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DESCRIPTION 

WATER TREATMENT APPARATUS AND WATER TREATMENT METHOD 

TECHNICAL FIELD 

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

apparatus and a water treatment method for purifying to-be-

treated water by using electric discharge. 

BACKGROUND ART 

[0002] Industrial waste water and the like may contain 10 

persistent substances typified by dioxins and dioxin-like 

compounds and dioxane.  In order to decompose the persistent 

substances, an electric-discharge water treatment in which 

to-be-treated water is subjected to electric discharge, and 

OH radicals and the like generated by the electric discharge 15 

are caused to react with to-be-treated water, is suggested. 

[0003] For the electric-discharge water treatment, the 

applicant suggests a water treatment apparatus in which a 

plurality of electric discharge units, each including a flat-

plate like grounded electrode and a wire-like high-voltage 20 

electrode opposing each other in the up-down direction, 

generate electric discharge toward the water surface that 

moves downward on the grounded electrode so as to flow like a 

film, a plurality of water storage portions store to-be-

treated water and supply ozone, and the plurality of electric 25 
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discharge units and the plurality of water storage portions 

are alternately disposed in a housing, and ozone and hydrogen 

peroxide generated by the electric discharge are caused to be 

dissolved into the to-be-treated water, to perform treatment 

of the to-be-treated water (see Patent Document 1). 5 

CITATION LIST 

PATENT DOCUMENT 

[0004] Patent Document 1: International Publication No. 

WO2016/117259 10 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] In the water treatment apparatus using electric 

discharge, ozone is subsidiarily generated by the water 15 

treatment.  The generated ozone is dissolved into the to-be-

treated water, to contribute to reaction in the water 

treatment.  An amount of ozone generated by the electric 

discharge is greater than an amount of ozone consumed in the 

water treatment, and decomposition of ozone and generation of 20 

ozone simultaneously occur by the electric discharge.  

Therefore, an amount of ozone which is decomposed or 

discharged to the outside of the apparatus without 

contributing to the water treatment is great, and enhancement 

of an ozone utilization rate is expected for enhancing 25 



 !!

!

"##$%$"&%'!(#!)*"!+,)"-!)-",)."&)/!

011123! 4*"!5-"6"&)!7$6%8(69-"!7$6%8(6"6!,!)"%*&$:9"!#(-!

6(8;$&<!)*"!,#(-"."&)$(&"7!5-(=8".>!,&7!,&!(=?"%)!(#!)*"!

5-"6"&)!7$6%8(69-"!$6!)(!5-(;$7"!,!+,)"-!)-",)."&)!,55,-,)96!

,&7!,!+,)"-!)-",)."&)!.")*(7!$&!+*$%*!)*"!+,)"-!)-",)."&)!@!

,55,-,)96!)*,)!7"%(.5(6"6!(-<,&$%!69=6),&%"6!$&!)(A="A)-",)"7!

+,)"-!='!=-$&<$&<!"8"%)-$%!7$6%*,-<"!,&7!)*"!)(A="A)-",)"7!

+,)"-!$&)(!%(&),%)!+$)*!",%*!()*"-!$6!,88(+"7!)(!"&*,&%"!,&!

(B(&"!9)$8$B,)$(&!-,)"!,&7!"##$%$"&)8'!7"%(.5(6"!)*"!(-<,&$%!

69=6),&%"6!+$)*!,!6$.58"!,55,-,)96!6)-9%)9-"/!C1!

!

DEFG4HEI!4E!4JK!LMENFKOD!

0111P3! Q!+,)"-!)-",)."&)!,55,-,)96!,%%(-7$&<!)*"!5-"6"&)!

7$6%8(69-"!$&%897"6R!,&!(B(&"!.$S$&<!5(-)$(&!#(-."7!

,6!,!6",8"7!%(&),$&"-!$&!+*$%*!(B(&"A%(&),$&$&<!<,6!$6!C@!

69558$"7!)(!)(A="A)-",)"7!+,)"-T!,!)-",)."&)!),&U!#(-."7!,6!,!

6",8"7!%(&),$&"-!6"5,-,)"!#-(.!)*"!(B(&"!.$S$&<!5(-)$(&>!)*"!

)-",)."&)!),&U!$&%897$&<!,&!"8"%)-$%!7$6%*,-<"!9&$)!*,;$&<!,!

<-(9&7"7!"8"%)-(7"!,&7!,!*$<*A;(8),<"!"8"%)-(7"!(55(6$&<!)*"!

<-(9&7"7!"8"%)-(7">!)*"!)-",)."&)!),&U!<"&"-,)$&<!"8"%)-$%!V1!

7$6%*,-<"!='!)*"!"8"%)-$%!7$6%*,-<"!9&$)>!<"&"-,)$&<!(B(&"!='!

)*"!"8"%)-$%!7$6%*,-<">!,&7!=-$&<$&<!)*"!)(A="A)-",)"7!+,)"-!

$&)(!%(&),%)!+$)*!)*"!"8"%)-$%!7$6%*,-<"T!,!<,6!6"&7$&<!

5(-)$(&!#(-!%(&&"%)$&<!=")+""&!)*"!(B(&"!.$S$&<!5(-)$(&!,&7!

)*"!)-",)."&)!),&U!,&7!69558'$&<!(B(&"A%(&),$&$&<!<,6!$&!)*"!V@!

)-",)."&)!),&U>!)(!)*"!)(A="A)-",)"7!+,)"-!$&!)*"!(B(&"!

.$S$&<!5(-)$(&T!,!)(A="A)-",)"7!+,)"-!$&8")!5(-)$(&!#(-!!

!



 !!

!

"#$$%"&'$(!)%&*%%$!&+%!#,#$%!-'.'$(!/#0&'#$!1$2!&+%!&0%1&-%$&!

&1$3!1$2!45//67'$(!&+%!&#8)%8&0%1&%2!*1&%0!90#-!&+%!#,#$%!

-'.'$(!/#0&'#$!&#!&+%!&0%1&-%$&!&1$3:!1$2!1!(14!0%&50$'$(!

/#0&'#$!9#0!"#$$%"&'$(!)%&*%%$!&+%!#,#$%!-'.'$(!/#0&'#$!1$2!

&+%!&0%1&-%$&!&1$3!1$2!4%$2'$(!(14!'$!&+%!#,#$%!-'.'$(!;!

/#0&'#$!&#!&+%!&0%1&-%$&!&1$3<!

=>>>?@! A50&+%0-#0%B!1!*1&%0!&0%1&-%$&!-%&+#2!1""#02'$(!&#!

&+%!/0%4%$&!2'4"6#450%!'$"652%4C!1!9'04&!*1&%0!&0%1&-%$&!4&%/!

#9!45//67'$(!(14!"#$&1'$'$(!#,#$%!B!&#!&#8)%8&0%1&%2!*1&%0!

4&#0%2!'$!1!9'04&!4%16%2!"#$&1'$%0:!1$2!1!4%"#$2!*1&%0!D>!

&0%1&-%$&!4&%/!#9!)0'$('$(!&+%!&#8)%8&0%1&%2!*1&%0!+1E'$(!

)%%$!45)F%"&%2!&#!&+%!9'04&!*1&%0!&0%1&-%$&!4&%/B!(14!!19&%0!

&+%!9'04&!

*1&%0!&0%1&-%$&!4&%/!1$2!45//6'%2!#.7(%$!'$&#!"#$&1"&!*'&+!

%6%"&0'"!2'4"+10(%B!!'$!1!4%"#$2!4%16%2!D;!

"#$&1'$%0:!1$2!1!4&%/!#9!4%$2'$(!(14B!"#$&1'$'$(!#,#$%B!

(%$%01&%2!)7!&+%!%6%"&0'"!2'4"+10(%!'$!&+%!4%"#$2!4%16%2!

"#$&1'$%0B!&#!&+%!9'04&!4%16%2!"#$&1'$%0B!1$2!12F54&'$(!1!

96#*!01&%!#9!"'0"561&'$(!(14!&+1&!"'0"561&%4!'$!&+%!9'04&!1$2!

&+%!4%"#$2!4%16%2!"#$&1'$%04B!1$2B!'$!&+%!*1&%0!&0%1&-%$&!G>!

-%&+#2B!&+%!#,#$%!(%$%01&%2!)7!&+%!%6%"&0'"!2'4"+10(%!'$!&+%!

4%"#$2!*1&%0!&0%1&-%$&!4&%/!'4!54%2!'$!&+%!9'04&!*1&%0!

&0%1&-%$&!4&%/<!

!

HAAHIJ!KA!JLH!MNOHNJMKN!G;!

=>>>P@! M$!&+%!1)#E%82%4"0')%2!4&05"&50%B!)%9#0%!&#8)%8

&0%1&%2!*1&%0!'4!&0%1&%2!)7!%6%"&0'"!2'4"+10(%B!*1&%0!

&0%1&-%$&!'4!/%09#0-%2!*'&+!&+%!54%!#9!#,#$%!(%$%01&%2!)7!&+%!

%6%"&0'"!2'4"+10(%<!!J+%0%9#0%B!&+%!*1&%0!&0%1&-%$&!1//101&54!

1$2!&+%!*1&%0!&0%1&-%$&!-%&+#2!&+1&!%$+1$"%!1$!#,#$%!Q>!

5&'6',1&'#$!01&%!1$2!"1$!%99'"'%$&67!2%"#-/#4%!#0(1$'"!

45)4&1$"%4!*'&+!1!4'-/6%!1//101&54!4&05"&50%B!"1$!)%!/0#E'2%2<!



5 / 88 

658679SG01 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] [FIG. 1]  FIG. 1 is a cross-sectional view of a 

structure of a water treatment apparatus according to 

embodiment 1. 

 [FIG. 2]  FIG. 2 is a cross-sectional view of a 5 

structure of another water treatment apparatus according to 

embodiment 1. 

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

structure of still another water treatment apparatus 

according to embodiment 1. 10 

 [FIG. 4A]  FIG. 4A is a cross-sectional view of a 

structure of still another water treatment apparatus 

according to embodiment 1. 

 [FIG. 4B]  FIG. 4B is an enlarged view of an 

electric discharge unit shown in FIG. 4A. 15 

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

structure of a water treatment apparatus according to 

embodiment 2. 

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

structure of another water treatment apparatus according to 20 

embodiment 2. 

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

structure of a water treatment apparatus according to 

embodiment 3. 

 [FIG. 8]  FIG. 8 is a cross-sectional view of a 25 
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[0012] Embodiment 1. 

 FIG. 1 is a cross-sectional view of a structure of 

a water treatment apparatus according to embodiment 1. 

 In the drawings, the water treatment apparatus 

includes: a treatment tank 1 that is a metal container having 5 

a mechanism for causing to-be-treated water to pass and flow 

therethrough, and generating electric discharge thereinside; 

and an ozone mixing portion 2 that is connected to the 

treatment tank 1, and that brings to-be-treated water to be 

supplied to the treatment tank 1 into contact with ozone-10 

containing gas in advance, decompresses organic substances 

contained in to-be-treated water 20, and dissolves ozone into 

the to-be-treated water. 

[0013] [Structure of treatment tank 1] 

 Firstly, the structure of the treatment tank 1 will 15 

be described with reference to FIG. 1. 

 The treatment tank 1 is implemented by a sealed 

metal container, and has an electric discharge unit 3 

disposed thereinside for generating electric discharge.  The 

electric discharge unit 3 has a flat-plate-like grounded 20 

electrode 5 and a plurality (four in the drawings) of wire-

like high-voltage electrodes 4 opposing the grounded 

electrode 5.  In the drawings, the cross-section of a wire of 

each high-voltage electrode 4 is illustrated, and the wire 

extends in the depth direction of the drawing sheet surface.  25 
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The plurality of high-voltage electrodes 4 are disposed above 

the grounded electrode 5 at regular intervals.  The high-

voltage electrodes 4 aligned with  each other are parallel 

with and spaced from the grounded electrode 5 over a certain 

distance.  The high-voltage electrodes 4 are connected to 5 

each other by wiring.  The wiring is connected to a high-

voltage pulsed power supply 8 disposed outside the treatment 

tank 1 via a current feedthrough 7.  The high-voltage 

electrodes 4 and a housing of the treatment tank 1 are 

electrically insulated from each other by the current 10 

feedthrough 7.  The high-voltage pulsed power supply 8 

applies a high voltage pulse to the high-voltage electrodes 4, 

to generate electric discharge 6 in a space between each 

high-voltage electrode 4 and the grounded electrode 5. 

[0014] The electric discharge unit 3 is disposed so as to 15 

be tilted in the treatment tank 1.  To-be-treated water 15 is 

supplied, through a water inlet port 11 connected to the 

ozone mixing portion 2, to a portion above the tilted 

electric discharge unit 3.  The supplied to-be-treated water 

15 flows downward on the tilted grounded electrode 5.  A 20 

water discharge port 14 through which treated water 16 having 

been subjected to the water treatment is discharged to the 

outside of the water treatment apparatus is disposed at the 

lower portion of the treatment tank 1. 

[0015] Meanwhile, the high-voltage electrodes 4 are 25 
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disposed so as not to come into contact with the supplied to-

be-treated water 15 in order to stabilize the electric 

discharge.  The grounded electrode 5 is fixed to the inner 

side of the treatment tank 1 by a metal component.  Thus, the 

grounded electrode 5 is electrically connected to the housing 5 

of the treatment tank 1 and has a ground potential. 

[0016] Gas circulates throughout the treatment tank 1 and 

the ozone mixing portion 2, that is, in the water treatment 

apparatus.  The treatment tank 1 has a gas sending port 12 

through which gas is sent from the treatment tank 1, and a 10 

returned gas introduction port 10 through which gas having 

been sent through the gas sending port 12 and having 

circulated in the water treatment apparatus is returned into 

the treatment tank 1. 

 A gas inlet port 9 that is an introduction port 15 

through which gas is supplied to the treatment tank 1 and a 

gas discharge port 13 through which gas in the treatment tank 

1 is discharged to the outside of the water treatment 

apparatus, are disposed at the upper portions of the 

treatment tank 1. 20 

 The gas inlet port 9 is connected to an oxygen gas 

source 17 via a mass flow controller 18, and the mass flow 

controller 18 controls a flow rate of gas to be supplied to 

the treatment tank 1. 

 A valve 32 is disposed at the gas discharge port 13, 25 
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to regulate a flow rate of gas to be discharged. 

[0017] The treatment tank 1 is sealed, and gas, to-be-

treated water, and treated water flow in and out only through 

the gas inlet port 9, the returned gas introduction port 10, 

the gas sending port 12, the gas discharge port 13, the water 5 

inlet port 11, and the water discharge port 14, which are 

described above. 

[0018] [Structure of ozone mixing portion 2] 

 Next, a structure of the ozone mixing portion 2 

will be described with reference to FIG. 1. 10 

 The ozone mixing portion 2 is implemented by a 

metal container, and can store the to-be-treated water 20 

therein and has a mechanism for supplying gas to the stored 

to-be-treated water 20.  The ozone mixing portion 2 initially 

stores the to-be-treated water 20, dissolves gas (ozone) into 15 

the to-be-treated water 20, and brings the to-be-treated 

water 20 into contact with the gas to decompose the organic 

substances in the to-be-treated water 20. 

[0019] The ozone mixing portion 2 has a water inlet port 

22.  The to-be-treated water 20 is supplied from the outside 20 

of the water treatment apparatus through piping connected to 

the water inlet port 22, to store the to-be-treated water 20 

in the ozone mixing portion 2.  A gas discharge port 24 

through which a part of gas in the ozone mixing portion 2 is 

discharged is disposed at the upper portion of the ozone 25 
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mixing portion 2.  A valve 33 is disposed at the gas 

discharge port 24 and regulates a flow rate of gas to be 

discharged. 

[0020] A water sending port 25 through which the to-be-

treated water 20 is supplied to the treatment tank 1 and a 5 

gas returning port 23 through which gas in the ozone mixing 

portion 2 is returned to the treatment tank 1 are disposed on 

the side opposing the water inlet port 22 side in the ozone 

mixing portion 2.  The water sending port 25 is disposed at a 

position lower than the water surface of the stored to-be-10 

treated water 20, and the gas returning port 23 is disposed 

at a position higher than the water surface of the to-be-

treated water 20. 

[0021] A gas diffusing member 19 joined to the end of 

piping 42 that is connected to a gas introduction port 45 is 15 

disposed in the to-be-treated water 20 at the lower portion 

of the ozone mixing portion 2.  The gas diffusing member 19 

is a porous cylindrical or flat-plate-like member, and 

corresponds to a gas supply device for supplying gas sent 

from the treatment tank 1 as bubbles to the to-be-treated 20 

water 20.  White circles in the to-be-treated water 20 

represent bubbles. 

[0022] The ozone mixing portion 2 is sealed similarly to 

the treatment tank 1, and gas and water flow in and out only 

through the gas returning port 23, the gas discharge port 24, 25 
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the gas introduction port 45, the water inlet port 22, and 

the water sending port 25, which are described above.  The 

to-be-treated water 20 passes through the ozone mixing 

portion 2 and is then supplied to the treatment tank 1.  That 

is, the ozone mixing portion 2 is disposed preceding the 5 

treatment tank 1 in the flow in water treatment, and performs 

the first-step water treatment. 

 The reference character 20 of the to-be-treated 

water represents to-be-treated water which is supplied from 

the outside and stored in the ozone mixing portion 2, and 10 

reference character 15 represents to-be-treated water which 

has been subjected to the first-step water treatment and is 

supplied from the ozone mixing portion 2 to the treatment 

tank 1. 

[0023] [Structure of joining portion between treatment 15 

tank 1 and ozone mixing portion 2] 

 Gas circulates between the treatment tank 1 and the 

ozone mixing portion 2, and to-be-treated water is sent from 

the ozone mixing portion 2 to the treatment tank 1.  The 

structure of the joining portion between the treatment tank 1 20 

and the ozone mixing portion 2 will be described. 

 A gas sending portion 29 is a flow path through 

which gas in the treatment tank 1 is supplied to the ozone 

mixing portion 2, and has the piping 42 and a gas sending 

pump 30 as gas sending means for suctioning gas in the 25 
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treatment tank 1 and sending the gas to the ozone mixing 

portion 2.  The piping 42 connects to and penetrates through 

the gas introduction port 45 of the ozone mixing portion 2, 

and joins the gas sending port 12 of the treatment tank 1 and 

the gas diffusing member 19 in the ozone mixing portion 2 to 5 

each other.  An inverter (not shown) for adjusting an amount 

of gas to be sent is connected to the gas sending pump 30. 

[0024] A gas returning portion 31 is a flow path through 

which gas in the ozone mixing portion 2 is returned to the 

treatment tank 1, has piping 43 and a valve 34 for 10 

controlling a flow rate, and is joined to the gas returning 

port 23 of the ozone mixing portion 2 and the returned gas 

introduction port 10 of the treatment tank 1. 

[0025] A to-be-treated water inlet portion 26 is a flow 

path through which the to-be-treated water 20 in the ozone 15 

mixing portion 2 is supplied to the treatment tank 1, and 

piping 41 is connected to the water sending port 25 and the 

water inlet port 11.  The piping 41 has a water sending pump 

28 for supplying the to-be-treated water 15 to the treatment 

tank 1. 20 

[0026] [Operation of water treatment apparatus] 

 Next, an operation of the water treatment apparatus 

according to embodiment 1 will be described. 

 Firstly, circulation of gas will be described. 

 The water treatment apparatus according to 25 
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embodiment 1 supplies oxygen gas to the treatment tank 1 and 

the ozone mixing portion 2 to perform water treatment.  The 

oxygen gas is supplied from the oxygen gas source 17 through 

the gas inlet port 9 to the treatment tank 1 at a preset flow 

rate that is adjusted by the mass flow controller 18.  The 5 

to-be-treated water 15 in the treatment tank 1 evaporates 

into water vapor, so that a humid high-oxygen-concentration 

atmosphere is formed in the treatment tank 1.  In order to 

supply oxygen gas into the ozone mixing portion 2, gas in the 

treatment tank 1 is suctioned through the gas sending port 12 10 

by the gas sending pump 30, is sent through the gas sending 

portion 29, and is then supplied from the gas diffusing 

member 19 to the to-be-treated water 20 stored in the ozone 

mixing portion 2.  The sent gas forms bubbles in the to-be-

treated water 20 and moves upward, and is then returned from 15 

the gas returning port 23 disposed at the upper portion of 

the ozone mixing portion 2 through the gas returning portion 

31, and is returned through the returned gas introduction 

port 10 to the treatment tank 1. 

[0027] Through the above-described operation, gas in the 20 

treatment tank 1 and the ozone mixing portion 2 circulates.  

That is, oxygen gas supplied from the gas inlet port 9 to the 

treatment tank 1 is sent to the ozone mixing portion 2, is 

supplied to the to-be-treated water 20 in the ozone mixing 

portion 2, and is then returned again to the treatment tank 1. 25 



15 / 88 

658679SG01 

 The gas in the treatment tank 1 is discharged 

through the gas discharge port 13.  The flow rate for 

discharge through the gas discharge port 13 is controlled so 

as to be equal to a flow rate at which oxygen is supplied 

through the gas inlet port 9. 5 

[0028] Next, an operation for water treatment by the water 

treatment apparatus will be described.  In the water 

treatment apparatus, the to-be-treated water 20 supplied 

through the water inlet port 22 is initially stored in the 

ozone mixing portion 2.  The to-be-treated water 20 in the 10 

ozone mixing portion 2 comes into contact with gas discharged 

from the gas diffusing member 19 by the circulation of gas as 

described above, is then suctioned through the water sending 

port 25 by the water sending pump 28 of the to-be-treated 

water inlet portion 26, and is supplied through the water 15 

inlet port 11 to the treatment tank 1.  The to-be-treated 

water 15 is supplied to the treatment tank 1 at the upstream 

portion of the grounded electrode 5 of the electric discharge 

unit 3, forms a water film on the grounded electrode 5, and 

flows downward. 20 

[0029] The electric discharge 6 is generated in a space 

between the high-voltage electrode 4 and the grounded 

electrode 5 in the electric discharge unit 3 by operating the 

high-voltage pulsed power supply 8.  The to-be-treated water 

15 comes into contact with the electric discharge 6 when 25 
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passing through the discharge space, thereby performing the 

water treatment.  The treated water 16 having been subjected 

to the treatment by the water treatment apparatus is 

discharged from the water discharge port 14. 

[0030] Next, the principle of the water treatment in the 5 

treatment tank 1 of the water treatment apparatus and the 

function and effect of the ozone mixing portion 2 disposed 

preceding the treatment tank 1 will be described. 

[0031] [Principle of water treatment by electric 

discharge] 10 

 In embodiment 1, when the to-be-treated water 15 

flows downward on the upper surface of the grounded electrode 

5, the to-be-treated water 15 comes into contact with the 

electric discharge 6 to decompose organic substances in the 

to-be-treated water, thereby performing the water treatment.  15 

The principle thereof will be described below.  In the 

description herein, the decomposition of organic substances 

will be described as an example.  However, it is well known 

that O3 and OH radicals generated by electric discharge are 

also effective for sterilization, decolorization, and 20 

deodorization. 

[0032] Oxygen molecules (O2) and water molecules (H2O) in 

the treatment tank 1 collide with high-energy electrons by 

the electric discharge 6, to cause dissociation reaction 

represented by the following formulae (1) and (2).  In 25 
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formulae (1) and (2), e represents an electron, O represents 

atomic oxygen, and H represents atomic hydrogen, and OH 

represents OH radical. 

 e+O2 2O        (1) 

 e+H2O H+OH     (2) 5 

 A large part of atomic oxygen generated according 

to formula (1) is transformed into ozone (O3) by the reaction 

represented by the following formula (3).  In formula (3), M 

represents a third body in the reaction, and represents any 

molecule and atom in gas. 10 

 O+O2+M O3      (3) 

[0033] A part of the OH radicals generated according to 

formula (2) is transformed into hydrogen peroxide (H2O2) by 

the reaction represented by the following formula (4). 

 OH+OH H2O2      (4) 15 

[0034] Oxidizing particles (O, OH, O3, H2O2) generated by 

the reactions represented by formulae (1) to (4) react with 

organic substances near the water surface of the to-be-

treated water 15 that flows on the upper surface of the 

grounded electrode 5 and oxidatively decompose the organic 20 

substances into carbon dioxide (CO2) and water according to 

the following formula (5).  In formula (5), R represents an 

organic substance to be treated. 

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

[0035] O and OH which do not react with the organic 25 
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substances according to formula (5) are transformed into O3

and H2O2 having relatively long life spans as represented by 

formulae (3) and (4), and a part of O3 and H2O2 is dissolved 

into the to-be-treated water 15 as represented by the 

following formulae (6) and (7).  In formulae (6) and (7), (L) 5 

represents a liquid phase. 

 O3 O3(L)                   (6) 

 H2O2 H2O2(L)               (7) 

[0036] O3(L) and H2O2(L) react in water to generate OH 

radicals as represented by the following formula (8). 10 

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

 O3(L), H2O2(L), and OH(L) generated according to 

formulae (6) to (8) react in water to decompose the organic 

substances as represented by the following formula (9). 

 R+(O3(L), H2O2(L), OH(L)) CO2+H2O       (9) 15 

[0037] In embodiment 1, in a region in which the to-be-

treated water 15 comes into direct contact with the electric 

discharge 6, that is, in the treatment tank 1, the organic 

substances in the to-be-treated water 15 are decomposed by 

both the reaction of formula (5) and the reaction of formula 20 

(9).  Meanwhile, in the ozone mixing portion 2 that is a 

region in which the to-be-treated water 15 does not come into 

direct contact with the electric discharge, the organic 

substances in to-be-treated water are decomposed by the 

reaction of formula (9). 25 
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[0038] In embodiment 1, ozone generated by the electric 

discharge 6 in the treatment tank 1 is supplied to the to-be-

treated water 20 in the ozone mixing portion 2.  That is, an 

ozone generator need not be separately used. 

 In general, an ozone generator substantially 5 

reduces ozone generating efficiency due to mixing of water 

vapor.  Therefore, oxygen gas in a dry state needs to be 

supplied.  Furthermore, gas which has contacted with water 

contains water vapor, and is not reused and is discharged.  

Meanwhile, in embodiment 1, electric discharge is stably 10 

generated also in a humid atmosphere to generate ozone.  In 

addition, circulation of gas enhances an ozone utilization 

rate.  Thus, consumption of oxygen gas as a material of ozone 

is reduced, and cost required for the water treatment can be 

reduced. 15 

[0039] In general, when gas is to be discharged, ozone-

containing gas is discharged after ozone is decomposed by 

using ozone decomposing equipment.  The higher a flow rate of 

discharged gas is, the greater the scale of the ozone 

decomposing equipment is.  Meanwhile, in embodiment 1, a flow 20 

rate of gas to be discharged to the outside of the apparatus 

can be reduced by circulation of gas.  That is, the ozone 

decomposing equipment can be downsized to reduce cost for the 

apparatus. 

 The ozone decomposing equipment, which are not 25 
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shown, are connected to the gas discharge port 13 via the 

valve 32 and to the gas discharge port 24 via the valve 33. 

[0040] [Adjustment of ozone concentration] 

 Adjustment of an ozone concentration is important 

for enhancing efficiency of the water treatment.  A method 5 

for adjusting an ozone concentration by the water treatment 

apparatus according to embodiment 1 will be described below. 

 Firstly, adjustment of a concentration of oxygen 

for generating ozone will be described. 

 When the water treatment apparatus is started up, 10 

the water treatment apparatus is filled with air, and the 

oxygen concentration may not be a sufficient oxygen 

concentration required for the water treatment.  Therefore, 

in a case where the oxygen concentration is low, the 

substitution of gas in the water treatment apparatus is 15 

performed as follows. 

[0041] Oxygen gas having a flow rate adjusted by the mass 

flow controller 18 is supplied from the oxygen gas source 17 

through the gas inlet port 9 to the treatment tank 1.  

Simultaneously, gas in the treatment tank 1 and the ozone 20 

mixing portion 2 are circulated through the gas sending 

portion 29 and the gas returning portion 31.  Gas is 

discharged through the gas discharge port 13 to the outside 

of the water treatment apparatus.  That is, the supply of 

oxygen gas and circulation and discharge of gas are merely 25 
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performed as in the above-described operation. 

[0042] Meanwhile, generation of the electric discharge 6 

by the electric discharge unit 3 and supply of the to-be-

treated water 15 to the treatment tank 1 are not performed.  

The substitution of gas is performed until the concentration 5 

of oxygen in the water treatment apparatus reaches a 

sufficient concentration required for the water treatment.  

An oxygen supply flow rate by the mass flow controller 18 may 

be adjusted so as to be higher than that in the operation.  

Thus, substitution of air in the apparatus can be performed 10 

and the oxygen concentration can reach a sufficient 

concentration required for the water treatment in a short 

time period. 

[0043] Next, adjustment of an ozone concentration will be 

described. 15 

 After the substitution of gas, when the ozone 

concentration is low, an ozone generating operation is 

performed as follows until a predetermined ozone 

concentration is reached. 

 Oxygen gas having a flow rate adjusted by the mass 20 

flow controller 18 is supplied from the oxygen gas source 17 

through the gas inlet port 9 into the treatment tank 1.  

Simultaneously, gas in the treatment tank 1 and the ozone 

mixing portion 2 is circulated through the gas sending 

portion 29 and the gas returning portion 31.  Gas is 25 
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discharged through the gas discharge port 13 to the outside 

of the water treatment apparatus.  The electric discharge 6 

is generated by the electric discharge unit 3.  That is, 

supply of oxygen gas, circulation and discharge of gas, and 

generation of the electric discharge are merely performed as 5 

in the above-described operation.  Meanwhile, the to-be-

treated water 15 is not supplied to the treatment tank 1.  

Thus, the water treatment is not performed in the treatment 

tank 1, and generation of ozone by the electric discharge 6 

and storage of ozone are merely performed. 10 

 The ozone generating operation is performed until a 

predetermined concentration is reached.  After the 

predetermined ozone concentration has been reached, the to-

be-treated water 15 is supplied to the treatment tank 1 to 

start the water treatment. 15 

[0044] The water treatment in the treatment tank 1 can be 

performed with higher efficiency when the ozone concentration 

is higher.  Therefore, the water treatment is preferably 

performed after the above-described ozone generating 

operation is performed to adjust the ozone concentration. 20 

 When the ozone generating operation is not 

performed, the ozone concentration is low immediately after 

the start of the water treatment, and the ozone concentration 

increases over time, and is saturated when the concentration 

becomes a concentration in a steady state.  Therefore, the 25 
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efficiency of the water treatment is lower than that in a 

steady state until the ozone concentration is saturated.  In 

order to enhance the efficiency, the scales of the treatment 

tank 1 and the ozone mixing portion 2 need to be increased. 

 The ozone generating operation allows enhancement 5 

of efficiency of the water treatment without enlarging the 

apparatus. 

[0045] As described above, according to embodiment 1, 

before the to-be-treated water 20 is treated by the electric 

discharge 6, the water treatment is performed by the ozone 10 

mixing portion 2 with the use of ozone generated by electric 

discharge.  Therefore, an ozone utilization rate can be 

enhanced with a simple apparatus structure and organic 

substances can be efficiently decomposed. 

 That is, by bringing the to-be-treated water 20 15 

into contact with ozone in the ozone mixing portion 2, 

organic substances that can be treated by ozone can be 

decomposed.  The organic substances decomposable by ozone can 

be treated and decomposed by ozone in the ozone mixing 

portion 2 with higher efficiency as compared with a case 20 

where the organic substances are treated by OH radicals in 

the treatment tank 1.  Therefore, the substances are 

decomposed by the preceding ozone mixing portion 2, whereby 

OH radicals can be caused to selectively react with 

persistent substances in the following treatment tank 1, so 25 
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that the efficiency of the water treatment can be enhanced as 

a whole. 

[0046] The containers are separately provided such that 

the ozone mixing portion 2 is used as a preceding container 

and the treatment tank 1 is used as a following container, 5 

thereby enhancing the efficiency of the water treatment with 

a simple structure. 

[0047] In embodiment 1, a high-oxygen-concentration 

atmosphere is formed in the treatment tank 1.  Meanwhile, as 

long as oxygen is contained, ozone and active species are 10 

generated, and, thus, the water treatment can be performed.  

However, the higher the oxygen concentration is, the higher 

the concentrations of ozone and active species are and the 

higher the reaction rate is.  Therefore, the high-oxygen-

concentration atmosphere is preferable. 15 

[0048] A flow rate at which oxygen is supplied to the 

water treatment apparatus in operation is adjusted based on 

the analysis result of gas in the treatment tank 1.  For 

example, the concentration of oxygen in the treatment tank 1 

is measured, and the flow rate at which oxygen is supplied is 20 

adjusted such that the oxygen concentration does not become 

less than 90%.  In general, the concentration of oxygen in 

gas generated by an oxygen enricher is higher than or equal 

to 90%, and, when the oxygen concentration is less than 90%, 

an amount of supplied oxygen is insufficient, and a flow rate 25 
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at which oxygen is supplied needs to be increased.  Thus, the 

apparatus is filled and operated with only a minimum amount 

of oxygen required for the water treatment, thereby reducing 

cost for oxygen. 

[0049] A flow rate at which oxygen is supplied to the 5 

water treatment apparatus may be determined based on the 

quality of to-be-treated water.  An amount of oxygen required 

for the water treatment is the sum of an amount of oxygen to 

be dissolved into the to-be-treated water and an amount of 

oxygen required for decomposing organic substances.  10 

Therefore, when the concentration of the organic substances 

is high, a required amount of oxygen increases, and, thus, 

the flow rate at which oxygen is supplied is preferably 

increased. 

[0050] Gas may be discharged from the water treatment 15 

apparatus to the outside through not only the gas discharge 

port 13 but also the gas discharge port 24.  Gas may be 

simultaneously discharged through both of them.  However, the 

flow rates are controlled by the valve 32 at the gas 

discharge port 13 and the valve 33 at the gas discharge port 20 

24 such that the total of a flow rate at which gas is 

discharged through the gas discharge port 13 and a flow rate 

at which gas is discharged through the gas discharge port 24 

is equal to a flow rate at which oxygen is supplied. 

 For example, when a large amount of gas such as 25 
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nitrogen or carbon dioxide is dissolved in the to-be-treated 

water, nitrogen or carbon dioxide may be expelled and 

vaporized in the gas according to supply of ozone for the 

preceding treatment.  In this case, the concentration of 

oxygen in the ozone mixing portion 2 may be lowered.  5 

Therefore, a proportion of the flow rate at which gas is 

discharged through the gas discharge port 24 may be increased.  

Thus, reduction of the concentration of oxygen in the 

treatment tank 1 can be minimized. 

[0051] When the gas discharge flow rate is equal to the 10 

oxygen supply flow rate, ozone-containing gas can be 

prevented from flowing to the outside and air can be 

prevented from being mixed from the outside, and reduction of 

the oxygen concentration can be inhibited. 

[0052] In embodiment 1, the inverter (not shown) connected 15 

to the gas sending pump 30 corresponds to a flow rate 

controller of the gas sending pump 30.  Therefore, the flow 

rate of gas that circulates through the gas sending portion 

29 and the gas returning portion 31 can be adjusted by the 

gas sending pump 30 disposed in the gas sending portion 29 20 

and the valve 34 disposed in the gas returning portion 31. 

[0053] While the water treatment apparatus is operating, a 

flow rate of circulating gas is preferably adjusted to be 

higher than a flow rate at which oxygen is supplied.  For 

example, the flow rate of circulating gas is adjusted to be 25 
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higher than or equal to 20 times the flow rate at which 

oxygen is supplied and less than or equal to 1000 times the 

flow rate at which oxygen is supplied.  In a case where the 

flow rate of circulating gas is less than 20 times the flow 

rate at which oxygen is supplied, ozone is insufficiently 5 

supplied to the to-be-treated water 20 in the ozone mixing 

portion 2, and decomposition of organic substances becomes 

insufficient.  The higher the flow rate of circulating gas is, 

the more frequently gas is exposed to the electric discharge 

6, and ozone can be more efficiently generated and organic 10 

substances can be efficiently decomposed.  Meanwhile, in a 

case where the flow rate of circulating gas is higher than 

1000 times the flow rate at which oxygen is supplied, power 

consumption by the gas sending pump 30 increases and heat 

generation from the gas sending pump 30 increases.  Thus, the 15 

temperature of the circulating gas increases and the 

decomposition of ozone thus increases, thereby hindering the 

reaction and reducing the treatment efficiency. 

[0054] The flow rate of circulating gas may be controlled 

based on the analysis result of to-be-treated water.  For 20 

example, the concentration of ozone dissolved in the to-be-

treated water 20 in the ozone mixing portion 2 is measured, 

and, when the concentration is low, a flow rate of 

circulating gas is increased to increase an amount of ozone 

to be supplied.  Such an operation allows an amount of 25 
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supplied ozone to be appropriately controlled. 

[0055] The internal pressure in each of the treatment tank 

1 and the ozone mixing portion 2 is preferably atmospheric 

pressure or close thereto such that water is easily supplied 

or discharged by the water treatment apparatus. 5 

 The pressure in the ozone mixing portion 2 can be 

controlled by the valve 34 disposed in the gas returning 

portion 31.  For example, the pressure in the ozone mixing 

portion 2 may be increased by reducing a flow rate of gas 

flowing in the gas returning portion 31 with the use of the 10 

valve 34.  In general, the higher the gas pressure in a gas 

phase is, the higher the efficiency for dissolving ozone into 

water is.  Therefore, ozone can be efficiently dissolved into 

to-be-treated water in the ozone mixing portion 2, and the 

organic substances can be efficiently decomposed.  In this 15 

case, since the internal pressure in the treatment tank 1 

becomes a negative pressure, a water storage portion for 

storing the treated water 16 is disposed at the lower portion 

of the treatment tank 1, and the water surface of the treated 

water 16 is preferably located at a position higher than the 20 

water discharge port 14.  FIG. 2 shows a water treatment 

apparatus in which a water storage portion 46 for the treated 

water 16 is disposed at the lower portion of the treatment 

tank 1.  Thus, mixture of air in the treatment tank 1 can be 

prevented. 25 
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preferably greater than or equal to 5 mm and preferably less 

than or equal to 15 mm.  In a case where the distance is 

greater than or equal to 5 mm, also when the water film of 

to-be-treated water passes, a space between the high-voltage 

electrode 4 and the grounded electrode 5 is not submerged in 5 

water, and electric discharge can be uniformly generated with 

stability.  Meanwhile, the wider the space is, the higher the 

voltage required for generating the electric discharge is.  

The higher the voltage is, the more difficult insulation of a 

non-discharge portion is, whereby cost for a device for 10 

insulation increases. 

[0059] FIG. 1 shows the electric discharge unit 3 that 

includes the flat-plate-like grounded electrode 5 and a 

plurality of the wire-like high-voltage electrodes 4.  

However, as long as the electric discharge unit 3 is 15 

structured such that the high-voltage electrode and the 

grounded electrode oppose each other so as to maintain a 

constant space and the electric discharge is generated in the 

space, the shape of the electric discharge unit 3 is not 

limited.  As long as the high-voltage electrode 4 is shaped 20 

such that the electric field is concentrated to generate the 

electric discharge, the shape of the high-voltage electrode 4 

is not limited.  In the drawings, the to-be-treated water 15 

passes on the tilted surface through the discharge space as a 

water film.  However, as long as the to-be-treated water 25 
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another electric discharge unit will be described below. 

 FIG. 3 is a cross-sectional view of a structure of 

another water treatment apparatus according to embodiment 1.  

The water treatment apparatus shown in FIG. 3 is different 

from the water treatment apparatuses shown above in FIG. 1 5 

and FIG. 2 in the structure of the treatment tank 1 and a 

position at which the to-be-treated water inlet portion 26 

connects between the ozone mixing portion 2 and the treatment 

tank 1. 

[0063] In FIG. 3, the treatment tank 1 stores the to-be-10 

treated water 15, and includes an electric discharge unit 3a 

which has a flat-plate-like grounded electrode 5a, having a 

plurality of openings, disposed under and near the water 

surface of the to-be-treated water 15, and a plurality (four 

in the drawings) of wire-like high-voltage electrodes 4.  The 15 

wire-like high-voltage electrodes 4 are disposed at regular 

intervals above the water surface of the to-be-treated water 

15 so as to be parallel with the water surface.  The grounded 

electrode 5a is electrically connected to the housing of the 

treatment tank 1 and has a ground potential.  The water inlet 20 

port 11a is disposed at the bottom portion of the treatment 

tank 1.  The water sending port 25a is disposed at the bottom 

portion of the ozone mixing portion 2.  The to-be-treated 

water inlet portion 26 is disposed at the lower portion of 

the water treatment apparatus so as to connect between the 25 
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water inlet port 11a and the water sending port 25a.  As long 

as the water inlet port 11a is disposed at the lower portion 

of the treatment tank 1, the water inlet port 11a may not be 

disposed at the bottom portion.  As long as the water sending 

port 25a is disposed at the lower portion of the ozone mixing 5 

portion 2, the water sending port 25a may not be disposed at 

the bottom portion. 

 The gas sending port 12a of the treatment tank 1 is 

disposed at the upper portion of the treatment tank 1 above 

the water surface of the to-be-treated water 15.  The other 10 

components are the same as shown in FIG. 1 and FIG. 2. 

[0064] Next, an operation of the water treatment apparatus 

shown in FIG. 3 will be described. 

 In the water treatment apparatus shown in FIG. 3, 

the to-be-treated water 15 is supplied from the ozone mixing 15 

portion 2 to the treatment tank 1 until a certain amount of 

the to-be-treated water 15 is supplied.  The certain amount 

represents an amount of water having a water surface level 

that allows the flat-plate-like grounded electrode 5a to be 

submerged under and near the water surface, and allows the 20 

wire-like high-voltage electrodes 4 to be not in contact with 

the water surface.  When the certain amount of the to-be-

treated water 15 has been supplied, supply of the to-be-

treated water 15 to the treatment tank 1 is halted.  While 

the supply of to-be-treated water 15 to the treatment tank 1 25 
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is halted, discharge of water from the water discharge port 

14 is also halted.  By operating the high-voltage pulsed 

power supply 8, streamer discharge 6 is generated in a space 

between the high-voltage electrodes 4 of the electric 

discharge unit 3a and the water surface of the to-be-treated 5 

water 15.  By the electric discharge 6 coming into direct 

contact with the to-be-treated water 15, the water treatment 

is performed.  While the water treatment is performed, ozone 

is generated in the treatment tank 1. 

[0065] After elapse of a certain time period, organic 10 

substances contained in the to-be-treated water 15 in the 

treatment tank 1 are decomposed, and the to-be-treated water 

15 becomes the treated water 16.  All the treated water 16 

stored in the treatment tank 1 is discharged through the 

water discharge port 14.  After the treated water has been 15 

discharged, the to-be-treated water 15 is supplied from the 

ozone mixing portion 2 through the to-be-treated water inlet 

portion 26 to the treatment tank 1. 

[0066] The to-be-treated water 20 is stored in the ozone 

mixing portion 2.  As in FIG. 1, gas in the treatment tank 1 20 

is supplied through the gas sending portion 29 to the ozone 

mixing portion 2, and gas in the ozone mixing portion 2 is 

returned through the gas returning portion 31, to circulate 

the gas.  Thus, based on the same principle as in FIG. 1, 

organic substances contained in the to-be-treated water 20 in 25 
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by, for example, increasing the number of the electric 

discharge units and increasing power to be supplied.  However, 

in the water treatment apparatus shown in FIG. 3, the 

treatment time may be adjusted and the necessary number of 

the electric discharge units can be minimized, thereby 5 

contributing to reduction of cost for the apparatus. 

[0073] An example of a water treatment apparatus using 

still another electric discharge unit will be described below. 

 FIG. 4A is a cross-sectional view of a structure of 

the still another water treatment apparatus according to 10 

embodiment 1.  The water treatment apparatus shown in FIG. 4A 

is different from the water treatment apparatuses shown in 

FIGS. 1 to 3 in the structure of the electric discharge unit 

3 in the treatment tank 1.  A cylindrical grounded electrode 

5b is disposed in the treatment tank 1 such that the central 15 

axis of the grounded electrode 5b extends in the vertical 

direction.  The grounded electrode 5b is fixed to the side 

surface of the housing of the treatment tank 1 by a metal 

component.  Thus, the grounded electrode 5b is electrically 

connected to the housing and has a ground potential.  A wire-20 

like high-voltage electrode 4b is disposed in the grounded 

electrode 5b along the central axis of the grounded electrode 

5b.  That is, a gap is formed between the high-voltage 

electrode 4b and the inner surface of the grounded electrode 

5b so as to maintain a constant distance.  The high-voltage 25 
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be-treated water 15 that flows downward on the inner surface 

of the grounded electrode 5b are brought into contact with 

the electric discharge 6, thereby performing the water 

treatment.  Since ozone is generated by the electric 

discharge 6, gas in the treatment tank 1 is supplied through 5 

the gas sending portion 29 to the ozone mixing portion 2, and 

gas in the ozone mixing portion 2 is returned through the gas 

returning portion 31 to the treatment tank 1, to circulate 

the gas.  Ozone is supplied to the ozone mixing portion 2 by 

the circulation of the gas, and organic substances in the to-10 

be-treated water 20 are decomposed in the ozone mixing 

portion 2, and ozone can be dissolved into the to-be-treated 

water 20, similarly to FIG. 1. 

[0075] By turning the to-be-treated water 15 into water 

droplets, an area in which the to-be-treated water 15 and the 15 

electric discharge contact with each other can be increased.  

Thus, an amount of active species to be supplied to the to-

be-treated water 15 increases, so that the water treatment 

can be efficiently performed at a high speed. 

[0076] FIG. 4B is an enlarged view of the electric 20 

discharge unit 3b.  The upper side portion of FIG. 4B shows 

the electric discharge unit 3b as viewed from thereabove, and 

the lower side portion of FIG. 4B shows the longitudinal 

cross-section.  An exemplary case where the high-voltage 

electrode 4b is formed by four wires, and all the wires are 25 
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[0081] An operation of the water treatment apparatus of 

embodiment 2 will be described with reference to FIG. 5. 

 In the water treatment apparatus of embodiment 2, 

when the to-be-treated water 20 is supplied to the ozone 

mixing portion 2 from the outside of the water treatment 5 

apparatus, the ejector 37 suctions gas from the treatment 

tank 1 through the gas sending port 12 and the gas sending 

portion 29, and supplies the to-be-treated water 20 and the 

gas into the ozone mixing portion 2 while mixing the to-be-

treated water 20 and the gas.  That is, the ejector 37 10 

corresponds to a gas supply device and gas sending means for 

sending gas from the treatment tank 1.  A gas flow rate is 

adjusted by the valve 35.  The gas supplied to the ozone 

mixing portion 2 is stored in the upper portion of the ozone 

mixing portion 2, and the gas is then returned from the 15 

returned gas introduction port 10 to the treatment tank 1 

through the gas returning portion 31 connected to the gas 

returning port 23, to circulate the gas between the treatment 

tank 1 and the ozone mixing portion 2. 

[0082] In the ozone mixing portion 2, ozone and organic 20 

substances in the to-be-treated water 20 are caused to react 

with each other to decompose the organic substances.  The to-

be-treated water 20 is suctioned by the water sending pump 28, 

and is supplied to the treatment tank 1 through the to-be-

treated water inlet portion 26.  The supplied to-be-treated 25 
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water 15 is treated in the treatment tank 1 as in embodiment 

1. 

[0083] In embodiment 2, power for operating the ejector 37 

is not required anew.  Furthermore, since gas in the 

treatment tank 1 is suctioned by the ejector 37, power for 5 

sending gas need not be separately provided.  Therefore, cost 

for power can be reduced. 

 Furthermore, to-be-treated water and gas are mixed 

in the ejector 37.  Therefore, efficiency for dissolving 

ozone is enhanced, and decomposition of organic substances by 10 

the dissolved ozone can be promoted.  Accordingly, the ozone 

mixing portion 2 can be downsized, and cost for the apparatus 

can be reduced. 

[0084] As described above, according to embodiment 2, the 

same effect as in embodiment 1 is exhibited. 15 

 Since the ejector 37 is used, efficiency for 

dissolving ozone into to-be-treated water is enhanced, and 

decomposition of organic substances by ozone is promoted.  

Therefore, the ozone mixing portion 2 can be downsized.  

Furthermore, since the ejector 37 is used, a pump for sending 20 

gas from the treatment tank 1 need not be disposed, thereby 

contributing to reduction of the size of the apparatus and 

reduction of power. 

[0085] In the structure shown in FIG. 5, the ejector 37 is 

disposed at the water inlet port 22.  However, a bypass water 25 
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according to embodiment 2 shown in FIG. 6 will be described. 

 In the water treatment apparatus shown in FIG. 6, 

the ejector 37 corresponds to an ozone supply device and gas 

sending means.  To-be-treated water in the ozone mixing 

portion 2 is suctioned by the pump 38 and is circulated in 5 

the ozone mixing portion 2 through the bypass water 

circulating portion 39, and gas in the treatment tank 1 is 

thus suctioned by the ejector 37 and is mixed with the to-be-

treated water, and the gas and the to-be-treated water are 

supplied to the ozone mixing portion 2.  The inverter (not 10 

shown) for driving the pump 38 acts as a flow rate controller 

for the pump 38, and controls a flow rate at which the to-be-

treated water 20 in the bypass water circulating portion 39 

circulates such that the flow rate has a predetermined value.  

The gas flow rate is adjusted to a predetermined value, by 15 

the valve 35, according to a flow rate at which the to-be-

treated water circulates. 

[0087] The gas supplied to the ozone mixing portion 2 

moves upward from the bypass water inlet port 52 disposed at 

the lower portion of the ozone mixing portion 2 and is stored 20 

while reacting with the to-be-treated water 20.  Gas is 

returned from the returned gas introduction port 10 to the 

treatment tank 1 through the gas returning portion 31 

connected to the gas returning port 23, to circulate the gas 

between the treatment tank 1 and the ozone mixing portion 2.  25 



48 / 88 

658679SG01 

Ozone and organic substances in the to-be-treated water 20 

are caused to react with each other to decompose the organic 

substances in the ozone mixing portion 2.  The to-be-treated 

water 20 is suctioned by the water sending pump 28 and 

supplied to the treatment tank 1 through the to-be-treated 5 

water inlet portion 26.  The supplied to-be-treated water 15 

is treated in the treatment tank 1 as in embodiment 1. 

[0088] The water treatment apparatus having the structure 

in FIG. 6 can control a flow rate at which gas circulates in 

a wider range.  The water treatment apparatus having the 10 

above-described structure in FIG. 5 limits a maximum 

circulation flow rate to a flow rate of to-be-treated water 

supplied from the water inlet port 22.  Meanwhile, in the 

present embodiment, a flow rate at which water circulates is 

increased by the pump 38, whereby the circulation flow rate 15 

can be increased to any rate.  Furthermore, since the to-be-

treated water 20 in the ozone mixing portion 2 is stirred by 

circulation of water by the bypass water circulating portion 

39, ozone is easily dissolved into to-be-treated water, and, 

in addition, the to-be-treated water 20 can be caused to 20 

repeatedly react with ozone.  Therefore, efficiency for 

decomposing organic substances can be further enhanced, and 

contribution to reduction of the size of the apparatus can be 

made. 

[0089] The water storage portion 46 shown in FIG. 2 may 25 
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also be disposed in the structures shown in FIG. 5 and FIG. 6. 

[0090] Embodiment 3. 

 In embodiments 1 and 2 described above, two steps 

of decomposition of organic substances, that is, 

decomposition (first step) of organic substances by ozone, 5 

and decomposition (second step) of organic substances by 

electric discharge, are performed, whereby ozone is 

efficiently utilized and the efficiency of the water 

treatment is enhanced.  Stabilization of electric discharge 

is important for promoting decomposition of organic 10 

substances by electric discharge in the second step. 

 Meanwhile, water in nature often contains metal 

ions of manganese, iron, and the like.  Furthermore, in 

factories, materials, paint, or the like often contain metals.  

Therefore, industrial waste water contains metal ions of 15 

manganese, iron, and the like at high concentrations in 

addition to persistent substances. 

 In a case where metal ions are contained in to-be-

treated water, the metal ions are oxidized by ozone and 

radicals generated by electric discharge, and are 20 

insolubilized and deposited.  Therefore, the water treatment 

apparatus using electric discharge as described in Patent 

Document 1 and the present disclosure needs to particularly 

prevent deposition of metals on an electrode at which the 

electric discharge is generated from causing concentration of 25 
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an electric field, and needs to prevent reduction of 

efficiency of the water treatment and deterioration of the 

electrode. 

[0091] Next, the principle of making electric discharge 

unstable in a case where metal ions are contained in to-be-5 

treated water will be described. 

 Iron ions (Fe2+) and manganese ions (Mn2+) which are 

dissolved in water are quickly oxidized by ozone and OH.  For 

example, ozone (O3) causes reactions represented by the 

following formulae (10) to (12), thereby causing oxidization 10 

and insolubilization. 

 2Fe2++O3+H2O 2Fe3++O2+2OH-    (10) 

 Fe3++3H2O Fe(OH)3 +3H+       (11) 

 Mn2++O3+H2O MnO2 +O2+2H+      (12) 

[0092] In a case where to-be-treated water that contains 15 

metal ions is directly supplied to the treatment tank 1, 

oxidation is caused by ozone and OH radicals generated by 

electric discharge in the treatment tank 1 as represented by 

formulae (10) to (12), and solid metal oxides or metal 

hydroxides are generated and insolubilized.  When, for 20 

example, to-be-treated water is splashed on the upper surface 

of the grounded electrode 5, the insolubilized solids may be 

adhered to the high-voltage electrode 4.  Furthermore, in to-

be-treated water adhered to the high-voltage electrode 4, the 

reactions represented by formulae (10) to (12) are caused and 25 
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metal oxides or metal hydroxides are deposited on the high-

voltage electrode 4.  When solids such as metal oxides or 

metal hydroxides are adhered to the high-voltage electrode 4, 

a gap between the high-voltage electrode 4 and the grounded 

electrode 5 is locally narrowed.  Thus, the intensity of the 5 

electric field at a portion to which the solids are adhered 

becomes locally high, to cause spark discharge.  Once the 

spark discharge is generated, the spark discharge is 

persistently generated.  As a result, the electric discharge 

is localized, and electric discharge is unlikely to be 10 

generated at a portion other than the portion at which the 

spark is generated. 

[0093] The water treatment progresses as represented by 

formula (5) and formula (9) described in embodiment 1.  

Therefore, in order to efficiently cause the reaction 15 

represented by formula (5), increase of an area in which the 

electric discharge 6 and the to-be-treated water 15 contact 

with each other is important.  In order to cause the reaction 

represented by formula (9), ozone and hydrogen peroxide 

according to formula (6) and formula (7) need to be dissolved 20 

into to-be-treated water.  However, generation of spark 

discharge causes localization of electric discharge.  The 

spark discharge increases the temperature of gas to 1000°C or 

higher, to thermally decompose ozone and hydrogen peroxide.  

Furthermore, spark discharge causes sputtering or heating of 25 
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the electrode.  Therefore, the high-voltage electrode 4 and 

the grounded electrode 5 may be deteriorated or damaged.  

Accordingly, generation of spark discharge is not preferable 

for the water treatment. 

 As described above, if metal ions are contained in 5 

to-be-treated water, spark discharge is generated and 

electric discharge that acts in the water treatment becomes 

unstable.  Therefore, before the water treatment is performed 

by electric discharge, metal ions are preferably removed. 

[0094] FIG. 7 is a cross-sectional view of a structure of 10 

the water treatment apparatus according to embodiment 3.  In 

the structure in FIG. 7, the to-be-treated water inlet 

portion 26 in the water treatment apparatus according to 

embodiment 1 shown in FIG. 1 has a filtration device 27 

corresponding to a solid-liquid separator.  The other 15 

components are the same as shown in FIG. 1. 

 The to-be-treated water inlet portion 26 is a flow 

path for supplying the to-be-treated water 20 in the ozone 

mixing portion 2 to the treatment tank 1.  The piping 41 has 

the water sending pump 28 for supplying to-be-treated water 20 

to the treatment tank 1 at a portion following the filtration 

device 27. 

[0095] Next, an operation of the water treatment apparatus 

according to embodiment 3 will be described with reference to 

FIG. 7. 25 
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 In FIG. 7, the to-be-treated water 20 supplied from 

the water inlet port 22 is initially stored in the ozone 

mixing portion 2.  The to-be-treated water 20 in the ozone 

mixing portion 2 comes into contact with gas discharged from 

the gas diffusing member 19 by circulation of the gas, and is 5 

then suctioned from the water sending port 25 by the water 

sending pump 28.  Solids 21 are removed from the suctioned 

to-be-treated water 20 by the filtration device 27 in the to-

be-treated water inlet portion 26, and the to-be-treated 

water 20 is supplied from the water inlet port 11 to the 10 

treatment tank 1.  The to-be-treated water 15 is supplied to 

the treatment tank 1 at the upstream portion of the grounded 

electrode 5 of the electric discharge unit 3, forms a water 

film on the grounded electrode 5, and flows downward. 

[0096] The electric discharge 6 is generated in a space 15 

between the high-voltage electrode 4 and the grounded 

electrode 5 in the electric discharge unit 3 by operating the 

high-voltage pulsed power supply 8.  The to-be-treated water 

15 comes into contact with the electric discharge 6 when 

passing through the discharge space, thereby performing the 20 

water treatment.  The treated water 16 having been subjected 

to the treatment by the water treatment apparatus is 

discharged from the water discharge port 14. 

[0097] [Removal of metal ions] 

 Next, a water treatment method for efficiently 25 
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removing metal ions according to embodiment 3 will be 

described. 

 Gas is supplied from the treatment tank 1 to the 

to-be-treated water 20 stored in the ozone mixing portion 2.  

The gas contains ozone, and the ozone is dissolved into the 5 

to-be-treated water 20.  Since ozone is dissolved in the to-

be-treated water 20, metal ions react with the ozone in the 

ozone mixing portion 2 into metal oxides or metal hydroxides 

by the reactions represented by formulae (10) to (12), and 

are deposited as the solids 21 and insolubilized.  10 

Furthermore, since the to-be-treated water 20 is supplied to 

the treatment tank 1 through the to-be-treated water inlet 

portion 26, the solids 21 and the to-be-treated water are 

separated from each other by the filtration device 27 

disposed in the to-be-treated water inlet portion 26.  15 

Therefore, the to-be-treated water 15 supplied to the 

treatment tank 1 does not contain the solids 21, so that 

solids are not adhered to the high-voltage electrode 4 in the 

treatment tank 1.  Metal ions are removed in the ozone mixing 

portion 2, whereby metal oxides or metal hydroxides are 20 

inhibited from being deposited in the treatment tank 1 by 

electric discharge. 

 As described above, the spark discharge is 

inhibited and electric discharge can be stabilized. 

[0098] In embodiment 3, as in embodiments 1 and 2, ozone 25 
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generated in the treatment tank 1 by the electric discharge 6 

is supplied to the to-be-treated water 20 in the ozone mixing 

portion 2.  In the present embodiment, organic substances can 

be decomposed and metal ions can be insolubilized in the 

ozone mixing portion 2 without separately using an ozone 5 

generator, and removal by the filtration device 27 can be 

performed. 

[0099] As described above, according to embodiment 3, an 

ozone utilization rate can be enhanced and organic substances 

can be efficiently decomposed with a simple apparatus 10 

structure, and the same effect as in embodiment 1 is 

exhibited.  That is, by bringing the to-be-treated water 20 

into contact with ozone in the ozone mixing portion 2, 

organic substances that can be treated by ozone can also be 

decomposed.  The organic substances decomposable by ozone can 15 

be treated and decomposed by ozone in the ozone mixing 

portion 2 with a higher efficiently than by treatment using 

OH radicals in the treatment tank 1.  Therefore, the 

substances are decomposed by the preceding ozone mixing 

portion 2, whereby OH radicals can be caused to selectively 20 

react with persistent substances in the following treatment 

tank 1, so that the efficiency of the water treatment can be 

enhanced as a whole. 

[0100] Metal ions contained in the to-be-treated water 20 

are removed by the ozone mixing portion 2 and the filtration 25 



56 / 88 

658679SG01 

device 27, and deposition of metal ions in the treatment tank 

1 can be inhibited.  Therefore, spark discharge can be 

inhibited and electric discharge can be stabilized, whereby 

an efficient water treatment can be achieved and the 

electrode can be inhibited from being deteriorated or damaged. 5 

 When the containers are separately provided such 

that the ozone mixing portion 2 is used as a preceding 

container, and the treatment tank 1 is used as a following 

container, supply of metal ions and a deposit of metal ions 

to the treatment tank 1 can be inhibited and efficiency of 10 

the water treatment is enhanced with a simple structure. 

[0101] In embodiment 3, an ozone concentration may be 

adjusted and an amount of oxygen to be supplied may be 

adjusted in consideration of utilizing of ozone for removing 

metal ions and the configuration of embodiment 1.  15 

Furthermore, an ozone concentration and an amount of oxygen 

to be supplied may be adjusted based on the quality of the 

to-be-treated water 20.  For example, an amount of oxygen 

required for the water treatment is the total of an amount of 

oxygen to be dissolved into to-be-treated water, an amount of 20 

oxygen required for decomposing organic substances, and an 

amount of oxygen required for removing metal ions.  Therefore, 

in a case where the concentrations of organic substances and 

metal ions are high, a required amount of oxygen increases.  

Therefore, a flow rate at which oxygen is supplied is 25 
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preferably increased. 

[0102] Also in embodiment 3, as in embodiment 1, a flow 

rate of gas circulating through the gas sending portion 29 

and the gas returning portion 31 can be adjusted by the gas 

sending pump 30 disposed in the gas sending portion 29 and 5 

the valve 34 disposed in the gas returning portion 31. 

[0103] While the water treatment apparatus is operating, a 

flow rate of circulating gas is preferably adjusted to be 

higher than a flow rate at which oxygen is supplied.  For 

example, the flow rate of circulating gas is adjusted to be 10 

higher than or equal to 20 times the flow rate at which 

oxygen is supplied and less than or equal to 1000 times the 

flow rate at which oxygen is supplied.  In a case where the 

flow rate of circulating gas is less than 20 times the flow 

rate at which oxygen is supplied, ozone is insufficiently 15 

supplied to the to-be-treated water 20 in the ozone mixing 

portion 2, and insolubilization and removal of metal ions are 

insufficient.  The higher the flow rate of circulating gas is, 

the more frequently gas is exposed to the electric discharge 

6, and ozone can be more efficiently generated and 20 

decomposition of organic substances and removal of metal ions 

can be efficiently performed.  Meanwhile, in a case where the 

flow rate of circulating gas is higher than 1000 times the 

flow rate at which oxygen is supplied, power consumption by 

the gas sending pump 30 increases and heat generation from 25 
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the pump increases.  Thus, the temperature of the circulating 

gas increases and the decomposition of ozone thus increases, 

thereby hindering the reaction and reducing the treatment 

efficiency. 

[0104] The flow rate of circulating gas is preferably 5 

adjusted according to a composition of to-be-treated water.  

For example, in a case where the concentration of metal ions 

in the to-be-treated water 20 is high, the circulation flow 

rate is increased, whereby ozone to be supplied to to-be-

treated water can be increased and metal ions can be removed 10 

at a high speed. 

[0105] As in embodiment 1, the concentration of ozone 

dissolved in the to-be-treated water 20 in the ozone mixing 

portion 2 is measured, and, when the concentration is low, a 

flow rate of circulating gas is increased, and, thus, an 15 

amount of ozone to be supplied may be controlled to increase.  

Such an operation allows an amount of supplied ozone to be 

appropriately controlled. 

[0106] The internal pressure in each of the treatment tank 

1 and the ozone mixing portion 2 is preferably atmospheric 20 

pressure or close thereto such that water is easily supplied 

or discharged by the water treatment apparatus. 

 The pressure in the ozone mixing portion 2 can be 

controlled by the valve 34 disposed in the gas returning 

portion 31.  For example, the pressure in the ozone mixing 25 
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portion 2 may be increased by reducing a flow rate of gas 

flowing in the gas returning portion 31 with the use of the 

valve 34.  In general, the higher gas pressure in a gas phase 

is, the higher the efficiency for dissolving ozone into water 

is.  Therefore, ozone can be efficiently dissolved into to-5 

be-treated water in the ozone mixing portion 2, and not only 

decomposition of organic substances but also removal of metal 

ions can be efficiently performed.  In this case, since the 

internal pressure in the treatment tank 1 becomes a negative 

pressure, a water storage portion for storing the treated 10 

water 16 is disposed at the lower portion of the treatment 

tank 1, and the water surface of the treated water 16 is 

preferably located at a position higher than the water 

discharge port 14.  FIG. 8 shows a water treatment apparatus 

in which the water storage portion 46 for the treated water 15 

16 is disposed at the lower portion of the treatment tank 1.  

Thus, mixture of air in the treatment tank 1 can be prevented. 

[0107] In embodiment 3, to-be-treated water is supplied 

from the ozone mixing portion 2 to the treatment tank 1 only 

through the to-be-treated water inlet portion 26.  That is, 20 

to-be-treated water to be supplied to the treatment tank 1 

passes through the filtration device 27 of the to-be-treated 

water inlet portion 26.  Therefore, only the to-be-treated 

water from which the solids 21 have been removed can be 

supplied to the treatment tank 1.  Passing of water through 25 
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the filtration device 27 and supply of water to the treatment 

tank 1 can be performed by a single pump.  Therefore, the 

number of pumps can be reduced and cost for power can be 

reduced. 

[0108] The to-be-treated water inlet portion 26 is filled 5 

with to-be-treated water.  Thus, gas can be prevented from 

being mixed into the water sending pump 28.  Since no gas 

enters the piping, the filtration device 27 is not directly 

exposed to a high concentration of ozone in a gas phase.  

Accordingly, deterioration of the filtration device 27 due to 10 

ozone can be minimized.  Furthermore, since the water sending 

pump 28 is disposed following the filtration device 27, to-

be-treated water from which solids have been removed can be 

supplied to the water sending pump 28.  Thus, solids can be 

inhibited from being mixed into the water sending pump 28, 15 

and the number of times of maintenance for the pump can be 

reduced. 

[0109] By supply of gas to the to-be-treated water 20 in 

the ozone mixing portion 2, nitrogen dissolved in the to-be-

treated water 20 can be expelled to a gas phase by oxygen in 20 

the supplied gas, and can be discharged through the gas 

discharge port 13 or the gas discharge port 24 to the outside 

of the water treatment apparatus.  In removal of metal ions 

in the ozone mixing portion 2 and the water treatment in the 

treatment tank 1, nitrogen dissolved in to-be-treated water 25 
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is oxidized to generate nitric acid and the pH of the to-be-

treated water is lowered.  In the water treatment technique 

according to the present embodiment, it is known that 

reaction efficiency is maximized in a neutral region.  

Therefore, in the operation of the water treatment apparatus 5 

of the present embodiment, pH can be inhibited from being 

lowered by removing the dissolved nitrogen, and high 

efficiency treatment can be performed. 

[0110] The number of the electric discharge units 3, a 

distance between the high-voltage electrode 4 and the 10 

grounded electrode 5, the components of the water treatment 

apparatus, and the like are changeable as in embodiment 1. 

[0111] Embodiment 4. 

 FIG. 9 is a cross-sectional view of a structure of 

a water treatment apparatus according to embodiment 4. 15 

 Embodiment 4 is different from embodiment 3 in that 

the ejector 37 for suctioning gas in the treatment tank 1, 

mixing the gas with the to-be-treated water 20, and supplying 

the gas and the to-be-treated water 20 to the ozone mixing 

portion 2 is disposed at the water inlet port 22 in 20 

embodiment 4.  One end of the gas sending portion 29 is 

connected to the ejector 37, the gas sending portion 29 has 

the valve 35, and a solid precipitation portion 36 is 

disposed in the ozone mixing portion 2.  Meanwhile, the gas 

diffusing member 19, the gas sending pump 30, and the 25 
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ozone mixing portion 2, and the gas is then returned from the 

returned gas introduction port 10 to the treatment tank 1 

through the gas returning portion 31 connected to the gas 

returning port 23, to circulate gas between the treatment 

tank 1 and the ozone mixing portion 2. 5 

[0113] The solids 21 of metal oxides or metal hydroxides 

deposited by reaction between ozone and metal ions in the 

ozone mixing portion 2 are precipitated in the solid 

precipitation portion 36.  That is, the solid precipitation 

portion 36 corresponds to a solid-liquid separator.  The to-10 

be-treated water 20 which has been separated from solids in 

the solid precipitation portion 36 is suctioned by the water 

sending pump 28, supplied to the treatment tank 1 through the 

to-be-treated water inlet portion 26, and treated in the 

treatment tank 1 as in embodiment 3. 15 

[0114] In embodiment 4, power for operating the ejector 37 

is not required anew.  Furthermore, since gas in the 

treatment tank 1 is suctioned by the ejector 37, power for 

sending gas need not be separately provided.  Therefore, cost 

for power can be reduced. 20 

 Furthermore, to-be-treated water and gas are mixed 

in the ejector 37.  Therefore, efficiency for dissolving 

ozone is enhanced, and not only decomposition of organic 

substances but also insolubilization of metal ions by the 

dissolved ozone can be promoted.  Accordingly, the ozone 25 
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precipitation portion 36 is not limited to a space 

partitioned by the partition 51.  Although the solid 

precipitation portion 36 is disposed at the bottom portion of 

the ozone mixing portion 2, the position thereof is not 

limited as long as the solids 21 in to-be-treated water which 5 

is to be supplied to the treatment tank 1 are precipitated 

and removed.  For example, the solid precipitation portion 36 

may have a dent formed between the ozone mixing portion 2 and 

the water sending pump 28 in the piping 41 in the to-be-

treated water inlet portion 26. 10 

[0117] As described above, according to embodiment 4, the 

same effect as in embodiment 3 is exhibited.  That is, the 

water treatment apparatus, exhibiting good efficiency, which 

can enhance an ozone utilization rate, efficiently decompose 

organic substances, and remove metal ions with a simple 15 

apparatus structure, can be provided. 

[0118] Since the ejector 37 is used, efficiency for 

dissolving ozone into to-be-treated water is enhanced, and 

insolubilization of metal ions by ozone is also promoted.  

Therefore, the ozone mixing portion 2 can be downsized.  20 

Furthermore, since the ejector 37 is used, a pump for sending 

gas from the treatment tank 1 need not be disposed, thereby 

contributing to reduction of the size of the apparatus and 

reduction of power. 

 In order to separate solids that are metal oxides 25 
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or metal hydroxides generated by deposition of metal ions, 

the solids are precipitated without using a filtration device 

in piping.  Therefore, pressure loss is reduced, and load on 

a water sending pump for sending the to-be-treated water 20 

to the treatment tank 1 is reduced, thereby contributing to 5 

reduction of power. 

[0119] FIG. 9 shows an exemplary structure in which a 

filtration device is not used.  However, the solid 

precipitation portion 36, and the filtration device 27, of 

embodiment 3, disposed in the to-be-treated water inlet 10 

portion 26 may be used in combination as a solid-liquid 

separator. 

 FIG. 10 is a cross-sectional view of another water 

treatment apparatus of embodiment 4.  FIG. 10 shows an 

exemplary case where the solid precipitation portion 36 and 15 

the filtration device 27 are used in combination.  Most of 

the solids in the ozone mixing portion 2 is separated by the 

solid precipitation portion 36, and a part of solids which is 

conveyed to the to-be-treated water inlet portion 26 by the 

flow of the to-be-treated water 20 is separated by the 20 

filtration device 27.  Thus, efficiency of the water 

treatment apparatus is enhanced.  In this case, an amount of 

solids captured by the filtration device 27 is less than that 

in the water treatment apparatus of embodiment 3, thereby 

reducing the number of times of maintenance for the 25 
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filtration device 27.  Alternatively, a small-sized 

filtration device that has pressure loss that is less than 

that of the filtration device 27 of the water treatment 

apparatus of embodiment 3, can be used. 

[0120] By disposing the partition 51, a flow rate of to-5 

be-treated water flowing to the to-be-treated water inlet 

portion 26 can be lowered, and bubbles can be inhibited from 

being taken into the filtration device 27 and the water 

sending pump 28. 

[0121] Embodiment 5. 10 

 FIG. 11 is a cross-sectional view of a structure of 

a water treatment apparatus according to embodiment 5. 

 Embodiment 5 is different from embodiment 4 in that 

the ejector 37 is disposed not at the water inlet port 22 but 

at the bypass water inlet port 52 in embodiment 5.  The ozone 15 

mixing portion 2 has the bypass water circulating portion 39 

between the bypass water sending port 53 and the bypass water 

inlet port 52.  The bypass water circulating portion 39 has 

the piping 44 connected to the bypass water sending port 53, 

the pump 38, and the ejector 37 connected to the piping 42 20 

via the valve 35, and circulates the to-be-treated water 20 

in the ozone mixing portion 2.  An inverter (not shown) is 

connected to the pump 38.  The bypass water inlet port 52 as 

a discharge port of the bypass water circulating portion 39 

is disposed below the water inlet port 22, and is disposed on 25 
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the ozone mixing portion 2 is suctioned by the pump 38 and is 

circulated in the ozone mixing portion 2 through the bypass 

water circulating portion 39, and gas in the treatment tank 1 

is thus suctioned by the ejector 37 and is mixed with to-be-

treated water, and the gas and the to-be-treated water are 5 

supplied to the ozone mixing portion 2.  The inverter (not 

shown) for driving the pump 38 acts as a flow rate controller 

for the pump 38, and controls a flow rate at which the to-be-

treated water 20 in the bypass water circulating portion 39 

circulates such that the flow rate has a predetermined value.  10 

The gas flow rate is adjusted to a predetermined value, by 

the valve 35, according to a flow rate at which to-be-treated 

water circulates. 

[0123] The gas supplied to the ozone mixing portion 2 

moves upward from the bypass water inlet port 52 disposed at 15 

the lower portion of the ozone mixing portion 2 and is stored 

while reacting with the to-be-treated water 20.  Gas is 

returned from the returned gas introduction port 10 to the 

treatment tank 1 through the gas returning portion 31 

connected to the gas returning port 23, to circulate gas 20 

between the treatment tank 1 and the ozone mixing portion 2.  

Organic substances are decomposed by reaction with ozone in 

the ozone mixing portion 2, and metal ions are insolubilized 

by reaction with ozone and deposited as the solids 21, and 

are precipitated in the solid precipitation portion 36.  25 
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Furthermore, the to-be-treated water 20 separated from the 

solids in the solid precipitation portion 36 is suctioned by 

the water sending pump 28, and is separated from remaining 

solids by the filtration device 27 in the to-be-treated water 

inlet portion 26.  That is, both the solid precipitation 5 

portion 36 and the filtration device 27 correspond to a 

solid-liquid separator.  Thereafter, the to-be-treated water 

15 is supplied to the treatment tank 1, and is treated in the 

treatment tank 1 as in embodiment 3. 

[0124] According to embodiment 5, a flow rate at which gas 10 

circulates can be controlled in a wider range.  In embodiment 

4 described above, the maximum circulation flow rate is 

limited to a flow rate of to-be-treated water supplied from 

the water inlet port 22.  However, in the present embodiment, 

a flow rate at which water circulates is increased by the 15 

pump 38, whereby the circulation flow rate can be increased 

to any rate.  Furthermore, since the to-be-treated water 20 

in the ozone mixing portion 2 is stirred by circulation of 

water by the bypass water circulating portion 39, ozone is 

easily dissolved into to-be-treated water, and not only 20 

decomposition of organic substances but also efficient 

removal of metal ions can be performed, thereby downsizing 

the ozone mixing portion 2. 

[0125] Both the solid precipitation portion 36 and the 

filtration device 27 are disposed as the solid-liquid 25 
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separator, so that solids having large particle sizes can be 

separated by the solid precipitation portion 36, and solids 

having small particle sizes can be separated by the 

filtration device 27.  Thus, solids which may not be 

separated by the solid precipitation portion 36 can be 5 

separated and load on the filtration device 27 can be reduced 

as compared with a structure which merely includes the 

filtration device 27, and the number of times of maintenance 

for the filtration device 27 can be reduced. 

[0126] As described above, according to embodiment 5, the 10 

same effects as in embodiment 3 and embodiment 4 are 

exhibited.  That is, the water treatment apparatus, 

exhibiting good efficiency, which can enhance an ozone 

utilization rate, efficiently decompose organic substances, 

and also remove metal ions with a simple apparatus structure, 15 

can be provided. 

 Since the to-be-treated water 20 in the ozone 

mixing portion 2 is circulated by the bypass water 

circulating portion 39, the to-be-treated water 20 in the 

ozone mixing portion 2 is stirred, the to-be-treated water 20 20 

is caused to repeatedly react with ozone, decomposition of 

organic substances is promoted, efficiency for removing metal 

ions can be enhanced, and the apparatus can be downsized. 

[0127] Embodiment 6. 

 FIG. 12 is a cross-sectional view of a structure of 25 
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a water treatment apparatus according to embodiment 6. 

 The water treatment apparatus of embodiment 6 is 

different from the water treatment apparatus of embodiment 3 

described above in the structure of the treatment tank 1 and 

a position at which the to-be-treated water inlet portion 26 5 

connects between the treatment tank 1 and the ozone mixing 

portion 2.  The treatment tank 1 stores the to-be-treated 

water 15, and includes the electric discharge unit 3a that 

has the flat-plate-like grounded electrode 5a, having a 

plurality of openings, disposed under and near the water 10 

surface of the to-be-treated water 15, and a plurality (four 

in the drawings) of the wire-like high-voltage electrodes 4.  

The wire-like high-voltage electrodes 4 are disposed at 

regular intervals above the water surface of the to-be-

treated water 15 so as to be parallel with the water surface.  15 

The grounded electrode 5a is electrically connected to the 

housing of the treatment tank 1 and has a ground potential.  

The water inlet port 11a is disposed at the bottom portion of 

the treatment tank 1.  The water sending port 25a is disposed 

at the bottom portion of the ozone mixing portion 2.  The to-20 

be-treated water inlet portion 26 is disposed at the lower 

portion of the water treatment apparatus so as to connect 

between the water inlet port 11a and the water sending port 

25a.  As long as the water inlet port 11a is disposed at the 

lower portion of the treatment tank 1, the water inlet port 25 
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11a may not be disposed at the bottom portion.  As long as 

the water sending port 25a is disposed at the lower portion 

of the ozone mixing portion 2, the water sending port 25a may 

not be disposed at the bottom portion. 

 The gas sending port 12a of the treatment tank 1 is 5 

disposed at the upper portion of the treatment tank 1 above 

the water surface of the to-be-treated water 15.  The other 

components are the same as those in embodiment 3. 

 The structure shown in FIG. 12 corresponds to the 

structure of embodiment 1 shown in FIG. 3 except that the 10 

filtration device 27 is disposed in the to-be-treated water 

inlet portion 26 in the structure shown in FIG. 12. 

[0128] An operation of the water treatment apparatus of 

embodiment 6 will be described with reference to FIG. 12. 

 In the water treatment apparatus shown in FIG. 12, 15 

the to-be-treated water 15 is supplied from the ozone mixing 

portion 2 to the treatment tank 1 until a certain amount of 

the to-be-treated water 15 is supplied.  The certain amount 

represents an amount of water having a water surface level 

that allows the flat-plate-like grounded electrode 5a to be 20 

submerged under and near the water surface, and allows the 

wire-like high-voltage electrodes 4 to be not in contact with 

the water surface.  When the certain amount of the to-be-

treated water 15 has been supplied, supply of the to-be-

treated water 15 to the treatment tank 1 is halted.  While 25 
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supply of the to-be-treated water 15 to the treatment tank 1 

is halted, discharge of water from the water discharge port 

14 is also halted.  By operating the high-voltage pulsed 

power supply 8, streamer discharge 6 is generated in a space 

between the high-voltage electrode 4 of the electric 5 

discharge unit 3a and the water surface of the to-be-treated 

water 15.  By the electric discharge 6 coming into direct 

contact with the to-be-treated water 15, the water treatment 

is performed.  While the water treatment is performed, ozone 

is generated in the treatment tank 1. 10 

[0129] After elapse of a certain time period, organic 

substances contained in the to-be-treated water 15 in the 

treatment tank 1 are decomposed, and the to-be-treated water 

15 becomes the treated water 16.  All the treated water 16 

stored in the treatment tank 1 is discharged through the 15 

water discharge port 14.  After the treated water has been 

discharged, the to-be-treated water 15 is supplied from the 

ozone mixing portion 2 through the to-be-treated water inlet 

portion 26 to the treatment tank 1. 

[0130] The to-be-treated water 20 is stored in the ozone 20 

mixing portion 2.  As in embodiment 3, gas in the treatment 

tank 1 is supplied through the gas sending portion 29 to the 

ozone mixing portion 2, and gas in the ozone mixing portion 2 

is returned through the gas returning portion 31, to 

circulate the gas.  Thus, based on the same principle as in 25 
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embodiment 3, organic substances contained in the to-be-

treated water 20 in the ozone mixing portion 2 are decomposed, 

and metal ions are caused to react with ozone and are 

insolubilized, and the solids 21 are deposited.  Gas may be 

sent from the treatment tank 1 to the ozone mixing portion 2 5 

regardless of a time period during which the water treatment 

is performed in the treatment tank 1.  The solids 21 in the 

to-be-treated water 20 in the ozone mixing portion 2 are 

removed by the filtration device 27 in the to-be-treated 

water inlet portion 26, and the to-be-treated water 15 is 10 

supplied to the treatment tank 1 as the to-be-treated water 

from which metal ions have been removed. 

[0131] As described above, according to embodiment 6, the 

same effect as in embodiment 3 is exhibited.  That is, the 

water treatment apparatus, exhibiting good efficiency, which 15 

can enhance an ozone utilization rate, efficiently decompose 

organic substances, and can also remove metal ions with a 

simple apparatus structure, can be provided. 

[0132] In embodiment 6, the structure of the electric 

discharge unit 3a is the same as that of embodiment 1 shown 20 

in FIG. 3, and, for example, a positional relationship 

between the high-voltage electrode 4, the grounded electrode 

5a, and the to-be-treated water 15, and the shapes of the 

high-voltage electrode 4 and the grounded electrode 5a are 

changeable as in embodiment 1. 25 
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connected to the housing and has a ground potential.  A 

plurality of the wire-like high-voltage electrodes 4b are 

disposed in the grounded electrode 5b along the central axis 

of the grounded electrode 5b.  That is, a gap is formed 

between the high-voltage electrodes 4b and the inner surface 5 

of the grounded electrode 5b so as to maintain a constant 

distance.  The high-voltage electrodes 4b are connected to 

the high-voltage pulsed power supply 8 outside the treatment 

tank 1 through the current feedthrough 7 by the wiring.  The 

high-voltage electrodes 4 and the housing of the treatment 10 

tank 1 are electrically insulated from each other by the 

current feedthrough 7.  The water inlet port 11 has a nozzle 

40 for turning the to-be-treated water 15 into water droplets 

and dispersing the water droplets.  The other components are 

the same as those in embodiment 3. 15 

 The structure shown in FIG. 13 corresponds to the 

structure of embodiment 1 shown in FIG. 4A except that the 

filtration device 27 is disposed in the to-be-treated water 

inlet portion 26 in the structure shown in FIG. 13.  As shown 

in FIG. 4B, the high-voltage electrode 4b has a plurality of 20 

wires to stabilize electric discharge. 

[0136] An operation of the water treatment apparatus 

according to embodiment 7 will be described with reference to 

FIG. 13. 

 In FIG. 13, the to-be-treated water 15 supplied 25 
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through the to-be-treated water inlet portion 26 to the 

treatment tank 1 is turned into water droplets and dispersed 

through the nozzle 40 disposed at the water inlet port 11.  

The to-be-treated water 15 as water droplets drops in the 

vertical direction, and passes through the gap between the 5 

high-voltage electrodes 4b and the grounded electrode 5b.  A 

part of the to-be-treated water collides with the inner 

surface of the grounded electrode 5b to form a water film, 

and flows downward.  By operating the high-voltage pulsed 

power supply 8, the streamer discharge 6 is uniformly 10 

generated from the high-voltage electrodes 4b toward the 

inner surface of the grounded electrode 5b, and the water 

droplets of the to-be-treated water 15 and the to-be-treated 

water 15 that flows downward on the inner surface of the 

grounded electrode 5b are brought into contact with the 15 

electric discharge 6, thereby performing the water treatment.  

Since ozone is generated by the electric discharge 6, gas in 

the treatment tank 1 is supplied through the gas sending 

portion 29 to the ozone mixing portion 2, and gas in the 

ozone mixing portion 2 is returned through the gas returning 20 

portion 31 to the treatment tank 1, to circulate the gas.  

Ozone is supplied to the ozone mixing portion 2 by the 

circulation of the gas, and organic substances in the ozone 

mixing portion 2 are decomposed, and metal ions are 

insolubilized, and the solids 21 that have been insolubilized 25 
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can be removed by the filtration device 27, as in embodiment 

3. 

[0137] According to embodiment 7, the same effect as in 

embodiment 3 is exhibited.  That is, the water treatment 

apparatus, exhibiting good efficiency, which can enhance an 5 

ozone utilization rate, efficiently decompose organic 

substances, and also remove metal ions with a simple 

apparatus structure, can be provided. 

[0138] As described in embodiment 1 with reference to FIG. 

4A, by turning to-be-treated water into water droplets, an 10 

area in which to-be-treated water and the electric discharge 

contact with each other can be increased.  Thus, an amount of 

active species to be supplied to to-be-treated water 

increases, so that the water treatment can be efficiently 

performed at a high speed. 15 

[0139] In the ozone mixing portion 2, gas is supplied to 

the to-be-treated water 20, organic substances are decomposed, 

and metal ions are insolubilized and then removed by the 

filtration device 27.  Thus, as in embodiment 3, deposition 

of metal oxides or metal hydroxides in the treatment tank 1 20 

can be inhibited, to stabilize electric discharge.  The 

solids 21 are removed from to-be-treated water supplied to 

the treatment tank 1 by the filtration device 27, whereby 

clogging of the nozzle 40 is unlikely to occur. 

[0140] In embodiment 7, the structure of the electric 25 
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discharge unit 3b is the same as that in embodiment 1 shown 

in FIG. 4A and FIG. 4B, and the shapes of the high-voltage 

electrodes 4b and the grounded electrode 5b, the positional 

relationship therebetween, the number of the electric 

discharge units, and the like are changeable as in embodiment 5 

1. 

 In embodiment 7, the structure of the nozzle 40 is 

the same as that in embodiment 1 shown in FIG. 4A, and the 

direction in which the to-be-treated water 15 is dispersed is 

similarly changeable. 10 

[0141] In each of embodiments 1 to 7, an example of the 

electric discharge unit in which the high-voltage electrode 

formed by four wires opposes one grounded electrode is 

described.  However, the number of the wires is not limited 

to four.  The number thereof may be increased or reduced in 15 

consideration of stability of the electric discharge, 

capacity of the pulse power supply, and the like. 

[0142] Although the disclosure is described above in terms 

of various exemplary embodiments and implementations, it 

should be understood that the various features, aspects, and 20 

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 

one or more of the embodiments of the disclosure. 25 
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 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 

be modified, added, or eliminated.  At least one of the 5 

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. 

10 

DESCRIPTION OF THE REFERENCE CHARACTERS 

[0143] 1  treatment tank 

 2  ozone mixing portion 

 3, 3a, 3b  electric discharge unit 

 4, 4b  high-voltage electrode 15 

 5, 5a, 5b  grounded electrode 

 6  electric discharge 

 7  current feedthrough 

 8  high-voltage pulsed power supply 

 9  gas inlet port 20 

 10  returned gas introduction port 

 11, 11a  water inlet port 

 12, 12a  gas sending port 

 13  gas discharge port 

 14  water discharge port 25 
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 15  to-be-treated water (in treatment tank) 

 16  treated water 

 17  oxygen gas source 

 18  mass flow controller 

 19  gas diffusing member 5 

 20  to-be-treated water (in ozone mixing portion) 

 21  solid 

 22  water inlet port 

 23  gas returning port 

 24  gas discharge port 10 

 25, 25a  water sending port 

 26  to-be-treated water inlet portion 

 27  filtration device 

 28  water sending pump 

 29  gas sending portion 15 

 30  gas sending pump 

 31  gas returning portion 

 32, 33, 34, 35  valve 

 36  solid precipitation portion 

 37  ejector 20 

 38  water circulating pump 

 39  bypass water circulating portion 

 40  nozzle 

 41, 42, 43, 44  piping 

 45  gas introduction port 25 
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 46  water storage portion 

 51  partition 

 52  bypass water inlet port 

 53  bypass water sending port 

5 
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