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DESCRIPTION 

WATER TREATMENT APPARATUS 

TECHNICAL FIELD 

[0001] The present disclosure relates to a water treatment 5 

apparatus for purifying to-be-treated water using electric 

discharge. 

BACKGROUND ART 

[0002] Industrial waste water, recycled water, and the 10 

like may contain hardly-decomposable substances that cannot 

be decomposed by ozone (O3) or chlorine.  In particular, 

removal of dioxins, dioxane, and the like is a big issue.  In 

some sites, a method has been put into practical use, in 

which ozone and hydrogen peroxide (H2O2) or ultraviolet rays 15 

are combined to generate hydroxyl (OH) radicals having higher 

activity than ozone and chlorine, in to-be-treated water, 

thereby removing hardly-decomposable substances.  However, 

the apparatus cost and the operating cost for this method are 

very high, and thus this method has not been popularized to a 20 

large extent.  Therefore, a method in which hardly-

decomposable substances are removed with high efficiency by 

causing OH radicals generated by electric discharge to act 

directly on to-be-treated water, has been considered. 
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[0003] As a water treatment apparatus that performs such 

water treatment, a water treatment apparatus that makes to-

be-treated water into a mist form and performs treatment on 

the to-be-treated water in a discharge space has been known 

(for example, Patent Document 1 and Patent Document 2). 5 

 Patent Document 1 indicates that linear electrodes 

are arranged in a tubular container at regular intervals so 

as to be suspended from above, plate-shaped electrodes are 

arranged at regular intervals so as to be parallel to the 

linear electrodes, a high-voltage DC voltage is applied 10 

between both electrodes, and the to-be-treated water is 

sprinkled from above the container, and water treatment is 

performed by generated ozone. 

[0004] Patent Document 2 discloses a water treatment 

apparatus in which a cylindrical ground electrode is provided 15 

in a treatment tank, linear high-voltage electrodes are 

provided along the central axis of the ground electrode via 

insulators provided at both ends of the ground electrode, and 

to-be-treated water is made into a mist form and supplied to 

the interior of the circular ground electrode.  In the water 20 

treatment apparatus, electric discharge is generated by 

applying a high-voltage pulse between the ground electrode 

and the high-voltage electrodes, and active species such as 

radicals generated by the electric discharge are caused to 

efficiently act on the to-be-treated water.  Thus, it is 25 
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possible to provide a water treatment apparatus that has an 

improved treatment speed and decomposes a large amount of to-

be-treated water in a short time and that is compact and easy 

in maintenance. 

5 

CITATION LIST 

PATENT DOCUMENT 

[0005] Patent Document 1: Japanese Laid-Open Patent 

Publication No. 51-122950 (claims, drawings) 

 Patent Document 2: Japanese Laid-Open Patent 10 

Publication No. 2011-16118 (see FIGS. 3 to 5) 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0006] In general, to-be-treated water that is the target 15 

of water treatment contains alkali ions and the like.  Thus, 

when a voltage is applied to the to-be-treated water, a 

current flows (electric leak), resulting in power consumption 

and voltage drop.  When power consumption and voltage drop 

occur, the water treatment efficiency decreases due to 20 

nonuniform electric discharge or energy loss that does not 

contribute to the water treatment. 

 In the water treatment apparatus of Patent Document 

2, to-be-treated water is splashed onto the insulators during 

water treatment, and the surfaces of the insulators 25 
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connecting the ground electrode and the high-voltage 

electrodes get wet with the to-be-treated water.  Therefore, 

in the conventional water treatment apparatus, electric leak 

may occur between the ground electrode and the high-voltage 

electrodes during water treatment, and the water treatment 5 

efficiency may decrease. 

[0007] In the water treatment apparatus of Patent Document 

1, a support frame for suspending the linear electrodes is 

fixed via an insulator at the top of the container, and this 

insulating part is less likely to get wet with the to-be-10 

treated water.  However, in this structure, due to the 

sprinkling of the to-be-treated water, the suspended linear 

electrodes may swing, particularly when the flow rate is 

increased in order to increase the treatment efficiency.  

Therefore, there is a concern that the interval between the 15 

linear electrodes or the intervals between the linear 

electrodes and the plate-shaped electrodes fluctuate, and 

stable electric discharge cannot be maintained, resulting in 

a decrease in water treatment efficiency. 

[0008] The present disclosure has been made to solve the 20 

above problems, and an object of the present disclosure is to 

obtain a water treatment apparatus that can inhibit electric 

leak between a ground electrode and a high-voltage electrode 

and can treat to-be-treated water with high efficiency. 

25 
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SOLUTION TO THE PROBLEMS 

[0009] A water treatment apparatus according to the 

present disclosure is a water treatment apparatus including: 

flat-plate-shaped ground electrodes arranged at regular 

intervals in a horizontal direction; a high-voltage electrode 5 

unit disposed between the adjacent ground electrodes so as to 

oppose the ground electrodes; and a water supply unit for 

supplying to-be-treated water to between the adjacent ground 

electrodes, wherein treatment of the to-be-treated water is 

performed by electric discharge formed between the ground 10 

electrodes and the high-voltage electrode unit, the water 

treatment apparatus includes a support structure supporting 

the ground electrodes and supporting an insulating member 

connected to the high-voltage electrode unit, and an upper 

end portion of the insulating member is disposed above the 15 

water supply unit. 

EFFECT OF THE INVENTION 

[0010] Owing to the above configuration, it is possible to 

provide a water treatment apparatus in which the intervals 20 

between the ground electrodes and the high-voltage electrode 

can be maintained, a portion higher than the water supply 

unit can be provided between the ground electrodes and the 

high-voltage electrode, and electric leak between the ground 

electrodes and the high-voltage electrode can be inhibited, 25 
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thereby treating the to-be-treated water with high efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] [FIG. 1]  FIG. 1 is a cross-sectional view showing 

the configuration of a water treatment apparatus according to 5 

Embodiment 1. 

 [FIG. 2]  FIG. 2 is a cross-sectional view of FIG. 

1 as seen in a line A-A direction. 

 [FIG. 3]  FIG. 3 is a cross-sectional view of FIG. 

1 as seen in a line B-B direction. 10 

 [FIG. 4]  FIG. 4 is a cross-sectional view showing 

the configuration of another water treatment apparatus 

according to Embodiment 1. 

 [FIG. 5]  FIG. 5 is a cross-sectional view showing 

the configuration of still another water treatment apparatus 15 

according to Embodiment 1. 

 [FIG. 6A]  FIG. 6A is a cross-sectional view 

showing the configuration of a water treatment apparatus 

according to Embodiment 2. 

 [FIG. 6B]  FIG. 6B is a cross-sectional view 20 

showing the configuration of a water treatment apparatus in 

which a part of a circulation pipe in FIG. 6A is changed. 

 [FIG. 6C]  FIG. 6C is a cross-sectional view 

showing the configuration of another water treatment 
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apparatus in which a part of the circulation pipe in FIG. 6A 

is changed. 

 [FIG. 6D]  FIG. 6D is a cross-sectional view 

showing the configuration of still another water treatment 

apparatus in which a part of the circulation pipe in FIG. 6A 5 

is changed. 

 [FIG. 7]  FIG. 7 is a cross-sectional view showing 

the configuration of another water treatment apparatus 

according to Embodiment 2. 

 [FIG. 8]  FIG. 8 is a cross-sectional view showing 10 

the configuration of still another water treatment apparatus 

according to Embodiment 2. 

 [FIG. 9]  FIG. 9 is a cross-sectional view showing 

the configuration of a water treatment apparatus according to 

Embodiment 3. 15 

 [FIG. 10]  FIG. 10 is a cross-sectional view of FIG. 

9 as seen in a line C-C direction. 

 [FIG. 11]  FIG. 11 is a cross-sectional view of FIG. 

9 as seen in a line D-D direction. 

 [FIG. 12]  FIG. 12 is a partial cross-sectional 20 

view showing the configuration of another water treatment 

apparatus according to Embodiment 3. 

DESCRIPTION OF EMBODIMENTS 
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[0012] Hereinafter, embodiments will be described with 

reference to the drawings.  In the respective drawings, the 

same reference characters denote the same or corresponding 

parts. 

[0013] Embodiment 1 5 

 Embodiment 1 will be described with reference to 

FIGS. 1 to 3. 

 FIG. 1 is a cross-sectional view showing the 

configuration of a water treatment apparatus according to 

Embodiment 1, FIG. 2 is a cross-sectional view of FIG. 1 as 10 

seen in a line A-A direction, and FIG. 3 is a cross-sectional 

view of FIG. 1 as seen in a line B-B direction in FIG. 1. 

 In the drawings, the water treatment apparatus 

includes a plurality of ground electrodes 1 supported by a 

support structure 4 in the vertical direction, a high-voltage 15 

electrode unit 2 for forming electric discharge between the 

ground electrodes 1 and the high-voltage electrode unit 2, a 

water supply unit 3 for supplying to-be-treated water to 

between the ground electrodes 1 and the high-voltage 

electrode unit 2, insulating members 5 supporting the high-20 

voltage electrode unit 2, and a treated water tank 6, having 

the support structure 4 fixed to an upper portion thereof, 

for storing treated water. 

[0014] As shown in FIGS. 1 and 3, The ground electrodes 1 

are each a flat-plate-shaped conductive member, are arranged 25 
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at predetermined intervals in a horizontal direction so as to 

be parallel to each other, and are fixed and supported at 

lower ends thereof in the vertical direction by the support 

structure 4. 

 As shown in FIGS. 1 and 2, the high-voltage 5 

electrode unit 2 includes a voltage receiving portion 21 for 

receiving a high voltage from a pulse power supply 7, and 

support portions 22 connected to the voltage receiving 

portion 21 and supporting both ends of counter electrode 

portions 23 opposing the ground electrodes 1.  The counter 10 

electrode portions 23 are each a thin-plate-shaped conductive 

member and are horizontally disposed between the adjacent 

ground electrodes 1.  In addition, a plurality of the counter 

electrode portions 23 are provided at predetermined intervals 

in the vertical direction so as to be parallel to each other, 15 

are provided between the adjacent ground electrodes 1, and 

are provided equidistantly from the adjacent ground 

electrodes 1.  When a pulse voltage is applied from the pulse 

power supply 7 to the high-voltage electrode unit 2, electric 

discharge D is formed in a planar shape between the ground 20 

electrodes 1 and the sides, of the counter electrode portions 

23, opposing the ground electrodes 1.  One terminal of the 

pulse power supply 7 is connected to the high-voltage 

electrode unit 2 by a connection wire 71, and another 

terminal of the pulse power supply 7 is connected to the 25 
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ground electrodes 1 via the support structure 4 and is 

commonly grounded. 

 To-be-treated water passes through the electric 

discharge D formed in a planar shape, which will be described 

later. 5 

[0015] Moreover, the voltage receiving portion 21 of the 

high-voltage electrode unit 2 is fixed to an upper end 

portion, in the vertical direction, of each insulating member 

5, and lower end portions of the support portions 22 are 

located above the support structure 4 which supports the 10 

ground electrodes 1. 

 Each insulating member 5 is, for example, formed in 

a columnar or rod shape, and a lower end portion, in the 

vertical direction, of each insulating member 5 is fixed to 

the support structure 4.  The upper end portion of each 15 

insulating member extends to above the water supply unit 3 

and fixes the voltage receiving portion 21 of the high-

voltage electrode unit 2 at the upper end thereof. 

 Since the ground electrodes 1 and the insulating 

members 5 are fixed to the support structure 4, and the high-20 

voltage electrode unit 2 is fixed to the upper ends of the 

insulating members 5 fixed to the support structure 4, the 

intervals between the ground electrodes 1 and the counter 

electrode portions 23 of the high-voltage electrode unit 2 

are accurately maintained. 25 
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[0016] The water supply unit 3 is provided above the 

ground electrodes 1 in the vertical direction, and is a 

sprinkling device connected to a water supply pipe 32 through 

which to-be-treated water 30 is supplied.  Sprinkling holes 

31 are formed in a surface, opposing the ground electrodes 1, 5 

of the water supply unit 3, and the to-be-treated water 30 is 

supplied from the sprinkling holes 31 to between the adjacent 

ground electrodes 1 located below the sprinkling holes 31 in 

the vertical direction.  The water supply unit 3 is disposed 

so as to be located below the position where the voltage 10 

receiving portion 21 of the high-voltage electrode unit 2 and 

each insulating member 5 are fixed to each other. 

[0017] The support structure 4 is fixed to an upper 

portion of the treated water tank 6 and is composed of a 

conductive member having an opening 41.  The to-be-treated 15 

water 30 supplied from the water supply unit 3 to between the 

ground electrodes 1 is exposed to the electric discharge D, 

then passes through the opening 41 of the support structure 4, 

drops into the treated water tank 6, and is collected therein.  

The to-be-treated water 30 collected in the treated water 20 

tank 6 is retained in the treated water tank 6 for a certain 

period of time and then is drained as treated water 60 

through a drainage pipe 61. 

[0018] Next, basic operation of the water treatment 

apparatus according to Embodiment 1 will be described.  The 25 
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to-be-treated water 30 supplied from the outside through the 

water supply pipe 32 to the water supply unit 3 is supplied 

in the form of droplets or liquid film from the sprinkling 

holes 31 to between the adjacent ground electrodes 1 located 

below the sprinkling holes 31.  At this time, the pulse power 5 

supply 7 is operated to apply a pulsed high voltage between 

the ground electrodes 1 and the high-voltage electrode unit 2, 

thereby forming the electric discharge D between the ground 

electrodes 1 and the counter electrode portions 23.  The 

electric discharge D is distributed and formed between the 10 

ground electrode 1 and the counter electrode portions 23 so 

as to form a surface in the horizontal direction.  The to-be-

treated water 30 comes into contact with the formed electric 

discharge D while passing between the adjacent ground 

electrodes 1.  At this time, active species formed by the 15 

electric discharge D are dissolved in the to-be-treated water 

30.  As a result, water treatment such as removal of hardly-

decomposable substances is performed on the to-be-treated 

water 30. 

 The counter electrode portions 23 are each a thin-20 

plate-shaped conductive member extending in the depth 

direction of the sheet of FIG. 1, and are arranged 

horizontally in multiple stages between the adjacent ground 

electrodes 1.  Thus, the space of the electric discharge D 

formed in a planar shape is also formed in multiple stages, 25 
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and the to-be-treated water 30 supplied from the water supply 

unit 3 to between the ground electrodes 1 always comes into 

contact with the electric discharge D when passing between 

the ground electrodes 1.  Therefore, the to-be-treated water 

30 can be treated with high efficiency. 5 

[0019] Next, the principle by which the water treatment 

apparatus according to Embodiment 1 performs the treatment on 

the to-be-treated water 30 will be described.  Here, a 

description will be given with decomposition of organic 

matter as an example.  Active species such as O3 and OH 10 

radicals generated by electric discharge are well known to 

also be effective for disinfection, decolorization, or 

deodorization. 

 As gas supplied to between the adjacent ground 

electrodes 1, air, oxygen, rare gases (argon, neon), etc., 15 

are used.  By applying a high-voltage pulse between the 

ground electrodes 1 and the high-voltage electrode unit 2, 

electric discharge occurs at the gas layers between the 

ground electrodes 1 and the counter electrode portions 23, or 

at the interfaces between the ground electrodes 1 and the to-20 

be-treated water 30 passing between the adjacent ground 

electrodes 1.  At this time, oxygen molecules (O2) and water 

molecules (H2O) collide against high-energy electrons and 

dissociation reactions in formula (1) and formula (2) take 

place.  Here, �e� represents electron, O represents atomic 25 
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oxygen, H represents atomic hydrogen, and OH represents OH 

radical. 

[0020]  e + O2  2O  (1) 

  e + H2O  H + OH (2) 

 Part of atomic oxygen generated in formula (1) 5 

becomes ozone (O3) by formula (3).  Here, M represents a 

third body in the reaction, and represents every molecule or 

atom in the air. 

  O + O2 + M  O3  (3) 

 In addition, part of OH radical generated in 10 

formula (2) becomes hydrogen peroxide (H2O2) by a reaction in 

the following formula (4). 

  OH + OH  H2O2  (4) 

 Then, oxidizing active species such as O, OH, O3, 

and H2O2 generated by the reactions in formulas (1) to (4) 15 

oxidatively decompose organic matter in the to-be-treated 

water 30 into carbon dioxide (CO2) and water by a reaction in 

formula (5).  Here, R represents organic matter to be treated. 

  R+(O, OH, O3, H2O2)  CO2 + H2O  (5) 

[0021] Meanwhile, part of O3 and H2O2 generated in formula 20 

(3) and formula (4) is dissolved into the to-be-treated water 

30 through the surface of the to-be-treated water 30 by 

formula (6) and formula (7).  Here, (L) means a liquid phase. 

  O3  O3(L)  (6) 

  H2O2  H2O2(L)  (7) 25 



15 / 51 

660612SG01 

 Furthermore, by reaction between O3 (L) and H2O2 (L), 

OH radical is generated in the water as shown in formula (8). 

  O3(L) + H2O2(L)  OH(L)  (8) 

 O3 (L), H2O2 (L), and OH (L) generated in formulas 

(6) to (8) decompose the organic matter through the reaction 5 

in the water by formula (9). 

  R + (O3(L), OH(L), H2O2(L))  CO2 + H2O (9) 

[0022] As described above, the decomposition of the 

organic matter in the to-be-treated water 30 according to 

Embodiment 1 proceeds as both decomposition of the organic 10 

matter on the surface of the to-be-treated water 30 by the 

reaction in formula (5) and decomposition of the organic 

matter in the to-be-treated water 30 by the reaction in 

formula (9). 

 The to-be-treated water 30 collected in the treated 15 

water tank 6 is retained in the treated water tank 6 for a 

certain period of time in order to decompose organic matter 

by the reaction in formula (9), and then is drained as the 

treated water 60 through the drainage pipe 61. 

[0023] In order to perform high-efficiency water treatment, 20 

it is important that stable discharge can be formed without 

electric leak or the like in a discharge circuit.  

Realization of high-efficiency water treatment by the water 

treatment apparatus according to Embodiment 1 will be 

described below. 25 
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 The ground electrodes 1 and the insulating members 

5, which fix the high-voltage electrode unit 2, are supported 

by the same support structure 4.  The water supply unit 3 is 

located below the position where the high-voltage electrode 

unit 2 and each insulating member 5 are fixed to each other, 5 

and the to-be-treated water 30 is supplied from the 

sprinkling holes 31 of the water supply unit 3 to between the 

ground electrodes 1 located at the lower side opposite in the 

vertical direction to the position where the high-voltage 

electrode unit 2 and each insulating member 5 are fixed to 10 

each other.  That is, the position where the high-voltage 

electrode unit 2 and each insulating member 5 are fixed to 

each other is a position that is not wetted with the to-be-

treated water 30 from the sprinkling holes 31, so that there 

is no risk of electric leak due to wetting with the to-be-15 

treated water 30. 

 In addition, the lower end portions of the support 

portions 22 of the high-voltage electrode unit 2 are located 

above the support structure 4 through the space, that is, the 

gas layer without being in contact with the support structure 20 

4.  The counter electrode portions 23 of the high-voltage 

electrode unit 2 are insulated through the gas layer, except 

for the electric discharge D, below the water supply unit 3.  

Therefore, even when the to-be-treated water 30 is supplied 

to between the ground electrodes 1 and water treatment is 25 
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performed, the high-voltage electrode unit 2 is also 

insulated below the water supply unit 3 in the vertical 

direction.  That is, the high-voltage electrode unit 2 and 

the ground electrodes 1 form a closed circuit through the 

electric discharge D, and there is no electric leak part.  5 

Thus, stable electric discharge can be realized. 

[0024] Meanwhile, if the position where the high-voltage 

electrode unit 2 and each insulating member 5 are fixed to 

each other is lower and is located in the direction in which 

the to-be-treated water 30 is sprinkled, the position where 10 

the high-voltage electrode unit 2 and each insulating member 

5 are fixed to each other may be wetted with the to-be-

treated water 30, and electric leak may occur through the 

surfaces of the insulating members 5.  In addition, when the 

lower end portions of the support portions 22 of the high-15 

voltage electrode unit 2 are brought into contact with the 

ground electrodes 1, the support structure 4, or another 

member directly or indirectly through a certain member due to 

vibration or the like, electric leak occurs through the 

surface of the member if the surface of the member gets wet 20 

with the to-be-treated water 30. 

 Since the position where the high-voltage electrode 

unit 2 and each insulating member 5 of the present embodiment 

are fixed to each other is a position that is not wetted with 

the to-be-treated water 30 from the sprinkling holes 31, 25 
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there is no risk of electric leak due to wetting with the to-

be-treated water 30. 

 Moreover, since the ground electrodes 1 and the 

insulating members 5 are fixed to the support structure 4, 

and the high-voltage electrode unit 2 is fixed to the upper 5 

ends of the insulating members 5 fixed to the support 

structure 4, the intervals between the ground electrodes 1 

and the high-voltage electrode unit 2 are accurately 

maintained.  Since the support portions 22 of the high-

voltage electrode unit 2 are also fixed to the voltage 10 

receiving portion 21 and held at a predetermined interval 

with respect to the ground electrodes 1 or the support 

structure 4, there is a low possibility that the support 

portions 22 are brought into contact with the ground 

electrodes 1 or the support structure 4 indirectly through a 15 

member, and there is no risk of electric leak. 

[0025] Although the lower ends of the ground electrodes 1 

are fixed to the support structure 4, since the other 

terminal of the pulse power supply 7 is connected to the 

ground electrodes 1 via the support structure 4, and the 20 

ground electrodes 1 and the support structure 4 are installed 

at a common potential, even when the portion where the ground 

electrodes 1 and the support structure 4 are fixed to each 

other gets wet with the to-be-treated water 30, no potential 
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difference occurs in the to-be-treated water 30, and thus 

electric leak does not occur. 

 As described above, with the configuration of the 

present embodiment, there is no risk of electric leak, and 

stable discharge can be realized. 5 

[0026] Furthermore, in Embodiment 1, the lower ends of the 

support portions 22 of the high-voltage electrode unit 2 are 

located above the lower ends, in the vertical direction, of 

the ground electrodes 1.  With such an arrangement, the 

counter electrode portions 23 of the high-voltage electrode 10 

unit 2 are shielded from the surroundings by the ground 

electrodes 1.  Thus, an electric field is stably formed 

between the counter electrode portions 23 and the ground 

electrodes 1, so that it is possible to stably form the 

electric discharge D. 15 

[0027] As described above, according to Embodiment 1, 

since the ground electrodes 1 and the insulating members 5 

are fixed to the support structure 4, and the high-voltage 

electrode unit 2 is fixed to the upper ends of the insulating 

members 5 fixed to the support structure 4, the intervals 20 

between the ground electrodes 1 and the high-voltage 

electrode unit 2 are accurately maintained.  In addition, the 

portion where the high-voltage electrode unit 2 and each 

insulating member 5 are connected to each other can also be 

located above the water supply unit 3 and located in the 25 
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direction opposite to the sprinkling direction.  Therefore, 

electric leak between the ground electrodes 1 and the high-

voltage electrode unit 2 is inhibited, so that it is possible 

to treat to-be-treated water with high efficiency by stable 

electric discharge. 5 

 In addition, since the counter electrode portions 

23, of the  high-voltage electrode unit 2, opposing the 

ground electrodes 1, are provided in multiple stages in the 

direction in which to-be-treated water passes, and planar 

electric discharge is formed in multiple stages between the 10 

ground electrodes 1, such electric discharge contributes to 

high-efficiency treatment of the to-be-treated water 30. 

[0028] The example in which the pulse power supply 7 is 

used for forming electric discharge has been described.  

However, the power supply used in the present embodiment does 15 

not necessarily need to be a pulse power supply as long as 

electric discharge can be stably formed, and the power supply 

may be, for example, an AC power supply or a DC power supply. 

 The polarity, the voltage peak value, the 

repetition frequency, the pulse width, and the like of the 20 

voltage to be outputted from the pulse power supply 7 can be 

determined as appropriate in accordance with various 

conditions such as the structures of the ground electrodes 1 

and the high-voltage electrode unit 2 and the gas type of the 

gas layer.  Generally, the voltage peak value is desirably 1 25 
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kV to 50 kV.  If the voltage peak value is less than 1 kV, 

stable electric discharge is not formed, and, in order to 

make the voltage peak value greater than 50 kV, it is 

necessary to increase the size of the power supply and 

enhance electrical insulation, which leads to a significant 5 

increase in the production cost and the maintenance cost. 

 The repetition frequency is desirably not less than 

10 pps (pulse-per-second) and not greater than 100 kpps.  If 

the repetition frequency is less than 10 pps, a very high 

voltage is needed for applying sufficient electric discharge 10 

power.  On the other hand, if the repetition frequency is 

greater than 100 kpps, the effect of water treatment becomes 

saturated, so that the power efficiency decreases.  The 

voltage peak value, the repetition frequency, and the pulse 

width may be adjusted in accordance with the flow rate of the 15 

to-be-treated water 30, or components contained in the to-be-

treated water 30 or the concentrations thereof. 

[0029] In the above, the example in which the to-be-

treated water 30 is supplied in the form of droplets or 

liquid film from the sprinkling holes 31 provided in the 20 

flat-plate-shaped water supply unit 3 has been described.  

However, the flat-plate-shaped water supply unit 3 used in 

the present embodiment does not necessarily need to have the 

sprinkling holes 31 as long as the water supply unit 3 can 

supply the to-be-treated water 30 in the form of droplets or 25 
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liquid film to between the ground electrodes 1.  For example, 

a spray nozzle or a dispenser can be used.  By using the 

flat-plate-shaped water supply unit 3 having the sprinkling 

holes 31, even when the number of ground electrodes 1 or the 

state of to-be-treated water is different, expansion can be 5 

easily achieved by changing the area of the water supply unit 

3 and the diameters and the number of the sprinkling holes 31.  

Thus, the design cost can be reduced, and the cost of the 

water treatment apparatus can be reduced.  In addition, in 

the case where a spray nozzle or a dispenser is used, the 10 

diameters of droplets of the to-be-treated water 30 can be 

controlled, and the water treatment efficiency can be 

improved. 

 Moreover, the flow rate of the to-be-treated water 

30 supplied from the water supply unit 3 to between the 15 

ground electrodes 1, the number of droplets formed therefrom, 

the diameters of the droplets, etc., can be adjusted as 

appropriate in accordance with the quality of the to-be-

treated water 30 or the types of the substances contained in 

the to-be-treated water 30.  When the diameters of the 20 

droplets are smaller, the specific surface area of the to-be-

treated water 30 increases, and the transport efficiency of 

the active species into the to-be-treated water 30 and the 

water treatment efficiency increase.  Thus, the diameters of 

the droplets are preferably smaller.  In order to improve the 25 
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water treatment efficiency, the diameters of the droplets are 

preferably equal to or less than 1 mm. 

[0030] The water treatment apparatus according to 

Embodiment 1 may be housed in a sealed or semi-sealed 

container that is not shown.  By housing the water treatment 5 

apparatus in the container, the type of gas in the container 

can be controlled, so that the stability of the electric 

discharge D can be improved and impurities can be prevented 

from entering the to-be-treated water 30 from the gas phase.  

In addition, by housing the water treatment apparatus in the 10 

sealed or semi-sealed container and providing the pulse power 

supply 7 outside the container, deterioration of the pulse 

power supply 7 due to spray or steam of the to-be-treated 

water 30 or active species generated by electric discharge 

can be prevented. 15 

[0031] In the present embodiment, the ground electrodes 1 

are formed from a conductive material, and a metal material 

having excellent corrosion resistance such as stainless steel 

or titanium is particularly preferably used.  The ground 

electrodes 1 can be thinned as long as the mechanical 20 

strength thereof can be maintained, or a structure such as 

mesh or perforated metal can be used.  Since the weights of 

the ground electrodes 1 can be reduced by thinning the ground 

electrodes 1, the mechanical strength of the support 

structure 4 can be reduced and the cost of the water 25 
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treatment apparatus can be reduced.  Moreover, similar to the 

counter electrode portions 23 of the high-voltage electrode 

unit 2, the ground electrodes 1 may each have a structure 

having an electrode portion that is horizontally extended in 

a direction orthogonal to the direction in which the 5 

plurality of ground electrodes 1 are arranged.  When the 

ground electrodes 1 are also formed with the same electrode 

structure as the counter electrode portions 23 of the high-

voltage electrode unit 2 and are opposed to the counter 

electrode portions 23 of the high-voltage electrode unit 2, 10 

an electric field can be concentrated and the position where 

the electric discharge D is formed can be accurately 

determined, so that the treatment efficiency of the to-be-

treated water 30 flowing downward is improved. 

[0032] The high-voltage electrode unit 2 is formed from a 15 

conductive material, and a metal material having excellent 

corrosion resistance such as stainless steel or titanium is 

particularly preferably used.  In Embodiment 1, the thin-

plate-shaped counter electrode portions 23 are used.  However, 

it is sufficient that a strong electric field is formed at 20 

the counter electrode portions 23 by a high voltage pulse, 

and the shapes of the counter electrode portions 23 do not 

necessarily need to have a thin plate shape.  For example, a 

wire, a plate having a large number of needles or screws 

fixed thereto in a comb tooth manner, a plate having a mesh 25 
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shape, a perforated metal, or the like can be used as 

appropriate as each counter electrode portion 23.  The thin 

plate shape can ensure mechanical strength and can improve 

the durability of the high-voltage electrode unit 2, as 

compared to the other shapes.  Thus, the thin plate shape is 5 

preferable.  In addition, since the wire shape can increase 

the opening ratio, viewed from the vertical direction, 

between the ground electrodes 1, the interval between the 

adjacent ground electrodes 1 can be smaller than in the case 

of the other shapes, so that the size of the water treatment 10 

apparatus can be reduced. 

 In Embodiment 1, the counter electrode portions 23 

are provided above the lower end portion, in the vertical 

direction, of the high-voltage electrode unit 2.  With such a 

configuration, the to-be-treated water 30 is inhibited from 15 

accumulating at the lower end portion, in the vertical 

direction, of the high-voltage electrode unit 2, and the 

electric discharge D can be inhibited from becoming unstable 

due to distortion of an electric field at the lower end 

portion of the high-voltage electrode unit 2 that is caused 20 

by the accumulation of the to-be-treated water 30.  For 

example, when the counter electrode portions 23 are made from 

the above-described mesh plate, the to-be-treated water 30 

does not accumulate on the counter electrode portions 23. 
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[0033] The support structure 4 is formed from a conductive 

material, and a metal material having excellent corrosion 

resistance such as stainless steel or titanium is 

particularly preferably used.  In Embodiment 1, the support 

structure 4 having a rectangular parallelepiped cross section 5 

is used.  However, it is sufficient that the support 

structure 4 has mechanical strength capable of holding the 

ground electrodes 1, the high-voltage electrode unit 2, and 

the insulating members 5.  For example, a member having a 

circular, H-shaped, I-shaped, or T-shaped cross-section, a 10 

hollow member, or the like can be used as appropriate as a 

frame material forming the support structure 4.  The H shape 

and the like can achieve weight reduction while maintaining 

the mechanical strength, so that the manufacturing cost of 

the support structure 4 and the water treatment apparatus can 15 

be reduced. 

[0034] The example in which the support structure 4 is 

fixed to the upper portion of the treated water tank 6 has 

been described above.  However, the support structure 4 may 

be disposed above support legs (not shown) fixed to a bottom 20 

portion of the treated water tank 6 and be held above the 

treated water tank 6.  In the case where the support 

structure 4 is mounted to the treated water tank 6, the 

number of components of the water treatment apparatus is 

smaller than in the case where support legs are used.  Thus, 25 
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the cost of the water treatment apparatus can be reduced, and 

the size of the water treatment apparatus can be reduced.  In 

the case where the support structure 4 is held above the 

treated water tank 6 by support legs, the support structure 4 

can be firmly supported, so that the ground electrodes 1 and 5 

the high-voltage electrode unit 2 can be stably fixed even 

when the sizes of the ground electrodes 1 and the high-

voltage electrode unit 2 are increased.  In addition, since 

the support legs are fixed to the bottom portion of the 

treated water tank 6, vibration of the support structure 4 10 

due to transportation of the to-be-treated water 30, 

vibration of a pump 34, or the like can be inhibited. 

[0035] The treated water tank 6 can be formed using any 

material capable of storing the to-be-treated water 30.  In 

particular, a material having excellent corrosion resistance, 15 

such as stainless steel, titanium, ceramic materials 

including quartz and alumina, and fluorine resin, is 

preferably used.  Moreover, since the reaction in formula (9) 

proceeds in water, decomposition of the organic matter 

remaining in the to-be-treated water 30 having dropped 20 

through the electric discharge D may be promoted by extending 

the residence time of the to-be-treated water 30 or stirring 

the to-be-treated water 30.  For achieving this, a baffle, a 

stirring mechanism, or an air diffuser for introducing a gas 



28 / 51 

660612SG01 

into the to-be-treated water 30 to promote the reaction may 

be provided in the treated water tank 6. 

[0036] Each insulating member 5 can be formed using an 

electrically insulating material having high electric 

resistance.  For example, a glass material such as quartz and 5 

borosilicate glass, an engineering ceramic material such as 

alumina and zirconia, an engineering plastic material such as 

fluorine resin, a combination thereof, or the like can be 

used as the material of each insulating member 5.  Moreover, 

it is sufficient that each insulating member 5 is formed from 10 

an electrically insulating material at least at the position 

where the high-voltage electrode unit 2 and the insulating 

member 5 are fixed to each other, and a conductive material 

may be used for an inner portion of the insulating member 5 

and a portion of the insulating member 5 except for the 15 

position where the high-voltage electrode unit 2 and the 

insulating member 5 are fixed to each other.  When each 

insulating member 5 has a two-layer structure including a 

conductive material located inside and an external insulating 

material, the flexibility in material design is increased and 20 

it is possible to improve the mechanical strength of each 

insulating member 5.  As a result, the intervals between the 

ground electrodes 1 and the high-voltage electrode unit 2 can 

be further accurately maintained. 
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[0037] As shown in FIG. 4, a water-repellent portion 52 

may be provided on at least a part of the surface of each 

insulating member 5 which is formed in a columnar shape.  

Furthermore, a shielding plate 36 for preventing scattering 

of the to-be-treated water 30 may be provided around the 5 

water supply unit 3. 

 FIG. 4 is a cross-sectional view showing the 

configuration of another water treatment apparatus according 

to Embodiment 1.  FIG. 4 shows that the water-repellent 

portion 52 covering a part of the surface of each insulating 10 

member 5 and the shielding plate 36 around the water supply 

unit 3 are provided in the configuration of FIG. 1. 

 Since the to-be-treated water 30 is repelled on the 

surface of the water-repellent portion 52 provided on the 

surface of each insulating member 5, insulation is maintained 15 

at the position of each insulating member 5 where the water-

repellent portion 52 is provided.  Therefore, the electric 

leak inhibition effect can be improved.  The water-repellent 

portion 52 may be provided over the entire surface of each 

insulating member 5.  However, since insulation is maintained 20 

at the place where the water-repellent portion 52 is provided, 

it is sufficient that the water-repellent portion 52 is 

provided on at least a part of the surface of each insulating 

member 5. 
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 In addition, the shielding plate 36 provided around 

the water supply unit 3 inhibits scattering in the direction 

toward the insulating member 5, particularly to the portion 

where each insulating member 5 and the high-voltage electrode 

unit 2 are connected to each other.  Therefore, each 5 

insulating member 5 and the portion where each insulating 

member 5 and the high-voltage electrode unit 2 are connected 

to each other can be inhibited from getting wet with the to-

be-treated water 30 due to scattering of the to-be-treated 

water 30, and the electric leak inhibition effect can be 10 

improved.  It is not necessary to provide the shielding plate 

36 over the entire periphery of the water supply unit 3, and 

it is sufficient that the shielding plate 36 is provided at 

least at a position that inhibits scattering in the direction 

toward each insulating member 5, particularly to the portion 15 

where each insulating member 5 and the high-voltage electrode 

unit 2 are connected to each other. 

[0038] Furthermore, the portion, of the upper end portion 

of each insulating member 5 formed in a columnar shape, which 

is connected to the high-voltage electrode unit 2, and the 20 

portion, of the lower end portion of each insulating member 5, 

which is fixed to the support structure 4 may be made thinner 

than the other portion of each insulating member 5, thereby 

increasing the insulation distance. 



31 / 51 

660612SG01 

 FIG. 5 is a cross-sectional view showing the 

configuration of still another water treatment apparatus 

according to Embodiment 1.  FIG. 5 shows that an upper end 

portion 5a and a lower end portion 5b of each insulating 

member 5 in the configuration of FIG. 1 are made thinner than 5 

the other portion of each insulating member 5.  Not only the 

insulation distance is ensured directly at the portion of the 

upper end portion connected to the high-voltage electrode 

unit 2 as described above, but also the insulation distance 

can be increased by providing recesses and projections on the 10 

entire surface of each insulating member 5 or on at least a 

part of the surface of each insulating member 5, that is, by 

changing the cross-sectional area of each insulating member 

between the lower end portion and the upper end portion. 

[0039] Embodiment 2 15 

 In Embodiment 1, decomposition of the organic 

matter remaining in the to-be-treated water 30 having dropped 

through the electric discharge D is promoted by extending the 

residence time, in the treated water tank 6, of the to-be-

treated water 30 having passed through the electric discharge 20 

D or stirring the to-be-treated water 30.  In Embodiment 2, a 

circulation pipe is provided so as to return the to-be-

treated water 30 retained in the treated water tank 6 to the 

water supply pipe 32 of the water supply unit 3 in order to 
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bring the to-be-treated water 30 into contact with the 

electric discharge D again. 

 FIG. 6 is a cross-sectional view showing the 

configuration of a water treatment apparatus according to 

Embodiment 2.  In the drawing, one end of a circulation pipe 5 

35 is connected to a wall surface, of the treated water tank 

6, opposing the drainage pipe 61, and the other end of the 

circulation pipe 35 is connected to the water supply pipe 32 

of the water supply unit 3.  Decomposition of the organic 

matter can be promoted by sending the to-be-treated water 30 10 

retained in the treated water tank 6 to the water supply unit 

3 again with use of the pump 34 provided on the circulation 

pipe 35, and repeatedly bringing the to-be-treated water 30 

into contact with the electric discharge D. 

[0040] FIG. 6B, FIG. 6C, and FIG. 6D each show the 15 

configuration of a water treatment apparatus in which a part 

of the circulation pipe in FIG. 6A is changed. 

 Although the one end of the circulation pipe 35 is 

connected to the wall surface, of the treated water tank 6, 

opposing the drainage pipe 61 in FIG. 6A, the one end of the 20 

circulation pipe 35 may be connected to the drainage pipe 61 

as shown in FIG. 6B.  In this case, for example, a valve 37 

may be provided, and whether to circulate, drain, or retain 

the water may be selected by the valve 37. 
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 Moreover, although the other end of the circulation 

pipe 35 is connected to the water supply pipe 32 of the water 

supply unit 3 located at the upper side in FIG. 6A, a water 

supply pipe from the outside may be connected between the 

pump 34 and the treated water tank 6 as shown in FIG. 6C, and 5 

the flow rate of to-be-treated water to be supplied to the 

water supply unit 3 by the pump 34 or the ratio of the to-be-

treated water to be supplied from the outside and the to-be-

treated water to be circulated may be controlled. 

[0041] Furthermore, in FIG. 6D, a water supply pipe 33 10 

through which the to-be-treated water 30 is supplied from the 

outside is provided to the treated water tank 6, and the 

circulation pipe 35 is connected to the drainage pipe 61 via 

the valve 37, and whether to circulate, drain, or retain the 

water is selected by the valve 37.  In addition, the pump 34 15 

is provided on the circulation pipe 35 such that the flow 

rate can be adjusted. 

 With this configuration, the organic matter in the 

to-be-treated water 30 supplied from the outside through the 

water supply pipe 33 is initially decomposed in the treated 20 

water tank 6 by the reaction in formula (9).  Thereafter, 

circulation to the water supply unit 3 is selected by the 

valve 37, and the to-be-treated water 30 is supplied at a 

predetermined flow rate by the pump 34.  When a sensor is 

provided to the treated water tank 6 to measure the 25 
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concentration of the organic matter in the to-be-treated 

water 30, and the flow rate of the to-be-treated water to be 

circulated is set or the intensity of electric discharge is 

controlled in accordance with the concentration of the 

organic matter, the load on the pump 34 and the pulse power 5 

supply 7 can be reduced.  If the concentration of the organic 

matter by the sensor becomes equal to or less than a 

predetermined value, the to-be-treated water 30 is drained as 

the treated water 60 through the drainage pipe 61 by the 

valve 37. 10 

 Moreover, circulation and drainage may be performed 

simultaneously, and the ratio in flow rate between 

circulation and drainage may be controlled such that the 

concentration of the organic matter in the treated water tank 

6 is constant.  By performing circulation and drainage 15 

simultaneously as described above, it is possible to 

continuously perform water treatment, and integration into 

existing water treatment equipment is made easy. 

 Furthermore, when there is a correlation between 

the organic matter concentration and other parameters such as 20 

pH or chromaticity, dissolved ozone concentration, and 

hydrogen peroxide concentration, these parameters can be used 

as an index of the organic matter concentration. 

[0042] The configuration of Embodiment 2 other than the 

circulation pipe 35 is the same as that of Embodiment 1, and, 25 
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similarly, the materials or the configurations of the ground 

electrodes 1, the high-voltage electrode unit 2, the support 

structure 4, the insulating members 5, and the treated water 

tank 6 can be selected and can be changed. 

[0043] As described above, with the configuration of 5 

Embodiment 2, the same advantageous effects as the embodiment 

are achieved.  Specifically, the intervals between the ground 

electrodes 1 and the high-voltage electrode unit 2 can be 

accurately maintained, and electric leak between the ground 

electrodes 1 and the high-voltage electrode unit 2 is 10 

inhibited, so that it is possible to treat to-be-treated 

water with high efficiency by stable electric discharge. 

 Furthermore, since to-be-treated water is 

repeatedly brought into contact with electric discharged by 

the circulation pipe 35, this repeated contact contributes to 15 

high-efficiency treatment of to-be-treated water. 

[0044] Also, in FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D, 

the water-repellent portion 52 covering a part of the surface 

of each insulating member 5 and the shielding plate 36 around 

the water supply unit 3 may be provided, or the upper end 20 

portion 5a and the lower end portion 5b of each insulating 

member 5 may be made thinner than the other portion of each 

insulating member 5. 

 FIG. 7 is a cross-sectional view showing the 

configuration of another water treatment apparatus according 25 
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to Embodiment 2.  FIG. 7 shows that the water-repellent 

portion 52 covering a part of the surface of each insulating 

member 5 and the shielding plate 36 around the water supply 

unit 3 are provided in the configuration of FIG. 6A. 

 FIG. 8 is a cross-sectional view showing the 5 

configuration of still another water treatment apparatus 

according to Embodiment 2.  FIG. 8 shows that the upper end 

portion 5a and the lower end portion 5b of each insulating 

member 5 in the configuration of FIG. 6A are made thinner 

than the other portion of each insulating member 5. 10 

 With the configurations of FIG. 7 and FIG. 8, as 

described in Embodiment 1, electric leak can be inhibited 

more than in FIG. 6A. 

[0045] Embodiment 3 

 In Embodiment 1, the lower ends of the ground 15 

electrodes 1 and the insulating members 5 are fixed to the 

support structure 4.  However, in Embodiment 3, the upper 

ends of the ground electrodes 1 and the insulating members 5 

are fixed to the support structure 4. 

 Embodiment 3 will be described with reference to 20 

FIGS. 9 to 11. 

 FIG. 9 is a configuration diagram showing the 

configuration of a water treatment apparatus according to 

Embodiment 3, FIG. 10 is a cross-sectional view of FIG. 9 as 



37 / 51 

660612SG01 

seen in a line C-C direction, and FIG. 11 is a cross-

sectional view of FIG. 9 as seen in a line D-D direction. 

 The water treatment apparatus of Embodiment 3 has 

the same basic configuration as that of Embodiment 1, and 

specifically includes ground electrodes 1, a high-voltage 5 

electrode unit 2, a water supply unit 3, a support structure 

4, insulating members 5, and a treated water tank 6.  

Hereinafter, the differences from Embodiment 1 will be 

described. 

[0046] The plurality of ground electrodes 1 are each a 10 

flat-plate-shaped conductive member, and are arranged at 

predetermined intervals in a horizontal direction so as to be 

parallel to each other, and the upper ends thereof in the 

vertical direction are fixed to the support structure 4.  One 

ground electrode has a shape having a recess-like hollow part 15 

1a for letting the water supply unit 3, the water supply pipe 

32, and the high-voltage electrode unit 2 to pass 

therethrough, and portions 1b, fixed to the support structure 

4, at both ends of the hollow part 1a. 

 Each insulating member 5 is, for example, a 20 

columnar member, an upper end portion of the insulating 

member 5 is located above the water supply unit, the support 

structure 4 is fixed to the upper end portion of the 

insulating member 5, and the voltage receiving portion 21 of 



38 / 51 

660612SG01 

the high-voltage electrode unit 2 is fixed to a lower end 

portion of the insulating member 5. 

 The voltage receiving portion 21 of the high-

voltage electrode unit 2 has, for example, a rectangular 

frame shape having an opening 21a, and the corner portions of 5 

the frame are fixed to the support structure 4 via the 

insulating members 5.  Counter electrode portions 23a of the 

high-voltage electrode unit 2 that are arranged between the 

adjacent ground electrodes 1 and oppose the ground electrodes 

1 are composed of wire-shaped electrodes, and both ends of 10 

each counter electrode portion 23a are supported by the 

support portions 22 of the high-voltage electrode unit 2.  

The drawing shows an example in which the number of wires is 

three, and a plurality of wires are provided at predetermined 

intervals in the vertical direction so as to be parallel to 15 

each other.  The plurality of counter electrode portions 23a 

are arranged equidistantly from the adjacent ground 

electrodes 1.  The lower ends of the support portions 22 are 

held so as to be located above the lower end portions, in the 

vertical direction, of the ground electrodes 1. 20 

[0047] Similar to Embodiment 1, the support structure 4 is 

fixed to the upper portion of the treated water tank 6.  

However, the treated water tank 6 is deeper than in 

Embodiment 1, and, even when the water surface of the to-be-

treated water 30 to be retained therein is taken into 25 



39 / 51 

660612SG01 

consideration, both the lower end portions of the ground 

electrodes 1 and the lower end portions of the support 

portions 22 of the high-voltage electrode unit 2 are held at 

a position higher than the water surface. 

[0048] The water supply unit 3 is a sprinkling device 5 

provided above the high-voltage electrode unit 2.  Sprinkling 

holes 31 are provided in a surface, opposing the high-voltage 

electrode unit 2, of the water supply unit 3, that is, in the 

lower surface of the water supply unit 3, and the to-be-

treated water 30 is supplied from the sprinkling holes 31 to 10 

between the adjacent ground electrodes 1 located below the 

sprinkling holes 31.  The to-be-treated water 30 supplied 

from the water supply unit 3 passes through the opening 21a 

of the high-voltage electrode unit 2 and between the ground 

electrodes 1, drops into the treated water tank 6, and is 15 

collected therein.  The to-be-treated water 30 collected in 

the treated water tank 6 is retained in the treated water 

tank 6 for a certain period of time and then is drained as 

the treated water 60 through the drainage pipe 61.  The water 

supply unit 3 is disposed so as to be located below the 20 

position where the ground electrodes 1 and the insulating 

members 5 are fixed.  The support structure 4 is fixed above 

the ground electrodes 1 in the vertical direction. 

[0049] A high voltage pulse is applied between the ground 

electrodes 1 and the high-voltage electrode unit 2 from the 25 
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pulse power supply 7, and the electric discharge D is 

generated between the ground electrodes 1 and the counter 

electrode portions 23a.  One terminal of the pulse power 

supply 7 is connected to the voltage receiving portion 21 of 

the high-voltage electrode unit 2 by the connection wire 71, 5 

and another terminal of the pulse power supply 7 is connected 

to the ground electrodes 1 via the support structure 4 and is 

commonly grounded.  The connection wire 71 is connected to 

the high-voltage electrode unit 2 from above the water supply 

unit 3 in the vertical direction. 10 

[0050] Next, operation of the water treatment apparatus 

according to Embodiment 3 will be described.  The to-be-

treated water 30 supplied from the outside through the water 

supply pipe 32 to the water supply unit 3 is supplied in the 

form of droplets or liquid film from the sprinkling holes 31 15 

to between the adjacent ground electrodes 1 located below the 

sprinkling holes 31.  At this time, the pulse power supply 7 

is operated to apply a pulsed high voltage between the ground 

electrodes 1 and the counter electrode portions 23a of the 

high-voltage electrode unit 2, thereby generating the 20 

electric discharge D between the ground electrodes 1 and the 

counter electrode portions 23a.  The electric discharge D is 

distributed and formed between the ground electrode 1 and the 

counter electrode portions 23a so as to form a surface in the 

horizontal direction.  The to-be-treated water 30 comes into 25 
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contact with the electric discharge D while passing between 

the ground electrodes 1.  At this time, active species formed 

by the electric discharge D are dissolved in the to-be-

treated water 30.  As a result, water treatment such as 

removal of hardly-decomposable substances is performed on the 5 

to-be-treated water 30.  Since the counter electrode portions 

23a are provided in multiple stages in the vertical direction, 

the to-be-treated water 30 passes through the electric 

discharge D in multiple stages. 

[0051] In order to perform high-efficiency water treatment, 10 

it is important that stable discharge can be formed without 

electric leak or the like in a discharge circuit.  

Realization of high-efficiency water treatment by the water 

treatment apparatus according to Embodiment 3 will be 

described below. 15 

 The ground electrodes 1 and the insulating members 

5, which fix the high-voltage electrode unit 2, are supported 

by the same support structure 4.  The water supply unit 3 is 

disposed so as to be located below the position where the 

support structure 4 and each insulating member 5 are fixed to 20 

each other.  The position where the support structure 4 and 

each insulating member 5 are fixed to each other is opposite 

to the direction in which the to-be-treated water 30 is 

sprinkled, and the to-be-treated water 30 is supplied to 

between the ground electrodes 1 located below this position.  25 
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That is, the position where the support structure 4 and each 

insulating member 5 are fixed to each other is a position 

that is not wetted with the to-be-treated water 30 from the 

sprinkling holes 31, so that there is no risk of electric 

leak due to the to-be-treated water 30. 5 

 In addition, the lower end portions of the support 

portions 22 of the high-voltage electrode unit 2 are held 

between the adjacent ground electrodes 1, and the high-

voltage electrode unit 2 is insulated through the gas layer, 

except for the electric discharge D, below the water supply 10 

unit 3 in the vertical direction. 

 Therefore, even when the to-be-treated water 30 is 

supplied to between the ground electrodes 1 and water 

treatment is performed, the high-voltage electrode unit 2 is 

insulated below the water supply unit 3 in the vertical 15 

direction, and there is also no risk of electric leak, due to 

wetting with the to-be-treated water 30, at the position 

where the support structure 4 and each insulating member 5 

are fixed to each other.  That is, the high-voltage electrode 

unit 2 and the ground electrodes 1 form a closed circuit 20 

through the electric discharge D, and there is no electric 

leak part.  Thus, stable electric discharge can be realized. 

[0052] The connection wire 71 is connected to the high-

voltage electrode unit 2 from above the water supply unit 3 

in the vertical direction.  Therefore, contact of the 25 
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connection wire 71 with the to-be-treated water 30 is 

inhibited above the water supply unit 3 in the vertical 

direction, and thus electric leak via the connection wire 71 

can also be inhibited. 

[0053] Since the positional relationship between the 5 

ground electrodes 1, the insulating members 5, and the high-

voltage electrode unit 2 is determined by the fixed position 

on the support structure 4, the intervals between the ground 

electrodes 1 and the counter electrode portions 23a of the 

high-voltage electrode unit 2 can be accurately maintained.  10 

In particular, in Embodiment 3, since the ground electrodes 1 

and the insulating members 5 are fixed to the same upper 

surface, in the vertical direction, of the support structure 

4, even when the support structure 4 vibrates or deforms, the 

intervals between the ground electrodes 1 and the counter 15 

electrode portions 23a of the high-voltage electrode unit 2 

can be accurately maintained. 

[0054] As described above, according to Embodiment 3, the 

same advantageous effects as Embodiment 1 are achieved.  

Specifically, since the ground electrodes 1 and the 20 

insulating members 5 are fixed to the support structure 4, 

and the high-voltage electrode unit 2 is fixed to the lower 

ends of the insulating members 5 fixed to the support 

structure 4, the intervals between the ground electrodes 1 

and the high-voltage electrode unit 2 are accurately 25 
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maintained, and the portion where the support structure 4 and 

each insulating member 5 are connected to each other can also 

be located above the water supply unit 3 and located in the 

direction opposite to the sprinkling direction.  Therefore, 

electric leak between the ground electrodes 1 and the high-5 

voltage electrode unit 2 is inhibited, so that it is possible 

to treat to-be-treated water with high efficiency by stable 

electric discharge. 

 In addition, since the counter electrode portions 

23a, of the  high-voltage electrode unit 2, opposing the 10 

ground electrodes 1, are provided in multiple stages in the 

direction in which to-be-treated water passes, and the planar 

electric discharge D is formed in multiple stages between the 

ground electrodes 1, such electric discharge contributes to 

high-efficiency treatment of the to-be-treated water. 15 

[0055] In each of the embodiments, the upper end portions 

of the insulating members 5 are located above the water 

supply unit 3.  In Embodiments 1 and 2, since the portion, 

between the ground electrodes 1 and the high-voltage 

electrode unit 2, where the high-voltage electrode unit 2 and 20 

each insulating member 5 are connected to each other is 

located above the water supply unit 3, electric leak is 

inhibited.  In Embodiment 3, since the portion where the 

support structure 4 and each insulating member 5 are 

connected to each other is located above the water supply 25 
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unit 3, electric leak is inhibited.  As a result, electric 

leak between the ground electrodes 1 and the high-voltage 

electrode unit 2 in the discharge circuit is inhibited. 

[0056] In the above configuration, the water supply pipe 

32 and the high-voltage electrode unit 2 are disposed in the 5 

recess-like hollow portions 1a of the ground electrodes 1.  

With such an arrangement, the size of the water treatment 

apparatus can be reduced.  FIG. 12 shows a cross-sectional 

view of the same portion as in FIG. 11 in another water 

treatment apparatus according to Embodiment 3, and the water 10 

supply pipe 32 and the high-voltage electrode unit 2 can be 

made to pass at the outer periphery of the ground electrode.  

With such an arrangement, the ground electrode 1 at the end 

does not need to have the recess-like hollow portion 1a, and 

installation and maintenance of the water supply pipe 32 and 15 

the high-voltage electrode unit 2 can be facilitated. 

[0057] In Embodiment 3 as well, similar to Embodiment 1, 

the shielding plate 36 may be provided to the water supply 

unit 3, and the water-repellent portion 52 may be provided on 

at least a part of each insulating member 5.  Moreover, a 20 

part of each insulating member 5 may be made thin, and each 

insulating member 5 may be provided with an uneven shape. 

 Furthermore, as in Embodiment 2, the to-be-treated 

water 30 having passed through the electric discharge D may 

be circulated to improve the water treatment efficiency. 25 
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 As each counter electrode portion 23a of the high-

voltage electrode unit 2, a thin-plate-shaped conductive 

member may be used as in Embodiment 1 instead of a wire. 

[0058] Although the present disclosure is described above 

in terms of various exemplary embodiments and implementations, 5 

it should be understood that the various features, aspects, 

and functionality described in one or more of the individual 

embodiments are not limited in their applicability to the 

particular embodiment with which they are described, but 

instead can be applied, alone or in various combinations to 10 

one or more of the embodiments of the present disclosure. 

 It is therefore understood that numerous 

modifications which have not been exemplified can be devised 

without departing from the scope of the present disclosure.  

For example, at least one of the constituent components may 15 

be modified, added, or eliminated.  At least one of the 

constituent components mentioned in at least one of the 

preferred embodiments may be selected and combined with the 

constituent components mentioned in another preferred 

embodiment. 20 

DESCRIPTION OF THE REFERENCE CHARACTERS 

[0059] 1  ground electrode 

 1a  hollow portion 

 1b  fixed portion 25 
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 2  high-voltage electrode unit 

 21  voltage receiving portion 

 21a  opening 

 22  support portion 

 23, 23a  counter electrode portion 5 

 3  water supply unit 

 30  to-be-treated water 

 31  sprinkling hole 

 32, 33  water supply pipe 

 34  pump 10 

 35  circulation pipe 

 36  shielding plate 

 37  valve 

 4  support structure 

 41  opening 15 

 5  insulating member 

 52  water-repellent portion 

 6  treated water tank 

 60  treated water 

 61  drainage pipe 20 

 7  pulse power supply 

 71  connection wire 

 D  electric discharge 
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CLAIMS 

[1] A water treatment apparatus comprising: 

 flat-plate-shaped ground electrodes arranged at 

regular intervals in a horizontal direction; 

 a high-voltage electrode unit disposed between the 5 

adjacent ground electrodes so as to oppose the ground 

electrodes; and 

 a water supply unit for supplying to-be-treated 

water to between the adjacent ground electrodes, wherein 

 treatment of the to-be-treated water is performed 10 

by electric discharge formed between the ground electrodes 

and the high-voltage electrode unit, 

 the water treatment apparatus comprises a support 

structure supporting the ground electrodes and supporting an 

insulating member connected to the high-voltage electrode 15 

unit, and 

 an upper end portion of the insulating member is 

disposed above the water supply unit. 

[2] The water treatment apparatus according to claim 1, 20 

wherein the water supply unit is provided between the high-

voltage electrode unit and the support structure in a 

vertical direction. 
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[3] The water treatment apparatus according to claim 1 

or 2, wherein the ground electrodes are supported at lower 

end portions thereof by the support structure, and the high-

voltage electrode unit is connected to the upper end portion 

of the insulating member. 5 

[4] The water treatment apparatus according to claim 1 

or 2, wherein the ground electrodes are supported at upper 

end portions thereof by the support structure, and the 

insulating member is supported at the upper end portion 10 

thereof by the support structure. 

[5] The water treatment apparatus according to any one 

of claims 1 to 4, wherein the water supply unit includes a 

shielding plate for inhibiting scattering of the to-be-15 

treated water. 

[6] The water treatment apparatus according to any one 

of claims 1 to 5, wherein the insulating member includes a 

water-repellent portion on at least a part of a surface 20 

thereof. 

[7] The water treatment apparatus according to any one 

of claims 1 to 6, wherein the insulating member has a cross-
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sectional area changing from a lower end portion thereof to 

the upper end portion thereof. 

[8] The water treatment apparatus according to any one 

of claims 1 to 7, wherein 5 

 the high-voltage electrode unit has counter 

electrode portions opposing the adjacent ground electrodes, 

and support portions supporting the counter electrode 

portions, and 

 the support portions hold the counter electrode 10 

portions horizontally and equidistantly from the adjacent 

ground electrodes. 

[9] The water treatment apparatus according to claim 8, 

wherein the counter electrode portions of the high-voltage 15 

electrode unit are disposed in multiple stages in the 

vertical direction. 

[10] The water treatment apparatus according to any one 

of claims 1 to 9, further comprising: 20 

 a treated water tank for retaining the to-be-

treated water treated by the electric discharge; and 

 a circulation pipe for sending the to-be-treated 

water in the treated water tank to the water supply unit. 

25 


