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DESCRIPTION 

WATER TREATMENT APPARATUS AND WATER TREATMENT METHOD 

 

TECHNICAL FIELD 

[0001] The present invention relates to a water tre atment 5 

apparatus for treating treatment target water by us ing active 

species generated by electric discharge, such as oz one and 

radicals, and a water treatment method. 

 

BACKGROUND ART 10 

[0002] Hitherto, in treatment of water supply and s ewage, 

ozone and chlorine have been generally used.  Howev er, 

industrial waste water, recycled water, and the lik e may 

contain persistent substances that cannot be decomp osed by 

ozone or chlorine.  In particular, removal of dioxi ns, 15 

dioxane, and the like is a big issue.  In some site s, a 

method has been put into practical use, in which oz one (O 3) 

and hydrogen peroxide (H 2O2) or ultraviolet rays are combined 

to generate hydroxyl radicals (OH radicals) having higher 

activity than O 3 and chlorine, in treatment target water, 20 

thereby persistent substances are removed.  However , the 

apparatus cost and the operating cost for this meth od are 

very high, and thus this method has not been popula rized to a 

large extent.  Therefore, a method in which persist ent 

substances are removed with high efficiency by caus ing OH 25 
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radicals generated by electric discharge to act dir ectly on 

treatment target water, has been considered. 

 As a water treatment apparatus that performs such 

water treatment, an apparatus has been known which includes: 

treatment means having a structure of layers each h aving a 5 

reaction vessel capable of storing treatment target  water 

therein and pin-shaped electrodes that generate ele ctric 

discharge for performing electric discharge radical  treatment 

on the treatment target water; and power supply mea ns for 

applying a high voltage to the electrodes (see, for  example, 10 

Patent Document 1).  According to such a radical tr eatment 

system, it is possible to improve the decomposition  

efficiency of persistent substances dissolved in wa ter, by 

using radicals. 

 15 

CITATION LIST 

PATENT DOCUMENT 

[0003] Patent Document 1: Japanese Laid-Open Patent  

Publication No. 2007-307486 (pages 4 and 5, FIG. 1)  

 20 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] The conventional water treatment apparatus i s 

configured as described above, active species gener ated by 

electric discharge, such as ozone (O 3) and hydroxyl radicals 25 
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(OH radicals) are dissolved into treatment target w ater, and 

persistent substances are decomposed by using the a ctive 

species.  Thus, in order to treat treatment target water at 

high speed, it is necessary to uniformly form elect ric 

discharge on a wide area of the surface of the trea tment 5 

target water to increase the amount of active speci es to be 

supplied into the treatment target water.  However,  in the 

case where an electrode having an electric discharg e portion 

having a long shape such as a wire or a ribbon is u sed to 

uniformly form electric discharge on a wide area of  the 10 

surface of the treatment target water, an electric field at 

an end portion of the electrode becomes stronger th an an 

electric field inside the electrode. Thus there is a problem 

that electric discharge is concentrated at the end portion of 

the electrode, so that electric discharge cannot be  uniformly 15 

formed on the surface of the treatment target water .  In 

addition, in the case where a plurality of electrod es are 

arranged in order to uniformly form electric discha rge on a 

wide area of the surface of the treatment target wa ter, an 

electric field at the electrode located at each end  of the 20 

arrangement becomes stronger than electric field at  the 

electrodes located at the inner side of the arrange ment. Thus 

there is a problem that electric discharge is conce ntrated at 

the electrode located at each end of the arrangemen t, so that 

electric discharge cannot be uniformly formed on th e surface 25 
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of the treatment target water.  Moreover, in the ca se where 

the reaction vessel is formed by a conductive mater ial, when 

the reaction vessel and the electrode are disposed adjacently, 

electric discharge occurs between the reaction vess el and the 

electrode.  It is necessary to increase the distanc e between 5 

the reaction vessel and the electrode in order to s uppress 

electric discharge between the reaction vessel and the 

electrode, and thus there is a problem that electri c 

discharge cannot be formed on the surface of the tr eatment 

target water near the wall surface of the reaction vessel.  10 

Furthermore, even in the case where an insulator is  provided 

on the wall of the reaction vessel in order to supp ress 

electric discharge between the reaction vessel and the 

electrode, the surface of the insulator becomes con ductive 

due to condensation thereon, and thus there is a pr oblem that 15 

electric discharge occurs between the reaction vess el and the 

electrode, so that electric discharge cannot be uni formly 

formed on the surface of the treatment target water .  

Moreover, in the case where a ground electrode is p rovided in 

the treatment target water and the reaction vessel is formed 20 

by an insulator, there is a problem that electric d ischarge 

can be formed only in the range of the ground elect rode, so 

that electric discharge cannot be uniformly formed on the 

surface of the treatment target water.  As a result , the 

conventional water treatment apparatus has a proble m that the 25 
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water treatment apparatus cannot increase the amoun t of 

active species to be supplied into the treatment ta rget water 

and thus cannot treat the treatment target water at  high 

speed. 

[0005] The present invention has been made to solve  the 5 

above-described problems, and an object of the pres ent 

invention is to obtain a water treatment apparatus that can 

uniformly form electric discharge and that can trea t 

treatment target water at high speed, and to provid e a water 

treatment method that can treat treatment target wa ter at 10 

high speed. 

 

MEANS OF SOLUTION TO THE PROBLEMS 

[0006] A water treatment apparatus according to the  

present invention is a water treatment apparatus fo r 15 

performing water treatment by forming an electric f ield 

between a flow path portion on which treatment targ et water 

flows and a voltage application portion to which a high 

voltage is applied, and by generating electric disc harge 

between the voltage application portion and the flo w path 20 

portion. The water treatment apparatus includes 

 an electric field relaxation portion disposed at a n 

outer periphery of the voltage application portion so as to 

oppose the flow path portion and configured to form  the 

electric field between the electric field relaxatio n portion 25 
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and the flow path portion, and 

 a power supply for applying a voltage to the 

voltage application portion and the electric field relaxation 

portion. 

 The electric field formed by the electric field 5 

relaxation portion when the voltage is applied is s maller 

than the electric field formed by the voltage appli cation 

portion when the voltage is applied. 

[0007] A water treatment method according to the pr esent 

invention is a water treatment method for performin g water 10 

treatment by using the above water treatment appara tus. The 

water treatment method is performed by forming elec tric 

discharge between the voltage application portion a nd the 

flow path portion while causing the treatment targe t water to 

flow on the flow path portion, by bringing the trea tment 15 

target water into contact with the electric dischar ge, by 

supplying active species generated by the electric discharge 

into the treatment target water, and by treating th e 

treatment target water by the active species suppli ed into 

the treatment target water. 20 

 

EFFECT OF THE INVENTION 

[0008] In the water treatment apparatus according t o the 

present invention, a voltage application portion co nfigured 

to form electric discharge between the voltage appl ication 25 
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portion and a flow path portion is disposed, and an  electric 

field relaxation portion is provided at the outer p eriphery 

of the voltage application portion so as to oppose the flow 

path portion.  Thus, it is possible to obtain a wat er 

treatment apparatus that can uniformly form electri c 5 

discharge and that can treat treatment target water  at high 

speed. 

[0009] In the water treatment method according to t he 

present invention, water treatment is performed by using the 

water treatment apparatus in which the voltage appl ication 10 

portion configured to form electric discharge betwe en the 

voltage application portion and the flow path porti on is 

disposed and the electric field relaxation portion is 

provided at the outer periphery of the voltage appl ication 

portion so as to oppose the flow path portion.  Thu s, it is 15 

possible to provide a water treatment method that c an treat 

treatment target water at high speed. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] [FIG. 1]  FIG. 1 is a configuration diagram showing 20 

the configuration of a water treatment apparatus ac cording to 

Embodiment 1 of the present invention. 

 [FIG. 2]  FIG. 2(a) is a cross-sectional view take n 

along a line A-A in FIG. 1, and FIG. 2(b) is a cros s-

sectional view of a first member and a second membe r. 25 
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 [FIG. 3]  FIG. 3(a) is a cross-sectional view take n 

along a line B-B in FIG. 1, and FIG. 3(b) is a cros s-

sectional view of a high-voltage electrode. 

 [FIG. 4] FIG. 4 is a configuration diagram showing  

the configuration of a modification example accordi ng to 5 

Embodiment 1 of the present invention. 

 [FIG. 5] FIG. 5 is a configuration diagram showing  

the configuration of a water treatment apparatus ac cording to 

Embodiment 2 of the present invention. 

 [FIG. 6]  FIG. 6(a) is a cross-sectional view take n 10 

along a line A-A in FIG. 5, and FIG. 6(b) is a cros s-

sectional view of a first member and a second membe r. 

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

along a line B-B in FIG. 5. 

 [FIG. 8]  FIG. 8 is a configuration diagram showin g 15 

the configuration of a water treatment apparatus ac cording to 

Embodiment 3 of the present invention. 

 [FIG. 9]  FIG. 9(a) is a cross-sectional view take n 

along a line A-A in FIG. 8, and FIG. 9(b) is a cros s-

sectional view of a first member and a second membe r. 20 

 [FIG. 10]  FIG. 10(a) is a cross-sectional view 

taken along a line B-B in FIG. 8, and FIG. 10(b) is  a cross-

sectional view of a high-voltage electrode. 

 

EMBODIMENTS FOR CARRYING OUT THE INVENTION 25 
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[0011] Embodiment 1 

 FIGS. 1 to 3 illustrate Embodiment 1 for carrying 

out the present invention.  FIG. 1 is a configurati on diagram 

showing the configuration of a water treatment appa ratus, FIG. 

2(a) is a cross-sectional view taken along a line A -A in FIG. 5 

1, FIG. 2(b) is a cross-sectional view of a first m ember and 

a second member, FIG. 3(a) is a cross-sectional vie w taken 

along a line B-B in FIG. 1, and FIG. 3(b) is a cros s-

sectional view of a high-voltage electrode.  In the se 

diagrams, the water treatment apparatus 10 has a fl ow path 10 

portion 2, a high-voltage portion 3, and an electri c field 

relaxation portion 5, and is supplied with power fr om a pulse 

power supply 8 disposed at the left side of the flo w path 

portion 2 in FIG. 1.  Although not shown, the flow path 

portion 2, the high-voltage portion 3, and the elec tric field 15 

relaxation portion 5 are housed in a closed or semi -closed 

housing device.  In the water treatment apparatus 1 0, 

treatment target water W is treated by electric dis charge 

while flowing on the flow path portion 2 (the detai ls thereof 

will be described in later).  The flow path portion  2 on 20 

which the treatment target water W flows has a bott om plate 

(flow path) 2a and a pair of side walls 2b and 2c.  The 

bottom plate 2a has a flat plate shape and extends in the 

direction (the direction of the line B-B in FIG. 1)  in which 

the treatment target water W flows, and the pair of  side 25 



 

 

10/ 51 

 

walls 2b and 2c are provided on both end portions o f the 

bottom plate 2a in a direction (the direction of th e line A-A 

in FIG. 1) orthogonal to the extension direction of  the 

bottom plate 2a, so that the flow path portion 2 ha s a trough 

shape having a flat bottom surface and a rectangula r cross-5 

sectional shape.  The flow path portion 2 is formed  by a 

conductive material.  In particular, it is desirabl e that a 

metal material having excellent corrosion resistanc e such as 

stainless steel and titanium is used as the materia l of the 

flow path portion 2.  The treatment target water W flows 10 

through a groove-like portion that has a rectangula r cross-

sectional shape and that is formed by the bottom pl ate 2a, 

the side wall 2b, and the side wall 2c of the flow path 

portion 2. 

[0012] The high-voltage portion 3 serving as a volt age 15 

application portion is disposed above the flow path  portion 2.  

The high-voltage portion 3 has a plurality of high- voltage 

electrodes 4 that are arranged at regular intervals  in the 

extension direction of the flow path portion 2 (the  direction 

of the line B-B in FIG. 1).  Each high-voltage elec trode 4 20 

has a ribbon shape as shown in FIG. 3(b), that is, a thin 

plate shape having a rectangular cross-section, and  has a 

flat surface portion 4a, side surface portions 4b, and corner 

portions 4d.  By forming the high-voltage electrode  4 in a 

thin plate shape as described above, desired mechan ical 25 
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strength of the high-voltage electrode 4 can be ens ured.  The 

flat surface portion 4a opposing the flow path port ion 2 is 

lengthened in an extension direction in which the h igh-

voltage electrode 4 extends and that is a predeterm ined 

direction.  The flat surface portion 4a has the cor ner 5 

portions 4d at both sides thereof in the direction orthogonal 

to the extension direction of the high-voltage elec trode 4.  

Each corner portion 4d is formed into an arc cross- sectional 

shape with a radius of curvature RA by rounding pro cessing.  

The flat surface portion 4a and the corner portions  4d at 10 

both sides thereof form an opposing portion 4f oppo sing the 

flow path portion 2 in the present invention. 

[0013] The high-voltage electrode 4 is formed by a 

conductive material.  In particular, it is desirabl e that a 

metal material having excellent corrosion resistanc e such as 15 

stainless steel and titanium is used as the materia l of the 

high-voltage electrode 4.  The high-voltage electro de 4 is 

held parallel to the upper surface of the bottom pl ate 2a of 

the flow path portion 2 and above the flow path por tion 2 by 

an insulation holding member (not shown), such that  the 20 

extension direction of the high-voltage electrode 4  coincides 

with the direction (the direction of the line A-A i n FIG. 1) 

orthogonal to the extension direction of the flow p ath 

portion 2 (the direction in which the treatment tar get water 

W flows), with a predetermined gap G (see FIGS. 2 a nd 3) 25 
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provided between the high-voltage electrode 4 and t he flow 

path portion 2 such that a gas layer is formed betw een the 

high-voltage electrode 4 and the flow path portion 2.  That 

is, the high-voltage electrode 4 is held such that the gap G 

between the opposing portion 4f of the high-voltage  electrode 5 

4 and the upper surface of the bottom plate 2a has a constant 

value and the gas layer is formed between the high- voltage 

electrode 4 and the flow path portion 2.  The high- voltage 

electrode 4 is electrically insulated from the flow  path 

portion 2 by the insulation holding member. 10 

[0014] The electric field relaxation portion 5 is f ormed 

into a rectangular frame shape by a pair of first m embers 6 

serving as electric field relaxation members and a pair of 

second members 7 serving as electric field relaxati on members.  

The first members 6 and the second members 7 are el ectrically 15 

connected to each other.  The electric field relaxa tion 

portion 5, which is formed into a rectangular shape , is 

disposed so as to surround the periphery of the hig h-voltage 

portion 3 from four directions.  That is, as shown in FIG. 

3(a), the first members 6 of the electric field rel axation 20 

portion 5 are disposed so as to oppose the respecti ve high-

voltage electrodes 4 located at both end portions, in the 

extension direction of the flow path portion 2 of t he high-

voltage portion 3, with a predetermined gap provide d in the 

right-left direction in FIG. 3(a).  In addition, as  shown in 25 
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FIG. 2(a), the second members 7 are disposed so as to oppose 

end portions in the right-left direction in FIG. 1,  of the 

high-voltage electrodes 4, that is, the high-voltag e portion 

3, that is, with a gap provided between both end po rtions in 

the extension direction of the plurality of high-vo ltage 5 

electrodes 4 and the second members 7.  The first m embers 6 

and the second members 7 are formed by conductive m aterial.  

In particular, it is desirable that a metal materia l having 

excellent corrosion resistance such as stainless st eel and 

titanium is used as the materials of the first memb ers 6 and 10 

the second members 7.  In the present embodiment, s olid 

rectangular parallelepipeds (stainless steel square  

materials) having the same cross-sectional dimensio n and a 

rectangular cross-section are used as the first mem bers 6 and 

the second members 7.  As shown in FIG. 2(b), each first 15 

member 6 has a flat surface portion 6a, side surfac e portions 

6b, and corner portions 6d.  The flat surface porti on 6a is 

lengthened in the length direction of the first mem ber 6 (the 

direction perpendicular to the sheet of the drawing ) that is 

a predetermined direction, and the corner portions 6d having 20 

an arc cross-sectional shape are provided as round portions 

at the side edges of the flat surface portion 6a.  Each 

corner portion 6d has a radius of curvature RB larg er than 

the radius of curvature RA of corner portions 4d of  the high-

voltage electrodes 4.  The flat surface portion 6a of the 25 
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first member 6 and the corner portions 6d at both s ides 

thereof form an opposing portion 6f opposing the fl ow path 

portion 2 in the present invention. 

[0015] Similarly, as shown in FIG. 2(b), each secon d 

member 7 has a flat surface portion 7a, side surfac e portions 5 

7b, and corner portions 7d.  The flat surface porti on 7a is 

lengthened in the length direction of the second me mber 7 

that is a predetermined direction, and the corner p ortions 7d 

having an arc cross-sectional shape are provided as  round 

portions at the side edges of the flat surface port ion 7a.  10 

Each corner portion 7d has a radius of curvature RB  larger 

than the radius of curvature RA of the corner porti ons 4d of 

the high-voltage electrodes 4.  The flat surface po rtion 7a 

of the second member 7 and the corner portions 7d a t both 

sides thereof form an opposing portion 7f opposing the flow 15 

path portion 2 in the present invention.  Regarding  rounding 

processing of the corner portions 4d and the corner  portions 

6d and 7d, if commercially available materials can be used as 

they are, the materials are used without being proc essed. 

Further if necessary, commercially available materi als are 20 

machined into a predetermined dimension.  With refe rence to 

FIGS. 2 and 3, the electric field relaxation portio n 5 is 

held above the flow path portion 2 by an insulation  holding 

member, which is not shown, so that a predetermined  gap G is 

provided between the electric field relaxation port ion 5 and 25 
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the flow path portion 2 so as to form a gas layer b etween the 

electric field relaxation portion 5 and the flow pa th portion 

2.  The electric field relaxation portion 5 is elec trically 

insulated from the flow path portion 2 by the insul ation 

holding member. 5 

[0016] The pulse power supply 8 is provided on the lateral 

side of the flow path portion 2.  The pulse power s upply 8 

has one terminal connected to the high-voltage port ion 3 and 

the electric field relaxation portion 5 by connecti on wires 9, 

and has another terminal that is connected to the f low path 10 

portion 2 and also grounded together with the flow path 

portion 2.  Electric discharge is generated between  the flow 

path portion 2 and the high-voltage portion 3 by ap plying a 

high voltage from the pulse power supply 8 between the flow 

path portion 2 and the high-voltage portion 3 (the high-15 

voltage electrodes 4). 

[0017] Next, operation of the water treatment appar atus 10 

will be described.  The treatment target water W is  supplied 

from the outside to the flow path portion 2.  At th is time, 

the treatment target water W flows on the bottom pl ate 2a of 20 

the flow path portion 2 and between the side walls 2b and 2c.  

Here, the gas layer is formed between: the flow pat h portion 

2; and the high-voltage portion 3, the first member s 6, and 

the second members 7.  That is, the thickness Wa of  the 

treatment target water is adjusted such that the ga s layer is 25 
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formed between: the treatment target water W; and t he high-

voltage portion 3, the first members 6, and the sec ond 

members 7.  That is, the thickness Wa of the treatm ent target 

water is smaller than the gap G between the flow pa th portion 

2 and the high-voltage portion 3 (the first members  6 and the 5 

second members 7).  At this time, the pulse power s upply 8 is 

operated to apply a pulsed high voltage to the high -voltage 

portion 3 and the electric field relaxation portion  5 (the 

first members 6 and the second members 7), whereby electric 

discharge P is generated between the high-voltage e lectrodes 10 

4 and the flow path portion 2.  The treatment targe t water W 

passes below the electric discharge P formed by the  high-

voltage electrodes 4, while flowing through the flo w path 

portion 2.  At this time, active species formed by the 

electric discharge P are dissolved into the treatme nt target 15 

water W.  As a result, water treatment such as remo val of 

persistent substances is performed on the treatment  target 

water W.  The electric discharge is mainly glow dis charge or 

streamer discharge. 

[0018] Next, the principle by which the water treat ment 20 

apparatus 10 according to Embodiment 1 performs the  treatment 

of the treatment target water W will be described.  Here, a 

description will be given with decomposition of org anic 

matters as an example. It is well known that O 3 or OH 

radicals generated by electric discharge are also e ffective 25 
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for disinfection, decolorization, and deodorization . 

 Air, oxygen, rare gases (argon, neon), and the lik e 

are used as gas that is supplied between the high-v oltage 

portion 3 and the flow path portion 2 and that form s the gas 

layer.  By applying the pulsed voltage to the high- voltage 5 

portion 3, electric discharge occurs in the gas lay er formed 

between the high-voltage portion 3 and the flow pat h portion 

2, or at the interface between the gas layer and th e 

treatment target water W.  At this time, oxygen mol ecules 

(O2) and water molecules (H 2O) collide against high-energy 10 

electrons and dissociation reactions in formula (1)  and 

formula (2) take place.  Here, “e” represents elect ron, O 

represents atomic oxygen, H represents atomic hydro gen, and 

OH represents OH radical. 

 e + O 2 → 2O   (1) 15 

 e + H 2O → H + OH  (2) 

 A part of atomic oxygen generated in formula (1) 

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

third body in the reaction, and represents every mo lecule or 

atom in the gas. 20 

 O + O 2 + M → O 3  (3) 

 In addition, a part of OH radical generated in 

formula (2) becomes hydrogen peroxide (H 2O2) by a reaction in 

formula (4). 

 OH + OH → H 2O2   (4) 25 
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 Then, oxidizing active species such as O, OH, O 3, 

and H 2O2 generated by the reactions in formulas (1) to (4) 

oxidatively decompose organic matters in the treatm ent target 

water W into carbon dioxide (CO 2) and water by a reaction in 

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

treated. 

  R + (O, OH, O 3, H 2O2) → CO2 + H 2O  (5) 

[0019] Meanwhile, a part of O 3 and H 2O2 generated in 

formula (3) and formula (4) is dissolved into the t reatment 

target water W from the surface of the treatment ta rget water 10 

W by formula (6) and formula (7).  Here, (l) means a liquid 

phase. 

 O 3 → O 3 (l)   (6) 

 H 2O2 → H 2O2 (l)   (7) 

 Furthermore, by reaction between O 3 (l) and H 2O2 (l), 15 

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

 O 3 (l) + H 2O2 (l) → OH (l)  (8) 

 O 3 (l), H 2O2 (l), and OH (l) generated in formulas 

(6) to (8) decompose the organic matters by the rea ction in 

the water as shown in formula (9). 20 

 R + (O 3 (l), OH (l), H 2O2 (l)) → CO2 + H 2O (9) 

 As described above, the decomposition of the 

organic matters in the treatment target water W acc ording to 

Embodiment 1 proceeds as both decomposition of the organic 

matters on the surface of the treatment target wate r W by the 25 
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reaction (5) and decomposition of the organic matte rs in the 

treatment target water W by the reaction (9). 

[0020] Next, the principle by which the water treat ment 

apparatus 10 described in Embodiment 1 forms unifor m electric 

discharge P between the high-voltage portion 3 and the flow 5 

path portion 2, will be described.  When a high vol tage is 

applied from the pulse power supply 8 to the high-v oltage 

portion 3 and the electric field relaxation portion  5, an 

electric field is formed between the flow path port ion 2; and 

the high-voltage electrodes 4 and the electric fiel d 10 

relaxation portion 5.  At this time, the high-volta ge portion 

3 and the electric field relaxation portion 5 have the same 

potential, and thus the gradient of the potential i n the 

space across which the high-voltage portion 3 and t he 

electric field relaxation portion 5 oppose each oth er becomes 15 

small.  That is, as shown in FIG. 2(a), the gradien t of the 

potential in each of the spaces between the second members 7 

and both end portions, in the extension direction, of each 

high-voltage electrode 4 becomes small.  In additio n, as 

shown in FIG. 3(a), the gradient of the potential i n each of 20 

the spaces between the first members 6 and the resp ective 

high-voltage electrodes 4 located at both end porti ons, in 

the extension direction, of the flow path portion 2  becomes 

small.  An electric field is defined by the gradien t of a 

potential, and thus the electric field in the space  across 25 
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which the high-voltage portion 3 and the electric f ield 

relaxation portion 5 oppose each other becomes smal l.  The 

electric field at each end portion of the high-volt age 

portion 3 is relaxed by the potential of the electr ic field 

relaxation portion 5, and thus a uniform and strong  electric 5 

field is formed at the flat surface portion 4a, opp osing the 

flow path portion 2, of each high-voltage electrode  4.  As a 

result, uniform electric discharge P is formed betw een each 

high-voltage electrode 4 and the flow path portion 2.  

Meanwhile, in the electric field relaxation portion  5, the 10 

radius of curvature RB of each of the corner portio ns 6d and 

7d, opposing the flow path portion 2, of the first members 6 

and the second members 7 is larger than the radius of 

curvature RA of each corner portion 4d, opposing th e flow 

path portion 2, of each high-voltage electrode 4. T hus the 15 

electric field at the opposing portion 6f (the flat  surface 

portion 6a and the corner portions 6d at both sides  thereof), 

opposing the flow path portion 2, of each first mem ber 6, and 

the electric field at the opposing portion 7f (the flat 

surface portion 7a and the corner portions 7d at bo th sides 20 

thereof), opposing the flow path portion 2, of each  second 

member 7 become smaller than the electric field at the 

opposing portion 4f (the flat surface portion 4a an d the 

corner portions 4d at both sides thereof), opposing  the flow 

path portion 2, of each high-voltage electrode 4. 25 
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[0021] That is, the maximum electric field intensit ies of 

the opposing portions 6f and 7f, opposing the flow path 

portion 2, of the first members 6 and the second me mbers 7 

are smaller than the maximum electric field intensi ty of a 

center portion of each flat surface portion 4a, opp osing the 5 

flow path portion 2, of the high-voltage portion 3.  Thus 

electric discharge P does not occur between the flo w path 

portion 2, and the first members 6 and the second m embers 7.  

Therefore, by relaxing the electric field at each e nd portion 

of the high-voltage portion 3 by the first members 6 and the 10 

second members 7, uniform electric discharge P can be formed 

between the high-voltage portion 3 and the flow pat h portion 

2 without being concentrated at each end portion of  the high-

voltage portion 3. Thus the amount of the active sp ecies to 

be generated by electric discharge can be increased , and the 15 

amount of the active species to be supplied into th e 

treatment target water can be increased. 

[0022] As described above, in Embodiment 1, the ele ctric 

field at each end portion of the high-voltage porti on 3 is 

relaxed by the electric field relaxation portion 5,  and thus 20 

uniform electric discharge P is formed between the high-

voltage portion 3 and the flow path portion 2.  As a result, 

the electric discharge P and the treatment target w ater W 

contact each other in a wide area, so that the trea tment 

target water W can be treated at high speed.  Furth ermore, 25 
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even in the case where the flow path portion 2 is f ormed by 

conductive material, the high-voltage portion 3 can  be 

provided near the side walls 2b and 2c. Thus the el ectric 

discharge P can be formed on a wider area of the su rface of 

the treatment target water W, so that the treatment  target 5 

water W can be treated at high speed.  Moreover, si nce the 

conductive material can be used for the flow path p ortion 2, 

the effect of reducing the production cost of the f low path 

portion 2 can also be obtained. 

[0023] In Embodiment 1, the pulse power supply 8 is  used 10 

in order to form electric discharge.  However, the power 

supply used in the present invention does not neces sarily 

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. 15 

 The polarity of the voltage to be outputted from 

the pulse power supply 8, a voltage wave height, a repetition 

frequency, a pulse width, and the like can be appro priately 

determined in accordance with various conditions su ch as the 

structures of the high-voltage electrodes 4 and the  flow path 20 

portion 2 and the gas type of the gas layer.  Gener ally, it 

is desirable that the voltage wave height is 1 kV t o 50 kV.  

This is because: when the voltage wave height is le ss than 1 

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

make the voltage wave height greater than 50 kV, th e size of 25 
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the power supply is increased and electric insulati on becomes 

difficult, and thus the production cost and the mai ntenance 

cost significantly increase. 

 It is desirable that the repetition frequency is 

not less than 10 pps (pulse-per-second) and not mor e than 100 5 

kpps.  This is because: when the repetition frequen cy is less 

than 10 pps, a very high voltage is needed in order  to apply 

sufficient electric discharge power; and when the r epetition 

frequency is greater than 100 kpps, the effect of w ater 

treatment becomes saturated, so that the power effi ciency 10 

decreases.  The voltage wave height, the repetition  frequency, 

and the pulse width may be adjusted in accordance w ith the 

flow rate of the treatment target water W, or compo nents 

contained in the treatment target water W or the 

concentrations thereof. 15 

[0024] The flow path portion 2 is formed by conduct ive 

material and connected to the ground-side terminal of the 

pulse power supply 8.  That is, the flow path porti on 2 

serves as a ground electrode for generating electri c 

discharge P.  By making the flow path portion 2 ser ve as a 20 

ground electrode, a wide ground electrode area can be ensured 

with respect to the high-voltage portion 3 and the treatment 

target water W.  Thus, a distribution of voltage dr op in the 

treatment target water W during high voltage applic ation can 

be improved, and an electric field formed between t he high-25 
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voltage portion 3 and the flow path portion 2 can b e made 

uniform. 

[0025] As for each high-voltage electrode 4, the ri bbon-

shaped high-voltage electrode 4 is used in the pres ent 

embodiment, but the shape thereof does not necessar ily need 5 

to be the ribbon shape.  For example, a wire, a pla te having 

a large number of needles or screws fixed thereto i n a comb 

tooth manner, a plate having a mesh shape, a punchi ng metal, 

or the like can be appropriately used as each high- voltage 

electrode 4.  The ribbon shape can ensure mechanica l strength 10 

and can improve the durability of the high-voltage electrode 

4, as compared to the other shapes.  Thus, the ribb on shape 

is preferable.  In addition, it is preferable that the 

magnitude of the radius of curvature RA of each cor ner 

portion 4d, opposing the flow path portion 2, of th e high-15 

voltage electrode 4 and the width of the flat surfa ce portion 

4a of the high-voltage electrode 4 are reduced in a  range in 

which machine processing is possible, in order to f orm a 

strong electric field with a low voltage at the opp osing 

portion 4f, opposing the flow path portion 2, of th e high-20 

voltage electrode 4.  In general, it is preferable that the 

magnitude of the radius of curvature RA of each cor ner 

portion 4d and the width of the flat surface portio n 4a are 

not greater than 1 mm.  When the magnitude of the r adius of 

curvature RA and the width of the flat surface port ion 4a are 25 
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greater than 1 mm, a high voltage is needed in orde r to form 

electric discharge according to this. 

[0026] In the water treatment apparatus 10 accordin g to 

the present embodiment, the number of high-voltage electrodes 

4 or the gap between the high-voltage electrodes 4 can be 5 

appropriately changed in accordance with the flow r ate of the 

treatment target water W or the components containe d in the 

treatment target water W or the concentrations ther eof.  In 

addition, the gap G between each high-voltage elect rode 4 and 

the flow path portion 2 can be arbitrarily determin ed.  10 

However, it is preferable that the gap G is not les s than 1 

mm and not more than 50 mm.  This is because: when the gap G 

is less than 1 mm, it is difficult to define an acc urate 

height; and when the gap G is more than 50 mm, a ve ry high 

voltage is needed in order to form electric dischar ge. 15 

[0027] In the present embodiment, solid stainless s teel 

square materials having a rectangular cross-section  are used 

as the first members 6 and the second members 7, bu t the 

radius of curvature RB of each of the corner portio ns 6d and 

7d at both sides of the flat surface portions 6a an d 7a 20 

opposing the flow path portion 2 only need to be la rger than 

the radius of curvature RA of each of the corner po rtions 4d 

at both sides of the flat surface portion 4a, oppos ing the 

flow path portion 2, of each high-voltage electrode  4. And 

the first members 6 and the second members 7 do not  25 
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necessarily need to have a rectangular cross-sectio nal shape.  

For example, a rectangular parallelepiped, a rod ha ving a 

circular or elliptical cross-section, balls or elli psoids 

connected to each other, a plate having a cross-sec tion of a 

paraboloid shape having a projection at the side op posing the 5 

flow path portion 2, a shape obtained by a combinat ion 

thereof, or the like can be appropriately used as t he first 

members 6 and the second members 7.  In addition, t he first 

members 6 and the second members 7 may be hollow or  the 

surfaces thereof may be entirely or partially forme d with a 10 

mesh structure.  In the case where the first member s 6 and 

the second members 7 are hollow or the surfaces the reof are 

formed by a mesh structure, the weights of the firs t members 

6 and the second members 7 can be reduced. Thus the  

production cost of the insulation holding member, f or the 15 

first members 6 and the second members 7, which is not shown, 

can be reduced. 

[0028] In the present embodiment, a single rectangu lar 

parallelepiped member is used as each of the pair o f first 

members 6 and the pair of second members 7. But the  radius of 20 

curvature RB of each of the corner portions 6d and 7d at the 

side edges of the flat surface portions 6a and 7a o pposing 

the flow path portion 2 only needs to be larger tha n the 

radius of curvature RA of each of the corner portio ns 4d at 

the side edges of the flat surface portion 4a, oppo sing the 25 
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flow path portion 2, of each high-voltage electrode  4. And 

each of the first members 6 and the second members 7 does not 

necessarily need to be composed of a single member.   

Regarding the shapes of the first members 6 and the  second 

members 7, for example, the first members 6 and the  second 5 

members 7 can have a structure including a pluralit y of 

members such as rectangular parallelepipeds, balls,  or 

cylindrical columns disposed so as to be spaced apa rt from 

each other as shown in FIG. 4.  By using the first members 6 

and the second members 7 which are composed of a pl urality of 10 

members, the weights of the first members 6 and the  second 

members 7 can be reduced. Thus the production cost of the 

insulation holding member, for the first members 6 and the 

second members 7, which is not shown, can be reduce d.  

Moreover, the gap between each partial member 50 an d the flow 15 

path portion 2 can be adjusted in accordance with p roduction 

variations of the high-voltage electrodes 4. Thus t he 

production cost of the high-voltage electrodes 4 an d the 

water treatment apparatus 10 can be reduced. 

[0029] In the present embodiment, the same rectangu lar 20 

parallelepiped members are used as the pair of firs t members 

6 and the pair of second members 7, but members hav ing 

different shapes can be used as the first members 6  and the 

second members 7.  For example, the second members 7 can be 

disposed adjacent to the side walls 2b and 2c of th e flow 25 
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path portion 2.  Meanwhile, the first members 6 are  disposed 

so as to oppose the flow path 2a.  Therefore, the d istance 

between the flow path portion 2 and each first memb er 6 is 

larger than the distance between the flow path port ion 2 and 

each second member 7.  That is, the electric field between 5 

each first member 6 and the flow path portion 2 is smaller 

than the electric field between each second member 7 and the 

flow path portion 2.  Therefore, a radius of curvat ure 

required for the corner portions 6d of the first me mbers 6 is 

smaller than that for the corner portions 7d of the  second 10 

members 7.  Since the radius of curvature required for the 

first members 6 is different from that for the seco nd members 

as described above, each of the shapes of the first  members 

and the second members can be changed in accordance  with the 

required radius of curvature.  By making the radius  of 15 

curvature of each first member 6 smaller than the r adius of 

curvature of each second member, the first member 6  can be 

thinned.  By thinning each first member 6, the prod uction 

cost of the insulation holding member, for the firs t members 

6 and the second members 7, which is not shown, can  be 20 

reduced. 

[0030] The gaps between each high-voltage electrode  4, and 

each first member 6 and each second member 7 can be  

appropriately determined in accordance with various  

conditions such as the structures of the high-volta ge 25 
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electrodes 4 and the first members 6 (and the secon d members 

7) and the gas type of the gas layer.  Generally, w hen the 

gaps between each high-voltage electrode 4, and eac h first 

member 6 and each second member 7 are smaller than the gap 

between the adjacent high-voltage electrodes 4, the  first 5 

members 6 and the second members 7 function more ef fectively. 

 In the present embodiment, the pair of first 

members 6 are provided in the direction orthogonal to the 

flow of the treatment target water W and the pair o f second 

members 7 are provided in the direction along the f low of the 10 

treatment target water W such that the first member s 6 and 

the second members 7 extend around the outer periph ery of the 

high-voltage portion 3. But only either the first m embers 6 

or the second members 7 may be provided.  That is, each first 

member 6 or each second member 7 may be disposed at  some of 15 

the end portions of the high-voltage portion 3.  Fo r example, 

in the case of the present embodiment, when the gap  between 

the adjacent high-voltage electrodes 4 is larger th an the gap 

G between the high-voltage portion 3 and the flow p ath 

portion 2, the pair of first members 6, which are d isposed in 20 

the direction along the flow of the treatment targe t water W, 

can be omitted. 

[0031] In the present embodiment, the high-voltage portion 

3, the first members 6, and the second members 7 ar e 

connected in parallel to the pulse power supply 8 v ia the 25 
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connection wires 9. But the high-voltage portion 3 and the 

electric field relaxation portion 5 can be connecte d in 

series to the pulse power supply 8.  The first memb ers 6 and 

the second members 7 are assembled in a state in wh ich the 

first members 6 and the second members 7 are electr ically in 5 

contact with each other. 

[0032] In the present embodiment, the high-voltage portion 

3, the first members 6, and the second members 7 ar e 

individually produced. But the high-voltage portion  3, the 

first members 6, and the second members 7 can be pr oduced so 10 

as to be integrated with each other.  For example, by 

integrally molding the high-voltage portion 3, the first 

members 6, and the second members 7, the gap betwee n the 

adjacent high-voltage electrodes 4 and the gaps bet ween the 

high-voltage portion 3, and the first members 6 and  the 15 

second members 7 can be adjusted with high accuracy .  That is, 

the electric field at the flat surface portion 4a, opposing 

the flow path portion 2, of each high-voltage elect rode 4 can 

be adjusted with high accuracy. Thus uniform electr ic 

discharge can be easily obtained.  In addition, by integrally 20 

molding the high-voltage portion 3, the first membe rs 6, and 

the second members 7, the number of components can be reduced. 

And the durability of the water treatment apparatus  10 can be 

improved. Further the production cost can be reduce d. 

 In the water treatment apparatus 10 described in 25 
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the present embodiment, the pulse power supply 8 is  provided 

on the lateral side of the flow path portion 2. But  the pulse 

power supply 8 can be provided at a position distan t from the 

flow path portion 2 by extending the connection wir es 9.  In 

addition, by housing the flow path portion 2, the h igh-5 

voltage portion 3, and the electric field relaxatio n portion 

5 in the closed or semi-closed housing device and p roviding 

the pulse power supply 8 outside the housing device , the 

pulse power supply 8 can be prevented from being de teriorated 

by sprays or steam of the treatment target water W or 10 

oxidizing particles generated by electric discharge . 

[0033] Embodiment 2 

 FIGS. 5 to 7 illustrate Embodiment 2.  FIG. 5 is a  

configuration diagram showing the configuration of a water 

treatment apparatus, FIG. 6(a) is a cross-sectional  view 15 

taken along a line A-A in FIG. 5, FIG. 6(b) is a cr oss-

sectional view of a first member and a second membe r, and FIG. 

7 is a cross-sectional view taken along a line B-B in FIG. 5.  

In these diagrams, the water treatment apparatus 20  has a 

high-voltage portion 13 serving as a voltage applic ation 20 

portion.  The high-voltage portion 13 has a plurali ty of 

high-voltage electrodes 14.  The high-voltage elect rodes 14 

are formed by a stainless steel wires having a circ ular 

cross-sectional shape (the same as later-described first 

members 16 and second members 17 in FIG. 6(b)). And  the 25 
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plurality of the high-voltage electrodes 14 are arr anged 

above the flow path portion 2 at regular intervals in the 

extension direction of the flow path portion 2 such  that the 

length direction of the high-voltage electrodes 14 coincides 

with a direction (the direction of the line A-A in FIG. 5) 5 

orthogonal to the extension direction of the flow p ath 

portion 2.  An opposing portion 14a, opposing the f low path 

portion 2, of each high-voltage electrode 14 is a l ower half 

of the wire having a circular cross-sectional shape .  Each 

high-voltage electrode 14 is held parallel to the f low path 10 

portion 2 and above the flow path portion 2 by an i nsulation 

holding member, which is not shown. And each high-v oltage 

electrode 14 is held with a gap G provided such tha t a gas 

layer is formed between the high-voltage electrode 14 and the 

flow path portion 2.  That is, the high-voltage ele ctrode 14 15 

is held such that the gap G between the high-voltag e 

electrode 14 and the flow path portion 2 has a cons tant value 

and a gas layer is formed between the high-voltage electrode 

14 and the flow path portion 2. 

[0034] An electric field relaxation portion 15 is f ormed 20 

into a rectangular shape by combining a pair of fir st members 

16 serving as electric field relaxation members and  a pair of 

second members 17 serving as electric field relaxat ion 

members in which a wire that has a circular cross-s ectional 

shape (see FIG. 6(b)) and that is the same as the h igh-25 
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voltage electrodes 14 is used.  The first members 1 6 and the 

second members 17 are electrically connected to eac h other.  

The electric field relaxation portion 15 is dispose d above 

the high-voltage portion 13.  Specifically, as show n in FIG. 

7, the first members 16 of the electric field relax ation 5 

portion 15 are disposed above the high-voltage elec trodes 14, 

that is, the high-voltage portion 13, so as to oppo se the 

high-voltage electrodes 14 located at both end port ions, in 

the extension direction of the flow path portion 2,  of the 

high-voltage portion 13, with a predetermined gap p rovided in 10 

the up-down direction in FIG. 7.  In addition, as s hown in 

FIG. 6(a), the second members 17 are disposed above  the high-

voltage electrodes 14, that is, the high-voltage po rtion 13, 

so as to oppose both end portions, in the direction  

orthogonal to the extension direction of the flow p ath 15 

portion 2, of the plurality of disposed high-voltag e 

electrodes 14, with a predetermined gap provided th erebetween.  

The electric field relaxation portion 15 is maintai ned at the 

same potential as the high-voltage portion 13.  An opposing 

portion 16a and an opposing portion 17a, opposing t he flow 20 

path portion 2, of each first member 16 and each se cond 

member 17 are lower halves of the wires having a ci rcular 

cross-sectional shape.  Since the electric field re laxation 

portion 15 is provided above the high-voltage porti on 13 in 

FIG. 6(a), the gap between the electric field relax ation 25 
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portion 15 and the flow path portion 2 is larger th an the gap 

G between the high-voltage portion 13 and the flow path 

portion 2.  That is, the electric field relaxation portion 15 

is disposed at a position farther from the flow pat h portion 

2 than the high-voltage portion 13.  In addition, t he 5 

electric field relaxation portion 15 is disposed su ch that 

the gap between the electric field relaxation porti on 15 and 

each high-voltage electrode 14 is smaller than the gap 

between the adjacent high-voltage electrodes 14.  T he first 

members 16 and the second members 17 are held by an  10 

insulation holding member that is not shown.  The o ther 

configuration is the same as the configuration of E mbodiment 

1 shown in FIG. 1.  Thus, the corresponding compone nts are 

designated by the same reference characters, and th e 

description thereof is omitted. 15 

[0035] Next, the principle by which the water treat ment 

apparatus 20 described in the present embodiment fo rms 

uniform electric discharge P between the high-volta ge portion 

13 and the flow path portion 2, will be described.  When a 

high voltage is applied from the pulse power supply  8 to the 20 

high-voltage portion 13, the first members 16, and the second 

members 17, an electric field is formed between the  flow path 

portion 2; and the high-voltage electrodes 14, the first 

members 16, and the second members 17.  At this tim e, the 

electric field at each end portion of the high-volt age 25 
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portion 13 is relaxed by the potentials of the firs t members 

16 and the second members 17. Thus a uniform and st rong 

electric field is formed at the opposing portion 14 a, 

opposing the flow path portion 2, of each high-volt age 

electrode 14.  As a result, uniform electric discha rge P 5 

occurs between each high-voltage electrode 14 and t he flow 

path portion 2.  Meanwhile, in the first members 16  and the 

second members 17, the gaps between the flow path p ortion 2, 

and the first members 16 and the second members 17 are larger 

than the gap between each high-voltage electrode 14  and the 10 

flow path portion 2, and the electric fields at the  opposing 

portions 16a,17a of the first members 16 and the se cond 

members 17 are smaller than the electric field form ed at the 

opposing portion 14a of each high-voltage electrode  14.  Thus, 

electric discharge P does not occur between the flo w path 15 

portion 2, and the first members 16 and the second members 17.  

Therefore, by relaxing the electric field at each o f the end 

portions of the high-voltage electrodes 14 by the f irst 

members 16 and the second members 17, electric disc harge P 

dose not concentrate at each end portion of the hig h-voltage 20 

portion 13, and uniform electric discharge P is gen erated 

between the high-voltage portion 13 and the flow pa th portion 

2. Thus the amount of the active species to be gene rated can 

be increased, and the amount of the active species to be 

supplied into the treatment target water can be inc reased. 25 
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[0036] In the above, the electric field relaxation portion 

15 is provided above the high-voltage portion 13 at  a 

position farther from the flow path portion 2 than the high-

voltage portion 3.  By disposing the high-voltage p ortion 13 

and the electric field relaxation portion 15 such t hat the 5 

high-voltage portion 13 and the electric field rela xation 

portion 15 partially overlap each other as seen fro m the flow 

path portion 2 side as described above, the spread (size) of 

the high-voltage portion 13 can be increased and th e area of 

a portion of the high-voltage portion 13 that oppos es the 10 

flow path portion 2 can be increased.  Thus, electr ic 

discharge can be uniformly formed on a wide area of  the 

surface of the treatment target water W.  The high- voltage 

portion 13 and the electric field relaxation portio n 15 may 

not overlap each other as seen from the flow path p ortion 2 15 

side, and the electric field relaxation portion 15 may be 

located at a position higher than the high-voltage portion 13, 

that is, at a position farther from the flow path p ortion 2 

than the high-voltage portion 13.  In this case, th e gap 

between the electric field relaxation portion 15 an d each 20 

high-voltage electrode 14 is smaller than the gap b etween the 

adjacent high-voltage electrodes 14 and smaller tha n the gap 

between each high-voltage electrode 14 and the flow  path 

portion 2.  In addition, the electric field relaxat ion 

portion 15 may be larger than the outside dimension  of the 25 
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high-voltage portion 13 such that the electric fiel d 

relaxation portion 15 and the high-voltage portion 13 do not 

overlap each other, and the electric field relaxati on portion 

15 may be located at a position higher than the hig h-voltage 

portion 13, that is, at a position farther from the  flow path 5 

portion 2 than the high-voltage portion 13. 

[0037] In the present embodiment, the wires that ha ve a 

circular cross-sectional shape and that have the sa me 

dimension as the dimension of the high-voltage elec trodes 14 

are used as the first members 16 and the second mem bers 17. 10 

But the first members 16 and the second members 17 may not 

have the same shape as the shape of the high-voltag e 

electrodes 14.  For example, a hollow round pipe, a  

rectangular parallelepiped, a rod having a circular  or 

elliptical cross-section, balls or ellipsoids conne cted to 15 

each other, a plate having a cross-section of a par aboloid 

shape having a projection at the flow path portion 2 side, 

needle-shaped electric discharge portions provided in a comb 

tooth manner, a shape obtained by a combination the reof, or 

the like can be used as the first members 16 and th e second 20 

members 17. 

[0038] Embodiment 3 

 FIGS. 8 to 10 illustrate Embodiment 3.  FIG. 8 is a 

configuration diagram showing the configuration of a water 

treatment apparatus, FIG. 9(a) is a cross-sectional  view 25 
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taken along a line A-A in FIG. 8, FIG. 9(b) is a cr oss-

sectional view of a first member and a second membe r, FIG. 

10(a) is a cross-sectional view taken along a line B-B in FIG. 

8, and FIG. 10(b) is a cross-sectional view of a hi gh-voltage 

electrode.  In these diagrams, the water treatment apparatus 5 

30 has a high-voltage portion 23 serving as a volta ge 

application portion.  The high-voltage portion 23 h as a 

plurality of high-voltage electrodes 24.  Each high -voltage 

electrode 24 has an opposing portion 24a having an edge-like 

cross-sectional shape as shown in FIG. 10(b).  The plurality 10 

of high-voltage electrodes 24 are arranged at regul ar 

intervals in the extension direction of a flow path  portion 2 

(the direction along the flow of treatment target w ater W) 

(the direction of the line B-B in FIG. 8).  Each hi gh-voltage 

electrode 24 is held parallel to the flow path port ion 2 and 15 

above the flow path portion 2 by an insulation hold ing member, 

which is not shown, so as to extend in the directio n (the 

direction of the line A-A in FIG. 8) orthogonal to the 

extension direction of the flow path portion 2.  Th at is, the 

high-voltage electrode 24 is held such that the gap  G between 20 

the high-voltage electrode 24 and the flow path por tion 2 has 

a constant value and a gas layer is formed between the high-

voltage electrode 24 and the flow path portion 2. 

[0039] An electric field relaxation portion 25 main tained 

at the same potential as the high-voltage portion 2 3 is 25 
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disposed around the high-voltage portion 23.  The e lectric 

field relaxation  portion 25 is formed into a recta ngular 

shape by a pair of first members 26 serving as elec tric field 

relaxation members and a pair of second members 27 serving as 

electric field relaxation members.  The first membe rs 26 and 5 

the second members 27 are electrically connected to  each 

other.  Solid rectangular parallelepipeds (square m aterials 

made of stainless steel) (see FIG. 9(b)) having the  same 

dimension and a rectangular cross-sectional shape a re used as 

the first members 26 and the second members 27.  An  10 

insulating layer 29 having an angled cross-sectiona l shape is 

provided so as to cover a flat surface portion 26a opposing 

the flow path portion 2 of each first member 26, co rner 

portions 26d at both sides of the flat surface port ion 26a, 

and a side surface portion 26b at the side opposite  to the 15 

high-voltage portion 23.  A rectangular parallelepi ped that 

is the same as the first members 26 is used as each  second 

member 27. And similarly, an insulating layer 29 ha ving an 

angled cross-sectional shape is provided so as to c over a 

flat surface portion 27a opposing the flow path por tion 2 of 20 

each second member 27, corner portions 27d at both sides of 

the flat surface portion 27a, and a side surface po rtion 27b 

at the side opposite to the high-voltage portion 23 .  In 

addition, the electric field relaxation portion 25 is 

disposed such that end portions of the opposing por tions 24a 25 
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of the high-voltage electrodes 24 and side surfaces  of the 

second members 27 are in contact (close contact) wi th each 

other.  Moreover, the gap between the insulating la yer 29 and 

the flow path portion 2 is smaller than the gap bet ween the 

high-voltage portion 23 and the flow path portion 2 .  The 5 

other configuration is the same as the configuratio n of 

Embodiment 1 shown in FIG. 1.  Thus, the correspond ing 

components are designated by the same reference cha racters, 

and the description thereof is omitted.  The flat s urface 

portion 26a and the corner portions 26d at both sid es thereof 10 

form an opposing portion 26f opposing the flow path  portion 2 

in the present invention, and the flat surface port ion 27a 

and the corner portions 27d at both sides thereof f orm an 

opposing portion 27f opposing the flow path portion  2 in the 

present invention. 15 

[0040] Next, the principle by which the water treat ment 

apparatus 30 described in the present embodiment fo rms 

uniform electric discharge P between the high-volta ge portion 

23 and the flow path portion 2, will be described.  When a 

high voltage is applied from the pulse power supply  8 to the 20 

high-voltage portion 23 and the electric field rela xation 

portion 25, an electric field is formed between the  flow path 

portion 2; and the high-voltage electrodes 24, the first 

members 26, and the second members 27.  At this tim e, the 

electric field at each of the high-voltage electrod es 24 at 25 
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the most upstream side and the most downstream side  of the 

flow of the treatment target water W is relaxed by the 

potential of the adjacent first members 26, and thu s a 

uniform and strong electric field is formed at the opposing 

portion 24a, opposing the flow path portion 2, of e ach high-5 

voltage electrode 24.  As a result, uniform electri c 

discharge P occurs between each high-voltage electr ode 24 and 

the flow path portion 2.  Meanwhile, the insulating  layer 29 

is provided on the flat surface portion 26a, opposi ng the 

flow path portion 2, of each first member 26. Thus a voltage 10 

drop occurs within the insulating layer 29, and the  electric 

field at the surface, opposing the flow path portio n 2, of 

the insulating layer 29 becomes smaller than the el ectric 

field at the opposing portion 24a, opposing the flo w path 

portion 2, of each high-voltage electrode 24.  Ther efore, 15 

electric discharge P is not formed between the insu lating 

layer 29 and the flow path portion 2.  In addition,  in the 

case where the voltage applied from the pulse power  supply 8 

is unipolar, electric charge is accumulated on the surface of 

the insulating layer 29. Thus the electric field be tween the 20 

insulating layer 29 and the flow path portion 2 is further 

reduced, and electric discharge P becomes unlikely to occur 

therebetween. 

[0041] Similarly, since the electric field at each end 

portion in the length direction (the right-left dir ection in 25 
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FIG. 8) of each high-voltage electrode 24 is relaxe d by the 

potential of the second member 27, a uniform and st rong 

electric field is formed at the opposing portion 24 a, 

opposing the flow path portion 2, of each high-volt age 

electrode 24.  As a result, uniform electric discha rge P 5 

occurs between each high-voltage electrode 24 and t he flow 

path portion 2.  Meanwhile, the insulating layer 29  is 

provided on the flat surface portion 27a, opposing the flow 

path portion 2, of each second member 27. Thus a vo ltage drop 

occurs within the insulating layer 29, and the elec tric field 10 

at the surface, opposing the flow path portion 2, o f the 

insulating layer 29 becomes smaller than the electr ic field 

at the opposing portion 24a, opposing the flow path  portion 2, 

of each high-voltage electrode 24.  Therefore, elec tric 

discharge P is not formed between the insulating la yer 29 and 15 

the flow path portion 2.  In addition, in the case where the 

voltage applied from the pulse power supply 8 is un ipolar, 

electric charge is accumulated on the surface of th e 

insulating layer 29. Thus the electric field betwee n the 

insulating layer 29 and the flow path portion 2 is further 20 

reduced, and electric discharge P becomes unlikely to occur 

therebetween.  Therefore, by relaxing the electric field at 

each end portion of the high-voltage portion 23 by the 

electric field relaxation portion 25, electric disc harge P 

dose not concentrate at each end portion of the hig h-voltage 25 
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portion 23, and uniform electric discharge P can be  formed 

between the high-voltage portion 23 and the flow pa th portion 

2. Thus the amount of the active species to be gene rated by 

electric discharge can be increased, and the amount  of the 

active species to be supplied into the treatment ta rget water 5 

can be increased. 

[0042] In the present embodiment, the gap between t he 

insulating layer 29 and the flow path portion 2 is smaller 

than the gap G between the high-voltage portion 23 and the 

flow path portion 2. And the end portions, in the l ength 10 

direction, of the opposing portions 24a of the high -voltage 

electrodes 24 are in contact (close contact) with t he side 

surfaces of the second members 27.  Therefore, even  if 

droplets are formed on each high-voltage electrode 24 due to 

condensation, sprays, or the like, the droplets mov e via a 15 

contact portion between the high-voltage electrode 24 and the 

second member 27 to the insulating layer 29 located  at the 

lower side, due to gravity or shock waves generated  by 

electric discharge formation, and fall from the ins ulating 

layer 29 onto the flow path portion 2.  Thus, occur rence of 20 

spark which is generated when droplets fall from th e high-

voltage electrode 24 can be suppressed. 

[0043] In the present embodiment, the insulating la yers 29 

are provided on the flat surface portions 26a and 2 7a, 

opposing the flow path portion 2, of the first memb ers 26 and 25 
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the second members 27 and the side surface portions  26b and 

27b at the side opposite to the high-voltage portio n 23, but 

the structures are not limited thereto.  The insula ting 

layers 29 only need to be formed at least on the op posing 

portions 26f and 27f, opposing the flow path portio n 2, of 5 

the first members 26 and the second members 27.  In  addition, 

by providing the insulating layers 29, the corrosio n 

resistance of the first members 26 and the second m embers 27 

can be improved.  Moreover, the entire surfaces of the first 

members 26 and the second members 27 can be coated with 10 

insulating layers 29.  By coating the entire surfac es of the 

first members 26 and the second members 27 with the  

insulating layers 29, exposure of the interfaces be tween the 

insulating layers 29, and the first members 26 and the second 

members 27 can be eliminated, and thus peeling of t he 15 

insulating layers 29 from the first members 26 and the second 

members 27 due to corrosion at the interfaces can b e 

suppressed. 

[0044] The insulating layers 29 can be formed by an  

insulating material such as ceramics and resin.  In  20 

particular, it is desirable that an insulating mate rial 

having excellent corrosion resistance such as glass  and 

fluorine resin is used as the material of the insul ating 

layers 29.  In addition, a voltage drop within the insulating 

layer 29 increases as the relative permittivity of the 25 
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insulating layer 29 decreases.  Thus, a material ha ving a low 

relative permittivity is suitable.  The thickness o f the 

insulating layer 29 can be appropriately determined  in 

accordance with various conditions such as the mate rial of 

the insulating layer 29 and the structures of the f irst 5 

members 26 and the second members 27.  Generally, i t is 

desirable that the thickness of the insulating laye r 29 is 

0.1 mm to 10 mm.  This is because: when the thickne ss of the 

insulating layer 29 is less than 0.1 mm, there is a  high 

possibility that the insulating function is lost du e to a 10 

scar during assembling or the like; and when thickn ess of the 

insulating layer 29 is more than 10 mm, it is diffi cult to 

form the insulating layer 29 on the first members 2 6 and the 

second members 27 by a general method such as therm al 

spraying or spraying, and the production cost for f orming the 15 

insulating layer 29 increases.  The insulating laye rs 29 can 

be formed by attaching plates formed by an insulati ng 

material, or the like to the first members 26 and t he second 

members 27 by a mechanical method such as screwing.   The 

insulating layers 29 may be formed by a multilayer structure 20 

including a plurality of insulating materials.  One  layer of 

the multilayer structure may be gas.  The gas has a  relative 

permittivity of nearly 1, and a voltage drop within  the gas 

becomes large. Thus the effect of electric discharg e 

suppression by the insulating layers 29 can be incr eased. 25 
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[0045] It is noted that, within the scope of the pr esent 

invention, the above embodiments may be freely comb ined with 

each other, or each of the above embodiments may be  modified 

or eliminated appropriately. 

5 
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CLAIMS 

[1] A water treatment apparatus for performing wate r 

treatment by forming an electric field between a fl ow path 

portion on which treatment target water flows and a  voltage 

application portion to which a high voltage is appl ied, and 5 

by generating electric discharge between the voltag e 

application portion and the flow path portion, the water 

treatment apparatus comprising: 

 an electric field relaxation portion disposed at a n 

outer periphery of the voltage application portion so as to 10 

oppose the flow path portion and configured to form  the 

electric field between the electric field relaxatio n portion 

and the flow path portion; and 

 a power supply for applying a voltage to the 

voltage application portion and the electric field relaxation 15 

portion, wherein 

 the electric field formed by the electric field 

relaxation portion when the voltage is applied is s maller 

than the electric field formed by the voltage appli cation 

portion when the voltage is applied. 20 

 

[2] The water treatment apparatus according to clai m 1, 

wherein the electric field relaxation portion is el ectrically 

connected to the voltage application portion and ma intained 

at the same potential as the voltage application po rtion. 25 
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[3] The water treatment apparatus according to clai m 1 

or 2, wherein a gap between the electric field rela xation 

portion and the flow path portion is larger than a gap 

between the voltage application portion and the flo w path 5 

portion. 

 

[4] The water treatment apparatus according to clai m 1, 

wherein the electric field relaxation portion and t he voltage 

application portion are provided so as to be in con tact with 10 

each other, and a gap between the electric field re laxation 

portion and the flow path portion is equal to or sm aller than 

a gap between the voltage application portion and t he flow 

path portion. 

 15 

[5] The water treatment apparatus according to any one 

of claims 1 to 4, wherein the electric field relaxa tion 

portion has opposing portions closest to the flow p ath 

portion, and the opposing portions have flat surfac e portions 

that are lengthened in the predetermined direction,  and round 20 

portions that are at both end portions, in a direct ion 

orthogonal to the predetermined direction, of the f lat 

surface portions and that are obtained by rounding corners of 

the flat surface portions. 

 25 
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[6] The water treatment apparatus according to any one 

of claims 1 to 4, wherein the electric field relaxa tion 

portion is formed by a hollow material or a wire ha ving a 

circular cross-sectional shape. 

 5 

[7] The water treatment apparatus according to any one 

of claims 1 to 6, wherein the electric field relaxa tion 

portion is provided with an insulating layer on the  opposing 

portion. 

 10 

[8] The water treatment apparatus according to any one 

of claims 1 to 7, wherein the voltage application p ortion 

includes a plurality of high-voltage electrodes, a portion of 

each of the high-voltage electrodes that is closest  to the 

flow path portion extends in a direction orthogonal  to a 15 

direction of flow of the treatment target water, an d the 

plurality of the high-voltage electrodes are dispos ed spacing 

from each other in the direction of flow. 

 

[9] The water treatment apparatus according to clai m 8, 20 

wherein the electric field relaxation portion is pr ovided so 

as to oppose both end portions, in the direction or thogonal 

to the direction of flow, of the voltage applicatio n portion. 

 

[10] The water treatment apparatus according to cla im 8, 25 
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wherein the electric field relaxation portion is pr ovided so 

as to oppose the high-voltage electrodes located at  both ends, 

in the direction of flow, of the voltage applicatio n portion. 

 

[11] The water treatment apparatus according to any  one 5 

of claims 8 to 10, wherein the high-voltage electro de has a 

thin shape. 

 

[12] A water treatment method to be performed by us ing 

the water treatment apparatus according to any one of claims 10 

1 to 11, the water treatment method comprising: 

 forming electric discharge between the voltage 

application portion and the flow path portion while  causing 

the treatment target water to flow on the flow path  portion; 

 bringing the treatment target water into contact 15 

with the electric discharge; 

 supplying active species generated by the electric  

discharge into the treatment target water; and 

 treating the treatment target water by the active 

species supplied into the treatment target water. 20 


