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(57) ABSTRACT

A composite water purification apparatus and method
thereof are provided. The composite water purification appa-
ratus includes a container, a sacrificial anode, a photocatalyst
anode and a cathode. The container is employed for receiv-
ing liquid including water and gas. The photocatalyst anode
includes a photocatalyst for conducting a photocatalytic
reaction. The cathode is electrolyzed with the sacrificial
anode and the photocatalyst anode. The cathode, the sacri-
ficial anode, and the photocatalyst anode are immersed in the
container to contact the liquid. The present invention
enhances the purity of the water, while prolonging the
service life of the sacrificial anode.
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providing a composite water purification apparatus
including a container, at least one sacrificial anode, at ~—S41
least one photocatalyst anode, and at least one cathode

inputting liquid containing water and gas into the container,
such that the sacrificial anode produces sacrificial ions in a
lower oxidation state by electrolysis, and the cathode produces
hydrogen peroxide (H,0,) with the liquid and the gas

——S42

interacting the sacrificial ions in a lower oxidation state with

hydrogen peroxide to form sacrificial ions in a higher oxidation ——S43
state, a strong oxidizing agent ( «+ OH), and hydroxide ions

(OH"), and purifying the liquid with the strong oxidizing agent

conducting a photocatalytic reaction by the
photocatalyst anode, such that the liquid —~—S44
produces another strong oxidizing agent

outputting the purified liquid —~—-S45

FIG. 5
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COMPOSITE WATER PURIFICATION
APPARATUS AND METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to composite water
purification techniques, and, more particularly, to a compos-
ite water purification apparatus and method thereof that
immerse a sacrificial anode, a photocatalyst anode and a
cathode in the same container.

[0003] 2. Description of Related Art

[0004] In the field of modern water treatment technology,
the photocatalyst purification unit and the electrolytic puri-
fication unit are traditionally placed in separate containers.
As aresult, in a single container having only the photocata-
Iytic purification unit or the electrolytic purification unit,
treated water can only been subjected to degradation once.
The performance would be substantially improved if deg-
radation can happen more than once in a single container.

[0005] Further, since the photocatalyst contained the tra-
ditional photocatalytic purification unit is not electrically
coupled to a power supply, after the photocatalyst produces
strong oxidizing agents (e.g., electron holes and hydroxyl
radicals), the strong oxidants and the excited electrons
separated by light are often recombined, thereby signifi-
cantly reducing the amount of strong oxidants produced.

[0006] Therefore, there is a need for a solution that
addresses the issues associated with the photocatalyst puri-
fication unit and the electrolysis purification unit being
placed in separate containers and the photocatalyst in the
photocatalyst purification unit not electrically coupled to a
power supply in the prior art.

SUMMARY OF THE INVENTION

[0007] In view of the aforementioned shortcomings of the
prior art, the present invention provides a composite water
purification apparatus, which may include: a container for
receiving a liquid including water and gas; at least one
sacrificial anode; at least one photocatalyst anode including
a photocatalyst for conducting a photocatalytic reaction to
purity the liquid; and at least a cathode electrolyzed with the
sacrificial anode and the photocatalyst anode, wherein the
sacrificial anode, the photocatalyst anode, and the cathode
are immersed in the container to contact the liquid.

[0008] The present invention further includes a composite
water purification method, which may include the following
steps of: a) providing a composite water purification appa-
ratus including a container, at least one sacrificial anode, at
least one photocatalyst anode, and at least one cathode,
wherein the photocatalyst anode includes a photocatalyst,
and the sacrificial anode, the photocatalyst anode, and the
cathode are immersed in the container; b) inputting a liquid
including water and gas into the container, such that a
photocatalytic reaction is conducted at the sacrificial anode,
the sacrificial anode produces sacrificial ions in a lower
oxidation state, and the cathode produces hydrogen peroxide
(H,0,) by using the liquid and the gas; c¢) interacting
sacrificial ions in a lower oxidation state with hydrogen
peroxide to form sacrificial ions in a higher oxidation state,
a strong oxidizing agent (.OH), and hydroxide ions (OH™),
the strong oxidizing agent purifying the liquid; d) conduct-
ing a photocatalytic reaction, by the photocatalyst anode,

Mar. 2, 2017

such that the liquid produces another strong oxidizing agent
(.OH); and e) outputting the purified liquid.

[0009] Therefore, by immersing the sacrificial anode, the
photocatalyst anode, and the cathode all in the same con-
tainer, the purification process of the liquid is enhanced.
Besides, the present invention allows the sacrificial ions in
a higher oxidation state to be reduced back to a lower
oxidation state at the cathode, thus prolonging the life of the
sacrificial anode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a cross-sectional view of a composite
water purification apparatus in accordance with the present
invention;

[0011] FIG. 2 is a lateral view of a composite water
purification apparatus in accordance with the present inven-
tion;

[0012] FIG. 3 is a perspective view of a composite water
purification apparatus in accordance with the present inven-
tion;

[0013] FIG. 4 is a cross-sectional view depicting the
direction of the liquid flow when a composite water purifi-
cation apparatus in accordance with the present invention is
in operation; and

[0014] FIG. 5 is a flowchart illustrating the steps of a
composite water purification method in accordance with the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0015] The present invention is described by the following
specific embodiments. Those with ordinary skills in the arts
can readily understand other advantages and functions of the
present invention after reading the disclosure of this speci-
fication. The present disclosure may also be practiced or
applied with other different implementations. Based on
different contexts and applications, the various details in this
specification can be modified and changed without departing
from the spirit of the present disclosure.

[0016] FIG. 1 is a cross-sectional view of a composite
water purification apparatus 1 in accordance with the present
invention. FIG. 2 is a lateral view of the composite water
purification apparatus 1 in accordance with the present
invention. The composite water purification apparatus 1
includes a container 10, at least one sacrificial anode 11, at
least one photocatalyst anode 12, and at least one cathode
13.

[0017] The container 10 is used for receiving liquid
including water and gas. The photocatalyst anode 12
includes a photocatalyst for conducting a photocatalytic
reaction for purifying the liquid. The cathode 13 is used in
conjunction with both the sacrificial anode 11 and the
photocatalyst anode 12 for electrolysis. The sacrificial anode
11, the photocatalyst anode 12, and the cathode 13 are all
immersed in the container to be in contact the liquid.
[0018] In an embodiment, the container 10 includes a top
part 101, a bottom part 102 opposite to the top part 101, and
a lateral part 103 connecting the top part 101 and the bottom
part 102, and the top part 101, the bottom part 102, and the
lateral part 103 constitute a chamber 104 for receiving the
liquid including water and gas (i.e., water including gas
dissolved therein).
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[0019] Furthermore, the container 10 has an inlet 105 and
an outlet 106. In an embodiment, the top part 101 and the
lateral part 103 may be formed integrally. Alternatively, the
top part 101 may be a lid that fits with the lateral part 103,
and the inlet 105 and the outlet 106 may be disposed at any
positions of the container 10, depending on the needs. In an
embodiment, the inlet 105 and the outlet 106 may be
positioned on the top part 101. The inlet 105 may be further
connected to an externally-connecting tube 105a. The outlet
106 may be further connected to an externally-connecting
tube 106a. The tube 1054 or 1064 may be a pipe or a
conduit.

[0020] The sacrificial anode 11 may be electrically
coupled to a power supply 20 attached in or external to the
composite water purification apparatus 1 via a wire in order
for electrolysis to occur. In an embodiment, the sacrificial
anode 11 may be made of iron or copper. Under the
circumstance that the power supply 20 is providing power,
the sacrificial anode 11 may produce sacrificial ions in a
lower oxidation state with the liquid similar to the following
chemical formula (1). For example, in the case that the
sacrificial anode 11 is made of iron or copper, the sacrificial
ions in a lower oxidation state may be ions in an oxidation
state of +2 (Fe**) or +1 (Cu*). The following chemical
formula (1) is exemplified with iron as the sacrificial anode
11:

Fe—Fe?* 1)

[0021] The cathode 13 may be also electrically coupled to
the power supply 20 attached in or external to the composite
water purification apparatus 1 via a wire in order for
electrolysis to occur. In an embodiment, the cathode 13 is
made of a material containing carbon. The sacrificial anode
11 and the cathode 13 may be in the shapes of columns,
sheets, strips, tubes, etc. Under the circumstance that the
power supply 20 is providing power, the cathode 13 may
produce hydrogen peroxide (H,O,) with the liquid similar to
the following chemical formula (2).

2H 40,42 =0, )

[0022] After the sacrificial ions in a lower oxidation state
and hydrogen peroxide are produced, the sacrificial ions in
a lower oxidation state and hydrogen peroxide in the liquid
may interact with each other, and produce sacrificial ions in
a higher oxidation state, a strong oxidizing agent ((OH) and
hydroxide ions (OH™) similar to the following chemical
formula (3). The strong oxidizing agent can purify the liquid
by degrading the liquid once. For example, if the sacrificial
anode 11 is made of iron or copper, the sacrificial ions in a
higher oxidation state are ions in an oxidation state of +3
(Fe**) or +2 (Cu**). The following chemical formula (3) is
exemplified with iron as the sacrificial anode 11:

Fe?*+H,0,—>.OH+Fe**+OH~ 3)

[0023] Since in the present invention the sacrificial anode
11 and the cathode 13 are disposed in the same chamber 104,
the sacrificial ions in a higher oxidation state may further be
reduced back to sacrificial ions in a lower oxidation state at
the cathode 13 similar to the following chemical formula (4),
thereby providing more sacrificial ions in a lower oxidation
state to undergo the chemical formula (3). As a result, the
number of the sacrificial ions in a lower oxidation state
required from the sacrificial anode 11 in the chemical
formula (1) is reduced, the loss of the sacrificial anode 11 is
decreased, and the service life of the sacrificial anode 11 is
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extended. The following chemical formula (4) is exempli-
fied with iron as the sacrificial anode 11:

Fe3tye —Fe?* 4

[0024] The photocatalyst anode 12 includes a photocata-
lyst. In an embodiment, the photocatalyst anode 12 includes
a mesh substrate and a titanium dioxide (TiO,) layer on the
mesh substrate for conducting a photocatalytic reaction for
puritying the liquid. In an embodiment, the mesh substrate
can be a stainless steel mesh substrate or a titanium mesh
substrate. Under external background light, the photocata-
lyst anode 12 may produce a strong oxidizing agent from the
water-containing liquid similar to the following chemical
formula (5), such that the liquid undergoes degradation for
a second time. The following chemical formula (5) is
exemplified with titanium dioxide photocatalyst anode 12:

®)

TO, + 0 h—v> e + TiO,r + HO — e +
TiO, + «OH + H*
[0025] The photocatalyst anode 12 is electrically coupled

to the power supply 20 via a wire, such that the strong
oxidizing agent and the electrons produced from excitation
by the external background light are pulled away from each
other by the electrical field, thus reducing the occurrence of
recombination and maintaining the quantity of the strong
oxidizing agent.

[0026] In an embodiment, the composite water purifica-
tion apparatus 1 according to the present invention further
includes a light source 16 electrically coupled to the power
supply 20 via a wire for facilitating a photocatalytic reaction
of'the photocatalyst anode 12. The photocatalytic reaction of
the photocatalyst anode 12 is strengthened by the light
source 16. In an embodiment, the light source 16 may be an
ultraviolet (UV) lamp for facilitating photocatalytic reaction
of the photocatalyst anode 12 that enhances the purification.
With the UV lamp, the photocatalytic reaction of the pho-
tocatalyst anode 12 is strengthened. When the light source
16 is present, the composite water purification apparatus 1
further includes a light-transmissive element 17 that
achieves an evener irradiation of the light source 16. The
light-transmissive element 17 is positioned between the light
source 16 and the photocatalyst anode 12. Furthermore,
when the light source 16 is present, the photocatalyst anode
12 may be positioned in such a way that it surrounds the light
source 16.

[0027] In an embodiment, the composite water purifica-
tion apparatus 1 according to the present invention further
includes an aeration element 14 disposed inside the chamber
104 of the container 10 for feeding additional gas into the
liquid. The additional gas may be air or oxygen used in the
chemical formula (2).

[0028] In an embodiment, the composite water purifica-
tion apparatus 1 according to the present invention further
includes a securing element 15 in the chamber 104 of the
container 10 for holding the sacrificial anode 11, the pho-
tocatalyst anode 12, and the cathode 13 in place.

[0029] FIG. 3 is a perspective view of the composite water
purification apparatus 1 in accordance with the present
invention. In an embodiment, the inlet 105, the sacrificial
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anode 11 and the cathode 13, the photocatalyst anode 12, and
the outlet 106 correspond to a position of the top part, and
are arranged in an order from an outer rim to a center of the
top part 101.

[0030] In an embodiment, the sacrificial anode 11 and the
cathode 13 are not limited to be positioned from the lateral
part 103 by the same distance, as long as the distance of the
set of the sacrificial anode 11 and the cathode 13 from the
lateral part 103 is between that of the inlet 105 and that of
the photocatalyst anode 12. In other words, the arrangement
of the various elements from the lateral part 103 may be as
follows: the inlet 105, the sacrificial anode 11, the cathode
13, the photocatalyst anode 12, and the outlet 106; or the
inlet 105, the sacrificial anode 11 and the cathode 13, the
photocatalyst anode 12, and the outlet 106; or the inlet 105,
the cathode 13, the sacrificial anode 11, the photocatalyst
anode 12, and the outlet 106. The outlet 106 may be
connected to a pump (not shown).

[0031] FIG. 4 is a cross-sectional view depicting the
direction of the liquid flow when the composite water
purification apparatus 1 in accordance with the present
invention is in operation. As shown, the direction of the
liquid flow going into the inlet 105 is indicated as F,, and the
liquid undergoes chemical reactions at the sacrificial anode
11 and the cathode 13 in accordance with the above formulae
(1) and (2). Before going through the photocatalyst anode
12, the liquid undergoes a chemical reaction in accordance
with formula (3), such that it is degraded for a first time.
When going through the photocatalyst anode 12 (i.e., direc-
tion F,), the liquid undergoes a chemical reaction in accor-
dance with the formula (5), such that the liquid is degraded
for a second time. Finally, the twice-degraded liquid is
discharged from the outlet 106 (i.e., direction F ;). However,
when the light source 16 is present, the outlet 106 may be
positioned between the photocatalyst anode 12 and the light
source 16.

[0032] In another embodiment of the composite water
purification apparatus 1 according to the present invention,
in the case that the photocatalyst anode 12 includes a mesh
substrate and a titanium dioxide layer, the mesh substrate
allows the twice-degraded liquid to pass therethrough, and
the outlet 106 may be positioned between the photocatalyst
anode 12 and the set of the sacrificial anode 11 and the
cathode 13. In an embodiment, the outlet 106 is connected
to a pump to help extract the twice-degraded liquid from the
outlet 106 after it has passed through the photocatalyst
anode 12.

[0033] In still another embodiment of the composite water
purification apparatus 1 according to the present invention,
corresponding to the position of the top part 101, the inlet
105, the outlet 106, the sacrificial anode 11, the photocata-
lyst anode 12, and the cathode 13 may be arranged from the
rim towards the center of the top part 101 in another order
as follows: the cathode 13, the outlet 106, the sacrificial
anode 11, the photocatalyst anode 12, and the outlet 106. The
outlet 106 can be connected to a pump (not shown). As a
result, the liquid entering the inlet 105 can undergo chemical
reactions in accordance with the formulae (1) to (3) between
the sacrificial anode 11 and the cathode 13 and before going
through the photocatalyst anode 12, such that the liquid is
degraded for a first time. The liquid undergoes a chemical
reaction in accordance with the formula (5) when passing
through the photocatalyst anode 12, such that the liquid is
degraded for a second time. Finally, the twice-degraded
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liquid is discharged from the outlet 106. Moreover, when the
light source 16 is present, the outlet 106 may be positioned
between the photocatalyst anode 12 and the light source 16.
Furthermore, the outer surface of the cathode 13 facing the
inner wall of the container 10 (i.e., the chamber 104) can be
hydrophobic, and the inner surface opposite to the outer
surface may be hydrophilic.

[0034] FIG. 5 is a flowchart illustrating the steps of a
composite water purification method in accordance with the
present invention. The method employs the composite water
purification apparatus 1 with respect to FIGS. 1 to 4 as
mentioned earlier. The various components of the composite
water purification apparatus 1 have already been discussed,
further description hereby omitted. The composite water
purification method may include steps S41 to steps S45.
[0035] In step S41, a composite water purification appa-
ratus 1 including a container 10, at least one sacrificial anode
11, at least one photocatalyst anode 12, and at least one
cathode 13 is provided, wherein the photocatalyst anode 12
includes a photocatalyst, and the sacrificial anode 11, the
photocatalyst anode 12, and the cathode 13 are all immersed
in the container 10. The sacrificial anode 11, the photocata-
lyst anode 12, and the cathode 13 are electrically coupled to
a power supply 20 via wires, such that the power supply 20
provides power to the sacrificial anode 11 and the cathode 13
for electrolysis, and the power supply 20 also helps in
removing electrons from the photocatalyst anode 12 isolated
by the photocatalytic reaction.

[0036] In step S42, a liquid containing water and gas is
inputted, such that the sacrificial anode 11 produces sacri-
ficial ions in a lower oxidation state (i.e., the chemical
formula (1) using iron as the sacrificial anode 11) by
electrolysis, and the cathode 13 produces hydrogen peroxide
(H,O,) with the liquid and the gas (i.e., the chemical
formula (2)).

[0037] In step S43, the sacrificial ions in a lower oxidation
state and hydrogen peroxide interact with each other to form
sacrificial ions in a higher oxidation state, a strong oxidizing
agent ((OH), and hydroxide ions (OH") (i.e., the chemical
formula (3) using iron as the sacrificial anode 11), and the
strong oxidizing agent purifies the liquid. Moreover, after
being formed in a higher oxidation state, the sacrificial ions
are reduced back to sacrificial ions in a lower oxidation state
at the cathode 13 (i.e., the chemical formula (4) using iron
as the sacrificial anode 11), thereby providing additional
sacrificial ions in a lower oxidation state to the chemical
formula (3), and reducing the number of the sacrificial ions
in a lower oxidation state required from the sacrificial anode
11 in the chemical formula (1), thus decreasing the loss of
the sacrificial anode 11 and extending the service life
thereof.

[0038] In step S44, a photocatalytic reaction is conducted
by the photocatalyst anode 12, such that the liquid produces
another strong oxidizing agent ((OH) (i.e., the chemical
formula (5)).

[0039] In step S45, the twice-purified liquid is outputted.
[0040] In the case that an aeration element 14 for provid-
ing additional gas to the liquid is provided in the chamber
104 of the container 10 of the composite water purification
apparatus 1, additional gas (air or oxygen) necessary in the
chemical formula (2) is provided by the aeration element 14
to the liquid in step S42, such that the liquid and the
additional gas produces hydrogen peroxide at the cathode
13.



US 2017/0057847 Al

[0041] Compared to the prior art, by immersing the sac-
rificial anode, the photocatalyst anode, and the cathode all in
the same container, the present invention allows the liquid to
undergo degradation twice before being discharged, thereby
enhancing the purification process of the liquid. Besides, the
present invention allows the sacrificial ions in a higher
oxidation state to be reduced back to a lower oxidation state
at the cathode, thus reducing the number of the sacrificial
ions in a lower oxidation state extracted from the sacrificial
anode. The service life of the sacrificial anode is therefore
extended.

[0042] The above embodiments are only used to illustrate
the principles of the present invention, and should not be
construed as to limit the present invention in any way. The
above embodiments can be modified by those with ordinary
skill in the art without departing from the scope of the
present invention as defined in the following appended
claims.

What is claimed is:

1. A composite water purification apparatus, comprising:

a container for receiving a liquid including water and gas;

at least one sacrificial anode;

at least one photocatalyst anode including a photocatalyst

for conducting a photocatalytic reaction to purify the
liquid; and
at least a cathode electrolyzed with the sacrificial anode
and the photocatalyst anode to purify the liquid,

wherein the sacrificial anode, the photocatalyst anode, and
the cathode are immersed in the container to contact the
liquid.

2. The composite water purification apparatus of claim 1,
further comprising an aeration element provided in the
container for feeding additional gas to the liquid, wherein
the additional gas is air or oxygen.

3. The composite water purification apparatus of claim 1,
wherein the photocatalyst anode includes a mesh substrate
and a titanium dioxide layer on the mesh substrate.

4. The composite water purification apparatus of claim 1,
wherein the sacrificial anode is made of iron or copper, and
the cathode is made of a material including carbon.

5. The composite water purification apparatus of claim 1,
further comprising a power supply electrically coupled to
the photocatalyst anode, the sacrificial anode, and the cath-
ode for conducting the electrolysis.

6. The composite water purification apparatus of claim 1,
further comprising a light source electrically coupled to a
power supply, wherein the light source and the photocatalyst
anode conduct the photocatalytic reaction, and the light
source is an ultraviolet (UV) lamp.

7. The composite water purification apparatus of claim 6,
further comprising a light-transmissive element positioned
between the light source and the photocatalyst anode.

8. The composite water purification apparatus of claim 1,
wherein the container includes an inlet, an outlet, a top part,
a bottom part, and a lateral part connecting the top and the
bottom parts, the top part, the bottom part, and the lateral
part constitute a chamber for receiving the liquid, and the
inlet, the sacrificial anode and the cathode, the photocatalyst
anode, and the outlet correspond to a position of the top part,
and are arranged in an order from an outer rim to a center of
the top part.

9. A composite water purification method, comprising the
following steps of:
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a) providing a composite water purification apparatus
including a container, at least a sacrificial anode, at
least a photocatalyst anode, and at least a cathode,
wherein the photocatalyst anode includes a photocata-
lyst, and the sacrificial anode, the photocatalyst anode,
and the cathode are immersed in the container;

b) inputting a liquid including water and gas into the
container, such that a photocatalytic reaction is con-
ducted at the sacrificial anode, the sacrificial anode
produces sacrificial ions in a lower oxidation state, and
the cathode produces hydrogen peroxide (H,O,) by
using the liquid and the gas;

¢) interacting sacrificial ions in a lower oxidation state
with hydrogen peroxide to form sacrificial ions in a
higher oxidation state, a strong oxidizing agent (.OH),
and hydroxide ions (OH™), the strong oxidizing agent
puritying the liquid;

d) conducting a photocatalytic reaction, by the photocata-
lyst anode, such that the liquid produces another strong
oxidizing agent (.OH); and

e) outputting the purified liquid.

10. The composite water purification method of claim 9,
wherein the composite water purification apparatus further
comprises an aeration element disposed in the container, and
the method, in step b), further comprises providing addi-
tional gas, by the aeration element, to the liquid, such that
the liquid and the additional gas produce hydrogen peroxide
at the cathode.

11. The composite water purification method of claim 9,
wherein after the sacrificial ions in a higher oxidation state
are formed in step c), the sacrificial ions in a higher
oxidation state are reduced back to the sacrificial ions in a
lower oxidation state at the cathode.

12. The composite water purification method of claim 9,
wherein the photocatalyst anode includes a mesh substrate
and a titanium dioxide layer on the mesh substrate.

13. The composite water purification method of claim 9,
wherein the sacrificial anode is made of iron or copper, such
that the sacrificial ions in a lower oxidation state are iron
ions in an oxidation state of +2 (Fe®*) or copper ions in an
oxidation state of +1 (Cu*), and the sacrificial ions in a
higher oxidation state are iron ions in an oxidation state of
+3 (Fe™*) or copper ions in an oxidation state of +2 (Cu®*).

14. The composite water purification method of claim 9,
wherein the cathode is made of a material including carbon.

15. The composite water purification method of claim 9,
wherein the sacrificial anode, the photocatalyst anode, and
the cathode are electrically coupled to a power supply, such
that that in step d) the power supply removes electrons
isolated from the photocatalyst anode via the photocatalytic
reaction.

16. The composite water purification method of claim 9,
wherein the composite water purification apparatus further
comprises a light source electrically coupled to a power
supply, such that that in step d) the light source and the
photocatalyst conduct the photocatalytic reaction.

17. The composite water purification method of claim 16,
wherein the light source is an ultraviolet (UV) lamp, such
that in step d) the light source and the photocatalyst conduct
the photocatalytic reaction, and the composite water purifi-
cation apparatus further comprises a light-transmissive ele-
ment positioned between the light source and the photocata-
lyst anode.



US 2017/0057847 Al

18. The composite water purification method of claim 9,
wherein the container includes an inlet, an outlet, a top part,
a bottom part, and a lateral part connecting the top and the
bottom parts, the top part, the bottom part, and the lateral
part constitute a chamber for receiving the liquid, and the
inlet, the sacrificial anode and the cathode, the photocatalyst
anode, and the outlet correspond to a position of the top part,

and are arranged in an order from an outer rim to a center of
the top part.
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