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1 El ectrodeioni zati on nethod and device with
hydrodynam c flow splitting The present invention
pertains to a specialized el ectrodeionization (EDI)
nmet hod and devi ce. Such net hods and devices are

enpl oyed for the production of a deionized liquid

from =iy Gl n j | ] :
el o Eitradiofizztion methgd dhdidteite With
or "conpl etel y dei oni zed" (th_at s to say.. de-anionized
and de- cation Etgmgati on,

or just el ectrodeionization (EDI) |s knovvn in the art

as a process which renoves ionized and ionizable

Speci es THd gFﬁée'nWh\ﬁgnt uﬁ@rtﬁiﬁs%tgrspéé?‘dlﬁgd electrodeionization
electrlca active nedia and an electrlc 10 potenti al

(DAY enethod arw def/icaer&?amm metmocmwspdrdev: i arelanpleyed for the

currently. tqQ standard. ter .dei,qni zation techni ques.

FrPRLGHN 4 ARBnizeE oo MoiEs 1Bk 3ped gy oot

i on- exchanges et laE ﬁchﬂloﬁ' ldRbBiz6 @RS AR MHe@nidHized”, “de-
el ectrodi al ysis stac comercialized by MI1lipore

agfepizedt.i on cmm@@e!y qiwonrz@d f(theteist for sayi de@mignized and de-

ng EDI, not only a mxed bed in the 15
Cé?Pﬁ%FQ 'conpartrrent, but also | ayers of a

cat i on- ©uHiRNGAs rElstifodaioniaation| Oﬂjuaxélba!ﬂq@elbﬁﬁhﬂon (EDI) is
aligned with flow direction and directed nornally
knpeTeirethe pe a$ |aePHDQ9§§r\é(h'ICBI remp\aseionzede 26Ad ﬂ@'éab]e species

EFNERSE oo PTG, LTion ahy s, 8 e dii

pmtmtt’d! differdnceshe influenice rimamramsponbe Eé)l aeclabeb t;urrﬁmtdax/mﬂstandard
res in the. xed

; .
WARE oo BERbiaRieS: FBrmaRy Prcillce ¢o- T UsPyel & 1Ebxed bed

|(9f5 ekélfige Rdsin ‘Pr'i"th@%iﬂ!]ét%%oﬁﬁﬁﬁﬁfénpro%’\é'ndéieétrﬂaigry%@ 8iack was
path for® regenerating ions, keep the resins

cosyvermialized ter:ila:tﬂre Gaspeeationdn [188<. from f eed wat er.

peds thape Ao oubvenBrineering . feftnfie MRS fa n te

diLbteatSmpanieht, rmntalwq’aye’mro@\ae@aﬂdweﬁ@a@fyezr@siroand an anion-
per f or mance, =25 es*oem ally regardji ng weak
e¥rhangs e abipeed vath, e, dirﬁseouse@wlr%céeﬁ mrmaﬁém@ae electric

TR BaA ATETELAAER FERIshd, SPIRETLAIY fyers orcusers

aliggedh evitht eldctriv feldcamd idmaotesl nohealiy © thlesfiowrarenclainmed. Such
certain schenes, the feed a%ueous s@l ution

.0 .
ofigPEAGAS YRIe lMegHO SN ENaNE VRES H”EW%W%G@%E\@%%@@X@C’ bed,
ahBS{HUsO SR oV Ydiciization performance. The clusters or layers of ion-

exchange resins provide a migration path for regenerating ions, keep the resins

regenerated and able to remove ions from feed water. Compared to EDI with
mixed bed, clustered or layered beds have decreased the electrical resistance
of the diluate compartment and improved the deionization performance,
especially regarding weakly dissociated electrolytes.

The use of cation-exchange resin and anion-exchange resin in
completely separated diluate compartments, electrochemically regenerated in a
continuous mode, is also known. In certain schemes, the feed aqueous solution
flows through the cation-exchange resin and anion-exchange resin bed in series
and the H' and OH ions produced for example in the electrode reactions are

used for regeneration of resins.
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30 and the H and OH ions produced for exanple in the
el ectrode reactions are used for regeneration of
resins. 2 In known nethods of EDI and rel ated devices
wi th el ectrochem cal regenera®i on of ion-exchange
material the liquid flowis fed in and streans out of
every conpartnent separately or is distributed between

the paJ 3l }jﬁ}ec {ﬁ tnﬁe@fﬁ 9d 4&%@5' Se\PIEéQLWi'Eh teh@ctrochem:ca!

common Cco ced out si de
fogereratidr aliiosh- eoamange rmatsdial ﬁwqahqurdrfh:am m;lfemtreand streams out

GEVPYRTK EREPGRETLT SPPBIaY Bt RortOTBLIRS | 54aPan; the paralle
g?ﬁ‘%ﬁﬁﬁéﬂts P déa hodie ftRRig ﬂfth@ncd)rﬁﬁrcﬁ?(@BH’étﬂ@r ﬂﬁi‘é’@ﬂ%\ﬁsme the

el ectro However sorre di scl osures deal with
dempadmeante r'eypides liguideusad 4$ taeddisrrrettreated water, shgh as reverse
liquidis conpletely or partially normal to the
’?‘Pﬁl’?eoed'm @I@ctrodes such as in US patent

appl I rrabbﬁfaﬁeﬁé%ﬂ@@%@%%@%eagénéﬁl FHW6 /I3 HiER f the liquid is

Figure 1 is a schematic representation of a device 100
t:arwnﬁgbdoﬂhe shdape | & aar foN-AXhANgeH MABLEINEFQuRR glectrode.

§ %ﬁ‘a@aisﬂése%% wgﬂﬁgn@%%ﬂ%v%%gen@alg% direction of

ﬂﬂi nqmg id bomtewmrqnamameammalrtbﬁal sufaventfeetecteodes, such as

oS reRrpate oot oob s U 209bRe81083. e

cat hode Iléﬁré 3 E'&%Eﬁr%@%hb%eﬁ%gﬁfét%ﬁ &f0a Jelvide ‘ﬁ(‘)g@i:sctosed in

113 of a {enerator anode I's electrical

thenneiiredrtt onamély) beisdd dh2 Figure Geradr Sieor USApatent application
ﬁl §§/gri % field is generated between the el ectrodes

9 d 14 The housing contains five conpartnents,

whi ch arghe deGREMUIRISCSRAIOr RS rerhdlal 6f &#AbhOANd cations from a
depl etion conpartnent 102, a central anion and cation

Werarestreamaoapwmmgncomammaﬁ aa@ﬂénaﬁ@p@%ﬂqf@n The device 100

GORELAE pa02e8 oS AREFS, EARRE' TE1 9B THGE 100, Tho

eanbdki PNEGs 2&8cthiodliydeohhectbeusi ay- pxsnde/\ms of a generator. The
cati on-exchange nenbranes 106 and 107,

anedm18%dn 8 iGalsionnestetoe &bt side . 11??(31’ a generator An electric

i.Qn: r
R0 35 R B0, RT3yl 09318 fusing conain
five edbmpexiefagewhihbarena déthodé mspartmemmﬂé, a cation depletion
conpartrrent 108, and is near anod The

eRMPAHMeRh 198, #haeRiRl; JHORH] PPEW‘ WWP@G@‘%"UO?J an

anion depletion compartment 101 and an anode compartment 108.

Those compartments 110, 102, 103, 101 and 108 are partitioned
inside the housing by two cation-exchange membranes 106 and 107, and two
anion-exchange membranes 105 and 104. The cation-exchange membrane 106
closes the cathode compartment 110, and is near the cathode 111. The anion-
exchange membrane 104 closes the anode compartment 108, and is near the
anode 109. The central anion and cation depletion compartment 103 is
partitioned by the cation-exchange membrane 107 on the cation depletion
compartment 102 side and by the anion-exchange membrane 105 on the anion

depletion compartment 101 side.
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30 partitioned by the cation-exchange nenbrane 107 on
the cation depletion conpartnent 102 side and by the
ani on- exchange menbrane 105 on the anion depletion
conpartment 101 side. 3 The Bation depletion
conpartnment 102 is honogeneously filled with a

cati on-exchange resin, which retains the cations of

t he | ' ) .
e, il B sy dop Erss o g i
aagscﬁremhaﬂg?:ﬁe&m g rgﬂaltlrﬁi‘] tm@:]qtnssgr bie thaniligoid dow passing
e | QW r L. .lhe , .
ivean dedharon SEplE R ComBo BRRb 10, HapeosngUs,filed with
é '#rh&‘#%ﬂéﬁ% @%ﬁr@ﬁﬁﬂ refélﬁs Qﬁ@térﬂbnéfﬁf%eamhl@ﬁﬂd\nplbass:ng

etion cornpart ment het er ogeneous, i.
fhrd)lllgihd ifui T heaamomeb(ct!raerf r@mn oandnthec Lation- ambaa@@eresm are
tral conpartnment 103 the production

?'%W{?Pﬁhrﬁﬂ?f‘%'ﬁie%& (witten 10 further as H+) and

hydr oxi dend oBgnttdt £iéir &nd Odatith gdaprtiohhrcowgdartment 103 is
ani on- exchange nenbrane 105 into_the ani on depletion

kelepeganesus, 1@ 1fillad with enmixed begehapipneand gation-exchange resin.

AcHE A, o REDEFLBod b OO 0 e
ﬂdﬁth&r t@ﬁa’d e)Sartdﬂhydrghlldb:lens D ooecLes cOM grigrated \r,t\izpegmgﬁe anion-
D Age TapADESY fIOBIA! R SAGR ARPPTRECA B ERt 461 i which
Fég\%g% tb91fe %g?ﬁh‘gﬁéqﬁﬁg@?eé: e;fc Féb%acmg'tﬁa éﬂl%ﬁtc%p’iuzrgd from

rds the c trode finse stream
et flove, whieh anigosie dcowpedst ﬂnemndﬂmj 09.ndV egnedesy tiough ke cation-

bGP 107 e L S AR g5
ﬁ@ne@és $hé %éﬂbﬂ-%@ccﬁ&ﬁ@é sedineyC rddIadiAg 2Re Cdaall’ﬁﬁfstdﬁmﬁred from

0, noves tangentially to the ‘cathode 111
thetflaveweghichh migrate tewandsdbe cathnslest team 121 apparently

on the s Si a e

housi g L EIE e Andd SireRht 1 2 el 8. afdde, cBtfharment 108,
PBVEs Sangeritiafly tetheanddp! HI9, @mdco‘mﬂawsrm rﬁ sﬂ:@énﬁi 2@1 apparent!y
| ocation close to the ani on-exchan

amthergaree side aaﬁhqﬂdetqu@x@ae@aﬂfteng |8Fr§ﬁm g,zq gn{eﬁg 1R cathode
rfpAnERL19) PioyRR RGepdlf B RO CHRRIGE! P11 "8 oullghs in an

@I@cmﬁd@mbemam ran eappatOhtly endhé wanie sidensie tise frilet of stream
cation depletion conpartnent 102 close to the
‘i on- exchange nenbrane 106. This anion

The housing has an inlet for the water stream 114 which enters in the
anion depletion compartment 101 at a location close to the anion-exchange
membrane 104. The water stream 101 flows countercurrently to the migration of
the anions. The anion depleted water 115 outflows by an outlet situated close to
the anion-exchange membrane 105, and further enters the cation depletion
compartment 102 close to the cation-exchange membrane 106. This anion
depleted water 115 flows countercurrently to the migration of the cations. Thus
an anion and cation depleted water 116 outflows by an outlet situated close fo
the cation-exchange membrane 107. This anion and cation depleted water 116

flows through the anion and cation depletion compartment 103 tangentially to
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depl eted water 115 flows countercurrently to the

m gration of the cations. Thus 30 an anion and cati on
depl eted water 116 outflows by an outlet situated
close to the cation-exchanged4nenbrane 107. Thi s anion
and cation depleted water 116 flows through the anion
and cation depletion conpartnent 103 tangentially to 4

H’h&; lo'no&c??éﬁgégﬁSm'E?Msaﬁ‘ﬁﬁ 1%19151 @& hnd Zo @/‘Hﬁibﬁtz@&l Yoroduct

oni zed wat er | eaVes the evi
d:eterC‘e*l?\/\reBheétIm/dehlmedODon normal to the el ectrodes

ic'oﬁ'mgirr Oqs%wq:%v@ {‘89@8 I(%c%ntl %ﬁ@lﬁ@ethr%%[q?ﬁrpgﬁf, l.e. directed
8&: Sf&ﬁ@hti?glgyvﬂ%”rﬁl gf&fH of I dbuRsriiBhs qg'élﬁirﬁéﬂ 't@nhave higher

ormance ant ageously to EDI devices with
cumgmtefﬁcuenoyt aedi mo)uh:kcremge in némﬁeandglwtmr rmrformance

| ect I e
sPeSahl b 0 dbyeBo I ond i BEh R S lorrenancs
ﬁ%fnﬁ%nbé?ahb@]o’i’mlé\f frdeddlegtriedieldides have the fol | owi ng
"dr awbacks" 10 which may be mtigated: o Uni

cont ai nsGeaaraliribar Pﬂ%"nﬁg d@ﬁ@ﬁ”fﬁ%?ff&i GPY'ﬁe%\M’fth liquid flow
Qi?écet&d EHhaPY ltﬂ% d‘ﬂ% bt ef‘e%?%d% fﬁeaﬁ‘(ﬁlot/ﬁﬁg “Bfhwbacks”,
ei on 9

Fédns, ore | zat1on an one
Whmemby@bemt;gagad el ectrode, conpartments. Thus, the

devi ce 100 as descrj hed_above is 15 relatlv
botause 1t O il SoBlane oW SHOBRRETE Cor B WRh Sin inlet
defining fiv t

gart?(ﬁgﬂg%th ﬁﬂ at I%éétbc% ééﬁﬁrﬁ*@VﬁeéémgostPéhﬁerone for

devi ces usin ary tween the ion-exchange
menbr ane and ddienizeom aral pneviodeinsingc concgrdrateakly electrode,

enhanced wat er dIS ocCi t ensi of H and,OH .
20 gener ati orPHPP % gsn -g?ﬂselrlﬁ?a eV f@ﬁe é:@'sgnged Gbove is
dependent on rbh.e&lveﬂf %@ﬁ;ﬂbﬁ%@éam ht ehares! Hudndredxchange
the surface area of the contact between them which

can strongl y mempranesdetigngifive sespastments ydthin md%@e

L7, Lever o6 ) ARICAE ARG, BB e Brgnence

is still a neaagnfopane sindplthe efekirci ent provide  electrochemically
cost-effective EDH device. Accordingly and . N i
advant ageous|§nhanseg, wadef di"‘iﬁ?élﬁtﬁoan%!ﬁ detegsity of H™ and OH

generation at a given potential difference is dependent on the
properties of both materials and on the surface area of the
contact between them, which can strongly vary with
conditions.
o In the mixed bed the reverse junctions between the beads
reduces efficiency and ability of ion removal.
Therefore there is still a need for a simple, efficient and cost-effective
EDI device. Accordingly and advantageously the present invention discloses
methods and devices that may address one or more of the issues discussed
above.
In addition to the method and device used for removal of anions or
cations, a method and a device for complete deionization of a liquid are
disclosed in the invention, which utilize electrochemically regenerated ion-
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nmet hods and devi ces that may address one or nore of
the issues discussed above. 30 In addition to the
nmet hod and device used for renoval of anions or
cations, a nmethod and a devict for conplete
dei oni zation of a liquid are disclosed in the
i nvention, which utilize electrochem cally regenerated

e olar, -3
L8 s AP R il BBk o TR GRIF 8P0 O fons
giovidihg diqaidufid\erdiceted cbuhiericuereat m&me)rdeptm@ratbh of ions in
Ions in the ion- exchg &@n&ter t he

[.. |
the, den-exshangse matena) i B[ﬂqegﬁ '“YF‘élql?@d aj Er ofi0% distribution
ﬁLe?ﬁéd’?seerscW%@H elyheldlR tbéqkh'uﬂj §iré§|%”"s' $plit Mdide RS lc@ﬁhpartment

artnent 5 itsel into a first stream used for
it dedf mmsa fimistmamused foedbadoromemovahand &seeend gopaentrate

sfermried Gamss PrRRAERS G o 3hiER et SRl brerorabiy
Riguidted Péyﬁﬁ?d‘rb@%(ﬁéﬁ% adiustenp bt gied Recssiire afoPs iMhRe outgoing
|nvent|on resulfs in nore sinple construction_of the

sleganse. Binel inventianrasilts 1 mess isifgple; canstrpgtien of Hgfevice and in

B oMl Ind TR ey B RrbRefehed Rédblanes, required to
sdparats ofsiapstmentd) Thespr esdntothaw eadvambages dancradlmmi/ed in

bel ow. The_ I nventi on discl oses cfl Eh or the
a@qﬁfdanc%wﬁhéfh% Pressmt invsatign as deser eg W-si ng at

| east O”?hep[rﬂz‘éﬁﬁén led(%é% a %tﬁoddjﬁir%e 'rér%BVQI dfﬁoﬁ@hb?n a polar
into a first stream a a second stream

nqu;Stcompmmg a:taleaﬁn:ma pmegsuvxdnerelhect r ochem cal I y

regener apl n exchan teri ocat ed where

ol oct i oad pald 'lﬁg'daﬁ&%f@iﬁ?%@t i srens o8 agsdongdtream,

said first a I e he & e@é’dﬁ@)@ﬁ 1
to thé ot he?h[)cf ﬂét ectr ocpéﬁasrgﬁt Hg?uét he ions to bgmlca y
renoved ni gr@emerabhah@mexcéamg@nm%e@alsl@catﬁct fhergpan electric

first streamfl.ow thr e} nge. j .
o Said secoﬁqﬁldsfs ra@gﬁlegﬂgeﬁ\gfg%aq\gglegegtﬁo&%f %? Hﬁﬁrts?%{réhm flowing
el ectrodes gbnPBné Ofthexidrangesterthe ajﬁi@emfathe@léett'mso that
the el ectrodes, and said material is_regenerated

by
the ions whihenionsetor Be rremayed: migratea it the direglion reverse to the

el ectrodes n
Accor di ng tgfstt%gelaﬁ{vfg%\é’%r?%@}%ggﬁnrs{ ?peam ovv| ng
fromeone of Shhesedrelcstreminsrinsing iseidodmeof tife ¢lbetrodes or an ion-

el ectrodes can be stopped by an jon-exc
exchange meﬁPbrane%Eaced betwe)e(:nqge %Fectrodes and

- said material is regenerated by the ions which are formed at the other
of the electrodes or at said ion-exchange membrane.

According to the invention, said first stream flowing from one of the
electrodes to the other of the electrodes can be stopped by an ion-exchange
membrane, for example a bipolar membrane, before reaching the other of the
electrodes.

According to the invention, an jon-exchange membrane is generally
an anion-exchange membrane or a cation-exchange membrane or a bipolar

membrane. Preferably the ion-exchange membrane is a bipolar membrane.
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menbrane, for exanple a bipolar nenbrane, before
reaching the other of the electrodes. According to
the invention, an ion-exchange nmenbrane is generally
30 an ani on-exchange nmenbranefor a cati on-exchange
menbrane or a bipolar nenbrane. Preferably the

i on- exchange nenbrane is a bi polar nenbrane. 6

" Bi POl & SBORE AR angen AdnlordpY B! ShirBONRBAHES  ion-

rane con

ehma:m_:;b mmmanémtmglngaw sppositetyo nhargedwiohfexehahging layers
ot her.. ordlngttothelnventlon the rinsing of the

Hh%orgflc ‘N 8PpePiBies is 5 conpul sory and the rinsing
of the OAE‘F(S ﬁflg f;d"‘lﬁeq &R e8e riRGingWMthelor! 6Cthesl8etrodes is

IS optiona abl'y, thé second streamrinses one
obmiphisoey and tbel einsing ofpthesithgr ohtiweealeckbilgs,tar caainter-electrode,
eIectro?e and/ or through said el ectrode, preferably
ﬁﬂ[‘gﬁ’éﬁ' ‘the el ectrode. 10 In a variant, a third stream

rinses tpgfoidmdf, e tReoAl estenresinbys @Rs dfnthe electrodes by
tangentially to said el ectrode and/or through said

pReYng dargensiedy & s8id elecipda gnd/eicthepugh Faidesiectrode, preferably
referred inplenmentation, at |east one

@‘%%@Eg?ﬁéﬁg@d@used to rinse one of the el ectrodes

passes tlm:r lauwnﬁtn”g;‘rﬂmﬁnetrbar&Dnasmme nghed of the electrodes by

tangentially to and/or thrqough said el ectrode. Th

Re#Hna ﬁ%ng%"t'ﬁﬂléft% sals 9 eg];{ogg rﬁr@j@h‘gﬁ@é&}@ﬁ'ﬂréﬁ@m%i Rigferably

ﬂﬁogﬁqﬂ{@éﬁ%&r{g@@ porous. The nenbrane can also be a

por ous ne

rane. There is an electric field applied
bet ween Ah@)rdi@dbrmae@erréd émpidraentatidesatleast ane of duh streams

QR i ifsg qpe oh e Blesfauds Doshed TbiSH amPEihggic pefore passing
f’é‘?\?@ﬂﬁaﬁ’f‘ﬁ) Qﬁ&lo‘?rtﬁrougl’le%iﬁcélbﬁﬁbde byhé hﬁes@iﬁ?é‘rfe &f pedferably an

ctrochem cal regener abl e ani on- exchange nateri al

mmdemmaegednewm@rm cwhich isegeirraly INONcRATPYA- Th] dRampsane can

PBO&ies RO TREMEAEne and H oations. respect | vely

for the pmdreniexahasigerigatiel apphed betwdehe the electrodes. The

electrodes can face each other.

The invention also comprises a method wherein:

- two said processes are used for removing anions and cations,
respectively by the means of an electrochemically regenerable anion-
exchange material and an electrochemically regenerable cation-
exchange material, and

- means for providing a source of regenerating OH" anions and H*
cations, respectively for the anion-exchange material and for the
cation-exchange material, are used.

Preferably, the two processes are carried out simultaneously, and

more preferably the two processes are carried out simultaneously and within a

unique device.
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cation-exchange material, are used. Preferably, the

two processes are carried out sinultaneously, and

nore preferably the two processes are carried out

si mul taneously and within a 30 unique device. 7 The

nmet hod according to the invention can be such that the
liquid flowis regulated by hydrodynam c adj ust nent of

Lhe Pr sl tndfhdBSacdbrétihg! B3 in?BAtioR Eh&'Sukh tflat the liquid
al |, outgorng streans. e outgoing streans are the

fibweamegdibtad by hiydrddyeamic bdjustmentiof the pfessuteediopg in at least
streans flowing in the inlets. The

strea are .th
Pﬂ@eﬁ’ﬁré?%'ﬁ[’lé(l'@@ﬁd%t@%@eg"%erﬁ%vi ce for the renoval of
i ons frofha ouﬁg&i‘@ strb8Mistarethdhitdani I RoWRlY iBahe outlets, and the

conpri ses at one housing containing at | east

enteringrgiameeate thadticamdilewingrin dhenletsde and a

counter-g] ectrode are located at t di,ff nt_.e

of "The. aE0f Fveifnrife RS Pvikiptlid gt BHi6ns from a

?Gﬁﬁﬂiﬂﬁﬁblrﬁv\mm}\r fechaniee domeidedl ai kot apedhd@ing edntaining at
he el ectrode and the counter-electrode, the housin

lsembonsi aagraTEnen) and frowhigh antalestiefe radiaiceyIg-electrode are
g:ga}{jed rgt:n é)b%iﬁegrebf g%{cﬁd o?tthghﬁeﬁlcSCt\ﬁwISiqnﬁ :?:131 %ieac{t%%hemicaily

Ice, an ou or a déronrze
fitdneralilei iog-dxehahgel matetiak i< pladesy betvesdn didke edexiraafe and the

o gt L e B A ABRIRARie o
BhiaGRR: %Ll’ée%%afébegﬁhﬁiﬁfe%% e éi"ﬂjoﬁﬁieddéﬁﬁe, 8%¢ BANG&Iet for a
anly a po t he

nenbrane ng prefer ar menbr ane,

deiohizedbljuid) saitanudlet deinge tbdated @ tthé tcotioterraéleetrodeeand of the

for, splitting the enteri liquid flow an . n i hat L

e oy oPliphfi et a8 Muextibras MamigRe £ ot dEite. sid ion-
6!ﬁ.ﬁ| h O@g; Wbas petide® Uhkebldeaonss,! epat edid ion-

gjt( t gbem%’?%té’g er]ggom%gsdevi ce. 20 The pregence pfI K_)n

exchangeemenhiigae rhming areferablyp ibipalar meavebrane; the Wgyice being

Hre el i o o A% BB S BEC SRR b &REERGIRNIMow ana
iANBat Bifere Gy Rk tsaf|LeécarL outlistedr ROqUIG @88 dbinnse thieaslectrode,
that this material fills conpletely the space between

$aid serend pytelsbeing lecated abihezglegiEade gnd\pf the devigezone
bet ween JQK% g‘?é?éﬁc{eogle%m foﬁ%eﬁg?g@l?frg%nﬁﬂﬁﬁe 42 optional. The fact

conpri se tween one of e es and an
that-aptiohaing ehernisraanelectrociadmitalip regenerable ieh-exthanips material

;',-)rig_geé %%?wggr? tf?ee eﬁehc‘itr%dsépggg ti¥eo lcg[Jrﬁte(r)'-reIé)cqlrc}/de‘rfl do%%rrﬁotor];ecessarity
mean that this material fills completely the space between the electrodes. This
material generally fills a zone beiween the electrodes, for example a zone
comprised between one of the electrodes and an ion-exchange membrane
located between the electrodes. The zone can be this space volume or only a
part of it.

According to the invention, the inlet and the second outlet located at
the electrode end are close to each other in the zone formed by the electrode
end. More preferable they are in front one of the other. This is advantageous in

terms of hydrodynamic resistance.
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According to the invention, the inlet and the second

outlet located at the electrode end are close to each
other in the zone forned by the el ectrode 30 end.

More preferable they are in f8ont one of the other.

This is advantageous in terns of hydrodynam c

resistance. 8 Preferably, the device conprises a

third ou | s ! ?c?otu'ﬂ@t for a liquid used to
counter - %’ILGZ%'PED detﬂgrd%éjcgﬁﬁg@%ﬁa%gt@ menbr ane, |fq

s e camtdr—telmctrdde autthetorbekeitgrigecereatbraney if eresent said third
counter-el ectr nd of .the ,ce o the i

Stohjas Isipd il BRaedmteReegRarE e of ine ByieBliy at the ion-
LRI FEnEAISBna ¥Ftnd Bedicshe housi ng compr i ses

neans providing a source of O+ and H ions
defi n| ngint aovariania thersievice camm qush thelighaghousing, comprises

co nent ei ng such t e

h@rce\ﬂamgn SPMHE ngﬂ-l cf mﬁbﬁ cgefwﬁ?ng cl‘.rom;:martments
ﬂ%ld&nth@%uérﬂg" dagdopagtidretbdi®y suen lthaguit @omﬂes aneans for
rinse the electrode or the counter-electrade

S;@Jﬁhmmﬁaﬁ@t@nmg ligeigbflamiecan pptlgtrfggéanqleioglzgg angHg ancg] an outlet for
@Ctﬁﬁeg?toof @l g(%!ﬁccé’tg'oc(f;%&[' ﬂ{a é&&ﬁ\t&ogﬁﬁfr&)ﬂ@ 'E)Sime Wirk8xchange

artnents

hﬁéﬁﬁ&dﬁéa Seﬁstj atpiping cohnedﬁmgjﬂ\e intet of ameesfitbadiompartments
to the di ence between the enterl ng and the

with gos pytiel QTJP@ othen@ the SOMPSEEIENE; nked to the
desi gn of % dg?%yr’r‘fmcpfé"s%"t%é@ oF Ghkhgelify eBé#r@ébor{d‘ﬁg to the
ef era

devi ce pr conpri ses neans such as val Ves,
differéncer betsveeet the, ersteting tand tﬂva&d.‘QDE@nhqun@ flowist issclosely linked

the device for agjusti od nam.c r
ten%ee@aﬂem Sbiiee  Aledaigb s YRRSe! B DbRRE preferably
ﬁéé&% 'uEﬁnés %wsdlca?mbﬂe& hetd. Nsrd4teaNdowhstream the
art rren ei n% defi ned he sense perpendi cul ar
r

owﬂetb of dhe clavinetor adjusting2ihel rydrodypamigarasistanes af the entering
the electro m.cally regenerabl e ion-exchange
ﬂ’&‘% B?‘? QFtQO{WQe" @'rﬁg‘é’saccordl ng to the invention is

char act ey zgd préfetiedt erabddw@nt dcsoriing ugat dal‘rmbl nvantion, the
| east one part, preferable all, of its surfa e F k 8
sempartament @ﬁmﬁg&n%i%m%ﬁe"%@@mﬁwtf 8 {thihe electrodes by at

I'&:g\é.g%lg%?lll H‘; ChRHIRLGEY t@é@troﬁﬁ%%?gzﬂnrgpaﬁﬁf% ioré@xchange

e€s or furrows whic
Pritéidlelhe devicaakeording to ter imystition Ehelsaraaterized in that said wall

éﬁ%rﬁéa?gq?ﬁq? %&3&2 ,ﬁr{)qqgéfgz Slr*e erab?ha egf itd Ssulﬁgcmaci}(\g said ion-
exchange material.

According to the invention, “corrugated” means “marked with foids,
grooves, ridges or furrows which are generally parallel, or marked with arrays”.
This can be realized according to different shapes, as known by the one skilled
in the art.

In the case the electrochemically regenerable ion-exchange material
consists of beads, particularly spherical beads, the best corrugated wall is a wall
in which the beads perfectly fit.

By the packing of spherical beads in a compartment the bulk of
closest packed beads, in the center of the compartment, can reach a maximal
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In the case the el ectrochemnically regenerable
i on-exchange material consists of beads, particularly
spherical beads, the best corrugated wall is a wall
30 in which the beads perfectBy fit. By the packing of
spherical beads in a conpartnent the bul k of closest
packed beads, in the center of the conpartnent, can

i (8 I
HERGH, Fadler gs. B 1nGSM i BRAC, Bl Bacno dhntiPppse to the wal
bﬂﬂw@m&rﬂm&ht |§ bbbjwa\m 52 5at aAﬂus&armhesnannereotharor'l@ 20 bead
t.han 10-20 d dianeter this effect. ca
dGan a1t ciechea 118, GrE dotEd s negipB” At Zofisiance, ot onl few

P dﬁdrﬁ%f%? ﬁ{lslteg’eét Rfherd Ho‘?toﬁ@é@ [Dﬂé"f@ﬂﬁ@‘ﬂngr@#elo@volume the

er vo volurret | ocal flow velocity in
tdmel flaye/le]oamhun Khé ssamrowbmoswﬂmsm theawall gad has a thickness of

bﬁllgwlﬁaﬁs ﬁlﬁggﬁﬂg ﬁclhgwn Irf dts DHQQ ﬂ?ﬁ% "?rg‘ﬂm? h,{s I§§fﬁ:ﬂ2$rnon-equal
aisﬁ[tfdti@w STMRE ﬂdWovéﬁﬂfeebhéﬁheﬁI mﬁiesﬁeése@@astto less sfficient use of
ficient use of the chem cally regenerable

thencbammﬂg deganerablg ion-exehanggamaterdalg Ifcther wglitigp corrugated

ﬁghkgag&%k@aﬁwg ol'v%gsﬁlléc%( gcﬂ aﬁ%ﬂélf:f feﬂqﬁ ;Sé(clﬁé‘a b8&ds in the

thrgabbftlﬁ)@dkt?’lth? wmlrls\aeidantﬁgeouslygmpmwadwe i nventi on

e wa effect in ' .

el i m natRecqrgingn & \ﬁéf*‘l mg?(’Pﬁ gc‘é’?'a‘?ffﬁcg\é'%?&&gi%gggea/ beds is
[ I h

@@ﬂgg%&%ﬁ 'Q!fr?\ﬁ’%?]%d ﬁ %CWI NHARRS | dertal  &deu @@15 which

channel and close to the wa
eqaiibrates tlr@qbaccmgmg]demsjtymf\the deadsiigthe ofiddg of the ghannel and

BB A P o A Reen L IHE L5 B pERAPEF pa) 4 boad
B{anﬁétéﬁgh@ @bul@rt‘&i\fé@iﬁ@%t sﬁtases like ihf@nglagembleg threads, parallel

ectrochem cal l'y regenerabl e ion-exchange materi al
netchebr anmaysoef pyaemiddl proiredisgsl &feks, the corrugated

}Nﬁlel c\émn%g‘rtﬁr g d:‘iﬁ\g %gg‘@%ﬁ;ﬁérﬁlfig% P%%%%z?ﬁhgﬁ 'begtltchéﬂ%e material

ROfibloeisVeH madadof perdugnblckéaihge comugated! wa[l'hmB prbeade a good
devi ce of the invention conprises, of at | east

fixing of dor natedalindha rereRATiBaR! anth Preyet SRBERarling between
n@é“ ?hd [T trﬁgf&%gg%g{ér%h ectrodes and an ion

( I've pa If an external voltage
di f f er enTigud the d@ﬂbe ofl tHeeihwertion bemerises obdtkeast two electrodes:
reactions take place at their surfaces

anede a9§i @qtgpqi@,,naaf:opﬁquggé\(ﬁ @qtﬁn%!nlse&gggé Q)get\f%ggp flectrodes
DR& e Tork gﬂ;ﬁnﬁg gﬁﬁ? is H‘fr@ﬁgb'&t inant &Reflapaiditage difference is
t. e devic e

curren I nvention conprises at
appligd between the electrodes reactions take place at their surfaces and the

electromigration of ions occurs in an electric field between the electrodes,
conducting the electric current. The device of the invention comprises at least
one compariment located between electrodes, which is the deionization
compartment and which contains an ion-exchange material. The ion-exchange
material is generally an ion-exchange flow-through medium, for example an ion-
exchange resin bed. Mobile ions present in majority inside the ion-exchange
material are counter-ions, which are cations for a cation-exchange material and

anions for an anion-exchange material. These ions are responsible for the
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one conpartment | ocated between el ectrodes, which is
the deioni zati on conpartnent and which contains an

i on-exchange material. The ion-exchange material is
general ly an ion-exchange fl oM t hrough nmedi um for
exanpl e an ion 30 exchange resin bed. Mbile ions
present in majority inside the ion-exchange nateri al

@&fdl.ﬁ:%ﬂto?rcu'rr%ﬂ?m r:ﬂgﬁ ?cgrﬁ %<& r%%smfagna‘"f‘ whereas cations inside

] on- exchange ma ani-ons
@atlmnemtmhgegaatmtaﬂmhadre irT lites elirectien zimn raementg bathode, while
for the éﬁ conductlon of current |ns

?@Hn%ﬂ’f!ﬂ FEREEha1Ge IFRELTONe] Bribe diisiien from cathode to

Ofpn exchange material nove in the direction from
ano e to cathode, while anions inside anion-exchange
mat er i al Theoflew of tiqeiddiusedtfoorioms semoaehisidirestedanpgesite, i.e.

5 The flow.of |,iqui.d used i.ons_reomoval i ' RS
e Tt b 6 BiGelPR on Bon s GRS Fegp i At The
tSRSsdongiindeiohBErdrRNh& X6 &R BEBamBivAN b& kembiied by aon-exc:hange will
corresponding ions fromthe feed streamwl |

fuethey sdigtaje iinsideiemangeangg material anwilhiigalkt Eeufﬁlﬁaé@d at the
ly b | d
PRETSE KR BaER B M gbing e, Y 0 [l P s e,
%1.0 lcgnzitcl@ﬁé{idj%i@mm;t?ﬁ-uons ﬂa}gaﬂbm o:?ncam:h ae13cethecﬁeldcd|rected
| e | recte nor ma 0
ROTglybler BcHIoEHE0s IRAPG ST RAIVBRS e lsRang Caupter-ions
n éﬁﬂ?gn 184 dry 1862 1dY l‘Pl\é’ flbw eftered HhiNYcounter-current trc]) counter-

er-current fo counter- ions magration iInside
ioas meigationgrsidettes irl-excepreednaterah. Dépentlisg gn tbe design of the
certai.n . deviations fromt e all owe

hi |
dSHcs rergmpevBua oS andiggre aioyRl G fe bl BT e 180
hgperdt tﬂé ﬂBWJ(!i‘és%"rrb%Hrﬂeﬁ“Eﬁ'n 49 co@tecOfrahi ©NohMhigigidmiaside the

ron-exchange material. The ion-exchange material is
igarexchbhge mﬂtenaiuousl y regenerated electrochemcally.

Thus, t ions fr he f n .

conti nuotldl yoreEithdm el i SARERL ey, fogenerated
Qbckoshatirangdi TBus adhe igMesfrom @ déee direddn Aanobdi camtinuously
to the invention, a device contajning anion-exchan

exghangad angddhg @g@l@p@;g&ogﬁr@@é‘req;gfrpq;geqp@@glrfgﬁalt |ons§fs obtained.
effici e”/{\%éofgﬁﬂé lo %ES HvenfiBh 0% deRides %Bhgé: ghﬁnfo%e@kchange

stream e to renove weakl cl at

matatal, 28 deenribédhabbee f cairmbef usezhfali efﬁaentarerdovai of salt anions
nDIecuIes such as carbonlc a

prepant ofecterg siroarolt 1955 GBleiichPrave meaK dlsspEted acids
GredEMi fif td ot oM ddh-ARsbERIKK Mi88Res, such as carbonic acid (or
COy), silicic acid, boric acid, etc.

According to the invention, a device filled with cation-exchange
material, as described above, can be used for efficient removal of salt cations
present in the feed stream. It is also able to remove bases present in the form of
non-dissociated molecule, such as NH4OH (or NH3), amines, etc.

The device described below can be used for the removal of acids or
bases from a polar liquid, or for the production of bases or acids from its

aqueous salt solution, exchanging corresponding ions by OH" or H" ions.
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material, as descri bed above, can be used for

efficient renoval of salt cations present in the feed
stream It is also able to renove bases present in the
formof non-dissociated nol eicul e, such as NHAOH (or

NH3), am nes, etc. The device descri bed bel ow can be

used for the renoval of acids or 30 bases froma

pol ar Ii t : i P
from i 'ﬁ%g (%lﬂesrggg {o ht%ﬂgg hggag%fl @%éﬁﬁlt)?% B&4 &F an ion

émﬁae@@om@lmg\nm@ngemram cariveritionahien- é:fchaﬁbe materlal are resin
regener.abl e ion- exchapge material is usuall

aﬂad%mtamaﬂ@@%@. QbPXChERge: i p%ﬂ%%%m [ 85 well as
L@‘QHE)H? JPASs Bt théfseTh@§' m{?@ﬁﬁéke&h@'&e%%‘f‘ blocks.

I on- exchange“resi n, ed resin, as wel
as fi brbcm)rdlngpdooubel onvenmlmanger seledtrmge catbmpertment is a

st acked a beds o Accor di n t
m@ﬁftmﬁ fitipBl Fude BsnabiAEn: Soltbardien perhicn an
giﬁf:erfl el p Féééﬁ‘t the e‘i’eﬁitﬂﬁiezéémﬁﬁrtﬁ'@ﬁp 2ah 'E%'ﬁrﬁprlslencdrftl tive flow-

ode I's present. An el ectrode conpartnent can
ttmmagh eateriaidsgch ae metghor tcaftmgm fosmeefi porous aekgsor a bed of

GEAH P Sk e P BISE gyt

MaviRg f Iretralr @gbnredchahge, afiochaschgngeutoralelectron-conductive
catlon exchange, ani on-exchange or el ectron-conductive

propediias, s4ch a§ @arken bead®n beads. In accordance with
the pr esiﬂné?dow%%é Whrt e gfé’éegx? iGEHRI thel E@Wbe Unthifs from

five conpar prefera omone to ree

cepRfivaretvnparthrnts, prefeeally dtonmbnbdo tth neatoammr&mdnts.
anions, i.e. for co ei oni zation, a So

I 15 luti
is the =& &he tign & g)qﬂp, iQnss an n@nqus|, def- V\Hrlq%gmplete
G&bhR3tiof X¢ 861086n r@fr%f lﬂ@é oﬁﬂﬂ%ﬂ@ﬁc@é feEeridd, |o$|@ ﬁﬂebhmth cation-

anl on- exchan e materia case, a pre erab
eﬂqimigeemtercbé\amb$he otier fiked with apirdexchange materlal In this
consi deri.n

SOt S et of EORL AT, a2 30088 chffed Joricerng

1hRVEheCofOSiManatidht U Fak tYHRESI SonthRfn&ts isTmaakeh D geeated (for
matérial 20 ani on-exchange material sequence is

exampleyby deversageainesishnaturg! watensi dhe eatiopiexcbange material —

%Mrgﬁﬁ | Eﬁﬁhgﬁé%] Hﬂ%hgﬁgﬁﬁéﬂ&% %ﬁléédk{llﬁgéﬁag@a jsd ehils;'Bub i not limited

t'h%YétBt IfAtishéM) BdtR Idevidlest cound b@dmwyraﬁdausﬁg amaeuodismg, without
onpl ete deioni zati on according to the invention,

Ipelag quiside the seonst obthgdOyRiaR th i quid f1 ow directed

Zﬁsfggn:/ﬁrgotﬁgf] rsg(\%t dr0 éé\?arﬁégéétfél’&'?ﬂ L kO BgI&BS deionization
according to the invention, hes in the use of a device with liquid flow directed
counter-current to the electromigration of ions inside the ion-exchange material,
wherein a bipolar electrode or an ion-exchange membrane, preferably a bipolar
membrane, is utilized for the formation of regenerating H* and OH™ ions. The
use of a bipolar membrane is advantageous, in a case where the polar liquid is
an aqueous solution, because it results only in electrochemically enhanced
water dissociation into H" and OH" ions without formation of gases and other by-

products as it occurs with electrodes.
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wherein a bi pol ar el ectrode or an ion-exchange

menbrane, preferably a bipolar nenbrane, is utilized

for the formati on of regenerating H+ and O+ ions. The

use of a bipolar nmenbrane is fvantageous, in a case

where the polar liquid is an aqueous sol ution,

because it results only in electrochemcally enhanced

30 wat er {] i
For mat | dACesF o B IRNERoh pBRFCE fiAGHS 18Rty provided
sv'rmhretbematmsﬂaelﬁqetbmﬂmrdmsngbe@ inhpreviousneimbodiments of the

artrs Thenensg 16 cleRiotien: Gis Rroanicsdad AEbasBhinied fescribed
RiohhS.e. Lﬁ%ﬁ@tl‘hﬁ?odgﬁfd ﬂféd“ﬂo@f sﬁlltﬁﬁériﬁgﬂ% &R dBenpartments

or gahi zed descri bed below, i.e. using
wymmogmam watheadnembvangoseparah@g angilertradeecompartment.

O bR o ek ReTRE 8 Wi i

éér%esr&rghhtea ##te ufffel?@fﬁdednamg of apbr 6ewces némcmmethods as
can be organized with different variants of th

disoipseé imfne Meures sisdt willbe obyiobg fphth%@mr:ﬁb'!j%én thesart. Thus,
uiféwé? ?Pg t@%vﬁrg 5 Oflﬂ\{%ﬁﬂb QO F&0 1l di rtibs g%%oar housing in

resent 1 nvention use

Wwhizhval nedin | stresnh affowes l‘thmghgthm elébtmheh‘neallyaregenerated ion-
streamflovvsthroe@?hthe electrr\%gemca X\l enerae
e

PXSnangiec Fate/ial (HIFSeth COMPIRSGUIETY Jan? FURINGTEHoN (o Tons inside
A se%étgﬂ%lgr\mér@ﬁs %he! Qﬁé?g NSt 4€ ledsh! og‘lerr@té?ftﬂoﬂb (cathode or/and

ereas the rinsing o | east one el ectrode (cathode
andde)d caandie) meaagbe benagwd rhgthady deschibed dbeblw bée. using

ﬁfésgﬁvmamwefmwvapﬂﬁ'aatyméwyna?ﬂf%#égw%s\ﬁ" ot S rsEne. with
hhe, @rmﬁ)@é@e%bVat&@q@eale?&trd&ec&ﬁ tem%:nt The

tec niques of The present invention wll be readily
understood by considering the follow ng detailed

S?Z\?\; Ingt F?IC?W L@ggoﬁct@?%gﬁé’% g%%]‘?i “3%“ AL |19%nderstood by

sisraeriRf, then folBwiMy chetalfedurdestriptiora smhemtmct:on with the
representation of a ttépl cal prior art deignization

arepneRANYITI gavings. iy the saserrltantaaupRuseittien i bgrdejonized, in
\&%{g i npl emrentation of a deionization device
grdlngtothelnventlon 25 Figure 3 is a schematic

repr eserkiguteont ok @ swhenthticnpepresentdtioon off a dypical prior art

dei oni zat1.on device according to the invention,
deionization device ;

Figure 2 is a schematic representation of a first implementation of a

deionization device according to the invention,
Figure 3 is a schematic representation of a second implementation of

a deionization device according to the invention,
Figure 4 is a schematic representation of a third implementation of a

deionization device according to the invention,
Figure 5 is a schematic representation of a fourth implementation of

a deionization device according to the invention,
Figure 6 is a schematic representation of a fifth implementation of a

deionization device according to the invention,
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Figure 4 is a schematic representation of a third

i npl emrentation of a deionization device according to

the invention, Figure 5 is a schematic representation

of a fourth inplenentation of13 30 a dei oni zati on

devi ce according to the invention, Figure 6 is a

schematic representation of a fifth inplenentation of

a deiontzalien.devi cor di the~d QVent i 13cvi

P gure. 7 BOr, T i S rnSs rihielehfadoioot 8 5 diMptdevice of

Fiserelgyi ce of Figure 4, Figure 8 is a schematic

representation of a part of the device o Fi gure, 6, 5.

Fi gure 9'1:'9§r‘3a hénsghematic reRveseatation %ﬁ aap%fgtogi the,device of

f_—@g vice of Figure 6, and Figure 10 is a schematic

r épresentation of the variants of the device of

Fi gur e 6Figife Boisf acichetstic nepdesentatieh vf,a detail oictile device of

Eeferﬁnce nuneral s have been used, when possible, to

Y4 RafRd i dentical el ements that are common to the

Fi gures. Figh% 40 aWiaNSiheAiftic Riprésertaidre oftfite Vdrtants of the device

rel ative dinmensions of various elenents in the

o Biglirey8. are depicted schematically and not to scale.

The el ectrochem cally regenerabl e i on-exchange

materi al al ways consists of beads 15 of substantially

t he saneTdlifadiitats unfegtdmdidg, identibali efereschammterals have been

representation of a typical prjor art dejonization

uead, cehem posibla, tacdesignaig N eﬁ?f@ﬁP@ 4 grg common to the
t: . i . : . . '

EO0GET ot LFRLEBE e o SpaR, ahd Mo rERASE RIir@hbi@Rs B various

¢levestits dn. théhdravengs ard Meapictel eschardaticallyt d metdeascale. The

of anions or for the renoval of catjons. It wll_.he

Sestpranionly sSaneianie, Poabaue dnas AL abAYS tasisls of beads

& QB Bty tife SamfedibfRiaice salt anions by OH and/or

renove ac:l%s present 1 n dissociated or

non- di ssoci ated form 25 The device 32 conprises a

"ot 19 B 3 TS 5 SosHif0 b BBl B8 upiga prio an
déioAREARON B¥vidanEss bash eekafibel ABdveen the el ectrodes.
The housi ng 21 defi nes one conpart nent o .

Figure 2 is a schematic representation of a first implementation of a
deionization device 32 according to the invention.

The device 32 can be used for the removal of anions or for the
removal of cations. it will be described here as a device 32 used to remove
anions from water, e.g. to replace salt anions by OH" and/or remove acids
present in dissociated or non-dissociated form.

The device 32 comprises a housing 21, for example of cylindrical or
other shape, containing inside: an anode 4, a cathode 5 and an anion-exchange
material 2 between the electrodes. The housing 21 defines one compartment
and forms an electrochemical cell. The housing 21 has an inlet 7 for agueous
feed solution flow 10, an outlet 8 for anode rinse stream 12 and an outlet 9 for
the product stream free of salt anions 11.

The feed 10 enters the cell through the inlet 7 located close to the

anode 4 end. The inlet 7 and the anode 4 are located at one end, which is the
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and fornms an el ectrochem cal cell. The housing 21 has
an inlet 7 for aqueous feed solution flow 10, an
outlet 8 for anode rinse stream 12 and an outlet 9 for
30 the product stream free of1dalt anions 11. The feed
10 enters the cell through the inlet 7 | ocated cl ose
to the anode 4 end. The inlet 7 and the anode 4 are

%88&% %ﬁiudag?f grn 'gllé %OUQ 1 1 eé’@)tﬁgﬂ w@h;‘h is the

oust n has a
@lﬁodeaﬁ bndeloﬁawmblat t!'mcapmblm emdhdao cblpmasuot!e amid Wbem ltheere are

?v?ca?%ﬁa%”s% and g the fow i) béRpfIn s Siam yss o the fons
évalr(g‘f%}@zvv@%nc?éréé&%hd%ﬁ%aﬁn $6 7086 thE RRALLE2rAMSRs). The

ano rrows). The 5 stream F1 for ions
steemwialF 1 foriossimemdvel tirnedn it directien npomsl ticelestiedest 4 and 5

20 e o W50 T B 2O i 0 B s 2.

di fferengg éléc@ilépvbélt%@ebeﬁw?@ﬁbé e apbhéd etreed th@r@le&rodes 4
and thus an electric current is conducted through the

end |5 and ithus BY eleeric Kyirenhis candusied dnweighdbRae darmed by the

ac%iggﬂs \r/]vgr %ﬁr@%rhgédl'? a%@lﬁe a@%ﬁgﬁmly%g& place at the

cmsmd@ g b@n@'altmg W@rﬁt&m OHitiens ahug?ate nngide tok medri-exchange
fromthe cat hode 5 %o the a

mstgnial 2 leljha girection fropkthg c@m@ﬁe g/j;ﬁ t@g@ﬁggﬁé L&t Grunjer-current
fAiHe AW T We%}faj#e%t@éeﬁ%l%lo § of ﬂﬂa flow F1 and OH" of the

ani on- exchange occurs he
anioarexchahge graterinb2icdcucd. deus; the ene)raamngeematanal close to

r e%%gé?- o d,lgg)risegé:%thg%‘sgb H‘g‘;élalg Hﬁ ‘3@1 I%r gfeécrag%rpexchange
fﬁ%érliéd dids éé’iﬁ@?’e Gbnd ¥ Preseht ARSI intregeerafed OH form.

stant i a ree of salt anions, |eaves the housing
Tledted m‘.reahre‘[ bmumtarﬁlallvﬂweoﬁwsﬁjt aaipnaniceves dhe harsiag 21 from

thsé @é{ gg é’p{ ci)fn%gi'g rgl@ﬁ@c%u{ﬁql%gg?agbawga\}a‘?% 19. The

HEIEVER Iéébt@ﬂ%t 6 cHlodeashd, s toahe @aamms 02 gas
produced 20 at the anode 4, are rinsed by the

rinse stFeafemaved amans; @ Weliasige 31 a’ﬂ'ﬁf‘%@@'ﬁ 521835 produced

B, A2 N 9068 4y BB g 21

freough aistticl B, avtibssatsyidrodyhateitiresistdrive iseeguiated by a valve 18,
the device. Advant ageously according to the invention,
7% apafem@sigildst ed by 25 hydrodynanic resistances of

gggr‘ . Pgﬁgl e yd@egﬁlﬂfggﬂg)r&ﬁ‘u t\r/‘lglsgﬁéé’ g%xl% ?2? .@Hegﬁ? recovery of
thewdevice aAdvantageousiynasoerding to the invention, it can be adjusted by
hydrodynamic resistances of both paths, which depend on the device and can
be additionally regulated by valves, capillaries, etc., downstream of one or more
outlets of the device. In the embodiment shown in Figure 2, the regulation is
mainly carried out by the valves 19 and 18 respectively placed on outlets 9 and
8.

As mentioned above, the same principal could be used for removal of
cations. In this case some numbers in Figure 2 would have a different meaning,

thus (2) would stand for a cation-exchange material, and the polarity would be
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outl ets of the device. In the enbodi nent shown in
Figure 2, the regulation is mainly carried out by the
val ves 19 and 18 respectively placed on outlets 9 and
8. 30 As nentioned above, thetsane principal could be
used for renoval of <cations. In this case sone
nunbers in Figure 2 would have a different neaning,

) ' |
S5 AR gl Ml 8080 i (e ki T devie
gbalkiché aseduto serndee gatiorigtrofrothecaquedusdmlutiting eo@\loafepiace salt
woul d v I-Hsed to rermvg%eésat ons f

om,t he .agueous , )
oot B H o lof soy detsssab eooph T Bisoptas ohagnafissociated
t i m‘*r%%br%ﬁ?o%eef@ag%% b8 v@lﬁé@ﬂi@bﬂj c@hoﬁQﬁnG'HzSQ% pFfliced at

renoved cations, OH ‘cations
teccatBodm swilh bedinsed byt the qaibod@rlna@letream (I1 2be rinsed

by the ¢ thod rlns st ream

ovhemat | a8 anshemA et forPHE & it TBlegengption of a
AeiofBaabh @@bt@s&i%@m:ﬁgt@@ﬁ@waﬁﬁuohombajemamm be used
The device 34 can be used for the renoval of anions

for the rempealrefravans ef fadhesagovel ofeationse tguid e %%Pﬂbed here

A5 BBt LBV 6 refflot BMioh AR RGBSR, Ol g

22, whi chherdghicelst aom}bhsmlarhmjsm@ﬁm werchsﬂmgm be a cylinder or

cont ai ni ng an anode 4, de 5.a
anetbRL SPakan @@”taﬁﬁ'ﬂ%rﬂf‘a?an SPthole & aud asygsiomehange

B By O A T Wl A g comprn

has an inlet 7
And forone anxledteschesuibalt celh THeohousing 22 bas lagt inEtfiofor agueous

node rj.ns tram12 tlet, 13 f 15 hod
fefswistion davaaSan elh fleBasined rspat de: Srowian s for
cathaliaMrisa! &ty ?nﬁrﬂ@ #d 8aldutidbigofst tiaé prédact sedarhOsubstantially
enters the ce? hrough the inlet 7 | ocated close to

freeofaaltbdelom%lﬂd The inlet 7 and the anode 4 are

| ocat ed d,_.whi

housi ng qﬁ %te%ﬂ%cﬁlggﬁ??}{gﬁ &g'rgehelngdzi %%t#}d@[ose o the
Hhede29 &t hwéemmov ah@@lﬁé eftode 4 hre kpptsd amn@@nuomm is the
anode end. The outlets 9 and 13 are | ocated at

amdmedlsoteﬂw heusisg 2o Tie heusiRgaé! Hastanotaer ﬁe@ ‘i@ich is the
G305, 4" b 5 316 ghbas o el qracl iR, fieuets o and

$Plaréd Idoated] bhthef cathbdsﬂaﬂnaﬂssﬂitd the tathode s theeoolletl 13 being
(arrows F1) and the sec:wd streamto, rinse

dogey; theretophan thaouliel 8.V Ren fhere; igsthsee P&Hts{} %a?gdﬂi‘g 9, the
g%fﬂs%ewﬂlg%&t%hgpm@%é”ﬁkstté%re%in%%be%? tHe RIHE Rndd\hI (arrows F1)

and the second stream to rinse the anode 4 (arrows F2). The stream F1 for ions
removal turns in the direction normal to electrodes 4 and 5 and flows from the
anode 4 to the cathode 5, where it is further split into the product stream
substantially free of salt anions 11 (arrows F'1} and a third stream, a cathode
rinse stream 14 (arrows F3).

Thus a separate outlet 13 for the cathode rinse stream 14 is provided
and the cathode 5 is rinsed using hydrodynamic split flow. This cathode rinse
stream 14 will advantageously contain gas(es) (such as Hz produced at the
cathode 5) and possible by-products of electrode reactions, so the product
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anode 4 to the cathode 5, where it is further split
into the product stream substantially free of salt
anions 11 (arrows F' 1) and a third stream a cathode
rinse stream 14 (arrows F3). 1Bhus a separate outlet 13
for the cathode rinse stream 14 is provided 30 and

t he cathode 5 is rinsed using hydrodynamc split flow

ol ﬂebé')él?fsaa Jllgaﬁél%d' dddrdiﬁgvﬂ{‘ttlé?&%%%naethe liquid

con aln gas(es ced”at the
streand ysedsifot ethay - lpnsdmemsvalf iel atitectatk caader-omsentsdo the

oisciBave T o i SRR fanedaste: SR pbgnbaR e Bar of he
{rﬁéteﬁhﬁ é.lfjo?lr@%vé§ 'fﬁ’é Woubﬁ!fngZ frbagh He'BLAEL § lé%re? Bfoduet 11, while

mgration of 1ons | nsi de i on-exch ange
amatber part 25 usﬁrétceasseathmcathode Brand lsaves die compagdment through

{E\Bdﬂ-ﬁﬁe{ ge hou nl%szz through the outlet 9 as a

it ‘%'Fﬁfae another part is used to rinse the

cat hode |3 tARdchgavas ddirorenguitidre Aydidiyadetic Sbhﬁng inside the
outlet 13 as waste 14. In this case, the aqueou

koising 87 talyer plagadwice: §ipsti elopa do theinket £, it SRR glosg to the
G55 B B8 el 7,50 Pl e B 16 8RB P

intaedirediolis ﬂmsq"atédWemmdnnémtq thed raftioobet(mendhe fiely ratés through
10 in the previous il lustrated enbodi pent,

DOl BnB A 5 einer B BTN sl aceshoL e paths,
t8 | f

i e UGy o gy b vt

caplllaries, bt rcﬂgwhsit@m loy theabutbats of tepdéviae Bds, et c.

?%T::éﬁ%gh%fodt e%vta t@ﬁgg agrnglﬁe iﬂ pll nohh ﬁow through
$IBERHEE 4l<§1c?|tﬁ6t 69@& ‘8 %}d e‘iélﬁrdéiét i fmr @I;ﬁ@m@dem the

rinsing I's provid compart nent behi nd
¢0mpantment sdeehrtnd The @tecnm@eéo Abustthe secpod sére&m ferelectrode

FR5A 27 o5RheB AT MBI 3 550107 130 21

theaiit ee Bifidt 8 @BONastel 12\StogBthapnath edraovéd imseahd greducts of
reactions. 20 In this case, the el ectrode can be of a

electode rRaglions{ orm or can be a porous material,
metal !t anQhisise e SBBIBIC Bah BehicPARAA!A ﬁqéghh%m%an be a

made of erials or structures

FeYans mhaterial, fnetabicher hotl ltechnalksb be:amhmmmsne electrode, made of
flow through material. This_could increase_th

diffecanti atenale t P RIrURWESac EhangemRat @h@apopﬁl filled with
GIYIRESe How-MHPoGPNGRAIETAL. PRis &btild AfRcidRsk B8 effective electrode

surface and decrease the local changes of ion concentration, pH, as well as
formation of large gas bubbles at the surface of the electrodes. In some cases it
could be efficient to prevent the formation of scaling. If the electrode 4 is a
cathode, this is particularly advantageous to reduce the scaling risk linked with
local pH increase of the cathode 4 surface, when an aqueous solution
containing hardness ions is used.

Figure 4 is a schematic representation of a third implementation of a

deionization device 35 according to the invention. The device 35 can be used
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25 formation of |arge gas bubbles at the surface of
the electrodes. In sone cases it could be efficient
to prevent the formation of scaling. If the el ectrode
4 is a cathode, this is partiftul arly advantageous to
reduce the scaling risk linked wwth |ocal pH increase
of the cathode 4 surface, when an aqueous sol ution

fb?%é" ?ﬂn%galr@frgrﬂc‘?ﬁ ﬂﬂsthlesreH-ﬁﬁzﬁi oBLatidriduiiBn Besdéscr}bed here
a

hemalc reresen |on of Ird 1 nplenentation o
as atevice %zwse@ talesmoee Ahiomsdmmd mgamwmlsesqlutmnt i on.

The devi 35 b d 17 f
ani ons o ﬁ‘? ordel(?:’%g r ﬁg\spngffseéa% o%@%s{n?;mv\#% "%BCh forms an
SREGOLAGHICAPLEIL. e RollSiCRt Ras LRI FSEGaRishzam 10, an

rom an aqueous ution. The device 35 conprises a
botlesti & dorthenklectrotiorinseastreamet,r ae uitiet 8 fardhe. product stream

4_has an i nl et or the feed._s n
SeRER Ve ool BnBhe bliean idhBoeCt axfd g X and"an anion-
extitfigembttridl PebdvedinctheséleeRoUSs TR ngiid! flow (aeewdf1) in the
salt anions 11, an anode 4, a cathode 5 and an anion-

!@wsna@lg% et 4o dlemovabiinedifeatnd eqBtereERNt thdhempgration of
I&&L?rﬁ’(gﬁ- scm\élg%)thé ol 8% A?@%%ﬁﬂar%hfor ion renoval is

counter-curren e mgration of
count er -Tinhousiag de defieed imthexssraegeerpahdiculal t@thelelectrodes 4

SHL5ncens Yalzawhish s g mlghe floseso Bt fnfoetn 4 ehinde?. The wal
B 306n CoRRRY with Hf{?‘bke ofcﬁému?allgyﬂebﬁﬁéfablé' héh \é@éﬂiandb? material

is 1Tn contact wt el ectrochenical |y regener abl
2anPaxrcofasajd walll a¥d i sh@en iRadetadfinsBigdrend. | The2 flow of liquid is

h [ fl iguid i .
ORFSRRY 3 B erEwaEy tswhe ot REY, Sead o ke mBerl 2. The
%bgfﬂ“@f e' tﬁ'lck%esg ¢ alwall RiV@t ih hich theré ee HreloRSthan in

a er in which there are nore voids than in
theebtﬂklbksmﬂ maﬁe@ahat erial 2. The device 35 is

gener 2l g dBidd skPis fEnel “Snithr o) 4L BBLRE 48 lustrated in

Flaued 2] exdptfer t&b”ﬁcﬁhat Rere £XeAbEMe® iiahds preferably an ion-
separates the housing 24 into a purification

Emancefeambrane cepaletes Hae Rodeingm 4 B9 8PWiicgter FeAtPartment
8 arfd B el dMRA colioeRielR 48 2Ar ARt IF b feod!Shidam 10
O rinse € anode comnpar nment usi g for exanpl e

(Lahz@wshﬁ@%s (sed poriase the mbdemmuspargnanm ®rusing lfdneexample the
art of the nmenbrane own schenati cal

hq{eﬁl(aﬁpgreé) kS PO e @e%‘& law £5 PAfle® f&&smﬁ@bz%ne 3, as

m ‘sp@e@ggg@[% irFPPfg%ré@L A'is Membhine3 adiRrirRISREANSIng 24
into two compartments 16 and 40, which advantageously leads to a befter
hydrodynamic separation.

Here in the case of device for anion removal, the membrane 3 is
preferably an anion-exchange membrane. In the case of cation removal the
membrane 3 would be preferably a cation-exchange membrane.

The electrode compartment 16 can have no filler (as illustrated) or
can be filled with a flow-through conductive material.

If the presence of gases and other by-products of reactions at the

cathode 5 in the product stream 11 is undesired, a separate outlet for the
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25 hydrodynam c separation. Here in the case of device
for anion renoval, the nenbrane 3 is preferably an
ani on- exchange nmenbrane. In the case of cation renoval
the nenbrane 3 would be prefeably a cati on-exchange
menbrane. The el ectrode conpartnent 16 can have no
filler (as iIIustrated) or 30 can be filled with a

e 85 sh
(AU D SRR TRRY lioc bl BLA8AARS 86 shown i
Eguin@8e 5 in the product stream 1l is undesr red, a
separate_outlet. for the 18 cat hongS rin

pr ovi ded" 1981 'ﬁ)ﬁjﬁg?ﬁfﬂatr‘ﬁ erRTPSRTeRPT o iy i 18 E%mepﬁ\tion of

% rﬁzé:tzon': ASHES 3B dc%oﬂjrﬁg "P@Wé irfveh@en EFiRa HaviceBeotardbe used
ourth 1 npl enentati on of dei oni zati on device 36

e ¢oe memngva!ooftamomwefnn tha. refrr@efaﬂef/c@tpr% licwilf heedesesiped here

Asmcs 7% SRR o panaRd afithediom P Aol S TN Rlen s

used to TW@:&%@@&Mﬁr@@B@h@agﬁgm abicH hag anﬂh@t 7 for the
devi ce 36 conprises a_housing 20 which has an Inle

fesd strram b @nsovialf i@, therprodiFlstreamot ﬁH%StBPB%ﬂ)’cfree of salt

SRR P S gt 1495 e SBbas T srodn, 1, n ancn
é¥chamgeanatsnial @ wtwban gﬁembtae'resatB afd biét, weeanadendyramoastlet 8 for
ther 8R0S 7inslnalTaAa A BNd oAb S OREn EOTBALBIAT tb oBgracd by a
Wrﬁﬂé B3 ThE L'Ild %wﬂ (drtws @qzrr‘i’\fﬁe hélsing 20'%orhess ré@oval is

I ons re directéd counter-current to
directed gcammten-cufrenbum ¢he | migratiosi db cduntéreians einsitengbe ion-
mat eri al The device 36 is generally simlar to

1
SXRhangei @tegrg?% lustrated in Figure 4, except that a

menbr aneTH deWidet 36! & aéﬁér%m?bémm fbOtheeWebioBass illustrated in
nmenbrane, partitions a cathode conmpartment 16'. A part

Biguréet, devcent that Acmembraneath.i whighels preferabde arlh@n -exchange

%g?r@%rr 6%7 D%’SF@@% anﬁé)it‘lﬂég ﬁgﬂ‘gbsérfg?rg%rﬁ]to 8 e}g‘aﬁgﬁ ﬁf ttlflaedelonrzed feed

ﬁ?équfa Used toefiate dectragedbrapanment hehalsn@fdryexample the
gure 5. This menbrane 15 further separ at

farées&@r pereshinthenousing andirsin thelo i Hgshr% membrane 19, as
G500 SREBRBIAHAERY ST BRARANG) 18 TR Repartes tre
@@Nwﬁﬁgmwﬂhe/ cbamtmmtammandea mmailr deiomiggtion compartment 41
(m tgégtcl)fo?he Tr%%m O&’eronrgatron compartment 40 in Figure 4) and that
advantageously leads to a better hydrodynamic separation. The housing 20
comprises three compartments: the cathode compartment 16, the anode
compartment 16, and the main deionization compartment 41 between them.

Here in the case of a device for anion removal, the membrane 15 is
preferably an anion-exchange membrane. In the case of cation removal, (4)
would stand for the cathode, (5) for the anode and (15) would be preferably a
cation-exchange membrane.

The electrode compartment 16’ can have no filler or can be filled with
material, having neutral, cation-exchange, anion-exchange (as illustrated) or

electron-conductive properties.
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conprises three conpartnents: the cathode conpart nent
16", the anode 25 conpartnent 16, and the nain

dei oni zati on conpartnment 41 between them Here in the
case of a device for anion ret®val, the nenbrane 15 is
preferably an ani on-exchange nenbrane. In the case of
cation renoval, (4) would stand for the cathode, (5)

for the ﬁﬂﬁgﬁab‘”f&?%é @hd&é“ggnﬁ%éﬁﬁﬁtﬁ?g{%ﬁlﬂad with an electron-

cati on- exchange nenbrane. ele compart nent
¢6hdudtivelflavethmough Materialrarchiebanddd ¢adpaitmient 16 is filled with an
nmateri a neut.r al ti on- exchange,

|, hayin c
SRiCBrekangR o IEoTg Tt Rlod) or
el ectr onpc@Rdessd Ve RIPSIEARS10 SBteriiigetherifdlsin 2 through the
cat hode conpartnment 16" is filled with an el ectron

intetdTids fived splibinte rar Hayistieane uisad fanipnshemensd darrows F1) and a

compartonent 16 is filled wt n 10N £X6h

FPORRL 1350 Tocleqtiaee” Titbr et ¢ v FEHPEREs, hroyoh the
Aitinfthrane 3 BAdheavdsthe2€ell Do an®ughhite dutieniBeds Waste 12, together
first split into a first streamused fQr ians renov

péhrierover) iopRcang PRSI Ogﬁlﬁc&rﬁﬂﬁdﬁaéﬁ‘éﬁ'rmﬁﬁtr%%am- after
VAL Bodhe) PG VO ERER R bRy 22 P g adstean

{arged 61°1) wiHidch leavmsetthel celb 20ntihrpughd tiee oudét 81 ax ar sdestantially
reactions.

f8ieplrgH Rr H@Jgtg%{'g(%}%ﬁb%’eﬁg%ﬁif(taﬁg‘g,sﬁéi, g%ﬁ - aSS;?ﬁdeg through the
tﬁﬁnglal'géhéq s(4d %}é@eg 5Hé ¥ 20 ihick@hahe diBet €8 hsdhhste 14, together

the outl et as a substantially deionized
pithguodudtd of aledtradereadtirts.eam (arrows F' 3), which

asses thr h.the nbrane, 15 and |l ea t,h 4 2
Phrough Phahauimapmeatinarbnr 1 SIAVRS, 4 Grfh o, W& have
HERPRetratcal tRiteRtisopesdisiactd URe: elddtrbe compartment(s) 5(16, 16')

J%;mem ations shown in Figures 4 and 5 we have 1
isolated from the deignizetion sopatinpent @8, 4ikflladwith dar ion-exchange

OB P ek S B Wimpagimont o drociod
EQunterehregicto ions enigation insitie tisator-oxctfdnge roateriahg. Fl )
through this conpartment is directed ou‘g&ﬁn-c rrent..
to ions Figyrapilsm seherpatie FRpTesRO@HER . ge N daplementation of a

GBIt devReINSER o BRAEHERIRbhon of a fifth
I npl énent at’i on of a ei oni zat1 on device 37
accor di nghé odévieei BYenbinpnise§ha theusing 2B, cohpoyisdgcal shape,

It MBIOS L Enpde 452 SoPHR Eara RERsY ARETPRNG 7. an anion-
8kitRege material 2a in a deionization compartment 39 located between the
anode 4 and the bipolar membrane 17, and a cation-exchange material 2¢ in a
deionization compartment 38 located between the bipolar membrane 17 and the
cathode 5.

The housing 25 forms an electrochemical cell. The housing 25 is
defined in the sense perpendicular to the electrodes 4 and 5 by one wall 43
which is a plane closed so that to form a cylinder. The wall 43 is corrugated, as
shown in Figure 9. The depth of the corrugations is of dimension a.

The wall 43 is in contact with the electrochemically regenerable ion-

exchange materials 2a and 2c. Part of said wall 43, in contact with the
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exchange material 2a in a deionization conpartnent 39
| ocated between the anode 4 and the bipolar nenbrane
17, and a cation-exchange material 2c in a 25

dei oni zati on conpartnment 38 |28cated between the

bi pol ar nmenbrane 17 and the cathode 5. The housi ng 25
fornms an el ectrochem cal cell. The housing 25 is

fi ' h [ Y
ShLL Rl R RIS S1S s s A eyt
Figuf®Brwitere)the ider of liqudd waldpréSented dothelaranwe . Tae beals of the

IR 261115 bertestiain s SATyGRtcs, EECh ECHoR AE corrtigition has
: o _ .
@Igeglﬁ]é&% @P %‘P@rayé,gwhgg;@ ?ﬁ@?ﬂ@ A?I'fg, ?ﬁ'meﬁ%i%haé‘ HhdWhesé désgth is of

in contact with the
Gitnersicrcb r ax bleowve @ Figur@§ener abl e ani on- exchange

T e RIS RSN AR SR oIS, s
%rrﬁ%ionﬁ%ﬁiﬁ%ﬁﬁ%ﬁgﬁléﬁ Se@RITseigireVi ON), tAR1 corrugations having

corrugations.. h Ssection of corrugation has the
gopor tesshemisphenga sectiwpiiovse $PBHi nensi on a and

whose | th is.of i neNS| i '

8. O he?ﬂ\%%no %’(@ %?iagér gﬁga"ft%gn?’ 5‘?‘2‘33 g% r:nﬁ]h F’gﬁ?@ 14, an

é&let@fmfair@!d@mnse'i%tzewﬁtﬁé% inéoti hfprtadumogsifaed solution flow 10

sections i gure , and corrugati ons \Y

Ehwinssis!tm&aﬁ gﬁaﬁem%& a@%tm%ﬁ@"@ﬁ%&u@é‘ %%2. 26 fer the Stream 26

g\%ﬁé%@gé@?f Q%!t g‘d@ér‘fé thd (iftr‘é%m? %*’ffb@\ﬁnéa'vfhsé phdé 88" an inlet
. an outl e or ‘'anode rinse stream 12, an

P ehd Tlofving Aurtiearvintd Hesl ananuekaranigeomaldrial fAsdsnwyell as to an

UL o 4R msO0uEhuraatt ) Pyt rad B S cBlipg® anficanions.
ﬂué BHYIAEMERPIARY 1Y Brfprididitat I0asdtindayérsehn ahbdedading anion-

owng further iInto the anion-exchange material 2a,
escharige Byet andna cathbde-facingrcatipn-gxdhange kyesaand is able to

substantially free ot I ion ] ons. 15 The
%‘?WP%’ bﬁéﬁﬂ%’éﬁea%ﬁcg ?'ig%ﬁgﬁ"a&afeé?;%ot% \%%Iﬂayers: an
anode- f arhd ge@i10Nentels i gell tipeighathe ialet 7 located close to the
cat hode-faci ng cation-exchange |ayer, and _is able

@e_ﬁheda_ﬁe V@en herenareaine euntletst 1389138, fhediow 10 wilitb% split into
Pl B0 T LB RSk Eohe s el v e

@étﬂo&é‘%aﬁ@%b@lg). Theaside 28, Fitt hesdfd fow thé redrolvabef mpkiturns in the
into O the stream used for the cLzlerva of i

digeationsneimal @nglackedss b ARt § 31 JeWSrEoRL iR dathode 5 to the
l&@%e"}ﬂjgﬁo;rﬁi)i%ﬁ}ﬁgr@wiﬁaaﬁ’ibﬁké 6YS RAnj@odyREMi @I idstrRted by the
bipolar membrane 17 and outflows by the outlet 28.

The feed 26 enters the cell through the inlet 27 located close to the
anode 4 end. When there are two outlets 8 and 9, the flow 26 will be split into
the stream used for the removal of ions {(arrows FI3) and the stream to rinse the
anode (arrows Fl4). The stream FI3 used for the removal of ions turns in the
direction normal to electrodes 4 and 5 and flows from the anode 4 end to the
cathode 5 end (from right to left in Figure 7), is hydrodynamically restricted by

the bipolar membrane 17 and outflows by the outlet 9.
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direction normal to electrodes 4 and 5 and flows from
the cathode 5 to the anode 4 (fromleft to right in
Figure 6), is hydrodynam cally restricted by the

bi pol ar menbrane 17 and outflais by the outlet 28. 25
The feed 26 enters the cell through the inlet 27

| ocat ed close to the anode 4 end. Wen there are two

outlets ’Iﬂe cg %‘?Q‘of ld%%rﬁ?atwnl hs@§ SiAtiohn- éiﬂh%nf;brﬁatenal 2¢

Sstream use € renova I ons arrovvs 171
hhe =8t aiamexohanges endtadal 2asdparaded bydthe bipolammembrane 17 for

Bl St e S 48 15,7
fiﬁ?ct@ﬂ%rfﬂeﬁ&ﬂ‘rérﬂ tbhﬂ\éele%%hﬁgﬁ%tfﬁne@fdiohfsf PEIdel 8t naterials,

In Figure 7), is hydrodynamcally restricted by
whereathmhwrodmmnmf@mspbﬁmg dngide @tﬁprbgattqmeccampa@megts 39 and

Th| deV|ce 37.for, dei on
3 ied e p Tl R s, G oo 6 9146 benind the
grtibiald s 5@1@?%&@ d\n@Velbbﬁoﬁlcbﬁﬂactm@m‘atam (ridt ifustrated).
el ectrochem cal enhanced wat er d| ssoci ati on

flow (FI &CCqu@J ¢ thg reentencdmifiaw clg rtBFﬂqu'b\A{P]Eh eOUtﬁat 8 is
%ggl‘rféetéﬁ h'ﬂgg% 9%&8”1 Sofarfdolﬂf)l il 148nrigh tﬁlﬁtcﬁftig?lﬁ is Yegulated by a

odyna ow splittrn
gsiyem@i3zat i on conpartnents 39 and 38 is used to ri nse

the flo throu h el ectrodes, the spac or, 16 behi
the ele g}r eipRizaHonis) {fep]c? épetgter%q:guence of flow

?%’%@HFH F@Iug@a%e Wh%h? (0Tedd fidwistlaash f:rsﬁ%ﬁ?h RHe tc@mpartment

e 1 nven l'ow 12 through the outle
8@ guithatativnbyxchange yeatedial 2ndnd leer thyaugh thé, p@ln@ﬁrtm@t 39 filled

oyrlet 13 | at 10 I 23,

b st e e R 2R Aot S9uEfie B allmdrBhis unere the

fée@Wﬂow ?)%%gés | first @60 thuh @6 Aendreedof haty ahfoPrs%change
first through the conpart nment wi th cation-exchange

materialapa 2an@ntmanhéhrquﬁho¢rgm ¢qmp@ram@at t$fenwitizocatign- @éphange

g‘ai%nag S|u8| @C‘%@ﬁ‘ﬂ’ﬁ‘eﬁ%@@ & 2l [eﬁ?%rv@eé%tz%g qlsrﬁ@f'bs& 27-9-1-

L& reegind Be Rchtebetd@eniths caticbd amdhamget 7.

material 2a and then through the co tment 38 wi
cati on- e&@%ﬁﬁgémmém%@nz&"muﬂﬁuﬁﬁn?%{)I BWHQS%%ﬁFeEQ?ét one,

g{eg)%ﬂ%?? SdRd H&thfd %d}{’@g%bﬁ a?atéd 4fomt Egde:onization

bel ng oca out et 9 and
carhparihenfbgta duid-tightdomexahange (membranwand d‘taefd)g its own inlet

SR PRRTN, (W8 SYHPLCE oPREES MBS R GAtERon ©
ﬁgc.pﬁét %@o&%gftof {HY fivehadh, 9 <Prsiimaat eebrtepreblide the
rinsing by the second stream Thus in this case the electrode is rinsed twice by
its two sides: the electrode compartment side and the deionization compartment
side.

in such a case a dense (without holes or pores) ion-exchange
membrane is used to separate an electrode compartment from the deionization
compartment. A part of the product or feed stream, the rinse of other electrode
compartment, as well as other liquid(s), can be used to rinse such separated

electrode compartment.
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and optionally its own outlet for separated rinsing
stream According to the invention, this enbodi nent
does not preclude the rinsing by the second stream
Thus in this case the electr@®e is rinsed twice by 25
its two sides: the el ectrode conpartnent side and the
dei oni zati on conpartnent side. In such a case a dense

(vi t houtys haliGsqOtndA8sd 6K 3 HBNBBoIAFBABIIENS Tan also be

used to separate an ectrode conpartnent fromthe
nﬂmenhlsepanabeiy, mxsnmntheraame Arprmiplesfoft hyadrpdwuamc dow splitting
feed stream ot her, el ectrod

iB5Ki54 CREIRPHMETAHTO SN R R e P AR rag BT . 3t jogepxchange
@%n’ﬂirﬁﬁ@ éH%tr@]eQaééﬁa?Qtelﬁlf&ﬂcbﬁ%rﬁﬁémafﬁdméﬁam@é thkf bipolar

esire the space close to the bipolar nenbrane can
mbmbraner1hsmyléelpavatallynlteﬂs|pegma¢éetéla% ad ibup| allow some

of .hydr mc. fI it

eSS BeBaBBlor e, A 18 SRR LR i 2
lﬁﬁjm{eaa@mﬁgﬂmm file@ \nﬁﬂ?io.a:ﬁ alrethys tase someaot these. cdﬁbammanons
exanpl e the bipolar 5 nenbrane 17 could have a lim

Q&Bﬂfﬂmﬁm@?ﬁ'vlw pipduchdd - ala GVeitethiss dREaPRaLSt ?9}?&99% to the
@kgﬁ?t fe | néngé tﬂ méJ%%nf\ n{—,\nt?lf f.ﬁ%&%ﬁﬁ tcefri 'Hee‘i"msed using

e conp ed wt this
maﬁedmmzcoﬂowhsplatnmmlmnutamﬂ ovith ano@nelemxamge menubrene or

d
{501 it SHEHINGh GOTmPaTirect AmPlaTeRt SHPMALRE i, AN onighphange
rﬂ@n{drﬁﬁgdlfué's%%ail&ehé’&hﬁgﬂﬁéﬁl Cad]éééﬁt 38! 1het blﬁﬂla\’M fepvirane is

th an 1 on-exchange nenbrane, usi ng
wsktﬁ un shaalid beﬁpledtwﬁnan@m—euehqnwpmtemaioadoqc@m to the anion-

S 3FaBOR R BB oo 08 20 SRRl socon

e thé ! bﬁﬁbﬁﬁ’ekéh%eaﬂh%\— efc 'b%tﬂér n’mbﬁfbréhe adiagenhet mvention

t he ani on- exchange Iager of bi pol ar nmenbrane or by a
@mqnmamsr@ia@éhﬁmw phiomexehasnge menlrange for separation of an

GRS SHBARRE B E e Mp RO EE R B0l iahDane.

menbr anescdopdingapahatinvntioh, agueolisgblutide stmmlbetmeen the 1%
or a conpartnent close to the bi oI ar

anst #helidng dte@rtm@thrhﬁemaatmerﬁq agbgets (ﬂrai?b GroQifignps well as
%M@Pﬁhd@% %n ﬁSﬂléJ‘Se =& | frfﬂ‘aﬁ"& Q1% GRABRAOr MR& finsing of

aqueous pro as we 20 anot her
éewnal@dseleeandecwmmmehﬁs udri d:mmpdrtmnpsaradjanermmathe bipolar

BEbRRAHHDEN SHOUA AhaE S BELATAtD the bi pol ar

A preferable sequence for the flow through the deionization
compartments in series must be defined considering the type of contaminations.
For typical contaminants of natural or treated (for example by reverse osmosis)
natural water, the sequence of liquid flowing first through the compartment filled
with cation-exchange material and then flowing through the compartment filied
with anion-exchange material is usually advantageous, but is not limited thereto.

The methods and devices of the invention are advantageous in term
of high current efficiency, high buffering capacity, excellent deionization
performance, simple construction and low material cost. They should be most
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menbrane with an external inlet and an external

outlet. A preferable sequence for the flow through the
dei oni zati on conpartnents in series nmust be defined
considering the type of cont@® nations. 25 For

typi cal contam nants of natural or treated (for

exarrpl e by reverse osrm3|s) natural water, the

H:‘?aB E *Ji ﬁ"Hlt%df fi8ef of Shdil éé‘l’cghlrﬁ@ﬁsmns and flow rates
npar cation-exchange naterial and

pﬂe;eerablywﬂmg SOHI/b,nghmDFEEpDefﬁ[mﬂy 05— bill/lhed with
o S TR S it SN el e
éﬁ@fﬁam@afi ?ﬁ%l%@uﬁ@%@@@@ﬁ@n' Thia€ ies Addtidial features, such

current Iciency, high buffering capacity, excellent
aeitbai pmsubamy tpecreatarancerigisahBDe desigst farict idayicgn dl heygeneral

teri.al shoul d. b 3

o6 el ey e piebBceiop e Praced g BRLIC RBKT ofi and 1o
fdcBlndat &ﬁng@ﬁﬁ%ﬂf(@b'bbmée@ the Hlettrddemyrtonprogide the liquid flow
pr ef er abl L/ h. The devices of the invention

dirgcated cg@n@r@urrynt foothetqleetrarnigRalioryPHIPBS. and- frane or
spiral uch EJ éj(fﬁk%losy @Ipq tgl?é(téa el td QR3S permeate of

features to créate an
I@Vegﬁm@émaﬁsd@@m@‘mmﬁnnard[tmflmnofﬁhe general design is

t limted to pl | ip
cach of HIe BAACRIS Of dbe TPHHGHs 2BhBaV RS e BisRabivention
COunfde?&hﬁ@?&nlct&la?Le?ﬂn%bq@%oHMeﬁtJ ﬂ@i’ﬁ adbdISENigdd can be

F-current el ectrom gration of ions.
é’gmledamotl ordyital aameduaselé@e:dytessqdmtﬂmsr. dat adsontx selutieng in other
nanofiltration or

E?F va&s&r-l%ﬁh ZWWC? Y& %IP’%’(PHS met hods and

devi ces ﬁfthbh:&s%r 8’r5%¥er7ﬁb"(§f§dl@éht HB@SHek Ghe QIAMGDIE Bithe ionic
or/and ioni zabl e conponents from a pol ar |IQ(]UId can be

famﬂpoeﬂnsnsxmalenltq that @fqaqm%s@@tlom yitee thellectrrhenygal water

Ilsrtg}q ?glrp %é(ﬁogtslﬁpnedﬁ%qﬁeess&o hgﬁ? %ﬂ%cﬁ%ﬁ@%@ra?@, d&Kerating H*

A OH REkaToFele¢bEhSMItall Fseridhation bhan idreeréhdrye material and
lonic transport is simlar to that of aqueous

fop pyehangs with éons iemdiasdd.r ocheni cal water splitting
takes plpee kﬂbwhhﬁla?lﬁ‘fﬁétlzdwﬁﬁ&@él %ﬁ]ltﬁﬁ Bighépolar solvents is

menbr ane, ‘genérati ng
;ﬁﬁsﬁtﬁlé(aﬂwmtnﬁiesr@gmnartﬂqboianrrm‘mtamneom e>¢mbalagmembrane some

e A gRen ol sPhE B A il B e 4ot et fons.
%%%lrogfé’lw %ng? qé’%gﬁﬂbmtg I-Z'ﬁ aﬁgng?{gggﬁr?o%c' ForRexample, the
spllttlng of methanol inside a bipolar membrane generates H' and CH3;O
(methoxide) ions. Generated ions can migrate into an ion-exchange material
and can be used for the ion-exchange with ions to be removed from the liquid
stream. Nevertheless, to simplify the explanations, the illustrations used in the
present description are based on the use of aqueous solutions, i.e. water with
ionic or ionizable contaminants, with H* orfand OH ions as products of
electrochemical water splitting being used for electrochemical regeneration of

ion-exchange material.
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organic acids may be split by an electric field into
H+ and carboxyl ate ions, sone of al cohols may be
split into H+ and late ions, etc. For exanple, the
splitting of nethanol inside24 bipolar nenbrane
generates H+ and CH30 25 (nethoxide) ions. Cenerated
ions can mgrate into an ion-exchange material and
can be used for the ion-exejg(jggWith ions to be
renoved fromthe liquid strearmm Nevertheless, to

sinmplify the explanations, the illustrations used in

the present description are based on the use of

aqueous solutions, i.e. water with ionic_ or ionizable,
cordt ami Mathed foi the remeyal Hf dorgfrompApokar 'gﬂ%&gﬁcwpﬂsmg at

30 el ecﬁc-f(]a%‘f%ﬁgip‘?géeé%ﬁére?rpl itting being used for

el ectrochem cal” regeneration of ion-exchange

nat er & alSai@ poldelliuids( 10) ivBsphiothtd ar fitdtstreano(fd ; &11,i EIBE and a
froma polar liquid 1%13 cSn}Jri sing at 5 |east one

process SRR sHear:(Fa: fid.dar4)i quid (10) is split into

a first streamif Fk .« R 1 .a a c r

(F2; F12, {3133,"9 o fiust, (tfearh, %ﬁe@n’( Fﬁ'??F%gS@?sﬁﬁ Rugh an
passi ng t hr ogdgctamhenticailyr cedenerahiel ipnrexphasgabmaterial (2; 2c,
I on- exchange _mat eri al . 2C 0.2a),. | ocat ed er.e. an
eloctric fieldicoags }(’Vﬁ'ﬁf%ém@i‘?fﬁi'w‘eéﬁ?é&?%‘dé@ piteen two
5), said fi r%ﬁec‘iltdd%mdfg@); shidlfirstsfrbafd @v;n@11f F@Y flowig from
of the electrodes (4; 5) to the other of the

el ectrodes (®neqf the elediedestd; Biastheootber phifipvelgctrodes (5; 4)

Tl ot br ough So4ngt 088 b Betetiayed midHie i thb b8BT reverse
2a), 0 Said $seReGrsttdtem fibdi thrbdgh Bhid) ionréxthiange Saatdrial (2;

one of the electrodes (4; 5) or an ion-exchange
menbrane (17@Cplaked between the el ectrodes (4; 5),

and said nateri .S r r de=fy i i
are formed at%% géegtbﬁgr&g%ﬁo?ﬁ?hzéélﬂggr%@eég( ;[&L’Sne of the
or at said i efesrodesn@e Sieobaanien{ekthange riveinboahe (17) placed

according to the precedin | ai m_.wherein the second
stream (F2, betweern ?'eF&ﬂé%%(‘g]r@' 31t he el ectrodes

4; 5 . i ng . i al .
g\n d/ o)r t%ﬁ}dg@%ﬁéi%i'SdfeQ%@%ﬁtggeﬁth%g?gggﬁ@ 8 foRed at the other
of the electrodes (5; 4) or at said ion-exchange membrane (17).

2. Method according to the preceding claim, wherein the second stream
(F2, F'2; FI2), rinses one of the electrodes (4; 5) by passing
tangentially to said electrode and/or through said electrode, preferably

through the electrode.

3. Method according to the preceding claim wherein a third stream (F3,
F'3, Fl4) rinses the other of the electrodes (5; 4) by passing
tangentially to said electrode and/or through said electrode, preferably

through the electrode.

4. Method according to one of the preceding claims, wherein at least
one of the streams (F'2; F'3) used to rinse one of the electrodes (4, 5)
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25 through the electrode. 3- Method according to the
precedi ng claimwherein a third stream (F3, F 3, Fl4)
rinses the other of the electrodes (5; 4) by passing
tangentially to said el ectrodb and/ or through said

el ectrode, preferably 30 through the el ectrode. 4.

Met hod according to one of the preceding clains,

wher ei n n e

o i nadassef Soup"s orbie (67 36F pelfué plstlq Wabniialy t
t hr ough aadfeethroagh sa3d elEsirodef ore passing tangential ly
to and/or through said electrode. 5. Method according
to one of the preceding clains, wherein 5 - two said
Pr @CESSRRtAbE a%é@:‘éhrﬁ{f"fo b of ﬁ{@ﬁlﬁeﬁgd P'cﬂ’éimsa%erean
cations, respectively by the neans o
electrochen1cally regenerable ani on- exchange nateri al

(2a) ang an el ectrochemn ca re a
exchanggwﬂeﬁaéql PR, 3'5183%) &%gﬁ%ﬁz‘f}&n& %'% and gations,
source pbspRiIQBK R iHeomehhs @'ﬁlaﬂréle@tF@bHdmlcaw rsyamerabie anion-
(17), respectivély for the anion-exchange nmateria

(2a) an@xebange matedali (3a) @%ér@hgbeCHﬁ@B@maa"{/zegen%{ﬁéle cation-
d. 6. f th di
crai s SR TRESME A Y o (1L, 12 G4y s

regul at mbdns ford prodiding & saties ofenegenératingeObt” earsome and H'
drops in at

st r eans cafiqns ‘(3117 o %g;cttvelggr\r,qﬁ Q{Tflyg-eglgllzfénggltﬂ%g%'naq £23) and for
for t he e pmial-e0bnd RRSMEIANE f26lPbAE ubdeiui d 20 (10)

in which't evil ce nprises at’ | east one housing
(21, 22, 24, 20, 25) contal ni ng at | east one

o o cDlthed Biicotiibads aa A, Ph R prcesiing g’ Wherein the
d' ffer eﬂ&w@”ﬁtﬁgqfﬂt he, qﬁ,Y'z§‘?eél§18teoGSy r@@roé%ﬁ:an%)adjustment of

wherein ctrochem cal |l y regenerabl e ion-exchange

mat er i akthg preszare degps in aijepslaensl Mefarakly inadl, outgoing streams

el ectro? 1423))and the counter-electrode (5,4), the

housi ng ﬁz : f 24, 20, 25) conprising one inlet (7,

27) for an entering liquid flow (10), said inlet (7,

27) being | ocated at the
Device (32, 34, 35 36 37) for the removal of ions from a polar liquid
(10) in which the device comprises at least one housing (21, 22, 24,
20, 25) containing at least one compartment (38, 39) and in which an
electrode (4,5) and a counter-electrode (5,4) are located at two
different ends of the device (32, 34, 35, 36, 37), wherein an
electrochemically regenerable ion-exchange material (2, 2a, 2¢) is
placed between the electrode (4,5) and the counter-electrode (5,4),
the housing (21, 22, 24, 20, 25) comprising one iniet (7, 27) for an
entering liquid flow (10), said inlet (7, 27) being located at the
electrode (4,5) end of the device, and an outlet (9, 28) for a deionized
liquid (11), said outlet (9, 28) being located at the counter-electrode
(5,4) end of the device or optionally at an ion-exchange membrane
(17) end of the device, said ion-exchange membrane (17) being

placed between the electrodes (4; 5), the device (32, 34, 35, 36, 37)
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el ectrode (4,5) end of the device, and an outlet (9,
28) for a deionized liquid (11), said outlet (9, 28)
being | ocated at the counter-el ectrode 30 (5,4) end of
the device or optionally at &® i on-exchange nenbrane
(17) end of the device, said ion-exchange nenbrane
(17) being placed between the electrodes (4; 5), the

device bty Mardiputh sty SR ReL 2108l o) o

the ent @phtlttgglthqwxdeﬁh@vuc(uw)‘loammmnamdwm thaﬁetmaressat least a

inse ¢ RECTILAUIBHIS. (1) By 4 Thuiblsdt to sk 1Bt Siptfode (4. 5),

13) bei ngid Q%\%@O@Gtt(?eﬁ Eélhbqgéatéﬂ at3he %'Iébtl@cde @, 5) end of
I ce.

t he dev according to the
precedi ne dedicey wherei n the deV|ce (34, 36)
conprises a third outlet (13) for a liquid used to
rinse the counter-electrode (5, 4) or the

5 excimge Rk 6?%%06@7&@ to thel PrevediaRntiain; awﬁetehm itide device

outI et (13) being [ocated at the counter-electro

(5) end {34, BBbcamprises @ third oHlet Gri)is f?ahgléldn%ﬁ‘ﬁﬁ i dinse the

17) end _of |c

'(37) ) acc&PHP% etlgdgo?é 35 tlﬁe ey ‘c’fl‘l nzor{iégch%fge ﬁ gﬁﬁane (7).
the hOU?iré@r(tZQaidZtﬁlrd%tleZm3)25birrgolmates;ieat ﬁmnsumtﬁ')electrode
for providing a source of OFE‘? i ons _def.i ni g( f
two combak eRe@f dhe sievicesgy af wﬁh@qurée? 17)end o
each conpapLyrat (38, 39) being such that it

conprises neans for splitting the entering liquid flow
(10, 26), an outlet (9, 28) for a deionized liquid

(1%,)19 u§2 qa\l!?pctler ﬂ%oé{% hgé'eéé’cprg E&rﬂn?zq?ég olne of ﬂw.( c?eilms 7 or 8,
count er yHefSHh" dehodsing 121 022t ba, PON 26X ChnijsiscEBmBRABY17) for

(17), if present, pl connecting the inlet

Di
(27)" of punddipg® Sarobios Gt Hirisnadgtining comman@aents (38,

(25) o a0 R A9 cEEATBRh iy, £, 1) bon such

clai ms ‘thdtat Qonfp@lﬁéélrﬁeétgs fmamztt(rﬂgsthel@nteaag ImuidJﬂbwd(‘lO 26),
downstreamthe outlets (8 13, 265} of the device

(32, 34an3Bitiesed, 2§7))fon=erdeém}s@gd liggidd, 26\apcbag QaHet(13, 8) for

resi stanc e
(15 o138 @%ﬁé I(‘iE 1971644 89 vk h8Be@RStid B 11 bBGRERA electrode
(5, 4) or the lon-exchange membrane (17), if present, a piping (30)
connecting the inlet (27) of one (39) of the compartments with the

outlet (28) of the other (38) of the compartments.

10. Device (32, 34, 35, 36, 37) according to any one of claims 7 to 9
comprising means (18, 19, 23) situated downstream the outlets (8, 9,
13, 26) of the device (32, 34, 35, 36, 37) for adjusting the
hydrodynamic resistance of the entering (10, 26) and the outgoing
(12, 11, 14) liquid flows.

11. Device (37) according fo any one of claims 7 to 10 wherein, the
compartment (38) being defined in the sense perpendicular to the



30 11. Device (37) according to any one of clainms 7 to

10 wherein, the conpartnent (38) being defined in the

sense perpendicular to the 27 electrodes by at | east

one wall (25) in contact witi2the electrochemcally

regener abl e i on-exchange material (2c), said device

(37) is characterized in that said wall (43) is

corruga ?éi:trl e@t %ﬁaﬁf ROt Rkl - whll ef(rgfv)abine éérlltactofw:th the

its sur ace aC| ng said 1on- exchange terral 5 (2c).
electrochemically regenerable ion-exchange material (2c), said device

(37) is characterized in that said wall (43) is corrugated in at least one
part, preferable all, of its surface facing said ion-exchange material
(2c).





