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DESCRIPTION

Titleofinvention:WATERTREATMENTDEVICEANDWATE

METHOD

Technical Field

[0001]

Thepresentinventionrelatestoawatertreatment
that carries out a desalination process on treatmen
water, and to a water treatment method.

Background Art

[0002]

Electrical desalination technology in which a wate
passage type electric double layer is used is known
existing method for a desalination process of remov
fromseawater, reclaimed water, orthelike. Fore
electrolytic capacitor type desalination device suc
liquid permeable, electrically insulating separator
disposed between a pair of electrodes, and an ion t
member is provided between the electrodes and the s
is presented in Patent Document 1.

[0003]

The kind of water treatment device in the existing
exampleissuchthatwhentreatmenttargetwateris

in a state wherein voltage is applied to the electr
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electric double layer is formed in the ion trapping
anions in the treatment target water collect on a p
electrode side and are adsorbed to an anion exchang
and cations collect on a negative electrode side an
adsorbed to a cation exchange member. In Patent Do
a mixture of activated carbon and an ion exchange m
used as the ion trapping member, and an increase in
adsorption force is achieved owing to an effect of
electrical attraction and chemical attraction.

[0004]

Theheretoforedescribedkind ofwatertreatmentd
issuchthatanadsorptionstepofcausingionsto
to an ion trapping member such as activated carbon,
carrying outadesalination process, and adesorpti
causinganionadsorption capacity oftheiontrapp
to recover need to be implemented alternately. In
desorption step, a charge between the electrodes is
by causing the electrodes to short circuit (or by a
reverse voltage), whereby ions adsorbed to the ion
member are desorbed, and the ion adsorption capacit
ion trapping member is caused to recover.
Citation List
Patent Literature

[0005]

Patent Document 1: Japanese Patent No. 3,893,740
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Summary of Invention
Technical Problem

[0006]

With the heretofore described kind of existing wat
treatmentdevice,thereisaprobleminthatscale
caused mainly by a component of the treatment targe
appearsonasurface ofthe electrode, the separato
trapping member, and the like, in accompaniment to
desalination process, causing desalination efficien
decrease. The scale and the biofilm need to be rem
regular cleaning or replacing of the heretofore des
members, and time is needed for maintenance.

[0007]

Theinvention,havingbeencontrivedinordertor
the heretofore described kind of problem, has an ob
providingawatertreatmentdeviceandawatertrea
such that scale and a biofilm that cause a decrease
desalination efficiency can be efficiently removed,
desalination efficiency can be maintained.
Solution to Problem

[0008]

A water treatment device according to the inventio
includes at least one pair of electrodes disposed d
fromeachotherandopposing,anelectricallyinsul

permeable separator provided between the pair of el
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an electrically insulating receptacle that houses t
electrodes and the separator, and conductive porous
having fluidity, disposed one each inamultiple of
thereceptaclecompartmentalizedbytheseparator,
receptacle has atreatmenttarget water introductio
through which treatment target water is introduced
receptacle, and a backwashing fluid introduction po
through which a backwashing fluid is introduced int
receptacle from a direction differing from that of
treatmenttargetwater,inadditiontohavingaspa

the conductive porous membersare notdisposedino

of the same spaces as those in which the conductive
members are disposed.

[0009]

A water treatment method according to the inventio
provides an electrically insulating, water permeabl
separator between at least one pair of electrodes h
an electrically insulating receptacle, disposes con
porous members havingfluidityinamultiple of spa
receptaclecompartmentalizedbytheseparator,ina
having aspace in whichthe conductive porous membe
disposed in one portion of the same spaces as those
the conductive porous members are disposed, and alt

carriesoutanadsorptionstepofintroducingtreat

waterintothereceptacleinastatewhereinvoltag
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between the electrodes, thereby causing ionsinclud

treatmenttargetwatertobeadsorbedtotheconduc

members, and a desorption step of releasing a charg

accumulated between the electrodes, thereby causing
adsorbed to the conductive porous members to be des
whereinabackwashingfluidisintroducedintothe
from a direction differing from that of the treatme
water in the desorption step, thereby causing the ¢
porous members to flow.
Advantageous Effects of Invention
[0010]
Accordingtothewatertreatmentdeviceaccording
invention, a space in which no conductive porous me
disposed is provided in one portion of the same spa
receptacle as spaces in which conductive porous mem
disposed, and a backwashing fluid is introduced fro
direction differing from that of treatment target w
causingthe conductive porousmemberstoflow, wher

oftheconductiveporousmembersareagitated,and

other grains of the conductive porous members or wi

electrodesoraseparator,becauseofwhichscalea
appearing on surfaces of the grains of the conducti
members,theelectrodes,ortheseparatorcanbeea
and desalination efficiency can be maintained.

Also, accordingtothewatertreatmentdeviceacco
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totheinvention,aspaceinwhichnoconductive po

is disposed is provided in one portion of the same
areceptacle asspacesinwhich conductive porousm
disposed, and a backwashing fluid is introduced fro
direction differing from that of treatment target w
thereceptacle,causingtheconductiveporousmembe
inadesorption step, whereby grains ofthe conduct
members are agitated, and collide with other grains
conductive porous members or with electrodes oras
because ofwhich scale and a biofilmappearingons

the grains of the conductive porous members, the el

or the separator can be easily removed, and desalin
efficiency can be maintained.

Otherobjects,characteristics,aspects,andadvan
ofthe invention willbecome more apparentfromthe
detailed description of the invention, which refere
drawings.

Brief Description of Drawings

[0011]

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

[Fig.2]Fig.2isadiagramshowingamainconfig
in a horizontal cross-section of the water treatmen

according to the first embodiment of the invention.
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[Fig. 3] Fig. 3 is a diagram showing an overall
configuration of the water treatment device accordi
first embodiment of the invention.

[Fig.4]Fig.4isadiagramshowinganexampleof
treatmentsysteminwhichthewatertreatmentdevic
to the first embodiment of the invention is used.

[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 modi
example ofthe watertreatmentdevice accordingto
embodiment of the invention.

[Fig.7]Fig.7isadiagramshowingamainconfig
in a horizontal cross-section of a water treatment
according to a third 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 the water treatment device accordi
fourth embodiment of the invention.

[Fig. 10] Fig. 10 is a diagram showing a configura
of a first stage water treatment unit of a water tr
device according to a fifth embodiment of the inven

[Fig. 11] Fig. 11 is adiagram showing a configura
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of asecond stage water treatment unit of the water
device according to the fifth embodiment of the inv

[Fig. 12] Fig. 12 is a diagram showing an overall
configurationofawatertreatmentdeviceaccording
embodiment of the invention.

[Fig. 13] Fig. 13 is a perspective view showing a
configuration of the water treatment device accordi
sixth embodiment of the invention.

[Fig. 14] Fig. 14 is a sectional view showing a ma
configuration of the water treatment device accordi
sixth embodiment of the invention.

[Fig. 15] Fig. 15 is a diagram showing a process f
ofthewatertreatmentdeviceaccordingtothesixt
of the invention.
Description of Embodiments

[0012]
First Embodiment

Hereafter, based on the drawings, a water treatmen
device according to afirst embodiment of the inven
bedescribed. Fig.lisadiagramschematicallysh
configuration of the water treatment device accordi
firstembodiment, Fig. 2 is a perspective view sche
showingamainconfigurationinahorizontal cross-
thewatertreatmentdeviceshowninFig.1,Fig.3

view showing an overall configuration of the water
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deviceshowninFig.1,andFig.disadiagramsho
ofawatertreatmentsysteminwhichthewatertrea
showninFig.lisused. Inallthedrawings,the

signs are allotted to identical or corresponding po

[0013]

A water treatment device 1 is used in a desalinati

processthatreducesanionconcentrationintreatm
water. Apairofelectrodes2aand 2b (collectivel
to as electrodes 2), which are collectors, are disp
opposing and distanced from each other, and are con
adirectcurrentpowersupply4viaelectrodetermi
3b (collectively referred to as electrode terminals
respectively. An electrically insulating, water pe
separator 5 is provided between the pair of electro
wherebytheelectrodes2aand2bareelectricallyi
each other.

[0014]

The electrodes 2 are of a structure like, for exam
a bamboo tube divided into two portions along a cen
thereof, wherein a cylindrical space portion having
portionsinavertical directionis formed by thet
portions being caused to oppose and brought togethe
is,eachofthe pairofelectrodes 2hasasectiona
isbentintoasemi-circle. Inthefirstembodimen

ofelectrodes 2areformedintegrallyacrossthe se

winganexample
tmentdevice
samereference
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which is of a plate form or a sheet form.

[0015]

The electrodes 2 and the separator 5 are housed in
electrically insulating receptacle 9, and conductiv
members 7a and 7b (collectively referred to as cond
porous members 7) having fluidity are disposed in a
ofspacesinsidethereceptacle9,whichiscompart
by the separator 5. A disc-form holding body 6 hav
permeability isdisposedin one aperture portion (a
portionin Fig. 3) of the cylindrical space portion
thepairofelectrodes2. Alowerendportionoft
5isjoined to the holding body 6, and the conducti
members 7 are held by the holding portion 6.

[0016]

The receptacle 9 has a treatment target water

introductionportion9a,throughwhichtreatmentta
Wlisintroducedintothereceptacle9,andabackw
introductionportion9b, throughwhichabackwashin
introduced into the receptacle 9 from a direction d

from that of the treatment target water W1. Also,
predetermined amount of the conductive porous membe
loadedintothetwospaceportionsconfiguredofth

2, the separator 5, and the holding body 6, whereby

of the conductive porous members 7 is formed, and a

of a predetermined volume is formed above the layer
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conductive porous members 7. In the following desc
aregion configured ofthe electrodes 2, the separa
thelayerofthe conductive porousmembers7inthe

9 is called an “electrode portion”.

[0017]

Thatis, the receptacle 9 has the space 8, in whic
conductive porous members 7 are not disposed, in on
ofthesamespacesasthespacesinwhichthecondu
members 7 are disposed. The space 8 is provided be
conductive porous members 7 and the treatment targe
introduction portion 9a. The volume of the space 8
volume needed in order that the conductive porous m
canexpandduetofluidity,andaresufficientlyag
backwashing is carried out, is 1% to 50%, or more d
5% to 35%, of a volume of the conductive porous mem

[0018]

Acorrosion-resistantmetalsuchastitanium, stai
steel,orplatinum,orachemicallystableconducti
such as a carbon sheet or a carbon fiber sheet, is
theelectrodes2. Anelectricallyinsulating,wate
porous material such as filter paper, a non-woven f
foamed material, or a porous film is used for the s
5. Aninsulatingsealingmember,aframemember,o
is preferably disposed on a periphery of the separa

forming a structure joined to both the electrodes 2

ription,
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holding body 6. Amesh size ofthe separator5is
smallerthanagrain diameter of granular activated
order to maintain insulation. Also, a thickness of
separator 5 is not particularly limited, but is arb
selected from a range of, for example, 0.05 mmto 1

[0019]

A porous material with high water permeability is
forthe holdingbody 6. Asthe holdingbody 6 need
insulation with the electrodes 2, an insulating mat
selected. Alternatively, a sealing member or a fra
formed of an insulating material is disposed betwee
holdingbody6andtheelectrodes2. Furthermore,
whereintheelectrodes2,theseparator5,andthe
6 are integrally joined may be adopted, and the ele
may be configured as one portion of the receptacle
a holding body the same as the holding body 6 insta
lower portion of the receptacle 9 may be providedi
end portion of the space 8.

[0020]

Aporous,conductivematerialwithahighionadso
capacity,suchasgranularactivatedcarbon,fibrou
carbon, pellet form activated carbon, or powdered a
carbon, is used for the conductive porous members 7
diametersuchthattheconductive porousmembers?7

throughthe separator5orthe holdingbody 6, and

preferably
carbonin
the
itrarily

0 mm.
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a spherical form that is unlikely to cause clogging
separator 5 or holding body 6, are selected as the
diameter and form of the conductive porous members
particular,granularactivatedcarbonofacoalbas
husk base, a wood base, or the like, is preferably
average grain diameter of the activated carbon is O
5 mm, or more desirably, 0.3 mm to 2.5 mm.

[0021]

Owingtotheheretoforedescribedkind of configur
being adopted, the conductive porous members 7 do n
throughtheseparator5ortheholdingbody6,beca
insulation between the electrodes 2a and 2b is main
Also, by the holding body 6 also being provided abo
electrode portion, the conductive porous members 7
prevented from flowing out from the receptacle 9 vi
backwashingfluiddischargepipel9whenbackwashin
out.

[0022]

Inthefirstembodiment, the cylindrical electrode
dividedintotwoinanaxialdirectionbythe separ
the cylindrical electrode 2 can be more finely divi
thiscase, the electrode 2 is preferably divided in
numberofportions,andwhendividedintofourorm
positive electrodes and negative electrodes are pre

disposed alternately. Also, the electrode 2 may be
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in a vertical direction in the axial direction, and
case too, positive electrodes and negative electrod
preferably disposed alternately. By so doing, the
targetwater\Wlistreatedalternatelybythecondu
member 7a on the positive electrode side and the co
porous member 7b on the negative electrode side whe
inthe axialdirection, because ofwhichionsaree
removed from the treatment target water W1.

[0023]

Theoverallconfigurationofthewatertreatmentd
1 according to the first embodiment will be describ
Fig. 3. A treatment target water introduction pipe
connectedviatreatmenttargetwaterintroductionm
atreatmenttargetwatertank11,inwhichthetrea
waterW1lisstored,andthetreatmenttargetwater
portion 9a in an upper portion of the receptacle 9.
treatmenttargetwaterintroductionmeans 13is, fo
a liquid feeding pump.

[0024]

The lower portion of the receptacle 9 is connected
a desalinated water discharge pipe 14 to a desalina
tank 15, and treated water W2, which is the treatme
waterWlafterbeingtreated,isstoredinthedesa
tank 15. The desalinated water discharge pipe 14 i

switching valve 14a. Also, a backwashing fluid int
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pipe 16isconnectedviabackwashingfluidintroduc

17 and the desalinated water discharge pipe 14 abov
switching valve 14ato the desalinated water tank 1
backwashing fluid introduction portion 9b. The bac
fluidintroductionmeans 17is, forexample, aliqu

pump.

[0025]

The backwashing fluid introduction portion 9b may
provided in a place differing from a place in which
receptacle 9 and the desalinated water discharge pi
connected. Also,thedesalinatedwaterdischargep
thebackwashingfluidintroductionpipelémaybes
the switching valve 14a as a passage switching valv

[0026]

Thebackwashingfluiddischarge pipe 19fordischa
backwashing water W3, which is a backwashing fluid,
connected to the upper portion of the receptacle 9.
inwhichthe backwashingfluid discharge pipe 19is
to the receptacle 9 may be shared with the treatmen
waterintroductionportion9a. Avalvemaybedisp
of the treatment target water introduction pipe 12,
backwashing fluid introduction pipe 16, and the bac
fluid discharge pipe 19, and a water flow controlle
openingand closing ofthe valves. Aconfiguration

either or both of the treatment target water tank 1
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desalinated water tank 15 are not installed may be

[0027]

Also, inthe example showninFig. 3, the treated
W2isusedasthebackwashingfluid,butthebackwa
not being limited to this, is selected from water,
mixture thereof, or the like. When water is used a
backwashingfluid,thetreatmenttargetwaterWl1or
water W2 is desirably used, but water may also be s
introduced fromthe exterior ofthe water treatment
Whenagassuchasair, nitrogengas, oxygengas, o
isusedasthebackwashingfluid,gassupplyingequ
asagas canisteroracompressoris usedforthe b
fluid introduction means 17. By a mixture of water
beingused asthe backwashingfluid, airbubblesco
the electrodes 2, the separator 5, or the conductiv
members 7, whereby a detachment of scale or a biofi
promoted.

[0028]

Furthermore, the water treatment device 1 accordin
the firstembodiment, inadditionto beingusedalo
object of a desalination process, can also be confi
forexample, the kind of water treatment system sho
4. The water treatment system shown in Fig. 4 incl
addition to the water treatment device 1, a biologi

treatment device 20, an ozone treatment device 21,

adopted.
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osmosismembranetreatmentdevice22,andanadvanc edoxidation
treatment device 23. Treatment target water introd uction
pipes 12a, 12b, and 12c are connected via the biolo gical
treatment device 20 and the ozone treatment device 21tothe
watertreatmentdevicel,anddesalinatedwaterdis chargepipes
14b,14c,and14dareconnectedviathereverseosm osismembrane
treatmentdevice22andtheadvancedoxidationtrea tmentdevice

23 to the water treatment device 1.
[0029]

Also, the water treatment system may be of a

configurationsuchthatany one ormore devicessel ectedfrom
thebiologicaltreatmentdevice20,theozonetreat mentdevice
21,thereverse osmosis membranetreatmentdevice 2 2,andthe
advanced oxidationtreatmentdevice 23 are addedto thewater
treatment device 1. The order in which the water t reatment
device 1andthereverse osmosis membrane treatment device 22
aredisposedmaybereversed. Adevicethatcombin esastandard
activated sludge method and sand filtration, a memb rane
separationbioreactor,orthelike,isusedforthe biological
treatment device 20. Also, commonly known technolo gy can be
used for the ozone treatment device 21, the reverse 0sSmosis
membrane treatment device 22, and the advanced oxid ation

treatment device 23.
[0030]

Next, an operation of the water treatment device
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according to the first embodiment will be described

into an adsorption step of causing ions included in
treatment target water W1 to be adsorbed to the con
porous members 7, and a desorption step of releasin
accumulated betweentheelectrodes2aand 2b, there
ionsadsorbedtotheconductiveporousmembers7to

In the adsorption step, a voltage is applied betwee
electrodes 2a and 2b from the direct current power
via the electrode terminals 3, and with the switchi
14ain an opened state, the treatment target water

in the treatment target water tank 11 is introduced
electrodeportionfromthetreatmenttargetwateri
portion9ausingthetreatmenttargetwaterintrodu

13.

[0031]

The treatmenttargetwater W1 inwhich variouskin
ion such as sodium ions (Na ™), calciumions (Ca
ions(Cl  7),ornitrateions(NO
theconductiveporousmembers7layeroftheelectr
At this time, a voltage of 0.4 V to 5 V, desirably
1.3V, is applied between the electrodes 2a and 2b
direct current power supply 4, whereby the ions are
to the conductive porous members 7. The kind of io
depending onthe quality and the like of the treatm

water W1, and is not particularly limited.
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[0032]

Cations, such as sodium ions or calcium ions, are

adsorbed to the conductive porous member 7b on the negative
electrode2bside,andanions,suchaschlorineion sornitrate
ions, are adsorbed to the conductive porous member 7aonthe
positive electrode 2a side. Because of this, the t reatment
targetwater Wlisdesalinated while flowingdown t hroughthe
conductiveporousmembers7layer. Thetreatedwat erW2after
treatment passes through the holding body 6, passes through
thedesalinatedwaterdischargepipe 14fromthelo werportion
of the receptacle 9, and is stored in the desalinat ed water
tank 15.

[0033]

Meanwhile, the desorption step is carried out when the
ion adsorption capacity of the conductive porous me mbers 7
decreases. In the first embodiment, backwashing of the
conductiveporousmembers7iscarriedoutsimultan eouslywith
the desorption step, and the treated water W2 store dinthe
desalinated water tank 15 is used as the backwashin g fluid.
Inthedesorptionstep,the switchingvalve 14ais closedand,
inastatewhereintheelectrodes2aand2baresho rt-circuited
(orareversevoltageisappliedtotheelectrodes 2aand2b),
the treated water W2 stored in the desalinated wate rtank 15
isintroducedintothereceptacle9fromthebackwa shingfluid

introductionportion9bofthelowerportionofthe receptacle



20/55

9, using the backwashing fluid introduction means 1

[0034]

WhenthetreatedwaterW2,whichisthebackwashin
isintroducedintotheelectrodeportionfromthel
of the receptacle 9, the conductive porous members
and flow so as to leap upward owing to the treated
because the space 8 is provided above the conductiv
members 7, and desorption of ions adsorbed to the ¢
porous members 7 is promoted. Furthermore, grains
agitatedconductiveporousmembers7collidewitho
of the conductive porous members 7 or with the elec
or the separator 5, whereby scale or a biofilm appe
the surfaces of the grains of the conductive porous
7 theelectrodes2,ortheseparatorsismechanic
Also, owing to the backwashing, impurities accumula
surfaces of the conductive porous members 7 facing
8 are discharged to the exterior of the receptacle
backwashing fluid discharge pipe 19, and clogging o
conductive porous members 7 is eliminated.

[0035]

A flow speed of the backwashing fluid for backwash
the conductive porous members 7 is aspeed sufficie
conductiveporousmembers7layertoexpandandthe
porous members7tobe fluidized. Forexample, whe

activated carbonis usedforthe conductive porous

ofluid,
owerportion
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onductive
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thergrains
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a linear speed of the backwashing fluid is 0.002 m 3/(min @)
to 0.8 m 3/(min [@F), or more desirably 0.01 m 3/(min mf) to 0.2

mt/(min @), whereby the desorption step can be carried out

efficiently.

[0036]

A description has been given here of a case in whi ch
backwashing ofthe conductive porousmembers7isc arried out
simultaneously with the desorption step, but backwa shing of
the conductive porousmembers 7 maybeimplemented separately
from the desorption step. However, by the backwash ing fluid
being introduced into the electrode portion from a direction
differing from that of the treatment target water W 1, an
electricdoublelayeriseliminated,andthedesorp tionofions
from the conductive porous members 7 is promoted, b ecause of
which time taken for the adsorption step is shorten ed.

[0037]

Also, in the first embodiment, a case in which the

treatmenttargetwaterintroduction portion9aisp rovidedin
the upper portion ofthe receptacle 9isgivenasa nexample,
but a treatment target water introduction portion m ay be
provided in the lower portion of the receptacle 9, and the
treatment target water W1 may be introduced from be low the
electrodeportionintheadsorptionstep. Anelect ricalfield
changes gradually from the positive electrode towar d the

negative electrode between the electrodes 2a and 2b , because
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of whichthe conductive porous members 7 inavicin
electrodes2adsorbionsmoreeasilythanthecondu
members7inavicinityoftheseparator5,andvar
intheamountofionsadsorbedbytheconductivepo
7.
[0038]
Inresponsetothiskindofproblem,thetreatment
waterW1lisintroducedfrombelowtheelectrodepor
adsorption step, whereby the conductive porous memb
a vicinity of the electrodes 2 can be moved to a vi
the separator 5, and the conductive porous members
vicinity of the separator 5 can be movedto avicin
electrodes 2, owing to the fluidity of the conducti
members 7. Because of this, variation in the amoun
adsorbed by the conductive porous members 7 in the
portioniseliminated,andtheamountofionsadsor
can be increased.

[0039]

The water treatment device 1 according to the firs

embodimentcanbeofaconfigurationthatincludes
ofawatertreatmentunitconfiguredofthe pairof

2, the separator 5, the conductive porous members 7
receptacle 9. In this case, the electrodes 2 of ea
treatment unit may be connected using a switching c

(omittedfromthedrawings),andacharge accumulat
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the electrodes 2a and 2b of a water treatment unit
the desorption step is carried out may be supplied
electrodes2ofawatertreatmentunitinwhichthe

step is carried out. Because of this, a voltage is
betweenthe electrodes 2a and 2b of a water treatme
which the adsorption step is started, and used as e
energy needed for the desalination process.

[0040]

in which
to the
adsorption
applied
ntunitin

lectrical

According to the water treatment device and water

treatment method according to the first embodiment,

heretofore described, the space 8 in which the cond
porous members 7 are not disposed is provided in on

of the same spacesinthe receptacle 9 as the space

the conductive porousmembers 7 aredisposed,theb
fluid is introduced into the electrode portion in t
receptacle 9 from a direction differing from that o
treatment target water W1, and the conductive porou

7 are caused to flow, whereby the grains of the con
porous members 7 are agitated, and collide with oth

of the conductive porous members 7 or with the elec
or the separator 5, because of which scale and a bi
appearingonthesurfacesofthegrainsofthecond
members 7, the electrodes 2, orthe separator 5 can
removed, and desalination efficiency can be maintai

[0041]
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Also, by the conductive porous members 7 being

sufficientlyagitated, the desorption ofionsadsor bedtothe
conductive porous members 7 is promoted, and the ti me needed
for the desorption step can be shortened in compari son with
thatneededtodate. Furthermore,byanappropriat esizebeing
adoptedforthevolumeofthespace8,leakageoft heconductive
porous members 7 when backwashing can be restricted , and
clogging of the conductive porous members 7 is elim inated by
the backwashing. According to the first embodiment , forthe
abovereasons,awatertreatmentdevice suchthatm aintenance
is easy, and ion adsorption capacity, that is, desa lination

efficiency, can be maintained, is obtained.

[0042]

Also, as a configuration including a multiple of w ater
treatmentunits,achargeaccumulatedinawatertr eatmentunit
in which the desorption step is carried out is supp liedtoa
water treatment unitin which the adsorption step i scarried
out, whereby power can be recovered, and the amount of power

consumption needed for driving can be restricted.

[0043]
Second Embodiment

Fig. 5 is a diagram schematically showing a main
configurationofawatertreatmentdeviceaccording toasecond
embodiment of the invention, and Fig. 6 is a diagra m showing

amodifiedexampleofthewatertreatmentdevicesh owninFig.
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5. The water treatment device according to the sec ond
embodiment is such that the pair of electrodes 2 an d the
separator5aredisposedinconcentriccircles. In thesecond
embodiment too, in the same way as in the first emb odiment,
atreatmenttargetwaterintroductionportionispr ovidedabove
theconductiveporousmembers7layer,andaspace forallowing

the conductive porous members 7 to flow when backwa shing is
provided between the conductive porous members 7 an d the

treatment target water introduction portion.
[0044]

The water treatment device according to the second

embodimentincludesacylindricalelectrode(theel ectrode2b),
andacentralelectrode(theelectrode2a)provided onaninner
side of the cylindrical electrode and coaxial with the
cylindrical electrode, as the pair of electrodes 2. The
separator 5 of a cylindrical form is disposed coaxi ally with
the cylindrical electrode between the cylindrical e lectrode
and the central electrode. The central electrode a nd the
cylindricalelectrode are connectedbyinsulatedwi restothe
direct current power supply 4 via the electrode ter minals 3a

and 3b respectively.

[0045]

Also, in the modified example shown in Fig. 6, the
receptacle9ofacylindricalformisalsodeposite dcoaxially

on an outer side of the cylindrical electrode of th e water
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treatmentdeviceshowninFig.5,andaconductive

7cis also disposed in a gap portion between the cy
electrode andthereceptacle9. The modifiedexamp
that by the receptacle 9 being provided on the oute
the cylindrical electrode, insulation of a device o

peripheral portion is maintained. Also, by the con

porous member 7c¢ being deposited between the cylind

electrode and the receptacle 9, the amount of the ¢
porousmembers7heldinthewatertreatmentdevice
andthefrequencyofreplenishingorreplacingthe
porous members 7 canbereduced. Asotherconfigur
the same as in the first embodiment, a description
omitted.

[0046]

According to the second embodiment, in addition to
same advantages as in the first embodiment, the cyl
electrode can be used as one portion of the recepta
the central electrode, the separator 5, and the cyl
electrode being disposed concentrically, and assemb
water treatment device becomes easier. Also, by an
structurebeingadoptedfortheelectrodeportion,
regionislesslikelytoformthaninacase ofar
cuboid reaction tank, and the desalination process
carried out efficiently. Also, the conductive poro

7ain avicinity of the rod-form central electrode

porousmember
lindrical
leissuch
r side of
uter
ductive
rical
onductive
lincreases,
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agitatedbythebackwashingfluid,becauseofwhich
oftheconductiveporousmember7aincreases,andt
portion can be backwashed efficiently.

[0047]
Third Embodiment

Fig.7isaperspectiveviewschematicallyshowing
configuration in a horizontal cross-section of a wa
treatment device according to a third embodiment of
invention. Thewatertreatmentdeviceaccordingto
embodimentincludes two pairs of rod-form electrode
2c,and2d(collectivelyreferredtoastheelectro
receptacle 9 is compartmentalized into four spaces
orthogonal separators 5a and 5b, and the electrodes
disposedoneineachofthefourspacesatequalin
each other. In the third embodiment too, in the sa
inthefirstembodiment,atreatmenttargetwateri
portionisprovidedabovetheconductiveporousmem
and a space for allowing the conductive porous memb
flonwhenbackwashingisprovidedbetweenthecondu
members7andthetreatmenttargetwaterintroducti

[0048]

The electrodes 2 are disposed at equal angles (90
a peripheral direction in an interior of the cylind
receptacle 9 so that the intervals between the elec

are equal, and the separators 5a and 5b that partit

miscibility

heelectrode

amain
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thethird
S 2a, 2b,
des2). The
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electrodes 2 off from each other are disposed betwe
electrodes 2 inaradial form so as to pass through

portion. Theelectrodes2aand2careconnectedvi
terminals 3a and 3c to a positive electrode of the
current power supply 4, and the electrodes 2b and 2
connected via electrode terminals 3b and 3d to a ne
electrode of the direct current power supply 4. As
configurations are the same as in the first embodim
description will be omitted.

[0049]

In the third embodiment, the form of the receptacl
not being limited to a cylindrical form, can be arb
configuredas, forexample,apolygonaltubeform,
wherein a curved line such as an arc and a straight
combined, arectangularcuboid, orthelike. Also,
treatment device may be caused to operate as two mu
independentwatertreatmentunits, withthe electro
2b as a pair, and the electrodes 2c and 2d as anoth

[0050]

According to the third embodiment, in addition to
same advantages as in the first embodiment, treatme
water flows more easily inside the receptacle 9 owi
two pairs of rod-form electrodes 2 being disposed a
intervals in the peripheral direction in the cylind

receptacle 9. Also, by the electrodes 2 being disp

en the
acentral
aelectrode

direct

d are

gative

other

ent, a

eo9,
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atubeform
line are
thewater
tually
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uniformly, ions are efficiently removed from the tr eatment
target water.
[0051]

Fourth Embodiment

Fig.8isasectional view schematically showing a main
configurationofawatertreatmentdeviceaccording toafourth
embodiment of the invention, and Fig. 9 is a diagra m of a
cross-sectionindicatedbyA-AinFig.8seenfrom above. The
water treatment device 1 according to the fourth em bodiment

includes three plate-form electrodes 2a, 2b, and 2c

(collectively referred to as the electrodes 2) disp osed

parallel to each other and at equal intervals, and the two

separators 5a and 5b disposed parallel to the elect rodes 2.
[0052]

The electrode 2b disposed in a center is a common

electrode, and has a polarity differing from that o f the
electrodes2aand2coneitherside. Thatis,two desalination
process portions are configured, with the electrode 2bina
centralportionasthecommonelectrode. Intheex ampleshown
in Fig. 9, the electrodes 2a and 2c are connected v ia the
electrodeterminals3aand3ctothepositiveelect rode ofthe
directcurrentpowersupply4,andtheelectrode2b isconnected
viatheelectrodeterminal3btothenegativeelect rodeofthe
directcurrentpowersupply4. Eachelectrode2an dthedirect

current power supply 4 may be connected through the space 8,
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or may be connected through a side face of the rece

[0053]

Apredeterminedamountofconductive porousmember
7b, 7c, and 7d (collectively referred to as the con
porous members 7) is loaded into gaps between the e
2andthe separators 5aand 5b, whereby the conduct
members 7 layer is formed. Also, in the same way a
first embodiment, the treatment target water introd
portion 9a is provided above the conductive porous
layer, and the space 8 for allowing the conductive
members 7 to flow when backwashing is provided betw
conductive porous members 7 and the treatment targe
introduction portion 9a.

[0054]

Inthefourthembodiment,asshowninFig.8,back
fluidintroductionpipes 16a, 16b, 16c,and 16d(co
referred to as backwashing fluid introduction pipes
connected to a lower portion of the side surface of
receptacle 9. Also, a lower space 18 is provided b
holdingbody6thatholdsthe conductiveporousmem
otherconfigurationsarethe same asinthefirste
a description will be omitted.

[0055]

According to the fourth embodiment, in addition to

same advantages as in the first embodiment, the thr

ptacle 9.
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plate-form electrodes 2 and the two separators 5a a
disposed at equal intervals, configuring two desali
processportionswiththe electrode 2binthe centr
asthe commonelectrode, because of whichareducti
oftheelectrodeportionisachieved,andareducti
needed for an installation place is achieved.

[0056]

Also, by the backwashing fluid being introduced fr
side face of the conductive porous members 7 layer,
conductive porous members 7 layer flows unevenly, a
orthe like adhering to the conductive porous membe
is easily removed. Also, as the lower space 18 is
belowthe holding body 6, the backwashingfluidris
the electrode portion in a state wherein the lower
isfilledwiththebackwashingfluidwhenthebackw
is introduced into the electrode portion when backw
because ofwhichthe backwashingfluideasily flows
through the electrode portion.

[0057]

Fifth Embodiment

Fig. 10 is a schematic view showing a configuratio
afirststagewatertreatmentunitofawatertreat
accordingto afifthembodiment ofthe invention, a
isaschematic view showing a configuration ofase

water treatment unit connected to the water treatme

nd 5b are

nation
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showninFig.10. Thewatertreatmentdeviceaccor
fifthembodimentincludesamultiple of watertreat
10a and 10b, which include a pair of the electrodes
separator 5, the conductive porous members 7, and t
receptacle 9, connected in series.

[0058]

Each water treatment unit 10a and 10b is such that
treatment target water introduction portion 9a is p
above the conductive porous members 7 layer, and th
for allowing the conductive porous members 7 to flo
backwashingisprovidedbetweentheconductive poro
7 and the treatment target water introduction porti

[0059]

In the first stage water treatment unit 10a, the
treatment target water W1 is introduced into the co
porous members 7a and 7b via the treatment target w
introduction pipes 12a and 12b respectively. At th
switchingvalves 27a,27b,and 27careopened. Tre
treated by the conductive porous member 7a on the p
electrode side and treated water treated by the con
porous member 7b onthe negative electrode side are
separately, and introduced so as to be treated in t
stagewatertreatmentunit10bbytheconductivepo
7b and 7a respectively, which are of polarities the

of those in the first stage water treatment unit 10

dingtothe
mentunits
2, the

he

the
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espace 8
w when
usmembers

on 9a.

nductive
ater
is time,
atedwater
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[0060]

That is, the treated water treated by the conducti
porous member 7a on the positive electrode side of
stagewatertreatmentunitl0aisintroducedviaa
water discharge pipe 26ainto the conductive porous
on the negative electrode side of the second stage
treatment unit 10b. Also, the treated water treate
conductive porous member 7b onthe negative electro
the first stage water treatment unit 10a is introdu
desalinatedwaterdischargepipe26bintothecondu
member 7a on the positive electrode side of the sec
water treatment unit 10b.

[0061]

Also, a partitioning plate 50 that does not allow
to pass through is disposed above the separator 5 o
thewatertreatmentunits1l0aand10b. Becauseof
water on the positive electrode sides and the negat
electrode sides of the water treatment units 10a an
be prevented from mixing. The treatment target wat
introduction pipes 12aand 12b may be of a configur
does not branch, or may be of a configuration that
into two or more.

[0062]

Thebackwashingfluidintroductionpipes16aandl

connectedfurtherthantheswitchingvalves27aand

ve
the first
desalinated
member7b
water
d by the
desideof
cedviaa
ctiveporous

ond stage

water
feach of
this,treated
ive
d 10b can
er
ationthat
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6bare
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water treatment unit 10a side of the desalinated wa
dischargepipes26aand26bofthefirststagewate

unit 10a. Also, the backwashing fluid introduction
isconnectedfurtherthanthe switchingvalve27ct
treatment unit 10b side of a pipe in which desalina
dischargepipes26cand26dofthesecondstagewat

unit 10b meet. Backwashing fluid discharge pipes 1
and 19c are connected respectively to the treatment
waterintroductionpipes12inthefirststagewate
unitlO0aandthedesalinatedwaterdischargepipes

in the second stage water treatment unit 10b.

[0063]

Also, the backwashingfluid discharge pipes 19ban
ofthewatertreatmentunit10bare connectedfurth
switching valves 27a and 27b to the water treatment
side of the desalinated water discharge pipes 26a a
respectively. A configuration may be such that eac
backwashingfluiddischarge pipes19isdirectlyco
the receptacle 9 above the space 8 in the first sta
treatment unit 10a and the second stage water treat
10b.

[0064]

A flow of water in the desorption step of the wate
treatment device according to the fifth embodiment

described. In the desorption step of the first sta

ter
rtreatment
pipe 16¢
othewater
ted water
ertreatment
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treatment unit 10a, the backwashing water W3, which
backwashing fluid, is introduced into the electrode

via the backwashing fluid introduction pipes 16a an

the desalinated water discharge pipes 26a and 26b u
backwashing fluid introduction means (omitted from
drawings),inastatewhereinthe switchingvalves

are closed. The backwashing water W3, after causin
conductive porous members 7 ofthe electrode portio

is discharged from the backwashing fluid discharge
viathetreatmenttargetwaterintroductionpipes1

[0065]

Also, in the desorption step of the second stage w
treatment unit 10b, the backwashing water W3, which
backwashing fluid, is introduced into the electrode
via the backwashing fluid introduction pipe 16c¢ and
desalinatedwaterdischargepipes26cand26dusing
fluid introduction means (omitted from the drawings
state wherein the switching valve 27c is closed. T
backwashing water W3, after causing the conductive
members7 oftheelectrode portiontoflow,isdisc
the backwashing fluid discharge pipes 19b and 19c v
desalinated water discharge pipes 26a and 26b.

[0066]

A configuration may also be such that the switchin

valves 27a and 27b, the backwashing fluid introduct
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16aand16b,andthebackwashingfluiddischargepi
19carenotdisposedinthe desalinated waterdisch
26a and 26b disposed between the first stage water
unit 10a and the second stage water treatment unit
thiscase,thebackwashingfluidledintothesecon
treatment unit 10b is introduced into the first sta
treatment unit 10a via the desalinated water discha
26a and 26b, and discharged from the backwashing fl
dischargepipel9aviathetreatmenttargetwateri
pipes 12a and 12b. By adopting this kind of config
a simplification of the device piping is achieved,
amount of backwashing fluid can be reduced.

[0067]

IntheexampleshowninFig.10andFig.11,thet
targetwaterisintroducedinthesecondstagewate
unit 10b into the conductive porous members 7 of a
thereverseofthatinthefirststagebythedesal
dischargepipes26aand26bconnectedtothefirst
treatment unit 10a being caused to cross, but a dis
maybesuchthatthepolaritiesoftheelectrodes2
stagewatertreatmentunitlObarethereverseina
directionofthoseoftheelectrodes2ofthefirst
treatment unit 10a, without the desalinated water d
pipes 26a and 26b being caused to cross.

[0068]
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Herein, a case in which the two water treatment un
10a and 10b are disposed in series has been describ
configurationwhereinthree ormorewatertreatment
disposed in series may be adopted. In this case, a
treatmentunitconnectedtoalaststageisofthe
shown in Fig. 11, other water treatment units are o
configuration shown in Fig. 10, and the desalinated
discharge pipes 26a and 26b are connected instead o
treatment target water introduction pipes 12a and 1
watertreatmentunitsfromthe secondstagetothe
stage.

[0069]

According to the fifth embodiment, in addition to
sameadvantagesasinthefirstembodiment,amulti
treatment units are connected in series, the treate
treated by the conductive porous member 7a on the p
electrodesideofthefirststagewatertreatmentu
treated water treated by the conductive porous memb
thenegative electrodesidearerecoveredseparatel
suppliedtothe second stagewatertreatmentunitl
conductive porousmembers7ofpolaritiestherever
in the first stage, because of which ions can be ef
removed.

[0070]

Sixth Embodiment
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Fig. 12 is a diagram schematically showing an over
configurationofawatertreatmentdeviceaccording
embodiment of the invention, and Fig. 13 and Fig. 1
perspectiveviewandahorizontalsectionalviewsc
showing a main configuration of the water treatment
accordingtothesixthembodiment. Thewatertreat
accordingtothesixthembodimentincludesafirst
a second sensor 51b, and a third sensor 51c (collec
referred to as sensors 51), which detect ion concen
of the treatment target water W1, the treated water
the backwashing water W3 after backwashing respecti
a control unit 53 that acquires results of detectio
sensors 51, and controls switching of a first valve
secondvalve52b,andathirdvalve 52c(collective
to as valves 52), and an application of voltage bet
electrodes 2a and 2b.

[0071]

Thefirstsensor5laandthefirstvalve52aarep
inthetreatmenttargetwaterintroductionpipe12.
valve 52ais a switching valve that selects either
along which the treatment target water W1 is introd
the receptacle 9 viathe treatmenttarget water int
pipel2,orachannelalongwhichthebackwashingw
backwashing is discharged from the receptacle 9 via

backwashing fluid discharge pipe 19.
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[0072]

Also,thesecondvalve52bandthesecondsensor5

provided in the desalinated water discharge pipe 14

third valve 52c is provided in the backwashing flui

introduction pipe 16. In the example shown in Fig.

backwashing fluid introduction pipe 16 is connected

desalinated water tank 15, but the backwashing flui

introduction pipe 16 may also be connected further
second valve 52b to the receptacle 9 side of the de
water discharge pipe 14. Also, the third valve 52c
omitted by achannel switchingvalve beingused as
valve52h,andthebackwashingfluidintroductionp
connecteddirectlytothe secondvalve 52b. Also,
whichthebackwashingfluiddischargepipe19isco
be aplace otherthanthetreatmenttargetwaterin
portion 9a, and a switching valve may be installed
[0073]
Thecontrolunit53isconnectedtothetreatment
water introduction means 13, the sensor 51, theval
backwashingfluidintroductionmeans17,andthedi
powersupply4viaacontrolcable54. Intheadso
the control unit 53 obtains a rate of ion removal b
conductiveporousmembers7fromtheionconcentrat
treatment target water W1 and the treated water W2

bythefirstsensor5laandthesecondsensor51br

lbare
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Also, in the desorption step, the control unit 53 o btains a
rate of ion desorption from the conductive porous m embers 7
fromtheionconcentrationofthebackwashingwater Wa3detected

by the third sensor 51c.

[0074]

Thesensors5lareionconcentrationmeasurementd evices
that use, for example, an ion electrode, and may de tect a
concentration of a specific metal ion in accordance with an
object. Furthermore, the sensors 51 may include a multiple
ofsensors,suchasasensorthatdetectsawaterq ualitysuch
asaconcentrationofresidualchlorine,residuala grochemical,
and organic matter, or a sensor that detects a flow rate.

[0075]

Also, the electrodes 2 and the separator 5 are all

disposed in a vertical direction, and the conductiv € porous
members7 are disposed so thatuppermostportionst hereofare
higher than the electrodes 2 and lower than the sep arator 5.
Becauseofthis,asshowninFig.13,aconductive porousmember
7A of aregion in which the electrodes 2 are dispos ed,and a
conductiveporousmember7Bofaregioninwhichth eelectrodes
2arenotdisposed, existinone water treatmentde vice,ions
areremovedbytheconductiveporousmember7Aina lowerlayer,

and organic matterisremoved by the conductive por ousmember

7B in an upper layer.

[0076]
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Also,asshowninFig.14,eachofthepairofele
2isofasectionalformhavingadepressedportion
aU-form, and one portion ofthe one electrode 2bi
inaninteriorofthedepressedportionoftheothe
2a. The separator 5 is disposed in a sack-like for
peripheryoftheelectrodes2 preventingthecondu
members 7 disposed on the positive electrode side a
negative electrode side from coming into contact an
short-circuiting. Asotherconfigurationsarethe
the first embodiment, a description will be omitted

[0077]

Adescriptionwill be given, using Fig. 12 and Fig
ofaprocessflowwhenalternatelyimplementingthe
step, inwhich adesalination processis carried ou
desorption step, in which the ion adsorption capaci
conductiveporousmembers7iscausedtorecover,i
treatment device according to the sixth embodiment.
processshownintheflowchartofFig.15iscontro
control unit 53. The adsorption step is started in
whereinall of the valves 52 are closed, and instru
as the sensors 51 are in an off-state.

[0078]

In step S1, voltage is applied between the electro
2aand2busingthedirectcurrentpowersupply4.
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the treatment target water introduction pipe 12, th
opening the treatment target water introduction pip
thesecondvalve52bisopened,therebyopeningthe
water discharge pipe 14. Continuing, in step S3, t
sensor 51a and the second sensor 51b are turned on.

[0079]

Continuing, in step S4, the treatment target water

introductionmeans13isturnedon,thetreatmentt
Wlstoredinthetreatmenttargetwatertank 11is

into the electrode portion from the treatment targe
introduction portion 9a via the treatment target wa
introduction pipe 12, and a desalination process is
out. In the desalination process, an electric doub
isformedinthe electrode portion,andionsinthe
targetwater W1are adsorbedtothe conductive poro
7. The desalinated treated water W2 is discharged
lower portion of the receptacle 9 via the desalinat
discharge pipe 14, and stored in the desalinated wa
15.

[0080]

Continuing, in step S5, the ion concentrations of
treatmenttargetwaterWlandthetreatedwater\W?2
bythefirstsensor5laandthesecondsensor51br
and a rate of ion removal from the treatment target

by the conductive porous members 7 is calculated ba
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el2,and
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he first
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ion concentrations. Whentheionremovalrateise
greater than a predetermined value (YES) in step S6
adsorption step of step S5 is continued. Also, whe
removalrateislowerthanthepredeterminedvalue
S6, itis determined that the ion adsorption capaci
conductive porous members 7 is decreasing, and the
advances to step S7.

[0081]

InstepS7 thetreatmenttargetwaterintroductio
13 is turned off, thereby stopping the introduction
treatment target water W1 into the electrode portio
stepS8,thefirstvalve52aandthesecondvalve5
Continuing, in step S9, the application of voltage
electrodes2isstopped,andinstepS10,acharge
betweentheelectrodes2aand?2b,thatis,acharge
in the conductive porous members 7, is released.

[0082]

Subsequently,instepS11,thefirstvalve52ais
in the direction of the backwashing fluid discharge
thereby opening the backwashing fluid discharge pip
thethirdvalve52cisopened,therebyopeningthe
fluidintroductionpipel6. Continuing,instepS1
sensor51cisturnedon,andinstepS13,thebackw
introduction means 17 is turned on, the backwashing

introduced into the electrode portion from the back
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fluidintroduction portion 9b,and backwashingisc
together with the desorption step.

[0083]

Continuing, in step S14, the ion concentration of
backwashingwaterWa3afterbackwashingisdetected
sensor 51c, and a rate of ion desorption fromthe c
porousmembers7iscalculatedbasedontheioncon
Whentheiondesorptionrateislowerthanapredet
(NO)instepS15,thedesorptionstepiscontinued.
the ion desorption rate is equal to or greater than
predetermined value (YES) in step S15, itis determ
the ion adsorption capacity of the conductive porou
7 has recovered, and the process advances to step S

[0084]

In step S16, the backwashing fluid introduction me
17 is turned off, thereby stopping the introduction
backwashingfluidintotheelectrodeportion. Cont
step S17, the third sensor 51c is turned off. Furt
in step S18, the first valve 52a and the third valv
closed. Subsequently, in step S19, itis determine
or not to continue the desalination process, and wh
determiningtocontinue(YES),theprocessreturns
Whendetermininginstep S19notto continue the de
process (NO), the process is ended.

[0085]
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The necessity or otherwise of continuing

desalination process may alsobe determinedin step
ontheamountofthetreatmenttargetwaterW1int

targetwatertank 11. Inthis case,the desalinati

is continued when a predetermined amount or more of

treatment target water W1 is stored in the treatmen
water tank 11. Alternatively, the adsorption step
desorption step may be switched after a predetermin
regardlessoftheresultsoftheionconcentration

by the sensors 51.

[0086]

According to the sixth embodiment, in addition to
same advantages as in the first embodiment, the upp
portions of the conductive porous members 7 are dis
as to be higher than the electrodes 2, whereby ions
removed by the conductive porous member 7Ain the r
which the electrodes 2 are disposed, and organic ma
be removed by the conductive porous member 7B in th
inwhichthe electrodes 2 are notdisposed, meaning
and organic matter can be simultaneously removed.

[0087]

Also, the ion concentrations of the treatment targ
water W1, the treated water W2, and the backwashing
after backwashing are detected by the sensors 51, a

removal rate and the ion desorption rate of the con

S19based

hetreatment

onprocess
the
t target
and the
ed time,

detections
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ermost
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can be
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porous members 7 are obtained, because of whicha s witch can
bemadetothedesorptionstepwhentheionadsorpt ioncapacity
oftheconductiveporousmembers7decreasesinthe adsorption
step,andaswitch canbe made tothe adsorption st epwhenthe
ion adsorption capacity of the conductive porous me mbers 7
recoverssufficientlyinthedesorptionstep. The embodiments
can be freely combined, and each embodiment can be modified
orabbreviatedasappropriate , withoutdepartingfr omthescope

of the invention.

Reference Signs List

[0088]

1 Watertreatmentdevice,2,2a,2b,2c,2d Elec trode,
3,3a,3b,3c,3d Electrodeterminal,4 Directcu rrentpower
supply, 5, 5a, 5b Separator, 6 Holding body, 7,7 a,7b, 7c,
7A,7B Conductive porous member, 8 Space,9 Rece ptacle, 9a
Treatmenttargetwaterintroduction portion, 9b Ba ckwashing
fluid introduction portion, 10a, 10b Water treatme nt unit,
11 Treatmenttargetwatertank,12,12a,12b Trea tmenttarget

water introduction pipe, 13  Treatment target water

introductionmeans, 14, 14b, 14c, 14d, 26, 26a, 26b ,26¢, 26d
Desalinated water discharge pipe, 14a Switching va lve, 15
Desalinated water tank, 16, 16a, 16b, 16c, 16d Bac kwashing
fluid introduction pipe, 17 Backwashing fluid intr oduction
means, 18 Lower space, 19, 19a, 19b, 19c Backwash ing fluid

discharge pipe, 20 Biological treatment device, 21 Ozone
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treatment device, 22 Reverse osmosis membrane trea
device,23 Advancedoxidationtreatmentdevice,27
Switching valve, 50 Partitioning plate, 51a First

51b Second sensor, 51c Third sensor, 52a Firstv
Secondvalve, 52¢ Thirdvalve,53 Controlunit, 5

cable

tment
a,27b,27c
sensor,
alve, 52b

4 Control
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CLAIMS

[Claim 1]
A water treatment device, comprising:
atleastone pairofelectrodesdisposeddistanced
each other and opposing;
an electrically insulating, water permeable separa
provided between the pair of electrodes;
an electrically insulating receptacle that houses
electrodes and the separator; and
conductiveporousmembershavingfluidity,dispose
each in a multiple of spaces in the receptacle
compartmentalized by the separator, wherein
thereceptaclehasatreatmenttargetwaterintrod
portionthroughwhichtreatmenttargetwaterisint
the receptacle, and a backwashing fluid introductio
through which a backwashing fluid is introduced int
receptacle from a direction differing from that of
treatmenttargetwater,inadditiontohavingaspa
the conductive porous membersare notdisposedino
of the same spaces as those in which the conductive
members are disposed.
[Claim 2]
Thewatertreatmentdeviceaccordingtoclaim1,w

the receptacle has the space in which the conductiv

from

tor

the

done

uction
roducedinto
nportion
o the
the
ceinwhich
ne portion

porous

herein

€ porous
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membersarenotdisposedbetweentheconductivepor ousmembers
and the treatment target water introduction portion
[Claim 3]

Thewatertreatmentdeviceaccordingtoclaimlor claim
2, comprising:

atreatmenttargetwaterintroductionpipe connect edto
the treatment target water introduction portion;

adesalinatedwaterdischargepipethroughwhicht reated
waterafterthetreatmenttargetwateristreatedi sdischarged
from the receptacle;

a backwashing fluid introduction pipe connected to the
backwashing fluid introduction portion;

a backwashing fluid discharge pipe through which

backwashing fluid is discharged from the receptacle ;

valves provided in each of the treatment target wa ter
introduction pipe, the desalinated water discharge pipe, the
backwashingfluidintroductionpipe,andthebackwa shingfluid

discharge pipe;
amultiple of sensorsthatdetection concentratio ns of
at least the treatment target water, the treated wa ter, and

the backwashing fluid after backwashing; and

acontrolunitthatcalculatesarateofionremov alfrom
the treatment target water by the conductive porous members
andarateofiondesorptionfromtheconductivepo rousmembers

using the ion concentrations detected by the sensor s, and
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controlsswitchingofthevalvesandanapplication

betweentheelectrodesbasedonthecalculatedion

and the calculated ion desorption rate.

[Claim 4]
Thewatertreatmentdeviceaccordingtoanyoneof

1toclaim3,whereinawaterpermeableholdingbod

the conductive porous members is provided in an int

thereceptacle,andthewatertreatmentdevice has

stocking the backwashing fluid between the holding

a bottom portion of the receptacle.

[Claim 5]
Thewatertreatmentdeviceaccordingtoanyoneof

1toclaim4,whereintheconductiveporousmembers

activated carbon.

[Claim 6]
Thewatertreatmentdeviceaccordingtoanyoneof

ltoclaim5,whereintheelectrodesandthesepara

disposed in a vertical direction, and the conductiv

members are disposed so that uppermost portions the

higher than the electrodes and lower than the separ

[Claim 7]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 6, wherein each of the pair of electrode

semi-circularsectionalform,andtheelectrodesar

sothatdepressed portionsthereof oppose each othe

ofvoltage
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formed integrally across the separator of a plate-f

[Claim 8]
Thewatertreatmentdeviceaccordingtoanyoneof

1toclaim6,comprisingasthepairofelectrodes

electrode and a central electrode provided on an in

ofthecylindricalelectrode and coaxialwiththec

electrode,whereintheseparatorofacylindricalf

with the cylindrical electrode is provided between

cylindrical electrode and the central electrode.

[Claim 9]
Thewatertreatmentdeviceaccordingtoclaim8,w

the receptacle is of a cylindrical form coaxial wit

cylindrical electrode, and the conductive porous me

disposedbetweenthereceptacleandthecylindrical

[Claim 10]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 6, comprising two pairs of rod-form elec

the electrodes, wherein the receptacle is compartme

into four spaces by two of the separator that inter

the rod-form electrodes are provided one in each of

spaces at equal intervals from each other.

[Claim 11]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 6, comprising as the electrodes three pl

electrodes disposed parallel to each other and at e

orm.

claim
acylindrical
ner side
ylindrical
ormcoaxial

the
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h the
mbers are

electrode.

claim
trodes as
ntalized
sect, and

the four

claim
ate-form

qual
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intervals, wherein the plate-form electrode dispose

center is acommon electrode, and is of a polarity

from that of the plate-form electrodes on either si

[Claim 12]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 6, wherein each of the pair of electrode

sectional formhavingadepressed portion,and one

one ofthe electrodesis disposedinthe depressed

the other electrode.

[Claim 13]
Thewatertreatmentdeviceaccordingtoanyoneof

1toclaim 12, comprising a multiple of water treat

includingthepairofelectrodes,theseparator,th

porousmembers,andthereceptacle,whereintheele

each water treatment unit are connected to each oth

switching circuit,and acharge accumulated in any

water treatment units is supplied to another of the

treatment units via the switching circuit.

[Claim 14]
Thewatertreatmentdeviceaccordingtoanyoneof

1 to claim 13, wherein a multiple of water treatmen

includingthepairofelectrodes,theseparator,th

porous members, and the receptacle are connected in

andthetreated water treated by the conductive por

onapositive electrode side and the treated water

dina
differing
de.

claim
sisofa
portion of

portion of

claim
ment units
econductive
ctrodesof
erviaa
one ofthe

water

claim
t units
econductive
series,
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treated by
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the conductive porous member on a negative electrod
the water treatment unit in a first stage are recov
separately, and introduced so as to be treated in t
treatment unit in a second stage by the conductive
membersthatareofpolaritiesthereverseofthose

stage water treatment unit.

[Claim 15]

A water treatment method that provides an electric
insulating,waterpermeableseparatorbetweenatle
ofelectrodeshousedinanelectricallyinsulating
disposes conductive porous members having fluidity
multiple ofspacesinthereceptacle compartmentali
separator,inadditiontohavingaspaceinwhicht
porous members are not disposed in one portion of t
spaces as those in which the conductive porous memb
disposed, and alternately carries out an adsorption
introducing treatment target water into the recepta
state wherein voltage is applied between the electr
thereby causing ions included in the treatment targ
to be adsorbed to the conductive porous members, an
desorptionstepofreleasingachargeaccumulated b
electrodes, thereby causing ions adsorbed to the co
porous memberstobe desorbed, whereinabackwashin
introducedintothereceptaclefromadirectiondif

that of the treatment target water in the desorptio

e side of
ered
he water
porous

inthefirst
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astonepair
receptacle,
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zedbythe
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thereby causing the conductive porous members to fl
[Claim 16]
Thewatertreatmentmethodaccordingtoclaim15,
ion concentrations of each of the treatment target
treated water that is the treatment target water af
treated are detected in the adsorption step, a rate
removal from the treatment target water by the cond
porous members is obtained based on the ion concent
the adsorption stepis continued whenthe ionremov
equal to or greater than a predetermined value, and
is made to the desorption step when the ion removal
smaller than the predetermined value.
[Claim 17]
Thewatertreatmentmethodaccordingtoclaiml150
16,whereinanionconcentrationofthebackwashing
backwashingis detectedinthe desorptionstep,ar
desorptionfromtheconductiveporousmembersisob
ontheionconcentration,thedesorptionstepisco
theiondesorptionrateissmallerthanapredeterm
and a switch is made to the adsorption step when th
desorptionrateisequalto orgreaterthanthe pre

value.

ow.

wherein
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