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DESCRIPTION

Titleofinvention:WATERTREATMENTDEVICEANDWATE

METHOD

Technical Field

[0001]

Thepresentinventionrelatestoawatertreatment
thattreatstreatmenttargetwaterusingozone, ar
the like generated by an electrical discharge, and
treatment method.

Background Art

[0002]

Anozonetreatmentdevice isknown as an existing
treatment device, but a persistent substance that ¢
removed using an existing ozone treatment device ma
includedinindustrialwastewaterorthelike. In
removalofdioxins,adioxane,andthelike,isac
problem. Inresponsetothiskindofproblem,ame
ahydroxylradical(OH),whichismorehighlyactiv

isgeneratedintreatmenttargetwaterbycombining
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is that the method is not widespread.

[0003]

Also,amethod whereby ahydroxylradical, orthe
generatedbyanelectricaldischargeiscausedtoa
on treatment target water, thereby removing a persi
substance, hasbeenproposedasanothermethod. Fo
in Patent Document 1, a water treatment system incl
multiple of hollow cylindrical discharge electrodes
thatgasiscausedtoflowinahollowportionoft
electrode, and a gas including a radical obtained b
electrical discharge being carried outin avicinit
ejection is ejected into treatment target water, wh
persistent organic substance, or the like, dissolve
water is treated so as to degrade. Also, a purifyi
presented in Patent Document 2 is such that positiv
negativeelectrodesaredisposedwithspacesbetwee
in atreatment space, and an electrical discharge i
outinastatewhereinatreatmenttargetarticlei
with one of the electrodes, thereby purifying the t
target article.
Citation List
Patent Literature

[0004]

Patent Document 1: JP-A-2005-296909

Patent Document 2: JP-A-2001-70946
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Summary of Invention
Technical Problem
[0005]
However,awatertreatmentdeviceconfiguredasin
Documentlissuchthataleadingendofanelectro
hollow cylindrical structure is oriented toward tre
target water, and an electrical discharge is formed
vicinity oftheleadingendofthe electrode,becau
there is a problem in that contact between the elec
dischargeandthetreatmenttargetwaterislimited
regioncorrespondingtotheleadingend oftheelec
water treatment speed is low.
[0006]
Also,apurifyingdeviceconfiguredasinPatentD
2issuchthatanelectricaldischargeisformedbe
form electrode in contact with a treatment target m
aninterior of abox body and a multiple of linear
disposedacrossaspacefromtheplateformelectro
thetreatmenttargetmatteriswater,waterdroplet
tothelinearelectrodesduetothewatersplashing
introducedandtocondensationintheboxbodyinte
water droplets adhere to the linear electrodes, the
between the linear electrodes and the plate form el
becomes locally narrower, because of which a spark

isliabletooccurinthenarrowedportion. There
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in that water treatment performance decreases due t
heating caused by the spark discharge and to an ele
discharge non-uniformity, and furthermore, the spar
discharge causes breakage of the linear electrodes.

[0007]

Theinvention,havingbeencontrivedinordertor
the previously described kinds of problem, has an o
providingawatertreatmentdeviceandawatertrea
such that highly efficient water treatment is reali
breakage of an electrode is restricted, by restrict
occurrenceofasparkdischarge,andremovaloforg
in treatment target water can be carried out quickl
efficiently.

Solution to Problem

[0008]

A water treatment device according to the inventio
includes a grounding electrode having a planar flow
portionthatcausestreatmenttargetwatertoflow,
ofhighvoltage electrodes provided parallelwitht
water portion in a position distanced from the flow
portion of the grounding electrode and so as to ext
directionintersectingaflowdirectionofthetrea
water, a frame having a gas supply port that suppli
that generates a radical owing to an electrical dis

betweenthegroundingelectrodeandthehighvoltag
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andasupply portandadischarge portofthetreat
water,andhousingthegroundingelectrodeandthe
electrode, and blowing means that induces a gas flo
interior of the frame, wherein the blowing means fo
flow with respect to an electrical discharge region
high voltage electrode to a surface of the treatmen
water on the flowing water portion, the gas flow in
an extension direction of the high voltage electrod
intersects with extension direction of the electric
discharge whichformedfromthe highvoltage electr
surface of the treatment target water on the flowin
portion.
[0009]
Also,awatertreatmentmethodaccordingtothein
isawatertreatmentmethodwherebytreatmenttarge
agasthatgeneratesaradicalowingtoanelectric

are supplied to an interior of a frame in which a g

electrode and a high voltage electrode are housed,

electrical discharge is generated between the groun
electrode and the high voltage electrode, and organ

in the treatment target water is degraded and remov
radical generated by the electrical discharge, the
treatment method including a step of causing the tr
target water to flow over a planar flowing water po
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multiple ofthe highvoltage electrode provided par
the flowing water portion in a position distanced f
flowing water portion ofthe grounding electrode an
extend in a direction intersecting a flow direction
treatment target water, thereby generating the elec
discharge betweenthegroundingelectrodeandthem
the high voltage electrode, and a step of forming a
with respect to an electrical discharge region from
voltage electrode to a surface of the treatment tar
on the flowing water portion, the gas flow intersec
extension direction of the high voltage electrode a
intersects with extension direction of the electric
discharge whichformed fromthe highvoltage electr
surface of the treatment target water on the flowin
portion.
Advantageous Effects of Invention

[0010]

The water treatment device according to the invent
is such that a gas flow is formed to intersect an e
direction of a high voltage electrode and intersect
extensiondirectionofanelectricaldischargeform
highvoltage electrode to asurface oftreatmentta
on aflowingwater portion, because of which, even
droplets adhere to the high voltage electrode when
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awaybyapressureofthegasflowformedbythebl owingmeans,
andasparkdischargeisrestricted. Becauseofth is,auniform
electricaldischargeisformedalongthehighvolta geelectrode,
and the electrical discharge comes into contact wit h the
treatment target water over a wide area, because of which
removal of organic matter in the treatment target w ater can
be carried out quickly and efficiently, and breakag e of the

high voltage electrode is restricted.
[0011]
Also, the water treatment method according to the
invention is such that a gas flow is formed interse cting an

extension direction of a high voltage electrode and

intersectinganextensiondirectionofanelectrica Idischarge
formedfromthehighvoltageelectrodetoasurface oftreatment
targetwateronaflowingwaterportion,becauseof which,even
whenwaterdroplets adheretothe highvoltage elec trodewhen
theelectricaldischargeisgenerated,the waterdr opletsare
blownaway by apressure ofthe gas flowformed by the blowing
means, and asparkdischargeisrestricted. Becaus eofthis,
auniformelectricaldischargeisformedalongthe highvoltage
electrode,andtheelectricaldischargecomesinto contactwith
the treatmenttargetwater overawide area, becaus eofwhich
removal of organic matter in the treatment target w ater can
be carried out quickly and efficiently, and breakag e of the

high voltage electrode is restricted.
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Otherobjects,characteristics,aspects,andadvan
ofthe invention willbecome more apparentfromthe
detailed description of the invention, which refers
drawings.

Brief Description of Drawings

[0012]

[Fig. 1] Fig. 1 is a perspective view showing a ma
configurationofawatertreatmentdeviceaccording
embodiment of the invention.

[Fig. 2] Fig. 2 is a diagram illustrating an aspec
anelectricaldischargeinthewatertreatmentdevi
to the first embodiment of the invention.

[Fig. 3] Fig. 3is a sectional view showing a modi
example of the water treatment device according to
embodiment of the invention.

[Fig. 4] Fig. 4 is a sectional view showing a main
configurationofawatertreatmentdeviceaccording
embodiment of the invention.

[Fig. 5] Fig. 5 is a sectional view showing a main
configurationofawatertreatmentdeviceaccording
embodiment of the invention.

[Fig. 6] Fig. 6 is a sectional view showing a main
configurationofawatertreatmentdeviceaccording
embodiment of the invention.

[Fig. 7] Fig. 7 is a sectional view showing a main
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configurationofawatertreatmentdeviceaccording
embodiment of the invention.

[Fig. 8] Fig. 8 is a sectional view showing a main
configurationofawatertreatmentdeviceaccording
embodiment of the invention.

[Fig. 9] Fig. 9 is a sectional view showing a main
configuration of a water treatment device according
seventh embodiment of the invention.

[Fig. 10] Fig. 10 is a sectional view showing a ma
configuration of a water treatment device according
eighth embodiment of the invention.

[Fig. 11] Fig. 11 is a sectional view showing a ma
configurationofawatertreatmentdeviceaccording
embodiment of the invention.

[Fig. 12] Fig. 12 is a diagram showing a procedure
controlling an amount of gas fed using a thermomete
water treatment device according to the ninth embod
the invention.

[Fig. 13] Fig. 13 is a diagram showing a procedure
controlling an amount of gas fed using a thermohygr
the water treatment device according to the ninth e
of the invention.

[Fig. 14] Fig. 14 is a diagram showing a procedure
controlling an

amount of gas fed wusing electrical

characteristicmeasurementmeansinthewatertreat
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according to the ninth embodiment of the invention.

[Fig. 15] Fig. 15 is a diagram showing a procedure
controlling an amount of gas fed using the electric
characteristicmeasurementmeansinthewatertreat
according to the ninth embodiment of the invention.

[Fig. 16] Fig. 16 is a diagram showing a procedure
controllinganamountofgasfedusingaphotometer
treatment device according to the ninth embodiment
invention.

Description of Embodiments

[0013]

First Embodiment

Hereafter,awatertreatmentdeviceaccordingtoa
embodiment of the invention will be described, base
drawings. Fig.lisaperspectiveviewschematical
amain configuration of the water treatment device
to the first embodiment, and in Fig. 1, for the sak
convenience, atreatmenttank lisshownasbeingt
in order that an interior can be seen through the t
tank 1. Also, Fig. 2, being a diagram that schemat
illustratesanaspectofan electrical dischargein
treatment device according to the first embodiment,
cross-section of an X-Z face in Fig. 1. Also, Fig.
sectionalviewschematicallyshowingamodifiedexa
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thedrawings,thesamereferencesignsareallotted
having the same or corresponding functions.

[0014]

Also, in the drawings, an arrow indicated by W, an
arrow the same as this, indicates a flow of treatme
water 6 (and water after treatment), an arrow indic
indicates oxygen gas supplied from a gas supply por
inside of the treatment tank 1, and an arrow indica
indicatesexhaustgasdischargedfrominsidethetr
1throughagasdischargeport3. Also,awhitear
by A, andawhite arrow ofthe same thickness, indi
flowinsidethetreatmenttank1,andinparticular
a gas flow (hereafter, this is referred to as gas f
intentionally formed using blowing means such as a
device 14.

[0015]

As shown in Fig. 1, the gas supply port 2 and the
dischargeport3areincludedinanupperfaceoft
tank 1, which is aframe formed in abox form. Als
supply port4forintroducing the treatmenttarget
includedintheupperfaceofthetreatmenttankl1,
discharge port 5 through which water after treatmen
dischargedtoanexterior ofthe treatmenttank 1i
in a bottom face of the treatment tank 1.

[0016]
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A grounding electrode 7 has a flowing water portio
whose surface is formed in planar form so that the
targetwater6flowsevenlymakingawaterfilm10.
waterportion7aisinclinedbyastand9soasto
with respect to a horizontal plane in a depth direc
directioninFig.1)ofthegroundingelectrode?,
inside the treatmenttank 1 so as to be horizontal
direction(anXdirectioninFig.1)ofthegroundi
7. Sidewalls8aand8bthatrestrictleakingoft
target water 6 from either side of the flowing wate
7aareprovidedoneeachonedgeportionsinthewi
of the grounding electrode 7.

[0017]

Thetreatmenttanklincludes,forexample,awate
structure in the water supply port 4 and the water
port5sothatagascannotflowfreelytoandfrom
Also, the treatment tank 1 includes a splash preven
structure so that water does not splash around when
treatmenttargetwater6iscausedtoflowdownfro
supplyport4ontotheflowingwaterportion7aof
electrode 7. As these structures can both be selec
appropriatefromcommonlyknowntechnology,thestr
omitted from the drawings.

[0018]

Amultiple (fourin Fig. 1) of each offirstinsul

n7a
treatment
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holdingbodies 12 and secondinsulating holding bod ies13are
provided on the side walls 8a and 8b, both at prede termined
intervals in the Y direction and so as to extend up ward in a
Z direction from the side walls 8a and 8b. A wire form high
voltageelectrodellissuspendedbetweenaleading endportion

of the first insulating holding body 12 and a leadi ng end

portion of the second insulating holding body 13.

[0019]

Each of the multiple (four in Fig. 1) of high volt age
electrodes 11 is provided so as to extend in a dire ction
parallel to the flowing water portion 7a and inters ecting a
direction of flow of the treatment target water 6, that is,
in the width direction of the grounding electrode 7 ,in a
positiondistanced upwardinthe Zdirectionfromt heflowing
water portion 7a of the grounding electrode 7. Als o, the
multiple of high voltage electrodes 11 are provided parallel
to each other across predetermined intervals. In t he
following description, a direction (the X direction in Fig.

1) the same as the width direction of the grounding electrode
7iscalledanextensiondirectionofthehighvolt ageelectrode
11. Also, each ofthe multiple of high voltage ele ctrodes 11
is electrically connected in parallel to an output ofapulse
power supply (omitted from the drawings), and the g rounding

electrode 7 is electrically grounded.

[0020]



14/85

The blowing device 14, which is blowing means, is

providedinavicinityofanendportiononthewat erdischarge
port 5 side (the right side in Fig. 1) in the treat ment tank
1. Amultiple(threeinFig.1)ofblowingfans15 aredisposed
inparallelintheXdirectionintheblowingdevic el4. Also,
in Fig. 1, the water supply port 4 is provided in t he upper
face ofthe treatmenttank 1 opposing aleftside e nd portion
of the grounding electrode 7, and the water dischar ge port5
isprovidedinthebottomfaceofthetreatmenttan klopposing
a right side end portion of the grounding electrode 7.
[0021]
Oxygengas (O ), fromwhich atleast one of ozone (O 3),

hydrogenperoxide (H 2Oy),orahydroxylradical (OH),whichis

morehighlyactivethanozone,canbegeneratedby anelectrical
discharge generated betweenthe grounding electrode 7andthe
high voltage electrode 11 is used as a kind of gas supplied
fromthegassupplyport2. However,thekindofg assupplied
to the interior of the treatment tank 1 not being | imited to
oxygengas, itissufficientthatthegasincludes oxygen. For
example, nitrogen or a noble gas can be mixed with oxygen at
an arbitrary ratio. In particular, an electrical d ischarge
can be stably formed even at a comparatively low vo ltage by
using anoble gas, and a gas cost can be considerab lyreduced

when using air.

[0022]
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In the first embodiment, a case wherein a pulse po
supply is used for electrical discharge formation w
described, but a power supply is not necessarily li
apulsepowersupplyprovidedthatanelectricaldi
be stably formed. For example, the power supply ma
alternating current power supply or a direct curren
supply. Also,apolarityofvoltageoutputfromth
supply,avoltagecrestvalue,arepetitionfrequen
width, and the like, can be determined as appropria
accordancewithconditionssuchasanelectrode str
agastype. Generally, the voltage crest value is
within a range of 1kV to 50kV. This is because a s
electricaldischargeisnotformedwhenthevoltage
islessthan1kV,andwhenthevoltagecrestvalue
thereisanaccompanying considerableincreaseinc
an increase in size of the power supply and more di
electrical insulation.

[0023]

Furthermore,therepetitionfrequencyofthepulse
supplyisdesirably10pps(pulsespersecond)ormo
orless. Thisisbecause anextremely high voltage
in order to provide sufficient discharge power when
repetition frequency is less than 10pps, and when t
repetitionfrequencyisgreaterthan 100kpps, water

efficiencydecreases. Also,thevoltage,thepulse
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the pulse repetition frequency may be adjustedina
with one orboth of aflow ofthe treatmenttarget
water quality of a treatment target substance.
[0024]
Also, a metal material with excellent anti-corrosi
properties, suchasstainlesssteelortitanium, is
used for the grounding electrode 7 and the high vol
electrode 11. However, another conductive material
be used. Furthermore, a surface of the grounding e
7 or the high voltage electrode 11 may be covered w
dielectricsuchasglassoraceramic. Also,theh
electrode 11, which is a discharge electrode, need
necessarilybeofawireform. Forexample,arod,
or the like may be used.
[0025]
Also,thenumberofthewireformhighvoltageele
11 disposed can be increased or reduced as appropri
accordancewiththequalityoramounttreatedofth
target water 6, a device size, and the like. Furth
distance between the high voltage electrode 11 and
grounding electrode 7 can be arbitrarily decided.
aheightofthe highvoltage electrode 11 withresp
groundingelectrode 7ispreferablylmmormore, 50
Specifyinganaccurate heightis difficultwhenthe

the high voltage electrode 11 with respect to the g

ccordance

water 6 and

ve
desirably
tage
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lectrode
ith a
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not
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electrode 7 is less than 1mm, and when the height i
than50mm, an extremely highvoltageis needed for
discharge formation.
[0026]
Furthermore,pressureofagasinsidethetreatmen
lisdesirablyatmosphericpressure,orinavicini
to facilitate supply and discharge of the treatment
water6. However,thepressurecanalsobeaposit
or a negative pressure when necessary. When the pr
insidethetreatmenttanklisapositivepressure,
airfromthe exteriorisrestricted, andanatmosph
thetreatmenttankliseasilymanaged. Also,when
inside the treatment tank 1 is a negative pressure,
electrical discharge 18 is formed at a comparativel
voltage, and the power supply can be reduced in siz
simplified. Furthermore, the lower the pressure, t
easily the electrical discharge 18 spreads, because
the electrical discharge 18 and the treatment targe
comeintocontactoverawideregion,andwatertre
increases.
[0027]
Next,usingFig.1,awatertreatmentmethodofth
treatment device according to the first embodiment
described. Oxygen gas is supplied from a gas suppl

(omittedfromthedrawing)totheinside ofthetre
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1throughthegassupplyport2. Also,anamounto
thetreatmenttanklthesameasthatoftheoxygen
isdischargedfromthe gasdischargeport3. Becau
ahighoxygendensityatmosphereisformedinsidet
tank 1 after a certain time elapses.

[0028]

The treatment target water 6 is supplied to the in
ofthetreatmenttank1fromthewatersupplyport
to a vicinity of the left side end portion of the g
electrode?7. Subsequently,thetreatmenttargetwa
between the side walls 8a and 8b in accordance with
inclinationoftheflowingwaterportion7a,while
waterfilm 10 onthe flowingwater portion 7aofth
electrode 7. Atthis time, a thickness of the wate
isregulatedsothatthetreatmenttargetwater6d
in contact with the high voltage electrode 11. Tha
groundingelectrode 7andthehighvoltageelectrod
each other across the water film 10 and a gas layer
gas layer forms an electrical discharge region.

[0029]

The treatment target water 6 drops downward from t
right side end portion of the grounding electrode 7
dischargedtotheexteriorofthetreatmenttank1
water discharge port 5. One portion of the treatme

water 6 evaporates as water vapor during the proces

fgasinside
gassupplied
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treatmenttargetwater 6 flowing inside the treatme
because of which a high oxygen density atmosphere i
water vapor is formed in the interior of the treatm
1. Atthistime,thepulsepowersupplyisdriven,
formhighvoltageisappliedtothehighvoltageel
wherebytheelectricaldischarge18isgeneratedfr
voltage electrode 11 toward the water film 10 on th
flowing portion 7a.

[0030]

Furthermore,theblowingdevicel4isactivated,t
driving the three blowing fans 15. The blowing fan
the gas inside the treatment tank 1, inducing the g
orientedintheleftdirectioninFig.1. Thegas
throughtheelectricaldischargeregionalongthef
portion 7a in a direction opposite to the flow dire
the treatment target water 6, while coming into con
the high voltage electrode 11 over the whole region
extension direction of the high voltage electrode 1
is, the direction of the gas flow A is a direction
intersectsboththedirectioninwhichtheelectric
18 propagates (the Z direction) and the extension d
of the high voltage electrode 11 (the X direction).

[0031]

By the gas flow A being formed by the blowing devi

in this way when the electrical discharge 18 is gen

nttank 1,
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ent tank

andapulse
ectrode11,
omthehigh
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adhering of water droplets to the high voltage elec trode 11
can be restricted, and even when water droplets do adhereto
the high voltage electrode 11, the water droplets a re blown
away by a pressure of the gas flow A, and a spark d ischarge
is restricted. Because of this, the electrical dis charge 18
is formed uniformly along the high voltage electrod ell,the
electricaldischarge 18 comesinto contactwiththe treatment
target water 6 over a wide area, and organic matter in the

treatment target water 6 is degraded and removed.
[0032]

A velocity of the gas flow A can be determined as

appropriateinaccordancewithwatertreatmentcond itions. In
ordertoblowawaywaterdropletsadheringtotheh ighvoltage
electrodellusingthegasflowpressure,thegasf lowvelocity

is desirably from several meters per second to seve ral tens
of meters per second. Also, an amount of gas blown by the
blowing device 14, notneedingto be constant, may be changed
in accordance with treatment conditions and a compo sition of
thetreatmenttargetwater6, orwithaconditiono fadherence
ofwaterdropletstothehighvoltageelectrodell, orthelike.

This is described in detail in a ninth embodiment t 0 be

described hereatfter.
[0033]
Next,awatertreatmentprincipleofthewatertre atment

method according to the first embodiment will be de scribed.
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The treatment target water 6 comes into contact wit
electrical discharge 18 when flowing along the flow
portion7aofthegroundingelectric7,wherebyorg
includingapersistentsubstanceinthetreatmentt

6 is degraded. Herein, a description is given with
matter degradation as an example, but itis acommo
factthatozoneorahydroxylradicalgeneratedby
dischargeisalsoeffectiveindisinfecting,decolo
deodorization.

[0034]

Owing to the electrical discharge 18, oxygen molec

h the
ing water
anicmatter
argetwater
organic
nly known
anelectrical

ration,and

ules

(O») and water molecules (H »0) inside the treatment tank 1

collidewithhighenergyelectrons,anddissociatio
offormula(1l)andformula(2)occur. Inthefollo
e is an electron, O is atomic oxygen, H is atomic h
and OH is a hydroxyl radical.
[0035]
[Chem. 1]
Chem. 1
e+0 , - 20 )
[0036]
[Chem. 2]
Chem. 2
e+H 0 - H+OH (2)
[0037]

nreactions
wingformulas,

ydrogen,
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Alargeamountoftheatomicoxygengeneratedinf ormula
(1) becomes ozone owing to a reaction of formula (3 ) below.
Informula(3),Misathirdbodyofareaction,an drepresents
any molecule or atom in the gas. Also, one portion of the
hydroxyl radicals generated in formula (2) becomes hydrogen
peroxide owing to a reaction of formula (4) below.

[0038]

[Chem. 3]

Chem. 3
0O+0 ,+M - 03+M 3)
[0039]

[Chem. 4]

Chem. 4

OH+OH - H,O

[0040]

The oxide particles (O, OH, O 3, H 2O,) generated by the
reactions of formula (1) to formula (4) oxidize and degrade
organic matter in a vicinity of a surface of the tr eatment
target water 6 flowing on the flowing water portion 7aofthe

grounding electrode 7 into carbon dioxide (CO
accordingto formula (5) below. Informula(5),R
matter that is a treatment target.

[0041]
[Chem. 5]

Chem. 5

2) and water

isorganic
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R+(0,0H, O 3 H %) - CO,+H 0 (5

[0042]

Atomic oxygen and hydroxyl radicals that do not re
with organic matter in formula (5) become ozone and
peroxideofacomparativelylonglifetimeaccording
(3)andformula(4), and one portion thereof dissol
treatmenttargetwater 6 accordingtoformula(6) a
(7) below. In each formula, (lig.) means a liquid

[0043]

[Chem. 6]

Chem. 6
O3 - O3 (lig.) (6)
[0044]

[Chem. 7]

Chem. 7

H20, - H20 (lig.) (7)

[0045]

Liquid phase ozone and hydrogen peroxide obtained
formula (6) and formula (7) generate hydroxyl radic
to an aqueous reaction of formula (8) below. Furth
liquid phase ozone, hydrogen peroxide, and hydroxyl
generated from formula (6) to formula (8) degrade o
matterowingtoanaqueousreactionshowninformul

[0046]

[Chem. 8]

act
hydrogen
toformula
vesinthe
ndformula

phase.

in
als owing
ermore,
radicals
rganic

a(9)below.
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Chem. 8

05 (lig.)+H 2O, (lig.) ~ (intermediate)

[0047]
[Chem. 9]
Chem. 9

R+(O 3 (liq.) H20;, (lig.) .OH(ligq.))

[0048]

Inthefirstembodiment,organicmatterinthetre
target water 6 is degraded by the reactions of both
(5)and formula (9) inaregionin which the treatm
water6isindirectcontactwiththeelectricaldi
Meanwhile, organic matter in the treatment target w
degraded by the reaction of formula (9) in aregion
thetreatmenttargetwater6isnotindirectconta
electrical discharge 18.

[0049]

Areasonthatfastand efficientwater treatmentc
carriedoutinthewatertreatmentdeviceaccording
embodiment will be described using Fig. 2. Fig. 2(

a case in which no water droplets are adhering to t

voltage electrode, and Fig. 2(b) shows a case in wh

_OH(lig.) (8)

- CO2+H ,0 (9)

atment
formula
enttarget
scharge18.
ater6is
in which

ctwiththe

anbe
tothefirst
a) shows
he high

ich water

droplets are adhering to the high voltage electrode

Generally, a water treatment device wherein an elec
dischargeiscausedtocomeintodirectcontactwit

target water is such that water droplets may adhere

trical
htreatment

to an
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electrode due to splashing of the treatment target
condensation. The water treatment device according
first embodiment is such that the treatment target
existsasthewaterfilml10onanuppersurfaceof
electrode7,andthehighvoltageelectrodellisp

the water film 10 across agas layer thatforms an
discharge region.

[0050]

When nowaterdropletsare adheringtothe highvo
electrode 11,asshowninFig. 2(a), the distance b
highvoltageelectrode 11andthewaterfilm10is
uniform over the whole of the extension direction o
voltageelectrode11,andauniformelectricalfiel
between the high voltage electrode 11 and the water
Becauseofthis,theuniformelectricaldischarge 1
in a so-called sheet form at each high voltage elec
over the whole region in the extension direction of
voltage electrode 11, between the high voltage elec
and the water film 10. The electrical discharge 18
time is generally a streamer form electrical discha
although an electron temperature reaches several te
thousands of degrees (
particle remains at room temperature.

[0051]

Meanwhile, when a water droplet 40 is adhering to

water or
to the

water 6
thegrounding
rovidedabove

electrical

ltage
etweenthe
practically
fthe high
disformed
film 10.
8isformed
trode 11,
the high
trode 11
at this
rge, and

ns of

°C), a temperature of a neutral gas

the
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high voltage electrode 11, as shown in Fig. 2(b), t
droplet40sagsdowninthe directionofthe water

to gravity, and a distance between a leading end po
the water droplet 40 and the grounding electrode 7
shorter. Whenvoltageisappliedtothehighvolta

11 in this state, an electric field intensity of th

end portion of the water droplet 40 increases local
locallystrongelectricaldischarge thatis,aspa

41, is generated at the leading end of the water dr
The spark discharge 41 is such that a neutral gas p
temperaturereachesonethousanddegreesorhigher.
sparkdischarge4lisgenerated,agastemperature
thereof rises, because of which a still stronger el
discharge is liable to be generated, and the spark

41 is generated continuously. As a result of this,
electricaldischargeisnolongergeneratedinare

than the leading end portion of the water droplet 4
electricaldischargebecomesnon-uniform,becauseo
electrical discharge becomes localized.

[0052]

For water treatment, the streamer form electrical

discharge 18 of Fig. 2(a) is preferable, while the

discharge 41 of Fig. 2(b) is an undesirable electri

discharge aspect. As previously described, water t

proceeds according to formula (5) and formula (9).

he water
film10due
rtion of
becomes
geelectrode
e leading
ly, and a
rkdischarge
oplet 40.
article
Oncethe
inavicinity
ectrical
discharge
the
gionother
0, orthe

fwhichthe

spark
cal
reatment

In order
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to cause formula (5) to occur efficiently, widening

of contactbetweentheelectricaldischargeandthe
targetwater6isimportant. Asthe streamerform
discharge 18 is formed uniformly over the whole of
voltageelectrodell,theelectricaldischargel18i
withthewaterfiim1l0overawidearea,butthesp
41islocalized, because ofwhichtheareaofconta
water film 10 decreases.

[0053]

Also, inorderto cause formula (9) to occur, 0zon
hydrogenperoxideneedtobedissolvedinthetreat
water 6 according to formula (6) and formula (7).
sparkdischarge4lisgenerated, however,thegast
rises to one thousand degrees or higher, and gas ph
and hydrogen peroxide are thermally degenerated. B
this, ozone and hydrogen peroxide dissolved in the
target water 6 decrease, and the reaction of formul
unlikely to occur. For these two reasons, that is,
the area of contact between the electrical discharg
treatmenttargetwaterdecreasesandbecauseozone
peroxide arethermally degenerated, the sparkdisch
undesirablewhencarryingoutwatertreatment,and
streamerformelectricaldischarge 18uniformlyis

[0054]

Next, advantages ofangasflowinwatertreatment

the area
treatment
electrical
the high
sincontact
arkdischarge

ctwiththe

eand
menttarget
When the
emperature
ase ozone
ecause of
treatment
a(9)is
because
eandthe
andhydrogen
arge4lis
formingthe

important.

will
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be described. In addition to removing the water dr
adhering to the high voltage electrode 11, the gas
induced by the blowing device 14 also has advantage
increasingthespeedandtheefficiencyofthewate

Generally, high power needs to be supplied to an el
dischargeinorderto carry outfastwatertreatmen

portion of ozone or hydrogen peroxide formed by a f
dischargeisdegradedbyanelectron collisionorh

to a subsequently generated pulse discharge, whereb
portion of the ozone or hydrogen peroxide is elimin
becomesineffective. Thatis,whenincreasingdisc
inordertoincreasewatertreatmentspeed,therei
inoxideparticlesbeingeliminatedandbecomingin
andthereisacontradictioninthatwatertreatmen

decreases.

[0055]

Inresponsetothis, theblowingdevice 14formst
flow A that intersects each of the direction in whi
electricaldischargel8propagatesandtheextensio
of the high voltage electrode 11, because of which
hydrogen peroxide generated by a first pulse discha
conveyed outside the electrical discharge region by
flow A before the next pulse discharge is generated
ozone or hydrogen peroxide being eliminated and bec

ineffective is restricted. As a result of this, wa

oplet 40
flow A
s of
rtreatment.
ectrical
t,andone
irstpulse
eatingdue
y one
ated and
hargepower
sanincrease
effective,

tefficiency

hegas
ch the
ndirection
ozone or
rge is
the gas
, Whereby
oming

ter
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treatment speed and efficiency increase in comparis
case in which there is no gas flow A.

[0056]

Also, alarge amount ofthe ozone and hydrogen per
dissolvedinthetreatmenttargetwater 6 bythere
formula (6) and formula (7) generally diffuses slow
water, because of which there is a problem in that
and hydrogen peroxide remain in a vicinity of the s
the water film 10, and water treatment in a deep po
thewaterfilm10doesnotprogress. Inresponset
first embodiment is such that the gas flow A flows
upper surface ofthe water film 10in adirection o
the flow direction of the treatment target water 6,
of which the surface of the water film 10 becomes w
tothegasflowpressure. Becauseofthis,thetre
water 6 on the flowing water portion 7ais agitated
dissolved ozone and hydrogen peroxide existing bias
a surface layer vicinity diffuse to the deep portio
water film 10, because of which water treatment spe
efficiency increase in comparison with a case in wh
blowing device 14 is not used.

[0057]

Next, a reason that breakage of the high voltage

electrode 11 is restricted in the water treatment d

accordingtothefirstembodimentwillbedescribed

onwitha

oxide
actions of
lyinthe
the ozone
urface of
rtion of
othis,the
along an
pposite to
because
avy owing
atmenttarget
,andthe
ed toward
n of the
ed and

ich the

evice

. Oncethe
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spark discharge 41 is formed with the water droplet
origin, the spark discharge 41 is still more liable
generated due to heating or an increase in electron
in a vicinity of the spark discharge 41. When the
discharge4lcontinuesandalargecurrentflowsin
voltage electrode 11, the high voltage electrode 11
and break due to heating. In response to this, the
treatmentdeviceaccordingtothefirstembodiment

the gas flow A is induced by the blowing device 14,
generation of the water droplet 40 is restricted, b
which the spark discharge 41 is restricted, and bre
the high voltage electrode 11 is also restricted.

[0058]

Next, using Fig. 3, a modified example of the wate
treatment device according to the first embodiment
described. Themodifiedexampleissuchthatamul
inFig.3) oftreatmenttanks1A,1B,1C,and1D(c
referred to as treatment tanks 1) are stacked in a
direction, and the treatment target water 6 flows d
themultipleoftreatmenttankslinparallel. The
port4is provided on an upstream side of each trea
1. Water supply pipes 50A, 50B, 50C, and 50D (coll
referredtoaswatersupplypipes50)thatsupplyt
target water 6 are connected one to each water supp

and valves 51A, 51B, 51C, and 51D (collectively ref

40 as an
to be
density
spark
tothehigh
may melt
water
issuchthat
and
ecause of

akage of

will be
tiple(four
ollectively
vertical
own with
watersupply
tmenttank
ectively
hetreatment
ly port4,

erred to
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asvalvesb51)thatcanregulatetheflowofthetre atmenttarget
water 6 are provided one in each water supply pipe 50.
[0059]
Also, blowing devices 14A, 14B, 14C, and 14D
(collectivelyreferredtoasblowingdevices 14)ar eprovided
one inside each treatment tank 1, and the blowing d evices 14

inducethegasflowAthatflowsalonganupperfac
electrodes 7A, 7B, 7C, and 7D (collectively referre
grounding electrodes 7) in a direction opposite to
direction of the treatment target water 6, while co
contactwith highvoltage electrodes 11 overthewh
inanextensiondirectionofhighvoltageelectrode
11C, and 11D (collectively referred to as high volt
electrodes 11).

[0060]

In the modified example, an amount of the treatmen
targetwater 6 that can be treated per hour in each
tank 1 is taken to be Q. Firstly, when an amount o
treatment target water 6 equivalent to 4Q is suppli
valve 51 is fully opened, causing the treatment tar
6 to flow into each treatment tank 1. Furthermore,
power supply is activated, and a pulse voltage is a
thehighvoltageelectrodell. Becauseofthis,an
dischargeisformedfromeachhighvoltageelectrod

thetreatmenttargetwater6ontheupperfaceoft

eofgrounding

dto as

the flow
ming into
oleregion
s11A,11B,

age

treatment

f the

ed, each
get water

a pulse
pplied to

electrical

elltoward

hegrounding
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electrode 7, organic matter including a persistent
isdegradedandremovedbythetreatmenttargetwat
into contactwiththe electricaldischarge, andthe
water equivalent to 4Q is treated.

[0061]

Also, when an amount of the treatment target water
equivalentto2Qissupplied,thevalves51Aand51
opened, causing the treatmenttarget water6toflo
treatmenttanks 1Aand 1B, inadditiontowhichthe
and 51D are fully closed, allowing no treatment tar
6toflowintothetreatmenttanks 1Cand 1D. Alte
when the treatment target water 6 includes a persis
substance to a high density, all the valves 51 may
half-opened, and an amount of the treatment target
equivalentto 0.5Q causedto flowintoeachtreatme

[0062]

In this modified example, a configuration is such
amultipleoftreatmenttanks 1arestacked,butth
electrodes7A,7B,7C,and7D,thehighvoltageele
11B,11C,and 11D, andthe blowing devices 14A, 14B
14D can be provided in an interior of one treatment
Thatis,amultipleofunitsincludingthegroundin
7andthehighvoltageelectrode11maybehousedi
direction inside one treatment tank 1, and blowing

corresponding to each unit provided. In this case,

substance
er6coming

amount of

Barefully
wintothe
valves51C
get water
rnatively,
tent
be
water 6

nttank 1.

that

egrounding
ctrodes11A,
,14C, and
tank 1.
gelectrode

navertical

means

atleast
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amultiple of water supply ports 4 corresponding to eachunit

are provided in the treatment tank 1.

[0063]

As heretofore described, the water treatment devic e
accordingtothefirstembodimentincludesthe blow ingdevice
14 thatinduces an gas flow in the interior of the treatment
tankl,andbyformingthegasflowAthatflowsal ongtheflowing
water portion 7a of the grounding electrode 7 in a direction
opposite to the flow direction of the treatment tar getwater
6, while coming into contact with the high voltage electrode
11overthewholeregionintheextensiondirection ofthehigh
voltage electrode 11, adhering of the water droplet 40tothe
highvoltageelectrode 11canberestricted,andev enwhenthe
waterdroplet40doesadheretothehighvoltageel ectrodell,
the water droplet 40 can be blown away by the press ure ofthe
gas flow A, because of which the spark discharge 41 is
restricted. Because of this, the uniform streamer form
electrical discharge 18 is stably maintained over t he whole
regionintheextensiondirectionofthehighvolta geelectrode
11, the electrical discharge 18 can be brought into contact
overawideareaofthetreatmenttargetwater6,a ndfastwater

treatment can be carried out.
[0064]
Also, by the spark discharge 41 being restricted, a

thermal degradation reaction of gas state ozone and hydrogen
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peroxide is restricted, because of which fast and e
watertreatmentiscarriedout,andbreakageofthe
electrode 11 is restricted. Furthermore, by the fl
direction of the treatment target water 6 and the d

of the gas flow A being opposite directions, substa
transportation to a liquid phase from a gas phase i

ozone or hydrogen peroxide generated by the electri
discharge 18 is promoted, and fast and efficient wa
treatment is realized.

[0065]

Also, by the flowing water portion 7a of the groun
electrode 7 being inclined, the area of contact bet
treatment target water 6 and the electrical dischar
be increased with respect to a case in which the gr
electrode 7 isnotinclinedinside the same treatme
wherebywatertreatmentspeedandefficiencyincrea
the blowing fan 15 is provided inside the treatment
and the gas inside the treatment tank 1 is moved to
gasflowA,becauseofwhichthereisnoneedtoin
for forming an gas passage on the exterior of the t
tank 1, and the configuration is simple.

[0066]

Furthermore, according to the modified example of
first embodiment, the treatment tank 1 that operate

switched in accordance with a quality or an amount

fficient
highvoltage
ow
irection
nce
ncluding
cal

ter

ding
ween the
ge 18 can
ounding
nttank1,
se. Also,
tank 1,
form the
stallpiping

reatment

the
s can be

of the
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treatmenttargetwater6,becauseofwhichwatertr
be carried out with an optimum amount of power, reg
thequalityortheamountofthetreatmenttargetw
byamultiple oftreatmenttanks 1 being stackedin
direction, the amount of the treatment target water
increased without increasing an installation area o
treatment tank 1.
[0067]
Second Embodiment
Fig.4isasectional view schematically showing a

configurationofawatertreatmentdeviceaccording

embodiment of the invention. The water treatment d

accordingtothesecondembodimentissuchthatam

in Fig. 4) of units 20A, 20B, 20C, and 20D (collect
referredtoasunits20)arehousedatpredetermine
inaverticaldirectionintheinteriorofthemeta

tank 1.

[0068]

Eachunit20is configured of agrounding electrod
high voltage electrodes. The unit 20A on an upperm
hasthegroundingelectrode7A,whichisofametal
andamultiple(fiveinFig.4)ofhighvoltageele
which are of wire form. The flowing water portion
grounding electrode 7A is formed in a flat form so

treatmenttargetwater6flowswhile makingthewat

eatmentcan
ardless of
ater6. Also,
avertical
6 can be

f the

main
toasecond
evice
ultiple(four
ively
dintervals

I[treatment

eand
ostlevel
plateform,
ctrodes11A,
7aofthe
that the

erfim10,
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and the flowing water portion 7a is installed horiz
The high voltage electrode 11A is supported with re
the grounding electrode 7A and the treatment tank 1
insulating material (omitted from the drawing). Th
voltage electrode 11A is connected to a pulse power
and the treatment tank 1 is electrically grounded.
[0069]
Each of the multiple of high voltage electrodes 11
provided parallel to the flowing water portion 7a,
to extend in a direction that intersects the flow d
ofthe treatmenttargetwater 6, in a position dist
the flowing water portion 7a of the grounding elect
Also,themultipleofhighvoltageelectrodes11Aa
parallel to each other across predetermined interva
configurations of the other units 20B, 20C, and 20D
same as that of the unit 20A, a description will be
The number of the unit 20, the number of the high v
electrode 11 in each unit 20, and the like, can be
appropriateinaccordancewithdimensionsofthetr
1, a necessary water treatment capacity, and the i
[0070]
The treatmenttank 1is such thatthe water supply
4is providedinthe upperface, and the water disc
5 is provided in a lowermost portion of a side face

thegassupplyport2isprovidedinanupperporti

ontally.

spect to
via an
e high

supply,

Ais

and so as
irection

ancedfrom

rode 7A.
reprovided
Is. As
are the
omitted.

oltage

set as
eatmenttank

ke.

port
harge port
. Also,

onofaside



37/85

face of the treatment tank 1. The units 20 are dis
thatthe flowdirectionofthetreatmenttargetwat
unit20disposedonanupperlevelsideandtheflo

of the treatment target water 6 in the unit 20 disp
lower level side neighboring the unit 20 on the upp
side are opposite directions. That is, the flow di
ofthetreatmenttargetwater6inunits20neighbo
vertical direction are opposite directions.

[0071]

As shown in Fig. 4, the unit 20A and the unit 20C
such that a left side end portion of each of the gr
electrodes7Aand7Cisfixedtoaleftsidefaceo
tank1,andrightsideendportionsofthegroundin
7A and 7C are distanced by a predetermined dimensio
rightsideface ofthetreatmenttank1. Thetreat
water 6 that passes over the flowing water portion
grounding electrodes 7A and 7C drops from aportion
grounding electrodes 7A and 7C and the right side f
distanced,andgasintheinteriorofthetreatment
flows through the same portion.

[0072]

Meanwhile, the unit 20B and the unit 20D are such
aright side end portion of each of the grounding e
7Band7Disfixedtotherightsidefaceofthetr

1, and left side end portions of the grounding elec

posed so
er6inthe
wdirection
osedona
er level
rections

ringinthe

are
ounding
fthetreatment
gelectrodes
n from a
menttarget
7aofthe
wherethe
ace are

tanklalso

that
lectrodes
eatmenttank

trodes 7B
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and7Daredistancedbyapredetermineddimensionf
sidefaceofthetreatmenttankl1. Thetreatmentt
6thatpassesovertheflowingwaterportion7aof
electrodes 7Band 7D drops from a portion where the
electrodes7Band 7D andtheleftsidefacearedis
gasintheinteriorofthetreatmenttank 1alsofl
thesameportion. Becauseofthis,thetreatmentt
6 supplied fromthe water supply port4dropsina
along the flowing water portion 7a of each of the g
electrodes 7A, 7B, 7C, and 7D (collectively referre
grounding electrodes 7) of the units 20, as shown i
[0073]
Also,asshowninFig.4,propellerunits21A,21B
and21D(collectivelyreferredtoaspropellerunit
areblowingmeans,are providedcorrespondingtoea
Each propeller unit 21 includes a bearing 21b provi
topenetratethetreatmenttank 1,amotor2laprov
exterior of the treatment tank 1 across the bearing
a fin 21c rotated by the motor 21a. The fin 21cis
at practically the same height as a vertical direct
installation position ofthe high voltage electrode
side face of the treatment tank 1 on the side from
grounding electrode 7 is distanced.
[0074]

Each propeller unit 21 is attached facing the oppo

romtheleft
argetwater
thegrounding
grounding
tanced,and
owsthrough
argetwater
zigzagform
rounding
dto as

n Fig. 4.

,21C,
s21),which
chunit20.
ded so as
idedonthe
21b,and
disposed
ion
11onthe

which the

sing
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high voltage electrode 11 so as to induce the gas f
a direction opposite to the flow direction of the t
target water 6. Also, each propeller unit 21 inclu
multiple of fins 21c so as to be able to cause the

Ato act over the whole region in the extension dir

each high voltage electrode 11A, 11B, 11C, and

(collectively referred to as high voltage electrode
Otherconfigurations arethe same asinthefirste
[0075]

Anoperationofthe watertreatmentdevice accordi

the second embodiment will be described. A predete

amount of oxygen gas is supplied from a gas supply
theinside ofthetreatmenttank 1throughthegas
2. As the treatment tank 1 does notinclude a gas
port in the second embodiment, an amount of gas ins
treatmenttanklequivalenttotheamountofoxygen
isdischargedtogetherwiththe treatmenttargetwa
the water discharge port 5. Because of this, air i
treatmenttank 1 is gradually discharged to the out
ahighoxygendensityatmosphereisformedinsidet
tank 1 after a predetermined time elapses.

[0076]

The treatment target water 6 is supplied to the in
of the treatment tank 1 from the water supply port

alongthe flowing water portion 7a ofthe grounding

low A in
reatment
des a
gas flow
ection of
11D
s 11).

mbodiment.

ngto
rmined
source to
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discharge
ide the
gassupplied
ter6from
nside the
side, and
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4, flows
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7A while forming the water film 10, and drops from
sideendportionofthegroundingelectrode 7Atoa
ofthegroundingelectrode7B. Subsequently,inth

the treatment target water 6 flows along the flowin
portion 7a of the grounding electrode 7B, the groun
electrode 7C, and the grounding electrode 7D sequen
eventually dropsto abottom portion of the treatme
andisdischargedfromthewaterdischargeport5.
process,oneportionofthetreatmenttargetwater

as water vapor, because of which a high oxygen dens
atmosphereincludingwatervaporisformedinthei

the treatment tank 1. Also, the thickness of the w
10isregulatedsothatagaslayerisformedbetwe

voltage electrode 11 and the water film 10. Theth

the water film 10 is regulated in accordance with t
ofthetreatmenttargetwater6suppliedorasurfa

of the upper face of the grounding electrode 7.

[0077]

Next, the propeller units 21 are activated, thereb
inducing the gas flow A inside the treatment tank 1
propeller unit 21 moves the gas inside the treatmen
thereby forming the gas flow A that intersects both
extension direction of the high voltage electrode 1
direction in which an electrical discharge propagat

flows in a direction opposite to the flow direction

the right
nupperface
esameway,
g water
ding
tially,
nttank 1,
Duringthis
6evaporates
ity
nterior of
ater film
enthehigh
ickness of
he amount

ceroughness

. Each
ttank 1,
the
1 andthe
es, and

of the
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treatmenttargetwater6. Furthermore,thepulsep

is activated, and a pulse voltage is applied to eac
voltage electrode 11. Because of this, an electric
discharge isformed fromthe high voltage electrode

the treatment target water 6 on the flowing water p

in each unit 20, and organic matter including a per
substanceisdegradedandremovedbythetreatment
6comingintocontactwiththeelectricaldischarge
processofflowingovertheflowingwaterportion7
treatment principle is the same as in the first emb

[0078]

Accordingtothe second embodiment, the gasflow A
intersects both the extension direction of the high
electrode 11 and the direction in which the electri
dischargepropagatesisinducedbythepropellerun
actasblowingmeansbeingactivated,becauseofwh
advantagesasinthefirstembodimentareobtained.
units 20 including the grounding electrode 7 and th
voltage electrode 11 are provided in the vertical d
and an electrical discharge is formed between the g
electrode 7andthe highvoltageelectrode 11 ofea
wherebythe areaof contactinwhichthe electrical
and the treatment target water 6 come into contact
increased with respect to that in the first embodim

when the installation area is smaller than in the f

owersupply
h high
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11toward
ortion 7a
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targetwater
duringthe
a. Awater
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embodiment,becauseofwhichfastandefficientwat
can be carried out.
[0079]
Third Embodiment
Fig.5isasectional view schematically showing a
configurationofawatertreatmentdeviceaccording
embodiment of the invention. The water treatment d
accordingtothethirdembodimentissuchthatthe
portion 7a of the grounding electrode 7 of each uni
inclined so as to become lower with respect to a ho
plane toward a downstream side of the flow directio
treatment target water 6. Also, grounding electrod
neighboringintheverticaldirectionareinclined
directions to each other, and the flow directions o
treatmenttargetwaterareopposed. Eachgrounding
7 is installed horizontally in the width direction.
treatment target water 6 flows sequentially down in
continuousflowofazigzagformalongtheflowing
7a of each inclined grounding electrode 7.
[0080]
Theleftside end portion of the grounding electro
is fixed to the left side face of the treatment tan
right side end portion is distanced by a predetermi
dimension from the right side face of the treatment

andtheleftsideendportionisheldinaposition
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therightside end portion. Also, therightside e
ofthe grounding electrode 7B is fixed to the right
ofthetreatmenttankl,theleftsideendportion
fromtheleftsideface ofthe treatmenttank 1, an
side end portion is held in a position higher than
sideendportion. Thereafter,thegroundingelectr
thegroundingelectrode7Darealternatelyprovided
way. As other configurations, an operation, and a
treatment principle of the water treatment device a
tothethirdembodimentarethesameasinthefirs
and the second embodiment, a description will be om
[0081]
Adegree ofinclination of the grounding electrode
the water treatment device according to the third e
canbedeterminedasappropriate. Generally,when
of inclination is increased, the thickness of the w
10decreases,whilethedownwardflowvelocityoft

targetwater6increases,andatimethetreatment

6 stays inside the treatment tank 1 becomes shorter

Consequently, the degree of inclination is desirabl

determined as appropriate with considerationtoas
treatment tank 1, the quality of the treatment targ
6, the amount of the treatment target water 6, and

[0082]

According to the third embodiment, in addition to
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same advantages as in the second embodiment, the gr
electrode 7 of each unit 20 isinclined, because of
thickness of the water film 10 decreases in compari
a case in which the grounding electrode 7 is dispos
horizontally. Because of this, a ratio of surface
respectto volume of the treatment target water 6 i
andthereactionsofformula(5),formula(6),and
occur more frequently, because of which fast and ef
water treatment is carried out.

[0083]
Fourth Embodiment

Fig.6isasectional view schematically showing a
configurationofawatertreatmentdeviceaccording
embodiment of the invention. The water treatment d
accordingtothe fourthembodimenthasacirculatio
whichisagascirculationpassage,andablower26
means,andguides22A,22B,22C,and22D(collectiv
to as guides 22), which are gas guiding members tha
gasflow, are provided above the high voltage elect
eachunit20. Asotherconfigurations, anoperatio
treatmentprinciple,andthelikeofthewatertrea
accordingtothefourthembodimentarethesameas
embodiment or the third embodiment, a description w
omitted.

[0084]
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As shown in Fig. 6, the treatment tank 1 is such t
a circulating gas exit 23 is provided in the upper
acirculatinggasdischarge port 24 is providedin
of a bottom portion of the right side face. The ci
pipe 25 is provided on the exterior of the treatmen
soastoconnectthecirculatinggasexit23andth
port 24, and the blower 26 is disposed partway alon
circulationpipe25. Inthefourthembodiment, the
port 24 is provided in a side face of the treatment
opposingadownstreamsideendportionofthetreat
water 6 in the unit 20D on the lowermost level, and
circulating gas exit 23 is provided in the upper fa
treatmenttank 1 opposing an upstream side end port
treatmenttargetwater6intheunit20Aontheupp
Also,thegassupplyport2isprovidedinavicini
portion of the left side face of the treatment tank

[0085]

The plate form guide 22A, which connects theright
faceofthetreatmenttanklandtheupperfaceof
tank 1, is installed parallel with the grounding el
on a side of the high voltage electrode 11A of the
opposite to that of the grounding electrode 7A. In
way, the guide 22B, which connects the left side fa
treatmenttank 1andthelowerfaceofthegroundin

7A,isprovidedintheunit20B,theguide 22C, whi

hat
face, and
avicinity
rculation
ttank 1
edischarge
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discharge
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menttarget
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ce ofthe
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unit 20A
the same
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gelectrode

chconnects
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therightside face ofthetreatmenttank 1andthe

of the grounding electrode 7B, is provided in the u
and the guide 22D, which connects the left side fac
treatmenttank 1andthelowerfaceofthegroundin
7C, is provided in the unit 20D.

[0086]

Inthe fourthembodiment, gasinside the treatment
1ltakeninfromthecirculatinggasexit23 passes
circulation pipe 25, and is discharged into a lower
thetreatmenttank 1fromthedischarge port24, by
26beingactivated. Because ofthis,thegasflow
insidethetreatmenttankl. ThegasflowAflows
opposite to the flow direction of the treatment tar
6alonganupperfaceofthegroundingelectrode 7D
enclosedbythegroundingelectrode7Dtheguide2
side faces (the left side face in Fig. 6 and front
directionsidefacesnotshowninthedrawing)oft
tank 1.

[0087]

Subsequently,thegasflowAsequentiallypassest
aregionenclosedbythegroundingelectrode7C,th
and side faces ofthe treatmenttank 1, and aregio
by the grounding electrode 7B, the guide 22B, and s
of the treatment tank 1, finally passes through a r

enclosedbythegroundingelectrode7A,theguide2

lowerface
nit 20C,
e of the

gelectrode

tank
throughthe
space of
the blower

Aisformed

inadirection

getwater
inaregion
2D,andthree
and back
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hrough
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egion

2A,andside
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faces of the treatment tank 1, and is taken in from
circulatinggasexit23. Inthisway,inthefourt

gas inside the treatment tank 1 is circulated by th

26, and the gasflow Aisinduced as a continuous f

the treatment tank 1.

[0088]

A material ofthe guide 22 is not particularly lim
butwhenametalmaterialsuchas,forexample,sta
isused, adistance between the guide 22 and the hi
electrode 11lisdesirably greaterthanadistanceb
grounding electrode 7 and the high voltage electrod
sodoing, anelectricaldischargeinanundesirable
berestricted. Also,whenaninsulatingbodysuch
orglassisusedfortheguide22,theguide22can
inproximitytothe highvoltageelectrode11. Con
theregionthroughwhichthegasflowApassescan
and an advantage is obtained in that a spark discha
restricted with a small amount of blown gas.

[0089]

Also, it not being essential that the blowing mean
theblower26,apump,afan,orthelikecanbeus
as the equipment is used with respect to a high hum
including ozone inside the treatmenttank 1, using

with excellent anti-corrosive properties is desirab

example, a pump, a blower, or the like coated with

the
hembodiment,
e blower

lowinside

ited,
inlesssteel
ghvoltage
etweenthe
ell. By
placecan
asaceramic
bedisposed
sequently,
benarrowed,

rge is

sis
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idity gas
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le. For
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polytetrafluoroethylene (PTFE) is preferably used.

[0090]

According to the fourth embodiment, in addition to
same advantages as in the first embodiment and the
embodiment, the gas flow Ainduced by one blower 26
to pass consecutively through four units 20, whereb
flowAiscausedtoactoverthewholeofanelectr
region including each high voltage electrode 11, be
which there is no need to provide the propeller uni
corresponding to the high voltage electrode 11 of e
20, as is the case in the third embodiment, and the
configurationis simplified. Also, turbulenceisr
bytheguide22beingprovided,andthegasflowA
withoutdissipating,becauseofwhichanadvantage
in that a spark discharge is restricted with a smal
of blown gas overall.

[0091]

Fifth Embodiment

Fig. 7 isasectional view schematically showing a
configurationofawatertreatmentdeviceaccording
embodiment of the invention. The water treatment d
accordingtothefifthembodimentissuchthatcirc
discharge ports 24A,24B, 24C,and 24D (collectivel
to as discharge ports 24) are provided in a side fa

treatmenttank 1opposingadownstreamsideendpor

the
third
iscaused
ythe gas
icaldischarge
cause of
t 21
ach unit
device
estricted
iscirculated
isobtained

| amount

main
toafifth
evice
ulationgas
yreferred
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tionofthe



49/85

treatment target water 6 in each unit 20, without p
the guide 22 of the water treatment device accordin
fourth embodiment. As other configurations, an ope
watertreatmentprinciple,andthelikeofthewate
device according to the fifth embodiment are the sa
the firstembodiment or the fourth embodiment, ade
will be omitted.

[0092]

As shown in Fig. 7, one end portion of the circula
pipe 25 is connected to the circulating gas exit 23
in the upper face of the treatment tank 1, and comm
with an intake portion of the blower 26. In the ri
face of the treatment tank 1, the discharge port 24
penetrates the treatment tank 1, is provided in a p
opposing the high voltage electrode 11A in a right
portionoftheunit20A,andthedischargeport24C
inapositionopposingthehighvoltageelectrodel
side end portion of the unit 20C.

[0093]

Also, intheleftside face ofthetreatmenttank
dischargeport24Bisprovidedinapositionopposi
voltage electrode 11B in a left side end portion of
20B, and the discharge port 24D is provided in a po
opposing the high voltage electrode 11D in a left s

portionoftheunit20D. Anotherendportionofth

roviding
g to the
ration, a
rtreatment
me as in

scription

tion
provided
unicates
ght side
A, which
osition
side end
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1Cinaright
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ngthehigh
the unit
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pipe 25 branches into a multiple of pipes, and is ¢
to each of the discharge ports 24A, 24B, 24C, and 2
discharge port 24 is formed in a long and thin slit
thatthegasflowAcomesintocontactuniformlyov
regionintheextensiondirectionofthehighvolta

11.

[0094]

The water treatment device according to the fifth

embodimentissuchthatgasinside the treatmentta
in from the circulating gas exit 23 passes through
circulationpipe25thatbranchestocorrespondto

(four in Fig. 7) of units 20, and is discharged fro
discharge port 24, by the blower 26 being activated

of this, the gas flow A is formed to flow along the
water portion of the grounding electrode 7 in a dir
opposite to the flow direction of the treatment tar

6, while coming into contact with the high voltage
11overthewholeregionintheextensiondirection
voltage electrode 11.

[0095]

According to the fifth embodiment, in addition to
same advantages as in the first embodiment, the cir
pipe 25 has a number of branches equivalent to the
units 20, and a spark discharge s restricted by th

A being discharged from the discharge port 24 forme

onnected
4D. Each
form so
erthewhole

geelectrode

nk 1taken
the
themultiple
m each
. Because
flowing
ection
get water
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ofthehigh
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culation
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egasflow
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side face of the treatment tank 1 corresponding to
voltageelectrodellofeachunit20,becauseofwh
22 ofthe fourthembodiment (referto Fig. 6) can b
andtheinternal configuration ofthe treatmenttan
simplified more than in the fourth embodiment.

[0096]
Sixth Embodiment

Fig. 8isasectional view schematically showing a
configurationofawatertreatmentdeviceaccording
embodiment of the invention. The water treatment d
according to the sixth embodiment is such that the
of the discharge ports 24 of the water treatment de
according to the fifth embodiment are partially cha
thatthedischargeports24Aand24Bandtheopposi
dischargeports27Band27Dareallprovidedinthe
faceofthetreatmenttankl. Thecirculationpipe
into four systems, and is connected to each of the
ports 24A and 24C and the oppositely oriented disch
27B and 27D. As other configurations, an operation
treatmentprinciple,andthelikeofthewatertrea
accordingtothe sixthembodimentarethesameasi
embodiment or the fifth embodiment, a description w
omitted.

[0097]

AsshowninFig.8,thewatertreatmentdeviceacc

the high
ichtheguide
e omitted,

k1canbe

main
toasixth
evice
positions
vice
nged, so
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to the sixth embodiment is such that the discharge port 24A
corresponding to the high voltage electrode 11A of the unit
20Aandthedischargeport24Ccorrespondingtothe highvoltage
electrode 11C of the unit 20C are provided in a sid e face of
the treatment tank 1 opposing a downstream side end portion
of the treatment target water 6 in the units 20A an d20C, and
formthegasflowAinadirectionoppositetothe flowdirection

of the treatment target water.

[0098]

Also, the oppositely oriented discharge port 27B
corresponding to the high voltage electrode 11B of the unit

20B and the oppositely oriented discharge port 27D

corresponding to the high voltage electrode 11D of the unit
20Dareprovidedinasidefaceofthetreatmentta nklopposing
an upstream side end portion of the treatment targe twater 6
intheunits20Band20D, andformangasflowA’i nadirection
the same as the flow direction of the treatment tar getwater
6.

[0099]

Inthe sixthembodiment, two each ofthe discharge port
24 andthereversely oriented discharge port27 are provided,
but the number of the discharge port 24 and the rev ersely
orienteddischargeport27installed,andaninstal lationratio
thereof, can be changed as appropriate with conside ration to

simplicity of device configuration, water treatment
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efficiency, and the like. In terms of an advantage

dissolving gas phase ozone and hydrogen peroxide in

treatmenttargetwater 6 inside the treatment tank
flow A, whichis an opposing flow, is desirable, bu
ofanadvantage ofwaterdropletsadheringtotheh
electrode 11 being blown away by the gas flow press
is no difference between the gas flow A and the gas

[0100]

According to the sixth embodiment, in addition to
same advantages as in the first embodiment and the
embodiment, the oppositely oriented discharge ports
27DthatformthegasflowA’inthesamedirection
directionofthetreatmenttargetwater6areprovi
the device configuration can be simplified while ob
certainadvantagerelatingtowatertreatmenteffic
alengthofthecirculationpipe25canbereduced
with the fifth embodiment.

[0101]

Seventh Embodiment

Fig.9isasectional view schematically showing a
configuration of a water treatment device according
seventhembodimentoftheinvention. Inthesecond
tothesixthembodiment,thegroundingelectrode7
eachunit20isofaplateform, butintheseventh

grounding electrodes 29A, 29B, 29C, and 29D (collec
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referredtoasgrounding electrodes 29) configuring
20 are of a hollow triangular cylinder form whose s
form is practically a right-angled triangle.

[0102]

The form and a disposition of the grounding electr
29 will be described in detail using Fig. 9. The g
electrode29issuchthatacross-sectionispracti
asaright-angledtriangle seenfromafrontsidei
of Fig. 9, the grounding electrode 29 is installed
inclined face on an upper side and a horizontal bot
on alower side, and a vertical face is positioned
face of the treatment tank 1. Ejection gas feed po
28B, 28C, and 28D (collectively referred to as ejec
feed ports 28) are provided in the vertical face.

[0103]

The grounding electrodes 29A and 29C are such that

vertical face positioned on a left side in Fig. 9i

the left side face of the treatmenttank 1, and an

end portion positioned on a right side is distanced

rightside face ofthetreatmenttank 1. Inthe sa

grounding electrodes 29B and 29D are such that the
facepositionedonarightsideisfixedtotherig

of the treatment tank 1, and an apex angle end port
positionedonaleftsideisdistancedfromthelef

ofthetreatmenttankl. Becauseofthis,thetrea

eachunit

ectional

ode

rounding
callyformed
ntheplane

with an

tom face
on aside
rts 28A,

tion gas

the
sfixedto
apexangle
from the
meway, the
vertical
htsideface
ion
tsideface
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water 6 flows down as a continuous flow along a flo
portion formed of the inclined face of each of the
electrodes 29A, 29B, 29C, and 29D.

[0104]

Also, the flowing water portion of the grounding

electrode 29 has a large number of minute holes 30
ventilating properties, and an gas flow biased by t
26isfedfromabacksurfacesideoftheflowingw

through each of the ejection gas feed ports 28, whe
treatment target water 6 is sprayed upward as minut
droplets 31 of or near a mist form, and a layer of

water droplets 31 of the treatment target water 6 i
above the flowing water portion. A dimension of th
hole30isdesirablyadiameterof0.1mmormore, 1

When the diameter is less than 0.1mm, the minute ho
liable to be blocked, and when the diameter exceeds
distribution of the gas flow occursin a cross-sect

minute hole 30, and forming the minute water drople
uniformly becomes difficult.

[0105]

Also, generally, adiameterofthe minute waterdr
3lisdesirablyl
diameterislessthanl
droplet 31 is small and the reaction of the formula

formula (7) immediately saturates, the efficiency o

wing water

grounding

that have
he blower
aterportion
reby the
e water
the minute
s formed
e minute
mmorless.
le 30 is
1mm,
ionofthe

ts 31

oplet

pmormore,1mmorless. Whenthewaterdroplet

pum,sincethevolumeoftheminutewater

(6) and

f the
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reactionisliabletodecrease,and whenthe diamet
1mm, there is a high possibility of a spark dischar
generatedwhentheminutewaterdroplet3ladheres
voltage electrode 11.

[0106]

The circulation pipe 25 communicating with the int
portion of the blower 26 is attached to the circula
exit23formedinthe upperface ofthetreatmentt
circulationpipe25connectedtoadischargesideo
26 branches to the left and right toward a downstre
The circulation pipe 25 branching on the left side
treatmenttank1furtherbranchesintofoursystems
connected one each to the gas feed ports 28A and 28
discharge ports 24B and 24D. Also, the circulation
branching on the right side of the treatment tank 1
branches into four systems, which are connected one
the communicating ejection gas feed ports 28B and 2
discharge ports 24A and 24C.

[0107]

When the blower 26 is activated in the water treat
deviceaccordingtotheseventhembodiment,onepor
taken into the circulation pipe 25 from the inside
treatment tank 1 via the circulating gas exit 23 is
thehollowinteriorofthegroundingelectrode 29t

ejectiongasfeedport28,anddischargedupwardfr

erexceeds
ge being
tothehigh

ake

ting gas
ankl. The
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am side.
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eachto
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holes 30 formed in each inclined face. At this tim
portion of the water film 10 flowing down the incli
ofthe grounding electrode 29 is sprayed upward as
water droplets 31. Atthe same time, one portion o
taken into the circulation pipe 25 from the inside
treatment tank 1 is discharged from each discharge
and forms the gas flow A in a direction opposite to
directionofthetreatmenttargetwater6éwithresp
high voltage electrode 11.

[0108]

Intheseventhembodiment,oneportionofthewate
10 formed by the treatment target water 6 flowing d
inclined face ofthe grounding electrode 29 is spra
as the minute water droplets 31, whereby an area of
betweenanelectricaldischargeformedbetweenthe
electrode 11andthe grounding electrode 29 and the
target water 6 increases. As aresult of this, the
of formula (5) occursfrequently. Also, the water
agitated whenthe gasis discharged from the minute
because of which the density of ozone, hydrogen per
organic matter, orthe like dissolvedinthe treatm
water6isuniformized,andthereactionofformula
frequently.

[0109]

Furthermore, the gas discharged from the minute ho

e, one
ned face
the minute
fthe gas
of the
port 24,
the flow

ecttoeach

rfilm
own the
yed upward
contact
highvoltage
treatment
reaction
film10is
holes 30,
oxide,
enttarget
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30hasbeentakeninfrominsidethetreatmenttank
ofwhichthegasincludesozoneandhydrogenperoxi
by an electrical discharge. By gas including ozone
hydrogen peroxide cominginto contactwith the wate
thereactionsofformula(6)andformula(7)occur
Consequently, owing to the minute water droplets 31
formed, the speed and efficiency of water treatment
in comparison with a case in which the minute water
31 are not formed.
[0110]
Owingtotheminutewaterdroplets31beingformed
droplets adhering to the high voltage electrode 11
butoneportionofgastakeninfrominsidethetre
1 is blown against the high voltage electrode 11 th
discharge port 24, because of which water droplets
tothehighvoltageelectrode11areblownawayby
pressure. Thatis,evenwhenwaterdropletsadhere
voltage electrode 11inaccompanimenttothe format
minute water droplets 31, the water droplets are sw
removed,becauseofwhichasparkdischargecanbe
In the seventh embodiment, gas fed to the ejection
port28isbiasedbytheblower26 ,butblowingmea
the minute water droplets 31 may be prepared separa
[0111]

Accordingtothe seventhembodiment,inadditiont

1,because
degenerated
and
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increase
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same advantages as in the first embodiment and the
embodiment, the minute holes 30 are provided in the
water portion of the grounding electrode 29, and th
waterdroplets31lareformedfromoneportionofth
10, whereby still more efficient and faster water t
can be carried out.
[0112]
Eighth Embodiment
Fig.10isasectionalviewschematicallyshowing
configuration of a water treatment device according
eighth embodiment of the invention. The water trea
device according to the eighth embodiment includes
circulation pipe 60 that causes the treatment targe
that flows down through the unit 20 to circulate in
treatmenttankl,andminutewaterdropletsupplym
formsthe treatmenttargetwater 6 into minute wate
andsuppliestheminutewaterdropletstothegasf
by blowing means (the blower 26 in Fig. 10).

[0113]

The water treatment device according to the eighth

embodiment includes one unit configured of the plat

grounding electrode 7 and a multiple of the high vo

electrodes 11. The treatment tank 1 is such that t

circulatinggasexit23isprovidedintheleftsid

the discharge port 24 thatinducesthe gas flow Ai

fifth
flowing
e minute
ewaterfilm
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amain
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at a height in the right side face between the high
electrode 11 and the grounding electrode 7. The ci

pipe 25 that connects the circulating gas exit 23 a
dischargeport24isprovidedontheexteriorofth

tank 1, and the blower 26 is disposed partway along
circulation pipe 25.

[0114]

Also, a water storage tank 62 that temporarily sto
the treatment target water 6 after treatment discha
the water discharge port5is provided on the exter
treatment tank 1. The water storage tank 62 has a
discharge port 63 in a bottom portion, and has a wa
circulationport64inanupper portion. Awaterc
pump65,andthe minutewaterdropletsupplymeans
further than the water circulation pump 65 to the d
port 24 side, are disposed in the water circulation
whichconnectsthewatercirculationport64andth
port 24.

[0115]

When the water circulation pump 65 is activated in
watertreatmentdeviceaccordingtotheeighthembo
treatment target water 6 from inside the water stor
62 takeninfromthe water circulation port 64 pass
the water circulation pipe 60, and is supplied to t

water droplet supply means 61. The treatment targe

voltage
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the

res
rged from
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suppliedtotheminutewaterdropletsupplymeans6
as minute water droplets 66 to the discharge port 2
supplied between the high voltage electrode 11 and
grounding electrode 7 together with gas discharged
discharge port 24.

[0116]

By one portion of the treatment target water 6 bei
supplied as the minute water droplets 66 to avicin
high voltage electrode 11 in this way, an area of ¢
betweenanelectricaldischargeformedbetweenthe
electrode 11 and the grounding electrode 7 and the
target water 6 increases. As aresult of this, the
of formula (5) occurs, and a slight amount of organ
remaining in the treatment target water 6 after tre
furtherdegradedandremoved. Also,thereactions
(6)andformula(7)occurfrequentlyowingtothem
droplets66 comingintocontactwithagasincludin
hydrogen peroxide. Consequently, owing to the minu
droplets 66 being supplied, the speed and efficienc
treatmentincreaseincomparisonwithacaseinwhi
water droplets 66 are not supplied.

[0117]

Owing to the minute water droplets 66 being suppli
water droplets adhering to the high voltage electro

increase, but gas taken in from inside the treatmen
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is blown against the high voltage electrode 11 thro ugh the
discharge port 24, because of which water droplets adhering
tothehighvoltageelectrodellareblownawayby thegasflow
pressure. Thatis,evenwhenwaterdropletsadhere tothehigh
voltage electrode 11inaccompanimenttothe format ionofthe
minute water droplets 66, the water droplets are sw iftly
removed,becauseofwhichasparkdischargecanbe restricted.
[0118]

The minute water droplet supply means 61 not being

particularlylimitedprovidedthatthetreatmentta rgetwater

6 can be formed into minute water droplets thereby, various
methods are applicable. For example, a shower nozz le, a
single-fluid nozzle, a two-fluid nozzle, an ultraso nic
oscillator, an ultrasonic homogenizer, a splashing mechanism
thatmechanicallysplashesthetreatmenttargetwat erétoform
water droplets, a recoil mechanism that drops the t reatment
target water 6, or causes the treatment target wate réto
collidewithawallface,toformwaterdroplets, 0 rthelike,

is applicable. A diameter of the minute water drop let 66 is

preferably 100 pm or less, as the minute water droplets 66 are
then diffused together with gas over a wide range o f the
treatment tank 10.

[0119]

Also,intheeighthembodiment,theminutewaterd roplet

supply means 61 is provided on the exterior of the treatment
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tank 1, butthe minute water droplet supply means 6
beinstalledintheinteriorofthetreatmenttank
case,theminutewaterdroplets66aresuppliedto

A generated by the blowing device 14 (refer to Fig.
interiorofthetreatmenttankl. Whentheminute
supply means 61lisinstalledinthe interior ofthe

tank 1, loss of the minute water droplets 66 due to
withaninnerwallofthe discharge port24 canbe

Also, inthe eighth embodiment, the treatment targe
thathasfloweddownthroughtheunitissupplieda
water droplets 66, but the same advantage can be ob
thetreatmenttargetwater6 beforetreatmentbeing
Also, the reactions of formula (6) and formula (7)
frequently when water other than the treatment targ
6issupplied, whereby anadvantageis obtainedin
treatmentefficiencyandwatertreatmentspeedare

[0120]

According to the eighth embodiment, in addition to
sameadvantagesasinthefirstembodiment,onepor
treatmenttargetwater6issuppliedbytheminute
supply means 61 to a vicinity of the high voltage e
11 as the minute water droplets 66, because of whic
fasterand more efficientwater treatmentcanbe ca

[0121]

Ninth Embodiment
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Fig.1lisasectionalviewschematicallyshowing
configurationofawatertreatmentdeviceaccording
embodiment of the invention. The water treatment d
according to the ninth embodiment of the invention
asinternalenvironmentmeasurementmeansofthetr
lathermometer70thatmeasuresatemperatureoft
targetwater6insidethetreatmenttank1,atherm
71 that measures a temperature and a humidity insid
treatmenttank1,electricalcharacteristicmeasure
72thatmeasureselectricalcharacteristicsofthe
electrode 11, and a photometer 73 that measures an
oflightemittedbytheelectricaldischarge18in
ofthe treatmenttank 1, and alsoincludes agasfl
unit 74 that regulates an amount of gas fed by blow
(the propeller unit 21 in Fig. 11) based on a resul
measurement by the internal environment measurement

[0122]

IntheexampleshowninFig.11,thethermometer?7

thermohygrometer 71, the electrical characteristic

measurement means 72, and the photometer 73 are inc

the internal environment measurement means, but it

sufficientthat atleastone oftheseisincluded.
thermohygrometer 71 maybeaninstrumentthatmeasu
one of the temperature or humidity (dew point) insi

treatment tank 1.

amain
toaninth
evice
includes
eatmenttank
hetreatment
ohygrometer
e the
mentmeans
highvoltage
intensity
theinterior
ow control
ing means
t of

means.

0,the

luded as
is
Also, the
reseither

de the



65/85

[0123]

As shown in Fig. 11, the thermometer 70 is provide
thegroundingelectrode7,andthethermohygrometer
photometer73areprovidedinanupperportionoft
ofthetreatmenttank1l. Also,theelectricalchar
measurementmeans72isprovidedinanelectricalw
connectsthehighvoltageelectrodellandapulse

75 on the exterior of the treatment tank 1. Signal

from the thermometer 70, the thermohygrometer 71, t

electrical characteristic measurement means 72, and
photometer 73 are each input into the gas flow cont
74. The gas flow control unit 74 controls the amou
gasflowAformedbythepropellerunit21basedon
received. As other configurations, an operation, a
treatmentprinciple,andthelikeofthewatertrea
accordingtothe ninthembodimentarethesameasi
embodiment, a description will be omitted.

[0124]

A procedure of controlling an amount of gas fed us
athermometer in the water treatment device accordi
ninth embodiment will be described using a flowchar
12. Firstly, in step S1, amounts of gas needed for
temperatures of the treatment target water 6 envisa
carrying out water treatment are obtained by measur

advance, and data onthe amount of gas needed with

din
7l1landthe
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the temperature of the treatment target water 6 are
the gas flow control unit 74. Water droplets forme
highvoltageelectrodellaresuchthatafrequency
andadimensionchangeinaccordancewithanamount
inthegasflowA, because ofwhichthefrequencyo
andthedimensionofwaterdropletsformedontheh
electrode 11 depend on a vapor pressure, that is, t
temperature, of the treatment target water 6.

[0125]

When the temperature of the treatment target water
increases,thefrequencyofwaterdropletformation
and the dimensionincreases, because of which anin
theamountofgasfedisneededinordertoblowaw
droplets using gas flow pressure. Meanwhile, when
temperature of the treatment target water 6 decreas
frequency of water droplet formation decreases, and
dimension decreases, because of which a small amoun
is sufficient. As the amount of gas needed is dete
depending on the temperature of the treatment targe
in this way, experiment is carried out in advance,
are saved.

[0126]

Next,instepS2,thetreatmenttargetwater6is
fromthe water supply port4, and water treatmenti

Continuing,whenthetreatmenttargetwater6isbe

savedin
d on the
offormation
ofmoisture
fformation
ighvoltage

he

increases,
creasein
aythewater
the
es, the
the
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rmined
twater 6

and data

supplied
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ingsupplied
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in step S3 (YES), the procedure advances to step S4
temperature ofthetreatmenttargetwater6ismeas
thermometer70. Continuing, instep S5, the gasfl

unit 74 acquires data saved in advance on the amoun
needed for the current temperature of the treatment
water 6,andinstep S6,the gasflowcontrolunit
acurrentamountofgasandthenecessaryamountof

in step Sb5.

[0127]

When the current amount of gas is smaller than the

necessaryamountofgasinstepS6(YES),theproce

to step S7, and the amount of gas is increased. Me
when the current amount of gas is greater than the
amountofgasinstep S6 (NO), the procedure advanc
S8,andtheamountofgasisreduced. Theheretofo
processiscontinuouslyordiscretelyrepeatedunti

of the treatment target water 6 ends in step S3.

[0128]

Next, a procedure of controlling an amount of gas
using the thermohygrometer 71 will be described usi
flowchart of Fig. 13. Firstly, in step S11, amount
neededforvarioustemperaturesandhumiditiesoft
Aenvisaged when carrying outwatertreatmentare o
measuringinadvance,anddataontheamountofgas

respectto the temperature and humidity of the gas

, and the
uredbythe
ow control
t of gas
target

74 compares

gasacquired

dureadvances
anwhile,
necessary
estostep
redescribed

lthesupply

fed

ng a
s of gas
hegasflow
btained by
neededwith

flowAare
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savedinthe gasflowcontrolunit74. Water dropl
on the high voltage electrode 11 are such that the
of formation and the dimension change in accordance
amount of moisture in the gas flow A, because of wh
frequency of formation and the dimension of water d
formed on the high voltage electrode 11 depend on't
of moisture in the gas flow A, that is, the tempera
humidity of the gas flow A.

[0129]

WhentheamountofmoistureinthegasflowAincr
the frequency of water droplet formation increases,
dimensionincreases,becauseofwhichanincreasei
of gasfedis needed in order to blow away the wate
using gas flow pressure. Meanwhile, when the amoun
moisture in the gas flow A decreases, the frequency
droplet formation decreases, and the dimension decr
because of which a smallamount of gas is sufficien
amountofgasneededisdetermineddependingonthe
andhumidityofthegasflowAinthisway,experim
out in advance, and data are saved.

[0130]

Continuing, in step S12, the treatment target wate
is supplied fromthe water supply port4, and water
isstarted. Next, whenthe treatmenttargetwater

suppliedinstepS13(YES),theprocedureadvances

etsformed
frequency
with the
ich the
roplets
he amount
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eases,
and the
ntheamount
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temperature
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treatment
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andthetemperature and humidity ofthegasflowA

by thethermohygrometer71. Continuing,instepS1
flow control unit 74 acquires data saved in advance
amountofgas needed forthe currenttemperature an
ofthe gas flow A, and in step S16, the gas flow co
74comparesthecurrentamountofgasandtheneces
of gas acquired in step S15.

[0131]

When the current amount of gas is smaller than the

necessary amount of gas in step S16 (YES), the proc
advances to step S17, and the amount of gas is incr
Meanwhile, whenthe currentamountof gasis greate
necessaryamountofgasinstepS16(NO),theproce
tostep S18,andtheamountofgasisreduced. The
describedprocessiscontinuouslyordiscretelyrep
the supply of the treatment target water 6 ends in
In the flowchart of Fig. 13, the example shown is s
theamountofgasiscontrolledusingtemperaturea
data of the gas flow A, but the amount of gas can a
controlledusingeitheroneofthetemperatureort

[0132]

Next, a procedure of controlling an amount of gas
usingtheelectricalcharacteristicmeasurementmea
be described using a flowchart of Fig. 14. In step

amountofgasneededwithrespecttoelectricalcha

ismeasured
5,thegas
on the
d humidity
ntrol unit

saryamount

edure
eased.
rthanthe
dureadvances
heretofore
eateduntil
step S13.
uch that
ndhumidity
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hehumidity.

fed
ns72will
S21, an
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input into the high voltage electrode 11 is obtaine
measuringinadvance,anddataontheamountofgas
respecttotheelectricalcharacteristicsaresaved

flow control unit 74. An electrical field distribu
between the high voltage electrode 11 and the groun
electrode 7 changes depending on a state of water d

formation on the high voltage electrode 11, as desc

the first embodiment. That is, because electrical

characteristics(voltage, current,and power)when
inputintothe high voltage electrode 11 fromthe p

supply 75 change depending on the state of water dr
formation on the high voltage electrode 11, the nec
amountofgasisdeterminedinaccordance withthe
characteristics.

[0133]

Continuing, in step S22, the treatment target wate
is supplied fromthe water supply port4, and water
isstarted. Next, whenthe treatmenttargetwater
suppliedinstepS23(YES),theprocedureadvances
and the electrical characteristics of the high volt
electrode 11 are measured by the electrical charact
measurement means 72. Continuing, in step S25, the
control unit 74 acquires data saved in advance on t
of gas needed for the current electrical characteri

the high voltage electrode 11, and in step S26, the

d by
neededwith
inthegas
tion
ding
roplet
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voltageis
ulse power
oplet
essary

electrical

reé
treatment
6isbeing
tostepS24,

age

eristic
gas flow

he amount
stics of

gas flow



71/85

control unit 74 compares the current amount of gas
necessary amount of gas acquired in step S25.

[0134]

When the current amount of gas is smaller than the

necessary amount of gas in step S26 (YES), the proc
advances to step S27, and the amount of gas is incr
Meanwhile, whenthe currentamount of gasis greate
necessaryamountofgasinstepS26(NO),theproce
tostep S28,andtheamountofgasisreduced. The
describedprocessiscontinuouslyordiscretelyrep
the supply of the treatment target water 6 ends in

[0135]

Also, as another control method using the electric
characteristicmeasurementmeans72,anamountofg
be controlled using a procedure shown in a flowchar
15. In step S31, electrical characteristics when a
discharge is generated at the high voltage electrod
obtained by measuring in advance, and threshold val
thereofare savedinthegasflowcontrolunit74.
dropletsareformedonthehighvoltageelectrodel
dischargeisgenerated,currentandpowerflowingi
voltageelectrodellaremomentarilyincreased. Co
a momentary increase of the electrical characterist
measured, whereby the generation of the spark disch

be detected.

and the
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[0136]

Next, in step S32, the treatment target water 6
supplied fromthe water supply port4, and water tr
started. Continuing, when the treatment target wat
being supplied in step S33 (YES), the procedure adv

step S34, and the electrical characteristics of the

voltage electrode 11 are measured by the electrical

characteristicmeasurementmeans72. Furthermore,
themeasuredelectricalcharacteristicsandthethr
of the electrical characteristics when a spark disc
generated saved in step S31 are compared.

[0137]

Whenthemeasuredelectricalcharacteristicsareg
thanthethresholddataoftheelectricalcharacter
a spark discharge is generated in step S35 (YES), a
discharge is being generated, because of which the
advances to step S36, and the amount of gas is incr
Meanwhile, when the measured electrical characteris
smallerthanthethresholddatainstepS35(NO),t
advances to step S37, and the amount of gas is redu
heretofore described process is continuously or dis
repeateduntilthesupplyofthetreatmenttargetw
in step S33.

[0138]

Next, a procedure of controlling an amount of gas
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using the photometer 73 will be described using a f

of Fig. 16. In step S41, an intensity of light emi

a spark discharge is generated is obtained by measu
advance,andthresholdvaluedatathereofaresaved
flow control unit 74. When water droplets are form
highvoltage electrode 11 andasparkdischargeis

the intensity of light emitted from the electrical

is momentarily increased. Consequently, a change i
intensity of light emitted from the electrical disc
measured, whereby the generation of the spark disch
be detected.

[0139]

Continuing, in step S42, the treatment target wate
is supplied fromthe water supply port4, and water
isstarted. Next, whenthe treatmenttargetwater
suppliedinstepS43(YES),theprocedureadvances
and the intensity of light emitted from the electri
discharge is measured by the photometer 73. Furthe
step S45, the measured intensity of light emitted a
threshold data of the intensity of light emitted wh
discharge is generated saved in step S41 are compar

[0140]

Whenthe measuredintensity oflightemittedisgr
thanthethresholddataoftheintensityoflighte

a spark discharge is generated in step S45 (YES), a
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discharge is being generated, because of which the procedure
advances to step S46, and the amount of gas is incr eased.
Meanwhile, when the measured intensity of light emi tted is
smallerthanthethresholddatainstepS45(NO),t heprocedure
advances to step S47, and the amount of gas is redu ced. The
heretofore described process is continuously or dis cretely
repeateduntilthesupplyofthetreatmenttargetw ater6ends
in step S43.

[0141]

Inthisway, thewatertreatmentdeviceaccording tothe
ninthembodimentcontrolstheamountofgasfedbas edonresults
of measurements by the thermometer 70, the thermohy grometer
71, the electrical characteristic measurement means 72, and
the photometer 73 acting as the internal environmen t
measurement means of the treatment tank 1, whereby aminimum
amountofthegasflowAneededforblowingawaywa terdroplets
adhering to the high voltage electrode 11 can const antly be
fedinaccordance withthe state inside the treatme nttank 1,
and power consumption of the propeller unit 21 can be
restricted.

[0142]

Furthermore, by the amount of gas fed being restri cted
totheminimum,powersuppliedtothegasflowApe runitvolume
canbeincreased,andafrequencyofaradicalint he gasflow

colliding with an inner wall of the treatment tank 1 and
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degrading can be restricted, because of which the a mount of
radicals in the gas flow per unit volume increases, the
reactionsofformula(6)andformula(7)canbecau sedtooccur
frequently, and fast water treatment can be carried out.

[0143]

Itnotbeingnecessarytoincludeallofthetherm ometer
70, the thermohygrometer 71, the electrical charact eristic
measurement means 72, and the photometer 73, the ga sflowmay
be controlled using any one thereof. However, comb ining a
multiple thereof enables the gas flow to be control led with
high precision, and a spark discharge can be reliab ly
restricted.

[0144]

General temperature measurement means such as a

thermocouple, a resistance thermometer, a non-conta ct
thermometer, a liquid-in-glass thermometer, or a bi metal
thermometercanbeusedasthethermometer70used intheninth
embodiment. Also,generaltemperaturemeasurement meanssuch
as a thermocouple, a resistance thermometer, a non- contact
thermometer,aliquid-in-glassthermometer,orabi metaltype,
and general humidity measurement means suchasane xtendable
type, a bimetal type, or an electric type, canbeu sed asthe

thermohygrometer 71.
[0145]

Also, general electrical characteristic measuremen t
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means such as a high voltage probe of a resistive v
divisiontype,aconversiontype,orthelike,acu
of an induction type or a current division type, or
usinganelectro-opticalormagneto-opticaleffect,
as the electrical characteristic measurement means
General light measurement means, such as means that
aphotoelectriceffectormeansthatutilizesasem
photodetector, can be used as the photometer 73.
[0146]
According to the ninth embodiment, in addition to
same advantages asinthe firstembodiment, theamo
gas flow A is optimized, whereby a spark discharge
efficiently restricted, and the power consumption o
propellerunit 21 can berestricted, inadditionto
amountofradicalsinthe gas flow per unitvolume
andfastwatertreatmentcanbe carriedout. Thee
of the invention can be freely combined, and each e
can be modified or abbreviated as appropriate, with

departing from the scope of the invention.
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CLAIMS

[Claim 1]

A water treatment device, comprising:

a grounding electrode having a planar flowing wate
portion that causes treatment target water to flow;

amultiple ofhighvoltage electrodesprovided par
with the flowing water portion in a position distan
the flowing water portion of the grounding electrod
as to extend in a direction intersecting a flow dir
the treatment target water;

aframehavingagassupplyportthatsuppliesag
generates aradical owing to an electrical discharg
the grounding electrode and the high voltage electr
asupplyportandadischargeportofthetreatment
and housing the grounding electrode and the high vo
electrode; and

blowing meansthatinduces agasflowinaninteri
the frame, wherein

the blowing means forms a gas flow with respect to
electrical discharge region from the high voltage e
toasurfaceofthetreatmenttargetwateronthef
portion,thegasflowintersectsanextensiondirec
highvoltageelectrodeandintersectswithextensio
oftheelectricaldischargewhichformedfromtheh

electrodetothe surface ofthe treatmenttargetwa

allel
ced from
e and so

ection of

asthat

e between

ode, and
targetwater,

Itage

or of

an
lectrode
lowingwater
tionofthe
ndirection
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flowing water portion.

[Claim 2]
Thewatertreatmentdeviceaccordingtoclaim1,w

the flowing water portion of the grounding electrod

inclined so as to become lower with respect to a ho

plane toward a downstream side of the flow directio

treatment target water.

[Claim 3]
Thewatertreatmentdeviceaccordingtoclaimlor

2, wherein the blowing meansisinstalled so as to

flow of a direction opposite to the flow direction

treatmenttargetwaterwithrespecttotheelectric

region.

[Claim 4]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 3, wherein a multiple of the frame are s

averticaldirection,aunitincludingthegroundin

and the high voltage electrode is housed in the int

each of the frames, and the flow directions of the

targetwaterintheunitsneighboringinthevertic

are the same direction.

[Claim 5]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 3, wherein a multiple of a unit includin

groundingelectrode andthehighvoltage electrode

herein
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rizontal
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claim
formagas
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aldischarge

claim
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gelectrode
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aldirection

claim
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inavertical directioninthe interior of the fram

flow directions of the treatment target water in th

neighboringintheverticaldirectionarethe same

[Claim 6]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 3, wherein a multiple of a unit includin

groundingelectrode andthe highvoltage electrode

inavertical directioninthe interior of the fram

flow directions of the treatment target water in th

neighboringintheverticaldirectionareopposite

[Claim 7]
Thewatertreatmentdeviceaccordingtoanyone of

1 to claim 6, wherein the blowing means is a blowin

havingablowingfan,orapropellerunithavinga

by a motor.

[Claim 8]
Thewatertreatmentdeviceaccordingtoclaim7,w

amultipleofaunitincludingthegroundingelectr

high voltage electrode are stacked in a vertical di

and the blowing means is installed in each of the u

[Claim 9]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 6, wherein the blowing means has a circu

passagethatconnectsacirculatinggasexitanda

gasdischargeportprovidedintheframeonanexte

e,andthe
e units

direction.

claim
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arehoused
e,andthe
e units

directions.

claim
g device

finrotated
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nits.
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lation
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frame, and a blower disposed partway along the circ
passage.
[Claim 10]
Thewatertreatmentdeviceaccordingtoclaim9,w
amultipleofaunitincludingthegroundingelectr
high voltage electrode are housed in a vertical dir
theinterioroftheframe,theflowdirectionsoft
targetwaterintheunitsneighboringinthevertic
areoppositedirections, thecirculatinggasexiti
in an upper face of the frame opposing an upstream
portion of the treatment target water in the unit o
uppermostlevelthecirculatinggasdischargeport
in a side face of the frame opposing a downstream s
portionofthetreatmenttargetwaterintheunito
level,andeachoftheunitshasagasguidingmemb
parallel to the grounding electrode on a side of th
voltageelectrodeoppositetothatofthegrounding
[Claim 11]
Thewatertreatmentdeviceaccordingtoclaim9,w
amultipleofaunitincludingthegroundingelectr
high voltage electrode are housed in a vertical dir
theinterioroftheframe,theflowdirectionsoft
targetwaterintheunitsneighboringinthevertic
areoppositedirections, thecirculating gasexiti

in an upper face of the frame opposing an upstream

ulation
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portion of the treatment target water in the unit o n an
uppermost level, and the circulating gas discharge port is
providedinasidefaceoftheframeopposingadow nstreamside
endportionofthetreatmenttargetwaterineacho ftheunits.
[Claim 12]

Thewatertreatmentdeviceaccordingtoclaim9,w herein
amultipleofaunitincludingthegroundingelectr odeandthe
high voltage electrode are housed in a vertical dir ectionin
theinterioroftheframe,theflowdirectionsoft hetreatment
targetwaterintheunitsneighboringinthevertic aldirection
areoppositedirections, thecirculating gasexiti sprovided
in an upper face of the frame opposing an upstream side end
portion of the treatment target water in the unit o n an
uppermostlevel, one portion ofamultiple ofthe c irculating
gas discharge port is provided in a side face of th e frame
opposingadownstreamsideendportionofthetreat menttarget
water in one portion of the units, a gas flow of a direction
opposite to the flow direction of the treatment tar getwater
is formed, another one portion of the multiple of t he
circulating gas discharge portis provided in a sid e face of
theframeopposinganupstreamsideendportionof thetreatment
target water in another one portion of the units, a nd a gas
flow of a direction the same as the flow direction of the

treatment target water is formed.

[Claim 13]
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Thewatertreatmentdeviceaccordingtoanyoneof
9toclaim12, whereinthe grounding electrode has
of minute holes in the flowing water portion, and a
minute waterdroplets of the treatmenttargetwater
above the flowing water portion by a gas flow biase
blower or other blowing means being fed from a back
of the grounding electrode.
[Claim 14]
Thewatertreatmentdeviceaccordingtoanyoneof
9toclaim12,whereinthecirculationpassageincl
waterdropletsupplymeansthatsupplieswaterdrop
by the treatment target water being atomized to a g
formed by the blower.
[Claim 15]
Thewatertreatmentdeviceaccordingtoanyoneof
1ltoclaim12,whereintheinterioroftheframein
waterdropletsupplymeansthatsupplieswaterdrop
by the treatment target water being atomized to a g
formed by the blowing means.
[Claim 16]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 15, comprising:

internal environment measurement means including a

leastone ofathermometerthat measures atemperat

treatment target water in the interior of the frame
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thermohygrometer that measures a temperature and a
in the interior of the frame, electrical characteri
measurementmeansthatmeasureselectricalcharacte
the highvoltage electrode, and aphotometer thatm
intensity of lightemitted by the electrical discha
interior of the frame; and

agasflow controlunitthatregulatesanamounto
fed by the blowing means based on a result of measu
the internal environment measurement means.

[Claim 17]

Awatertreatmentmethodwherebytreatmenttarget

and a gas that generates a radical owing to an elec
discharge are supplied to an interior of a frame in
grounding electrode and a high voltage electrode ar
an electrical discharge is generated between the gr
electrode and the high voltage electrode, and organ
in the treatment target water is degraded and remov
radical generated by the electrical discharge, the
treatment method comprising:
astepofcausingthetreatmenttargetwatertofi
a planar flowing water portion of the grounding ele
a step of applying a voltage to a multiple of the
voltage electrode provided parallel with the flowin
portioninapositiondistancedfromtheflowingwa

ofthe grounding electrode and so asto extendina

humidity
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easuresan
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intersecting a flow direction of the treatment targ

thereby generating the electrical discharge between

grounding electrode and the multiple of the high vo

electrode; and
astepofformingagasflowwithrespecttoanel

dischargeregionfromthe highvoltage electrodeto

of the treatment target water on the flowing water

the gas flow intersects an extension direction of t

voltage electrode and intersects with extension dir

the electrical discharge which formed from the high

electrodetothe surface ofthe treatmenttargetwa

flowing water portion.

et water,
the

Itage

ectrical
asurface
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