flow control device (142).

8. Bipolar plate (141) for a water electrolysis cell (1)
according to the preceding claim, wherein the reduc-
tion flow member (6b, 6a) is stamped or hydroformed
and integrally formed with the bipolar plate (141).

9. Bipolar plate (141) for a water electrolysis cell (1)
according to claim 7 or 8, wherein the distribution
zone (4a) comprises studs (44, 42) extending
through a thickness of the bipolar plate (141).

10. Bipolar plate (141) for a water electrolysis cell (1)
according to claim 9, wherein the distribution zone
(4a) comprises a portion (5a) in which the studs are
oblong in shape and extend mainly parallel to the
water circulation, said portion (5a) being comprised
between a water flow inlet zone (2a) and the reduc-
tion flow member (6b, 6a).

11. Bipolar plate (141) for a water electrolysis cell (1)
according to anyone of claims 7 to 10, wherein the
bipolar plate (141) comprises integrally formed pro-
truding patterns constituting the flow control device
(142).

12. Water electrolysis cell (1) comprising a stack of at
least one bipolar plate (141), a flow control device
(142), a cathodic porous material (163), a separator
(2) and an anodic porous material (144), the water
electrolysis cell (1) having a frame (12) bordering the
stack, the frame (12) having at least one inlet (129a)
and one outlet (129b) configured to allow a circula-
tion of water within an anode of the water electrolysis
cell (1), and the water electrolysis cell (1) including
a distribution zone (4b) capable of supplying water
from the inlet (129a) to the flow control device (142)
interposed between the bipolar plate (141) and the
anodic porous material (144) of the water electrolysis
cell (1),
the water electrolysis cell (1) being characterized
in that it comprises at least one reduction flow mem-
ber (6a) according to any of claims 1 to 6, arranged
between the water distribution zone and the flow con-
trol device.

13. Water electrolysis module comprising a plurality of

water electrolysis cells (1) according to the preceding
claim, the water electrolysis cells (1) being stacked
on top of each other, a first cell (1_1) and a second
cell (1_2) of the plurality of water electrolysis cells
(1) sharing the same at least one bipolar plate (141),
the bipolar plate comprising integrally formed pro-
truding patterns constituting a flow control device
(142) interposed between the bipolar plate and an
anodic porous material (144) of the first cell (1_1),
and constituting a flow control device (162) inter-
posed between the bipolar plate (141) and a cathodic
porous material (163) of the second cell (1_2).
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