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METHOD FOR THE ELECTROLYSIS OF WATER AT VARIABLE CURRENT
DENSITIES

FIELD OF THE INVENTION

The present invention concerns a method for the electrolysis of water at variable current

densities, especially for alkaline water electrolysis.
BACKGROUND OF THE INVENTION

In order to reduce carbon dioxide emission associated with energy production by burning
fossil fuels, worldwide efforts are directed towards replacing fossil fuels by renewable
energy sources. Many renewable energy sources such as wind energy and solar energy,
are typically intermittent/fluctuating by nature so that there is often an imbalance at any
given point in time between available renewable energy and energy required by
households and industry. Hydrogen gas is used in a large variety of industrial applications
including the production of electrical energy in fuel cells. On an industrial scale, hydrogen
is mainly produced from natural gas in processes, for example steam reforming, which
hydrogen and carbon dioxide in which are therefore less suited for reducing the “carbon
footprint” of energy production. However, as an alternative to natural gas steam
reforming, hydrogen can also be produced by water electrolysis which is not associated
with carbon emissions when renewable energy sources are used. Therefore, hydrogen
gas obtained by water electrolysis from renewable energy is expected to play a major role
as a hydrogen source in many industrial processes and as a storage medium for the
renewable electrical energy. Alkaline water electrolysis is a particularly promising variant
of water electrolysis for producing hydrogen on an industrial scale because it does not
require costly noble metal-based catalysts. Alkaline water electrolysis is typically carried
out in electrochemical cells out in a temperature range from 40 to 90 °C where an anodic

compartment comprising an anode and a cathodic compartment comprising a cathode
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are divided by a suitable separator such as a diaphragm or a membrane. An aqueous
alkaline solution at a pH higher than 7, for instance an aqueous KOH solution, is supplied
as an electrolyte to the cell and an electrical current flow is established between
electrodes in the cathodic and anodic compartment, respectively, i.e. between cathode
and anode, at a potential difference (cell voltage) with a typical range of 1.6 to 2.4 V.
Under these conditions, water is split into its constituents so that gaseous hydrogen
evolves at the cathode and gaseous oxygen evolves at the anode. In alkaline media, the

cathodic hydrogen evolution reaction can be summarized as follows
4H0+4e —-40H +2H> (1).

The hydroxide ions generated in the cathodic compartment migrate through the separator
to the anodic compartment where the anodic oxygen evolution reaction can be

summarized as
40H - 02+2H0 +4e- (2).

In an industrial process, a plurality of cells are usually arranged in a serial stack
configuration, i.e. a multiplicity of electrolysis cells connected in series. The
electrolyte/gas mixtures generated in each compartment are removed from each cell, the
gaseous products are separated from the liquid electrolyte and the liquid electrolyte is
recycled to the cell compartments of the stack so that the cells/stack can be operated in
a continuous fashion. As can be taken from equations (1) and (2) above, twice the molar
equivalent of water is produced in the cathodic compartment than in the anodic
compartment. Therefore, in order to allow the electrolyte in both compartments to remain
balanced, the anolyte (electrolyte in the anodic compartment) and the catholyte
(electrolyte in the cathodic compartment) are usually mixed together after gas-liquid

separation before being pumped back to the electrolyzer.
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An industrial scale stack for alkaline water electrolysis comprising a multiplicity of
individual electrochemicall/electrolysis cells connected in series is optimized in terms of
cell voltage and hydrogen purity for an operation at a nominal load at high current
densities. Especially when relying on renewable energy, the availability and/or cost of
electrical energy will fluctuate during operation so that it is desired to allow electrolysis to
be conducted even at current densities well below the designed nominal load at high

current densities.

The separator used in alkaline water electrolysis still has a residual permeability for
hydrogen and oxygen gases, respectively so that during operation, a concentration
gradient driven diffusion of hydrogen from the cathodic into the anodic compartment and
of oxygen from the anodic into the cathodic compartment occurs. To meet current safety
requirements, the electrolyzer has to be operated in a manner which avoids oxygen to
hydrogen (OTH) concentrations in the cathodic compartment and hydrogen to oxygen
(HTO) concentrations in the anodic compartment above 4 vol.% or preferably above 2
vol.% (the lower explosive limit for the mixture in both cases being at around 4 vol.%).
During nominal, high current density operation, meeting these safety requirements does
generally not constitute a problem because any residual gas from the opposite
compartment migrating through the separator is considerably diluted due to the large
amount of gas produced at the anode and cathode, respectively. However, at lower
current densities with less “desired gas” being produced at the respective electrodes, gas
migrating from the opposite compartment may lead to HTO or OTH ratios at or above the

above-mentioned safety threshold.

European patent application EP 3604642 A1 and Australian patent application AU
2019374584 A1 (based on international application WO 2020/095664 A1) describe a
water electrolysis system and a water electrolysis method for hydrogen production via

alkaline water electrolysis having a gas-liquid separation tank which is provided with an



10

15

20

WO 2023/021034 PCT/EP2022/072861

inflow port for a gas/electrolyte mixture which is disposed at a higher position than the
liquid surface of the electrolyte inside the separation tank. Using distinct separation tanks
for oxygen and hydrogen, respectively, and an appropriate liquid level management in
the separation tanks allows to improve purity of the generated hydrogen. Moreover, a

dedicated purifier can be employed.

US patent application US 2013/337368 A1 describes a separator for a water electrolysis
cell which consists of an anodic separator element and a cathodic separator element
spaced apart from each other to create an internal bypass channel. By feeding an
electrolyte free of dissolved gases into the bypass channel, a back-wash flow into the
anodic and cathodic compartments is established, allowing to reduce migration of the

respective gaseous species through the separator.

It is therefore an object of the present invention to provide a method for the electrolysis
of water using an alkaline electrolyte which optimizes the performance in terms of cell
voltage and a gas purity over a wide range of current densities which may vary during

operation.
SUMMARY OF THE INVENTION
Various aspects of the present invention are described in the appended claims.

The present invention concerns a method for the electrolysis of water in an electrolyzer
comprising at least one electrolytic cell having an anodic compartment provided with an
anode, a cathodic compartment provided with a cathode, and a separator arranged

between said anodic and cathodic compartments, wherein said method comprises:

feeding an alkaline anolyte to said anodic compartment and an alkaline catholyte

to cathodic compartments,
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conducting water electrolysis by applying a variable electrical current at a variable
operating current density to said electrolytic cell to generate hydrogen gas at said cathode

and oxygen gas at said anode,

discharging a mixture of said catholyte and said hydrogen gas from said cathodic
compartment and a mixture of said anolyte and said oxygen gas from said anodic

compartment,

separating said hydrogen gas from said catholyte and said oxygen gas from said

anolyte,

wherein a threshold current density is selected and the water electrolysis is

conducted such that

at operating current densities up to said threshold current density, the migration of
hydrogen generated in said cathodic compartment through said separator into said

anodic compartment is limited, and

at operating current densities above said threshold current density, a migration of
oxygen generated in said anodic compartment through said separator into said cathodic

compartment is limited.

When a method for the electrolysis of water is carried out at varying current densities, for
instance due to using renewable energies as a source of electrical energy, the current
density will vary between a minimum operating current density and a maximum operating
current density. Accordingly, the present invention suggests defining a threshold current
density within the range of operating current densities, i.e. above said minimum operating
current density and below said maximum operating current density of the electrolyzer
which subdivides the operating current density range into two ranges, namely a low
current density range extending from minimum operating current density to threshold

current density and a high current density range extending from above threshold current
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density to maximum current density. The present invention further suggests that the gas
migration through the separator shall be actively influenced, specifically limited, in
different manners in the low current density range and the high current density range,
respectively. In the low current density range, safety considerations are of particular
concern and the invention suggests actively limiting the migration of hydrogen generated
in the cathodic compartment through the separator into said anodic compartment as
compared to a purely concentration gradient driven migration in order to avoid the HTO
ratio in the anodic compartment reaching a critical level. In the high current density range,
safety considerations are less concerning and the operation can be optimized in terms of
purity of the produced hydrogen. Therefore, the present invention suggests actively
limiting the migration of oxygen generated in the anodic compartment through the
separator into the cathode he compartment as compared to a purely concentration

gradient driven migration as much as possible.

The active limitation of gas migration through the separator during operation can be
achieved with various means. For instance, the oxygen and hydrogen permeabilities of
the separator are influenced by mechanical and electrochemical properties of the
separator. For instance, it is conceivable to alter the pore size distribution of the separator
by mechanically acting on the separator. However, such solutions tend to be costly by
increasing the complexity of the cell design. Therefore, it is preferred to leave the
separator unchanged. Rather, the present inventors have observed that in addition to the
migration of gases through the separator driven by a concentration gradient, the gas
migration can additionally be actively influenced by increasing the hydraulic pressure of
the electrolyte in one compartment over the hydraulic pressure in the other compartment.
Thus, according to a preferred embodiment of the method of the present invention, at
operating current densities up to said threshold current density, a hydraulic pressure

exerted on said separator in said anodic compartment is higher than a hydraulic pressure
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exerted on said separator in said cathodic compartment, thus leading to a limitation of

hydrogen migration from the cathodic compartment into the anodic compartment.

Likewise, at operating current densities above said threshold current density, a hydraulic
pressure exerted on said separator in said cathodic compartment is higher than a
hydraulic pressure exerted on said separator in said anodic compartment leading to a
limitation of oxygen migration from the anodic compartment into the cathodic

compartment.

In the context of the present invention, a differential pressure is measured as the hydraulic
pressure in the cathodic compartment minus the hydraulic pressure in the anodic
compartment. Consequently, a positive differential pressure means that the pressure in
the cathodic compartment is higher than in the anodic compartment while a negative
differential pressure means that the pressure in the anodic compartment is higher than in

the cathodic compartment.

A pressure differential between cathodic and anodic compartment can be generated by
various means. For instance, recirculation of the electrolyte is usually accomplished using
a catholyte pump and anolyte pump. Adjustable valves at the outlets of the cathodic and
anodic compartments which are adjusted according to the current density can be
employed in order to achieve the desired hydraulic pressure. As an alternative, the liquid
level in the hydrogen and oxygen separation vessels can be adjusted to influence the
hydraulic pressure inside the anodic and cathodic compartments via the respective

discharge lines.

In one embodiment of the present invention, a mechanical pressure is exerted on said
cathode to press said cathode to said separator and consequently the separator against
the anode. This embodiment is preferred in a classical zero-gap cell configuration where

a cathodic elastic element ensures that the electrodes are firmly pressed against the
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separator in order to minimize cell voltage and consequently reduce energy consumption.
A zero-gap cell configuration can also be achieved using an elastic element in the anodic
compartment in order to press the anode against the separator and, in turn, the separator
against the cathode. However, in the context of the present invention, using a cathodic
elastic element is preferred. The cathodic elastic element allows efficient transfer of
electrical current between the cathode and the cathodic current collector or bipolar plate
without requiring the elastic elements to be welded to either the cathode or the current
collector/bipolar plate. Especially when a negative differential pressure is applied, the
presence of an elastic element in the cathodic compartment may help to avoid a
detachment of the separator from the anodic electrode which would otherwise spoil the

performance of the cell by increasing cell voltage.

In one embodiment of the method of the present invention, the ratio of hydrogen to oxygen
(HTO) in said anodic compartment is kept below 4 vol.%. Preferably, the migration of
hydrogen is limited to a level which keeps the HTO ratio in the anodic compartment below

2 vol.%, more preferably below 1.5 vol.%.

In one embodiment of the method of the present invention, the ratio of oxygen to hydrogen
(OTH) in said cathodic compartment is kept below 4 vol.%. Preferably, the migration of
oxygen is limited to a level which keeps the OTH ratio in the cathodic compartment also

well below the 2 vol.%, more preferably well below 1.5 vol.%.

After separating said hydrogen gas from said catholyte and said oxygen gas from said
anolyte, said catholyte is recycled to said cathodic compartment and said anolyte is
recycled to said anodic compartment. Usually, in alkaline water electrolysis, the same
electrolyte is used as an anolyte and catholyte and it is desired that the alkali
concentration in the electrolyte remains the same in the anodic and cathodic
compartment, respectively. However, as indicated above, due to different amounts of

water being produced or consumed in anodic compartment and cathodic compartment,
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respectively, an imbalance of the alkali concentration in both compartments would result

over prolonged operation.

When the same electrolyte is used as an anolyte and catholyte, it is possible to avoid
such an imbalance by mixing the anolyte and catholyte after hydrogen/oxygen gas
separation and recycling the mixture to the cathodic and anodic compartments,
respectively. As the risk of an imbalance between catholyte and anolyte increases when
the electrolyser is operated at a higher current density, recycling of a mixture of catholyte
and anolyte is more effective at higher current densities than at lower current densities.
Therefore, in one embodiment of the present invention, after separating said hydrogen
gas from said catholyte and said oxygen gas from said anolyte, at operating current
densities up to said threshold current density, said catholyte and anolyte are separately
recycled, i.e. said catholyte is recycled to said cathodic compartment and said anolyte is
recycled to said anodic compartment, and, at operating current densities above said
threshold current density, said catholyte and anolyte are at least intermittently mixed and
said mixture is recycled to the cathodic and anodic compartments, respectively.
Accordingly, at operating current densities above, the threshold current density, anolyte
and catholyte can continuously be mixed and the mixture is divided into a recycled feed
for the cathodic compartment and a recycled feed for the anodic compartment. According
to this embodiment, it is also possible that at operating current densities above the
threshold current density, the mixing of recycled catholyte and anolyte is effected only
intermittently when and as long as an imbalance between catholyte and anolyte is
detected. This mode of operation ensures an optimized gas purity during low current
density operation by keeping the anolyte and catholyte loops separated. The resulting
build-up of an imbalance in alkali concentration is considered acceptable because the low
current density operation is usually the exception from the high current density operation

mode and is associated with less water production and consumption and consequently
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less imbalanced as compared to the high density operation mode. During high current
density operation, a balanced and optimal alkali concentration is maintained in both the
anodic and cathodic compartment. Gas contamination due to anolyte and catholyte
mixing is considered acceptable because the high gas production rate at high current

densities leads to a significant dilution of the respective undesired gas.

Preferably, the operating current densities in the method of the present invention are in a
range up to 25 kA/m? In principle, the minimum operating current density can be very
low, just above 0 kA/m? and the maximum operating current density is at about 25

kA/m?.Preferably, the operating current densities are in a range from 1 to 20 kA/m?2.

Within the range of operating current densities, threshold current density value delimiting
the low current density operation mode from the high current density operation mode is
selected within a range from 2 to 10 kA/m?, preferably within a range from 3 to 6 kKA/mZ.

As an example, the threshold current density may be 4 kA/m?.

Preferably, the alkaline water electrolysis according to the method of the present invention
is conducted at an absolute hydraulic pressure in the range up to 100 bar, typically up to

50 bar.

According to one embodiment of the present invention, hydraulic pressure differential
between said anodic and cathodic compartment is maintained in a range between -100
to 100 mbar, preferably in a range from -50 to 50 mbar, for instance at an value of +20
mbar or -20 mbar. The minimum hydraulic pressure differential as an absolute value, i.e.

disregarding positive or negative sign, is 1 mbar, preferably10 mbar.
In one embodiment said separator is a diaphragm.

Preferably, said alkaline anolyte and said alkaline catholyte comprise aqueous solutions
of alkali metal hydroxides. Particularly preferred, said alkali metal hydroxides are selected

from sodium hydroxide or potassium hydroxide.
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The present invention also concerns an electrolyzer for carrying out the method of the
invention. The electrolyzer is arranged to actively limit the migration of hydrogen
generated in said cathodic compartment through said separator into said anodic
compartment at operating current densities up to said threshold current density and to
limit a migration of oxygen generated in said anodic compartment through said separator
into said cathodic compartment at operating current densities above said threshold
current density, e.g. by establishing suitable pressure differentials between the cathodic

and anodic compartments of the cells.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in connection with certain preferred embodiments

and corresponding figures in more detail.
In the drawings:

Fig. 1 is a schematic explosion view of the components of an electrolysis cell of
an electrolyzer suitable for carrying out the method of the present invention;

and

Fig. 2 is an overview of an electrolyzer suitable for carrying out the method of the

present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 depicts a schematic explosion view of major components of an electrolysis cell
which forms part of a stack of electrolysis cells of an alkaline water electrolyser which can
be used to carry out the method of the present invention. The electrolyser comprises a
cell stack which includes a multiplicity of individual electrolysis cells 10 which are
electrically connected in series. In Fig. 1, only the components of one electrolysis cell 10
have been depicted. In the stack, the sequence of components repeats as represented

by the black dots. Each electrolysis cell 10 is delimited by bipolar plates 11 and comprises
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an anodic compartment 12 and a cathodic compartment 13 separated by a diaphragm
14. The anodic compartment 12 comprises a circumferential anodic frame 15, which
houses an anodic current collector 16 and an anode (anodic electrode) 17.The anodic
current collector 16 establishes a mechanical and electrical connection between the
anodic side of bipolar plate 11 and anode 17. The anodic current collector 16 can be an
elastic element but is preferably a rigid element, which can be welded to the anodic side
of the bipolar plate11 and to the backside of the anode 17 The cathodic compartment 13
comprises a circumferential cathodic frame 18, which houses an cathodic current
collector 19 and an cathode (cathodic electrode) 20. The cathodic current collector 19 is

preferably an elastic element which presses the cathode 20 against the diaphragm 14.

The cell components further comprises channels for feeding alkaline electrolyte to the
cathodic and anodic compartments (only one channel 21 is visible in Fig. 1) and fluid
channels 22, 23 for discharging hydrogen/catholyte and oxygen/anolyte mixtures,
respectively. Using two channels for electrolyte feed allows one channel 21 to feed the
anodic compartments 12 and one channel (not visible in Fig. 1) to feed the cathodic
compartments 13 of stack. After leaving the stack, the electrolyte can be recirculated
separately for each of the fluid channels 22, 23 or may be mixed before re-entering the
stack of cells 10 again. As will be described in more detail below, this allows establishing

separate recirculation modes depending on the actual operating conditions.

The elements of the stack can further comprise openings for tie rods for clamping the
various elements together to form the assembled stack (not shown in Fig. 1). Depending
on the particular application, a stack can comprise a low number of electrolysis cells, for

instance 5-20, up to a large number of cells, for instance more than 100 cells.

In order to visualize the operating scheme of an alkaline water electrolyser according to
the present invention, Fig. 2 shows a schematic overview of an electrolyzer 24 suitable

for carrying out the method of the present invention. The electrolyzer 24 comprises a
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stack 25 which can comprise a multiplicity of electrolysis cells 10, for instance electrolysis
cells as depicted in Fig. 1. A source of electrical energy is denoted by reference sign 26.
The source of electrical energy a can be any kind of electrical energy providing direct
current (DC) at the required minimum voltage for carrying out water electrolysis. The DC
source of electrical energy supplied to the electrolyzer 24 can be derived from a native
AC or DC energy source. Usually, transformers and/or rectifiers are provided to obtain
the desired DC source. Preferably, the source of electrical energy is a source which
provides a variable electrical current, for instance a source of renewable electrical energy.
A variable electrical current in the sense of the present invention is not an alternating
current (AC) but a direct current (DC) having a strength which can vary over time but
maintains the same polarization so that essentially the current density at the electrode
level can vary during operation. The electrical current is fed to the stack 25 via electrical
lines 27, 28. During operation, the current density j is continuously or periodically
monitored with a suitable sensor 29 and a control unit 30 compares the measured current
density with a pre-defined threshold current density j7. In a low current density operating
mode, i.e. at current densities j up to the threshold current density jr, the migration of
hydrogen generated in the cathodic compartment through the separator into the anodic
compartment is actively limited by establishing a negative pressure differential Ap
between the cathodic and anodic compartments of the stack by establishing a higher
oxygen pressure in the anodic compartment than the corresponding hydrogen pressure
in the cathodic compartment (4p = pH2 — po2 < 0). This can for instance be accomplished
by controlling, e.g. via control unit 30, suitable valves 31, 32 provided at the outlets of gas
containing fluid channels 22, 23 (Fig. 1), i.e. where the fluid channels 22, 23 discharge
into initial sections of recirculation lines 22a, 23a for catholyte and anolyte, respectively.
Accordingly, the migration of hydrogen is limited ensuring an optimal oxygen purity. This

operation mode may be associated with a small penalty in production capacity in
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instances where high H2 purity is required because the oxygen migrating into the cathodic
compartment results in an initially poorer hydrogen purity due to some migration of
oxygen into the cathodic compartment which can subsequently be eliminated in a
hydrogen purification step by catalytic combination of hydrogen and oxygen with an
associated small loss in production capacity. In this low current density scheme, a double
circulation mode for the electrolyte can be established by maintaining separate circuits
for the catholyte, i.e. the electrolyte fed to the cathodic compartments and the anolyte,
I.e. the electrolyte fed to the anodic compartments. The associated electrolyte unbalance
between the cathodic and anodic compartments is acceptable in this low current density
regime because at low current densities, any unbalance takes much longer to be
established and because the steady state at equilibrium is "less unbalanced" than at high
current density. The double circulation regime does, however, maintain an optimal gas

purity because anolyte and catholyte are kept separately.

In the drawing of Fig. 2, the recirculation of anolyte and catholyte is schematically
depicted by recirculation lines having line sections 22a, 22b, 22c, 22d and 23a, 23b, 23c,
23d, respectively, into which the respective channels electrolyte channels 18, 19 (Fig. 1)
lead. A pump, preferably separate pumps 33, 34 for catholyte and anolyte, respectively,

can be provided to effect the recirculation.

In the example of Fig. 2, the hydrogen/catholyte and the oxygen/anolyte mixtures
discharged from the stack via line sections 22a, 23a, respectively, are fed into liquid/gas-
separators 35, 36 from which hydrogen is discharged via line 37 and oxygen is discharged
via line 38. The hydrogen-depleted catholyte is discharged via line section 22b of the
catholyte recirculation line, while the oxygen-depleted anolyte is discharged via line

section 23b of the anolyte recirculation line.

At current densities above the threshold current density (j > j7), a positive differential

pressure between the cathodic and anodic compartments is established. Accordingly, a
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higher hydrogen pressure in the cathodic compartment is higher than the oxygen
pressure in the anodic compartment so that a migration of oxygen from the anodic
compartment into the cathodic compartment is actively limited (4p = pH2 — poz > 0). This
operation mode preserves optimal hydrogen purity, again possibly associated with a
small penalty in production capacity represented by the hydrogen loss associated with
hydrogen crossing over the diaphragm into the anodic compartment. The electrolyte
concentrations in the cathodic and anodic compartments can be measured, for instance
via conductivity sensors 39, 40 provided at the inlets 41, 42 of electrolyte channels for
catholyte (shown at “21” in Fig. 1) and anolyte (not visible in Fig. 1), i.e. where the line
sections 22d, 23d of the respective catholyte and anolyte recirculation lines are returned
to the stack 25. Below a certain threshold of conductivity imbalance, a double circulation
mode similar to the low current density case can be maintained to preserve optimal gas
purity. Above a certain threshold, a mixed circulation mode can be established where
catholyte and anolyte are mixed before being recirculated into the stack. In certain
embodiments of the present invention, the mixed circulation mode can also be the only

circulation mode under high current density conditions.

As depicted in Fig. 2, the mixed circulation mode can be established by suitable valves
43, 44, 45, 46 which ensure that anolyte and catholyte from stack 25 are fed into a mixing
chamber 47 via lines 22e, 23e before being recirculated to the stack via lines 22f, 23f and
the remaining portion 22d, 23d of the recirculation lines for catholyte and anolyte,

respectively.

In the double circulation mode, the mixing chamber 47 is bridged via line sections 22c,

23c of the catholyte and anolyte recirculation lines.

In the high current density operation mode, the oxygen production in the anodic
compartment is high enough to ensure that the HTO ratio is kept below the safety

threshold. In the low current density operating mode, HTO ratio in the anodic
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compartment is kept low by the fact that the net hydrogen flux from cathode to anode is
minimized by a differential pressures Ap, i.e. the pure diffusive flux of hydrogen from
cathode to anode is mitigated by a convective flux (mainly oxygen but also hydrogen)
from anode to cathode. The associated moderate increase of OTH ratio in the cathodic
compartments is acceptable because OTH is less critical than HTO for safety purposes.
In a preferred embodiment of the present invention, elastic elements (c.f. Fig. 1) can be
provided in the cathodic compartment which ensure that even with moderate negative

differential pressures Ap, a zero gap cell design can be maintained.

It is to be understood that the description of the foregoing exemplary embodiment(s) is
(are) intended to be only illustrative, rather than exhaustive. Those of ordinary skill will be
able to make certain additions, deletions, and/or modifications to the embodiment(s) of

the disclosed subject matter without departing from the spirit of the disclosure or its scope.
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CLAIMS

1.

A method for the electrolysis of water in an electrolyzer comprising at least one
electrolytic cell having an anodic compartment provided with an anode, a cathodic
compartment provided with a cathode, and a separator arranged between said anodic
and cathodic compartments, wherein said method comprises:

feeding an alkaline anolyte to said anodic compartment and an alkaline
catholyte to cathodic compartment,

conducting water electrolysis by applying a variable electrical current at a
variable operating current density to said electrolytic cell to generate hydrogen gas at
said cathode and oxygen gas at said anode,

discharging a mixture of said catholyte and said hydrogen gas from said
cathodic compartment and a mixture of said anolyte and said oxygen gas from said
anodic compartment,

separating said hydrogen gas from said catholyte and said oxygen gas from
said anolyte,
wherein a threshold current density is selected and the water electrolysis is conducted
such that

at operating current densities up to said threshold current density, the migration
of hydrogen generated in said cathodic compartment through said separator into said
anodic compartment is limited, and

at operating current densities above said threshold current density, a migration of
oxygen generated in said anodic compartment through said separator into said
cathodic compartment is limited.
The method of claim 1,
wherein, at operating current densities up to said threshold current density, a

hydraulic pressure exerted on said separator in said anodic compartment is higher
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than a hydraulic pressure exerted on said separator in said cathodic compartment,
and wherein, at operating current densities above said threshold current density,

a hydraulic pressure exerted on said separator in said cathodic compartment is higher

than a hydraulic pressure exerted on said separator in said anodic compartment.

3. The method of one of claims 1 or 2, wherein a mechanical pressure is exerted either
on said cathode to press said cathode onto said separator or on said anode to press
said anode onto said separator.

4. The method of one of claims 1 to 3, wherein the ratio of hydrogen to oxygen in said
anodic compartment is kept below 4 vol.%.

5. The method of one of claims 1 to 3, wherein the ratio of oxygen to hydrogen in said
cathodic compartment is kept below 4 vol.%.

6. The method of one of claims 1 to 5, wherein after separating said hydrogen gas from
said catholyte and said oxygen gas from said anolyte, said catholyte is recycled to

said cathodic compartment and said anolyte is recycled to said anodic compartment.

~

The method of one of claims 1 to 5, wherein after separating said hydrogen gas from
said catholyte and said oxygen gas from said anolyte,
at operating current densities up to said threshold current density, said catholyte
is recycled to said cathodic compartment and said anolyte is recycled to said anodic
compartment,
and, at operating current densities above said threshold current density, said
catholyte and anolyte are at least intermittently mixed and said mixture is recycled to
the cathodic and anodic compartments.
8. The method of one of claims 1 to 7, wherein said operating current densities are in a
range up to 25 kA/m?.
9. The method of claim 8, wherein said threshold current density is selected within a

range from 2 to 10 KA/mZ2.
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10. The method of one of claims 2 to 9, wherein said water electrolysis is conducted at an
absolute hydraulic pressure in the range up to 100 bar.

11. The method of claim 10, wherein a hydraulic pressure differential between said anodic
and cathodic compartment is maintained in a range between -100 to 100 mbar.

12. The method of one of claims 1 to 11, wherein said separator is a diaphragm.

13. The method of one of claims 1 to 12, wherein said alkaline anolyte and said alkaline
catholyte comprise aqueous solutions of alkali metal hydroxides.

14. The method of claim 13, wherein said alkali metal hydroxides are selected from
sodium hydroxide or potassium hydroxide.

15. Electrolyzer the electrolysis of water comprising at least one electrolytic cell having an
anodic compartment provided with an anode, a cathodic compartment provided with
a cathode, and a separator arranged between said anodic and cathodic
compartments, wherein said electrolyzer is configured to carry out the method of 1 of

claims 1 to 14.



WO 2023/021034

11

PCT/EP2022/072861

22¢ 2
22f
2?‘1 45 \ 47/ 22e 43
22b
% 46
23d a2, | [ 3
26
2{ / 28 38
+ -
k-1 [ 36 35
30
29 10 34 33
4 I/ 37
E/ 23a
40 Ny
& © 32 22a
‘7_' -
39 41 25 Fig. 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2022/072861
A. CLASSIFICATION OF SUBJECT MATTER
INV. C25B1/04 C25B9/05 C25B9/19 C25B9/77 C25B15/02
C25B15/023 C25B15/08
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C25B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP 3 604 620 Al (ASAHI CHEMICAL IND [JP]) 1-15
5 February 2020 (2020-02-05)
paragraph [0229] - paragraph [0236];
claims 1-19; figures 1, 9; table 3
paragraph [0566] — paragraph [0577]
paragraph [0510] - paragraph [0512]
paragraph [0264] - paragraph [0266]
paragraphs [0218], [0379]; table 1
X US 2013/337368 Al (DOYEN WILLY [BE] ET AL) 1,4-6,
19 December 2013 (2013-12-19) 8-10,
12-15
paragraphs [0040], [0003]; figures 1, 3;
tables 1-3
paragraph [0192]
paragraph [0216] - paragraph [0219]
-/
|__K| Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents :

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered oL h - )
10 be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
22 November 2022 30/11/2022
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, i . .
Fax: (+31-70) 340-3016 Teppo, Kirsi-Marja

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2022/072861

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

AU 2019 374 584 Al (ASAHI CHEMICAL IND
[JP]) 3 June 2021 (2021-06-03)
paragraph [0061] - paragraph [0065];
claims 1-12; figures 1-4; table 1
paragraph [0050] - paragraph [0054]
paragraph [0031] - paragraph [0035]

WO 2017/100840 Al (AQUAHYDREX PTY LTD
[AU]) 22 June 2017 (2017-06-22)
paragraph [0158] - paragraph [0203];
figures 5-7, 19; example 6; table 3
paragraph [0308] - paragraph [0319]
paragraph [0349]

paragraph [0346] - paragraph [0380];
claims 1-22; figures 11-18; tables 1, 4
EP 4 071 275 Al (AIR LIQUIDE
12 October 2022 (2022-10-12)
paragraph [0066] — paragraph
claims 1-15
paragraph [0008]
paragraph [0048]
paragraph [0073]

[FR])
[0069];
— paragraph

— paragraph
— paragraph

[0013]
[0055]
[0082]
Trinke P ET AL: "Hydrogen Crossover in
PEM and Alkaline Water Electrolysis:
Mechanisms, Direct Comparison and
Mitigation Strategies Hydrogen Crossover
in PEM and Alkaline Water Electrolysis:
Mechanisms, Direct Comparison and
Mitigation Strategies",

J. Electrochem. Soc. F502 F502 Journal of
The Electrochemical Society,

1 January 2018 (2018-01-01), pages
502-513, XP093000347,

Retrieved from the Internet:

URL:https://iopscience.iop.org/article/10.

1149/2.0541807jes/pdf
[retrieved on 2022-11-21]
the whole document

1-15

1I4I5I8I
10,13-15

1I2I6I7I
13-15

15

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2022/072861
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 3604620 Al 05-02-2020 EP 3604620 Al 05-02-2020
JP 6912557 B2 04-08-2021
JP W02018182005 Al 07-11-2019
WO 2018182005 A1l 04-10-2018

US 2013337368 Al 19-12-2013 BR 112013021758 A2 18-10-2016
ca 2828165 Al 07-09-2012
CN 103547709 A 29-01-2014
CN 107034484 A 11-08-2017
EP 2681350 Al 08-01-2014
JP 6018094 B2 02-11-2016
JP 2014511437 A 15-05-2014
RU 2013140482 A 10-04-2015
Us 2013337368 Al 19-12-2013
WO 2012116994 Al 07-09-2012
ZA 201306360 B 28-05-2014

AU 2019374584 Al 03-06-2021 AU 2019374584 Al 03-06-2021
ca 3117925 Al 14-05-2020
CN 112805411 A 14-05-2021
EP 3879006 Al 15-09-2021
JP 7136919 B2 13-09-2022
JP W02020095664 Al 02-09-2021
Us 2022106695 Al 07-04-2022
WO 2020095664 Al 14-05-2020

WO 2017100840 Al 22-06-2017 AU 2016371238 Al 26-07-2018
CN 108603296 A 28-09-2018
CN 108699710 A 23-10-2018
CN 108701801 A 23-10-2018
EP 3390694 A1l 24-10-2018
EP 3390695 Al 24-10-2018
EP 3391434 a1 24-10-2018
JP 2018536766 A 13-12-2018
Us 2018363151 A1l 20-12-2018
Us 2018363154 Al 20-12-2018
Us 2018371630 Al 27-12-2018
Us 2019006695 Al 03-01-2019
WO 2017100840 A1l 22-06-2017
WO 2017100841 A1l 22-06-2017
WO 2017100842 A1l 22-06-2017
WO 2017100845 Al 22-06-2017
WO 2017100846 Al 22-06-2017
WO 2017100847 Al 22-06-2017

EP 4071275 Al 12-10-2022 AU 2022201771 Al 27-10-2022
CN 115233249 A 25-10-2022
EP 4071275 Al 12-10-2022
Us 2022333260 A1 20-10-2022

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

