El ect rof&#ni zati on appar at us Field of the inventignQQ 0 Q5 10 -4
present *invention relates to an el ectrodei oni zati on apparatus hayi pg a

structure in which a plurality of cation- exchange nmenbranes a‘h%S 2690
plurality of anion-exchange nenbranes are alternately arranged between a
cathode and an anode in such a manner as to alternately forma plurality

of dil utg .S a I rality of concentrating conpartnents,
parti cul g@tggaggéé%?)gdggg%@gﬁ on apparatus which is inmproved in
spacers for neking up the concentrating conpartnments so that the quality

of the ¥eioni zed water produced by the apparatus is inproved. Backgr ound
of the invention An el ectrodei oni zati on apparatus has been w dely

used forPRINddGELRE iniRgbani zed water in various kinds of industry and
research establishnents including manufacturing plants of sem conductors

food processl g | HSSPFSCHR IDVEITPE THAMEE (010t | e AAHAN Decause
the el ectrodei oni zation apparatus has a good feature that mnmakes it
poss: 2It glz;pp@mms&lamg destmictarrenin ewhmh la pkerabitygfcation-purity in
o exchange membranes and a plurality of anion-exchange

membranes are alternately arranged between a cathode and an

anode in such a manner as to alternately form a plurality of

diluting compartments and a plurality of concentrating

compartments, particularly to an electrodeionization 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
semiconductors 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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continuous°service w thout maintenance such as regeneration which is

I ndi spensable to the ion exchange resin. An el ectrodei oni zati on
apparatus has a structure in which a plurality of cation-exchange
menbranes and a plurality of anion- exchange nenbranes are alternately
arranged between electrodes in such a manner as to alternately form

diluting conmpartnents and copcentrating conpartnmgnts and the diluting
conpart ?reﬁpg%gi”éoulsi FE I CRi Wﬁ{hﬁu}g %aé&g‘lﬁ%ﬁﬁéﬁ&%t%@g@nﬁﬁaﬂ@ﬁ bet ween

the cathode and the anode of the el ectrodeionization apparatus, water to
be treat’ewvhich ms indaspenisabde ttoethis liothi excleangertewnt s and concentrat ed
water is introduced into the concentrating conpartnents, so that inpurity

i ons perneate the t e .
concent rat od et or o period eleBldto U Fbat Ad8 HATE St bin which , | ¢
an expl oded i eq.gho?ﬁlﬂ%.t he structure of .the elecirodeionization .

appar at us plurality o 1gPeex¢hangsimambaangsmang aspluralite ofartamode
end plate 1, a cathode 2 extending along the end plate 1, a cathode

spacer 3 exthadigwneéniisrimes aueedlteehiatedy araarded baithpslen 2188t Fddesdr ©

superposed in this order. Further, a cation-exchange nenbrane 4, a frane 5

for definj Ll i.on-j-sexchange nmenbr ane 6 d a
backot v T 8uRH et AR WA A S iRl PG BEr B G Sanihe

t hod 3in thi der. -2-
cathode Sggﬁgéntralltr}ng Iccs)n%ga]ze'{ments and the diluting compartments are

filled with an ion exchanger. Voltége 1s applied between the
cathode and the anode of the electrodeionization apparatus, water
to be treated is introduced into the diluting comp‘artmen’cs 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 1§his 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.
.,



The cation-exchange nmenbrane 4, the frame 5 for defining a diluting
conpartnent, the anion-exchange nenbrane 4, the frame 7 for defining a
concentrating conpartnent conpose one unit. The apparatus is conposed of a
plurality of such units superposed together. That is, menbranes 4, franes
5, menbranes 6, and franmes 7 are repeatedly superposed one unit over the

ot her wuni An ,anode I S _superposed betyween,the last anion:exchange
nenbr ane ?%%&aatﬁoﬁh @nge‘%eﬁﬁgﬁﬁ% dgﬁ@n@aﬁpﬁti%QE ‘f%f?néﬁge"} posed on
the anodic electrode 9. The apparatus is tightened by bolts or the |iKke.

The space ddbatingl cbynpaetinend:, the AnienoéxchangeamerBbrand He thid ftame
conpartnent in which an i on exchanger 5R such as 1ion-exchange resin is

filled. Tryef(ﬁpagﬁlgﬁ{%ﬁ(?qﬁél\e%e{%ﬂﬂ}%ee‘igﬁwiﬁ%ﬁen fg&xﬁ?g%%fﬁﬁé &nitth}}eof .

concentrating conpar arranged 1ns € gas
spacer for defining.the concentyati.n onpartnments. . di rect
el ectric APRAALY 1%G9H1P@§9&@f{)%§§11%@ti¥/¢3};ﬁftsﬁ’é’ HAGES SRRAIP 3R cat hode
2, raw water to be treated is fed to the diluting conpartnent through a

raw wat er togethet| fithatlis, anémbeanest 4 afeaimeat ) m enflerhnes B)eand
concentrating conpartnent through a concentrated water inlet line 12. The

2o v e akgthar e bRty STRACAEIN o IO e i o
removed An anode 9 is superposed betwe_egﬁ the last anion-exchange
membrahé 6 and an anode spacer 8. An anode end plate 10 is
superposed on the anodic electrode 9. The apparz;‘tus 1s tightened
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
1on-exchange resin is filled. The space defined by the inner surface
of the gasket 7 is concentrating compartment. A mesh 7M 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 1 1, 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 ion-

exchange resin whereby impurity ion in the raw water is removed
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so as to make the raw water to deionized water which flows out through a
dei oni zed water outlet line 13. The concentrated water fed to the
concentrating conpartment captures inpurity ions which pass through the
ion exchange nenbranes 4, 6 while flow ng down through the concentrating
conpartment, and flows out froma concentrated water outlet |ine 14.

ntr oduct 5 49 e 2888 28 e B d0ni KA A TR MGH ur,

Fig. lais a perspective view of show ng the formof the spacer for
defi ni ng theoeghcataianingdcompartodes lined3ig. Ib is a lateral view
thereof. As shown in these figures, the spacer for defining the

concentrating conmpgy I{ﬁ%; j r t sl ng of the
par al | el fra?re-shape%reg)gis(%ets %ﬂ W%ttggc@tuhgé Hr#%sﬁh?ﬁg%%ﬂr}gl d get ween
t hese gaskets. A reference nuneral .%a .denotes an inl g{thfor thgl ;
concent r 2t SRRARIR SN (AREWIRS PRPUHTY JoRs: whigh Baspdibroggh fhe ion

concentrated water. Nunerals 7c and 7d denote flowinlets for the raw

wat er andexiehanigeeth eabaaneedpécwihiée flowing down Bhfoughapheese phase H6

- 506867 describes that an apparatus having spacers defining the
11 ca accoRFentEfiRe CBRloattnlt AURF Adh EuCHion SohniBl 0, |
" water outlet line 14. Electrode water is passed within electrode
compartments through introducin;g liﬁes 15, 16 and discharging
lines 17, 18, respectively.
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 TM 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 deionized water
respectively.
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 1n the concentrating compartment is
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I ncreased. bj ects and Summary of the invention VWil e the

el ectrodei oni zati on apparatus efficiently provides the deionized water
with exceedingly high purity in conpletely continuous service without

mai nt enance including regeneration, there are further demands towards

I nprovenent in the purity of the produced water. It is an object
of the priﬁgq%a%%ﬁention to provide an el ectrodeionization apparatus which
i's inprov Y tentration polarization of ingredients including ions
especially in the concentrating conpartnment so as to obtain the quality of
the produced water with high purity. An el ectrodei oni zati on
apparatus of the present invention is provided with concentrating

corrpartmwecggﬁﬁfsﬂﬁaﬁgfg?g&%%@ mesh and a frame-shaped

gasket superpose e ne and diluting conpartmnents

defined by a plurgali f 1pon exchange nenbranes betweep.a cathode and an
anode, wherein thewrkﬁé ﬁ%?se ngﬁggﬁzaﬂ%gppzﬂ'@é‘]& 9&1919@5&3’0. 5mm and
t he gasket has a thickness of equal to or less than 0.1nmm The

i nvent or sppdvides ghesdeionipeshw aterf with exddeatinglyehigh -puesyrirbed by

their elaborate study for the purpose of
completely continuous service without maintenance including

regeneration, there are further demands towards improvement in
the purity of the produced water. .

It is an object of the present invention to provide an
electrodeionization apparatus which is improved in concentration
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 concent__rating 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, Whgrein 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.lmm.

The inventors of the present invention found matters

below - described by their elaborate study for the purpose of
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I mproving the quality of the produced water. That is, in the

el ectrodei oni zati on apparatus, ingredients including ions renoved froma
diluting conpartment travel into a concentrating conpartnent through an

i on exchange nenbrane. On this occasion, in case the ingredients including
the ions nove slowy on the surface facing the concentrating conpartnent,

the effi.c] . i k Nar edj ' e el ectrodei oni zation
apparatu %$§P§%P@%W@&gﬁﬁgﬂg%%gﬁghgggfggﬁghgf#gﬁng turbul ence at a nesh
portion so as to speed up the novenent of the ingredients including the
i ons on the surfaddaff is,hi; hetelecsrodetonizalivnapparatyse thguedients i s
I nportant with regard to function of a spacer of the concentrating

conpart Yudi : ' t ' thRatgt o
Chih e cluding lons rSfRYEN TR0M o QRIHEIUADDANTASEE SIoH teta
conpartment to a thickness of 0.2 t9 0.5 and the gasket portion_ thereof
Lo t hi QOREENTAIREFORP AR EEE AFGMED A MITHAIIES IREIBRDE 1 he

mesh and the ion exchange nenbrane to pronpt the turbul ence, so that the
pr oduced WmtEhiswetasionh) pucasy tdeningrediamisimichodmgrhet mrihepvesent
I nventi on. The spacer for defining the concentrating conpartnment

of ~ the pélgﬁflgt %"c‘}f‘é“sh??a&%?i’lgg t‘}ibecéﬁf;éﬁ?f%?g)&?mﬂﬁ%ﬁﬁ]%t}% ns to

be ascri be e pronbtrono currence o nce at e mesh
ortion tog,accel erate the .novepent of f.he ians, on the .. .
P 6- e(}'flclency (?ft removing the 1ngre_dtlents 1n the electrodeionization

apparatus is deteriorated. Therefore, promotion of turbulence at a
mesh portion so as to speed up the movement of the ingredients
including the ions on the surface of the membrane of the
concentrating compartment is 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-



surface of the nenbrane facing the concentrating conpartnent. Further, the
concentrating conpartnent is nmade thinner, so that the electrical

resi stance between el ectrodes can be lowered to inprove the electrical
efficiency. Brief description of the draw ngs Fig. lais a
perspective view of showing a formof a spacer for defining a

concentr at,j t r.and EBig. lhyis a lateral. viewthereof.

Fo 2 | oot PETLY Bl Dbt Eading, tieSofne SRt Singl ABRASHARAS on
appar at us_accor di n%Ietso t he conventional one. Det ai | ed description of the

pr ef er r edFambberméhtesconcentratingecemzdrtan e nénisoni ade thinherhsoptlraént
i nvention will be described with reference to the attached draw ngs.

An el ect rﬂ‘i'@@@b’éﬁbh@ri}e%?@lade@ﬁﬁé'%e@fvvéé}? ALeBSHed RYRThLIBwd¥as] the same

structure of a spacer ning a concentrating conpartnent as
conventi onal _appar,at usles As.shawn in Figs. la and 1b, the spacer is
conposed ]&Fpﬁ'g% ﬂé@qgﬁm-(@ﬂ] 5&1%@(&5 7A, 7B and a mesh 7M arranged
t her ebetween, in which the gaskets 7A, 7B are respectively superposed on
t he periphery of both faces of the nesh 7M The mesh 7M of the
spacer shoul d have a thickness of -7-

Brief description of the drawings

Fig. 1a is a perspective view of showing a form of a spacer
for defining a concentrating compértments, and Fig. 1b is a lateral
view thereof.

Fig. 2 is an exploded perspective 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 electrodéionization 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 Ip.arallel frame-shaped gaskets 7A,
7B and a mesh TM arranged therebetween, in which the gaskets 7A,
7B are respectively superposed on the periphery of both faces of the
mesh 7M.

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



equal to or less than 0.5mm Particularly when the nmesh 7M has a thickness
of equal to or less than 0.4mm the quality of produced water is
effectively inproved. The thinner the nesh 7Mis, the higher the effect of
the pronotion of turbul ence becones, but, on the other hand, the greater
the pressure differential across the concentrating conpartnment becones.

0. 2mm et eSS R, fiiE el EDT W hdn G Terd T BT ocely

the mesh adheres to an ion exchange nenbrane, the gaskets are preferable
to have tahthkeleness offeqahitotar besd thant Gabmin ] they qupdityi ofipaoiduceglial to

or less than 0.05 mm In the spacer for defining the

Conce“”%h’ﬁgr(i@r&?ééﬁ%l ini]gfoﬁé‘&.ke &"thi tMedn/cdMO9HIGE, PRk Sides

of the mes or the purpose prevention of water |'eak along the’ion
exchange , .menbr anes., . As S in Fig. 1, {he gaskets.7A, 7B arranged on
both st dduigdien er?ﬁ%ctm?% BEORIQ ens%ﬁ&urﬂvi%%&emesgmt@ 7A, 7B
may al so have different thickness fromeach other. The thickness of each

gasket stuhd dther dnuad, theagrémizr thempresbune dpfferensinlyaerosd the or |ess

than 0. 05mm The gasket may be arranged on only one side of the

e e RRRT e DAY iE T SHPYRopgal: nrepBRI the FSUETEICRA",,
l_g_ss t hari)r%féga yloar %ﬂfé]?x%gseo uea(iu;ftg rorI Iexf(;sret Q %%95%.

Since the thinner the gaékets 7A, 7B are, the more closely
the mesh adheres to an ion exchange membrane, the gaskets are
preferable to have thicknesses of equal to or less than 0.1 mm,
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 7A, 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 is equal

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



The lower Iimt of the thickness of the gasket varies depending on whether
the mesh is provided with the gasket on one or both sides thereof. The
lower linmt of the thickness of the gasket is preferable to be 0.02nm when
the nesh is provided with the gaskets on both sides thereof, while it is
preferable to be 0.03mm when the nmesh is provided with the gasket on only

one side thereof h mat al is;not limtative
epecifically. t heTh?el,%Wﬁa}%t&fﬁfp%%S@”ﬁ?nséwi%@ EET R Y

pol ypropyl ene,  nylon, ethylene or the like. The nesh made fromthese
mat eri al slepynding oem e er dineonresdy isipovated: wiithlthe gaskbtconvane

pol yner of poI ypyrrole famly or carbon. The nmesh is preferable to have 10

Lo 60 me%ieoPRisifRs {Hifkof® "Phe RlwePSimit of J‘He ERidienddhofAlfe | S

preferable to e up of strlngs aving a nmeter o

err]m The,nesh ma e t str tur suc as the
[st r u!:t ur 8asket 13 Eﬂ%g??@é]fetﬁé bg\ 0. ‘Sﬁm s Iplfﬁwlaﬁﬁ/évllther et o.

The gasket material may be conposed of therm)pl ast ic elastoner (including
pol ystyr ¢he gaskeys qwbypthesides thergof, whale ot ublpreférabley tetlse), CR

rubber and the like, while it |s not limtative thereto. The gasket is

et e 2Dl oBBARE Sk e LV MO R Gy OESE By BRI °
o 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 pm. The mesh may take any of the
structures such as the cloth structure, the tier structure and the
like, but is not limitative thereto.

The gasket material may be composed of thermoplastic
elastomer (including polystyrene -f‘amﬂy, polyolefin family,
fluororubber family etc.), CR rubber and the like, while 1t 1s not
himitative 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~



The el ectrodei oni zati on apparatus of the present invention has the sane
structure as the conventional el ectrodeionization apparatus shown in Fig.
2 except that the spacer for defining the concentrating conpartnment is
provided with the nmesh and the gaskets having the thicknesses specified
above. The diluting conpartnent adjoining the concentrating conpartnent

' f bl fihled wth h | udi h
astne 1 on exchanddd PRRRTANAERERa B EBGHHRG of ERepBrdRnf", oy ovenen:

in the quality of the produced water. The el ectrode| oni zati on
appar at usnentthenphasdite samvestruotuse mrethe attieventiomadper at ed under
conditions as follows. The ratio of the flowrate at the inlet of
the dil ut Hd¥n! i 0 t i ng
corrpartrreér%tael s pr e1E efrzgdgmenté;)%%ia%ﬁlgtﬁe orHer o g b éﬁequrﬁ%%ru{ﬁ%ortlon of
the water fl ow fro he outlet of the concentra t may
be 1 ed bIRAGS KHeAPRIIDE EOE Ao NS IGATIRE] SOyt @éﬁﬁhwm% ating
punp so as to operate at h| gh water recovery. V\hereas the | i near

f1 ow rat ¢hennmidwh ecnnd dhier ghskets drawang thet thiskmesddsspedifesdebiownd) y, it

Is preferable to range so that Reynolds nunber is practically on the order

o 20,2 PG MBBink b pERLGHE SR mAHE B CTRUSuhdengpor 1 on occup
compartment is preferable to be filled with an ion 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

1t is calculated in such a manner that portions occupied with the

spacers are taken as vacant.
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The pressure of the flowin the diluting conpartnent and the concentrating
conpartnment is preferably in the range of 0.1 to 5.0kg/cnferr]. The water

tenperatures in the diluting conpartnment and the concentrating conpartnment
may be in the range of 0 to 80C, while these are not limtative.

Exanpl es Hereinafter, the present invention will be described

referring to exa i vg examhes.;.1. Exanple 1

Firstly, feed mﬂﬁéﬁmﬁ%ﬁ‘@nﬁp%lm dl%%%/n,gon{mf&&%%ﬂ S
treated by activated carbon, filtered by a protective filter having a size
of apert utle comcEtmatingrampadmentispisfeaablyver tke asnmse 9f(RY to

appar at us havi ng an RO nenbrane nade of polyam de. The feed water is fed

o the 5lok/aE! OWEe Ster 8RR S MLEES BR tHPRIRGnk oS Bl SRR

the production rate of produc r's per
hour. The_fl,o rate in the concentrating co rtme Is 12 litters r
hour . angansizthe CPBCeTiEAtiRE COPRDRK AT, Bl D Bihe saAge of 03pia8M of
the water flowi ng out fromthe outlet of the concentrating conpartnent is
fed back whilédhieseearemathEmitatéver ati ng conpartment by a circul ating
punp so as to discharge the remaining water out of the

Examples

Hereinafter, the present invention will be described

referring to examples and comparative examples.

Example 1

Firstly, feed water is prepared from tap water. Namely,
the tap water is treated by activated carbon, filtered by a protective
filter having a size of apertures of 25 m and also treated by a
reverse osmosis (RO) apparatus having an RO membrane made of
polyamide. The feednwater 1s fed into the electrodelonization
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 compari:nient 1s 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-



systemat the rate of 6 litters per hour. In this operation, the Reynolds
nunber in the concentrating conpartnment is taken as 80. The
el ectrodei oni zati on apparatus has three diluting conpartnments. Every
compartment is filled with a mxture in which a cation ion exchange resin
("650C" produced by Dow Chem cal Co.) and an ani on exchange resin ("550A"

vo TnsVEpar AR e AR MR AT hakior RIS ADSRIPANEL *ani on

menbrane_( AHA)_ of "Neogsepta"_ produced by Tokuyama Co., Ltd. .as ion
exchange ekirmumber in themwmegptrating compariment isdindeen asg 8Ay
conpartnents. A spacer for defining the concentrating conpartnent is

provided in sucm‘hen@mroaafénﬁambﬁe&?gmmﬁ hgs #hreeo@lutihg a gasket
made of polystyrene on only one side thereof wherein the nmesh has a

t hi ckness of 0.4mm_ and the gasket has a thi.c s of.. 0. 05mm, The nesh has
Stringe SPTBRAREBRE e BGdY Ch P R b 1§ DS, FatR 3 LK ERR ARG neah
cloth structure in which the thickness of the strings is 220 mcron. The

gasket hashih aetatioar e exadifange resin ("650hprodeweteby Dewarried out
under conditions as follows. The resistivity of produced water is neasured

e 3, e RS Syl el (SSORROIIEAY
et of 4he Ahemicfl e are Tiked together at the mixing ratio of 487
The apparatus 1s 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-~



1.3 to 1.5kg/cnferr] Pressure at the outlet of the diluting

conpar t ment 0.6 to
0.8kg/cnferr] Pressure at the inlet of the concentrating

conpart ment :1.1to
1.3kg/cnferr] Pressure at the outlet of the concentrating
conpart nent ) =3 0.,4 1o

0. 6kg/ cnferr] El ectric current intensity- 1.3 to Jp5kg/cm
Conpar ati ve Exanples 1 sane treatnent as Exanple 1 is carried

out except that PKesRBZR Etifthae)lbfdﬁté)ftﬂm idalutiog eormpartienta thi ckness
of 0.68mm and the gasket has a thickness of 0.25mm The resistivity of

produced wat er obtained after 3 days feeding are s Em-

Table. 1 resistivity k@m er r?ﬁg{ Exampl e 1
17.2 Conpar at i shows that the

el ect r odei oni zat i ﬁe§§B§? é’tqhghe Hgigt&fjtllﬂ? §%€6Pt%€m§ ReMPArt@ent r at i ng

conpartment of the - 13-
:1.1 to 1.8kg/cm?

Pressure at the outlet of the concentrating compartment
:0.4 to 0.6kg/cm?

Electric current intensitir :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-



present invention provides the produced water having high purity.

As detailed above, according to the el ectrodeionization of the present
i nvention, the produced water having exceedingly high purity is
efficiently obtained.

-14-

present invention provides the produced water having high purity.
As detailed above, according to the electrodeionization of

the present invention, the produced water having exceedingly high

purity is efficiently obtained.

-14-



What is clainmed is: 1. An el ectrodei oni zati on apparatus conpri sing:
a cat hode; an anode; and concentrating conpartnents and
diluting conpartnents alternately forned by arranging a plurality of

cation exchange nenbranes and ani on exchange nenbra at hode
and the anode; each of said concentrating ﬂﬂl ﬂﬂmﬁﬂu “ Euﬁrlsing
a spacer h and a gasket having a formof frane &nd*
superpos‘%ﬁgﬁﬁbif;gﬂ@g§p§$ t he nmesh wherein the mesh has a

thi ckness in the range of 0.2 to 0.5mm and the gasket has a thickness of
equal to or leps Hﬁ@le@tﬂdﬁélomzamoﬁa a@y})ﬂﬂﬁﬁ e prisiakt on appar at us
claimed in claim1l, wherein said nmesh has a thi ckness of equal to

or less than 0.4 nn1th 3. An el ectrodeioni zati on apparatus clainmed in
claim1l1 or 2, Q\ﬂ%i‘EI n sai d gasket has a thickness of equal to or

|l ess than 0.05 mm 4. An el ectrodeioni zation apparatus clainmed in
any one of clai manlamod®; and wherein said gasket is superposed on both
si des of said nesh. -15-

concentrating compartments and diluting compartments
alternately formed by arranging a plurality of cation exchange
membranes and anion exchange membranes between the cathode
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.
-15~



5. An el ectrodei oni zation apparatus clained in claim4,———————wherein

sai d gasket has a thickness of equal to or nore tijgg ! 6. An
el ectrodei oni zati on apparatus clained in any one J;’Mﬂﬂwmﬂlnﬁm

wherein said gasket is superposed only one side of *safd nesN. s = '« 7. An
el ectrodei oni zati on apparatus clained in claimbé, wherein said

gasket has a thg ck : ; . -84 An
el ectrodei oni zte]iit'i o%ﬁg%%géta@ g}séﬁ(t:) Pg?%gf(? I?Eﬁ)j)ﬂ@f%{%{éb g%%?a@ S Cla{’%l 43
wherein said nesh has 10 to 60Q neshes. per one jnch. . An

el ect r odei oni zat i oV R@¥RITLE8E cgaaﬂslﬁé@hiaﬁ a 16&@9@15 OEBQBW& to o more
wherein said nmesh is nade up of strings having a dianmeter of 100 to 250
[err]m  than1002Amrel ectrodei oni zati on apparatus clained in any one of
claims 1 to 9, wherein said nesh has a rate of aperture of 30 to

70% 6. An electrodeionization abjp6ziratus claimed in any one of
claims 1 to 3,
wherein said gasket is superposed only one side of said mesh.
7. An electrodeionization apparatus claimed in claim 6 ,
wherein 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 4 m.
10. An electrodeionization apparatus claimed in any one of
claims 1to 9,

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

-16-



