COVPARTMENTS 5 Field of the Invention invention relates to a
met hod and apparatus for el ectrodeionizi ff®%%&at er and, nore particularly, to
a nmet hod and apparatus for inproving the efficiency of ion transport wthin
the diluting conpartnents of an el ectredei oni zati on apparatus. 10

Background of t hgrg e ARD AFPPARATES FGR BPMECPRODEIONIZAMROR OPYVREFER NI
water to be treaf@iid Mt ﬁnmggggvéeﬁ PHASP ﬁ%@m@%@mﬁﬁ&ﬂ ﬂilrt s

inmpurity ions are renoved as abs ﬂnﬁ8Q§oﬁﬁh4 change resin.
wel | -known to regenerate the ion exchange resin having its 15 absorbing

abilitg | ower ed, by nmeans of an acid or al kali. However, a disadvantage of
such a“method is the discharge of the waste liquid of the acid or al kal

used for the regeneratipn. It is desirable, therefore, to enploy a nethod
for produci ng delggio I Dwhi ch requires no acid or al kali for
regeneration. In this respect, attention has been drawn in recent years to
a self regenerating fippresintatvenitinaielptes do darethmidzad apparatps 20 cfEctodedinigng

met hod wherein ion exchange resins are used in conbination with ion
exchange nenbr ameser add) ABOpartidulantoaamahatdndaggiratns foaimmroving the effivysice af
apparatus associated with this method is known as an el ectrodei oni zati on
unit. The typi c@dn @InSsdt Wilh aRi FRtiAPEMPAkineRQPLA S8SroabibfLARMebYarath§, anged
ani on exchange nenbranes and cation exchange nenbranes, thereby defining
dilutipg 25 conpartments and concentrating conpartnents. Each of the

di luting conpartnents s :~rl i I, ~ ,~ 1~ ~~'.3 -2 contains an ion
exchange solid gonpositio onpr.i sing both ani on exchange and cation
exchange solid §3§§3§¥¥¢%ﬂggﬁ%ﬂﬁﬂg¥y in the formof granules or beads.
Water to be purified is passed through thg i on exchange granules in

di | uting conpar t ment ¥1s WelrRIWe 19 deni3e tyates by prssipg Wik ta pe tirateddyerghidicisyd t he
ani on exchange solid 5 conposition and, under the influence of an applied
vol tage across befoféonaxchapgercsins sothatdmpyriy fons piegeragved apahaeiired iasion the wagh

t he ani on exchange nenbrane to enter a first adjacent concentrating
conpart nent forexhsgeaese. ilhiawehkipeouso stgeeante fthoowinngkchimge atdin daghg its
Simlarly, cationic inpurities in the water are absorbed by the cation
exchange solid goag 4bilan IendedYby hiths dfenwatidsor akdlit Hooueh, 4 dieadoadthg@rof
exchange nenbrane to enter a 10 second adj acent concentrating conpart nent

for discharge ig,8n AAHEPISHS lifseRade drant Restt MghiatIrHIRLEN o MRAE @ddi¥or e i on
exchange solid conposition conprises a mxture of cation exchange and ani on

n i d "t _ of cat'on exchange and -
e orred to as ROMRraRh DRARRAEE e BRI bRl R ERA SRR ¥

which requires no acid or alkali for regeneration. In this respect, attention has been

;e3e5../|1 246, 5T5| - 1METHOD AND ELECTRCDEI ONI Z ILG}!:‘::@:;W‘;U
WATER USI NG M XED BED AND SI NGLE PHA l GE MATERI ALS | N DI'LUTI'NG™
e

drawn in recent years to a self-regenerating type electrodialytic deionized water
20 producing method wherein ion exchange resins are used in combination with ion
exchange membranes, commonly known as electrodeionization. The physical apparatus
associated with this method is known as an electrodeionization unit.
The typical electrodeionization unit comprises alternately arranged anion
exchange membranes and cation exchange membranes, thereby defining diluting

25 compartments and concentrating compartments. Each of the diluting compartments
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15 material characteristically has high interfacial contact area E?t am
t he ani on exchange and cati on exchange materials contained therei Such/“‘
contact area pronotes efficient renoval of ionic inpurities. Further, it
facilitates ionization of water nolecules. By ionizing water nol ecul es,
hydrogen and hydroxyl ions are nade avail able for regeneration of the ion
exchange materials. This is particularly cratical where the 20
concentration of dissolved ionic inpurities in the water to be purified is
| ow, such as neaénthiaeartios etvhngR solid ddfgpositibicorprisin Baat inidiidxchddpelaslichady Y,
where m xed bed ion exchange materials are used, the thickness of the
diluting compar remraﬁger@aﬁa BRpORERS Sl ih MeTornSt b akNE SRRl Wak: ll)eUt I ng

|, I'"> ~"~ ~(?~3 -3 conpartnent is iIncreased, transport efficiency of
|npur|ty i ons thr ha Siif.lon. 1.9 the nbr anes
i s reduced, t hefé y&iﬁgh%gfdntgmpg%g’ rgg(cﬁ nrgeg ﬁlrg?'% dlﬁ\“k S RIS énggg'sse ani on
exchange naterlal is less Jikely to be "conn Eo t he .ani on exchange
menbrane by a chain éP‘OEHnW%’EI‘Gﬁ% "hfheowatﬁ&ﬁrﬁ ?fja e prion exehangg §qly but e
5 hereinafter referred to as "connectivity"). Also cation exchange
materidl is | esSompassionpand upder theinflsnes@! papplied volirgessrossibaeleriwdpieniestione by
a chain of contiguous cation exchange material. Thinner diluting
conpart ment s di otignegtaiegbreardsandliraeghthé amgoroxchange Hembiane to enfera fifsf aljacene
menbrane area increases for thinner diluting conpartnments, with a
conconmi tant 10 tdicemesifg compaingnt &r disokdrge 1. 8b. agiajue Bireath 1GWing Wereth®akloses
an el ectrodei oni zation unit apparatus which mtigates the above-descri bed

connectivity proiigelyWedildnid ihBGitR8Gn HRNwALCHA IS8 el By he&HibR MRt ON
unit diluting chanbefs. In particular, the el ectrodeionization unit

di scl osed 1 her et dinfQiBh bk 5%& o) i@ RPRIGh R Sort RBAALDIBAARL B AR LN
| ayers of 15 anio c exc and cationic exchange mat éri a

respe chalns of ntiguous ani on an xchan ge mat er ar.e
brovidba for faecriidiing Cﬂqca?faft“nsﬁ°%?aﬂgaﬁn? Sh e SR PSSl
respectively. F@Mever such | ayering of the anion and cation exchange
materials reduc®Ereiieusht aci al contact between anion and cation exchange
material s, thereby reducing renoval efficiency with respect to ionic
impurities and 20 rebipidaly thhionrexeckange splisheorepositian spmpisee p misluecof @dioat a
gi ven applied voltage. To this end, the apparatus disclosed in U S Patent
4,636, 296 reIiesmbmgeagbmémaamhm%ﬂmo@banmnﬂﬁMydadxyiamomsnpbuﬁmﬁemrmnethe
surfaces of the electrodes which, thereafter, mgrate into the i on exchange
sol i d conpositi@mmdidymefated tb A 5 “aped GedTiof egihhiges. Thd el ded edSdxkhange 2 |
1~;~ 2u3 -4 el ectrodes and introduces conplexity which prevents the

benefjss of a thttehﬂQhﬁEctér%ﬁleyﬂla@ﬁ%ﬁ gﬁé}fdaap@dma{ceﬁeé Riltwédn@ne DedinGchmgt i zed.
PCT Application No. W97/ 34696 "di scloses an el ectrodei oni zation unit

T or al's, 5 | N LA AEOrARRRARHRK oMk il il G AR GBl AU R e
by using ion exr%gl%gg of ionic impurities. Further, it facilitates ionization of water molecules. By
ionizing water molecules, hydrogen and hydroxyl ions are made available for
regeneration of the ion exchange materials. This is particularly critical where the
20 concentration of dissolved ionic impurities in the water to be purified is low, such as near
the discharge of the diluting compartment.

Undesirably, where mixed bed ion exchange materials are used, the thickness of

the diluting compartment must be necessarily thin. As thickness of the diluting



materials wherein a pressure of from0.1 to 20 kg/cnR is exerted befviedn ® 2003
the ion exchange nmaterials accommbdated in the diluting conpartnents and

t he cati on exchange nenbranes and ani on exchange nenbranes defining the

di luting conpartnments, thereby enhancing interfacial contact between

i ndi vidual ion exchange materials. However, 10 where greater interna
pressures are exerted between ion exchangei3materials, void fractions within
the diluting conpartnment decrease, thereby increasing resistance to water

fl ow and reduci agnpdiencane iftteasdd, twaikgurt cffigienely ef dfpulisiiowg tiro@d tBelion exchange
Accordingly, it is desirable to have an arrangenent of ion exchange

material with i vy i et i al
pronotes the ef ?@@%\gﬁgoﬁg&iﬂ%ﬁ%ézrﬁ%%%&g% r%gcf, t@ééb?ﬁﬁueﬁggﬁ)gggﬁ&geﬁgﬁﬂg%r oxyl
ions are avail a . rakid .0 e terial. Further, it

i s desirable to?bﬁﬁ%g%% %%ﬁQgéﬁﬁgggfb???hdpkggﬁﬂggc %ﬂg@nﬁﬁggrﬁéﬁgaﬁHWch
exert an internal pressure of 0.1 to.20 kg/cnR between thense] ves. 20
Sirmry O The PIUBHE TSRS BribGCnus T MrioR 6 b AR Dute
provides an el ectrodeionization unit for deionizing water hayinq an_anode
conpart ment at Peieinglifg referredia 2§ riopnectiyityg)-c Alspg@tion exshenge material is les dikely - 5
conpartnent at the other end, a plurality of diluting conpartnents

al ternating w tte ocanantteditd thy cetiorpexchangatmenthrangelsna ichain afi oortigands caichode
conpartirents. Each of the diluting and concentrating conpartnment are

defi ned by ani ogxchage tatdriab exchange nenbranes. Wthin each of the diluting
conpartnents, ion exchange material is 5 provided conprising at | east one

m xed bed phase of afyigfr KR REEpraEEd didtatd AZh&rMdnQfacRNAPSREE FORL&! thal and
at | east one single phase, adjacent to the m xed bed phase, of anion

exchange mmat er i ghecfe rﬁéﬁl@rﬁ’&la%%@é}&%f igx’riéré‘ilutin rcox@?ér@ﬁkn?si‘&ﬁﬁé‘&ﬁc&ﬁﬁ b

i al
the 1 nvention, the at

and cation exchange materiral. In a furt aspect
Ieasgoone singhgc h%?ﬁnﬁ%ﬂ Q%tcontiguous 10 and abutting both the anion and
canon exchange HERDT AhEs" fm—lur her, the m xed bed phase and the at |east one

adj acent single phase_can be ranged as separate contiguqus | ayers. Were
at | east one singl eﬁﬁaﬁ@""?ts‘h&r{’rég %&%&Snﬁ‘bglﬁﬁf"éifﬂioﬁ’lz?“ h‘@“ta?'ﬁpﬁﬁ¥‘{§x‘t‘fli‘f8]?19e
materi al can be contiguous to and abutting the anion and cation exchange
menbranes. On trhisigatehée ahenecdesqihed sonneetivity nrebien withenizedbiddop k¥ehenges ikat i on
exchange material, the 15 cation exchange material can be contiguous to and
abutting the caflécond@ordieioganiteitbtimpnehambersy & pahatldrethe akkprodeiapizatibre upt esent
invention, the at |east one single phase can be ani on exchange material and
cati on exchangelisoidsed itidreih Romphi&ss dildtifly abripdrini@tsaconaijtitig akernathgdajpesd ophase
t her ebet ween, where the | ayers of anion exchange material and cation 20

exchange mat er idlon®f &ckdBt hfitatsnié kchitbe aattriblsNh thid fespétt ARaiBXEMBAGEIoUs
menbrane and the cation exchange nenbrane respectively. Each of the |ayers

of anion exch a%ﬁm{iﬁh ehtid! ex@@%ﬁg gﬁieﬁgls %?gﬁ%ﬂ@& fgpfagi:ii}a"ﬁ%}% ﬁfi‘é}a@drﬁﬁ' Bffonic

co-extensive wt e m xed ase | I'n sti t anot her aspect of

the present | A talm%rr}ic ignr}]nelrit?'és rL:sepaegtEve?ynel{g\!&/g\%

lr,esualhl‘%%ering of the anion and cation
exchange materials reduces interfacial contact between anion and cation exchange
materials, thereby reducing removal efficiency with respect to ionic impurities and
20 reducing the rate of ionization of water molecules at a given applied voltage. To this end,
the apparatus disclosed in U.S. Patent 4,636,296 relies on regenerant hydrogen and

hydroxyl ions produced at the surfaces of the electrodes which, thereafter, migrate into

the ion exchange solid composition. However, this approach requires multiple, costly



LAY 2003
/[, rA""'s ?~(1~ -6 can be a porous and perneabl e conti nuous phase agd'ghe 2003
m xed bed phase can be a porous and perneabl e di spersed phase in the
continous single phase. Alternatively, the m xed bed phase can be a porous
and perneabl e conti nuous phase and the single phase can be a porous and
per neabl e di spersed phase of clusters in the continuous m xed bed phase. In
anot her aspect of the present invention, thg_ion exchange material can be
in the formof a shallow bed having opposite planar bed surfaces, and in

whi ch the di sper ged,Abasa igtlrame%rc%n@re it GhRA ?évgé&k e é)%gﬁfﬁpsf%g@%lapgﬁic

surfaces and are cotermnous wth at [east one o anar surtaces.
The di spersed phﬂsq cLusI%rs gg a“§o e&%en t hrough 10 the shall ow bed and
cont er m nous wi t i*TIE"BPFBLTY r§P5M§F%58 '“€lrfaces of the bed. In yet a
further aspect of the present invention, the ion exchange material in the
di I uting conpartments’ @Bn“%cﬁﬁﬁe}%a WK ofisglpses s Elepiresiicpization upg
kg/cn2. In a further aspect, the present invention provides a nethod for

dei oni zi ng wat erapparatuy whichenhandesicoriegiatityed dilwting chmpartrgend ivngrddegooatpaals, ment
at one end and a cathode 15 conpartnent at the other end, and a plurality
of dil 8ting conpacldiegti®sadf tbe mired bgd wariety. Clincis atdoatplisigedbgrpmg ticreexciange

bet ween the anode and cat hode conpartnents. Each of the diluting and

concentrating coffadfidlsheRindi re@iré BEEohy0.2Mb @0 1AIIET AL dxeReL¥ERBADthe ion
menbranes. Further, each of the diluting conmpartnents contain ion exchange
material . The i QR pbElRRERaTRE At AN MeldRR i ompERREnt 0 thE 56h RErhnBbase
of anion exchangeczognater?al and c%fﬁoneexchéﬁgg%naté}%gﬁ aﬁﬁ at Ieg ? one
si ngl e phase, adjacent to.,the mxe e ha .of . ani on _exchange terial

or "eati on exchadb bR sRREe e A Suni  p E Re SR AR RS b ange
material. Water to be deioni.zed is passed t.hrough the diluting conpartnents
wher e ion inpur ief‘b%‘“&r‘@teng%\FQHtaﬁts&éW‘feés‘ﬂ v ‘dl’}‘lﬂ 109X E%W@’é“gﬁd Howgver,
i",F2;17 _7_ ion conduction nmechanisnms within the diluting conpartnent. In
anot héP aspect ofhertherepler deernali HosWES 8r¢, exgried hpfacen éM pichanggrmaterinls, eid on
exchange material of 0.1 to 20 kg/cnR. Preferably, the conpaction pressure
is 0.5 to 10 kg/fentignssittintir &lupngéommatimgnt@e@edse, tieréy/igargasing esistioegiawhicon
pressure can be applied 5 by adjusting the volune of the ion exchange

mat eri al in the floemdsédicing the damdddt dfovatef Qapablelof®eiig tredted.i ve to t he vol ume
of the diluting conmpartnents, and preferably 111 to 150 volume %rel ative

to the volume of theadidriinpit &ABMABL RV San drnY@henfoflibH §xBRIngd HRRER witth e
present invention provides a nethod of deionizing water in a

el ect r odei oni zaty gD 4n vABRIELE IPAChIIRD rndthiaP BonfRd i efffentint ¢
and 10 a cathodgh@%xggﬁéﬁ%nt“gtnthe ot her en c6¥Ethe uﬁ??, an ta Sﬁu?ﬂ ity
of diluting conpartnent | ternating W t oncentratin oppartnents
betwedd the anodg i ey s TEo ey SRBEERN R 4RGP R Reriing e
concentrating conpartnents ar fined by anion and cation exchange,.
nenbr anes. Fur t 3} CXQaRES ‘B?te?ﬁedﬁl hek it 4?6‘1’1‘15’erf%ﬁmrgvecgﬁtcé’flﬂecf‘%)g@%?{‘ange
material. The ion exchange material conprises at |east one m xed 15 bed
phase, at | east cs¢hangmmeigrials crielyexesi aiyInderpHarrassusgt off @ de 29nke/emt besiyeen
exchange singl e phase. The ani on exchange phase and cati on exchange phase
are adj acent t o thdmselvesced

20 Summary ¢of The Invention

In its broad aspect, the present invention provides an electrodeionization unit for

deionizing water having an anode compartment at one end of the unit and a cathode



bed phase, on opposite sides thereof. Water to be deionized is pagsed:rR 2003
through the diluting conpartnents where ion inpurities are renoved as a
result of ion exchange and ion conduction nechanisns within the diluting
conpartment. 20 Brief Descr~~tion of The Draw ngs The net hod and appar at us
of the invention will now be described with reference to the acconpanyi ng
drawi ngs, in which: | ~I ~~i{? ~~~n~ ,. _5.09_ Figure 1 is a schematic
illustration of an el ectrodeiorization unit of the present invention; 5 10

15 20 Figure 2 icsmparkfidnt REfHel olRr Ch&VY plRAity Of Gilkin@\6BMpartherdaldrhiaRgawBNt of
i on exchange material of the present 1nvention; Figure 3 is a perspective

view, partly cuko&myating{c%rg?ag&g&mema%aﬁ&fe.aﬁa cdtmes&ﬁg@@%gts. u%a{dt‘?ﬂe of

t he present invention; I'S a perspective view, p c away, of
a third arrangenent of Jion exchange materjal of. t present, inpventi on;
Figure 515 a paniind, SRofGRE Sipinihl s, fned By BAER et BeRne o
i on exchange material of the present invention; Figure 6 is a perspective
view, partly cuftegiREapes-of Withip jepgh, of thediling fompritneis, dR ashgagsietsriphis of
the present invention;Figure 7is a perspective view, partly cut away, of a
si xt h &r r angenmentovigied tampsistiigahlgest pramixpdbedphaseloéarpereexehange mateninl aod c®iogur e
8is a perspective view, partly cut away, of a seventh arrangenent of

i onexchange mat exdhargeafatdriabandadsasndneisingleiphasosudfacent teethOmnixed baithageeaftanioa

view, partly cut away, of an eighth arrangenent of ionexchange material of
the present invehirdRntgial 6r chlbs exthRe TR&al, \0€ aNibR WkchRgd thiteGdlind¥ayn of a
ni nt h arrangenent of ionexchange nmaterial of the present invention;Figure
11lis a perspect i¥BanbkeaerpBr t1y cut away, of a tenth arrangenent of

i onexchange material” of the present invention;Figure 12is a perspective
view, partly cut a h_ar of Lo 2 ~ ~. ~' -~
2003 -9 exchange m\gltaI é? ﬁ%?‘eg%p ?eckgf\{gér}é‘s/eélﬁf) B’?}h%\%gn S:Eérrlﬁm%%prhﬁlsed:ﬁ?%eTgngusouzsi si de
el evation view of the arrangenment of i.on exchange materij.al in Figur 2. 5
bttt oq of Eabpiap bR B AR e FiFhGuRdTarorese GG b MIIRIORT | on
is applicable to water_ purification processes which are carried out using
an el ect r odei prithagg 3nditheaileast quepdipsenhyngle phase ¢ bejagrgpged ps sqpgte contiguous

el ectrodei oni zation unit 10 in accordance with the present invention

conpri ses the dapde Wberpat least one 2iElpphovd idevionexdharge reatertd tixdanioncextitanghe

cat hode conpartnent 22 provided with a cathode 26. A plurality of cation
exchange menbr angsriat8ambdcchtipns exaldabgengreiEhhbnead 3iticarekciaihfemaabmahss.
arranged between the anode conpartnent 20 and the cathode conpartnent 22 to

formdiluting cORNMRICHEERAR, Wher6 et adtioReSinBl¥ pRite McaBisf BRMERyRATBANRe 30 ON
t he anode side and by a cation exchange nenbrane 28 on the cathode side and

concegatrating %W%&{Jﬁﬁéén&%riﬁl&% g‘écgﬁ[}éu&%dtob)fn@a&ﬂ{i& theCXFBRNAENBLTDr ane

28 on the anode side by an ani on exchange nmenbrane 30 on the cathode

si de. Electrolxkgnﬁglution is supplied to anode conpartnment 20 and to

cat hode conpartnen %2 via flowstreans 36 and 38 respectively. lon exchange
mat eri al designated . b ral ?rovided,in dilutin rtnments 32.

nu 40 is co
Such medi a enhance \)\}é{"éta“‘ﬁ FiBFReELRl TG SR UIRTBN e aHGashe g inedibiase can be

anion exchange material and cation exchange material in layers and abutting a layer of
mixed bed phase therebetween, where the layers of anion exchange material and cation
20 exchange material are contiguous to and abutting the anion exchange membrane and the
cation exchange membrane respectively. Each of the layers of anion exchange material
and cation exchange material can also be co-extensive with the mixed bed phase layer.

In still yet another aspect of the present invention, the at least one single phase



20 by ion exchange. Further, such nedia facilitate m gration of i orfst ATR 2003
t owar ds nenbranes 28 and 30 for subsequent perneation therethrough, as wll
be descri bed herei nbel ow. The ion exchange material 40 can be in the form
of an ion exchange resin, an exchange fibre or a forned product thereof.

?. 4t~Pr n03 - lo Water to be treated is introduced into the diluti.ig
conpartnents 32 fromsupply stream50. Siméarly, water or an agueous
solution is introduced into the concentrating conpartnments 18 and into the
anode and cat hodean derpamrdusent! pe@figabRZohtimmusa psase phd tietmigedrbetdphade can be a
predeterm ned el ectrical voltage is applied between the two el ectrodes 5
wher eby ani ons igaralislabid péithet0ERigfdr 88 Phsse dthd esriiR8LSsikglY pimass. K1teditiOAy, the
exchange nmenbranes 30 and into concentrating conpartnments 18 while cations
in streanms in di}.ULA i

menbr anes 28 andk#%%%Qé%ﬁ%§%§Fgﬁpﬁéu%%ﬁggb?%g%?g&?%g gga gggyﬁééga%%gd

m gration of aniogons and cati.ons is, further faciditated by the ion.exchange
marerial 40 pr e<anpe f RO Pan Bt iel R ety ohisyf eph BRouRigy bef
driven_by the applied voltage, cations in diluting conpartnents 32 mgrate
througﬁ cation é@@ﬁange resins using ion exchange nmechani sns, and
eventual | y pass through cation exchange nmenbranes 28 which are in direct
contact with the cat fo#notressnenyel theriesest ingntipn.ahq ign exchangs afasiatyian be inrilee
-conpartnents 32 mgrate through ani on exchange resins using i on exchange
mechani sns, and fervesftasihllow pedlmvingroppegite phinarbed Surfaceh andjin Wik etbtha disper3al
which are in direct contact with the ani on exchange resins. Aqueous

sol ution or wat @haseRlus@ariueeptrpendizulao ke plandr ibad s\t fa0paht aRdotrmfhofid With &t r eam
44, and anion and cation species which subsequently mgrate into these

conpartnents, af&stoat bk HshaR B sHARRY efhe@fpasQIPRGR s REREn AR ditdn@ hrbidg@m
di scharge stream 48, while a purified water streamis discharged from

di | utygng conpar ‘”E%H&‘ﬁ’“;gﬁd%d%ﬁ%d%?e ﬁlg?&g} %gtee ana {Jlﬁesﬂgﬁﬁgﬂf&egﬁécﬁ”ed on

the ion exchange nmaterials accommo c In tin

conpartments and between t.he cation.exchange nbranes and the anion
exchange. menbr anes. dLTieht RGP PUBF RECCB AR Lottt o oraeags Bafhd "hieni n
range of ?2. 4 h~1Z2 2?2 ("L3 fromO0.1 to 20 kg/cne by_conpacting the ion
exc; aange mat er PAtng CORP a&%w{pﬁ@a&er |a1f«°{nﬁ%ct18? BES TPy IES1|01e‘8 ézoﬂ‘ﬁ/&ﬁp-o. 1
kg/cnez, the physical contact of the ion exchange material s between one

anot her, and bet weenlntafurthes aspesictha nrgeentriventioalprovided a migthof o1 deiooizingenter
menbranes, tends to be inadequate, whereby electrical resistance is |ikely
to i ncrease 5 aimddnotlecarogdiomitatipatuhitdbving@beandde ctvepdrimeat etchne end aikded yathalef or m
..M>< resulting short-circuiting of water flow. As a result, the purity of
the resul ting peafpeimenpitelic dtiendad, bhod Helutalivy, of G ghRipartviadesiciabihgwittn t he
ot her hand, if ion exchange materials are conpacted such that the pressure

exerted thereon gxeRpdag &inpenh® betwden O MAE hndatHolEcdnBRArRXERAPLS of the
materi al s between one anot her, and between the ion exchange materials and

the ion_exchanggy A MRITNANGS. My dordSrAUROYR Rk by L. WL Ludd QthaRd the

anount of water t ends ease and the ion ex ange ne

are likely to brene%%g%gse.q?uPtXerE fba%h Qk lﬂg diluting compartments contain ion exchange material.

The ion exchange material comprises at least one mixed bed phase of anion exchange
20 material and cation exchange material and at least one single phase, adjacent to the mixed
bed phase, of anion exchange material or cation exchange material, or anion exchange
material and cation exchange material. Water to be deionized is passed through the

diluting compartments where ion impurities are removed as a result of ion exchange and



pressure. The pressure accordingly is preferably in the range of 0 5 £63
kg/ cn2, nore preferably from0.8 to 2 kg/cnR. The pressure exerted on the

i on exchange materials packed in the diluting 15 conpartnments and on the

i on exchange menbranes preferably is applied in such a manner that the

vol ume of the ion exchange materials to be accomobdated in the diluting
conpartments in their free state is reduced; smaller than the vol une of
their regenerated form by conpacting the ion exchange nmaterials in the

di l uting conpar §sEdndudtidn RkkcRITM witin B IIIRY x%ctohﬁ‘)atqﬁéﬁtr ed pressure of
conpaction, followed by supplying water of 20 regeneration and conditioning

wth an electiic our iellahd ok bhohe PRAEANGE TBLGLERY SXRANCR. Le

vol une thereby to I ncrease the press Al'terndtive I on excnange

material is acco dated | uti ng rtpents, and then.t volune
of the diluting® et gtﬁ‘i ‘%%dctﬁéﬂ?céﬁf%@ JHt e o RS s ‘Fﬁ
pressure to the deS|re X ~3~3 - 12 level. The term
"free state", ake/GEedndaiost Pfefef?@é}h(ég Y %k@?‘@ vﬂ@rcélnﬁa‘tt‘ﬁé PresHIr@sasthergalicd

mat eri al has not physically adapted itself to fit within the confined space
of theSdil uti ngbyedpatingrbatvolume afiiee fonrexchangd metdriallio v, fréet statg tpt @& @r ¥7dd
that the ion exchange material is packed 5 in the diluting conpartnents in
an anount such vblanetdrelaviod tone: volunidod thedilugngalomparemernd, ed m@éferably Itiheo 150
regenerated formin a free state would be from 103 to 170%rel ative to the

avai | abl e vol ungoigie thR1ddive b thé Yola@EBAHE MM collpatthibrits.f ree state amount is
| ess than 103% the contact between the ion exchange materials tends to be

poor. On the other erytta'ftmtebss LCfe rabf lmsﬁtf&t pro¥ e fhethbd Yr dLiBRizR 'd

contact will be goo but the pressure | oss I n passing water throu he

i on exchange materi.als S t0 be S rred that
the free state W%‘FUF%&et??"‘t‘%“’“tzc%"“e‘%?é 9‘“ g“"f%‘%‘tma‘t%gmemaf%“ %Of:‘ HYatee 111
to 150% of the vol of the diluting co ments. Faor reductiaon, of the
vol un¥ of the i’t‘)ﬁa@g@’nﬁ?@@w&af &he Ptteagt?ﬁyéﬂhesﬁahad ¢ hilitn et ing of
its regenerated form the follow ng nethods can be used: (i) water content
15 can be reduceunHaymgntyialigrnaiing )’Vltg crBGeRBRIngf cosPaArEERE betweer dimanode japé t o
an ion species for other than the regenerated formto convert the ion
exchange nat er i @ithadeceampaviaetd. Eavhwf thodilytingiajd doheeniratmgsruipantrgentsiat defingfl can
be i mrersed in an organic solvent for solvent substitution. However, use of
the method (i) @®nghiddwdeetiditekchdnigd mebenedi FuathérQgach oS thp iy @ehpafimete t hey
can readily be applied irrespective of the kind or structure of the ion 20

exchange mat er i @haifigH ekdhndeRhaterRl, dﬁfenaaatcﬂeqlgaﬂatentl doaptlaasgeleas%@htx@@
water content is to be reduced by drying, it is preferred to reduce the

vat er cont en.t t E)hlis%veﬁllea I’IE 58%%)(0‘1’1?“(?%@11‘1@ r%l %e attl%]ir d@@tcgt{on%gﬁ]ﬁgé Slh%r l'ess

than T w% it 68 an undesira y|ng e wat
content is greater t pere of. the

vol ume by addi ntal a5t aﬁlﬁa eé%tﬁ%%?&ha%gang I%atl In ex<f‘ %e 5L &?er aé% cen%g?l—lge mixed

bed phase, on opposite sides thereof. Water to be deionized is passed through the
diluting compartments where ion impurities are removed as a result of ion exchange and
ion conduction mechanisms within the diluting compartment.

20

Brief Description of The Drawings

The method and apparatus of the invention will now be described with reference

to the accompanying drawings, in which:



be minimal, such being undesirable. It is preferred that the water? coAP@nan)
is in the range of about 5 to 15 W% whereby drying will be easy, and the
vol unetric increase by supplying water and conducting an electric current
will be large. As to the type of the 5 counter ion during drying, a Na-type
is preferred "c: a cation exchange material, and a C-type is preferred to
an ani on exchange material, since such typgs are thermally stabl e conpared
with the corresponding H and OH types respectively. The drying tenperature
is preferably fFairé® to 8QGchdnhatictilhistralie\& ant dictfro@énizdtion ak &F tiddpresent
undesirably long tinme to dry, and if it is higher than 80C, the ion
exchange groups tend to dg¢qpese, such 10 being undesirable. In the case
of a nethod of changing the counter ion to an ion species for other than
the regeneratedgformto c .he . rial . L oaded form
a Na type is prgfé'rr ?%d fol{rggégrrél%tclageﬁ“ée@@ﬁgﬁgg%%? ’edr}clg}é r,ran %ragrgoéogt%%gnges
preferred for an anion exchange_.naterial, as mentioned above. As other ion
species, a K-type or a Lim?%%ofg‘%ffaesﬁ}lé?vg?tr‘oé’d for a cation exchange
materi al, and a_nonoval ent counter ion such as a Br-type or NO3-type is
prefertred for aKigedn exiéRAEERCHEE BieWapartly guttayay, elexjseend arpngemen9éiogr an
Al -type, or bivalent or higher valent counter ion such as a S04-type, is
not preferred, since the exolmnge magrialtod the presganeveatid f orm t ends to be
difficult. In the above-nentioned net hod wherein the ion exchange nmaterials
are packed 20 i Riguhed di | Ut kngrspedtivaniiewgniagly andwapedst 4 thérd\uplangement of foa
diluting conpartnents is nechanically reduced to increase the pressure, it

is preferred to interpos%x&agg@ﬁ%rim&'%p}@e,gmﬁﬁﬁﬁi bl e by pressure
bet ween diluting conpartnment frames and the ion exchange nmenbranes, and to

exert pressure ut si. Leyl p .

PXOLL BTESSUTR bR €1 ShER pBSSRARELR, b Sul MyPbEE T didRaaRACEE iy
conpress the spacer after packing the.jon exchange materials, so that the
vol ur@ of the diluting cSF‘r‘%’ﬁP%en‘E%Fréaqlog{hF@% FBY"¥*om 5 to 60 vol % If the
reduced volune of the diluting compartnents is |less than 5 vol % the
contact of the HEBBfhodati®a PEERCGNE ity Pt it 24P feinfith ABAEEMGROPL iotn t he
other 5 hand, if the reduced volune of the diluting cor.:Yu:~tnents exceeds
60 vol % the contact wil lexghanggoneieriahf the peesqnt éwsntios; | oss due to resi stance
when water is passed through the ion exchange material tends to be high,
such bei ng unddsigueil e. Asa tphspertive viesl, partly catiaways lof i rskdlb heargemertr of ian f oam
sheet of e.g. polyethylene, polypropylene or polystyrene, is preferably
enpl oyed. 10 Figure 2 shemlaﬂgepﬁa&émmﬂegfemmgﬁaﬁmh; of ion exchange
material 40 of the present invention to be used within diluting

conpayst nent's 32righgt § i S if 4 petipeitRAGWTRBly cliPAWRX PRI EntHBESideRlentiéY ion
conprises alternating |layers of an anion exchange phase 52, a "m xed bed"

i on exchange phase 56, a i 54, such | ayers arranged
substantially transver se@g%lg?%gﬁétﬁgh\}vggﬁg c?&éﬁngﬁﬁ){lhe streamin diluting 15
conpartments 32.. The, term"m xedt. bed" ioal exghan gfggatie}rlth%l 03 egﬂgfigrtlarm IS
used herein, ref8F €Yo i &hf BYHEERGe Rt VA 2% Pt &F HEMBSFAET B % hange
material and cation exchange material , randomy djstributed throughout the
m xed bed vol une, wher ei RX{RBES/BAEHAL Of the PRSI ITYRNtgR; on exchange material is
within the range of 20 vol%to 80 vol % and the volune fraction of the

cati on exchangeFigareckdi al i§ & pospdsiive viRw, pattlyjeut away, of a ninth arrangement of ion

20 exchange material of the present invention;
Figure 11 is a perspective view, partly cut away, of a tenth arrangement of ion
exchange material of the present invention;

Figure 12 is a perspective view, partly cut away, of an eleventh arrangement of ion



20 of 80 vol%to 20 vol % Under the influence of an applied vol tagez,/'aﬁa’r“?b@ﬂUB
virtue of the high interfacial contact between ani on exchange material and
cation exchange naterial therein, the m xed bed phase 56 pronotes efficient
removal of ionic inpurities. further, the m xed bed 2.4 1~ ~11G 15
phase 56 facilitates the ionization of water nol ecules into hydrogen and
hydroxyl ions for regeneration of anion and_cation exchange nmaterial in the
m xed bed phase 56 as well as in the ani on exchange phase 52 and cati on

exchange phase 54. Such rgggnfe aldenl dShdpeichtib @by, dgneficial in regions
where the concentration of ions in a streamflowing 5 through a diluting

conpartnent 32 i LRt~ i . S e | ficient to
sustain the appﬁﬁgg%é%rreﬁ?ngegggﬁ??ﬁ??gﬁ@FegﬁﬁghxﬁégeIl?%&ﬁg% gﬁfﬁgg

dei oni zati on of the streaﬁnflqéjng t hrough the diluting conmpartnent 32. To
i mprove connectivity of anhf8if 'éxchange material and cation exchange
material of the m xed bed phase 56 with the ani on exchange nenbranes 30 and
cation exchange 10 nenbranes 28 respectively, each |ayer of m xed bed phase
56 is disposed between a | ayer of anion exctlange phase 52 on one surface
56a andl a | ayer Defcripdionmf tieedreforrpd Ebedimént on t he ot her surface 56b. In
this respect, anion exchange phase 52 is contiguous wth ani on exchange
matter at the surfackh genarabftheprestt heehtiphds epdhicatda th whtbepaffieaton pocssedes
connection of such ani on exchange matter at surface 56a with ani on exchange

nmenbrane 15 30. whicKiatedatied oubbdimpuntX&hangshizmbentiel 54 is contiguous to
cation exchange nmatter at the surface 56b of m xed bed phase 56 and,

therefore, provides ﬁ&@ﬂﬁg{g% {M‘?%urgi'%le &@&k@&oﬁ%&i@ﬁﬂ&?l@ﬁ%&%@%aﬁ&e with fBce

56a with cation exchange ran 8. Such connections, in cases,

facilitate mgration. of anions.and cations thro conpined ion hange
and | on conduct P siR eRERHRS heiRbei e DR ALY pER IR Rk Mo aR e
of the m xed 20 bed phase 5b to_t he anion exchan mepbr ane. 30 and canon
exchalfge menbr af caéhoqeégwe@fm%mmﬁ%@%%h %Caéh@ﬁgga‘héipu??é‘t‘y BN SFEPANERT t he
arrangenent of ion exchange material 40 of the present invention wherein
the ion exchang@erhrases 28 and anips exchapge meadrages 30 gre aligynately aganged pgween the
alternating | ayers of ani on ex~hange phase 52 and m xed bed phase 56. This
arrangenent i npanodesompastneordfent! ithe cathods confpertmmit@ad tefoch digéngmiipertmems t he
m xed bed ion exchange material. As a result, it enhances the renoval of
si npl e ani ons a3Weah defimgadsyt nidn exchaga kieynbranei30at thasn®ieisidaragaya cation
contam nants such as reactive silica, carbon dioxide, 5 boron in the form

of boric acid, éd&ﬁadgg?ﬂ%'nibra%ﬁiz@io% tR¢ SARYAE sRIeRh@Bd R %ing USHpAndnal 1B | C
aci ds and phenols. Preferably, this arrangenent is used in a region of a

di | !JtliS.ng compar ééﬁ% ‘Ig?;igcdn'a? %h?ﬁ%éﬂ%‘?ﬂegﬁi& !a%hemraﬁéigy&nﬁli Lﬁ'x%ha?xge .
cationic | nmpuri ( | €S ave alrea ] bee_n renoved I n an UpSt ream_ GYI ce r N
an upstr eam 1 eobon Gh 416 SRS AL L0 SOURBLENRD . FRea S lbdeboarift " o

to renove resi

20 and to cathode compartment 22 via flowstreams 36 and 38 respectively.
Ion exchange material designated by numeral 40 is provided in diluting
compartments 32. Such media enhance water purification by removing unwanted ions
20 by ion exchange. Further, such media facilitate migration of ions towards membranes
28 and 30 for subsequent permeation therethrough, as will be described hereinbelow.
The ion exchange material 40 can be in the form of an ion exchange resin, an exchange

fibre or a formed product thercof.
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10 inpurities. Referring to Figure 4, another arrangenent of the ion

exchange material 40 of the present invention is illustrated wherein the

i on exchange material 40 is conprised of alternating |ayers of cation
exchange phase 54 and m xed bed phase 56. Such arrangenent enhances the
removal of cations and weakly ionized cationic materials, such 15 as
ammoni a, am nes, and hydrazine, by inprovipg.the connectivity of cation
exchange matter of the m xed bed phase 56 with the cation exchange nenbrane

28. The embodi ments iWddi34 bagQebdiifinfb8IeE fidthe dil@N AmBsith&lis SRR Sl
| ayers of ion exchange material 40, nanely |layers of anion exchange

materials 52 an td:0F I 54. wi i 0 1. xed bed
i on exchange ma'fsI (ergalrma (Z %@?a%%@%‘?%u ?%dr?? Flzlfl?@ls\;{)\ﬂlltgggglrze%slﬁ{o lg:ccfé)ggénfrfmf% not
essential that such surf s .are substantjally planar. Figur 5, 6 anpd 7
Show a further SHBBUTTR T Agraie A TRAC fag dols Pomguasai Ah g2 Troll e gl 40
are zigzagged, i.e. corrugated, tq provide greater interfacial area between
adj acent | ayer s Stthdd AnPrpleigimined glegtrical voltgge is gpplied betwgsn thejtworglectrgdeson
exchange phase 52, cation exchange phase 54 and m xed bed phase 56 of the
above Enbodi menwherchy dniong rint dikitihg rapmphrimants G2 pxotsatagdraughi anjona pxdhemge
exchange fibre or a forned product thereof, but nust be porous and be

per neabl e t o t henefdbeaneoBO land)irital codventedting cogipartrhéras 18 witld cpticd Ut tstremis in
conprise of ion exchange resin particles 5 bound to each other by neans of
a binder pol ynegiutfigf @fmpaileit® 82 bornfeh@UnBugh cdtidn dgEHARELMEAbMAds 28NS
enbodi nent of the present invention the ion exchange material can conprise
of a bed of por dﬂ%ﬂm N, D LIHYS. N fict Siknd gg%gange
mat eri al 60 mﬁtﬁygmg%ﬁpgﬁéty ofﬁgggbgg?aparﬁggéF%ﬁ@g$§ﬁg#E%§?gt§B§n

per neabl e cl ust gr, . 1 i [ i §hi 0 ix 58
Fransver sel y.of SR pBlisfd By RpRSE R I RRE Bt cobipadelTES
conprjsed of aljernating ani on exchange phase 52 d cation exchange phase
S PelEn ar r angbHBRRpin AR R AS BRg Rt R g PR S S PR € i
the diluting conpartnents 32. Alternatively, and as illustrated in Figures
9 and 10, the fthraighicatipnesxehange Eesingusing 49n Gehyree tprshagins Aoerentyaly Pass can
conprise of either of anion exchange phase 52 15 or cation exchange phase
54. In this resthesigh catien ¢xshange meantaange 28 rwhi¢hre ou elsre¢thentaehwitlaltheofatiami ons
fromthe diluting conmpartments 32, while the |atter arrangenent inproves
the renoval of e®haesesinsoBintilkelyidiansindiltogpanpareming Rnighse thrdugh tiien
alternative enbodinment, as illustrated in Figure 11, the ion exchange

nmaterial 40 MayeGRIAYE ir8énsQfsing i SxMhndeQh&uanians aR@ ev@akle pa®t thickgPbinibh xed
bed phase 20 56, with a plurality of spaced-apart cylinders of porous and

permeabl e cl ustgr8, 88 QmiRamst 30 hid gn§i§&§ﬁ(§n'cmitﬁwm&eems@greir@;-ns,

di spersed within matrix 58 transverse ed plane. The second I on

exchange et ef | A SA0RTRG eRoSh EE AGh WS RNBAIARLAS T 1R sALarf 20"
44, and anion and cation species which subsequently migrate into these compartments,
are collected and removed as a concentrated solution from discharge stream 48, while a
purified water stream is discharged from diluting compartments 32 as discharge stream
20 42.
The pressure exerted on the ion exchange materials accommodated or packed in

the diluting compartments and between the cation exchange membranes and the anion

exchange membranes defining the diluting compartments, is adjusted within a range of



The clusters 62 or 66 can be formed froma shal | ow bed or sheet of 24 APR 2003
conti nuous phase of anion exchange materials 52 or cation exchange

materials 54 or m xed bed ion exchange materials 56, bonded by a polyneric

bi nder, by die cutting clusters of the desired size and shape fromthe

sheet. A sheet of a continuous phase of ion exchange 5 materials, which are
conprised by matrix 60 or 64, bonded by a.pglLyneric resin having a

plurality oFhol es corresponding in size and shape to clusters 62 or 66 die

cut therefrom aafin0.8eR20/R/EMebyehmatiing Bhdish SlcSarfed nfferi@R, dobe HéGhbed iifthé NG
frictional arrangement to formion exchange material 40 for use in

enbodi nents ill J kL tohe 2 K Fi d 12
and 13111 ust rate Ser T o R B haRF s eqrfist Bt 3ot brekithelnaile
wherein severaltggapi%s ogtgixgg Qﬁgei%%3%¥Cha” e naierfalﬁ 56. are digPosed
within diluting CorsACPRERYNISAS, bt ae {98 shanee majerials and e 180 sicliage
menbrane 30 and cation exggange}ggnbrane 28. Ani gn_exchange @hases 52 and
cati on exchange "@esdandsta by inadeqyate, Whergbplediiical gfsistapseanty lkelrpaincraas 32
and adjacent to the domains of 15 m xed bed ion exchange materials. The

net hod>and appa@Bd/asa $ortpad of wates et bejtiggled isilikalyup farmpsth rewltingsbert-pieehiting h
reference to the followng non-limtative exanples. Exanple 1 An

el ect r odei oni zatbf watedow.chs { ebfle dicipustyarf d& reshltihg prodn@ wacotepds odd Lo, s@h cel |
20 pairs of diluting and concentrating conpartnments, wherein the w dth of
each cell pair beiaghddesitabid) O theothe@id) ifibn €@Bahge Rlaleripld bre cWMBactid sGER that
formng a filter press type el ectrodei oni zation stack, having concentrating

and dil uting comRardsSROLBPHMBAE e RYeR 26 RY/EAN R XGHANSENIBA ARG (SidrART
aci d type heterogeneous menbrane, thickness 0.05 fFEfli)il - 19 cm ion

exchange capaci Eé(lwéerf ot ol Yd rb@%@ll tl%quin %?cchg%g@atgﬁ(%g AP THIBL ARG

(strong base type hét erogenedus menbrane, cm i on exclrange

capacjty 3.5 nmeqg/g.dry resin), whic s_arranged and fixed by way of

G PUEIRY Compar Meirranty e Yiedipies Dot bt A0 RO iyt 8wt e Tenas
concentrating conpartnent frames (nade of polyolefin) 5 with fused

pol ypropyl ene si¥pissraassmaighthe fomeexshpnge; membangs 7 Hksiy & hedamagsd By ghekigh with
an initial layer of cation exchange nmaterial, followed by 10 sequences of
four |ayers eachressuresildeipragsusé accadingly iapreferafly in theringreef 6. o 18Xefsamigeore
material about 0.98 cmthick in the flow direction, b) a layer of anion
exchange nat eri plefeadbbifroth 0.80C@rkgtdmi’ck in the flow direction, ¢) a |l ayer of
m xed 10 bed ion exchange material about 0.98 cmthick in the flow
direction, and d) a tiRygessafe &@tbddn XS RANGRhARE Ghdtédialapatked In theCaMibtiapCck in
the flow direction. The m xed bed layers in each diluting chanber were

conprissed of abgyitpafiBhredts FPIHENiHh ¥xchHEe BURDARESURIBH s HBREN sueh a rariE¥o DY
wei ght m xture of strong base anion and strong acid ¢ation exchange resin.
(¢

about 15 45, 6 grdnie (YRR LIEIEL Rl BeARTRALS HEBhcliRh s SORR AR, D
h inin the for f heet - i k dyct i sti.ng. of 1 xt
of 1 on exchange PUETACHRAR G SFRHAR regtse s e U b tims of Hiiencpoled

Simlarly, the cation exchange | ayers in each djluting.conpartnent were

conprised of ab®un byicomngrtingsthe dor exchpnes Mmasiiaiaifgde Wadig cqnpermpnigsin an

amount to achieve the desired pressure of compaction, followed by supplying water of
20 regeneration and conditioning with an electric current to let the ion exchange material
expand to the votume thereby to increase the pressure. Alternatively, the ion exchange
material is accommodated in the diluting compartments, and then the volume of the

diluting compartments is mechanically reduced to increase the pressure to the desired



strong acid anion exchange resin in the formof a sheet-like producﬁ?4 APR 2003
consisting of a 20 m xture of ion exchange resin and an olefinic polyneric
binder in a dry state. The two ion exchange resins were of a sul phonic acid
type cation exchange resin (trade name: Diaion SK-1B manufactured by

M t subi shi Chem cal Corporation) and a quaternary amoni um salt anion
exchange resin (trade nane: D aion SA-|OA.mmnuf actured by 2 r ~~~j~;

2(' 03 -20 M tsubishi Chem cal Corporation). By using this

el ectrodei oni zatéven TeVicaR “frae steS?, AASedCidhdin Glcadllh siaft Wihtkeih Ghd BWeREhaABNNET .
Feed water to be purified was prepared conprising 17.5 ppm NaC 1 (about 35
uS/ cm conduct i vi : 5 ; ikl : ed
Chrough The 5 diT e R R Rl SR A aEREr
flow rate of abgﬁ& %ﬁnéugpn1and a DC electric current of 4.3 Anps was
applied. Under t e8¢ operating conditions, the resistivity of the product
wat er of the electropehogizat'on devi.ce, forrﬁgt d.to 25C, mas,qeternined
to be 17.32 Mohm cm PrAf Ehngod aRoxp. s Prsread it heionsxshangs materil spagked
effective deionizatign. 10 Exanple 2 A conparative experinment was conducted
in thed manner a# the diuting¢ampRItAEats in peamehyich thatthr yoheme ef the\iphgxchange
exception: the diluting conpartnents were each packed with 191 granms {dry

i on exchange wengtetialyasils yegeherated O¥mbin a et sthte woiukd herfeono 0316 150Ye0nigtixatee

ani on exchange resin and strong acid strong base resin, of the type

descri bed abovethex#inipledoRinwas thieatilitiGfcomparthSntBOIf tHié SecetREAMAMPIsOEHs Ahi ON
device in the follow ng manner. Feed water to be purified was prepared

conprising 17. 1;¢miNafonlact BN B idd kSIMSORHERAL ¥nliy o Rlpod2 On AtGthelne

feed water to be purified was passed through the 20 diluting conpartnents

of the el ectrodﬁdnanifztﬁg é‘stgévén?o%n@é)icéed‘é'l‘?%f e Salfl cofROUinlge RocaPRYARE @ DC

electric current of 4 nps was applie der these operating conditions,
the regsistivity of the product ter of . the el ectrodeipnizati.on devi.ce,
correflted to porElglEsREHT il Eooglnd iR st AR RSl R afispis
product resistivity indicates a | ower t, ~t ;i ? ~33 -21 degree, of

dei oni zati on, chibaftddPreared Bhal dh fzeestate yelume,af the jopxchangp matenialsds B dthem| e 1
and Exanpl e 2, operation of an el ectrodei oni zation device as described in

t he present i nviengd @l 1{ bl ofthg selube df the diletingieampartmentsat a coupl ed with
separate anion and cation strata) enables an 5 el ectrodei oni zati on device
to nore effectivel y lierapctos df dedolatesrf theTbreexghage niateriaMe atlévehsnmallewthaes a
nunber of inportant advantages by providing an el ectrodei oni zati on

apparatus w t h e belting of itrogmeiatee fdrm, the fidl Riwiiggeth@B caxENRED €) WaleLsdnddnt Whi ch
is adapted to create inproved interfacial contact between ani on exchange

ﬁingr ;xt%lt Bﬁn exchan®e rdiRt&r dydrAn Wi ) AnQRQNI rdhdhgink TRY QUREr i6R MG PaciBafohs for
other than the regenerated form to convert the ion exchange material to a loaded form,
or (iii) the ion exchange material can be immersed in an organic solvent for solvent
substitution. However, use of the method (i) and the method (ii) in combination, is
preferred, since they can readily be applied irrespective of the kind or structure of the ion
20 exchange material, and the volume decreasing amount is large.
When the water content is to be reduced by drying, it is preferred to reduce the

water content to a level of from | to 30 wt%. If the water content is less than 1 wt%, it

takes an undesirably long time for drying. If the water content is greater than 30 wt%,



10 of anions and cations fromregions distal fromthe respective iogA AR 2003
exchange nenbranes to such ion exchange nenbranes. In this respect, the ion
exchange material includes a porous phase of m xed bed i on exchange

mat eri al which has characteristically high interfacial contact between

ani on exchange and cati on exchange materials. By providing such interfacial
contact, this 15 m xed bed phase pronotes gfficient renoval of ionic
inmpurities in the streamflow ng through the diluting conpartnent. Further,

the nixed bed phasgchas Aﬂﬁ@&%&f BPhdet! W herQhd WekdRE i Oelézyr?cfa&rgnu to

hydroxyl ions for regeneration of "anion and cation exchangers. Suc

regeneration is particularly.beneficial, i.n regions ere the concentration
of ions in a st rbgénﬁ]nwag\ﬁnu%rb%tl?ﬁuélua ‘ragﬁd|“|‘~°LRFF‘§§“§%‘H&§§$¥VW8H°“I°§‘1Féﬂ £ fapet y

| ow and, by thenselves, 20 is insufficient to sustain the applied current
at a sufficient % 2hPYR oV R ety Ingevlichecis 264 g1 WARAIHS Sicreasinby
flow ng through the diluting conpartnent. The m xed bed ion exchange phase
is in contact wistpplaingshatenendradectivg an pleetric exednamijbbaratasr isl to dredypr ofdhe
por ous phase of cation exchange material. In the case of the B I
?f 13 -22 ani on exuitangedpiresdrying,ucka-gpaisgotfefraticl b tatoasxtHaagaingtedal, aml Hf

ani ons absorbed in the m xed bed phase to the ani on exchange nenbrane.

I nterfacial cont@Agjpeicprerand io anidh exchangehaigl, ¥kesich kypedark RRrdllyble
exchange phase and ani on exchange material in the nixedfbed phase mtigates

el ectrical resigb@p&ed ivith iHRRordsBomiidgPaff 0B HpRNRsRRHRIP & i 4} 5
bed phase to the agion excha%gggnengggﬁe prgcﬁdegﬁby 8gpo§i§gf g?ﬁgéggh
ions within the.dj ' g .Thi s i such.interfaci.al

cont act providegﬂgag%%ghg%?%ﬁgﬁggﬁW?gfs@#g?%%?gﬁégrégﬁg%Pﬂgﬁwgﬁy(ﬁgt?sze
the m xed phase cross.the .anign change phase, and to the ani on exchange
ronbr ane. St 1 5, SRRt ke QRO dheiap PRt g TG Ser oty uch
interfacial contact 10 facilitates the mgration of cations absorbed in the
ni xed!®bed phaseb¢ibe trfesigals on exchange menbrane. Interfacial contact
between the cation exchange material in the cation exchange phase and

cati on exchange mat elnith¢ cdsp of mmethod ofl clisoging thesounfet oy 4 asios|spesiesiferadther
resistance to the mgration of cations absorbed in the m xed bed phase to

t he cati on exchédnrgeeregdaemated fpnowicdedrtile op prdiabgel yaterdvd tgebadainfornvaNa-n t he
diluting 15 conpartment. This is because such interfacial contact provides
a conduction patype isQirefdired Rk h edtiodlexeHABRS AReridl And ATI-tygedipicheredifored apfdase,
across the cation exchange phase, and to the cation exchange nenbrane. It
will be under st Tndi Q4,36 mehfidied ABSVe 1ASieP R HANeLEKIBHE N 4 LB i
enbodi nents of f ga?g%\%aﬁlt |Hlo’n described herein w thout s(’]lepam??f(r)\gﬂlr gﬁ? the
scope, and 20 purview,of the inventio i ppended ol ai ns.

S TP 20 R R oA R P OB by ol R EIAGH BT 1 g
wat er havi ng an de co rtment at,one . end of the unit and cat hode
conpart nent at ?rﬁg(gﬁl[yﬁg}sp %Eﬁreda{ﬂroanémﬁpGf;ﬁ}apgeyn%?rlal. In tlr{lls respect, aaCa-type oran

Al-type, or bivalent or higher valent counter ion such as a SO,-type, is not preferred,
since the conversion to a regenerated form tends to be difficult.
In the above-mentioned method wherein the ion exchange materials are packed
20 in the diluting compartments, and then the volume of the diluting compartments is
mechanically reduced to increase the pressure, it is preferred to interpose a spacer which
is compressible by pressure between diluting compartment frames and the ion exchange

membranes, and to exert pressure from outside perpendicular to the plane of the spacer,



diluting conpartnments alternating with concentrating conpartmnents ??;t : -n?OUJ
the said 5 anode and cat hode conpartnents, each of said diluting a s
concentrating conpartnents defined by anion and cati on exchange nenbranes,
each of said diluting conpartnments having ion exchange material, said ion
exchange material conprising at | east one m xed bed phase ol" anion

exchange material and cation exchange materjal and at | east one single
phase, adjacent to the mixed bed phase, of anion exchange naterial or

cation 10 excha ' j xghange material and canon exchange
material . 2. Thgsg(gﬁp @@Jﬁ%ﬁ%aﬁféﬁﬂ% i ietq ’ %fc(%fﬂp KSPIE SGceT dfch Pk U OPeast
one single phase s conti Fous to and abuytti .said anion and catjon
exchange menbr aff&danes .m&ﬁﬂg sefodbat thsdieiuge Q%éliei ‘@ﬁ“%‘?%“ﬂﬂﬂ“‘@l’%i‘%ﬁ‘i“%@f M said
at | east one single phase is anion exchange material and wherein said anion
exchange mat eri afo ¢&vad®ndf Gemdycadyobyne of thehilyting eempepsimentsns tses thuchaolfe
menbrane. 4. The el ectrodeioni zation unit of claiml1l wherein said at |east
one si ngl e phastecontadbdf theaermhmdgted ivaterchaagde materidsientdstabé pror e®a brger
material is contiguous to and abutting said cation exchange nenbrane. 5.
The alsect r odei ofund af ihe fedutdéd vohimedfahd diliting eoriaftnfeals @x@kdd BBRI%OME c&itag! €
phase are 20 ani on exchange nmaterial and cation exchange material in |ayers

and abutting a yanRo&d, bl iHEsteREd IRDARA0 RIRAOSI R hter BHakell BYEUeh tRfio@NI ON
exchange material and cation exchange nmaterial contiguous to and abutting

the said anion &gﬁ@@g gﬁ@ﬁgg@%%gg _bgg%g,s Qlf.ﬁ g&g? glg(tle?fé 2NAE AEIRLA Sor. suc

respectively. eloni zatton unit o

claiml wherein,said at |east on i pgl e phase is orous an er meabl e
conti nuous si ngﬁhrel%b“g’!fssé’a%ﬁ’cf ftgﬁ?&ﬁ?ﬁ?ﬁg‘gg'ﬂ’é’ eﬁﬁi"é’& ‘?Oilypg‘)pﬁ'gein&% p‘gﬁgyrﬁger’ feabl e
di spersed phase otj gl ust?rs in the continuous single phase. 7. The

el ect r odei oni zdFEHP§MPIY¥Ed-cl ai m 6 wherein said i on exchange material is
in Sthe formof a shallow bed having opposite planar bed surfaces, and in
whi cHOsai d di sper sedigyrmadshewus peaferedrastapgenrah af éam exchange mimterial 40 f thred
surfaces and are coterm nous with at | east one of said planar bed surfaces.
8. The el ect r ogedsentiimahii@rto bauited ofithad diurm@Beontpartmients 32 lal this Speemladipémase
clusters are perpendicular to the planar bed surfaces, extend through the
shal | ow bed andoé:x@hdige afteeitlNiNRHPrivdsblierhigtBRATf bR abBARharli8 Bhayshaces of
the said bed. 9. The electrodeionization unit of claim1l wherein said m xed

bed phase is a-pR¥QUSdANsh BEHIRRDIHE 561 LdnBUOUSiIoR RRGAnANFh38ise, &kh I§RRL one
singl e phase is a porous and perneabl e di spersed phase of clusters of anion

exchange materi [ ' r i e t] u . 15
10. The el ect rgg’g?%ﬁisglg%t?g%”gﬁﬁm%% %ctlrggfhrgn %O%J’\Aﬁjér?%tgoﬁ %tguﬁl %t{g%%e)%cﬁgﬁgn
mater,Lal is in the form shal l.ow hed havi ng opposi t | anar hed

Curt ddes,  and IRTRHIIT A T SRy Sl BRLCEY erdefBraRd. & BF Movchade
material or cation exchange material are perpendicular to the planar bed
surfaces and améredbideimithEiCxGhanpe BRtcrialLompanias §pthanion syrhangs Mcdaksids aces.
20 11. The el ectrodeionization unit of claim 10 wherein said dispersed
phase cl ust er s cetaneenshange guajerial.heanddvell | distripysel tmehghew thomixed basuvolwine.h t he

opposite pl anar bed
wherein the volume fraction of anion exchange material is within the range of 20 vol%

to 80 vol% and the volume fraction of the cation exchange material is within the range

20 of 80 vol% to 20 vol%.
Under the influence of an applied voltage, and by virtue of the high interfacial
contact between anion exchange material and cation exchange material therein, the mixed

bed phase 56 promotes efficient removal of ionic impurities. Further, the mixed bed



surfaces of the bed. 12. The el ectrodeionization unit of claim 1 whétefi 2003
said at | east one single phase is 2 ~AF i~ aC03 -25 a porous and

per neabl e conti nuous phase and said m xed bed phase is a porous and

per neabl e di spersed phase of clusters of m xed bed ion exchangers. 13. The
el ectrodei oni zation unit of claim 12 where said ion exchange material is in
the formof a shall ow bed having opposite_ p{anar surfaces, and in which

sai d di spersed 5 phase clusters are nm xed bed ion exchangers perpendicul ar
to the planar b . : ] i & .sai d

pl anar bed surfggaégsg ffa}ﬁﬁ%ﬁ%ﬂgf@gzg}lgﬁéﬁﬁn%rﬁ%&ggshﬁ? fﬁ §'%+ E@%gﬁ?%? ll‘zﬁgei n
sai d di spersed phase clusters extend through the shallow bed and_ are

cot er mi nous.wi ¢ Exeen STl PRo FHTAor SRR paGEy e e R R Bt

el ectrodei oni zation unit of claim2_in which said i on exchange material is
under a conpact PO the @ rehagee phaserand gonexchyes ppase §4- Fyd regeneration is

el ectrodeioni zation unit of claim?2 wherein said nm xed bed phase and said
at | east one adpzteferlsbangfidalgh segiongrvehesetha connigadioniod inpa dn f aiyeansflowing The
el ectrodei oni zation unit of claim16 wherein said |ayers are corrugated. 15
18. The el ect r otheoughiazidtiiiggcompattmedit 32ligiehatiSciywier @idnbwthemsaives ack ibaxdfigdmse,
sai d ani on exchange singl e phase, and said canon exchange single phase are

conprised of cotwaxitginshew@plicRrent al dsufitients hegt et fir efféctiat HQonikitioh obthe Cl @i M
18 wherein said ion exchange material is under a pressure of fromO0.1 to 20

kg/cne. 20 20. &vaRmifRfnd @Fouds HRMikliAgcoiHaRinehtB2an el ectrodei oni zation unit
havi ng an anode conpartnent at one end of the unit and a cat hode

conpartnment at the . i i uting. rtnents
alternating with Coﬁtﬂﬁ{pgog'??%nggﬁgggg%%ﬁ%éggégg ve\l/gegﬁ atnﬁgglsoél%gggn ed%at%a”r%

cat hode conpart ts ch of id diluting and concentyrating. 2/, ~ f'
25008 - 26 bomibnEhed DEnRiRAY h B pibh S bR DT R e e s
each of said diluting conpartnents having ion exchange material, said ion
exchaflge nat er i BFMPERTIRB &5sARFtiNely.Icaddeyes lﬁ?@@dpb@5€W§§§E°S§¢beé\’¥?f‘c§‘r@'@%&hange
material and cation exchange material and at |east one single phase,

adj acent to theofsniod enihergt Hhest Bleavee sufacadhannd @ fayhnefgetid axahangé phasoi4
cation exchange nmaterial, or anion exchange material and cation exchange
mat eri al , conprorsthegthpessiacgSdbedd thimtespect, anloe edehangs phask 32his ootglpusas whith
diluting conpartnments. 21. The nethod of claim 20, additionally conprising

applying a comﬁde@&aﬂgﬁsﬁw&t th®suk A€ 360101 A% BBYShabBEInt aherbfordprbvides 20
kg/ cne, preferably 0.5 to 10 kg/cnZ, and nore 10 preferably 0.8 to 2

kg/crme. 22. A ' i j j ' ' DACE
pressure is app ?’E%qglgéfasgjéﬂgﬁl :%ﬁégﬂa{l %éezﬁé\l}%}%%fgf%? gﬁ‘gﬂﬁ?%ﬁd%ﬁ}g‘gﬁgﬁéd&%ﬁgi al

nt hl% free st a§0e S‘lzn%la]r'g'?caiign é‘x7c9ange material 54 is contiguous to cation exchange matter at the

surface 56b of mixed bed phase 56 and, therefore, provides connection of such cation

exchange matter at surface 56a with cation exchange membrane 28. Such connections,

in both cases, facilitate migration of anions and cations through combined ion exchange

and ion conduction mechanisms from within flow regions in the void spaces of the mixed

20 bed phase 56 to the anion exchange membrane 30 and cation exchange membrane 28
respectively.

Figure 3 shows another embodiment of the arrangement of ion exchange material

40 of the present invention wherein the ion exchange material 40 is comprised of



volune %relative to the volume of the diluting conpartnents, prefer%él?“” 2003
111 to 150 volune %relative to the volunme of the diluting conpartnents. 15
23. The nmethod of deionizing water as clained in claim20 wherein said at

| east one single phase is adjacent to and abutting said anion and cation
exchange menbrane. 24. The nethod of deionizing water as clainmed in claim

20 wherein said at | east one single phase-iis-ani on exchange material and
wherein said ani on exchange nmaterial is adjacent to and abutting said anion
exchange nenbr an@ern2thgdyersdignioRéirashge bhadesDatidziingl bea pieise 6 ThisakERekmdnt
claim 20 wherein said at | east one single phase is cation exchange nmateri al

and sai d cation@xehaiie comkaiiglof the affbh 3c@RhgdRatRP fh (BOME el BEd RRlelcHaARON
exchange nmenbrane. 2G The nethod of deionizing water as clainmed in clfaim

20 wherein said af.|.pagk .aqjlaﬁllt, i&rénﬁzlces' thé remaval of simple anidns and %17 ir%b&galn?ly,p hase
are ani on exchange material and cation excrﬂange material in ayers co
extensive and abutting.a |ayer. of m xed bed phase therebetween said |ayers
of ani on exchan@"@a%tl‘g’?‘?eglb de%rﬁ?ql%ﬁo'g%lﬂgﬁgéucﬁﬁfé?ﬁc%we fe1e)11 Fﬁh‘b‘hglof‘kﬁie’and
abutting the said anjon exchan%e_rrerrbr ane and sai d cation exchange nenbrane
respeciively. 5borpn e forhgf basic gadomd VerkIXnatidie osganiq eqnigsiniIds spchi #h 20
wherein said at | east one single phase is a porous and perneabl e conti nuous
si ngl e phase andarbenydicracide dnd phiengksaskrefexably, fus aangement pe nyedah|laeredios péras ed
phase of clusters in the continuous single phase. 28. The nethod of

dei oni zi ng wat edil@mgcbmparaderit 82 inlaatlactDdciohizatvnwheindhd itk efxatimigmpomdiesr i al
isin the formof a shallow bed having opposite planar bed surfaces, and in

which 10 said dhmearaﬁﬂ_u@&a&ﬂl@wﬁtaﬂrufsst%ﬂ deeiEPer1d ik Upstearh Gegidiofthadme bed
surfaces and are cotermnous with at |[east one of said planar bed surfaces.

29. The method giudielBfpaiiieh 4B &d RS ELAITE SerhdVeGb AN Gt Rhbld aBhH
di spersed phase clfu ters are perpendicular to the planar bed surfaces,
ext end, t hrough the §.hal | ow bed and are coterm nous with the opposite planar
bed surfaces of "tHie §4id bed. 15 30. The nethod of deionizing water as
clainmed in claim?20 erein said m xed bed phase is a porous an er.neabl e
conti nuous phase and&%%”&g&)[ﬁglgﬁéta% Eraﬁaﬂ@“?nb?fg?éoq%‘c%nﬁﬁ%ﬁggéﬁﬂﬁhe

per neabl e di spersed phase of clusters of anion exchange material or cation
exchange mat er i BiessnhInvREiaaghilfustiefed Whersisghe o exqinasqmaistal 49 is gepariediahg
water as clainmed in claim30 wherein said ion exchange 20 material is in
the form of a s#rnadng Jaxerhalicatipropysberige ephpbeahhrang edixedibpdbigse Shd Sushwhi ch
sai d di spersed phase clusters of anion exchange material or cation exchange
mat eri al are pesrpmpehaiksiantes tieheémplabsfaatidne shdsveaklg dedzed patioaicenataiass suchous
with at | east one of said planar bed surfaces. ~1'11 -28 32. The net hod
of dejpni zi ng W@ie@im@ﬁa,@hﬂﬁdﬁ%d%?dx@kiﬂé,my%pﬂbhﬁgﬁierboﬁxﬁcdvi@i SRefiGeskcRdas e
clusters extend through the shallow bed and are coterm nous with the

opposite matter of the mixed bed phase 56 with the cation exchange membrane 28.

The embodiments illustrated in Figures 2, 3 and 4 depict composite layers of ton
exchange material 40, namely layers of anion exchange materials 52 and/or cation
exchange materials 54 with layers of mixed bed ion exchange materials 56, with

20 substantially planar surfaces. It is not essential that such surfaces are substantially planar.

Figures 5, 6 and 7 show a further embodiment wherein such layers of ion exchange
material 40 are zigzagged, i.e. corrugated, to provide greater interfacial arca between

adjacent layers than with planar layers.
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pl anar bed surfaces of the bed. 33. The nethod of deionizing water as
claimed in claim 20 wherein said m xed bed 5 phase and sai d adj acent phase
are separate contiguous |layers. 34. A nethod for deionizing water in an
el ectrodei oni zati on unit having an anode conpartnent at one end of the unit
and a cat hode conpartnment at the other end of the unit, and a plurality of
diluting conpartnents alternating with congentrating conpartnents between
t he sai d anode and cat hode conpartnents, each of said diluting 10 and

concentrating conpar Theduich eteanpeshaby5208dti0R eadhbngePphh B4 XEh R Bed PRI RNES,
each of said diluting conpartnments having ion exchange material, said ion

exchange materi gfe Wk efibB@mRhts 8in beSA e f&lﬂ?offﬁh)fcﬁpex@%gp €an ih e)lﬁ%gﬁ%h one

ani on exchange single phase, and at |east one cation eXchange sing ase,
sai d ani on exch ' h e_phase bein jacent. to said
m xed bed phaseﬁ&%%rgg%§§93@9%¥@%§8 h@?g%gpﬂ%%ﬁ%%f§9ﬁapTgwggé?iﬁ&thé

wat er to be deigni.zed throygh.said diluting conpartnents. 35. The nethod of
claim 34 additi ‘Hﬁ%ﬁy}“‘% -2%301319 IPYRANES "86%5&0 ¥R eyrhagge reeingprtisles 1 o
20 kg/cnZ, preferably 0.5 to 10 kg/cne and nore preferably 0.8 to 2 kg/cn®
on saix ion exchigéo eaghethicaby me@s of phindenneb@nest dei oni zi ng water as
claimed in claim 35 wherein said at | east one 20 single phase is adjacent
to and abuts sai d arReferringoow tthigie & xicdvaogencawith ngotker e@Vodimhgt ofiét paedern f

dei oni zing water as clainmed in claim36 wherein said ani on exchange single
phase is adj aceifivertion aldioatetthianpgmagtiel @RicoMmpaseciTangd orpohuuaasd psthesisle d
canon exchange single phase is adjacent to and abutting said cation

exchange W' Z%onfifidds ma@i BR8N edchandd ¥BatbBd 50Gvif a H8IQ0 & PeUBLEL as

clainmed in claim37 wherein said m xed bed phase, said ani on exchange

singl e phase, acg/ﬂnée% &k ot ARl XGOS 2 6 ﬁgﬂggﬁﬁelﬁhgas;é %gﬁfs- &4 Qi

separat e co-exteéensive ﬂ%yers contiguous to an ani on ex&hange
menbr.ane and the catlon exchan rane, 2. ~.~ ~ ~~~03 -293 39. The
retdf of "ol af Mr0e B EEFSHAr e SRR e o Srehg s e BHEA0H SRt our o
to the ion exchange materjal of 0.5 to 10 kg/cn2. 40. The nethod of claim
20, additional 198 wggvlﬁ@e’&gﬁ}gm@e?%@ﬁﬁf&ﬁw@wn&@@weswwmt
exchange material of 0.8 to 2 kg/cn2. 41. A nethod as clained in claim39
in which said doapaes therenprvakefignions andgapensdpnpyithigfthediluting edepagigicotsd2of t he
i on exchange material in the free state to 111 to 150 volune %relative to
t he vol une of the diAletnatigelycandaastithestiaed id Figufdsed mmd W cthoffirst|ion rxGvnge
additional ly conprising applying a conpaction pressure of 0.5 to 10 kg/cn®

on said ion exehadpecodt e édtinuchd malbecaiebiipihe Of eitHenbMnih eaclitingd sHasd 52
conprising applying a conpaction pressure of 0.1 to 0.8 to 2 kg/cn2 on said

ion gxchange Mgt hdicH exchahollph@e34A! InAfis redect the AmARY afthngdiedY impPoved the AYN. A
.A3. AY! . AH . AYl.AYF . AYnF2.AF5. Al . A h3. AF. AF. Al . A

removal of anions from the diluting compartments 32, while the latter arrangement
improves the removal of cations from the diluting compartments 32.
As a further alternative embodiment, as illustrated in Figure 11, the ion exchange
material 40 may comprise of a bed of porous and permeable matrix of mixed bed phase
20 56, with a plurality of spaced-apart cylinders of porous and permeable clusters 66 of a
single phase second ion exchange material dispersed within matrix S8 transversely of the
bed plane. The second ion exchange material can comprise of either anion exchange

phase 52 or cation exchange phase 54.
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dry resin) which was arranged and fixed by way of diluting compartment spacer frames
(made of polypropylene) and concentrating compartment frames (made of polyolefin)
with fused polypropylene support mesh.

The diluting compartments were each packed with an initial layer of cation
exchange material, followed by 10 sequences of four layers each consisting of: a) a layer
of mixed bed ion exchange material about 0.98 cm thick in the flow direction, b) a layer
of anion exchange material about 1.0 cm thick in the flow direction, ¢) a layer of mixed
bed ion exchange material about 0.98 cm thick in the flow direction, and d) a layer of
cation exchange material about 1.0 cm thick in the flow direction. The mixed bed layers
in each diluting chamber were comprised of about 70.3 grams (dry ion exchange weight
basis) of a 50% by weight mixture of strong base anion and strong acid cation exchange
resin. The anion exchange layers in each diluting compartment were comprised of about
49.9 grams (dry anion exchange weight basis) strong base anion exchange resin in the
form of a sheet-like product consisting of a mixture of ion exchange resin and an olefinic
polymeric binder in a dry state. Similarly, the cation exchange layers in each diluting
compartment were comprised of about 71.3 grams (dry cation exchange weight basis) of
strong acid anion exchange resin in the form of a sheet-like product consisting of a
mixture of ion exchange resin and an olefinic polymeric binder in a dry state. The two
ion exchange resins were of a sulphonic acid type cation exchange resin (trade name:
Diaion SK-1B manufactured by Mitsubishi Chemical Corporation) and a quaternary

ammonium salt anion exchange resin (trade name: Diaion SA-10A manufactured by
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uS/cm conductivity) at 22 - 24°C. The feed water to be purified was passed through the

5 diluting compartments of the electrodeionization device at a flow rate of about 12.5 gpm
and a DC electric current of 4.3 Amps was applied. Under these operating conditions,
the resistivity of the product water of the electrodeionization device, corrected to 25°C,
was determined to be 17.32 MOhm.cm. This high level of product resistivity indicates
effective deionization.

10
Example 2
A comparative experiment was conducted in the manner as in Example 1
described above, with the following exception: the diluting compartments were each
packed with 191 grams (dry ion exchange weight basis) of a 50% by weight mixture of
15 strong base anion exchange resin and strong acid strong base resin, of the type described
above.
Example 2 was carried out using this electrodeionization device in the following
manner. Feed water to be purified was prepared comprising 17.1 ppm NaCl (about 34
uS/cm conductivity) at 22 - 24°C. The feed water to be purified was passed through the
20 diluting compartments of the electrodeionization device at a flow rate of about 12.5 gpm
and a DC electric current of 4.3 Amps was applied. Under these operating conditions,
the resistivity of the product water of the electrodeionization device, corrected to 25°C,

was determined to be 14.47 Mohm.cm. This level of product resistivity indicates a lower
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electrodeionization device as described in the present invention (packed mixed bed ion
exchange strata coupled with separate anion and cation strata) enables an
electrodeionization device to more effectively deionize feed water.

The present invention provides a number of important advantages by providing
an electrodeionization apparatus with diluting compartments containing ion exchange
material which is adapted to create improved interfacial contact between anion exchange
and cation exchange materials while providing improved conduction paths for migration
of anions and cations from regions distal from the respective ion exchange membranes
to such ion exchange membranes.

In this respect, the ion exchange material includes a porous phase of mixed bed
ion exchange material which has characteristically high interfacial contact between anion
exchange and cation exchange materials. By providing such interfacial contact, this
mixed bed phase promotes efficient removal of ionic impurities in the stream flowing
through the diluting compartment. Further, the mixed bed phase facilitates ionization of
water into hydrogen and hydroxyl ions for regeneration of anion and cation exchangers.
Such regeneration is particularly beneficial in regions where the concentration of ions in
a stream flowing through a diluting compartment is relatively low and, by themselves,
is insufficient to sustain the applied current at a sufficiently high level for effective
deionization of the stream flowing through the diluting compartment.

The mixed bed ion exchange phase is in contact with a porous phase of anion

exchange material and/or a porous phase of cation exchange material. In the case of the

109& ()-5
109 ()-5 109 ()-5
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exchange material in the anion exchange phase and anion exchange material in the mixed
bed phase mitigates electrical resistance to the migration of anions absorbed in the mixed
5 bed phase to the anion exchange membrane provided by oppositely charged ions within
the diluting compartment. This is because such interfacial contact provides a conduction
path for migration of absorbed anions from the mixed phase, across the anion exchange

phase, and to the anion exchange membrane.
Similarly, in the case of the cation exchange phase, such interfacial contact
10 facilitates the migration of cations absorbed in the mixed bed phase to the cation
exchange membrane. Interfacial contact between the cation exchange material in the
cation exchange phase and cation exchange material in the mixed bed phase mitigates
electrical resistance to the migration of cations absorbed in the mixed bed phase to the
cation exchange membrane provided by oppositely charged ions within the diluting
15 compartment. This is because such interfacial contact provides a conduction path for
migration of absorbed cations from the mixed phase, across the cation exchange phase,

and to the cation exchange membrane.

[t will be understood, of course, that modifications can be made in the
embodiments of the invention described herein without departing from the scope and

20 purview of the invention as defined by the appended claims.
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5 anode and cathode compartments, each of said diluting and concentrating compartments

defined by anion and cation exchange membranes, each of said diluting compartments

having ion exchange material, said ion exchange material comprising at least one mixed

bed phase of anion exchange material and cation exchange material and at least one

single phase, adjacent to the mixed bed phase, of anion exchange material or cation
10 exchange material, or anion exchange material and cation exchange material.

2. The electrodeionization unit of claim 1 wherein said at least one single phase is

contiguous to and abutting said anion and cation exchange membranes.

3. The electrodeionization unit of claim 1 wherein said at least one single phase is

anion exchange material and wherein said anion exchange material is contiguous to and
15 abutting said anton exchange membrane.

4. The electrodeionization unit of claim 1 wherein said at least one single phase is

cation exchange material and said cation exchange material is contiguous to and abutting

said cation exchange membrane.

5. The electrodeionization unit of claim 1 wherein said at least one single phase are
20 anion exchange material and cation exchange material in layers and abutting a layer of

mixed bed phase therebetween, said layers of anion exchange material and cation

exchange material contiguous to and abutting the said anion exchange membrane and

said cation exchange membrane respectively.
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dispersed phase clusters are perpendicular to the planar bed surfaces and are coterminous
with at least one of said planar bed surfaces.
8. The electrodeionization unit of claim 6 wherein said dispersed phase clusters are
perpendicular to the planar bed surfaces, extend through the shallow bed and are
10 coterminous with the opposite planar bed surfaces of the said bed.
9. The electrodeionization unit of claim 1 wherein said mixed bed phase is a porous
and permeable continuous phase and said at least one single phase is a porous and
permeable dispersed phase of clusters of anion exchange material or cation exchange
material in the continuous phase.
15 10. The electrodeionization unit of claim 9 wherein said ion exchange material is in
the form of a shallow bed having opposite planar bed surfaces, and in which said
dispersed phase clusters of anion exchange material or cation exchange material are
perpendicular to the planar bed surfaces and are coterminous with at least one of said
planar bed surfaces.
20 11. The electrodeionization unit of claim 10 wherein said dispersed phase clusters
extend through the shallow bed and are coterminous with the opposite planar bed

surfaces of the bed.

12. The electrodeionization unit of claim 1 wherein said at least one single phase is
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extend through the shallow bed and are coterminous with the opposite planar bed
surfaces of the bed.

10 15.  The electrodeionization unit of claim 2 in which said ion exchange material is
under a compaction pressure of from 0.1 to 20 kg/cm?

16.  The electrodeionization unit of claim 2 wherein said mixed bed phase and said
at least one adjacent single phase are separate contiguous layers.
17.  The electrodeionization unit of claim 16 wherein said layers are corrugated.

15 18.  The electrodeionization unit of claim 5 wherein said mixed bed phase, said anion
exchange single phase, and said cation exchange single phase are comprised of co-
extensive layers.

19. The electrodeionization unit of claim 18 wherein said ion exchange material is
under a pressure of from 0.1 to 20 kg/cm?.

20 20. A method for deionizing water in an electrodeionization unit having an anode
compartment at one end of the unit and a cathode compartment at the other end, and a

plurality of diluting compartments alternating with concentrating compartments between

the said anode and cathode compartments, each of said diluting and concentrating
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at least one single phase, adjacent to the said mixed bed phase, of anion exchange

Y Y3

5 material or cation exchange material, or anion exchange material and cation exchange
material, comprising passing feed water to be deionized through said diluting
compartments.

21. The method of claim 20, additionally comprising applying a compaction pressure
to the ion exchange material of 0.1 to 20 kg/cm?, preferably 0.5 to 10 kg/cm?, and more

10 preferably 0.8 to 2 kg/cm?.
22. A method as claimed in claim 21 in which said compaction pressure is applied
by adjusting the volume of the ion exchange material in the free state to 103 to 170
volume % rélative to the volume of the diluting compartments, preferably 111 to 150
volume % relative to the volume of the diluting compartments.

15 23.  The method of deionizing water as claimed in claim 20 wherein said at least one
single phase is adjacent to and abutting said anion and cation exchange membrane.
24. The method of deionizing water as claimed in claim 20 wherein said at least one
single phase is anion exchange material and wherein said anion exchange material is
adjacent to and abutting said anion exchange membrane.

20 25. The method of deionizing water as claimed in claim 20 wherein said at least one
single phase is cation exchange material and said cation exchange material is adjacent to
and abutting said cation exchange membrane.

26.  The method of deionizing water as claimed in claim 20 wherein said at least one
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5 . The method of deionizing water as claimed in claim 20 wherein said at least one

single phase is a porous and permeable continuous single phase and said mixed bed phase
is a porous and permeable dispersed phase of clusters in the continuous single phase.
28.  Themethod of deionizing water as claimed in claim 27 wherein said ion exchange
material is in the form of a shallow bed having opposite planar bed surfaces, and in which
10 said dispersed phase clusters are perpendicular to the planar bed surfaces and are
coterminous with at least one of said planar bed surfaces.
29. The method of deionizing water as claimed in claim 27 wherein said dispersed
phase clusters are perpendicular to the planar bed surfaces, extend through the shallow
bed and are coterminous with the opposite planar bed surfaces of the said bed.
15 30.  The method of deionizing water as claimed in claim 20 wherein said mixed bed
phase is a porous and permeable continuous phase and said at least one single phase is
a porous and permeable dispersed phase of clusters of anion exchange material or cation
exchange material in the continuous phase.
31.  Themethod of deionizing water as claimed in claim 30 wherein said ion exchange
20 material is in the form of a shallow bed having opposite planar bed surfaces, and in which
said dispersed phase clusters of anion exchange material or cation exchange material are
perpendicular to the planar bed surfaces and are coterminous with at least one of said

planar bed surfaces.
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compartment at one end of the unit and a cathode compartment at the other end of the
unit, and a plurality of diluting compartments alternating with concentrating
compartments between the said anode and cathode compartments, each of said diluting
10 and concentrating compartments defined by anion and cation exchange membranes, each
of said diluting compartments having ion exchange material, said ion exchange material
comprising of at least one mixed bed phase, at least one anion exchange single phase, and
at least one cation exchange single phase, said anion exchange phase and cation exchange
phase being adjacent to said mixed bed phase, on opposite sides thereof, comprising
15 passing feed water to be deionized through said diluting compartments.
35. The method of claim 34 additionally comprising applying a compaction pressure
of 0.1 to 20 kg/cm?, preferably 0.5 to 10 kg/cm? and more preferably 0.8 to 2 kg/cm? on

said ion exchange material.

36.  The method of deionizing water as claimed in claim 35 wherein said at least one
20 single phase is adjacent to and abuts said anion and cation exchange membrane.
37.  The method of deionizing water as claimed in claim 36 wherein said anion

exchange single phase is adjacent to and abutting said anion exchange membrane and

said cation exchange single phasc is adjacent to and abutting said cation exchange
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40.  The method of claim 20, additionally comprising applying a compaction pressure to the ion

exchange material of 0.8 to 2 kg/cm’.

41. A method as claimed in claim 39 in which said compaction pressure is applied by adjusting

the volume of the ion exchange material in the free state to 111 to 150 volume % relative to the

volume of the diluting compartments.

42.  The method of claim 34 additionally comprising applying a compaction pressure of 0.5 to

10 kg/cm? on said ion exchange material.

43.  The method of claim 34 additionally comprising applying a compaction pressure of 0.1 to

0.8 to 2 kg/cm? on said ion exchange material.



