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side of the system is reduced.

[Continued on next page]



WO 2021/04846 1 A {11000 00 00RO TS0 OO0

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

0 2021/048461 PCT/F12020/050446

1

A system and a method for alkaline water electrolysis

Field of the disclosure

The disclosure relates generally to electrolysis for decomposing water into oxygen
and hydrogen with the aid of electric current. More particularly, the disclosure relates
to a system and to a method for alkaline water electrolysis.

Background

Alkaline water electrolysis is a widely used type of electrolysis where electrodes
operate in alkaline liquid electrolyte that may comprise e.g. aqueous potassium
hydroxide “KOH” or aqueous sodium hydroxide “NaOH”. The electrodes are
separated by a porous diaphragm that is non-conductive to electrons, thus avoiding
electrical shorts between the electrodes while allowing a small distance between the
electrodes. The porous diaphragm further avoids a mixing of produced hydrogen
gas Hz and oxygen gas O2. The ionic conductivity needed for electrolysis is caused
by hydroxide ions OH- which are able to penetrate the porous diaphragm.

A system for alkaline water electrolysis comprises electrolysis cells each of which
comprises an anode, a cathode, and a porous diaphragm of the kind mentioned
above. The porous diaphragm divides each electrolysis cell into a cathode
compartment containing the cathode and an anode compartment containing the
anode. Typically, the system further comprises a hydrogen separator tank, a first
piping from the cathode compartments of the electrolysis cells to an upper portion
of the hydrogen separator tank, an oxygen separator tank, and a second piping from
the anode compartments of the electrolysis cells to an upper portion of the oxygen
separator tank. Furthermore, the system comprises typically a third piping for
conducting liquid electrolyte from a lower portion of the hydrogen separator tank and
from a lower portion of the oxygen separator tank back to the electrolysis cells. In
the hydrogen and oxygen separator tanks, hydrogen and oxygen gases are
separated as gases continue to rise upwards and the liquid electrolyte returns to an
electrolyte cycle. The electrolyte cycle may be pump-controlled, especially when
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temperature control is desirable, but a gravitational electrolyte circulation is possible

as well.

The energy efficiency of an alkaline water electrolysis process is reduced by
crossover of hydrogen gas to the anode compartments, i.e. to the oxygen side.
Furthermore, the energy efficiency is reduced by stray currents taking place in the
electrolysis system. The energy efficiency can be expressed in terms of e.g. mass
of hydrogen gas produced with a given amount of energy. The crossover of
hydrogen gas to the anode compartments as well as the crossover of oxygen gas
to the cathode compartments, i.e. to the hydrogen side, can be caused by diffusive
and convective mass ftransfer mechanisms. The convective mass transfer
mechanisms can be further categorized into differential pressure, electro-osmotic
drag, and electrolyte mixing gas crossover. In an alkaline water electrolysis process,
anodic and cathodic electrolyte cycles are typically mixed together to balance an
electrolyte concentration gradient and therefore the electrolyte mixing gas crossover
has typically the greatest impact. Generally, increase in operating pressure and
decrease in current density decrease a cathodic hydrogen output and, on the other
hand, increase a proportion of hydrogen gas in an oxygen gas outlet. As the
hydrogen gas in the oxygen gas outlet is a safety issue, the crossover of the
hydrogen gas to the oxygen side sets, for a given operating pressure, a minimum
current level at which a system for alkaline water electrolysis can be safely operated.
Therefore, the crossover of the hydrogen gas to the oxygen side reduces the energy
efficiency and, in addition, limits a safe control range of the alkaline water

electrolysis process.
Summary

The following presents a simplified summary in order to provide a basic
understanding of some aspects of various embodiments. The summary is not an
extensive overview of the invention. It is neither intended to identify key or critical
elements of the invention nor to delineate the scope of the invention. The following
summary merely presents some concepts in a simplified form as a prelude to a more

detailed description of exemplifying and non-limiting embodiments.
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In accordance with the invention, there is provided a new system for alkaline water

electrolysis. A system according to the invention comprises:

- one or more electrolysis cells each comprising an anode, a cathode, and a
porous diaphragm dividing the electrolysis cell into a cathode compartment

containing the cathode and an anode compartment containing the anode,

- ahydrogen separator tank and a first piping from the cathode compartments
of the electrolysis cells to an upper portion of the hydrogen separator tank,

- anoxygen separator tank and a second piping from the anode compartments
of the electrolysis cells to an upper portion of the oxygen separator tank,

- a third piping for conducting liquid electrolyte from a lower portion of the
hydrogen separator tank and from a lower portion of the oxygen separator
tank to the electrolysis cells, and

- an ultrasound source attached to the first piping and being configured to

apply ultrasound on the liquid electrolyte contained by the first piping.

The ultrasound enhances the separation of dissolved hydrogen gas from the liquid
electrolyte contained by the above-mentioned first piping. Therefore, crossover of
the hydrogen gas to the oxygen side is reduced. As a corollary, the energy efficiency

of the system is improved, and the safe control range of the system is broadened.

In many existing systems for alkaline water electrolysis, a piping from cathode
compartments of electrolysis cells to a hydrogen separator tank is mechanically
arranged so that it is straightforward to retrofit an existing system with an ultrasound

source in accordance with the invention.

In accordance with the invention, there is provided also a new method for alkaline

water electrolysis. A method according to the invention comprises:

- conducting electric current to electrolysis cells each comprising an anode, a
cathode, and a porous diaphragm dividing the electrolysis cell into a cathode
compartment containing the cathode and an anode compartment containing

the anode, and
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- applying ultrasound on liquid electrolyte contained by a piping conducting
hydrogen gas and the liquid electrolyte from the cathode compartments of
the electrolysis cells to an upper portion of a hydrogen separator tank so as
to separate dissolved hydrogen gas from the liquid electrolyte contained by

the piping.

Exemplifying and non-limiting embodiments are described in accompanied

dependent claims.

Various exemplifying and non-limiting embodiments both as to constructions and to
methods of operation, together with additional objects and advantages thereof, will
be best understood from the following description of specific exemplifying and non-

limiting embodiments when read in conjunction with the accompanying drawings.

The verbs “to comprise” and “to include” are used in this document as open
limitations that neither exclude nor require the existence of unrecited features. The
features recited in dependent claims are mutually freely combinable unless

otherwise explicitly stated. Furthermore, it is to be understood that the use of “a” or

“an”, i.e. a singular form, throughout this document does not exclude a plurality.
Brief description of the figures

Exemplifying and non-limiting embodiments and their advantages are explained in
greater detail below in the sense of examples and with reference to the

accompanying drawings, in which:

figures 1a and 1D illustrate a system according to an exemplifying and non-limiting

embodiment for alkaline water electrolysis, and

figure 2 shows a flowchart of a method according to an exemplifying and non-limiting

embodiment for alkaline water electrolysis.
Description of the exemplifying embodiments

The specific examples provided in the description given below should not be
construed as limiting the scope and/or the applicability of the appended claims. Lists
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and groups of examples provided in the description given below are not exhaustive
unless otherwise explicitly stated.

Figures 1a and 1b illustrate a system according to an exemplifying and non-limiting
embodiment for alkaline water electrolysis. Viewing directions related to figures 1a
and 1b are expressed with the aid of a coordinate system 199. The system
comprises a stack of electrolysis cells each of which contains alkaline liquid
electrolyte. In figure 1a, four of the electrolysis cells are denoted with references
101, 102, 103, and 104. Each of the electrolytic cells comprises an anode, a
cathode, and a porous diaphragm dividing the electrolysis cell into a cathode
compartment containing the cathode and an anode compartment containing the
anode. The liquid electrolyte may comprise e.g. aqueous potassium hydroxide
“KOH?” or aqueous sodium hydroxide “NaOH”. The system may comprise e.g. tens
or even hundreds of electrolysis cells. It is however also possible that a system
according to an exemplifying and non-limiting embodiment comprises from one to
ten electrolysis cells. In the exemplifying system illustrated in figures 1a and 1b, the
electrolysis cells are electrically series connected. It is however also possible that
electrolytic cells of a system according to an exemplifying and non-limiting
embodiment are electrically parallel connected, or the electrolytic cells are arranged
to constitute series connected groups of parallel connected electrolytic cells, or
parallel connected groups of series connected electrolytic cells, or the electrolytic
cells are electrically connected to each other in some other way.

The system comprises a hydrogen separator tank 105 and a first piping 106 from
the cathode compartments of the electrolysis cells to an upper portion of the
hydrogen separator tank 105. The system comprises an oxygen separator tank and
a second piping 108 from the anode compartments of the electrolysis cells to an
upper portion of the oxygen separator tank. In figure 1b, the oxygen separator tank
is denoted with a reference 107. The system comprises a third piping 109 for
circulating the liquid electrolyte from a lower portion of the hydrogen separator tank
105 and from a lower portion of the oxygen separator tank 107 back to the
electrolysis cells. In the hydrogen and oxygen separator tanks 105 and 107,
hydrogen and oxygen gases Hz and O: are separated as gases continue to rise
upwards and the liquid electrolyte returns to the electrolyte cycle.



10

15

20

25

30

WO 2021/048461 PCT/F12020/050446

6

In the exemplifying system illustrated in figures 1a and 1b, the third piping 109
comprises a controllable pump 119 for pumping the liquid electrolyte to the
electrolysis cells. A pump-controlled electrolyte cycle is advantageous especially
when temperature control is needed. It is however also possible that a system
according to an exemplifying and non-limiting embodiment comprises a gravitational
electrolyte circulation. In the exemplifying system illustrated in figures 1a and 1b,
the third piping 109 further comprises a filter 120 for filtering the liquid electrolyte.
The filter 120 can be for example a membrane filter for removing impurities from the
liquid electrolyte.

The hydrogen production rate dnu2/dt, mol s, of each electrolytic cell of the above-
described system is linearly proportional to the electric current lcen as follows:

dnr2/dt = nF jeell Acell /(ZF) = MF lcen /(2F), (1)

where nr is the Faraday efficiency, also known as the current efficiency, jeen is the
current density, Acm, Acen is the effective cell area, cm?, z is the number of moles
of electrons transferred in the reaction, for hydrogen z = 2, and F is the Faraday
constant = 9.6485 x 10* C mol".

In order to maximize the energy efficiency of an alkaline water electrolysis process,
the above-mentioned Faraday efficiency nr i.e. the ratio of the ideal hydrogen
production rate to an actual hydrogen production rate should be as close to one as
possible at all operating conditions. The Faraday efficiency decreases due to
crossover of hydrogen gas to the anode compartments, i.e. to the oxygen side.
Furthermore, the Faraday efficiency is reduced by stray currents taking place in the
system for alkaline water electrolysis.

The system comprises an ultrasound source 110 attached to the first piping 106 and
configured to apply ultrasound on the liquid electrolyte contained by the first piping
106. The frequency of the ultrasound can be for example in the range from 16 kHz
to 200 kHz. The ultrasound enhances the separation of dissolved hydrogen gas H>
from the liquid electrolyte contained by the above-mentioned first piping 106.
Therefore, the crossover of the hydrogen gas to the oxygen side is reduced. As a
corollary, the Faraday efficiency of the system is improved. Furthermore, the safe
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control range of the system is broadened because the reduction in the hydrogen
gas crossover reduces the amount of hydrogen gas on the oxygen side and thereby
reduces a lower limit of the electric current and increases an upper limit of the
operating pressure which correspond to a maximum allowable hydrogen content on

the oxygen side.

In the exemplifying system illustrated in figures 1a and 1b, the ultrasound source
110 comprises an ultrasound radiator 118 that is inside the first piping 106. It is also
possible that an ultrasound radiator is attached to an outer wall of the first piping
106, or there is some other arrangement for conducting ultrasound waves to the
liquid electrolyte contained by the first piping 106.

In the exemplifying system illustrated in figures 1a and 1b, the first piping is arranged
form manifolds each of which comprises a collector pipe connected to the hydrogen
separator tank 105 and branch pipes connected to the collector pipe and to the
cathode compartments of three of the electrolysis cells. The system comprises one
ultrasound source per each manifold so that the ultrasound source related to a
manifold under consideration is attached to the collector pipe of the manifold. In the
exemplifying case illustrated in figures 1a and 1b, the cathode compartments of the
electrolysis cells 101-103 are connected to the hydrogen separator tank 105 with a
manifold that comprises the branch pipes 112, 113, and 114 and the collector pipe
111. The ultrasound source 110 is attached to the collector pipe 111.
Correspondingly, the cathode compartments of three other electrolysis cells,
including the electrolysis cell 104, are connected to the hydrogen separator tank 105
with another manifold, and an ultrasound source 117 is attached to the collector pipe
of this manifold. It is to be noted that the above-described mechanical arrangement
of the first piping is a non-limiting example only, many different mechanical
arrangements of the first piping being possible in systems according to exemplifying

and non-limiting embodiments.

In the exemplifying system illustrated in figures 1a and 1b, the second piping 108
from the anode compartments of the electrolysis cells to the oxygen separator tank
is provided with ultrasound sources in the same way as the first piping from the
cathode compartments of the electrolysis cells to the hydrogen separator tank 105.
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In figure 1b, one of the ultrasound sources attached to the second piping 108 is
denoted with a reference 122. The ultrasound sources attached to the second piping
108 enhance the separation of dissolved oxygen gas from the liquid electrolyte
contained by the second piping 108. Therefore, crossover of the oxygen gas to the
hydrogen side is reduced. It is however also possible that a system according to an
exemplifying and non-limiting embodiment comprises one or more ultrasound

sources on the hydrogen side only.

Figure 2 shows a flowchart of a method according to an exemplifying and non-
limiting embodiment for alkaline water electrolysis. The method comprises the

following actions:

- action 201: conducting electric current to electrolysis cells each comprising
an anode, a cathode, and a porous diaphragm dividing the electrolysis cell
into a cathode compartment containing the cathode and an anode

compartment containing the anode, and

- action 202: applying ultrasound on liquid electrolyte contained by a first piping
conducting hydrogen gas and the liquid electrolyte from the cathode
compartments of the electrolysis cells to an upper portion of a hydrogen
separator tank so as to separate dissolved hydrogen gas from the liquid
electrolyte contained by the first piping.

In a method according to an exemplifying and non-limiting embodiment, the above-
mentioned first piping forms a manifold comprising a collector pipe connected to the
hydrogen separator tank and branch pipes connected to the collector pipe and to
the cathode compartments of two or more of the electrolysis cells, and the
ultrasound is applied on the liquid electrolyte contained by the collector pipe.

In a method according to an exemplifying and non-limiting embodiment, the above-
mentioned first piping forms at least one other manifold comprising another collector
pipe connected to the hydrogen separator tank and other branch pipes connected
to the other collector pipe and to the cathode compartments of other two or more of
the electrolysis cells. In this exemplifying case, the method comprises applying

ultrasound also on the liquid electrolyte contained by the other collector pipe.
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A method according to an exemplifying and non-limiting embodiment comprises
applying ultrasound on the liquid electrolyte contained by a second piping
conducting oxygen gas and the liquid electrolyte from the anode compartments of
the electrolysis cells to an upper portion of an oxygen separator tank so as to

separate dissolved oxygen gas from the liquid electrolyte contained by the second
piping.

In a method according to an exemplifying and non-limiting embodiment, the liquid
electrolyte comprises aqueous potassium hydroxide “KOH”.

In a method according to an exemplifying and non-limiting embodiment, the liquid

electrolyte comprises aqueous sodium hydroxide “NaOH”.

The specific examples provided in the description given above should not be
construed as limiting the applicability and/or the interpretation of the appended
claims. Lists and groups of examples provided in the description given above are

not exhaustive unless otherwise explicitly stated.
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What is claimed is:
1. A system for alkaline water electrolysis, the system comprising:

- one or more electrolysis cells (101-104) each comprising an anode, a
cathode, and a porous diaphragm dividing the electrolysis cell into a cathode
compartment containing the cathode and an anode compartment containing
the anode,

- a hydrogen separator tank (105) and a first piping (106) from the cathode
compartments of the electrolysis cells to an upper portion of the hydrogen
separator tank,

- an oxygen separator tank (107) and a second piping (108) from the anode
compartments of the electrolysis cells to an upper portion of the oxygen
separator tank, and

- a third piping (109) for conducting liquid electrolyte from a lower portion of
the hydrogen separator tank and from a lower portion of the oxygen separator
tank to the electrolysis cells,

characterized in that the system comprises an ultrasound source (110) attached to
the first piping and for applying ultrasound on the liquid electrolyte contained by the
first piping to separate dissolved hydrogen gas from the liquid electrolyte contained
by the first piping.

2. A system according to claim 1, wherein the first piping is arranged to form a
manifold comprising a collector pipe (111) connected to the hydrogen separator tank
and branch pipes (112-114) connected to the collector pipe and to the cathode
compartments of two or more of the electrolysis cells, the ultrasound source being
attached to the collector pipe.

3. A system according to claim 2, wherein the first piping is arranged to form at
least one other manifold comprising another collector pipe connected to the
hydrogen separator tank and other branch pipes connected to the other collector
pipe and to the cathode compartments of other two or more of the electrolysis cells,
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and the system further comprises at least one other ultrasound source (117)
attached to the other collector pipe.

4. A system according to any one of claims 1-3, wherein the ultrasound source
comprises an ultrasound radiator (118) inside the first piping.

5. A system according to any one of claims 1-4, wherein the third piping
comprises a controllable pump (119) for pumping the liquid electrolyte to the
electrolysis cells.

6. A system according to any one of claims 1-5, wherein the third piping
comprises a filter (120) for filtering the liquid electrolyte.

7. A system according to any one of claims 1-6, wherein the electrolysis cells
(101-104) are electrically series connected.

8. A system according to any one of claims 1-6, wherein the electrolysis cells are
electrically parallel connected.

9. A system according to any one of claims 1-8, wherein the system comprises
an ultrasound source (122) attached to the second piping (108) and for applying
ultrasound on the liquid electrolyte contained by the second piping to separate
dissolved oxygen gas from the liquid electrolyte contained by the second piping.

10. A method for alkaline water electrolysis, the method comprising conducting
(201) electric current to electrolysis cells each comprising an anode, a cathode, and
a porous diaphragm dividing the electrolysis cell into a cathode compartment
containing the cathode and an anode compartment containing the anode,
characterized in that the method comprises applying (202) ultrasound on liquid
electrolyte contained by a first piping conducting hydrogen gas and the liquid
electrolyte from the cathode compartments of the electrolysis cells to an upper
portion of a hydrogen separator tank so as to separate dissolved hydrogen gas from

the liquid electrolyte contained by the first piping.

11. A method according to claim 10, wherein the first piping forms a manifold
comprising a collector pipe connected to the hydrogen separator tank and branch
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pipes connected to the collector pipe and to the cathode compartments of two or
more of the electrolysis cells, the ultrasound being applied on the liquid electrolyte
contained by the collector pipe.

12. A method according to claim 11, wherein the first piping forms at least one
other manifold comprising another collector pipe connected to the hydrogen
separator tank and other branch pipes connected to the other collector pipe and to
the cathode compartments of other two or more of the electrolysis cells, and the
method comprises applying ultrasound on the liquid electrolyte contained by the
other collector pipe.

13. A method according to any one of claims 10-12, wherein the method comprises
applying ultrasound on the liquid electrolyte contained by a second piping
conducting oxygen gas and the liquid electrolyte from the anode compartments of
the electrolysis cells to an upper portion of an oxygen separator tank so as to

separate dissolved oxygen gas from the liquid electrolyte contained by the second

piping.

14. A method according to any one of claims 10-13, wherein the liquid electrolyte

comprises aqueous potassium hydroxide.

15. A method according to any one of claims 10-13, wherein the liquid electrolyte

comprises aqueous sodium hydroxide.
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Conduct electric current to electrolysis cells of a system for alkaline
water electrolysis, each electrolysis cell comprising an anode,

a cathode, and a porous diaphragm dividing the electrolysis cell into
a cathode compartment containing the cathode and an anode
compartment containing the anode.

202~ l

Apply ultrasound on liquid electrolyte contained by a first piping
conducting hydrogen gas and the liquid electrolyte from the cathode
compartments of the electrolysis cells to an upper portion of

a hydrogen separator tank so as to separate dissolved hydrogen
gas from the liquid electrolyte contained by the first piping.

Figure 2
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