;e3eJA~f6T6B? ieeiw 1l 7 I".AY i DO El ectrodei onzation apparatus Field of

the invention The present invention relat esmwm"m ||" ’ rodei oni zati on
apparatus having a structure in which a plu m m“m ti on exchange

menbranes and a plurality of anion-exchange nenpgapnes are al terngtiely 2002
arranged between a cathode and an anode in such a manner as to alternately

forma plyral jty,of diluting conpartnments |l urality of concentrating
conpart me §9£%Q¥O€UIZ§$FQ’“tQPH%?@FE§trOd @Mﬂ'ﬂ@mﬁmwmj ppar at us which is
i nproved in spacers for maeking up the conc npartments so that

the quality of the deionized water produced byc®de apparatus is inproved.
Background of the invention An el ectrodei oni zati on apparatus has been

wi dely us i dei oni zed water in various kinds of industry
P Cor i anio8

and resear ment's 1 ncl udi ng manufacturing plants of

sem conductors an iquid crystal, displays a pharnmaceutical. manuf acturing
i ndustry, a food #E@i@fr@iﬁ@é@ﬂt}?nﬁg@@& Q AHEHRELY 1ZadHt he

li ke, because the el ectrodeionization apparatus has a good feature that
makes it apparatast hapinduaetrinetdeieom zeliclate plurahitoxofeditighy hi gh
purity in conpletely -1 ~ 3 M-~Y 2002 continuous service w thout

mai nt ena m i I L34 's()tqﬁgﬁ?_ e ion exchange
resin. Aﬂgg?gép%&?ﬂ%%m za |%%1 %g%g??ﬁgb%gjfgfs ruc %Ir}(?}%ér?lggl ch a
plurality of cation-exchange nenhranes and plurality of. ani on exchange
menbr anesTB &r@%aﬁélgﬂf&ﬂ&@b{ W%gﬁdeab%ﬁe@dé§ Fﬂtbgaﬁ aNfpARer as
to alternately formdiluting conpartnments and concentrating conpartmnents

and t he dahotlenth sagiant nenhaear®s ftol Ake rngtelgnforon &xplhandery ofol tage is
appl i ed between the cathode and the anode of the el ectrodeionization

appar at usg;y\at I i 541 At Qﬁ;éq i j ing conpartmnents
and conce‘?\]tl\re@pgg (%A(;alpgjrea Lftéﬁ ?h%rgo%ﬁge% I|ﬂn 0 ?ﬂ%%ﬁ:@%g{%ﬁ?g&martmms,
so that i uritIyion per atethle Erenbralie .. !

compartments, particularly to an e ectrodelonlz_atlon apparatus

which is improved in spacers for making up the concentrating

compartments so that the quality of the deionized water produced

by the apparatus is improved.

Background of the invention

An electrodeionization apparatus has been widely used
for producing the deionized water in various kinds of industry and
research establishments including manufacturing plants of
semicondtctors and liquid crystal, displays a pharmaceutical
manufacturing industry, a food processing industry, an electric
power industry and the like, because the electrodeionization
apparatus has a good feature that makes it possible to produce the

deionized water with exceedingly high purity in completely
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fromthe water to be treated to the concentrated water, thereby producing
dei oni zed water. Fig. 2 is an expl oded view showi ng the structure of the

el ect rodei oni zati on apparatus. The el ectrodei oni zati on apparaﬂQﬁrchg es a
cathode end plate 1, a cathode 2 extending along the end plate 1, a hode
spacer 3 extending along the outer periphery of the cathode 2 which are
superposed in this order.. Further, a cation-exchange nenbrane 4, a frame 5

for defi nfRLENWPNESHY IE8rYALRABAIN ARTEMAICR S ENGS FegeRaratonand a
gasket 7 for defining a concentrating conpartnent are superposed on the

cat hode swdpeh B indispsnsadde.to the 10h 8xbhan@dd2sThe cati on- exchange
menbrane 4, the frame 5 for defining a diluting conpartnent, the

ani on- exchange ne i i rati .
compar trent - compoddlane irpHeTh A Heh ABRAtRt MLt ERR Sl bishy
such units superposed together._ That is, nbranes 4, franes . 5, nenbranes
6, and frarmdsiralafe ofgaidoedeychange sembrangs andvapkuralityef amion- An

anode 9 is superposed between the | ast ani on-exchange nenbrane 6 and an

anode spaggch8ngdméandsr s Bt altdrnstslyparpased dbdtheeanadeetpbdelr ode
9. The apparatus is tightened by bolts or the like. The space defined by

on exchambercapAdai P Ak inabPLr kbl MR hlBark e A o,

the inner surface of the gasket 7 is concentr&td ng conpartnment. A nesh 7M
i s arrangeen¢emiwting cgmprartmentsanshtbe dolutang spmpantmeaiseareati ng
conpartnents. A direct electric current i.s supplied to pass between the

anode 9 afifleidevicht Aad1R exichimngéer Viddthgetiscappdied Bedveentfige di | uting

conpartment through a raw water rnlet line 11, and concentrated water is

|ine 12, HATOEE AAREHY AGRTEE pETHR el bR ETh DB RS bt
waler 15 iehevieated i Tntroduced into the diluting compattments and '
concentrated water is introduced into the concentrating
compartments, so that impurity ions permeate the membrane
from the water to be treated to the concentrated water, thereby
producing deionized water.
Fig. 2 is an exploded view showing the structure of the
electrodeionization apparatus.
The electrodeionization apparatus includes a cathode end
_ plate 1, a cathode 2 extending along the end plate 1, a cathode
spacer 3 extending along the outer periphery of the cathode 2 which
are superposed in this order. Further, a cation-exchange membrane
4, a frame 5 for defining a diluting compartment, an anion-

exchange membrane 6, and a gasket 7 for defining a concentrating

compartment are superposed on the cathode spacer 3 in this order.
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1 3irthY ZD~z so as to nmake the raw water to dei oni zed water which fl ows
out through a deionized water outlet |line 13. The concentrated #er fed to
the concentrating conpartnent captures inmpurity ions which pasL%f1A5uﬂw2the
i on exchange nmenbranes 4, 6 while flow ng down through the concentrating
conpartment, and flows out froma concentrated water outlet |ine 14.

El ectrode ter |s passed within el ectrode conpartnents through introducing
i nes 15, The gation gy memrane g the mmﬁenﬁefq/r defynrng as a
perspective view of showing the formof the spacer for defining the

concent r atlilngieenpent pertm.e g thd anibn-eschdregemenvbewnichdr edfo frssmshown
in these figures, the spacer for defining the concentrating conpartnents

has an ing ah gstr. r {Sti: - . ts
7a 78 and Pheds BN Ao AR08 AL Shm HE RG] Sor bASE FHBREAIOTTE 5
7a denotes an inlet for the é’ancentr te ,wato%r:, agd a.nuneral 7b denotes an
outl et foRPPEEaldrEhcompasadiala PIEALEY Ofosuab wRite ABRETROSRA ! ot o
for the raw water and dei oni zed wat er respectively. PCT - Japanese phase H6

- 506867 gesethéesTH ianmatadratiss daviram 69 & ene edrianeg 6,end o
concentrating conpartnents is inproved in the efficiency of renoving silica

22117y Sk, f aulEBben BRI SRE LR AR AR BREETACH R bl ©

el ectrodei oni zati on apparatus efficiently provi des the deignized water with
exceedi ngfyn pngide & 13 guperpeasdbetyesntihrbast sanpincexghange
mai nt enance i ncluding regeneration, there are further demands towards

| pr ovemef ednhridiee Bl hind a8 altRl Pspdeeaddvalieandde iendmplelieetDd & the

present invention to provide an el ectrodeionization apparatus which is

eopect i | SUPREBRERH, AbLAe I Bl ol b" e ArharnPisS FEUAHedy o

t he produced water with high purity.
by bolts or the like.

The space defined by the inner surface of the frame 5 is
the diluting compartment in which an ion exchanger 5R such as
ion-exchange resin is filled. The space defined by the inner surface
of the gasket 7 is concentrating compartment. A mesh 7TM is
arranged inside the gasket 7 of a spacer for defining the
concentrating compartments.

A direct electric current is supplied to pass between the
anode 9 and the cathode 2, raw water to be treated is fed to the
diluting compartment through a raw water inlet line 11, and
concentrated water is fed to the concentrating compartment
through a concentrated water inlet line 12. The raw water fed to

the diluting compartment flows through a layer filled with the 1on-

exchange resin whereby impurity ion in the raw water is removed
-3-



An el ectrodei oni zati on apparatus of the present invention is provided with
concentrating conpartnents, each of which is conposed of a nesh and,a.
frame- shaped gasket superposed on periphery of the mesh, and di |ﬁt‘}l h‘d‘{ 2002
conpartments defined by a plurality of ion exchange nenbranes between a
cat hode and an anode, wherein the nesh has a thickness in the range of 0.2

to 0.5mm and the gasket, has a thickness of equal to or les han 0. | mMm
The i nven$®@$ B9 A %Fh@e’fﬂwl AR %aﬁégﬁaz@rat‘t"@r@rb‘éﬂlhiﬁflh@é‘é%pﬂﬁed by
their el aborate study for the purpose of -5 ~ 3 i~aY zooz inproving the

qual ity ofhtdheghr adlsiediwaideryatBrabutbet ling NS. el ectr odei oni zati on
apparatus, ingredients including ions renoved froma diluting conpartnent

o this occag on, | HeOPRERTRAl ofRECy NP Ba e R EHEREE o C wl y on

the surface facing the concentrating, conpartnent, the efficiency of
removi ng €vR@NaYAIBENdrEaPLUreadmpuitodensnwvidehopassjdizaughithe ion
deteriorated. Therefore, pronotion of turbul ence at a nesh portion so as to

speed up éhehaReRBISmHBranesi 06 adheld Slowphgdiew bhroash ehet he surface
of the menbrane of the concentrating conpartnment is inportant with regard

| nvent or <CaafenBrREEE ofhap PafERf A AERRRE, S BOF G cadishRa Y,

defining the concentrating conpartnent to a thickness_of Q.2 to 0.5nm and
the gaskewagertowvlethaneol4t o Kleetradrseatar egpassad svithiaselectiroda nm

i nproves adhesion of the nesh and the ion exchange nenbrane to pronpt the

t ur bul enceomatthatntBet lFedpbeth twidaicitig Nirte 9 MUl 6 tandadised Hitigigned to

conpl ete the present invention. The spacer for defining the concentrating
the’tons BeBe! Lod e BEFHECHRER: oot i on of ocourrence of the turbul ence at
the nesh portion to accelerate the mpvenent of the ions on the -6 ~ ~
' ~y ZUO- Fig. 1a is a perspective view of showing the form of the
spacer for defining the concentrating compartments, and Fig. 1b is
a lateral view thereof. As shown in these figures, the spacer for
defining the concentrating compartments has an integral structure
consisting of the parallel frame-shaped gaskets 7A, 7B and the
mesh 7M arranged between these gaskets. A reference numeral
7a denotes an inlet for the concentrated water, and a numeral 7b
denotes an outlet for the concentrated water. Numerals 7c and 7d
denote flow inlets for the raw water and delonized water
respectively. o
PCT - Japanese phase H6 - 506867 describes that an
apparatus having spacers defining the concentrating

compartments is improved in the efficiency of removing silica as

the velocity of water flow in the concentrating compartment is
—4-



surface of the nenbrane facing the concentrating conpartnent. Further, the
concentrating conpartnent is made thinner, so that the electrica

resi stance between el ectrodes can be | owered to i nprove the elecir'?
efficiency. Brief description of the drawings Fig. la is a persp ciii%g vilw
of showing a formof a spacer for defining a concentrating conpartnents,

and Fig. I|bis a |ateral viewthereof. Fig. 2 is an expl oded perspective
viem/showmﬁge@@GéLectrodeionization apparatus according to the conventi onal
one. Detailed description of the preferred enbodi nents Hereinafter,

enbodi nents of the present invention will be described with reference to
the attached draw ngs. An el ectrodei oni zati on apparatus of the present

inventio as _the. s tructu f as er for defining a concentrating
corrpartrrertRpJ%%t%mg‘?%%rgpégpﬁteug&lfgﬁﬁéghovvn in Figs. la and | b, the
spacer i s conposecTof parallel franme-shaped gaskets 7A, 7B and a nmesh 7M

arranged t her ebet Wénleithemlettrogelgagrationappapatne effigentilyel y
superposed on the periphery of both faces of the nmesh 7M The nmesh 71T of

the Spacméﬂ%ﬁhév&eﬁ)ﬁﬁié&B@éﬁepfwit%e%cbeHﬁng_l?%%}?%?ﬁtyoir?f | ess

than 0.5 Particul arly when the nesh as a thickness of eQual to or

| ess than O 4 he ality of produced,water is effectivel i roved. The
i mner - ieanieke et ianeh saBide SRS ma e Shskandndine
turbul ence becones, but, on the other hand, the greater the pressure

di f f er entiegeeration, Hhewmaret fuxtilver demands towaodsm pifoeenfent int he
mesh 7M has preferably a thickness of equal to or nore than 0.2mm Since

the thinigfe pha189dCERe ProdBcédowaltBe. nore closely the nesh adheres to an
i on exchange nmenbtrane, the gaskets are preferable to have thicknesses of

equal to or |ess an 0. 1.vm . p icularl gual te or less_than 0.05 mMm
In the spacer fortlgéﬁi%lr%bpﬁ& @m%rﬂlf%&%@%ﬁﬂi’é}?ﬂe‘}ﬂ ,prPP(éaSa%Qets are
usual |y arranged on both sides of the nesh for the purpose of prevention of
wat er | egdeatrodeionrlzainonxappaya tieniiv s 1s Amphovadi m Epgcentrafeon
gaskets 7A, 7B arranged on

polarization of ingredients including ions especially in the

concentrating compartment so as to obtain the quality of the

produced water with high purity.

An electrodeionization apparatus of the present invention
1s provided with concentrating compartments, each of which is
composed of a mesh and a frame-shaped gasket superposed on
periphery of the mesh, and diluting compartments defined by a
plurality of ion exchange membranes between a cathode and an
anode, wherein the mesh has a thickness in the range of 0.2 to
0.5mm and the gasket has a thickness of equal to or less than
0.1lmm.

The inventors of the present invention found matters

below - described by their elaborate study for the purpose of
-5-



both sides of the nesh 7M may have the sane thickness. The gaskets 7A, 7B
may al so have different thickness fromeach other. The thickness of each

gasket should be equal to or less than O lnm preferably equal ':Tg ﬁrﬂéféﬁ
t han 0~5nm The gasket nay be arranged on only one side of the sh, an 02
t he spacer provi des enough sealing properties. The gasket on only one side

of the nmesh should have th thiﬁcggess ich, s ec ual to or |ess than
0. 10nm pHBPEPYBRY Auafty of ths p¥RRusedsWAters | H~ LU IL The | ower

limt of the thickness of the gasket varies depending on whether the nesh
is provided with tReagaskeh tdre electrodetdnzatesnt Appenfatul)arngmetidnts t
of the thickness of the gasket is preferable to be 0.02nm when the nesh is

i ded i i . _ . S I
be0. o3t AL HetnBlerClibiy {HIMIThE Lomtittment B BUEL BEDF
thereof. While the .nesh material is wt limtative specifically, the nesh

may be cofRRRSRRLIAtIDG jempartmantiprongh 501 yprpychangemembrane.

pol yet hyl ene or the like. The nmesh made fromthese naterials may be covered

or conpouPaethvs bocabishy inaldse ¢hediregrodicnoty irelwdinglthnyioakemioand | y or
carbon. The nesh is preferable to have 10 to 60 neshes per one inch, a rate

2 i et a1oaTY B0 1e SPEGR PR ELF Sober b A Eop R erithb PRe" Slon”

as the cloth structyre, the tier structyre and the |ljke, hut is not
P tat | veiHeneoot Tﬁ@lgamgtﬁma&r@dmﬁys pa Eﬁﬁ@mregeﬂ%@im@%t i
el astonmer (including polystyrene famly, .polyolefin famly, fluororubber

fanmily etgppar8husubbdetaridrtited.i kEhevufoee| priosnosion iofithath wknidengts.
The gasket 1s preferably formed to have a uniform di nension. The gasket

pecer Ll ipol G055 45" SpBeiGh, SRS BRE OF 8E gl phte, ©°
including the ions on the surface of the membrane of the
concentrating compartment i1s important with regard to function of
a spacer of the concentrating compartment.

Accordingly, the inventors further found that to thin the
mesh portion of the spacer for defining the concentrating
compartment to a thickness of 0.2 to 0.5mm and the gasket portion
thereof to a thickness of equal to or less than 0.1mm improves
adhesion of the mesh and the ion exchange membrane to prompt
the turbulence, so that the produced water with high purity can be
obtained to complete the present invention.

The spacer for defining the concentrating compartment of
the present invention improves the efficiency of removing the ions
to be ascribed to the promotion of occurrence of the turbulence at

the mesh portion to accelerate the movement of the ions on the
-6-



invention has the sane structure as the conventional el ectrodeionization
apparatus shown in Fig. 2 except that the spacer for defining the
concentrating conpartnent is provided with the nesh and the gdsgqq [}ﬁé/gl ng
t he thicknesses specified above. The diluting conpartment adjoinin
concentrating conpartment is preferable to be filled with an ion exchanger

i ncludi ng i op exchange resi.n, ion exchar}%e fiber and .the |like fromthe view

poi nt of $WHFRRREMDY HeMDIARE fAE1BE the GrRRER A compartment.
el ectrodei oni zati on apparatus of the present invention is preferable to be

oper at ed Fogtheepnbic conseasrhdin®@womphetuatho iefmidde thawnat es@thilte
inlet of the diluting conpartnment to those at the inlet of the

concent r ayl It ! r 1L to 10:1.
A por t1 ortl HUREERERLTYisknEe U PRER bRAToERS CErbRdosBediitet ng
conpartment may be fed back to the inlet of the concentrating conpartnent
by a ci r cdRRIONG ﬂm@rpﬂ@@télélatlcﬁﬁyélﬁél(‘é’-at hi gh water recovery. \Wereas the
linear flowrate in the concentrating conpartnent is not limted
essentially, it is preferable to range so that Reynol ds nunber is
practically on the order of 30 to 200 when it is calculated in such a

sy 2008 EEABHERERABRERE Ehe S i he ai i uti ng compar tment and the
concentrating conpartnent is preferably in the range of 0.1 to S. Ckg/cmi.

The wat er t enper atlligasl adstpeadispecitnge cogpaairshowing aorsombatspacen
conpartnent may be in the range of 0 to 80C, while these are not

limtativiyr @8finiings aHeseéeattffing tenPpaFenie htyeahidoRipi b be adpstdrdled

referring to exanples and conparative exanpl es. Exarrpl e Firstly, feed

water is pr fromtap water. Nanely, the tap water is treated by
acti vat ed‘pigg’?gcg%%e‘qu?tered by a protective filter having a size of

apertures of 25,cc_mand also treated by a reverse osnosis (RO apparatus
havi ng an RO menbrBig. Begeaniexploded pérspective view showing an

electrodeionization apparatus according to the conventional one.

Detailed description of the preferred embodiments

Hereinafter, embodiments of the present invention will be
described with reference to the attached drawings.

An electrodeionization apparatus of the present invention
has the same structure of a spacer for defining a concentrating
compartment as conventional apparatuses. As shown in Figs. 1a
and 1b, the spacer is composed of parallel frame-shaped gaskets 7A,
7B and a mesh 7M arranged therebetween, in which the gaskets 7A,
7B are respectively superposed on the periphery of both faces of the
mesh 7M.

The mesh TM of the spacer should have a thickness of
-7-



pol yam de. The feed water is fed into the el ectrodeioni zation apparatus to
be treated. In this treatnment, the production rate of product \Aﬂt1€§ !
(deionized water) is 40 litters per hour. The flowrate in the 1AY 2002
concentrating conpartment is 15 litters per hour, and 17 litters per hour
in the electrode conpartnment. A portion of the water flow ng out fromthe

outlet of the,concentrating conpartne is fed back,to the inlet qf fhe
concentr a@qﬁglm%ﬂeﬁért&lzb@ Q. ompzy| i’%@%ﬁﬁﬁ&d"h@ﬂ Bﬂ@iwép JM faas
remai ni ng water out of the -11 1 31~A~ ~Q ~2 systemat the rate of 6
litters pgrtHieknedsnof bighi®lpes atri ks thanReydelds t ality tdfeproduced

concentrating conpartnent is taken as 80. The el ectrodei oni zati on appar at us

nowi cn 3 nEASRTRRICTRR o (- CRRIAIR b bleol Wbty o &)

and an anj on exchange_ resi nbfl"SSOA" pr.oduced by Dow Chem cal Co.) are m xed
t oget her Bighee theehtpctael bhefpromottan ebbarbudence beeomps Mithoa
cation nmenbrane (CVB) and an ani on nmenbrane (AHA) of "Neosepta" produced by

Tokuyama flge othied hand, othexxahates tieetyrsure deffareaitdhliaciose tlas two

concentrating conpartnents. A spacer for defining the concentrating

wtha oeorntEnBRRE Bobfadl P ER Rt CrBRCIRE cth SRt T IEARE,

has a thickness of 0.4nm and the gasket has a thickness of 0.05mm The nesh
has stri ngtefsradynadiucknesooaé aqital tomr mere thamgh2mms of 50% and
mesh cloth structure in which the thickness of the strings is 220 m cron.

The gasket has BriQigide fRedileistn&F the gdBRet5EPAMR drte, ddid nedrowloyather

conditions as follows. The resistivity of produced water is neasured after

Cempor at b SAESERALGIESEE b i Rt itk SR dnd CERE SaskR e _ 4

~~Y zaoz :1.3 tqQ |.5kg/cn2 Pressure at the ouytlet of the diluting
conpar t nepreterablect®’ sheckpessescoheatid tanpstless ﬁh@n&rk@hm,at i ng
conpart ment

particularly equal to or less than 0.05 mm.

In the spacer for defining the concentrating compartment,
the gaskets are usually arranged on both sides of the mesh for the
purpose of prevention of water leak along the ion exchange
membranes. As shown in Fig. 1, the gaskets 7A, 7B arranged on
both sides of the mesh 7M may have the same thickness. The
gaskets TA, 7B may also have different thickness from each other.
The thickness of each gasket should be equal to or less than 0.1mm,
preferably equal to or less than 0.05mm.

The gasket may be arranged on only one side of the mesh,
and the spacer provides enough sealing properties. The gasket on
only one side of the mesh should have the thickness which 1s equal

to or less than 0.10mm, preferably equal to or less than 0.05mm.
-8~



1.1 to |.3kg/cn2 Pressure at the outlet of the concentrating conpartnent
0. 6kg/cnR Electric current intensity :0.4A Conparative Egagqlersr- :
Y e

0.4 to
The same

concentrating conpartment has a thickness of 0.68mm and the gasket has a

t hi cknes
days fee

117. 2Conpar ati ve

-13 1

hi gh pur
pr esent

efficien
el ectrod
concentr
arrangin
menbr ane

conpartnents conprising a spacer consisting a

RO R M) SO SHict oS A HE S BaFollRS s

f or m of
a thickn

treatment as Exanple 1 is carried out except that the

s of 0.25mm The resistivity of produced water obtained after 3
ding are shown in Table 1. Table.l resistivity ~ ~ cnExanpl e

ity. As detail ed above, according'to the el ectrodeionization of

Ly Rk beFidee EhErR0ty ° SR B s Bl IEE chdpkmpsicol they ' ©

ei oni zati on appar at us conBrising: a cat hode; an anode; and
aasket aapire eatral beti
g a plurality of cation exchange nmenbranes and ani on exchange

SR BARAL I nTBb IR AN dRAC K OFe SR A RiLE 30 s PreTRraBnee BT ati ng

side thereof.

While the mesh material is not limitative specifically, the
mesh may be composed of polyester, polystyrene, polypropylene,
nylon, polyethylene or the like. The mesh made from these
materials may be covered or compounded with electrically
conductive polymer of polypyrrole family or carbon. The mesh is
preferable to have 10 to 60 meshes per one inch, a rate of aperture
of 30 to 70%, and is preferable to be made up of strings having a
diameter of 100 to 250 u«m. The mesh may take any of the
structures such as the cloth structure, the tier structure and the
like, but 1s not limitative thereto.

The gasket material may be composed of thermoplastic
elastomer (including polystyrene family, polyolefin family,
fluororubber family etc.), CR rubber and the like, while 1t is not
limitative thereto. The gasket is preferably formed to have a
uniform dimension. The gasket material is preferable to have

Brinell hardness on the order of 50 to 90 degree.
-9-

a gasket having a

{Bhedeaner dimitrafi ttha thackuessaef the sasket stxties zati on

apparatus having the spacer defining the concentrating conpartmnment of the
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0. 5nm and the gasket has a thickness of equal to or less than 0. Imm 2. An
el ectrodei oni zati on apparatus clainmed in claiml, wherein said nesh has a

t hi ckness of equal to or less than 0.4 nm 3. An el ectrodei oni zat iloh MAY 2002
apparatus clainmed in claiml1l or 2, . wherein said gasket has a thickness of
equal to or less than 0.05 mm 4. An el ectrodeionizati on apparatus clai ned
in any one of clains 1 to 3, wherein said gasket is superposed on both

si des of said meshheigectrodeionizaioon spparaiiug of ddw presaniton appar at us
claimed in claim4, wherein said gasket has a thickness of equal to or nore

than 0. 02yanfiorf\h Al EREIQHRIOBFAEL e 2RPEhBL &SN G ALIBEal N any one of
clains 1 to 3, wherein said gasket is superposed only one side of said

e ARSI SN LT S Bt o

el ectrodei oni zati on apparatus clained in any one of clains 1 to 7, wherein
sai d neshspasen for dlefinmegHdse pencemtratthg Gmaarine entdsep pov ikt d omith
apparatus clained in any one of clains 1 to 8, wherein said nesh is nmade up

Of Stringghdayb8h Andl HHE! eS]g‘%t%?‘%‘}i%§§?§’ téhfékﬁ@sséé‘ sﬁe?‘i%gﬁﬁhgyega“ on

apparatus clainmed I n any al s , wherein s rate
“n TR, ArT Rendiliding Aompationent adioining shessaseperating
DE| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca(]ica] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] cajmaplaxdjeahtajscpiefajdald tedde filled with an 1on exchanger
including ion exchange resin, ion exchange fiber and the like from
the view point of improvement in the quality of the produced water.
The electrodeionization apparatus of the present
invention is preferable to be operated under conditions as follows.
The ratio of the flow rate at the inlet of the diluting
compartment to those at the inlet of the concentrating
compartment is preferable to be on the order of 1:1 to 10:1. A
portion of the water flowing out from the outlet of the concentrating
compartment may be fed back to the inlet of the concentrating
compartment by a circulating pump so as to operate at high water
recovery.
Whereas the linear flow rate in the concentrating
compartment is not limited essentially, it is preferable to range so
that Reynolds number is practically on the order of 30 to 200 when

it 1s calculated in such a manner that portions occupied with the

spacers are taken as vacant.
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the tap water is treated by activated carbon, f11tered by a protective

filter having a size of apertures of 25 4 m and also treated by a
reverse osmosis (RO) apparatus having an RO membrane made of
polyamide. The feed water is fed into the electrodeionization
apparatus to be treated. In this treatment, the production rate of
product water (deionized water) is 40 litters per hour. The flow

"rate in the concentrating compartment is 12 litters per hour, and
17 litters per hour in the electrode compartment. A portion of the
water flowing out from the outlet of the concentrating compartment
is fed back to the inlet of the concentrating compartment by a

circulating pump so as to discharge the remaining water out of the
-11-
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@100 (O MO AFEVISHNE LS rod WES550A7 BhSREd by
Dow Chemical Co.) are mixed together at the mixing ratio of 4:6.
The apparatus is provided with a cation membrane (CMB) and an
anion membrane (AHA) of "Neosepta"” produced by Tokuyama Co.,
Ltd. as ion exchange membranes.
The apparatus also has two concentrating compartments.
A spacer for defining the concentrating compartment is provided in
such a manner that a polyester mesh is arranged with a gasket
made of polystyrene on only one side thereof wherein the mesh has
a thickness of 0.4mm and the gasket has a thickness of 0.05mm.
The mesh has strings of 20 meshes per one inch, the ratio of
aperture of 50% and mesh cloth structure in which the thickness of
the strings is 220 micron.  The gasket has Brinell hardness of 75.
The treatment is carried out under conditions as follows.
The resistivity of produced water is measured after 3 days have
elapsed, the result of which is shown in Table 1.

Water temperature :25°C

Pressure at the inlet of the diluting compartment
~-12-
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&' 10%& ()- $ 10%Rreéysure at+the indehiofiLle togicentrating compartment

:1.1 to 1.3kg/cm?
Pressure at the outlet of the concentrating compartment

:0.4 to 0.6kg/cm?

Electric current intensity :0.4A

Comparative Examples 1

The same treatment as Example 1 is carried out except
that the mesh of the concentrating compartment has a thickness of
0.68mm and the gasket has a thickness of 0.25mm. The
resistivity of produced water obtained after 3 days feeding are

shown in Table 1.

Table.1
resistivity
MQ -cm)
Example 1 17.2
Comparative
Example 1 14.0

Table 1 shows that the electrodeionization apparatus

having the spacer defining the concentrating compartment of the
-13-
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and the anode;
each of said concentrating compartments comprising a
spacer consisting a mesh and a gasket having a form of frame and
superposed on periphery of the mesh
wherein the mesh has a thickness in the range of 0.2 to
0.5mm and the gasket has a thickness of equal to or less than
0.1lmm.
2. An electrodeionization apparatus claimed in claim 1,
wherein said mesh has a thickness of equal to or less than
0.4 mm.
3. An electrodeionization apparatus claimed in claim 1 or 2,
wherein said gasket has a thickness of equal to or less
than 0.05 mm.
4. An electrodeionization apparatus claimed in any one of

claims 1 to 3,

wherein said gasket is superposed on both sides of said mesh.
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wherein said gasket is superposed only one side of said mesh.
7. An electrodeionization apparatus claimed in claim 6,
whereln said gasket has a thickness of equal to or more
than 0.03 mm.
8. An electrodeionization apparatus claimed in any one of
claims 1 to 7,
wherein said mesh has 10 to 60 meshes per one inch.
9. An electrodeionization apparatus claimed in any one of
claims 1 to 8,
wherein said mesh is made up of strings having a
diameter of 100 to 250 um.
10. An electrodeionization apparatus claimed in any one of

claims 1 to 9,

wherein said mesh has a rate of aperture of 30 to 70%.
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