Description
Titl e of I nvention: WATER TREATMVENT DEVI CE, WATER TREATMVENT SYSTEM
METHOD OF ASSEMBLI NG WATER TREATMENT DEVI CE, AND WATER TREATMENT

METHOD

Technical Field

[ 0001] Thepresent i nventionrel atestoawat er t reat ment devi ce,
a wat er treatnent system a nethod of assenbling a water treat nent
devi ce, and awater treatment nmet hod, with whichwater to betreated
is deionized with use of an electric double-layer capacitor

t echnol ogy.

Background Art

[ 0002] H therto, thereisknownacapacitivedeionization(CDI)
t echnol ogy using an electric doubl e-l1ayer capacitor technol ogy,
for deionization of water to be treated such as seawater or
contam nat ed wat er wi th use of a Coul onb force. For exanple, there
exists aflat flowthrough el ectric doubl e-layer capacitor having
the follow ng configuration (see, for exanple, Patent Literature
1). Specifically, activated carbon sheets each mai nl y made of hi gh
speci fi csurfaceareaactivecarbonarearrangedthroughaseparator,
whi chi s conprisedof anel ectricallyinsulatingporousflowthrough
sheet, interposed therebetween. Collectors are arranged on outer
sides of the activated carbon sheets, and retaining sheets are

arranged on outer sides of the collectors.



[ 0003] Further, there exists a flowthrough electric
doubl e-| ayer capacitor having the foll owi ng configuration (see,
for exanpl e, Patent Literature2). Specifically, thereareprovided
separators each conmprised of an electrically insulating sheet,
el ectrodes each conpri sed of an activated carbon | ayer sheet, and
col l ectors each nade of a good el ectric conductor material which
can be brought into intimte contact with the electrode. The
col lector, the el ectrode, the separator, and the el ectrode st acked
inthe stated order are grouped as one set. After a plurality of
the sets are arranged side by side, the collector is arranged as
a final sheet. Further, a stacking pressure is set to 0.2 kg/cnfG
or larger. Through hol es are formed t hrough t he sheets at the sane

positions. Wththethrough hol es, inner fl owpassages are forned.

Citation List
Patent Literature
[ 0004]
[ PTL 1] JP 3302443 B2

[PTL 2] JP 4286931 B2

Summary of Invention

Techni cal Probl em

[ 0005] Intherel ated-art capacitivedei oni zati ondevi ceusing
the electric double-layer capacitor technology, the sheet-Iike

activatedcarbonl ayer sheet, whi chi s obtai ned by addi nganadditive



such as a bi nder to granul ar or fi brous activated carbon and f orn ng
theactivatedcarbonintoasheet-|ikeshape, i susedastheel ectrode.

The acti vated carbon | ayer sheet descri bed above has t he fol | owi ng
problem The activated carbon | ayer sheet has reduced acti vated
carbon pores effective in deionization because of closure of the
pores with the additive. As a result, clearances are reduced to
increase a pressure loss at the tine of introduction of the water

tobetreated. As aresult, there arises a problemin that desired
dei oni zati on performance i s not obtai ned. Meanwhil e, when t he use
of the additive is avoided in viewof the pressure | oss, a contact

area between the granul ar or fibrous activated carbon used to form
the el ectrodeisreducedtoincreaseanelectricresistance. Thus,

there ari ses a probleminthat the desired dei oni zati on perfornmance
i s not obtained.

[ 0006] The present i nventi on has beennadet osol vet he probl ens
descri bed above, and has an object to provide a water treatnent

device, a water treatnent system a nethod of assenbling a water

treat ment devi ce, and awat er treat nent nmet hod, wi t hwhi chapressure
| oss during a deionization treatment for water to be treated is

suppr essed t o enabl e maxi numuse of pores of a conductive materi al .

Sol ution to Problem
[ 0007] The wat er treat ment devi ce accordi ng t o one enbodi nent
of the present inventionis configuredto performthe deionization

treatment for thewater tobetreated, andi ncl udes a pressi ng nenber,



a treatnent container configuredto store the water to be treated,
afirst el ectrodeandasecondel ectrodeaccommodat edi nt hetreat nent
contai ner, a separator arranged between the first el ectrode and
t hesecondel ectrode, andapair of col | ectors, whi chareaccomuodat ed
inthe treatnment container, and are configured to apply a voltage
tothefirst el ectrodeandthesecondel ectrode. The pressingnmenber
isconfiguredtopressthe first el ectrode andthe second el ectrode

in the treatnent container.

Advant ageous Effects of Invention

[ 0008] The wat er treat ment devi ce accordi ng t o one enbodi nent
of the present invention includes el ectrodes conprised solely of
t he conductive material. |In this manner, closure of pores of the
conductive material with, for exanpl e, an additive can be prevent ed
to suppress the pressure | oss during the deionization treatnent
for the water to be treated. As aresult, the use of the pores of

the conductive nmaterial can be maxi m zed.

Brief Description of Draw ngs
[ 0009] FIG 1is a perspective viewfor illustrating a water
treatnment device in a first enbodi nent of the present invention.
FIG 2 is an exploded view of the water treatnment device in
the first enbodi ment of the present invention.
FIG 3isatopviewof thewater treatnment deviceinthefirst

enbodi nment of the present invention.



FIG 4is asectional viewof the water treatnment device taken
along the line IV-1V of FIG 3.

FIG 5is asectional viewof the water treatnment device taken
along the Iine V-V of FIG 3.

FIG 6 is an exploded view of a first nodification exanple
of the water treatnment deviceinthefirst enbodi nent of the present
i nvention.

FIG 7 is an expl oded vi ew of a second nodificati on exanple
of the water treatnment deviceinthefirst enbodi nent of the present
i nventi on.

FIG 8 is an exploded view of a third nodification exanple
of the water treatnment deviceinthefirst enbodi nent of the present
i nvention.

FIG 9 is an exploded view of a water treatnment device in a
second enbodi nent of the present invention.

FIG 10 is an expl oded viewof a first nodification exanple
of thewater treat nent devi ceinthesecondenbodi nment of t he present
i nventi on.

FIG 11 is an expl oded vi ewof a second nodi ficati on exanpl e
of thewat er treat nent devi ceinthe secondenbodi ment of t he present
i nvention.

FIG 12 is an expl oded view of a third nodification exanple
of thewater treat nent deviceinthe secondenbodi nent of t he present
i nventi on.

FI G 13isaperspectiveviewforillustratingawater treatmment



device in a third enbodi mrent of the present invention.

FIG 14 is aviewfor illustrating a water treatnent system
using the water treatnent device of the present invention.

FIG 15isaviewforillustratingafirst nodificationexanple
of the water treatnment system

FIG 16isaviewforillustratingasecondnodificationexanple
of the water treatnent system

FIG 17isaviewforillustratingathirdnodificationexanple
of the water treatnment system

FIG 18 is a graph for showi ng a dei oni zati on effect of the
wat er treatnent device of the present invention.

FIG 19 is a graph for showi ng a deionization effect in a
conparative exanpl e of the water treatnent device of the present
i nvention.

FIG 20isaperspectiveviewforillustrati ngawater treatnent
device in a fourth enbodi nent of the present invention.

FIG 21isasectional viewof thewater treatnent devi cetaken
along the Iine XXI-XXI of FIG 20.

FIG 22isasectional viewof thewater treatnent devi cetaken
along the line XXI'l-XXI'l of FIG 20.

FIG 23 is an expl oded view of the water treatnent device in
the fourth enbodi nent of the present invention.

FIG 24 isaviewfor illustrating a nodification exanpl e of
the water treatnment device in the fourth enbodi ment of the present

i nvention.



FIG 25isaperspectiveviewforillustrati ngawater treatnent

device in a fifth enbodi mrent of the present invention.

Descri ption of Enbodi nents
[0010] Preferred enbodi ments of a water treatnent device and
a wat er treat nent met hod of the present i nvention are nowdescri bed
with reference to the draw ngs.
[ 0011] Fi rst Enbodi nent

FIG lisaperspectiveviewforillustratingawater treatnent
device 1 in a first enbodi nent of the present invention, and FIG
2 is an expl oded view of the water treatnment device 1. FIG 3 is
atopviewof the water treatnent device 1 of the first enbodi nent.
FIG 4is asectional viewof the water treatnent device taken al ong
the line V-1V of FIG 3, and FIG 5 is a sectional view of the
wat er treatnment device taken along the line V-V of FIG 3.
[0012] AsillustratedinFIG land FIG 2, the water treatnent
devicelincludesatreatnent contai ner 10andali d20. Thetreatnent
container 10is configuredtotreat water to be treated. A packing
40 i s arranged between the treatnent container 10 and the Iid 20.
The lid 20 is fastened onto the treatnent container 10 with four
screws 100. The treatnment container 10 has an inlet port 70 and
an outlet port 80. The inlet port 70 is configured to introduce
thewater tobetreated. Theoutl et port 80isconfiguredtodi scharge
the water to be treated.

[0013] I nthetreatment container 10, a pair of coll ectors 50A,



50B are arranged through a separator 60 interposed therebetween.
Afirst electrode 30 is arranged between the col | ector 50A and t he
separator 60, whereas a second el ectrode 31 is arranged between
the coll ector 50B and the separator 60.

[ 0014] AsillustratedinFIG 3 and FIG 4, apair of collector
grooves 20C, 20C and a separator groove 20D are fornmed inthe lid
20. The col l ector grooves 20C, 20Creceive upper ends of the pair
of col |l ectors 50Aand 50Binsertedthereinto. The separator groove
20D recei ves an upper end of the separator 60 i nserted thereinto.
The pair of collectors 50A and 50B are positioned by the coll ector
grooves 20C, 20C, whereas the separator 60 is positioned by the
separator groove 20D.

[ 0015] As a material of thetreatnment container 10 andthelid
20, aresin material having an insul ating property or a netal with
an electrically insulating coating applied thereon is used so as
to prevent short-circuiting between the first el ectrode 30 and t he
second el ectrode 31.

[0016] Avoltage is appliedto the first el ectrode 30 and t he
second el ectrode 31 respectively through the collectors 50A and
50Btoadsorbionsinthewater tobetreated. Asaconductivenmateri al
for conprising the first el ectrode 30 and t he second el ectrode 31,
for exanple, activated carbon, porous carbon, porous conductive
beads, or a porous netal, which has electrical conductivity and
alarge specific surface area, is used so as to increase a capacity

as a capacitor. Shapes of the conductive material s descri bed above



i nclude a powdery shape, a granul ar shape, and a fibrous shape.
In a case of the powdery shape and the granul ar shape, an outer
di aneter thereof falls within a range of from100 nmto 10 nm In
a case of the fibrous shape, a thickness thereof falls within a
range of from1l umto 50 um

For exanmple, clothor afilter, whichis conprised of any one
of the conductive materials described above, may be used.
[ 0017] An i nterval between each of the col |l ectors 50A and 50B
and the separator 60 is only required to be set to 1 tinme to 100
times, desirably, 5 tinmes to 20 tines as large as a dianmeter of
t he conductive material for conprising the first el ectrode 30 and
the second el ectrode 31. Wen the interval is smaller than the
di anet er of theconducti vematerial, theel ectrodecannot bearranged
bet ween each of the coll ectors 50A and 50B and t he separator 60.
When the interval is larger than 100 tinmes the dianmeter of the
conductive material, a thickness of each of the el ectrodes nade
of the conductive nmaterial is increased. Then, an electric
resi stance of the electrodes increases to |ower deionization
per f or mance.
[ 0018] The col | ectors 50A and 50B are configured to apply the
voltage to the first electrode 30 and the second el ectrode 31,
respectively, and to coll ect the voltage therefromat the tine of
di scharging. As a material for conprising the collectors 50A and
50B, for exanple, a graphite sheet, a grafoil (commercial nane),

a conductive rubber, or a netal sheet or plate interposed between



or covered with one of the materials described above is used. As
descri bedabove, thecol | ect ors50Aand50Bareconpri sedof amateri a
havi ng conductivity and flexibility.

[0019] The separator 60 is configured to prevent the
short-circuiting between the first electrode 30 and the second
el ectrode 31. As a material for conprising the separator 60, for
exanpl e, a material having an el ectric insul ating property, which
is permeabletoaliquidanddoes not all owthe conductive materi al
to pass t heret hrough, for exanple, a paper filter, a porous film
a non-woven fabric, or a blow ng agent, is used.

[ 0020] The inlet port 70 of the treatnent container 10 is
configured to introduce the water to be treated i nto the treatnent
container 10. Theinlet port 70 is arranged through a si de surface
of the treatnment container 10 so that the water to be treated can
be directly introduced to the first electrode 30 and the second
el ectrode 31, or the first el ectrode 30, the second el ectrode 31,
and the separator 60.

[0021] The outlet port 80 of the treatnent container 10 is
configured to discharge the water to be treated to an outside of
the treatment contai ner 10. The outl et port 80is arranged t hrough
a side surface of the treatnent container 10 so that the water to
be treated can be directly di scharged fromthe first el ectrode 30
and t he second el ectrode 31, or the first el ectrode 30, the second
el ectrode 31, and the separator 60.

[ 0022] The inlet port 70 and the outl et port 80 are conpri sed

10



of, for exanple, a resin material having an insulating property
suchasanacrylicresinor anetal coveredwithanel ectricinsulating
coating such as fluorine-coated stainless steel so as to prevent

the short-circuiting between the first el ectrode 30 and t he second
el ectrode 31.

[ 0023] Qutfl owprevention nmenbers 110 ar e nount ed bet ween t he
inlet port 70 and the treatnent contai ner 10 and bet ween t he out | et

port 80 andthetreatment contai ner 10 soasto prevent the conductive
material of the first el ectrode 30 and t he second el ectrode 31 from
fl owi ng out of the treatnment container 10. The outfl ow prevention
menbers 110 are conprised of, for exanple, a resin net having an
i nsul ati ngpropertyor anetal net coveredw thaninsul ati ngcoati ng.

[ 0024] Inthe first enbodiment, theinlet port 70 is arranged
inalower part of the treatnent contai ner 10, whereas the outl et

port 80 is arranged in an upper part of the treatnent container

10. However, the positions of theinlet port 70 and t he outl et port

80 are not limted thereto. For exanple, each of the inlet port

70 and the outlet port 80 may be positioned in the vicinity of a
center of the side surface of the treatment container 10 or may
be arranged through the Iid 20.

[ 0025] As illustratedin FIG 1, FIG 2, FIG 4, and FIG 5,

a pressing portion 20B configured to press the first el ectrode 30
and t he second el ectrode 31 is forned onthe lid 20. The pressing
portion 20Bis formed into a projecting shape toward an insi de of

t he treat nent contai ner 10. The pair of coll ectors 50A and 50B have

11



term nal s 150A and 150B, respectively. Apair of through hol es 20A,
20A configured to expose the term nals 150A and 150B to t he out si de
are fornmed through the lid 20. Wth the application of voltage to
the term nal s 150A and 150B, the voltage is applied to the first
el ectrode 30 and the second el ectrode 31.

[ 0026] The packi ng 40 nmade of an elastic nmenber is arranged
between the |id 20 and t he treatment container 10. The four screws
100 are inserted into four through holes formed through the lid
20. As the screws 100 are nore tightly fastened i nto screws hol es
of the treat nent contai ner 10, the first el ectrode 30 and t he second
el ectrode 31 in the treatnent container 10 are gradually pressed
by the pressing portion 20B of the lid 20. The pressing portion
20B of the Iid 20 is fornmed to have such a size that, after the
screws 100 are fully fastened, the first el ectrode 30 and t he second
el ectrode 31 are brought into a predeterm ned pressed state.
[0027] As descri bed above, in the water treatnment device 1
thelid 20 for the treatnent container 10 has the pressing portion
20Bconfiguredtobringthefirst el ectrode30andthesecondel ectrode
3lintothe predeterm ned pressed state. Wth the pressingportion
20B of the lid 20, the pressed state of the first el ectrode 30 and
t he second el ectrode 31 can be maintained while the water to be
treated is being treated in the treatnent container 10.

[ 0028] When a vol unme of the first el ectrode 30 and t he second
el ectrode 31 beforethelid20isnountedontothetreatnment container

10 i s represented by A and a volune of the first electrode 30 and

12



thesecondel ectrode3lafter thelid20is muntedontothetreatnent
contai ner 10 and the screws 100 are fastened i s represented by B,
t he pressed state of thefirst el ectrode 30 and t he second el ect rode
31 is specified as a conpression ratio P defined by B/ A

[ 0029] When the treatnent container 10 is transparent, the
conpressionratioPof thefirst el ectrode30andthesecondel ectrode
31 before and after the pressing is calculated through actual
measur enment of di mensions of the first el ectrode 30 and t he second
el ectrode 31. When the treatnment contai ner 10 i s not transparent,
the conpression ratio P of the first electrode 30 and the second
el ectrode 31 before and after the pressing is calculated froma
di fference between a position of the lid 20 in a state of being
pl aced on the first el ectrode 30 and the second el ectrode 31 and
a position of the lid 20 after the screws 100 are fastened.

[ 0030] The conpressionratio Pis specifiedto fall withina
range of fromO0.5to 0.99, desirably, from0.7 to 0.95. Wen the
conpression ratio P is larger than 0.99, a contact area between
t he conductive materials of the first el ectrode 30 and t he second
el ectrode 31 is reduced toincrease an electric resistance. Thus,
the conpression ratio P larger than 0.99 is not preferred. Wen
the conpressionratioPissmaller than0.5, the conductive materi al
is pulverized to flow out of the treatnment contai ner 10 toget her
withthewater tobetreated. Thus, the conpressionratioPsmaller
than 0.5 is not preferred.

[ 0031] The pressedstateof thefirst el ectrode30andthesecond

13



el ectrode 31 may be specified based on a value of an electric
resi stance betweenthe col |l ect ors 50Aand 50B adj acent t o each ot her
or a value of a pressure | oss generated at the tine of passage of
thewater tobetreated. Further, the above-nentionedpressedstate
may al so be specified based on both of the value of the electric
resi stance and the value of the pressure | oss described above.

[ 0032] When t he pressed state i s specified based on t he val ue
of the electric resistance, the pressed state is specifiedto fal
within a range of from0.01 @ to 100 @, desirably, from0.05 Qto
50 @. The separator 60 and the conductive material of the first
el ectrode 30 and t he second el ectrode 31 have resi stance, and hence
the el ectric resistance cannot be reduced to be smaller than 0.01
Q. Meanwhile, the electric resistance larger than 100 @ is not
preferred because the deioni zati on performance degrades.

[ 0033] Whent he pressedstateisspecifiedbasedonthepressure
| oss, the pressed state is specifiedtofall within arange of from
0. 001 kPa/ mto 1, 000 kPa/ m desirably, from0. 05 kPa/ mt o 500 kPa/ m
The conductive material of the first el ectrode 30 and the second
el ectrode 31 has a water flowresi stance. Thus, the pressure | oss
cannot be reduced to be smaller than 0. 001 kPa/ m Meanwhi | e, when
the pressure loss is |larger than 1,000 kPa/ m a consunpti on ener gy
for water injectiontothe water treatment deviceincreases. Thus,
the pressure loss larger than 1,000 kPa/ mis not preferred.

[ 0034] As descri bed above, according to the water treatnent

device 1 of the first enbodi nent, the coll ectors 50A and 50B are

14



arranged through the separator interposed therebetween in the
treat nent contai ner 10. Further, thefirst el ectrode 30i s arranged
bet ween t he col | ect or 50A and t he separator 60, whereas t he second
el ectrode 31i s arranged between the col | ect or 50B and t he separ at or
60. Then, the first el ectrode 30 and the second el ectrode 31 are
pressed with the pressing portion 20B forned onthe lid 20 for the
treatnment container 10 to maintain the pressed state.

[ 0035] Wth the configuration described above, the first
el ectrode 30 and the second el ectrode 31 can be conprised solely
of the conductive material. Further, an additive such as a bi nder
i s not used. Thus, cl osure of pores andcl earancesintheconductive
mat eri al can be prevent ed, and hencet he pressurel oss canbereduced.
[ 0036] Wth the pressed state of the first el ectrode 30 and
the second el ectrode 31 being mai ntained, the clearances in the
conducti vematerial of thefirst el ectrode30andthesecondel ectrode
31 are narrowed. Then, awater flowof the water tobetreatedinto
t he cl earances i s narrowed, and hence a di stance between the i ons
inthe water to be treated and the conductive material is reduced.
As a result, the adsorption of the ions to the first el ectrode 30
andthesecondel ectrode3lisaccel eratedtoi nprovethedei oni zati on
per f or mance.

[ 0037] Further, with the narrowi ng of the clearances in the
first el ectrode 30 and t he second el ectrode 31, a thi ckness of the
water flowof the water to be treated into the treatnment contai ner

10 is uniformzed inside the first electrode 30 and the second
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el ectrode 31toinprovethe dei oni zati on performance. Further, the
first electrode 30 and the second el ectrode 31 are mai ntained in
t he pressed state, and hence the electric resistance of the first
el ectrode 30 and the second el ectrode 31 is reduced. Thus, the
vol tage can be applied to the entirety of the first el ectrode 30
andthesecondel ectrode31. Asaresult, thepores of theconductive
material of the first el ectrode 30 and the second el ectrode 31 can
be efficiently used.

[ 0038] According to the water treatnent device 1 of the first
enbodi ment, the inlet port 70 for the water to be treated and the
outlet port 80 for the treated water are arranged so that the water
tobetreatedflowsdirectlyintotheseparator 60, thefirst el ectrode
30, and the second el ectrode 31. |In this manner, the water to be
treated can be spread into the entirety of the separator 60, the
first el ectrode 30, and the second el ectrode 31.

[ 0039] In the first enbodi nent, the pressing portion 20B is
formedonthelid20. However, theformationof thepressingportions
20isnot limtedthereto. For exanple, thelid 20 andthe pressing
portion 20B may be conpri sed as nenbers i ndependent of each ot her.
In this case, it is only required that the pressing portion 20B
al one be fastened with the screws 100, and the |id 20 be fixed to
the treatnment container 10 with another fixing nenber. Further,
inthe first enbodi nent, the separator groove 20D and t he pair of
col | ector grooves 20C, 20Care fornedinthe lid 20. However, the

formati on of the separator groove 20D and the pair of collector
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grooves 20C, 20Cisnot limtedthereto. For exanple, the separator
groove 20D and t he pair of col |l ector grooves 20C, 20C nay be f or ned
on an inner side of the treatnent container 10 or may be forned
in both of the lid 20 and the treatnment container 10.

[ 0040] Further, inthe first enbodi nent, the term nal 150A of
the coll ector 50A and the term nal 150B of the collector 50B are
formedsoastoproject fromthethroughhol es 20A, 20Af or med t hr ough
the lid 20. However, the formation of the term nals 150A and 150B
isnotlimtedthereto. For exanple, asinacaseof awater treatnent
device 2 of a first nodification exanple illustrated in FIG 6,
t hr ough hol es 11A, 11A may be forned t hrough a side surface of a
treat ment container 11 so that a term nal 151A of a coll ector 51A
and a term nal 151B of a collector 51B project fromthe through
hol es 11A, 11A. Inthis case, anoutflowprevention treatnent (not
shown) i s perfornmed on the through holes 11A, 11A so as to prevent
the water to be treated fromfl ow ng out through a gap between t he
term nal 151Aand the t hrough hol e 11A and a gap bet ween t he t er m nal
151B and the through hole 11A

[ 0041] Further, in the water treatnent device 1 of the first
enbodi ment, the pair of collectors 50A, 50B are arranged in the
t reat nent cont ai ner 10. However, t hearrangenent of thecoll ectors
isnot limtedthereto. For exanple, asinacaseof awater treatnent
device 3 of a second nodification exanple illustrated in FIG 7,
twocol |l ectors52Aandtwocol | ect ors 52Bmay bearrangedal ternately,

and t hree sets, eachincl udi ngthe separator 60, thefirst el ectrode
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30, and the second el ectrode 31, are arranged so that each set is
| ocated i n each space between the col | ector 52A and the col | ector
52B. Inthiscase, threeof eachof theinlet ports 70 andthe outl et

ports 80 are arranged. Wth the arrangenment described above,

capability of treating the water to be treated can be enhanced.

The nunber of each of the collectors 52A and 52B is not limted
to two and nay be three or nore.

[ 0042] Further, as in a case of a water treatnent device 4 of

athird nodification exanple illustrated in FIG 8, a plurality
of the water treatnment devices 2 of the first nodification exanple
may be arranged side by side. Inthis case, asillustratedinFIG

8, it is preferred that a term nal 153A of a collector 53A and a
term nal 153B of a collector 53B be fornmed at positions shifted
fromthe center so that the term nal 153A of the collector 53A and
the term nal 153B of the coll ector 53B are arranged to project from
t hr ough hol es 13A of atreatnent contai ner 13 in a stagger ed manner.

Wththe arrangenent descri bed above, a positive side and a negati ve
side of a power supply (not shown) can be prevented from being
erroneousl y connectedtothe term nal s 153Aand theterm nal s 153B.

[ 0043] Further, inthe first enbodi nent, the first el ectrode
30 and t he second el ectrode 31 are pressed with t he pressing portion
20Bfornmedonthelid20. However, thepressingof thefirst el ectrode
30 and the second el ectrode 31lisnot limtedthereto. For exanple,

as in the case of the water treatnent device 4 illustrated in FIG

8, a press nmachi ne 200 may be nounted ontoalid 23 sothat a pressing
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portion 23Bi s arrangedonthe press nachi ne 200. Then, the pressing
portion 23Bof the press machi ne 200 may be control | ed by acontrol | er

(not shown) topressthefirst el ectrodes 30andthesecondel ectrodes
31.

[ 0044] As t he press nmachi ne 200, for exanpl e, a hydraulic press
machi ne, a mechani cal press machine, or a servo press machine is
used. Wth use of the press machi ne 200, when t he pressing on the
first el ectrodes 30 andthe second el ect rodes 31 by t he press nachi ne
200 is rel eased, a space can be forned between upper portions of

thefirst el ectrodes 30 andt he second el ectrodes 31 and t he pressi ng
portion 23B. Wth the thus forned space, the first el ectrodes 30
and t he second el ectrodes 31 can be washed with water injected from
the inlet port 70 whil e bei ng expanded wi t hout renoval of the lid
23. Inthismanner, thefirst el ectrodes30andthesecondel ectrodes
31 can be uniformy washed.

[ 0045] Now, a net hod of assenbling the water treatnment device

1 of the first enbodinent is described with reference to FIG 2

and FIG 4.
[ 0046] First, in the treatnment container 10 of the water
treatnent device 1 illustratedin FIG 2, the separator 60 and t he

col l ectors 50A and 50B are arranged at predeternmi ned i ntervals so
that the separator 60 is |ocated between the collectors 50A and
50B. Next, thefirst electrode 30is arranged betweenthe coll ector
50Aand t he separ at or 60, whereas the second el ectrode 31i s arranged

between the collector 50B and the separator 60. The order of
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arrangenent of the first el ectrode 30 and t he second el ectrode 31
may be appropriately determ ned.

[ 0047] Next, after the packing 40is arranged onthe treat nment
container 10, thelid 20 is placed thereon. At thistine, thelid
20 is placed so that the pressing portion 20B forned on the lid
20 are |l ocated on the first el ectrode 30 and the second el ectrode
31. Further, asillustratedinFIG 4, anupper end of t he separat or
60 is insertedintothe separator groove 20D forned in the lid 20.
Then, the collectors 50A and 50B are inserted into the pair of
col l ector grooves 20C, 20C forned in the lid 20. Further, the
term nal 150A of the collector 50A and the term nal 150B of the
coll ector 50B are inserted into the pair of through holes 20A, 20A
formedthroughthelid20sothat thetermninals 150Aand 150B proj ect
fromthe lid 20. The outflow prevention treatnment (not shown) is
perfornmed on the pair of through holes 20A, 20A so as to prevent
the water to be treated fromfl ow ng out through a gap between t he
term nal 150A and t he t hrough hol e 20A and a gap bet ween t he t er m nal
150B and the through hole 20A.

[ 0048] Next, after the screws 100 are nount ed i nto screwhol es
of the lid 20, the screws 100 are fastened until the conpression
ratio between the collectors 50A and 50B becones equal to a
predeterm ned value. Through the process described above, the
assenbly of the water treatnment device 1 is conpleted.

[ 0049] I nst ead of specifying the fasteni ng of the screws 100

based on t he conpressionratio, the screws 100 may be fastened unti |
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the el ectric resi stance between the col | ect ors 50A and 50B becones
equal to apredeternm nedval ue. Further, instead of specifyingthe
fastening of the screws 100 based on the conpression ratio in the
nmet hod of assenbling the water treat nent device 1, the screws 100
may be fastened until a difference between a pressure given before
the inlet port 70 and a pressure given after the outlet port 80
becones equal to a predeterm ned val ue.
[ 0050] Second Enbodi nent

FI G 9i sanexpl odedvi ewof awat er tr eat ment devi ce5accordi ng
t oasecond enbodi ment of t he present i nventi on. Thewater treatnent
device 5 according to the second enbodinent is different fromthe
wat er treatnent device 1 of the first enbodinment in shapes of a
term nal 154A of a coll ector 54A and a term nal 154B of a col | ector
54B. Further, thewater treatnment device5 of the second enbodi nment
isdifferent fromthe water treatnent device of thefirst enbodi nent
inthat the term nals 154A and 154B are forned so as not to project
fromalid 24 or a treatnent container 14 and the term nals 154A
and 154B are energized via termnal bars 120A and 120B.

O her configurations are the sane as those of the first
enbodi ment .
[ 0051] AsillustratedinFIG 9, inthe water treatnent device
5 of the second enbodi ment, a separator groove 24D and a pair of
col l ector grooves 24C, 24C are formed in the lid 24. Further, a
pair of term nal -bar insertion holes 24E, 24E are fornmed through

the lid 24. Each of the collectors 54A and 54Bis forned so as to
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have a shape obtai ned by cutting out a rectangle fromone of four
corners of arectangle. In corner portions each bei ng adj acent to
t he cut out corner, aterm nal port 254Atobe connectedtotheterni nal
bar 120A and a termi nal port 254B to be connected to the term nal
bar 120B are forned, respectively.

[ 0052] For t he wat er t reat nent devi ce 5 of t he second enbodi nent,
t he separator 60 and the col | ectors 54A and 54B are first arranged
in the treatnment container 14. Then, the first electrode 30 is
arranged between the separator 60 and the col |l ector 54A, whereas
t he second el ectrode 31 is arranged between the separator 60 and
thecol |l ector 54B. After thepacking40isnountedontothetreatnent
container 14, thelid 24 is placed thereon. At this time, an upper
end of the separator 60 is inserted into the separator groove 24D
formed inthe lid 24. Further, the term nal 154A of the coll ector
54A and the term nal 154B of the collector 54B are inserted into
the pair of collector grooves 24C, 24C formed in the lid 24,
respectively. The four screws 100 are inserted into screw hol es
of the lid 24 and fastened so as to press the first el ectrode 30
and t he second el ectrode 31 with a pressing portion 24B of the lid
24. Then, theterm nal bar 120Aandt heterm nal bar 120Barei nsert ed
intothepair of term nal -bar i nsertionhol es 24E, 24Ef or med t hr ough
the lid 24.

[ 0053] Inthewat er treatment devi ce5of t he second enbodi nent ,
the positive side of the power supply is connected to a term nal

220A of the term nal bar 120A and the negative side of the power
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supply is connected to a term nal 220B of the termi nal bar 120B
soastoapply apositivevoltagetothe collector 54Aand a negative
voltagetothe collector 54B. Inthis manner, the positive voltage
andthenegativevol tagecanberespectivel yappliedtothecollectors
54A and 54B adj acent to each ot her, and hence the positive voltage
and t he negative vol tage can be applied to the first el ectrode 30
and t he second el ectrode 31, respectively. The polarities of the
vol tage to be respectively applied to the collectors 54A and 54B
are appropriately determ ned.

[ 0054] Accordingtothe water treatnment device 5 of the second
embodi nent, the term nal 154A of the coll ector 54A and t he t er m nal

154B of the collector 54B are fornmed so as not to project fromthe
lid 24 or the treatnent container 14 to the outside. Therefore,

damage of the term nals 154A and 154B due to col |l i si on agai nst an
obj ect aroundt hewat er t reat nent devi celcanbeprevented. Further,

contact of a conductive nenber therearound with the term nal s 154A
and 154B can be prevented so as to prevent short-circuiting of the
term nal s 154A and 154B.

[ 0055] In the second enbodi ment, the term nals 120A and 120B
areinsertedintothe term nal-bar insertion holes 24E, 24E f or med
throughthelid24tobeconnectedtotheterm nal 154Aof thecol | ector

54A and the term nal 154B of the collector 54B. However, the
insertionandtheconnectionof thecollectorsarenot |imtedthereto.
For exanple, as in a case of a water treatnment device 6 of a first

nodi fi cati on exanpl e of t he second enbodi nment, whichisillustrated
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in FIG 10, a pair of term nal-bar insertion holes 15A 15A and
a pair of collector grooves 15B, 15B rmay be formed through and in
atreatnment container 15. Inthiscase, aterm nal 155A0f acol | ector
55A and a term nal 155B of a coll ector 55B are inserted on a bottom
surface side of the treatnent container 15.

[ 0056] Further, inthe water treatnment device 5 of the second
enbodi ment, the pair of collectors 54A, 54B are arranged in the
treat nent contai ner 14. However, the arrangenent of the coll ectors
isnotlimtedthereto. For exanple, asinacaseof awater treatnent
device 7 of a second nodification exanple illustrated in FIG 11,
twocol | ectors56Aandtwocol | ect ors 56Bmay bearrangedal ternately,
and three sets, eachincludingthe separator 60, thefirst el ectrode
30, and the second el ectrode 31, are arranged so that each set is
| ocated i n each space between the col | ector 56A and the col | ector
56B. Inthiscase, threeof eachof theinlet ports 70 andtheoutl et
ports 80 are arranged. Wth the arrangenent described above,
capability of treating the water to be treated can be enhanced.
The nunber of each of the collectors 56A and 56B is not [imted
to two and may be three or nore.

[ 0057] Further, as in a case of a water treatnent device 8 of
athird nodification exanple illustrated in FIG 12, a plurality
of the water treatnment devices 6 of the first nodification exanple
may be arranged side by side. Inthis case, asillustratedinFIG
12, a termnal 157A of a collector 57A and a term nal 157B of a

collector 57B are arranged in a staggered manner. Wth the
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arrangenent descri bed above, a positive voltage can be appliedto
the termnals 157A of the two collectors 57A with use of the one
term nal bar 121A, whereas a negative voltage can be applied to
the termnals 157B of the two collectors 57B with use of the one
term nal bar 121B. The polarities of the voltage to be appliedto
the collectors 57A and 57B are appropriately deterni ned.
[ 0058] Thi rd Enbodi nent

FIG 13 is aviewfor illustrating a water treatnent device
9 according to a third enbodi nent of the present invention. As
illustrated in FIG 13, the water treatnent device 9 includes a
treatment container 18 and a lid 28. The treatnent contai ner 18
isconfiguredtotreat water tobetreated. Apacking4lis arranged
bet ween the treatnment container 18 and the lid 28. Thelid 28 is
fastened onto the treatnent container 18 with the four screws 100.
An inlet port 70 for the water to be treated is arranged through
t he treat ment cont ai ner 18, whereas anoutl et port 80for thetreated
water is formed through the lid 28
[ 0059] I nthetreatment container 18, a pair of coll ectors 58A
58B are arranged through a separator 61 interposed therebetween.
Afirst electrode 32 is arranged between the col | ector 58A and t he
separator 61, whereas a second el ectrode 33 is arranged between
the coll ector 58B and t he separator 61. A pressing portion 28Bto
be brought into contact with the collector 58A is formed on the
lid 28. Through the fastening of the |lid 28 onto the treatnment

container 18 with the four screws 100, the pressing portion 28B
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presses the first el ectrode 32 and t he second el ect rode 33 t hrough
the coll ector 58A.

[ 0060] As illustrated in FIG 13, the collector 58A has a
term nal 159A, whereas the collector 58B has a term nal 158B. A
t ermi nal bar 122Aarrangedsoastopassthroughthelid28isconnected
to the term nal 159A of the collector 58A, whereas a termnal bar

122B arranged so as to pass through the lid 28 is connected to the
term nal 158B of the collector 58B. In the water treatnent device
9, a positive side of a power supply (not shown) is connected to
a term nal 222A of the term nal bar 122A provided through the lid
28 and anegativesideisconnectedtoatermnal 222Bof the term nal

bar 122B provided in the treatnment container 18. As a result, a
positive voltage is applied to the first el ectrode 32, whereas a
negative voltage is applied to the second el ectrode 33.

[ 0061] Inthewater treatnent device 9 of thethirdenbodi nent,

a thickness of the first el ectrode 32 and a t hi ckness of the second
el ectrode 33 are not specified. Thus, the thickness of the first

el ectrode 32 and the thickness of the second el ectrode 33 can be
changedby changi ngt he anount of conductivematerial. Inthismanner,
t he deioni zation performance can be control |l ed.

[ 0062] Further, in the water treatment device 9 of the third
enbodi ment, the first el ectrode 32 and the second el ectrode 33 are
pressed with the pressing portion 28B of thelid 28 in a direction
of being interposed between the collectors 58A and 58B. In this

manner, the collectors 58A and 58B, the first el ectrode 32, and
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t he second el ectrode 33 can be brought into cl ose contact with each
ot her. Thus, an electric resistance during the deionization
treat ment can be reduced.

[ 0063] Next, a systemconfiguration usingthe water treatnent

device of the present invention is described based on the water

treatnent device 1 of the first enbodi nent. The sane description
appl i es when t he ot her wat er treat nent devices 2to 9 of the present

i nvention are used.

[ 0064] FIG 14 is adiagramfor illustratingawater treatnent

syst em300usi ngt hewat er treat ment devi celof thepresent i nventi on.

The wat er treatnent system300 i ncl udes the wat er treat ment devi ce
1, a power supply unit 320, a tank 310 for water to be treated,

a punp 330, a control unit 350, and detection units 340A and 340B.

[ 0065] Thewat er t reat ment syst em300i sconfi guredtoi ntroduce
the water to be treated, which is punped up by the punp 330 from
thetank 310 for water tobetreated, i ntothe water treatnment device
1. The detection unit 340Ais arranged in a fl ow passage bet ween
t he punp 330 and t he wat er treat ment devi ce 1, whereas t he detection
unit 340Bis arranged in a fl ow passage on a di scharge side of the
wat er treatment device 1. The detection units 340A and 340B are
configured to nmeasure, for exanple, an electrical conductivity,

a pressure | oss, a hardness, or arenoval target i on concentration
of thewater tobetreated. Wienthewater tobetreatedis subjected
tothe deionizationtreatnent inthe water treatnment device 1, the

detection unit 340B can neasure, for exanple, an electrical
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conductivity, a pressure | oss, a hardness, or arenoval target ion
concentrationof thedei oni zedtreatedwater. Wenthedeionization
treatment is not conducted in the water treatnent device 1, the
detection wunit 340B neasures, for exanple, the electrica
conductivity, thepressurel oss, thehardness, or therenoval target
i onconcentrationof thewater tobetreated. The power supply unit
320 i s connected to the water treat nent device 1. The power supply
unit 320, the punp 330, and the detection units 340A and 340B are
controlled by the control unit 35.

[ 0066] The wat er treat nent system300is configuredtoinclude
the single water treatnent device 1. However, a configuration of
thewater treatnment system300isnot limtedthereto. For exanple,
as inacase of awater treatnment system301 of afirst nodification
exanpleillustrated in FIG 15, two water treatnment devi ces 1A and
1B may be connected in series. Wth the configuration described
above, thewater tobetreatedcanbetreatedto haveal owel ectri ca
conductivity. Three or nore water treatnment devices 1 may be
connected in series.

[0067] Further, as in a case of a water treatnent system 302
of a second nodification exanpleillustratedinFIG 16, two water
treat nent devi ces 1A and 1B may be connected in parallel. Wththe
configurationdescribedabove, thewater tobetreatedcanbetreated
to have a low electrical conductivity. Wth the configuration
descri bed above, a wat er anpbunt to be subj ected to the dei oni zati on

treatment per unit tine can be increased. Three or nore water
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treatnent devices 1 may be connected in parall el

[ 0068] Further, as in a case of a water treatnent system 303
of athird nodification exanple illustrated in FIG 17, a set of
the two water treatnent devices 1A and 1B arranged in series and
a set of two water treatnent devices 1C and 1D arranged in series
may beconnectedinparallel. Wththeconfigurati ondescri bedabove,
the water to be treated can be treated to have a | ow el ectrica

conductivity. Through the treatnent describe above, the water
anount to be subjected to the deionization treatnent per unit tine
can be increased. Three or nore water treatnent devices 1 may be
connected in parallel. Wth the connection descri bed above, the
wat er anount to be subjected to the deionizationtreatnent per unit
time can be i ncreased, while the water to be treated can be treated
to have a |low electrical conductivity.

[ 0069] The wat er treatnment systens 300 to 303 are applicable
toawater treatnment for, for exanple, water purification, sewage,

drai nage, or desalination. Further, the water treatnent systens
300 to 303 are applicable also to production of sprinkling water
for an air-conditioner, cooling water, water for production, and
wat er for washing. Further, the water treatnment systemdescri bed
above may be conbi ned with a water heater, a di shwasher, a washi ng
machi ne, a cold/ hot water system an electric water heater, and
ahum difier, andmy beusedasawater purifier. Besidesthedevices
and machi nes descri bed above, the wat er treatment systemdescri bed

above may be conbined with or nounted on a device that requires
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dei oni zed wat er
[ 0070] Fourt h Enbodi nment

FIG 20isaperspectiveviewforillustrati ngawater treatnent
devi ce 500 accordi ngtoafourthenbodi ment of the present i nventi on.
FIG 21 is a sectional view of the water treatnent device taken
along the line XXI-XXI of FIG 20. FIG 22 is a sectional view of
the water treatnent device taken along the line XXII-XXI'l of FIG
20. FIG 23 is an exploded viewof the water treatnment devi ce 500
according to the fourth enbodi ment of the present invention.
[0071] AsillustratedinFIG 20toFI G 23, thewater treatnent
devi ce 500 i ncludes a treatnment container 501 and a |id 502. The
treat ment container 501 is configuredtotreat water to be treated.
A packing 510 i s arranged bet ween the treat nment contai ner 501 and
thelid 502. The lid 502 is fastened onto the treatnent contai ner
501withfour screws 509. Thetreatnent container 501 has fiveinlet
ports 506 and five outlet ports 507 for the water to be treated.
When wat er | eakage does not occur w thout the packing 510 after
the treatment container 501 and the Iid 502 are fastened with the
screws 509 and a l i quid such as the water to betreatedis injected,
t he packing 510 is not required to be provided. Further, a nmenber
ot her than the packing 510 may be used as | ong as the nmenber can
prevent the water |eakage, which may occur after the treatnent
container 501 and the lid 502 are fastened with the screws 509 and
the liquid such as the water to be treated is injected.

[0072] In the treatnment container 501, a pair of collectors
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504A, 504B are arranged through a separator 505 interposed
t herebetween. A first electrode 503A is arranged between the
col | ector 504A and the separator 505, whereas a second el ectrode
503B i s arranged between the col | ector 504B and t he separ at or 505.
Four partition plates 513 are arranged across the first el ectrode
503A and the second el ectrode 503B.

[ 0073] Asamaterial for conprisingeachof thepartitionplates
513, for exanple, a graphite sheet, a grafoil (commercial nane),
a conductive rubber, a netal plate, aresin plate, a resin sheet,
and wood are given. Any material may be used as |l ong as the first
el ectrode 503A and t he second el ectrode 503B are partitioned. The
partition plates 513 may have water perneability. Further, the
partition plates 513 may have el ectrical conductivity.

[ 0074] A pressing portion 502Ato be brought into contact with
the coll ector 504Ais formed onthe lid 502. Through the fastening
of thelid502ontothetreatnment container 501 with the four screws
509, the pressing portion 502A presses the first el ectrode 503A
and the second el ectrode 503B through the collector 504A. As
mat eri al s of the treatnent container 501, thelid 502, the pressing
portion 502A, the first el ectrode 503A, the second el ectrode 503B,
the col |l ectors 504A and 504B, the separator 505, the inlet ports
506, and the outlet ports 507, the sanme materials as those in the
first enmbodi nent are used.

[0075] AsillustratedinFIG 21, aterm nal 508Ais connected

to the coll ector 504A, whereas a term nal 508Bis connected to the
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col l ector 504B. Wth applicationof avoltage acrosstheterninals
508A and 508B, the voltage is applied across the coll ectors 504A
and 504B, specifically, across the first electrode 503A and the
second el ectrode 503B.

[0076] In the water treatnent device 500 of the fourth
enbodi ment, asinthewater treat nent devi ce9of thethirdenbodi nment,
athickness of thefirst el ectrode 503Aand at hi ckness of the second
el ectrode 503B are not determ ned by the coll ectors 504A and 504B
and t he separator 505. Thus, the thickness of the first el ectrode
503A and t he t hi ckness of the second el ectrode 503B can be changed
by changi ng t he anobunt of conductive material. Wth the change in
t hi ckness, the deionization performance can be changed and
control | ed.

[0077] Further, inthewater treat ment devi ce 500 of thefourth
enbodi ment, the first el ectrode 503A and t he second el ectrode 503B
arepressedw ththepressingportion502Aof thelid502inadirection
of being interposed between the collectors 504A and 504B. Inthis
manner, the collectors 504A and 504B, the first el ectrode 503A,
and the second el ectrode 503B can be brought into close contact
with each other. Thus, an electric resistance during the
dei oni zation treatnent can be reduced.

[0078] In the water treatnent device 500 of the fourth
enmbodi nent, the first el ectrode 503A and t he second el ectrode 503B
are conprised sol ely of a conductive material, and an addi ti ve such

as a bi nder for binding constituent materials to each other is not
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used, as in the first enbodiment. Thus, clearances are ensured
bet ween the first el ectrode 503A adj acent thereto and bet ween t he
first electrode 503B adj acent thereto. Wth the cl earances, the
water tobetreatedcanbedirectlyinjectedintothefirst el ectrode
503A and t he second el ectrode 503B. Further, the treated water can
be directly di scharged fromthe first el ectrode 503A and t he second
el ectrode 503B. Thus, apressurel oss of the water treatnent device
500 can be reduced.

[ 0079] Further, inthewater treat ment devi ce 500 of thefourth
enmbodi ment, thepluralityof partitionplates513arearrangedacross
the first el ectrode 503A and t he second el ectrode 503B. Wth the
pluralityof partitionplates513, thewatertobetreatedisuniformy
spreadintothe first el ectrode 503Aand t he second el ectrode 503B.
In this manner, generation of a short path for the treated water,
whi chi s one of factors of reducti onof thedei oni zati on performnce,
inthe treatnent contai ner 501 can be suppressed. Thus, even when
an area of each of the first el ectrode 503A and t he second el ectrode
503B i s increased, stable deionization performance i s obtained.
[ 0080] In the water treatnent device 500 of the fourth
enbodi ment, theinlet ports 506 andtheoutl et ports 507 are arranged
t hrough side surfaces of the treatnent container 501, which are
opposed t o each ot her. However, the arrangenent of theinlet ports
506 and the outl et ports507isnot limtedthereto. Theinlet ports
506 and the outlet ports 507 may be arranged at any positions as

long as the inlet ports 507 and the outlet ports 507 are opposed
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toeachot her t hroughthefirst el ectrode503Aandt hesecondel ect rode
503Bt her ebet ween. For exanpl e, theinlet ports 506 may be arr anged
t hrough a bott omof t he treat nent contai ner 501, whereas t he out| et
ports 507 may be arranged through the lid 502.

[ 0081] In this case, it is preferred that hol es be arranged
t hrough the coll ectors 504A and 504B or a material having water
pernmeability be used for the coll ectors 504A and 504B so t hat the
liquid can be injected fromthe inlet ports 506 into the second
el ectrode 503B and the Iiquid can flow out of the first el ectrode
503A through the outlet ports 507. Further, the inlet ports 506
may be arranged t hrough a side surface of the treatnment container
501, whereas the outlet ports 507 may be arranged t hrough the Iid
502.

[ 0082] In the fourth enbodinment, in order to directly inject
the water to be treated into the first el ectrode 503A, the inlet
ports 506 are arranged so as to correspond to five segnents of the
first el ectrode 503A, which are definedbythe four partitionplates
513, respectively. Further, inordertodirectlydischargethewater
to betreated fromthe second el ectrode 503B, the outlet ports 507
are arranged so as to correspond to five segnments of the second
el ectrode 503B, whi ch are defined by the four partition plates 513,
respectively. Thenunber of inlet ports 506 andthe nunber of outl et
ports507arenot limtedtothosedescribeabove. Inordertoretain
the water to be treated in the first el ectrode 503A and t he second

el ectrode 503Bfor alongperiodof time, itisdesiredthat adi stance
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betweentheinlet ports 506 andthe outl et ports 507 belarge. Thus,
t he nunber of inlet ports 506 and t he nunber of outlet ports 507
may be one for each. Even in this case, the inlet ports 506 and
the outl et ports 507 are arranged at such positions that the water
tobetreatedcanbedirectlyintroducedtoor thewater tobetreated
can be directly di scharged fromone or both of the first el ectrode
503A and the second el ectrode 503B. When the water to be treated
is directly introduced into both of the first el ectrode 503A and
t he second el ectrode 503B, the inlet ports 506 and t he outl et ports
507 may be arr anged at such positi ons astobeopposedtotheseparator
505.

[ 0083] Further, in the fourth enbodi nent, one for each of the
first el ectrode 503A, t he second el ectrode 503B, t he col | ect or 504A,
and the collector 504B is arranged. However, the nunber of each
of thefirst el ectrode 503A, thesecondel ectrode503B, thecoll ector
504A, and the collector 504Bis not |imted thereto. For exanple,
as in a nodification exanple illustrated in FIG 24, a plurality
of the first electrodes 503A, the second el ectrodes 503B, the
collectors 504A, and the collectors 504B may be arranged,
respectively.

[ 0084] When the plurality of first el ectrodes 503A, second
el ectrodes 503B, col | ectors 504A, and col | ect ors 504B ar e arr anged,
respectively, as in the nodification exanple illustrated in FIG
24, passage ports are arranged in the coll ectors 504A and 504B or

t he col | ect ors 504A and 504B ar e arranged of a materi al havi ng wat er

35



pernmeability so that a liquid can pass therethrough.
[ 0085] Inthe case of the nodificationexanpleillustratedin
FIG 24, a voltage nmay be applied to each of the coll ectors 504B,
whi ch are arranged so as to be held in contact with the Iid 502,
and t he col | ectors 504B, whichis arrangedsoastobeheldincontact
wi t habottomof thetreatment contai ner 501. Wththeconfiguration
descri bed above, the nodification exanple illustrated in FIG 24
i s configuredas abipolar stacki nwhichavoltageis appliedsolely
to stack ends of the first el ectrodes 503A, the second el ectrode
503B, thecol | ect or 504A, andthecol | ectors 504B, whi ch ar e st acked.
[ 0086] Further, for exanple, aterm nal may be provi dedto each
of the collector 504A and the coll ectors 504B and connected to a
power supply so that the voltage is applied across the coll ector
504A and each of thecoll ectors 504B. Inthiscase, aunipol ar stack
i nwhichthe voltage i s applied across the col | ector 504A and each
of the collectors 504B is forned.
[0087] Further, inthewater treat ment device 500 of thefourth
embodi nent, the lid 502 is fastened onto the treatnent contai ner
501 with the four screws 509. However, the nunber of screws 509
may be larger than five or equal to or smaller than three.
[ 0088] Fi ft h Enbodi nment

FIG 25isaperspectiveviewforillustratingawater treatnment
devi ce 600 accordingtoafifthenbodi nent of the present i nventi on.
The water treatnment device 600 is one of nodification exanpl es of

the first enbodi nent.
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[ 0089] The wat er treat nent devi ce 600 i ncl udes two col | ectors
604Aandonecol | ect or 604B, whi charearrangedal ternately. Between
each of thecol | ectors 604Aandt hecol | ect or 604B, thereare arranged
a separator 605, a first electrode 603A, and a second el ectrode
603B. The first el ectrode 603A and t he second el ectrode 603B are
separated from each other by the separator 605.

[ 0090] The first el ectrode 603Aandt he second el ectrode 603B,
whi ch are separated fromeach ot her by the separator 605, are each
di videdinto four segnments by three partitionplates 611 orthogonal
to the separator 605. The partition plates 611 are not required
to be orthogonal to the separators 605 as long as the partition
pl ates 611 are not parallel to the separators 605, the collectors
604A, andthecol | ector 604B. Further, aterm nal 608Aandaterm nal
608B of the water treatment device 600 of the fifth enbodi ment are
provided only to the coll ectors 604A, which are held in contact
with the treatnent container 601.

[ 0091] As descri bed above, in the water treatnment device 600
of the firth enbodi nent, each of the first el ectrodes 603A and t he
second el ectrodes 603B is divided by the plurality of partition
plates61l. Wththedivisiondescribedabove, i nthewat er treat nent
device 600 of the fifth enbodi nent, even when an area of each of
thefirst el ectrodes 603Aandt hesecondel ect rodes 603Bi si ncreased,
the water to be treated can be uniformy spread into the first
el ectrodes 603A and the second el ectrodes 603B.

[0092] Wth the configuration described above, the water
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t reat nent devi ce 600 of the fifthenbodi nent can suppress generation
of a short path for the treated water, which is one of factors of
reduction of the deionization performance, in the treatnent
contai ner 601. Thus, even when the area of each of the first
el ectrodes 603A and t he second el ectrodes 603Bi s increased, stable
dei oni zati on perfornmance is obtai ned.

[ 0093] Further, inthe water treatnment device 600 of thefifth
enbodi ment, withthearrangenent of thepluralityof partitionpl ates
611 across the first el ectrodes 603A and t he second el ectrode 603B,
when the first el ectrodes 603A and the second el ectrodes 603B are
pressed by the pressing portion 602A, each of the el ectrodes can
be internally pressed in a uniform manner.

[ 0094] Next, resul ts of verification of a deionization effect
with use of the water treatnment device of the present invention
are described with reference to FIG 18 and FIG 19. For the
verification, the water treatment device 1 of the first enbodi nment
was used.

[ 0095] As the conductive material of the first electrode 30
and the second el ectrode 31, granul ar activated carbon was used.
A graphite sheet was used for each of the collectors 50A and 50B.
Further, each of an interval between the collector 50A and the
separator 60 and an interval between the collector 50B and the
separator 60 was set to 5 M As the water to be treated, water
obtai nedbyfilteringurbansewage havinganel ectrical conductivity

of 2 nS/cmwas used. Aflowrate during the treatnment was set to

38



0.1 mmn.

[ 0096] As aresult of execution of the deionizationtreatnment
under astateinwhichthefirst el ectrode 30andthe second el ectrode
31 were pressed, arelationship between an el ectrical conductivity
D of the water to be treated flow ng out of the water treatnent
device 1 and el apsed tinme T was obtained as shown in FIG 18. 1In
FIG 18, the vertical axis represents the el ectrical conductivity
D(nB/cm, whereas the horizontal axis represents the el apsed tine
T (mn). From FIG 18, it is understood that the electrical
conductivity Dwas decreased from2 nS/cmto 1 nS/ cmw t hin several
mnutes after start of the deionization treatnment. The electric
resi stance between the col |l ector 50A and t he col |l ector 50B was 0.8
Q.

[ 0097] As a conparative exanple, aresult of execution of the
dei oni zation treatnent wit hout pressingthe first el ectrode 30 and
the second el ectrode31lisshowninFIG 19. InFIG 19, thevertical
axi s represents the el ectrical conductivity D(nS/cm, whereas the
hori zontal axisrepresentstheelapsedtime T(mn). FromFI G 19,
it is understood that the el ectrical conductivity Dwas decreased
from2 nS/cmto 1.5 nS/ cmwi t hi n about twenty mi nutes fromthe start
of the deionizationtreatnent. Theelectricresistancebetweenthe
col l ector 50A and the collector 50B was 3.6 Q.

[ 0098] Fromt heresul ts descri bed above, it was confi rnmedt hat,
whenthefirst el ectrode 30 andthe second el ect rode 31 wer e pressed,

t he dei oni zati on performance was remar kabl y i nproved. Further, it
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was confirmed that, when the first electrode 30 and the second
el ectrode 31 were pressed, the electric resistance between the
col | ectors 50A and 50B was renar kably decreased. |In this manner,
t he dei oni zation effect of the water treatnment device 1 according

to the first enbodi nent was confirmed.

Ref erence Signs Li st

[ 0099] 1to9, 1Ato 1D, 500, 600 water treatnent device, 10
to 18, 501, 601 treatnent container, 11A, 13A through hol e, 15A,
17E, 24E, 26E term nal -bar insertion hole, 15B, 20C, 24Ccol | ector
groove, 20 to 28, 502, 602 |id, 20A, 22A through hole, 20B to 28B,
502A, 602A pressing portion (pressing nenber), 20D, 24D separ at or
groove, 30, 32, 503A, 603Afirst el ectrode, 31, 33, 503B, 603Bsecond
el ectrode, 40, 510 packing, 50A to 58A, 50B to 58B, 504A, 504B,
604A, 604Bcol | ector, 60, 61, 505, 605 separator, 70, 506, 606 inl et
port, 80, 507 outl et port, 100, 509, 609 screw, 110 out fl owpreventi on
nmenber, 120Ato 122A, 120Bto 122Bterm nal bar, 150Ato 159A, 150B
t 0 158B, 220Ato0 222A, 220Bto 222B, 508A, 508B, 608A, 608Bterni nal,
200 press machine, 254A to 257A, 254B to 257B term nal port, 300
to 303 water treatnent system 310 tank for water to be treated,
320, 320A to 320D power supply unit, 330, 330A, 330B punp, 340A
t o 340F detectionunit, 350 control unit, 400 water treat ment unit,

505, 605 separator, 513, 611 partition plate
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C ains

[Caim 1] A water treatnment device configured to perform a
dei oni zation treatment for water to be treated to obtain treated
wat er, the water treatnment device conpri sing:

a pressing nmenber;

a treatnent container configured to store the water to be
treat ed;

afirst el ectrode, whi ch has a powdery shape, granul ar shape,
or fibrous shape, and i s acconmobdated i n the treatnent container;

a second el ect rode, whi ch has a powdery shape, granul ar shape
or fibrous shape, and i s acconmodated i n the treatnment container;

aseparator arranged betweenthefirst el ectrodeandthesecond
el ectrode; and

a pair of collectors, which are accommpdated i nthetreatnent
cont ai ner, andareconfiguredtoappl yavoltagetothefirst el ectrode
and the second el ectrode,

wher ei n t he pressi ng nenber is configuredto press the first

el ectrode and the second electrode in the treatnent contai ner.

[Claim2] The water treatnent device according to claim1,
wherein the treatnent container has:
an inlet port configured to introduce the water to be
treated;
an outlet port configuredto discharge the water to be

treated or the treated water, and
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wherein the inlet port and the outlet port are arranged at
such positions as to be opposed to each other through the first

el ectrode and the second el ectrode therebetween.

[Gaim3] The water treatnment device according to claim1l1 or 2,
further conprising a lid,

wherein the pressing nmenber is arranged on the lid.

[C ai m4] The wat er treatnent devi ce according to claim3, wherein

the pressing nenber is formed integrally with the |id.

[Gaim5] The water treatnment device according to claim3 or 4,
wherein the lid has a regulating portion configured to regul ate

a di st ance bet ween t he pressi ng nenber and t he t reat ment cont ai ner.

[Aaim6] The water treatnment devi ce accordi ng to any one of cl ai ns
3to 5,

wher ei nt he pressi ngnmenber hasaproj ecti ngportionprojecting
toward an inside of the treatnent container, and

wherein, whenthelidis nmuntedontothetreatnent container,
the pressing nenber presses the first electrode and the second

el ectrode with the projecting portion.

[Gaim7] The water treatment devi ce accordi ng to any one of cl ai ns

3to 6, whereinthelidhas aseparator groove and a pai r of col |l ector
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grooves, which are configured to specify a positional relationship

bet ween the separator and the pair of collectors.

[Aaim8] The water treatment devi ce accordi ng to any one of cl ai ns
3to 7,
wherei n the pair of collectors have termnals configuredto
apply the voltage to the pair of collectors, respectively, and
wher ei n, whenthepair of coll ectorsarepl acedinthetreat nent

container, the termnals project fromthe lid.

[Aaim9] The water treatment devi ce accordi ng to any one of cl ai ns
3 to §,

whereinthelidhas apress nachi ne configuredtoreciprocate
t he pressing nmenber toward and fromthe first electrode and the
second el ectrode, and

wherei nthe press machineis configuredtocontrol a pressing
force of the pressing nenber on the first el ectrode and t he second

el ectrode.

[ C ai m10] The wat er treat ment devi ce accordi ngto any one of cl ai ns
1to 9,
wherein the pair of collectors have termnals configured to
apply the voltage to the pair of collectors, respectively, and
wher ei n, whent hepair of coll ectorsareplacedinthetreatnment

container, the termnals project fromthe treatnent container
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[C ai m11] The wat er treat ment devi ce accordi ngto any one of cl ai ns
1to 9,

wherein the pair of collectors have term nal ports,
respectively, and

wherei n, when the pair of collectors are arranged in the
treatnent container, the term nal ports of the pair of collectors
are arranged to be oriented so as not to be opposed to each ot her

t hrough the separator interposed therebetween.

[A aiml12] The water treat ment devi ce accordi ngto any one of clai nms
1 to 11, wherein the treatnent container has a pair of collector
grooves configured to specify a positional relationship between

the pair of collectors.

[ A ai m13] The wat er treat ment devi ce accordi ngto any one of clai nms
1to 12, further conprising a partition plate provided across at
| east any one of the first electrode and the second el ectrode to

di vide at | east one of thefirst el ectrode and t he second el ect r ode.

[Caim14] A water treatnment system conprising:

a water treatnment device of any one of clains 1 to 13;

a power supplyunit configuredtosupplyavoltagetothewater
treat nent devi ce;

a punp configuredtofeedthewater tobetreatedtothe water
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treat ment devi ce;

a plurality of detection units configured to detect
characteristics of the water to be treated or the treated water
and

a control unit,

wherein the control unit is configured to control the power

supply unit, the punp, and the plurality of detection units.

[Caim15] A water treatnment system conprising:
a plurality of water treatnment units, each conprising:
a water treatnent device of any one of clains 1to 13;
a power supply unit configured to supply a voltage to
the water treatnment device; and
a detection unit configured to detect characteristics
of the water to be treated or the treated water
apunpconfiguredtofeedthewatertobetreatedtotheplurality
of water treatnent units, and
a control unit configured to control the power supply units
and the detection units of the plurality of water treatment units,

and t he punp.

[ A ai m16] The wat er treat ment systemaccordi ngto clai ml1l5, wherein

the plurality of water treatment units are connected in series.

[A ai m17] The water treat ment systemaccordi ngto clai ml1l5, wherein
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the plurality of water treatnent units are connected in parallel.

[ C ai m18] The wat er treat ment syst emaccordi ngto clai ml5, wherein
the plurality of water treatnment units are formed by connecting
sets, eachincludingthepluralityof water treatnment unitsconnected

in series, in parallel.

[Caim 19] A nmethod of assenbling a water treatnent device,
conpri si ng:

arrangi ng a pair of col |l ectors through a separator interposed
t herebetween in a treatnent container;

arranging a first electrode between one of the pair of
coll ectors and the separator;

arrangi ng a second el ectrode bet ween anot her one of t he pair
of collectors and the separator;

pressing the first el ectrode and the second el ectrode with
a pressing nenber formed on alid for the treatnent container; and

fixingthelid onto the treatnent contai ner after a pressed
state of the first electrode (30) and the second el ectrode (31)

is brought into a predeterm ned pressed state.

[ A ai m20] The met hod of assenbl i ngawat er t reat nent devi ceaccor di ng
to claim19, wherein, inthe step of pressing the first el ectrode
and the second el ectrode with the pressing nenber fornmed on the

lidfor thetreatment contai ner, the first el ectrode and t he second
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el ectrode are pressed with the pressing nenber under a state in
which a partition plate i s arranged across at | east any one of the

first el ectrode and the second el ectrode.

[ A ai m21] The met hod of assenbl i ngawat er t reat nent devi ceaccor di ng
to claim 19 or 20, wherein the predeterm ned pressed state is
det er mi ned based on a conpressionratio of the first el ectrode and

t he second el ectrode.

[ A ai m22] The met hod of assenbl i ngawat er t r eat nent devi ceaccor di ng
to claim 19 or 20, wherein the predeterm ned pressed state is
determ ned based on an electric resistance between the pair of

col | ectors.

[ d ai m23] The net hod of assenbl i ngawat er t reat ment devi ce accordi ng
to claim 19 or 20, wherein the predeterm ned pressed state is
det er mi ned based on a pressure | oss before injection of the water
tobetreatedintothe treatnment container and after the i njection

of the water to be treated into the treatnent container

[Caim24] A water treatnment nethod, conprising:
arrangi ng a pair of col |l ectors through a separator interposed
t herebetween in a treatnent container
arranging a first electrode, which has a powdery shape,

granul ar shape, or fi brous shape, bet weenoneof t hepair of col |l ectors
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and the separator;

arranging a second el ectrode, which has a powdery shape,
granul ar shape, or fibrous shape, between another one of the pair
of collectors and the separator; and

performng atreatnment for water to be treated under a state
inwhichthe first el ectrode and t he second el ectrode are pressed
by a pressing nenber forned on a lid for the treatnent contai ner

in the treatnent container.

[ A ai m25] The wat er treat ment net hod accordi ngto clai m24, wherein
the state in which the first electrode and the second el ectrode
are pressed by the pressing nmenber formedonthelidfor thetreatnent
container in the treatnment container conprises a state in which
the first electrode and the second el ectrode are pressed by the
pressing menber in the treatnent contai ner under a state i n which
apartition plate is arranged across at | east any one of the first

el ectrode and the second el ectrode.
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