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DESCRIPTION 

 

Title of Invention: WATER TREATMENT DEVICE AND WATE R TREATMENT 

METHOD 

 

Technical Field 

 [0001] 

 The present invention relates to a water treatment  device 

that carries out a desalination process on treatmen t target 

water, and to a water treatment method. 

Background Art 

 [0002] 

 Electrical desalination technology in which a wate r 

passage type electric double layer is used is known  as an 

existing method for a desalination process of remov ing ions 

from seawater, reclaimed water, or the like.  For e xample, an 

electrolytic capacitor type desalination device suc h that a 

liquid permeable, electrically insulating separator  is 

disposed between a pair of electrodes, and an ion t rapping 

member is provided between the electrodes and the s eparator, 

is presented in Patent Document 1. 

 [0003] 

 The kind of water treatment device in the existing  

example is such that when treatment target water is  introduced 

in a state wherein voltage is applied to the electr odes, an 
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electric double layer is formed in the ion trapping  member, 

anions in the treatment target water collect on a p ositive 

electrode side and are adsorbed to an anion exchang e member, 

and cations collect on a negative electrode side an d are 

adsorbed to a cation exchange member.  In Patent Do cument 1, 

a mixture of activated carbon and an ion exchange m ember is 

used as the ion trapping member, and an increase in  ion 

adsorption force is achieved owing to an effect of combining 

electrical attraction and chemical attraction. 

 [0004] 

 The heretofore described kind of water treatment d evice 

is such that an adsorption step of causing ions to be adsorbed 

to an ion trapping member such as activated carbon,  thereby 

carrying out a desalination process, and a desorpti on step of 

causing an ion adsorption capacity of the ion trapp ing member 

to recover need to be implemented alternately.  In the 

desorption step, a charge between the electrodes is  released 

by causing the electrodes to short circuit (or by a pplying a 

reverse voltage), whereby ions adsorbed to the ion trapping 

member are desorbed, and the ion adsorption capacit y of the 

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 er 

treatment device, there is a problem in that scale or a biofilm 

caused mainly by a component of the treatment targe t water 

appears on a surface of the electrode, the separato r, the ion 

trapping member, and the like, in accompaniment to the 

desalination process, causing desalination efficien cy to 

decrease.  The scale and the biofilm need to be rem oved by 

regular cleaning or replacing of the heretofore des cribed 

members, and time is needed for maintenance. 

 [0007] 

 The invention, having been contrived in order to r esolve 

the heretofore described kind of problem, has an ob ject of 

providing a water treatment device and a water trea tment method 

such that scale and a biofilm that cause a decrease  in 

desalination efficiency can be efficiently removed,  and 

desalination efficiency can be maintained. 

Solution to Problem 

 [0008] 

 A water treatment device according to the inventio n 

includes at least one pair of electrodes disposed d istanced 

from each other and opposing, an electrically insul ating, water 

permeable separator provided between the pair of el ectrodes, 
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an electrically insulating receptacle that houses t he 

electrodes and the separator, and conductive porous  members 

having fluidity, disposed one each in a multiple of  spaces in 

the receptacle compartmentalized by the separator, wherein the 

receptacle has a treatment target water introductio n portion 

through which treatment target water is introduced into the 

receptacle, and a backwashing fluid introduction po rtion 

through which a backwashing fluid is introduced int o the 

receptacle from a direction differing from that of the 

treatment target water, in addition to having a spa ce in which 

the conductive porous members are not disposed in o ne portion 

of the same spaces as those in which the conductive  porous 

members are disposed. 

 [0009] 

 A water treatment method according to the inventio n 

provides an electrically insulating, water permeabl e 

separator between at least one pair of electrodes h oused in 

an electrically insulating receptacle, disposes con ductive 

porous members having fluidity in a multiple of spa ces in the 

receptacle compartmentalized by the separator, in a ddition to 

having a space in which the conductive porous membe rs are not 

disposed in one portion of the same spaces as those  in which 

the conductive porous members are disposed, and alt ernately 

carries out an adsorption step of introducing treat ment target 

water into the receptacle in a state wherein voltag e is applied 
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between the electrodes, thereby causing ions includ ed in the 

treatment target water to be adsorbed to the conduc tive porous 

members, and a desorption step of releasing a charg e 

accumulated between the electrodes, thereby causing  ions 

adsorbed to the conductive porous members to be des orbed, 

wherein a backwashing fluid is introduced into the receptacle 

from a direction differing from that of the treatme nt target 

water in the desorption step, thereby causing the c onductive 

porous members to flow. 

Advantageous Effects of Invention 

 [0010] 

 According to the water treatment device according to the 

invention, a space in which no conductive porous me mber is 

disposed is provided in one portion of the same spa ces in a 

receptacle as spaces in which conductive porous mem bers are 

disposed, and a backwashing fluid is introduced fro m a 

direction differing from that of treatment target w ater, 

causing the conductive porous members to flow, wher eby grains 

of the conductive porous members are agitated, and collide with 

other grains of the conductive porous members or wi th 

electrodes or a separator, because of which scale a nd a biofilm 

appearing on surfaces of the grains of the conducti ve porous 

members, the electrodes, or the separator can be ea sily removed, 

and desalination efficiency can be maintained. 

 Also, according to the water treatment device acco rding 
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to the invention, a space in which no conductive po rous member 

is disposed is provided in one portion of the same spaces in 

a receptacle as spaces in which conductive porous m embers are 

disposed, and a backwashing fluid is introduced fro m a 

direction differing from that of treatment target w ater into 

the receptacle, causing the conductive porous membe rs to flow, 

in a desorption step, whereby grains of the conduct ive porous 

members are agitated, and collide with other grains  of the 

conductive porous members or with electrodes or a s eparator, 

because of which scale and a biofilm appearing on s urfaces of 

the grains of the conductive porous members, the el ectrodes, 

or the separator can be easily removed, and desalin ation 

efficiency can be maintained. 

 Other objects, characteristics, aspects, and advan tages 

of the invention will become more apparent from the  following 

detailed description of the invention, which refere nces the 

drawings. 

Brief Description of Drawings 

 [0011]  

 [Fig. 1] Fig. 1 is a perspective view showing a ma in 

configuration of a water treatment device according  to a first 

embodiment of the invention.   

 [Fig. 2] Fig. 2 is a diagram showing a main config uration 

in a horizontal cross-section of the water treatmen t device 

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 ng to the 

first embodiment of the invention.  

 [Fig. 4] Fig. 4 is a diagram showing an example of  a water 

treatment system in which the water treatment devic e according 

to the first embodiment of the invention is used. 

 [Fig. 5] Fig. 5 is a sectional view showing a main  

configuration of a water treatment device according  to a second 

embodiment of the invention. 

 [Fig. 6] Fig. 6 is a sectional view showing a modi fied 

example of the water treatment device according to the second 

embodiment of the invention. 

 [Fig. 7] Fig. 7 is a diagram showing a main config uration 

in a horizontal cross-section of a water treatment device 

according to a third embodiment of the invention. 

 [Fig. 8] Fig. 8 is a sectional view showing a main  

configuration of a water treatment device according  to a fourth 

embodiment of the invention. 

 [Fig. 9] Fig. 9 is a sectional view showing a main  

configuration of the water treatment device accordi ng to the 

fourth embodiment of the invention. 

 [Fig. 10] Fig. 10 is a diagram showing a configura tion 

of a first stage water treatment unit of a water tr eatment 

device according to a fifth embodiment of the inven tion.  

 [Fig. 11] Fig. 11 is a diagram showing a configura tion 
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of a second stage water treatment unit of the water  treatment 

device according to the fifth embodiment of the inv ention. 

 [Fig. 12] Fig. 12 is a diagram showing an overall 

configuration of a water treatment device according  to a sixth 

embodiment of the invention. 

 [Fig. 13] Fig. 13 is a perspective view showing a main 

configuration of the water treatment device accordi ng to the 

sixth embodiment of the invention. 

 [Fig. 14] Fig. 14 is a sectional view showing a ma in 

configuration of the water treatment device accordi ng to the 

sixth embodiment of the invention. 

 [Fig. 15] Fig. 15 is a diagram showing a process f low 

of the water treatment device according to the sixt h embodiment 

of the invention. 

Description of Embodiments 

 [0012] 

First Embodiment 

 Hereafter, based on the drawings, a water treatmen t 

device according to a first embodiment of the inven tion will 

be described.  Fig. 1 is a diagram schematically sh owing a main 

configuration of the water treatment device accordi ng to the 

first embodiment, Fig. 2 is a perspective view sche matically 

showing a main configuration in a horizontal cross- section of 

the water treatment device shown in Fig. 1, Fig. 3 is a schematic 

view showing an overall configuration of the water treatment 
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device shown in Fig. 1, and Fig. 4 is a diagram sho wing an example 

of a water treatment system in which the water trea tment device 

shown in Fig. 1 is used.  In all the drawings, the same reference 

signs are allotted to identical or corresponding po rtions. 

 [0013] 

 A water treatment device 1 is used in a desalinati on 

process that reduces an ion concentration in treatm ent target 

water.  A pair of electrodes 2a and 2b (collectivel y referred 

to as electrodes 2), which are collectors, are disp osed 

opposing and distanced from each other, and are con nected to 

a direct current power supply 4 via electrode termi nals 3a and 

3b (collectively referred to as electrode terminals  3) 

respectively.  An electrically insulating, water pe rmeable 

separator 5 is provided between the pair of electro des 2, 

whereby the electrodes 2a and 2b are electrically i solated from 

each other. 

 [0014] 

 The electrodes 2 are of a structure like, for exam ple, 

a bamboo tube divided into two portions along a cen tral axis 

thereof, wherein a cylindrical space portion having  aperture 

portions in a vertical direction is formed by the t wo concave 

portions being caused to oppose and brought togethe r.  That 

is, each of the pair of electrodes 2 has a sectiona l form that 

is bent into a semi-circle.  In the first embodimen t, the pair 

of electrodes 2 are formed integrally across the se parator 5, 
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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  an 

electrically insulating receptacle 9, and conductiv e porous 

members 7a and 7b (collectively referred to as cond uctive 

porous members 7) having fluidity are disposed in a  multiple 

of spaces inside the receptacle 9, which is compart mentalized 

by the separator 5.  A disc-form holding body 6 hav ing water 

permeability is disposed in one aperture portion (a  lower end 

portion in Fig. 3) of the cylindrical space portion  formed by 

the pair of electrodes 2.  A lower end portion of t he separator 

5 is joined to the holding body 6, and the conducti ve porous 

members 7 are held by the holding portion 6. 

 [0016] 

 The receptacle 9 has a treatment target water 

introduction portion 9a, through which treatment ta rget water 

W1 is introduced into the receptacle 9, and a backw ashing fluid 

introduction portion 9b, through which a backwashin g fluid is 

introduced into the receptacle 9 from a direction d iffering 

from that of the treatment target water W1.  Also, a 

predetermined amount of the conductive porous membe rs 7 is 

loaded into the two space portions configured of th e electrodes 

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

of the conductive porous members 7 is formed, and a  space 8 

of a predetermined volume is formed above the layer  of the 
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conductive porous members 7.  In the following desc ription, 

a region configured of the electrodes 2, the separa tor 5, and 

the layer of the conductive porous members 7 in the  receptacle 

9 is called an “electrode portion”. 

 [0017] 

 That is, the receptacle 9 has the space 8, in whic h the 

conductive porous members 7 are not disposed, in on e portion 

of the same spaces as the spaces in which the condu ctive porous 

members 7 are disposed.  The space 8 is provided be tween the 

conductive porous members 7 and the treatment targe t water 

introduction portion 9a.  The volume of the space 8 , being a 

volume needed in order that the conductive porous m embers 7 

can expand due to fluidity, and are sufficiently ag itated, when 

backwashing is carried out, is 1% to 50%, or more d esirably 

5% to 35%, of a volume of the conductive porous mem bers 7. 

 [0018] 

 A corrosion-resistant metal such as titanium, stai nless 

steel, or platinum, or a chemically stable conducti ve material 

such as a carbon sheet or a carbon fiber sheet, is used for 

the electrodes 2.  An electrically insulating, wate r permeable 

porous material such as filter paper, a non-woven f abric, a 

foamed material, or a porous film is used for the s eparator 

5.  An insulating sealing member, a frame member, o r the like, 

is preferably disposed on a periphery of the separa tor 5, 

forming a structure joined to both the electrodes 2  and the 
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holding body 6.  A mesh size of the separator 5 is preferably 

smaller than a grain diameter of granular activated  carbon in 

order to maintain insulation.  Also, a thickness of  the 

separator 5 is not particularly limited, but is arb itrarily 

selected from a range of, for example, 0.05 mm to 1 0 mm. 

 [0019] 

 A porous material with high water permeability is used 

for the holding body 6.  As the holding body 6 need s to secure 

insulation with the electrodes 2, an insulating mat erial is 

selected.  Alternatively, a sealing member or a fra me member 

formed of an insulating material is disposed betwee n the 

holding body 6 and the electrodes 2.  Furthermore, a structure 

wherein the electrodes 2, the separator 5, and the holding body 

6 are integrally joined may be adopted, and the ele ctrodes 2 

may be configured as one portion of the receptacle 9.  Also, 

a holding body the same as the holding body 6 insta lled in a 

lower portion of the receptacle 9 may be provided i n an upper 

end portion of the space 8. 

 [0020] 

 A porous, conductive material with a high ion adso rption 

capacity, such as granular activated carbon, fibrou s activated 

carbon, pellet form activated carbon, or powdered a ctivated 

carbon, is used for the conductive porous members 7 .  A grain 

diameter such that the conductive porous members 7 do not pass 

through the separator 5 or the holding body 6, and a form near 



 13/55  

a spherical form that is unlikely to cause clogging  of the 

separator 5 or holding body 6, are selected as the grain 

diameter and form of the conductive porous members 7.  In 

particular, granular activated carbon of a coal bas e, a coconut 

husk base, a wood base, or the like, is preferably used.  An 

average grain diameter of the activated carbon is 0 .1 mm to 

5 mm, or more desirably, 0.3 mm to 2.5 mm. 

 [0021] 

 Owing to the heretofore described kind of configur ation 

being adopted, the conductive porous members 7 do n ot pass 

through the separator 5 or the holding body 6, beca use of which 

insulation between the electrodes 2a and 2b is main tained.  

Also, by the holding body 6 also being provided abo ve the 

electrode portion, the conductive porous members 7 can be 

prevented from flowing out from the receptacle 9 vi a a 

backwashing fluid discharge pipe 19 when backwashin g is carried 

out. 

 [0022] 

 In the first embodiment, the cylindrical electrode  2 is 

divided into two in an axial direction by the separ ator 5, but 

the cylindrical electrode 2 can be more finely divi ded.  In 

this case, the electrode 2 is preferably divided in to an even 

number of portions, and when divided into four or m ore portions, 

positive electrodes and negative electrodes are pre ferably 

disposed alternately.  Also, the electrode 2 may be  divided 
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in a vertical direction in the axial direction, and  in this 

case too, positive electrodes and negative electrod es are 

preferably disposed alternately.  By so doing, the treatment 

target water W1 is treated alternately by the condu ctive porous 

member 7a on the positive electrode side and the co nductive 

porous member 7b on the negative electrode side whe n flowing 

in the axial direction, because of which ions are e fficiently 

removed from the treatment target water W1. 

 [0023] 

 The overall configuration of the water treatment d evice 

1 according to the first embodiment will be describ ed, using 

Fig. 3.  A treatment target water introduction pipe  12 is 

connected via treatment target water introduction m eans 13 to 

a treatment target water tank 11, in which the trea tment target 

water W1 is stored, and the treatment target water introduction 

portion 9a in an upper portion of the receptacle 9.   The 

treatment target water introduction means 13 is, fo r example, 

a liquid feeding pump. 

 [0024] 

 The lower portion of the receptacle 9 is connected  via 

a desalinated water discharge pipe 14 to a desalina ted water 

tank 15, and treated water W2, which is the treatme nt target 

water W1 after being treated, is stored in the desa linated water 

tank 15.  The desalinated water discharge pipe 14 i ncludes a 

switching valve 14a.  Also, a backwashing fluid int roduction 
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pipe 16 is connected via backwashing fluid introduc tion means 

17 and the desalinated water discharge pipe 14 abov e the 

switching valve 14a to the desalinated water tank 1 5 and the 

backwashing fluid introduction portion 9b.  The bac kwashing 

fluid introduction means 17 is, for example, a liqu id feeding 

pump. 

 [0025] 

 The backwashing fluid introduction portion 9b may be 

provided in a place differing from a place in which  the 

receptacle 9 and the desalinated water discharge pi pe 14 are 

connected.  Also, the desalinated water discharge p ipe 14 and 

the backwashing fluid introduction pipe 16 may be s witched with 

the switching valve 14a as a passage switching valv e. 

 [0026] 

 The backwashing fluid discharge pipe 19 for discha rging 

backwashing water W3, which is a backwashing fluid,  is 

connected to the upper portion of the receptacle 9.   A place 

in which the backwashing fluid discharge pipe 19 is  connected 

to the receptacle 9 may be shared with the treatmen t target 

water introduction portion 9a.  A valve may be disp osed in each 

of the treatment target water introduction pipe 12,  the 

backwashing fluid introduction pipe 16, and the bac kwashing 

fluid discharge pipe 19, and a water flow controlle d by an 

opening and closing of the valves.  A configuration  such that 

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

 [0027] 

 Also, in the example shown in Fig. 3, the treated water 

W2 is used as the backwashing fluid, but the backwa shing fluid, 

not being limited to this, is selected from water, gas, a 

mixture thereof, or the like.  When water is used a s the 

backwashing fluid, the treatment target water W1 or  the treated 

water W2 is desirably used, but water may also be s eparately 

introduced from the exterior of the water treatment  device 1.  

When a gas such as air, nitrogen gas, oxygen gas, o r the like, 

is used as the backwashing fluid, gas supplying equ ipment such 

as a gas canister or a compressor is used for the b ackwashing 

fluid introduction means 17.  By a mixture of water  and gas 

being used as the backwashing fluid, air bubbles co llide with 

the electrodes 2, the separator 5, or the conductiv e porous 

members 7, whereby a detachment of scale or a biofi lm is 

promoted. 

 [0028] 

 Furthermore, the water treatment device 1 accordin g to 

the first embodiment, in addition to being used alo ne with an 

object of a desalination process, can also be confi gured as, 

for example, the kind of water treatment system sho wn in Fig. 

4.  The water treatment system shown in Fig. 4 incl udes, in 

addition to the water treatment device 1, a biologi cal 

treatment device 20, an ozone treatment device 21, a reverse 
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osmosis membrane treatment device 22, and an advanc ed oxidation 

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 21 to the 

water treatment device 1, and desalinated water dis charge pipes 

14b, 14c, and 14d are connected via the reverse osm osis membrane 

treatment device 22 and the advanced oxidation trea tment device 

23 to the water treatment device 1. 

 [0029] 

 Also, the water treatment system may be of a 

configuration such that any one or more devices sel ected from 

the biological treatment device 20, the ozone treat ment device 

21, the reverse osmosis membrane treatment device 2 2, and the 

advanced oxidation treatment device 23 are added to  the water 

treatment device 1.  The order in which the water t reatment 

device 1 and the reverse osmosis membrane treatment  device 22 

are disposed may be reversed.  A device that combin es a standard 

activated sludge method and sand filtration, a memb rane 

separation bioreactor, or the like, is used for the  biological 

treatment device 20.  Also, commonly known technolo gy can be 

used for the ozone treatment device 21, the reverse  osmosis 

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 , divided 

into an adsorption step of causing ions included in  the 

treatment target water W1 to be adsorbed to the con ductive 

porous members 7, and a desorption step of releasin g a charge 

accumulated between the electrodes 2a and 2b, there by causing 

ions adsorbed to the conductive porous members 7 to  be desorbed.  

In the adsorption step, a voltage is applied betwee n the 

electrodes 2a and 2b from the direct current power supply 4 

via the electrode terminals 3, and with the switchi ng valve 

14a in an opened state, the treatment target water W1 stored 

in the treatment target water tank 11 is introduced  into the 

electrode portion from the treatment target water i ntroduction 

portion 9a using the treatment target water introdu ction means 

13. 

 [0031] 

 The treatment target water W1 in which various kin ds of 

ion such as sodium ions (Na +), calcium ions (Ca 2+), chlorine 

ions (Cl - ), or nitrate ions (NO 3- ) are included passes through 

the conductive porous members 7 layer of the electr ode portion.  

At this time, a voltage of 0.4 V to 5 V, desirably 0.4 V to 

1.3 V, is applied between the electrodes 2a and 2b from the 

direct current power supply 4, whereby the ions are  adsorbed 

to the conductive porous members 7.  The kind of io n differs 

depending on the quality and the like of the treatm ent target 

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 

electrode 2b side, and anions, such as chlorine ion s or nitrate 

ions, are adsorbed to the conductive porous member 7a on the 

positive electrode 2a side.  Because of this, the t reatment 

target water W1 is desalinated while flowing down t hrough the 

conductive porous members 7 layer.  The treated wat er W2 after 

treatment passes through the holding body 6, passes  through 

the desalinated water discharge pipe 14 from the lo wer portion 

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 

conductive porous members 7 is carried out simultan eously with 

the desorption step, and the treated water W2 store d in the 

desalinated water tank 15 is used as the backwashin g fluid.  

In the desorption step, the switching valve 14a is closed and, 

in a state wherein the electrodes 2a and 2b are sho rt-circuited 

(or a reverse voltage is applied to the electrodes 2a and 2b), 

the treated water W2 stored in the desalinated wate r tank 15 

is introduced into the receptacle 9 from the backwa shing fluid 

introduction portion 9b of the lower portion of the  receptacle 



 20/55  

9, using the backwashing fluid introduction means 1 7. 

 [0034] 

 When the treated water W2, which is the backwashin g fluid, 

is introduced into the electrode portion from the l ower portion 

of the receptacle 9, the conductive porous members 7 expand 

and flow so as to leap upward owing to the treated water W2 

because the space 8 is provided above the conductiv e porous 

members 7, and desorption of ions adsorbed to the c onductive 

porous members 7 is promoted.  Furthermore, grains of the 

agitated conductive porous members 7 collide with o ther grains 

of the conductive porous members 7 or with the elec trodes 2 

or the separator 5, whereby scale or a biofilm appe aring on 

the surfaces of the grains of the conductive porous  members 

7, the electrodes 2, or the separator 5 is mechanic ally detached.  

Also, owing to the backwashing, impurities accumula ted on 

surfaces of the conductive porous members 7 facing the space 

8 are discharged to the exterior of the receptacle 9 via the 

backwashing fluid discharge pipe 19, and clogging o f the 

conductive porous members 7 is eliminated. 

 [0035] 

 A flow speed of the backwashing fluid for backwash ing 

the conductive porous members 7 is a speed sufficie nt for the 

conductive porous members 7 layer to expand and the  conductive 

porous members 7 to be fluidized.  For example, whe n granular 

activated carbon is used for the conductive porous members 7, 
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a linear speed of the backwashing fluid is 0.002 m 3/(min ⋅m2) 

to 0.8 m 3/(min ⋅m2), or more desirably 0.01 m 3/(min ⋅m2) to 0.2 

m3/(min ⋅m2), whereby the desorption step can be carried out 

efficiently. 

 [0036] 

 A description has been given here of a case in whi ch 

backwashing of the conductive porous members 7 is c arried out 

simultaneously with the desorption step, but backwa shing of 

the conductive porous members 7 may be implemented 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 

electric double layer is eliminated, and the desorp tion of ions 

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  

treatment target water introduction portion 9a is p rovided in 

the upper portion of the receptacle 9 is given as a n example, 

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 

electrode portion in the adsorption step.  An elect rical field 

changes gradually from the positive electrode towar d the 

negative electrode between the electrodes 2a and 2b , because 
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of which the conductive porous members 7 in a vicin ity of the 

electrodes 2 adsorb ions more easily than the condu ctive porous 

members 7 in a vicinity of the separator 5, and var iation occurs 

in the amount of ions adsorbed by the conductive po rous members 

7. 

 [0038] 

 In response to this kind of problem, the treatment  target 

water W1 is introduced from below the electrode por tion in the 

adsorption step, whereby the conductive porous memb ers 7 in 

a vicinity of the electrodes 2 can be moved to a vi cinity of 

the separator 5, and the conductive porous members 7 in a 

vicinity of the separator 5 can be moved to a vicin ity of the 

electrodes 2, owing to the fluidity of the conducti ve porous 

members 7.  Because of this, variation in the amoun t of ions 

adsorbed by the conductive porous members 7 in the electrode 

portion is eliminated, and the amount of ions adsor bed overall 

can be increased. 

 [0039] 

 The water treatment device 1 according to the firs t 

embodiment can be of a configuration that includes two or more 

of a water treatment unit configured of the pair of  electrodes 

2, the separator 5, the conductive porous members 7 , and the 

receptacle 9.  In this case, the electrodes 2 of ea ch water 

treatment unit may be connected using a switching c ircuit 

(omitted from the drawings), and a charge accumulat ed between 
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the electrodes 2a and 2b of a water treatment unit in which 

the desorption step is carried out may be supplied to the 

electrodes 2 of a water treatment unit in which the  adsorption 

step is carried out.  Because of this, a voltage is  applied 

between the electrodes 2a and 2b of a water treatme nt unit in 

which the adsorption step is started, and used as e lectrical 

energy needed for the desalination process. 

 [0040] 

 According to the water treatment device and water 

treatment method according to the first embodiment,  as 

heretofore described, the space 8 in which the cond uctive 

porous members 7 are not disposed is provided in on e portion 

of the same spaces in the receptacle 9 as the space s in which 

the conductive porous members 7 are disposed, the b ackwashing 

fluid is introduced into the electrode portion in t he 

receptacle 9 from a direction differing from that o f the 

treatment target water W1, and the conductive porou s members 

7 are caused to flow, whereby the grains of the con ductive 

porous members 7 are agitated, and collide with oth er grains 

of the conductive porous members 7 or with the elec trodes 2 

or the separator 5, because of which scale and a bi ofilm 

appearing on the surfaces of the grains of the cond uctive porous 

members 7, the electrodes 2, or the separator 5 can  be easily 

removed, and desalination efficiency can be maintai ned. 

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

sufficiently agitated, the desorption of ions adsor bed to the 

conductive porous members 7 is promoted, and the ti me needed 

for the desorption step can be shortened in compari son with 

that needed to date.  Furthermore, by an appropriat e size being 

adopted for the volume of the space 8, leakage of t he conductive 

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 , for the 

above reasons, a water treatment device such that m 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 

treatment units, a charge accumulated in a water tr eatment unit 

in which the desorption step is carried out is supp lied to a 

water treatment unit in which the adsorption step i s carried 

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 

configuration of a water treatment device according  to a second 

embodiment of the invention, and Fig. 6 is a diagra m showing 

a modified example of the water treatment device sh own in Fig. 
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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 

separator 5 are disposed in concentric circles.  In  the second 

embodiment too, in the same way as in the first emb odiment, 

a treatment target water introduction portion is pr ovided above 

the conductive porous members 7 layer, and a space for allowing 

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  

embodiment includes a cylindrical electrode (the el ectrode 2b), 

and a central electrode (the electrode 2a) provided  on an inner 

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 

cylindrical electrode are connected by insulated wi res to the 

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  

receptacle 9 of a cylindrical form is also deposite d coaxially 

on an outer side of the cylindrical electrode of th e water 
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treatment device shown in Fig. 5, and a conductive porous member 

7c is also disposed in a gap portion between the cy lindrical 

electrode and the receptacle 9.  The modified examp le is such 

that by the receptacle 9 being provided on the oute r side of 

the cylindrical electrode, insulation of a device o uter 

peripheral portion is maintained.  Also, by the con ductive 

porous member 7c being deposited between the cylind rical 

electrode and the receptacle 9, the amount of the c onductive 

porous members 7 held in the water treatment device  1 increases, 

and the frequency of replenishing or replacing the conductive 

porous members 7 can be reduced.  As other configur ations are 

the same as in the first embodiment, a description will be 

omitted. 

 [0046] 

 According to the second embodiment, in addition to  the 

same advantages as in the first embodiment, the cyl indrical 

electrode can be used as one portion of the recepta cle 9 by 

the central electrode, the separator 5, and the cyl indrical 

electrode being disposed concentrically, and assemb ly of the 

water treatment device becomes easier.  Also, by an  annular 

structure being adopted for the electrode portion, a dead water 

region is less likely to form than in a case of a r ectangular 

cuboid reaction tank, and the desalination process can be 

carried out efficiently.  Also, the conductive poro us member 

7a in a vicinity of the rod-form central electrode is easily 
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agitated by the backwashing fluid, because of which  miscibility 

of the conductive porous member 7a increases, and t he electrode 

portion can be backwashed efficiently. 

 [0047] 

Third Embodiment 

 Fig. 7 is a perspective view schematically showing  a main 

configuration in a horizontal cross-section of a wa ter 

treatment device according to a third embodiment of  the 

invention.  The water treatment device according to  the third 

embodiment includes two pairs of rod-form electrode s 2a, 2b, 

2c, and 2d (collectively referred to as the electro des 2).  The 

receptacle 9 is compartmentalized into four spaces by two 

orthogonal separators 5a and 5b, and the electrodes  2 are 

disposed one in each of the four spaces at equal in tervals from 

each other.  In the third embodiment too, in the sa me way as 

in the first embodiment, a treatment target water i ntroduction 

portion is provided above the conductive porous mem bers 7 layer, 

and a space for allowing the conductive porous memb ers 7 to 

flow when backwashing is provided between the condu ctive porous 

members 7 and the treatment target water introducti on portion. 

 [0048] 

 The electrodes 2 are disposed at equal angles (90 °) in 

a peripheral direction in an interior of the cylind rical 

receptacle 9 so that the intervals between the elec trodes 2 

are equal, and the separators 5a and 5b that partit ion the 
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electrodes 2 off from each other are disposed betwe en the 

electrodes 2 in a radial form so as to pass through  a central 

portion.  The electrodes 2a and 2c are connected vi a electrode 

terminals 3a and 3c to a positive electrode of the direct 

current power supply 4, and the electrodes 2b and 2 d are 

connected via electrode terminals 3b and 3d to a ne gative 

electrode of the direct current power supply 4.  As  other 

configurations are the same as in the first embodim ent, a 

description will be omitted. 

 [0049] 

 In the third embodiment, the form of the receptacl e 9, 

not being limited to a cylindrical form, can be arb itrarily 

configured as, for example, a polygonal tube form, a tube form 

wherein a curved line such as an arc and a straight  line are 

combined, a rectangular cuboid, or the like.  Also,  the water 

treatment device may be caused to operate as two mu tually 

independent water treatment units, with the electro des 2a and 

2b as a pair, and the electrodes 2c and 2d as anoth er pair. 

 [0050] 

 According to the third embodiment, in addition to the 

same advantages as in the first embodiment, treatme nt target 

water flows more easily inside the receptacle 9 owi ng to the 

two pairs of rod-form electrodes 2 being disposed a t equal 

intervals in the peripheral direction in the cylind rical 

receptacle 9.  Also, by the electrodes 2 being disp osed 
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uniformly, ions are efficiently removed from the tr eatment 

target water. 

 [0051] 

Fourth Embodiment 

 Fig. 8 is a sectional view schematically showing a  main 

configuration of a water treatment device according  to a fourth 

embodiment of the invention, and Fig. 9 is a diagra m of a 

cross-section indicated by A-A in Fig. 8 seen from 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 

electrodes 2a and 2c on either side.  That is, two desalination 

process portions are configured, with the electrode  2b in a 

central portion as the common electrode.  In the ex ample shown 

in Fig. 9, the electrodes 2a and 2c are connected v ia the 

electrode terminals 3a and 3c to the positive elect rode of the 

direct current power supply 4, and the electrode 2b  is connected 

via the electrode terminal 3b to the negative elect rode of the 

direct current power supply 4.  Each electrode 2 an d the direct 

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 ptacle 9. 

 [0053] 

 A predetermined amount of conductive porous member s 7a, 

7b, 7c, and 7d (collectively referred to as the con ductive 

porous members 7) is loaded into gaps between the e lectrodes 

2 and the separators 5a and 5b, whereby the conduct ive porous 

members 7 layer is formed.  Also, in the same way a s in the 

first embodiment, the treatment target water introd uction 

portion 9a is provided above the conductive porous members 7 

layer, and the space 8 for allowing the conductive porous 

members 7 to flow when backwashing is provided betw een the 

conductive porous members 7 and the treatment targe t water 

introduction portion 9a. 

 [0054] 

 In the fourth embodiment, as shown in Fig. 8, back washing 

fluid introduction pipes 16a, 16b, 16c, and 16d (co llectively 

referred to as backwashing fluid introduction pipes  16) are 

connected to a lower portion of the side surface of  the 

receptacle 9.  Also, a lower space 18 is provided b elow the 

holding body 6 that holds the conductive porous mem bers 7.  As 

other configurations are the same as in the first e mbodiment, 

a description will be omitted. 

 [0055] 

 According to the fourth embodiment, in addition to  the 

same advantages as in the first embodiment, the thr ee 
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plate-form electrodes 2 and the two separators 5a a nd 5b are 

disposed at equal intervals, configuring two desali nation 

process portions with the electrode 2b in the centr al portion 

as the common electrode, because of which a reducti on in size 

of the electrode portion is achieved, and a reducti on of space 

needed for an installation place is achieved. 

 [0056] 

 Also, by the backwashing fluid being introduced fr om a 

side face of the conductive porous members 7 layer,  the 

conductive porous members 7 layer flows unevenly, a nd scale 

or the like adhering to the conductive porous membe rs 7 layer 

is easily removed.  Also, as the lower space 18 is provided 

below the holding body 6, the backwashing fluid ris es through 

the electrode portion in a state wherein the lower space 18 

is filled with the backwashing fluid when the backw ashing fluid 

is introduced into the electrode portion when backw ashing, 

because of which the backwashing fluid easily flows  uniformly 

through the electrode portion. 

 [0057] 

Fifth Embodiment 

 Fig. 10 is a schematic view showing a configuratio n of 

a first stage water treatment unit of a water treat ment device 

according to a fifth embodiment of the invention, a nd Fig. 11 

is a schematic view showing a configuration of a se cond stage 

water treatment unit connected to the water treatme nt unit 



 32/55  

shown in Fig. 10.  The water treatment device accor ding to the 

fifth embodiment includes a multiple of water treat ment units 

10a and 10b, which include a pair of the electrodes  2, the 

separator 5, the conductive porous members 7, and t he 

receptacle 9, connected in series. 

 [0058] 

 Each water treatment unit 10a and 10b is such that  the 

treatment target water introduction portion 9a is p rovided 

above the conductive porous members 7 layer, and th e space 8 

for allowing the conductive porous members 7 to flo w when 

backwashing is provided between the conductive poro us members 

7 and the treatment target water introduction porti on 9a. 

 [0059] 

 In the first stage water treatment unit 10a, the 

treatment target water W1 is introduced into the co nductive 

porous members 7a and 7b via the treatment target w ater 

introduction pipes 12a and 12b respectively.  At th is time, 

switching valves 27a, 27b, and 27c are opened.  Tre ated water 

treated by the conductive porous member 7a on the p ositive 

electrode side and treated water treated by the con ductive 

porous member 7b on the negative electrode side are  recovered 

separately, and introduced so as to be treated in t he second 

stage water treatment unit 10b by the conductive po rous members 

7b and 7a respectively, which are of polarities the  reverse 

of those in the first stage water treatment unit 10 a. 



 33/55  

 [0060] 

 That is, the treated water treated by the conducti ve 

porous member 7a on the positive electrode side of the first 

stage water treatment unit 10a is introduced via a desalinated 

water discharge pipe 26a into the conductive porous  member 7b 

on the negative electrode side of the second stage water 

treatment unit 10b.  Also, the treated water treate d by the 

conductive porous member 7b on the negative electro de side of 

the first stage water treatment unit 10a is introdu ced via a 

desalinated water discharge pipe 26b into the condu ctive porous 

member 7a on the positive electrode side of the sec ond stage 

water treatment unit 10b. 

 [0061] 

 Also, a partitioning plate 50 that does not allow water 

to pass through is disposed above the separator 5 o f each of 

the water treatment units 10a and 10b.  Because of this, treated 

water on the positive electrode sides and the negat ive 

electrode sides of the water treatment units 10a an d 10b can 

be prevented from mixing.  The treatment target wat er 

introduction pipes 12a and 12b may be of a configur ation that 

does not branch, or may be of a configuration that branches 

into two or more. 

 [0062] 

 The backwashing fluid introduction pipes 16a and 1 6b are 

connected further than the switching valves 27a and  27b to the 
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water treatment unit 10a side of the desalinated wa ter 

discharge pipes 26a and 26b of the first stage wate r treatment 

unit 10a.  Also, the backwashing fluid introduction  pipe 16c 

is connected further than the switching valve 27c t o the water 

treatment unit 10b side of a pipe in which desalina ted water 

discharge pipes 26c and 26d of the second stage wat er treatment 

unit 10b meet.  Backwashing fluid discharge pipes 1 9a, 19b, 

and 19c are connected respectively to the treatment  target 

water introduction pipes 12 in the first stage wate r treatment 

unit 10a and the desalinated water discharge pipes 26a and 26b 

in the second stage water treatment unit 10b. 

 [0063] 

 Also, the backwashing fluid discharge pipes 19b an d 19c 

of the water treatment unit 10b are connected furth er than the 

switching valves 27a and 27b to the water treatment  unit 10b 

side of the desalinated water discharge pipes 26a a nd 26b 

respectively.  A configuration may be such that eac h of the 

backwashing fluid discharge pipes 19 is directly co nnected to 

the receptacle 9 above the space 8 in the first sta ge water 

treatment unit 10a and the second stage water treat ment unit 

10b. 

 [0064] 

 A flow of water in the desorption step of the wate r 

treatment device according to the fifth embodiment will be 

described.  In the desorption step of the first sta ge water 
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treatment unit 10a, the backwashing water W3, which  is the 

backwashing fluid, is introduced into the electrode  portion 

via the backwashing fluid introduction pipes 16a an d 16b and 

the desalinated water discharge pipes 26a and 26b u sing 

backwashing fluid introduction means (omitted from the 

drawings), in a state wherein the switching valves 27a and 27b 

are closed.  The backwashing water W3, after causin g the 

conductive porous members 7 of the electrode portio n to flow, 

is discharged from the backwashing fluid discharge pipe 19a 

via the treatment target water introduction pipes 1 2a and 12b. 

 [0065] 

 Also, in the desorption step of the second stage w ater 

treatment unit 10b, the backwashing water W3, which  is the 

backwashing fluid, is introduced into the electrode  portion 

via the backwashing fluid introduction pipe 16c and  the 

desalinated water discharge pipes 26c and 26d using  backwashing 

fluid introduction means (omitted from the drawings ), in a 

state wherein the switching valve 27c is closed.  T he 

backwashing water W3, after causing the conductive porous 

members 7 of the electrode portion to flow, is disc harged from 

the backwashing fluid discharge pipes 19b and 19c v ia the 

desalinated water discharge pipes 26a and 26b. 

 [0066] 

 A configuration may also be such that the switchin g 

valves 27a and 27b, the backwashing fluid introduct ion pipes 
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16a and 16b, and the backwashing fluid discharge pi pes 19b and 

19c are not disposed in the desalinated water disch arge pipes 

26a and 26b disposed between the first stage water treatment 

unit 10a and the second stage water treatment unit 10b.  In 

this case, the backwashing fluid led into the secon d stage water 

treatment unit 10b is introduced into the first sta ge water 

treatment unit 10a via the desalinated water discha rge pipes 

26a and 26b, and discharged from the backwashing fl uid 

discharge pipe 19a via the treatment target water i ntroduction 

pipes 12a and 12b.  By adopting this kind of config uration, 

a simplification of the device piping is achieved, and the 

amount of backwashing fluid can be reduced. 

 [0067] 

 In the example shown in Fig. 10 and Fig. 11, the t reatment 

target water is introduced in the second stage wate r treatment 

unit 10b into the conductive porous members 7 of a polarity 

the reverse of that in the first stage by the desal inated water 

discharge pipes 26a and 26b connected to the first stage water 

treatment unit 10a being caused to cross, but a dis position 

may be such that the polarities of the electrodes 2  of the second 

stage water treatment unit 10b are the reverse in a  left-right 

direction of those of the electrodes 2 of the first  stage water 

treatment unit 10a, without the desalinated water d ischarge 

pipes 26a and 26b being caused to cross. 

 [0068] 
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 Herein, a case in which the two water treatment un its 

10a and 10b are disposed in series has been describ ed, but a 

configuration wherein three or more water treatment  units are 

disposed in series may be adopted.  In this case, a  water 

treatment unit connected to a last stage is of the configuration 

shown in Fig. 11, other water treatment units are o f the 

configuration shown in Fig. 10, and the desalinated  water 

discharge pipes 26a and 26b are connected instead o f the 

treatment target water introduction pipes 12a and 1 2b in the 

water treatment units from the second stage to the second last 

stage. 

 [0069] 

 According to the fifth embodiment, in addition to the 

same advantages as in the first embodiment, a multi ple of water 

treatment units are connected in series, the treate d water 

treated by the conductive porous member 7a on the p ositive 

electrode side of the first stage water treatment u nit and the 

treated water treated by the conductive porous memb er 7b on 

the negative electrode side are recovered separatel y, and are 

supplied to the second stage water treatment unit 1 0b into the 

conductive porous members 7 of polarities the rever se of those 

in the first stage, because of which ions can be ef ficiently 

removed. 

 [0070] 

Sixth Embodiment 
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 Fig. 12 is a diagram schematically showing an over all 

configuration of a water treatment device according  to a sixth 

embodiment of the invention, and Fig. 13 and Fig. 1 4 are a 

perspective view and a horizontal sectional view sc hematically 

showing a main configuration of the water treatment  device 

according to the sixth embodiment.  The water treat ment device 

according to the sixth embodiment includes a first sensor 51a, 

a second sensor 51b, and a third sensor 51c (collec tively 

referred to as sensors 51), which detect ion concen trations 

of the treatment target water W1, the treated water  W2, and 

the backwashing water W3 after backwashing respecti vely, and 

a control unit 53 that acquires results of detectio ns by the 

sensors 51, and controls switching of a first valve  52a, a 

second valve 52b, and a third valve 52c (collective ly referred 

to as valves 52), and an application of voltage bet ween the 

electrodes 2a and 2b. 

 [0071] 

 The first sensor 51a and the first valve 52a are p rovided 

in the treatment target water introduction pipe 12.   The first 

valve 52a is a switching valve that selects either a channel 

along which the treatment target water W1 is introd uced into 

the receptacle 9 via the treatment target water int roduction 

pipe 12, or a channel along which the backwashing w ater W3 after 

backwashing is discharged from the receptacle 9 via  the 

backwashing fluid discharge pipe 19. 
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 [0072] 

 Also, the second valve 52b and the second sensor 5 1b are 

provided in the desalinated water discharge pipe 14 , and the 

third valve 52c is provided in the backwashing flui d 

introduction pipe 16.  In the example shown in Fig.  12, the 

backwashing fluid introduction pipe 16 is connected  to the 

desalinated water tank 15, but the backwashing flui d 

introduction pipe 16 may also be connected further than the 

second valve 52b to the receptacle 9 side of the de salinated 

water discharge pipe 14.  Also, the third valve 52c  may be 

omitted by a channel switching valve being used as the second 

valve 52b, and the backwashing fluid introduction p ipe 16 being 

connected directly to the second valve 52b.  Also, a place in 

which the backwashing fluid discharge pipe 19 is co nnected may 

be a place other than the treatment target water in troduction 

portion 9a, and a switching valve may be installed in each. 

 [0073] 

 The control unit 53 is connected to the treatment target 

water introduction means 13, the sensor 51, the val ve 52, the 

backwashing fluid introduction means 17, and the di rect current 

power supply 4 via a control cable 54.  In the adso rption step, 

the control unit 53 obtains a rate of ion removal b y the 

conductive porous members 7 from the ion concentrat ions of the 

treatment target water W1 and the treated water W2 detected 

by the first sensor 51a and the second sensor 51b r espectively.  
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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 

from the ion concentration of the backwashing water  W3 detected 

by the third sensor 51c. 

 [0074] 

 The sensors 51 are ion concentration measurement d 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 

of sensors, such as a sensor that detects a water q uality such 

as a concentration of residual chlorine, residual a 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 e porous 

members 7 are disposed so that uppermost portions t hereof are 

higher than the electrodes 2 and lower than the sep arator 5.  

Because of this, as shown in Fig. 13, a conductive porous member 

7A of a region in which the electrodes 2 are dispos ed, and a 

conductive porous member 7B of a region in which th e electrodes 

2 are not disposed, exist in one water treatment de vice, ions 

are removed by the conductive porous member 7A in a  lower layer, 

and organic matter is removed by the conductive por ous member 

7B in an upper layer. 

 [0076] 
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 Also, as shown in Fig. 14, each of the pair of ele ctrodes 

2 is of a sectional form having a depressed portion  curved into 

a U-form, and one portion of the one electrode 2b i s disposed 

in an interior of the depressed portion of the othe r electrode 

2a.  The separator 5 is disposed in a sack-like for m on a 

periphery of the electrodes 2, preventing the condu ctive porous 

members 7 disposed on the positive electrode side a nd the 

negative electrode side from coming into contact an d 

short-circuiting.  As other configurations are the same as in 

the first embodiment, a description will be omitted . 

 [0077] 

 A description will be given, using Fig. 12 and Fig . 15, 

of a process flow when alternately implementing the  adsorption 

step, in which a desalination process is carried ou t, and the 

desorption step, in which the ion adsorption capaci ty of the 

conductive porous members 7 is caused to recover, i n the water 

treatment device according to the sixth embodiment.   The 

process shown in the flowchart of Fig. 15 is contro lled by the 

control unit 53.  The adsorption step is started in  a state 

wherein all of the valves 52 are closed, and instru ments such 

as the sensors 51 are in an off-state. 

 [0078] 

 In step S1, voltage is applied between the electro des 

2a and 2b using the direct current power supply 4.  Continuing, 

in step S2, the first valve 52a is opened in the di rection of 
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the treatment target water introduction pipe 12, th ereby 

opening the treatment target water introduction pip e 12, and 

the second valve 52b is opened, thereby opening the  desalinated 

water discharge pipe 14.  Continuing, in step S3, t he first 

sensor 51a and the second sensor 51b are turned on.  

 [0079] 

 Continuing, in step S4, the treatment target water  

introduction means 13 is turned on, the treatment t arget water 

W1 stored in the treatment target water tank 11 is introduced 

into the electrode portion from the treatment targe t water 

introduction portion 9a via the treatment target wa ter 

introduction pipe 12, and a desalination process is  carried 

out.  In the desalination process, an electric doub le layer 

is formed in the electrode portion, and ions in the  treatment 

target water W1 are adsorbed to the conductive poro us members 

7.  The desalinated treated water W2 is discharged from the 

lower portion of the receptacle 9 via the desalinat ed water 

discharge pipe 14, and stored in the desalinated wa ter tank 

15. 

 [0080] 

 Continuing, in step S5, the ion concentrations of the 

treatment target water W1 and the treated water W2 are detected 

by the first sensor 51a and the second sensor 51b r espectively, 

and a rate of ion removal from the treatment target  water W1 

by the conductive porous members 7 is calculated ba sed on the 
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ion concentrations.  When the ion removal rate is e qual to or 

greater than a predetermined value (YES) in step S6 , the 

adsorption step of step S5 is continued.  Also, whe n the ion 

removal rate is lower than the predetermined value (NO) in step 

S6, it is determined that the ion adsorption capaci ty of the 

conductive porous members 7 is decreasing, and the process 

advances to step S7. 

 [0081] 

 In step S7, the treatment target water introductio n means 

13 is turned off, thereby stopping the introduction  of the 

treatment target water W1 into the electrode portio n, and in 

step S8, the first valve 52a and the second valve 5 2b are closed.  

Continuing, in step S9, the application of voltage to the 

electrodes 2 is stopped, and in step S10, a charge accumulated 

between the electrodes 2a and 2b, that is, a charge  accumulated 

in the conductive porous members 7, is released. 

 [0082] 

 Subsequently, in step S11, the first valve 52a is opened 

in the direction of the backwashing fluid discharge  pipe 19, 

thereby opening the backwashing fluid discharge pip e 19, and 

the third valve 52c is opened, thereby opening the backwashing 

fluid introduction pipe 16.  Continuing, in step S1 2, the third 

sensor 51c is turned on, and in step S13, the backw ashing fluid 

introduction means 17 is turned on, the backwashing  fluid is 

introduced into the electrode portion from the back washing 
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fluid introduction portion 9b, and backwashing is c arried out 

together with the desorption step. 

 [0083] 

 Continuing, in step S14, the ion concentration of the 

backwashing water W3 after backwashing is detected by the third 

sensor 51c, and a rate of ion desorption from the c onductive 

porous members 7 is calculated based on the ion con centration.  

When the ion desorption rate is lower than a predet ermined value 

(NO) in step S15, the desorption step is continued.   Also, when 

the ion desorption rate is equal to or greater than  the 

predetermined value (YES) in step S15, it is determ ined that 

the ion adsorption capacity of the conductive porou s members 

7 has recovered, and the process advances to step S 16. 

 [0084] 

 In step S16, the backwashing fluid introduction me ans 

17 is turned off, thereby stopping the introduction  of the 

backwashing fluid into the electrode portion.  Cont inuing, in 

step S17, the third sensor 51c is turned off.  Furt hermore, 

in step S18, the first valve 52a and the third valv e 52c are 

closed.  Subsequently, in step S19, it is determine d whether 

or not to continue the desalination process, and wh en 

determining to continue (YES), the process returns to step S1.  

When determining in step S19 not to continue the de salination 

process (NO), the process is ended. 

 [0085] 



 45/55  

 The necessity or otherwise of continuing the 

desalination process may also be determined in step  S19 based 

on the amount of the treatment target water W1 in t he treatment 

target water tank 11.  In this case, the desalinati on process 

is continued when a predetermined amount or more of  the 

treatment target water W1 is stored in the treatmen t target 

water tank 11.  Alternatively, the adsorption step and the 

desorption step may be switched after a predetermin ed time, 

regardless of the results of the ion concentration detections 

by the sensors 51. 

 [0086] 

 According to the sixth embodiment, in addition to the 

same advantages as in the first embodiment, the upp ermost 

portions of the conductive porous members 7 are dis posed so 

as to be higher than the electrodes 2, whereby ions  can be 

removed by the conductive porous member 7A in the r egion in 

which the electrodes 2 are disposed, and organic ma tter can 

be removed by the conductive porous member 7B in th e region 

in which the electrodes 2 are not disposed, meaning  that ions 

and organic matter can be simultaneously removed. 

 [0087] 

 Also, the ion concentrations of the treatment targ et 

water W1, the treated water W2, and the backwashing  water W3 

after backwashing are detected by the sensors 51, a nd the ion 

removal rate and the ion desorption rate of the con ductive 



 46/55  

porous members 7 are obtained, because of which a s witch can 

be made to the desorption step when the ion adsorpt ion capacity 

of the conductive porous members 7 decreases in the  adsorption 

step, and a switch can be made to the adsorption st ep when the 

ion adsorption capacity of the conductive porous me mbers 7 

recovers sufficiently in the desorption step.  The embodiments 

can be freely combined, and each embodiment can be modified 

or abbreviated as appropriate, without departing fr om the scope 

of the invention. 

Reference Signs List 

 [0088]  

 1  Water treatment device, 2, 2a, 2b, 2c, 2d  Elec trode, 

3, 3a, 3b, 3c, 3d  Electrode terminal, 4  Direct cu rrent power 

supply, 5, 5a, 5b  Separator, 6  Holding body, 7, 7 a, 7b, 7c, 

7A, 7B  Conductive porous member, 8  Space, 9  Rece ptacle, 9a  

Treatment target water introduction portion, 9b  Ba ckwashing 

fluid introduction portion, 10a, 10b  Water treatme nt unit, 

11  Treatment target water tank, 12, 12a, 12b  Trea tment target 

water introduction pipe, 13  Treatment target water  

introduction means, 14, 14b, 14c, 14d, 26, 26a, 26b , 26c, 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 tment 

device, 23  Advanced oxidation treatment device, 27 a, 27b, 27c  

Switching valve, 50  Partitioning plate, 51a  First  sensor, 

51b  Second sensor, 51c  Third sensor, 52a  First v alve, 52b  

Second valve, 52c  Third valve, 53  Control unit, 5 4  Control 

cable 
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CLAIMS 

 

[Claim 1] 

 A water treatment device, comprising: 

 at least one pair of electrodes disposed distanced  from 

each other and opposing; 

 an electrically insulating, water permeable separa tor 

provided between the pair of electrodes; 

 an electrically insulating receptacle that houses the 

electrodes and the separator; and 

 conductive porous members having fluidity, dispose d one 

each in a multiple of spaces in the receptacle 

compartmentalized by the separator, wherein 

 the receptacle has a treatment target water introd uction 

portion through which treatment target water is int roduced into 

the receptacle, and a backwashing fluid introductio n portion 

through which a backwashing fluid is introduced int o the 

receptacle from a direction differing from that of the 

treatment target water, in addition to having a spa ce in which 

the conductive porous members are not disposed in o ne portion 

of the same spaces as those in which the conductive  porous 

members are disposed. 

[Claim 2] 

 The water treatment device according to claim 1, w herein 

the receptacle has the space in which the conductiv e porous 
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members are not disposed between the conductive por ous members 

and the treatment target water introduction portion . 

[Claim 3] 

 The water treatment device according to claim 1 or  claim 

2, comprising: 

 a treatment target water introduction pipe connect ed to 

the treatment target water introduction portion; 

 a desalinated water discharge pipe through which t reated 

water after the treatment target water is treated i s discharged 

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 

backwashing fluid introduction pipe, and the backwa shing fluid 

discharge pipe; 

 a multiple of sensors that detect ion concentratio ns of 

at least the treatment target water, the treated wa ter, and 

the backwashing fluid after backwashing; and 

 a control unit that calculates a rate of ion remov al from 

the treatment target water by the conductive porous  members 

and a rate of ion desorption from the conductive po rous members 

using the ion concentrations detected by the sensor s, and 
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controls switching of the valves and an application  of voltage 

between the electrodes based on the calculated ion removal rate 

and the calculated ion desorption rate. 

[Claim 4] 

 The water treatment device according to any one of  claim 

1 to claim 3, wherein a water permeable holding bod y that holds 

the conductive porous members is provided in an int erior of 

the receptacle, and the water treatment device has a space for 

stocking the backwashing fluid between the holding body and 

a bottom portion of the receptacle. 

[Claim 5] 

 The water treatment device according to any one of  claim 

1 to claim 4, wherein the conductive porous members  are granular 

activated carbon. 

[Claim 6] 

 The water treatment device according to any one of  claim 

1 to claim 5, wherein the electrodes and the separa tor are all 

disposed in a vertical direction, and the conductiv e porous 

members are disposed so that uppermost portions the reof are 

higher than the electrodes and lower than the separ ator. 

[Claim 7] 

 The water treatment device according to any one of  claim 

1 to claim 6, wherein each of the pair of electrode s has a 

semi-circular sectional form, and the electrodes ar e disposed 

so that depressed portions thereof oppose each othe r, and are 
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formed integrally across the separator of a plate-f orm. 

[Claim 8] 

 The water treatment device according to any one of  claim 

1 to claim 6, comprising as the pair of electrodes a cylindrical 

electrode and a central electrode provided on an in ner side 

of the cylindrical electrode and coaxial with the c ylindrical 

electrode, wherein the separator of a cylindrical f orm coaxial 

with the cylindrical electrode is provided between the 

cylindrical electrode and the central electrode. 

[Claim 9] 

 The water treatment device according to claim 8, w herein 

the receptacle is of a cylindrical form coaxial wit h the 

cylindrical electrode, and the conductive porous me mbers are 

disposed between the receptacle and the cylindrical  electrode. 

[Claim 10] 

 The water treatment device according to any one of  claim 

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

the electrodes, wherein the receptacle is compartme ntalized 

into four spaces by two of the separator that inter sect, and 

the rod-form electrodes are provided one in each of  the four 

spaces at equal intervals from each other. 

[Claim 11] 

 The water treatment device according to any one of  claim 

1 to claim 6, comprising as the electrodes three pl ate-form 

electrodes disposed parallel to each other and at e qual 
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intervals, wherein the plate-form electrode dispose d in a 

center is a common electrode, and is of a polarity differing 

from that of the plate-form electrodes on either si de. 

[Claim 12] 

 The water treatment device according to any one of  claim 

1 to claim 6, wherein each of the pair of electrode s is of a 

sectional form having a depressed portion, and one portion of 

one of the electrodes is disposed in the depressed portion of 

the other electrode. 

[Claim 13] 

 The water treatment device according to any one of  claim 

1 to claim 12, comprising a multiple of water treat ment units 

including the pair of electrodes, the separator, th e conductive 

porous members, and the receptacle, wherein the ele ctrodes of 

each water treatment unit are connected to each oth er via a 

switching circuit, and a charge accumulated in any one of the 

water treatment units is supplied to another of the  water 

treatment units via the switching circuit. 

[Claim 14] 

 The water treatment device according to any one of  claim 

1 to claim 13, wherein a multiple of water treatmen t units 

including the pair of electrodes, the separator, th e conductive 

porous members, and the receptacle are connected in  series, 

and the treated water treated by the conductive por ous member 

on a positive electrode side and the treated water treated by 
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the conductive porous member on a negative electrod e side of 

the water treatment unit in a first stage are recov ered 

separately, and introduced so as to be treated in t he water 

treatment unit in a second stage by the conductive porous 

members that are of polarities the reverse of those  in the first 

stage water treatment unit. 

[Claim 15] 

 A water treatment method that provides an electric ally 

insulating, water permeable separator between at le ast one pair 

of electrodes housed in an electrically insulating receptacle, 

disposes conductive porous members having fluidity in a 

multiple of spaces in the receptacle compartmentali zed by the 

separator, in addition to having a space in which t he conductive 

porous members are not disposed in one portion of t he same 

spaces as those in which the conductive porous memb ers are 

disposed, and alternately carries out an adsorption  step of 

introducing treatment target water into the recepta cle in a 

state wherein voltage is applied between the electr odes, 

thereby causing ions included in the treatment targ et water 

to be adsorbed to the conductive porous members, an d a 

desorption step of releasing a charge accumulated b etween the 

electrodes, thereby causing ions adsorbed to the co nductive 

porous members to be desorbed, wherein a backwashin g fluid is 

introduced into the receptacle from a direction dif fering from 

that of the treatment target water in the desorptio n step, 
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thereby causing the conductive porous members to fl ow. 

[Claim 16] 

 The water treatment method according to claim 15, wherein 

ion concentrations of each of the treatment target water and 

treated water that is the treatment target water af ter being 

treated are detected in the adsorption step, a rate  of ion 

removal from the treatment target water by the cond uctive 

porous members is obtained based on the ion concent rations, 

the adsorption step is continued when the ion remov al rate is 

equal to or greater than a predetermined value, and  a switch 

is made to the desorption step when the ion removal  rate is 

smaller than the predetermined value. 

[Claim 17] 

 The water treatment method according to claim 15 o r claim 

16, wherein an ion concentration of the backwashing  fluid after 

backwashing is detected in the desorption step, a r ate of ion 

desorption from the conductive porous members is ob tained based 

on the ion concentration, the desorption step is co ntinued when 

the ion desorption rate is smaller than a predeterm ined value, 

and a switch is made to the adsorption step when th e ion 

desorption rate is equal to or greater than the pre determined 

value. 


