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ELECTROLYSIS DEVICE, ELECTROLYSIS SYSTEM, AND ELECTROLYSIS METHOD
FOR ALTERNATING CURRENT INDUCTION POWER SUPPLY

Cross Reference to Related Applications
This application claims the benefits of Chinese Patent Application No. 202111267982.7, filed on

October 29, 2021, the contents of which are incorporated herein by reference.

Field of the Invention
The present disclosure relates to the field of electrochemistry, in particular to an electrolysis

device, electrolysis system, and electrolysis method for alternating current induction power supply.

Background of the Invention

Electrolysis is a process in which an current is passed through an electrolyte solution or molten
electrolyte (collectively referred to as "electrolyte"), and the electrolyte undergoes the redox reaction
on the cathode and anode to prepare the required product. Electrolysis is widely used in industries
such as chlor-alkali industry, metal smelting, electrochemical energy storage, etc., renewable energy
generation-electrolysis of water to produce hydrogen is the main source of hydrogen energy in the
future.

In the prior art, the power supply used for electrolysis is a low voltage, high-current direct
-current power supply, which produces large resistive loss and magnetic fields. Existing grids are
typically alternating current grids that provide the three-phase sine wave alternating current
(regardless of harmonic contamination, etc.). If an alternating current power source is used, the
electrolysis device needs to use transformers and rectifiers to reduce the voltage of the high-voltage
alternating current power supply and rectify it into the direct current before it can be used for
electrolysis. Thus, the prior art electrolysis technology suffers from the disadvantages of requiring an
increase in the equipment cost of the rectifiers and excessive energy loss in the energy conversion

process.

Summary of the Invention
An objective of the embodiments of the present disclosure is to provide an electrolysis device,
electrolysis system, and electrolysis method for alternating current induction power supply, in the
electrolysis device, an alternating current power source forms a magnetic field through an

electromagnetic coil and magnetic cores, so that an electrolytic cell generates an induction current,
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thereby reducing the link of alternating current and direct current conversion and reducing the energy
loss caused by energy conversion.

In order to achieve the above objective, an embodiment of the present disclosure provides an
electrolysis device for alternating current induction power supply, including: at least one group of
magnetic circuits and an electrolytic cell; wherein the magnetic circuits include a magnetic core on
which an electromagnetic coil is wound, the magnetic core being provided outside the electrolytic
cell; and the magnetic circuit is configured to generate a rotating magnetic field surrounding the
electrolytic cell by an alternating current power source, the rotating magnetic field acting on an
electrolyte in the electrolytic cell to generate an induction direct current, such that the electrolyte is
electrolyzed.

Optionally, upper and lower ends of the magnetic core are connected to a pair of pole shoes
adapted to the electrolytic cell; and relative movement of the magnetic field between the pair of pole
shoes and the electrolyte in the electrolytic cell cuts magnetic-curve, and the direction of the
magnetic-curve is non-parallel to a tangential direction of movement of the rotating magnetic field
and the direction of the magnetic-curve or the tangential direction of movement of the rotating
magnetic field is not perpendicular to a plane of an electrolytic cell diaphragm.

Optionally, the alternating current power source is a multi-phase sine wave alternating current,

and the magnetic circuits include m X n pairs of magnetic cores, m being the number of phases of the

alternating current power source, and n being an integer not less than 1.

Optionally, the alternating current power source is a three-phase sine wave alternating current,
and the magnetic circuits include 3n pairs of magnetic cores, and a phase line of the three-phase sine
wave alternating current is connected to one end of the electromagnetic coil, and the electromagnetic
coil is wired in a star or triangle manner.

Optionally, the electrolytic cell is an annular electrolytic cell; and the electrolytic cell includes
an electrolytic cell diaphragm, an outlet pipeline for an electrolysis product and a replenishment
pipeline for the electrolyte; the electrolytic cell diaphragm serves to separate the electrolyte into a
catholyte and an anolyte.

Optionally, the catholyte and anolyte are provided with a cathode plate and an anode plate,
respectively; and an electrical circuit between the cathode plate and the anode plate is shorted.

Optionally, the electrolytic cell includes a plurality of mutually independent sub-cavities placed
in an annular shape.

Optionally, an electrolytic cell diaphragm, a cathode plate, and an anode plate are disposed in

each of the sub-cavities.
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Optionally, the control unit includes a monitoring assembly and a processing unit; the
monitoring assembly is configured to monitor an electrolysis speed of the electrolyte; the processing
unit is configured to control an current of the electromagnetic coil according to the electrolysis speed
of the electrolyte, adjust magnetic induction intensity of the rotating magnetic field by controlling the
current of the electromagnetic coil, and control a frequency of the current of the electromagnetic coil
according to the electrolysis speed of the electrolyte for controlling a rotation speed of the rotating
magnetic field.

In another aspect, the present disclosure provides an electrolysis system for alternating current
induction power supply, wherein, the electrolysis system includes an alternating current power
source and the electrolysis device for alternating current induction power supply mentioned above.

In another aspect, the present disclosure provides an electrolysis method for alternating current
induction power supply, wherein, the electrolysis method uses the electrolysis system for alternating
current induction power supply mentioned above, and includes: connecting the alternating current
power source to the magnetic circuits, generating a rotating magnetic field surrounding the
electrolytic cell by the magnetic circuits, and making the rotating magnetic field act on an electrolyte
in the electrolytic cell to generate an induction direct current, such that the electrolyte is electrolyzed.

The present disclosure is an electrolysis device for alternating current induction power supply,
including: at least one group of magnetic circuits and an electrolytic cell; wherein the magnetic
circuits include a magnetic core on which an electromagnetic coil is wound, the magnetic core being
provided outside the electrolytic cell; and the magnetic circuit is configured to generate a rotating
magnetic field surrounding the electrolytic cell, the rotating magnetic field acting on an electrolyte in
the electrolytic cell to generate an induction direct current, such that the electrolyte is electrolyzed.
The electrolysis device directly generates an induction direct current from an electrolytic cell by an
alternating current to directly produce an electrolysis process, which reduces the energy loss caused
by alternating current-direct current rectification.

Other features and advantages of embodiments of the present disclosure will be described in

detail in the Detailed Description section that follows.

Brief Description of Drawings
The accompanying drawings are included to provide a further understanding of embodiments of
the disclosure and constitute a part of this specification, and together with the detailed description
below serve to explain, but not to limit, embodiments of the disclosure. In the accompanying

drawings:
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FIG. 1 is a structural schematic diagram of the electrolysis device for alternating current
induction power supply according to the present disclosure;

FIG. 2 is a single side cross-sectional induction potential schematic diagram of the electrolysis
device for alternating current induction power supply according to the present disclosure;

FIG. 3 is a schematic top view of the electrolytic cell induction potential of the electrolysis
device for alternating current induction power supply according to the present disclosure;

FIG. 4 is a schematic diagram of the wiring of the three-phase alternating current power source
to the star-connected electromagnetic coils of the present disclosure;

FIG. 5 is a schematic diagram of the arrangement of a plurality of sub-cavities of the electrolysis
device for alternating current induction power supply according to the present disclosure; and

FIG. 6 is a schematic diagram of the wiring of a single-phase alternating current power source to

the star-connected electromagnetic coils via capacitive phase splitting of the present disclosure.

Description of reference signs
11-magnetic core circuit;
12-annular electrolytic cell;
13-three-phase alternating current power source;
101-electromagnetic coil;
102-magnetic core;

112-first pole shoe;

113-second pole shoe;
121-electrolytic cell diaphragm;
122-cathode plate;

123-anode plate; and
201-sub-cavity.

Detailed Description of the Embodiments
A detailed description of embodiments of the disclosure will now be described with reference to
the accompanying drawings. It should be understood that the specific embodiments described herein
are merely illustrative and explanatory of the embodiments of the present disclosure, and are not
intended to limit the embodiments of the present disclosure.
In the prior art, in the working principle of the electrolytic cell, typically, an alternating current
power source plus a rectifier is used to supply a direct current to the two electrode plates in an

electrolytic cell to cause an electrical potential and current to be generated in the electrolyte on both
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sides of the electrolytic cell membrane to drive ion movement, thereby causing electrolysis of the
electrolyte. However, the structure of the electrolysis device in the prior art is too complex and the
energy loss is large.

In order to solve the above problem, the present disclosure proposes an electrolysis device for
alternating current induction power supply, and FIG. 1 is a structural schematic diagram of the
electrolysis device for alternating current induction power supply according to the present disclosure;
as shown in FIG. 1, the FIG. 1 is a structural schematic diagram of the electrolysis device for
alternating current induction power supply includes: at least one group of magnetic circuits,
preferably magnetic core circuits 11, and an electrolytic cell; the magnetic circuits include magnetic
cores 102 on which electromagnetic coils 101 are wound, the magnetic cores 102 being provided
outside the electrolytic cell. Preferably, the electrolytic cell is an annular electrolytic cell 13. In use,
the electromagnetic coil 101 is connected to an alternating current power source and the magnetic
circuit is configured to generate a rotating magnetic field surrounding the electrolytic cell by an
alternating current power source, the rotating magnetic field acting on an electrolyte in the
electrolytic cell to generate an induction direct current, such that the electrolyte is electrolyzed. The
electrolysis device of the present disclosure does not need to be provided with a direct current power
source, but generates an induction direct current potential and current directly in the electrolyte of the
electrolytic cell by the alternating current power source 13, thereby electrolyzing the electrolyte.

The electrolytic cell is an annular electrolytic cell 12; and the electrolytic cell includes an
electrolytic cell diaphragm 121, an outlet pipeline for an electrolysis product and a replenishment
pipeline for the electrolyte; the electrolytic cell diaphragm 121 serves to separate the electrolyte into
a catholyte and an anolyte; the catholyte and anolyte are provided with a cathode plate 122 and an
anode plate 123, respectively; and an electrical circuit between the cathode plate 122 and the anode
plate 123 is shorted. In particular, the annular electrolytic cell 12 is injected with an electrolyte; the
annular electrolytic cell 12 includes an electrolytic cell membrane 121, an outlet pipeline for an
electrolysis product (not shown in the figures) and a replenishment pipeline for the electrolyte (not
shown in the figures), and preferably, the electrolytic cell diaphragm is used for dividing the annular
electrolytic cell into an anode chamber in an inner ring and a cathode chamber in an outer ring.

The magnetic circuits 11 include a plurality of magnetic cores 102 wound with electromagnetic
coils 101; the magnetic cores 102 are disposed outside the annular electrolytic cell 12, and a pair of
pole shoes (i.e., a first pole shoe 112 and a second pole shoe 113) adapted to the annular electrolytic
cell 12 are connected to the upper and lower ends of the magnetic cores 102.

A pair of pole shoes adapted to the electrolytic cell are connected to the upper and lower ends of

the magnetic cores, and the alternating current power source 13 is connected to the electromagnetic
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coils 101 for generating a rotating magnetic field between the pair of pole shoes; the rotating
magnetic field causes an induction direct current to be generated in the electrolytes on the two sides
of the electrolytic cell diaphragm 121. In particular, relative movement of the magnetic field between
the pair of pole shoes and the electrolyte within the electrolytic cell cuts magnetic-curve, and the
direction of the magnetic-curve is non-parallel to a tangential direction of movement of the rotating
magnetic field and the direction of the magnetic-curve or the tangential direction of movement of the
rotating magnetic field is not perpendicular to a plane of an electrolytic cell diaphragm.

The magnetic circuits include m Xn pairs of magnetic cores, m being the number of phases of

the alternating current, and n being an integer not less than 1. Preferably, the alternating current
power source is a three-phase alternating current, the magnetic circuits include 3n pairs of magnetic
cores, and the phase line of the three-phase alternating current power source is connected to one end
of the electromagnetic coil, and the electromagnetic coils are wired in a star or triangle manner, as
shown in FIG. 4.

Specifically, referring to the principle of forming a rotary magnetic field (which may also be
referred to as a rotating magnetic field) in a motor, a plurality of magnetic cores 102 wound with the
electromagnetic coils 101 are installed outside the annular electrolytic cell 12, and after the
alternating current power source 13 is turned on, a continuously rotating magnetic field (i.e., a
rotating magnetic field) having a circular trajectory is generated by the pair of pole shoes
respectively provided at the upper and lower ends of the annular electrolytic cell 12; since the
electrolyte in the annular electrolytic cell 12 is itself stationary, but the magnetic field in which it is
placed is rotating, the continuously rotating magnetic field also causes relative movement of the
electrolyte in the annular electrolytic cell 12 with respect to the magnetic field between the pair of
pole shoes that cuts the magnetic-curve, an induction direct current is thus generated in the
electrolyte, which in turn causes electrolysis of the electrolyte. According to a preferred embodiment,
relative movement of the magnetic field between the pair of pole shoes and the electrolyte in the
electrolytic cell cuts the magnetic-curve, and the direction of the magnetic-curve is perpendicular to a
tangential direction of movement of the rotating magnetic field and the direction of the
magnetic-curve or the tangential direction of movement of the rotating magnetic field is parallel to a
plane of an electrolytic cell diaphragm, so as to maximize the generated induction potential. The
cathode and anode of the electrolytic cell should be shorted outside the magnetic field to ensure the
formation of the induction current.

In practice, as shown in FIG. 2, the cross-section of the annular electrolytic cell 12 may be

rectangular; in addition, the annular electrolytic cell 12 may also be annular in cross-section; the
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electrolyte in the annular electrolytic cell 12 may be electrolyzed water or an ionic liquid electrolyte.
The electrolyte in the annular electrolytic cell 12 needs to be divided into a cathode chamber and an
anode chamber by the electrolytic cell diaphragm 121; the direction of the electrolytic cell diaphragm
121 needs to be adapted to the pair of pole shoes of the magnetic core circuits 11, that is, after the
electrolytic cell diaphragm 121 divides the annular electrolytic cell 12 into an anode chamber and a
cathode chamber, one or more pairs of opposing pole shoes are positioned on the anode chamber side
and the cathode chamber side, respectively, so that the magnetic-curve of the magnetic field between
the pairs of pole shoes are cut by the electrolyte in the annular electrolytic cell 12 when the magnetic
field rotates along the pair of pole shoes.

In particular, as shown in FIG. 3, when the magnetic field rotates along the pair of pole shoes,
the electrolyte within the annular electrolytic cell 12 moves relative to the magnetic field (magnetic
induction intensity B) between the pair of pole shoes at a relative velocity v and perpendicular to the
magnetic-curve, and since the electrolyte is electrically conductive, an induction direct current
electric field E;is generated in the electrolyte:

E1 =V xB

Under the influence of the induction electric field E;, cations migrate towards the cathode and

anions migrate towards the anode in the electrolyte, resulting in a current density | of:
] = YV E

The electrolyte in the annular electrolytic cell 12 is electrolytically reacted at the cathode and
the anode, respectively. The anode and cathode are connected by wires of an external circuit to form
a current loop so as to avoid the voltage rise caused by charge accumulation. In contrast to the
external direct current power supply of the prior art, the electric field in the embodiment of the
present disclosure is induced in the electrolyte, while the prior art is externally applied by the direct
current power supply.

Further, in order to be able to control the flow rate of the electrolyte replenishment solution, in
an embodiment of the present disclosure, the electrolyte replenishment pipeline is further provided
with a pipeline booster pump. As shown in FIG. 5, the inner cavity of the annular electrolytic cell 12
in the embodiment of the present disclosure may further include a plurality of mutually independent
sub-cavities 201; each sub-cavity 201 is provided with an electrolytic cell diaphragm 121, a cathode
plate 122, and an anode plate 123; thus, each sub-cavity can be individually used as a sub-electrolytic
cell. It should be noted that the number and size of the sub-cavities in the embodiment of the present
disclosure can be set according to needs by those skilled in the art and are not specifically limited

here.



10

15

20

25

30

Further, in an embodiment of the present disclosure, a control unit may be further included; the
control unit includes a monitoring assembly (detecting the electrolysis current as shown in the figure
by an ammeter A) and a processing unit; the monitoring assembly is used for monitoring an
electrolysis reaction speed of the electrolyte; the processing unit is used for generating a control
command according to the electrolysis reaction speed; the control command is used to control the
magnetic induction intensity and/or the rotation speed of the electromagnetic coil and the rotating
magnetic field, to control the induction direct current potential and/or the induction direct current
within the annular electrolytic cell, and finally achieve the purpose of controlling the electrolytic
reaction speed.

In the embodiment of the present disclosure, the electrolyte in the annular electrolytic cell 12
can be electrolyzed water, so that the electrolytic device in the embodiment of the present disclosure
can be applied to hydrogen production by renewable energy, that is, hydrogen production by
electrolyzing water is directly realized by alternating current of an alternator driven by a prime
mover such as a wind turbine.

Embodiment One

In the embodiment of the present disclosure, when the alternating current power source 13 is a
three-phase alternating current, the structure of the magnetic core circuits 11 is as follows: there are
3n pairs of magnetic cores 102 wound with the electromagnetic coils 101 (i.e., the number of the
magnetic core pairs is a multiple of 3, such as 6, 12, or 18, etc.); each pair of magnetic cores 102 is
arranged concentrically with respect to the annular electrolytic cell 12, and the three electromagnetic
coils 101 respectively connected to the three phases of the alternating current power source 13 each
occupy an electrical angle of 2/3 m .

Specifically, taking n = | as an example, the number of magnetic cores 102 is now 3 pairs, for a
total of 6; the 6 magnetic cores 102 are equidistantly disposed on a circle outside the annular
electrolytic cell 12, and three (every other electromagnetic coil) of the 6 electromagnetic coils 101
are served as power source interfaces, i.e., the three electromagnetic coils 101 are respectively
connected with three phases of the alternating current power source 13; in the pair of pole shoes (i.e.,
the first pole shoe 112 and second pole shoe 113) adapted with the annular electrolytic cell 12; the
first pole shoe 112 is above the annular electrolytic cell 12 and the second pole shoe 113 is below the
annular electrolytic cell 12. When the three-phase alternating current is switched on to the
electromagnetic coils 101, a circular rotating magnetic field is formed between the pole shoes (that is,
at the position of the annular electrolytic cell 12). The rotating magnetic field rotates relative to the

stationary annular electrolytic cell 12, causing the electrolyte to passively cut the magnetic-curve,
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thus generating the potential and current between the electrolytes on both sides of the electrolytic cell
diaphragm, and then electrolyzing the electrolyte.

The three-phase alternating current power source and the three-phase coils form an annular
rotating magnetic field, the three-phase electromagnetic coil and the magnetic core each occupy an
electrical angle of 2/3 m, and an inward rotating magnetic field is formed through conversion by an
iron core, the magnetic-curve are directed from inside to outside, and the magnetic induction
intensity B = E/(4.44 fNS); f is the frequency of the power supply, E is the electromotive force of the
coil, S is the cross-sectional area of the conductor (e.g., the iron core) encircled, and N is the number
of turns.

The principle of the embodiment of the present disclosure is similar to a three-phase motor, and
the electromagnetic field synthesized by connecting the electromagnetic coils and the magnetic cores
in a reverse phase sequence to the three-phase symmetrical power supply will rotate
counterclockwise. The linear velocity v is expressed as follows:

v=27nrn, n= 60f/p,

wherein f is the power supply frequency, r is the coil radius, p is the number of coil (magnetic
pole) pole pairs, and n is the rotation speed.

In the embodiment of the present disclosure, the electrolytic cell diaphragm 121 may be
provided to separate the electrolytic cell into an anode chamber on the side of the annular inner wall
of the annular electrolytic cell 12 and a cathode chamber on the side of the annular outer wall of the
annular electrolytic cell 12 (as shown in FIG. 1); furthermore, depending on the direction of rotation
of the magnetic core circuits 11, it is also possible to divide the electrolytic cell into a cathode
chamber on the side of the annular inner wall of the annular electrolytic cell 12 and an anode
chamber on the side of the annular outer wall of the annular electrolytic cell 12; at this point, in order
to adapt the pair of pole shoes to the electrolytic cell diaphragm 121, the structure of the magnetic
core circuits 11 may be set as follows:

the upper and lower ends of the magnetic cores 102 are provided with one or more pairs of pole
shoes (i.e., a first pole shoe 112 and a second pole shoe 113), respectively; an annular electrolytic
cell 12 is located between the pair of pole shoes. Preferably, the outer edge of the pair of pole shoes
fits the outer edge of the annular electrolytic cell 12.

The magnetic field B applied by the magnetic core circuits 11 is perpendicular to the electrolytic
cell, the rotation of which can effect magnetic field rotation. The magnetic induction intensity of the
magnetic core circuits 11 in the electrolytic cell is B, the rotational linear velocity is v; since the

electrolyte is relatively stationary and the magnetic field is relatively moving, the v direction in the
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calculation formula of the induction electric field is opposite to the direction of movement of the
magnetic field. Taking FIG. 3 as an example, the induction electric field is directed from the inner
ring to the outer ring, so that the side of the annular inner wall of the annular electrolytic cell 12 is
the anode chamber of the electrolytic cell, and the side of the annular outer wall is the cathode
chamber of the electrolytic cell; that is, for the annular electrolytic cell 12, as shown in FIG. 2, the
inner side produces an anodic reaction and the outer side produces a cathodic reaction.

It should be noted that the specific implementation modes and technical effects of the
electrolysis device for alternating current induction power supply in the embodiments of the present
disclosure can also refer to the electrolysis device for alternating current induction power supply
corresponding to the embodiments, and will not be described in detail herein.

In addition, the alternating current power source may use a multi-phase power supply with a
phase number being a multiple of 3, or a single-phase alternating current power source may be used
to form a multi-phase power supply through a power electronic converter, which is matched with a
multi-phase electromagnetic coil to form a rotating magnetic field. Alternatively, when a
single-phase power supply is used to form a two-phase power supply via inductive splitting, the
rotating magnetic field formed by the electromagnetic coils will have an elliptical shape, so it is
necessary to optimize the shape of the electrolytic cell by calculation.

Embodiment Two

On the basis of Embodiment One, preferably, in the embodiment of the present disclosure, as
shown in FIG. 6, when the alternating current power source 13 is a single-phase alternating current,
the alternating current power source 13 further includes a phase splitter for generating a second phase
(specifically, a capacitor phase splitter, an inductor phase splitter, or a phase splitter including a
converter, etc.). At this time, the structure of the excitable magnetic circuits 11 is as follows:

there are 2n pairs of magnetic cores 102 wound with the electromagnetic coils; each pair of
magnetic cores 102 is concentric to the annular electrolytic cell 12, and the two electromagnetic coils
101 connected to the two phases of the alternating current power source 13 each occupy an electric
angle of 1 to form a nearly circular rotating magnetic field.

Specifically, taking n = 1 as an example, in this case, there are 2 pairs of magnetic cores 102, a
total of 4; the four magnetic cores 102 are equidistantly disposed on a circle outside the annular
electrolytic cell 12, and two (every other electromagnetic coil) of the four electromagnetic coils 101
are taken as the power source interfaces, i.e., the two electromagnetic coils 101 are respectively
connected with two phases of the alternating current power source 13; in the pair of pole shoes (i.e.,

first pole shoe 112 and second pole shoe 113) adapted with the annular electrolytic cell 12; the first
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pole shoe 112 is above the annular electrolytic cell 12 and the second pole shoe 113 is below the
annular electrolytic cell 12; when the electromagnetic coils 101 turn on the two-phase alternating
current, a circular rotating magnetic field is formed between the pole shoes (that is, the position of
the annular electrolytic cell 12). The rotating magnetic field rotates relative to the stationary annular
electrolytic cell 12, which makes the electrolyte passively cut the magnetic-curve, thus generating the
potential and current between the electrolytes on both sides of the electrolytic cell diaphragm, and
then electrolyzing the electrolyte.

Similar to a single-phase alternator capable of forming a split-phase power supply, after the
second phase is generated by a phase-splitting element (such as a phase-splitting capacitor, a
phase-splitting resistor or a phase-splitting inductor or a converter, the embodiment of the disclosure
takes the phase-splitting capacitor as an example), the two phases of the single-phase alternating
current power supply can form a circular rotating magnetic field after being connected with two
electromagnetic coils for power supply, and the two-phase electromagnetic coil and magnetic core
each occupy an electrical angle of ™ (i.e., four magnetic cores form a square, the diagonals of the

square are perpendicular to each other, and the two electromagnetic coils connected diagonally are
respectively connected with the two phases of the single-phase alternating current power supply),
and an inward rotating magnetic field is formed through conversion by an iron core, the
magnetic-curve are directed from inside to outside, and the magnetic induction intensity B = E/(4.44
fNS); f is the frequency of the power supply, E is the electromotive force of the coil, S is the
cross-sectional area of the conductor (e.g., the iron core) encircled, and N is the number of turns.

The split-phase power supply is connected with the electromagnetic coils and the magnetic
cores in a reverse phase sequence, i.e., the capacitively-phase-split coils are placed in the
counterclockwise orientation of the main coil, and the resultant electromagnetic field will rotate
counterclockwise, and the linear velocity v is expressed as follows:

v = 2mrn
n = 60f/p

wherein f is the power supply frequency, r is the coil radius, P is the number of coil pole pairs,
and n is the rotation speed.

It should be noted that in the embodiment of the disclosure, when using a single-phase power
supply, it is necessary to calculate the turns of the phase splitting element and the two
electromagnetic coils, so as to form a better annular magnetic field close to a perfect circle (i.e., a
rotating magnetic field).

The theoretical induction electromotive force is: E = Blv =2V,

11
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The experimental device is: magnetic induction intensity B, coil ampere turns An, electrolytic

cell length 1, electrolytic cell diameter d, rotation speed v, and number of pole pairs p:

B= 1 In=0.1T;

l=1d=0.2m;

v=pfl =100m/s;

p=10,

To sum up, the experimental data are the same as the theoretical calculation.

It should be noted that the specific implementation mode and technical effects of the electrolysis
device for alternating current induction power supply in the embodiment of the present disclosure
can also refer to the electrolysis device for alternating current induction power supply according to
Embodiment One, and will not be described in detail here.

The electrolysis device and electrolysis system for alternating current induction power supply
provided by the present disclosure can be applied to a variety of industries utilizing electrolysis,
including but not limited to electrolysis of aluminum, electrolysis of brine, electrolysis of water, and
the like.

The present disclosure also provides an electrolysis device for alternating current induction
power supply, including an alternating current power source, magnetic core circuits and an annular
electrolytic cell; the annular electrolytic cell is filled with an electrolyte; the annular electrolytic cell
includes an electrolytic cell membrane, an outlet pipeline for an electrolysis product and a
replenishment pipeline for the electrolyte; the electrolytic cell diaphragm serves to separate the
electrolyte into a cathode chamber and an anode chamber; the cathode chamber and the anode
chamber are provided with a cathode plate and an anode plate, respectively; an electrical circuit
between the cathode plate and the anode plate is shorted; the magnetic core circuits include a
plurality of magnetic cores wound with electromagnetic coils; the magnetic cores are disposed
outside the annular electrolytic cell and the magnetic cores have a pair of pole shoes connected to the
annular electrolytic cell at upper and lower ends thereof; the alternating current power source is
connected to the electromagnetic coils for generating a rotating magnetic field between the pair of
pole shoes; the rotating magnetic field causes an induction direct current to be generated between the
electrolytes on both sides of the electrolytic cell diaphragm.

Preferably, when the alternating current power source is a three-phase alternating current, the
structure of the magnetic core circuits is as follows: there are 3n pairs of magnetic cores wound with
the electromagnetic coils; each pair of the magnetic cores are arranged concentrically with respect to

the annular electrolytic cell, and the three electromagnetic coils respectively connected with the three

12



10

15

20

25

30

phases of the alternating current power supply each occupy an electrical angle of 2/3 n . Preferably,
when the alternating current power supply is a single-phase sine wave alternating current, the
alternating current power supply also includes a phase splitting capacitor for generating a second
phase; the structure of the magnetic core circuits is as follows: there are 2n pairs of magnetic cores
wound with the electromagnetic coils; each pair of the magnetic cores are arranged concentrically
with respect to the annular electrolytic cell, and the two electromagnetic coils respectively connected
with the two phases of the alternating current power supply each occupy an electrical angle of 7.

Preferably, the electrolytic cell diaphragm is adapted to divide the annular electrolytic cell into
an anode chamber in an inner ring and a cathode chamber in an outer ring. Preferably, the electrolyte
replenishment pipeline further includes a pipeline booster pump. Preferably, the inner cavity of the
annular electrolytic cell includes a plurality of mutually independent sub-cavities; an electrolytic cell
diaphragm, a cathode plate, and an anode plate are disposed in each of the sub-cavities. Preferably,
the electrolyte includes water or an ionic liquid electrolyte.

Preferably, a control unit is further included; the control unit includes a monitoring assembly
and a processing unit; the monitoring assembly is used for monitoring an electrolysis reaction speed
of the electrolyte; the processing unit is used for generating a control command according to an
electrolysis reaction speed; the control command is used to control the magnetic induction intensity
and/or rotation speed of the electromagnetic coils and magnetic cores to control the induction direct
current potential and/or induction direct current within the annular electrolytic cell. In another aspect
of the present disclosure, there is also provided an electrolysis system for alternating current
induction power supply, including a prime mover and the electrolysis device for alternating current
induction power supply described above.

The present disclosure also provides an electrolysis method for alternating current induction
power supply, the electrolysis method utilizes the electrolysis system for alternating current
induction power supply described above, and includes: the alternating current power source is
connected to the magnetic circuits, a rotating magnetic field surrounding the electrolytic cell is
generated by the magnetic circuits, and the rotating magnetic field acts on an electrolyte in the
electrolytic cell to generate an induction direct current, such that the electrolyte is electrolyzed.

It should be noted that the specific implementation modes and technical effects of the
electrolysis system and method for alternating current induction power supply in the embodiments of
the present disclosure can refer to the electrolysis device for alternating current induction power

supply according to Embodiment One, and will not be described in detail herein.
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Optional implementation modes of embodiments of the present disclosure are described in
detail above in conjunction with the accompanying drawings, however, the embodiments of the
present disclosure are not limited to the specific details of the embodiments described above, and
many simple variations can be made to the technical solutions of the embodiments of the present
disclosure within the scope of the technical solution of the embodiments of the present disclosure,
which all fall within the protection scope of the embodiments of the present disclosure.

It is further noted that the specific technical features described in the above specific
embodiments can be combined in any suitable manner without contradiction. In order to avoid
unnecessary repetition, embodiments of the present disclosure are not further described with respect
to the various possible combinations.

It also needs to be noted that, the terms "includes," "including," or any other variation thereof,
are intended to cover a non-exclusive inclusion, so that a process, method, commodity or equipment
that includes a set of elements includes not only those elements but also other elements that are not
explicitly listed or are inherent in such a process, method, commodity or equipment. In the absence
of further limitations, the elements defined by the phrase "include an..." do not exclude the existence
of other identical elements in the process, method, commodity or equipment in which the elements
are included.

The above are only embodiments of the present application, and are not used to limit the present
application. To those skilled in the art, various modifications and variations may be made to the
present application. Any modifications, equivalents, modifications, etc. made within the spirit and

principles of this application shall be included within the scope of the claims herein.
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Claims

1. An electrolysis device for alternating current induction power supply, comprising:

at least one group of a magnetic circuit and an electrolytic cell;

wherein the magnetic circuit comprises a magnetic core on which an electromagnetic coil is
wound, the magnetic core being provided outside the electrolytic cell; and

the magnetic circuit is configured to generate a rotating magnetic field surrounding the
electrolytic cell by an alternating current power source, the rotating magnetic field acting on an
electrolyte in the electrolytic cell to generate an induction direct current, such that the electrolyte is

electrolyzed.

2. The electrolysis device according to claim 1, wherein

upper and lower ends of the magnetic core are connected to a pair of pole shoes adapted to the
electrolytic cell; and

relative movement of the magnetic field between the pair of pole shoes and the electrolyte in the
electrolytic cell cuts magnetic-curve, and the direction of the magnetic-curve is non-parallel to a
tangential direction of movement of the rotating magnetic field and the direction of the
magnetic-curve or the tangential direction of movement of the rotating magnetic field is not

perpendicular to a plane of an electrolytic cell diaphragm.

3. The electrolysis device according to claim 1, wherein,
the alternating current power source is a multi-phase sine wave alternating current, and the
magnetic circuits comprise m Xn pairs of magnetic cores, m being the number of phases of the

alternating current power source, and n being an integer not less than 1.

4. The electrolysis device according to claim 1 or 2, wherein

the alternating current power source is a three-phase sine wave alternating current, and the
magnetic circuits comprise 3n pairs of magnetic cores, and phase lines of the three-phase sine wave
alternating current are connected to one end of the electromagnetic coil, and the electromagnetic coil

is wired in a star or triangle manner.

5. The electrolysis device according to any one of claims 1-4, wherein,

the electrolytic cell is an annular electrolytic cell; and
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the electrolytic cell comprises an electrolytic cell diaphragm, an outlet pipeline for an
electrolysis product and a replenishment pipeline for the electrolyte; the electrolytic cell diaphragm

serves to separate the electrolyte into a catholyte and an anolyte.

6. The electrolysis device according to claim 5, wherein,
the catholyte and anolyte are provided with a cathode plate and an anode plate, respectively; and

an electrical circuit between the cathode plate and the anode plate is shorted.

7. The electrolysis device according to claim 5, wherein,
the electrolytic cell comprises a plurality of mutually independent sub-cavities placed in an

annular shape.

8. The electrolysis device according to claim 7, wherein
an electrolytic cell diaphragm, a cathode plate, and an anode plate are disposed in each of the

sub-cavities.

9. The electrolysis device according to any one of claims 1-8, further comprising a control unit;

the control unit comprises a monitoring assembly and a processing unit;

the monitoring assembly is configured to monitor an electrolysis speed of the electrolyte;

the processing unit is configured to control an current of the electromagnetic coil according to
the electrolysis speed of the electrolyte, adjust magnetic induction intensity of the rotating magnetic
field by controlling the current of the electromagnetic coil, and control a frequency of the current of
the electromagnetic coil according to the electrolysis speed of the electrolyte for controlling a

rotation speed of the rotating magnetic field.

10. An electrolysis system for alternating current induction power supply, wherein, the
electrolysis system comprises an alternating current power source and the electrolysis device for

alternating current induction power supply according to any one of claims 1-9.

11. An electrolysis method for alternating current induction power supply, wherein, the
electrolysis method uses the electrolysis system for alternating current induction power supply
according to claim 10, and comprises: connecting the alternating current power source to the
magnetic circuits, generating a rotating magnetic field surrounding the electrolytic cell by the

magnetic circuits, and making the rotating magnetic field act on an electrolyte in the electrolytic cell
16



to generate an induction direct current, such that the electrolyte is electrolyzed.
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