1 Electrodeionization method and device with hydrodynamic flow splitting The present invention
pertains to a specialized eiectrodeionization (EDI) method and device. Such methods and devices are
employed for the production of a deionized liquid from a liquid feed stream. In this patent
application "deionized" means "de-anionized”, "de-5 cétionized", or "completely deionized" (that is to
say de-anionized and decationized). Continuous electrodeionization, or just electrodeionization

(EDI) is known in the ilectpodeionizationsmethod andodenice withuids, such

as water, using electrically active media and an electric 10 potential difference to influence ion

transport. EDI relates currently toly ]qiajﬁlﬁrczﬂlwgpm“ main principle, he. the

use of a mixed bed ion-exchange ré&sin in the diluate compartment’of an elettrodialysis stack was
commercialized by Millipore Corporation in 1987. In one of the first inventions concerning EDI, not only

a mixed bed in the 16 diale somagrteDhH RloRARKET o) apatonAishaRaRdasiBARARA

anion-exchange resin aligned with flow direction and directed normally to the electric field (parallel to

the ion-exchatife/Ineratiedcancodanisimafig yseshsndauans siaiersl dith emselprswkiPaibiirected
normally to the-flayy-aes dringSioniel Aeiaions2R[G @ '1Bed sramyent reverse junctions, presentin

the mixed bed, 20 and thus, improve deionization performance, The clusters or layers of ion-exchange
resins provide a migratidfi J&if foRiegERIBkA RS deigpiard reBiRa RSy cARTaMRNiFRAabiE® remove
ions fromsfeeqyypieh LeMpares iRkl RN Pediplisierss ehlpynseshRadsdirvmdeateased the

electrical resistance of the diluate compartment and improved the deionization performance,
25especially F@jﬁ?ﬂiﬁ@dheakly dissociated electrolytes.  The use of cation-exchange resin and

anion-exchange resin inGoRRIGRIY ABRIRIGSIHIRRITFO TR fiReBIS cRIRsSIBRNaMisR I Ry eRerated in

a continuous mode, is also known. In certain schemes, the feed aqueous solution flows through the

cation-exchalGOYEEiN e oA RCRIPERSEMNISBATRMRYRS nnizsd tRE{IEBIA- $8RS BRoduced
for example i g HEGHRIGIRACUANBIRLISESING" ERESRRANPZOIVESIRdA and an electric

10 potential difference to influence ion transport. EDI relates currently to standard
water deionization techniques. Its main principle, i.e. the use of a mixed bed
ion-exchange resin in the diluate compartment of an electrodialysis stack was
commercialized by Millipore Corporation in 1987.

In one of the first inventions concerning EDI, not only a mixed bed in the

15 diluate compartment, but also layers of a cation-exchange resin and an anion-
exchange resin aligned with flow direction and directed normally to the electric
field (parallel to the ion-exchange membranes), or alternating layers or clusters
aligned with electric field and directed normally to the flow are claimed. Such
orientations were aimed to prevent reverse junctions, present in the mixed bed,

20 and thus, improve deionization 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,

25 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

30 and the H® and OH ions produced for example in the electrode reactions are

used for regeneration of resins.



In known methods of EDI and related devices with electrochemical regeneration of ion-exchange
material the liquid flow is fed in and streams out of every compartment separately or is distributed
between the parallel compartments of a module through the common collector placed outside the 5
compartments. Typical liquid used as feed is pre-treatéd water, such as reverse osmosis permeate.
In commercial EDI devices the general flow direction of the liquid is tangential to the surface of an
ion-exchange membrane or an electrode. However some disclosures deal with devices where the

general flow directiorifofimwie negitodscohpiidyasdp seliadngeviaas Wil pigstreshasigabes,
such as in US Hé%QHFF%?Q(?HH}&:EQQ&@%&@%QE%@ W@%P@I@(Q%g%‘@%bn and drigesldata

schematic repreSentation of a device 100 disclosed in the prior art, namely based on Figure 6 of the

US patent applit a@¥ArZ0GMRTiognt sseragaisbe 000 is (distiied Balwesrvr it omreai®cations
from a water s '@a?ﬁ’ﬂé?‘lfg'? CONHBNBNRBIIT B SEHRRSH TESIEBME HERE§ORGSIgLtR0USING
0

comprising a cathode 111 and an anode 109. The cathode 111 is electrically connected to a (-) side
113 of a generceBipIRmantsdd YDIoH inuid sy asrieesds Reest(paled WeIes: SUsbBPIRYCIRS electric
20 field is geng g%\gﬁﬁgé@ electrodes 111 and 109. The housing contains five compartments,
which are: a cathode compartment 110, a cation depletion compartment 102, a central anion and

cation depletion comparaermansiaaFRhigs\depretbn asnplinfiay Wiregiamehibadg9ifpistment
108. Those copppasinmantsol 1Re 182-hed. L91ando8aierrydtinnadraieside th haesirgdey two

cation-exchangg} membranes 106 and 107, and two anion-exchange membranes 105 and 104, The

cation-exchanfiowRYabaamRe dis cRswetdeal wihdeyinpavhere 1he aengieliloy firectiamat 111
The aniofyexchNGEUIREE BRNBIARyCSS S MR RRAN SO RABNREhEES P drogas thedmede 109.

The central anion and cation depletion compartment 103 is 30 partitioned by the cation-exchange

membrane 10iNdASRAtRMAPSLERLINS domBARABAT 3693 R HE 13;99% 3#9%change membrane

105 on the anion depletigngg@RaTeREASMSIE répresentBiib s asion depledoroooaEIbseeninl 02 is
homogeneousléqj‘:lled with a cation-exchange resin, which retains the cations of the l‘%r%id flow passing

through it. TheR@idTIRE pRItioNEEARPArRRSEAL Nis HEMEgheBlisH %l dPwiRRIEN L AR ISRHR M ge

resin which retaipgigeaigas of the liquid flow passing 5 through it. The anion-exchange resin and the
cation-exchange resin are continuougllé regenerated. The central anion and cation_depletion
I.

compartient 103 is heteldeAB¥GS 1R0fiRSRAY thigdgHOy o ANCASAEGRUNSHERBL 3esin. In
this central cogppritmgrsakA3 dbataIArdCIhaiiianiafidpgs RD-chttien The device 100

consists of a housing comprising a cathode 111 and an anode 109. The
cathode 111 is electrically connected to a (-) side 113 of a generator. The
anode 109 is electrically connected to a (+) side 112 of a generator. An electric
20 field is generated between the electrodes 111 and 109. The housing contains
five compartments, which are: a cathode compartment 110, a cation depletion
compartment 102, a central anion and cation depletion compartment 103, an
anion depletion compartment 101 and an anode compartment 108.
Those compartments 110, 102, 103, 101 and 108 are partitioned
25 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
30 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.



10 further as H+) and hydroxide ions OK occurs. OH" migrates through the anion-exchange
membrane 105 into the anion depletion compartment 101 in which it regenerates the anion-exchange
resin by replacing the anions captured from the flow, which migrate towards the anode 109. W
migrates through the cation-exchange membrane 107into the cation depletion compartment 102 in
which it 15 regenerates the cation-exchange resin by replacing the cations captured from the flow,
which migrate towards the cathode 111. An electrode rinse stream 122 enters the anode

compartment 108, moved hengriitalder eiornpempadmaiid Batiiarmeaenrossiy sitleshyibeatly on
the same S'dec%iig?ﬁéfi@{a‘?‘rﬁ?r?@@n%l\ﬁmw RUsHE K8 Qflé\tﬁéﬁéh%f?%ﬂ@%lﬁ@ GRMPERRAG 110,

moves tangentially to the cathode 111, and outflows in an electrode rinse stream 121 apparently on

the same sidetbrptighiileTbesaaion desleting KompRyHRM hletsrdiamegrnepyaaiiec wilihich
enters in the wgﬂs&@enéaw%wmeﬁ FIASARD SNSRI eRNIRfURKFRNGRSSIN

membrane 104. The water stream 101 flows countercurrently to the migration of the anions. The anion
depleted watethrasdutitowkhey aRiBNRXEIRPEE] E5H ©BNfe BSiortihexsRaRemREHR @S and
further enters &gﬁﬁ&gg%@p&%p&g@artment 102 close to the cation-exchange membrane 106. This
anion depleted water 115 flows countercurrently to the migration of the cations. Thus 30 an anion and

cation depleted water 118RSutfRAMBY Anianie A&t b s8R I8HORatAMPRTNEEE MO%biSne 107.
This anion ang caligp&tRiaed waimied WiflPy sl gl dher AN haastCaliRseRippIy € aatIAI Iment

103 tangentially to . .

In this central compartment 103 the production of hydronium ions H3O™ (written

10  further as H") and hydroxide ions OH" occurs. OH™ migrates through the anion-
exchange membrane 105 into the anion depletion compartment 101 in which it
regenerates the anion-exchange resin by replacing the anions captured from
the flow, which migrate towards the anode 109. H* migrates through the cation-
exchange membrane 107 into the cation depletion compartment 102 in which it

15 regenerates the cation-exchange resin by replacing the cations captured from
the flow, which migrate towards the cathode 111.

An electrode rinse stream 122 enters the anode compartment 108,
moves tangentially to the anode 109, and outflows in a stream 120 apparently
on the same side as the inlet of stream 114. The stream 120 enters the cathode

20 compartment 110, moves tangentially to the cathode 111, and outflows in an
electrode rinse stream 121 apparently on the same side as the inlet of stream
115.
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
25 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
30 an anion and cation depleted water 116 outflows by an outlet situated close to
the cation-exchange membrane 107. This anion and cation depleted water 116

flows through the anion and cation depletion compartment 103 tangentially to



4 the ion-exchange membranes 105 and 107, and completely deionized product water 117 leaves the
device 100. A device with flow direction normal to the electrodes, i.e. directed countercurrently
to the migration of counter-ions is claimed to have higher 5 current efficiency and could result in better
deionization performance advantageously to EDI deviftes with flow tangential to the ion-exchange
membranes and normal to the electric field. Generally the prior art disclosures of EDI devices
with liquid flow directed normal to the surface of electrodes have the following "drawbacks", 10 which

may be mitigatbe: iampehaaass rentyapestHER BN A pravtsammieishhdrienized Rigeugind at
least two sepajate feprind SIRAMS dVG:EO/ gionization and one for rinsing concentrate, e.g.

electrode, compartments. Thus, the device 100 as described above is 15 relatively complex because

it requires four ion-exchafigéaviemmiheBarriiiestice compatinche wigrtedetelRediBdeE devices
using the boumﬂtéﬁw'?&w;ﬁd%sxm@%we@ttsauﬁtémbﬂge 18 SHEimBEP \islerRies thaigihaimically

enhanced water dissociation the intensity of H+ and Ohl- 20 generation at a given potential difference

is dependent SR bropERiRRCY b meesHiRIs esHIbn ithe RelRice dgionBatiRNcoPRAIAHARER N them,
which can stroagghs RI¥¥IRIFORSIItERt- devices with tTRWEAGSHIC (8 VaTee ibhaiiaRgaveen the

beads 25reduces efficiency and ability of ion removal, Therefore there is still a need for a simple,
efficient and cOXBREFHOS 2115 @@UI?}%}. tadbsr8lRgHiGfilddvantageously the present invention

discloses methods and dgWrgRARALARAY, ASEISRS REESURY CoP! TS iguiasedisRASAELANOYEW30IN
addition to the method and device used for remaval of anions or cations, a method and a devjce for

complete deioflitRgi6d dTUM@itPateeyeriaes ff tﬁ@%ﬁ%’,ﬁﬁ)ﬁ%ﬁiéﬁ%tfﬁge"éil‘égtr‘péﬁ%%ﬁ’/’
regenerg@d iQPhich may be mitigated:

o Unit contains few compartments, each provided with own inlet
and outlet, and at least two separate feeding streams, one for
deionization and one for rinsing concentrate, e.g. electrode,
compartments. Thus, the device 100 as described above is

15 relatively complex because it requires four ion-exchange
membranes defining five compartments within the device.

o In the devices using the boundary between the ion-exchange
membrane and the resin to provide -electrochemically
enhanced water dissociation the intensity of H* and OH

20 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

25 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.

30 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-



5 exchange material and a bipolar membrane as source of Fr and OH- ions, providing liquid flow
directed counter-current to the electromigration of ions in the ion-exchange material. In the present
invention a new flow distribution method is disclosed, wherein the liquid stream is split inside the
compartment 5 itself into a first stream used for the ioRs removal and a second concentrate stream
used to rinse removed ions. The flow rates in the streams are preferably regulated by hydrodynamic
adjustment of the pressure drops in the outgoing streams. The invention results in more simple
construction ot¥ehaegianaiarial aandieribirelandnembiang fessoigiceehihganfeRbraiessrequired

to 10 Separatipgrg%@agrﬂgpb@ﬁmﬂr@%eﬂ&%ruﬁ?é/raem %etﬁehaaeﬁd@wmmyﬁ%hime

present inven sC below. The invention discloses a method for the removal of ions

from a polar lied ohexesiagas 1ewesak Jrodbes prsAnh: iatinaai ey idlepiditbibutiestream
and a second SiaARY ié&}s'églgé&!?’m%%m PResiagith Qrsihanselen gekiaRigrl cerasaRrabie

lon-exchange material located where an electric field is applied between two electrodes, said first

stream fidwingtaeinintee affirsé sleeamdusad dos JaseiosriesroaRd S IREPNE $9RSEHFRIemoved
migrate in the girechoNdeysESRASIMEMATER! RIFRamHoNnohRIER fRifdosaxrhaRes praerahpSaid

second stream, rinsing said one of the electrodes or an ion- exchange membrane placed between the

electrodes, anteguiatehieyidiveredruriteadiysHusoh SivHien RIRSTIIR R Thid Jiffe rtanng
electrodes or a4, 3aithIONrRXARBARINSGERIAS Gn TROCQIRIPR: tedherlraoHT. hridiBststerrMlowing

from one of the electrodes to the other of the electrodes can be stopped by an ion-exchange

membrane, foRefa@ipliath SHYEIS mémBIANET bISWRY e FROGHEISRRRENGS cfigused to
Accordingto the inysfiops ApiphREaNTRGREMBFRNe deae @A arirs-exsiiaveg mambrane
or a cation-exchange membrane or a bipolar membrane. Preferably the ion-exchange membrane is a
bipolar memb@grerdance with the present invention as described below.
The invention discloses a method for the removal of ions from a polar
liquid comprising at least one process wherein:
- Said polar liquid is split into a first stream and a second stream,

15 o Said first stream passing through an electrochemically
regenerable ion-exchange material located where an electric
field is applied between two electrodes, said first stream flowing
from one of the electrodes to the other of the electrodes so that
the ions to be removed migrate in the direction reverse to the

20 first stream flow through said ion-exchange material,

o) Said second stream, rinsing said one of the electrodes or an ion-
exchange membrane placed between the electrodes, and
- said material is regenerated by the ions which are formed at the other
of the electrodes or at said ion-exchange membrane.

25 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

30 an anion-exchange membrane or a cation-exchange membrane or a bipolar

membrane. Preferably the ion-exchange membrane is a bipolar membrane.



6 "Bipolar membrane" is generally a synthetic non-porous ion-exchange membrane containing
two oppositely charged ion-exchanging layers in contact with each other. According to the
invention, the rinsing of the one of the electrodes is 5 compulsory and the rinsing of the other of the
electrodes, or counter-electrode, is optional. Pr@ferably, the second stream rinses one of the
electrodes by passing tangentially to said electrode and/or through said electrode, preferably through
the electrode. 10In a variant, a third stream rinses the other of the electrodes by passing tangentially to
said electrode and/or thréBiekatid elesibsaeeprdfergisifendyigia thevaltatsdenon-poraiée ordify to a

preferred implemenia 'gnm%wﬁéhe%ﬂ{énﬁﬁfsﬁmam&weﬁsrgg@ WheiestigHasapsres

through a membrane before passing 15 tangentially to and/orthrough said electrode. The membrane
is preferably alftigardgehaifeatdniifgie, which is generally non-porous. The membrane can also be

a porous membrane. s TORIRHiF GISFE iR, APRled Jerlestindescthdiqsodes

can face each other. 20The invention also comprises a method wherein: two said processes are used
for removihg sersnRWser @nshthedipripgefitng atbensiiBaelartrden Pleridaisrelssioddle

anion-exchangg %tgﬁgl and an electrochemically regenerable cation-exchange material, and 25
-means for providing a source of regenerating OK anions and W cations, respectively for the

anion-exchange materialRlisfei@biye dh@osaserhrtieadmeriapereief the elpeliRdgsybihe two
processes arearsipd PHhGURIERP oYl aNsbiReie BERiRsARISNEHVLRIRN AFEaPEaE Bredsriaslput

simultaneously and withina 30unique device.

through the electrode.

10 In a variant, a third stream rinses the other of the electrodes by
passing tangentially to said electrode and/or through said electrode, preferably
through the electrode.

According to a preferred implementation, at least one of the streams
used to rinse one of the electrodes passes through a membrane before passing

16 tangentially to and/or through said electrode. The membrane is preferably an
ion-exchange membrane, which is generally non-porous. The membrane can
also be a porous membrane.

There is an electric field applied between the electrodes. The
electrodes can face each other.

20 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

25 - 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

30 unique device.



7 The method according to the invention can be such that the liquid flow is regulated by
hydrodynamic adjustment of the pressure drops in at least one, preferably in all, outgoing streams.
The outgoing streams are the streams flowing in the outlets, and the 5 entering streams are the
streams flowing in the inlets. The invention also’discloses a device for the removal of ions from a
polar liquid in which the device comprises at least one housing containing at least one compartment

and in which an electrode and a counter-electrode are located at two different ends of the device,
wherein an electrochemiddify metbgdreeaniding ioxtmaripyantesisar prarhdhrdheniosiSctrode

and the countgisRIactiBaRIARGNAY RIS GaMRIRIELARRIMBHIAARE WAL A shifkiet eing

located at the electrode™end of the device,"and an outlet for a deionized liquid, said outlet being located
at the counter@né&spveteeahlydntal, qadgeing spaamly at an ion-exchange membrane end of the

device, said ion- 15 exchpa&,MEBIREREELANY HETRE BRULRS floR/RIGGHAARS @St SaMhd the

ion-exchange membrane being preferably a bipolar membrane, the device being characterized in that
it compris@s neesine gptams aie Birairepiop itPnangdndhs iRlgitere is at least a second outlet for a

liquid used to rinse the elegrads SaithoasaNt QYIS DaintL\REatRst ahiroRiRGEPYR iBRY Abkeslevice.

20 The presence of an ion-exchange membrane is optional. The fact that, optionally, there is an

electrochemicBarefanistdnlxiiabeip Ar)don fermrnascat Herst antbsing oBiRining at
counter-electrpdesidqges BokPREERSAIYABEANRRITER BrietiabEllaseranisinlydhe sorsad aiween the

electrodes. This material generally fills a zone between the electrodes, for example a zone 25

comprised betRgatednatote: differeiesara 4f idiecdirRe WSrBRa RN ot RetashgaIG e

electrode, Th"eé@ﬁérﬁ%%ﬁh&éﬁéﬁﬁé’%ﬁ@r@l a8lyReadt Bbiveen theCaisiniade thadnuaation, the
inlet and the second outlet located at the electrode end are close to each other in the zone formed by

the electrode SOWHEMAGEBRG IREIDBUSING SAHTRSISIRG Q0P tilesFRYr 2RnRNME UG iNdidelo in terms

of hydrodynangigdegirieBethgocatedPieinadisdiredicuing epyigesisdhisd@eiebiaia figrig used to
rinse the counter-electrode or the ion-exchange membrane, if present,said third qutlet bei%g located at

the counter-elg@iRstigeshididhsakl putlst hemgilpraled Mg enembigelatrofthed AEd8in a
variant, the deyisgceapraspiiepathaittan hendRereeripembrane end of the device, said ion-

15 exchange membrane being placed between the electrodes, and said ion-
exchange membrane being preferably a bipolar membrane, the device being
characterized in that it comprises means for spiitﬁng the entering liquid flow and
in that there is at least a second outlet for a liquid used to rinse the electrode,
said second outlet being located at the electrode end of the device.

20 The presence of an ion-exchange membrane is optional. The fact
that, optionally, there is an electrochemically regenerable ion-exchange material
placed between the electrode and the counter-electrode, does not necessarily
mean that this material fills completely the space between the electrodes. This
material generally fills a zone beiween the electrodes, for example a zone

25 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

30 end. More preferable they are in front one of the other. This is advantageous in

terms of hydrodynamic resistance.



means for providing a source of OH- and H+ ions defining two compartments inside the housing, each
compartment being such that it comprises means for splitting the entering liquid flow, an outlet for a
delonized liquid and an outlet for a liquid used to rinse the electrode or the counter-electrode or the
ion-exchange 10 membrane, if present, a piping conn@cting the inlet of one of the compartments with
the outlet of the other of the compartments. The hydrodynamic resistance of the device,

corresponding to the difference between the entering and the outgoing liquid flows, is closely linked to
the design of the device. Preteraiy, theaipvientepmprisasvic dirdrordisy 17 & fiidedsidalds such

as valves, capiiaries, 16, HURIGE JRYRSHER 1bR-8XEREEEIRGARIBREOIAHSENLSAE third

hydrodynamic resistance ot the enterlnﬂ and the outgoing liquid flows. n a preferred,

embodiment aedbedihgingtircriashebrihsseuriparledredeisydahtieidavicscRc@bdigelicular to
the electrodezﬁ%ﬁéﬁ@elg@mgﬂéagﬁa epactayibethe electrochemically regenerable ion-exchange
e accordi

material, the device ng to the invention is characterized in that said wall is corrugated in at least

one part, preferable all, dnit@ syafiratfd86 eyt sax PR dhatalPE CEBHFRG (SRR tion,
“corrugated Wﬁéﬁﬁérﬁﬁ(‘iﬁ‘é%&ﬁhéoy%o%ﬁc@ VO TS forep wEnMiHg ke sshpaiheatallel, or

marked with arrays”. This can be Tealized according to different shapes, as known by the ong skilled in

the art. inpidectbadeominge @RSt ERTRATTTREIE HepHIgeSErN kA 4h GOMRHSASI TGREESf beads,
particularly sphefigplPeRASHIBRMAS SHERITHeAteshtis forallddRimzebinhikrdirpan perfectyrfit.

By the packing of spherical beads in a compartment the bulk of closest packed beads, in the center of

the compartmériauishusedfoaringRithe elealinen dbe SoenterelRelRLR CrdNfing-axe g
density glgse (o daenpalofithpaunpatpIBg ThRlE thahbtinidistrmr diasetimpartrhtead

diameter this effect can be considered as negligible. At a distance of only few bead diameter this effect

is more pronokéiuthsRUEeHAE e mhebrf RRFRERRTENBEL flow velocity in the layer, which is close
to the wall and has a thickpgsgwiRipidiale thedraadcbagtetpe iddvaher tonresptming St a
non-equal distribution of the flow over the channel thickness leads. to Jess efficient,use,of the
chemically regtifierapreibeiwesnibe prgINg. Wéhﬁaﬂ‘i@%"&@i@ﬁii%f, ﬁigl‘a?%blé{%&eg solved
and the density,ofibeiparledbaasaivibe Wcasidiipriooaskofritienten idras duviegeprisyritbiyroved.
15 comprises means such as valves, capillaries, etc., situated downstream the
outlets of the device for adjusting the hydrodynamic resistance of the entering
and the outgoing liquid flows.
In a preferred embodiment according to the invention, the
compartment being defined in the sense perpendicular to the electrodes by at
20 least one wall in contact with the electrochemically regenerable ion-exchange
material, the device according to the invention is characterized in that said wall
is corrugated in at least one part, preferable all, of its surface facing said ion-
exchange material.
According to the invention, “corrugated” means “marked with foids,
25 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
30 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



According to the invention, the wall effect in the packed beds is advantageously eliminated if the wall
exhibits certain corrugation, which equilibrates the packaging density of the beads in the middle of the
channel and close to the wall. Such corrugations should have an height of ca. 1/2 of bead 15 diameter
and could have different shapes, like internal (female)gthreads, parallel notches, arrays of pyramidal
protrudings, etc.. In the case the electrochemically regenerable ion-exchange material is fibrous
or made of porous blocks, the corrugated wall will provide a good fixing of the material in the

compartment dm@tﬁm@ﬂ\ﬂeﬁéﬂlféhiﬁgVQQtWe%RIEOQhQ\ﬁéIﬁ&ﬁH’%Q%ﬁMXE‘Q&%@ tagevall. Thus
the device of the inuepligeAmRITeR Bablrapiayo Alesigdeman utemprCatbadecagniaseganductive

material is placed between electrodes and an ion conductive path is provided. If an external voltage

difference is agifimetsethiseniinetasarvbaconekiarsrsmneglidla: Meh diffares 2h@mhe ‘oY
electromigrag f A e 518 efcePRITAdIEIb AU BTSRRI e i

current. The device o Invention comprises at least one compartment located between electrodes,

which is the déasaizBervelnaiiurimibia EyeMbicBdRIRSeIPidhecralag his@tiorness of
lon-exchange guateriahis SENBEAY YiRsRICNaNeR NN HERUSH IRedBI. feera BRI A i 30

exchange resin bed. Mobile ions present in majority inside the ion-exchange material are counter-lons,
which are catisinbutinmebibexiaunguandierahangel thickness leads to'less efficient use of

the chemically regenerable ion-exchange material. If the wall is a corrugated
wall, this drawback is solved and the density of the packed beads in the
10  neighborhood of the wall is advantageously improved.

According to the invention, the wall effect in the packed beds is
advantageously eliminated if the wall exhibits certain corrugation, which
equilibrates the packaging density of the beads in the middle of the channel and
close to the wall. Such corrugations should have an height of ca. 2 of bead

15 diameter and could have different shapes, like internal (female) threads, parallei
notches, arrays of pyramidal protrudings, etc..

In the case the electrochemically regenerable ion-exchange material
is fibrous or made of porous blocks, the corrugated wall will provide a good
fixing of the material in the compartment and prevent flow channeliing between

20 the wall and the ion-exchange material.

Thus the device of the invention comprises of at least two electrodes:
anode and cathode, an ion-conductive material is placed between electrodes
and an ion conductive path is provided. If an external voltage difference is
applied between the electrodes, reactions take place at their surfaces and the

25 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-

30 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



anions for an anion-exchange material. These ions are responsible for the 10 conduction of current
inside the ion-exchange material, whereas cations inside cation-exchange material move in the
direction from anode to cathode, while anions inside anion-exchange material move in the direction
from cathode to anode. 5The flow of liquid used for iolfs removal is directed opposite, i.e.
counter-current, to the migration of ions inside the ion-exchange material. The corresponding ions from

the feed stream will be removed by ion-exchange, will further migrate inside ion-exchange material
and will finallydsedietior @heuneenlcinwisti healeormshpngestieaaiigbing e5ersstatione dngidering

counter-ons gD, IGSIERI HIESSiotBCHPRMP e SRsEEtflea e apsietven

the flow and counter-ions migration is around 1800 for the flow directed fully counter-current to
counter-ions réigjenpNeigk@niensxekangrgB gt ihdig Greicndign sahodrre,
certain deviatigns ftom this angle are allowed and the angle can be 180 15 80 for the flow described
herein as counter-current to ion migration inside the ion-exchange material. The ion-exchange

material i§ generally confiigofleny refjdisiigtaset dabdaamitamevahs, dreriad MRPOPIiek® stream
can be Continlé%ﬂtﬂfé&w&m.e%%FmﬁQHSH%§8Mi%T6@tHE%HM%@§ sAlitsra isTpbtained.
0

20 According to the invention, a device containing anion-exchange material, as described above, can

be used for effierEasPORY0E Ionsafiemmiche fredesirarmaillRpJiroarver RIes-SXENENAsBIE weakly
dissociated a%r%ﬁﬁ%??é&bthﬁsﬁem&ﬁ@eﬁﬁa@ﬁ%ﬁm'sﬁal@ﬁum[%@aramieewét(mecoa,

silicic acid, boric acid, etc. 25According to the invention, a device filled with cation-exchange material,
as described girfiEodaive crpeeRiraRGkReraABIRG & ¥Witt&tions present in the feed stream. It is

also ablggjo remove bases,pIaENhY BSIRERRROMtPaaSIRtemhMACERHETRIN 6T NH3),

amines, etc. The device described below can be used for the removal of acids or 30bases

from a polar ligarM@NJPHREpFIREFaER At argle AStVRERIDENREANI RRMHEER S inging
corresponding@iia iyt a6 tHdCN80° for the flow directed fully counter-current to counter-

ions migration inside the ion-exchange material. Depending on the design of the
device, certain deviations from this angle are allowed and the angle can be 180°

15  + 80° for the flow described herein as counter-current to ion migration inside the
jon-exchange material.

The ion-exchange material is generally Continuousty regenerated
electrochemically. Thus, the ions from the feed stream can be continuously
exchanged and the aqueous solution free of corresponding salt ions is obtained.

20 According to the invention, a device containing anion-exchange
material, as described above, can be used for efficient removal of salt anions
present in the feed stream. It is also able to remove weakly dissociated acids
present in the form of non-dissociated molecules, such as carbonic acid (or
COy), silicic acid, boric acid, etc.

25 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

30 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.



11 The regenerable ion-exchange material is usually a bed of an ion-exchange resin. More
generally, conventional ion-exchange material are resin beads, high mesh beads of ion-exchange
resin, powdered resin, as well as fibrous or porous ion-exchangers. They can be stacked as beds or
blocks. 5 According to the invention, an electrode cofpartment is a compartment, different from the
deionization compartment, in which an electrode is present. An electrode compartment can comprise
conductive flow-through material, such as metal or carbon in form of porous blocks or a bed of beads.
It can also comprise no fillee ceganexakiledoniexibangromgtiariatdsdisueliaikghafuan, ion-

Cation-exchangg%ﬁéﬂgg%gnﬁﬁ%r%f SRR RANBHIERRUF AN BfedRsin 10

accordance w sent inventio e;vfce contains from one to five compartments, preferably
from one to thheademipighnmeesh beeads périvvarchesurcsasiis RaWERGHsTe8NoABWRIehS 15

deionization, g5 SeREMALIRYCES TRapUas Noeilad il satigbPrriaage material and

ion.i cmﬁ#
the other filled Ivv%uld%n%ré-exc ange material In this case, a preferable sequence of devices in series

must be defined consideAgardingpetof dbatainveniion. Fan typlestresifasrmparierentuisl of treated
(for example by, [EVaISA ASMQFFL RALTFNAEHR NERRILARICNENRREMHEIR - #0 AHRINe¥mange

material sequence’is usually advantageous, but is not limited thereto. If wished, both devices could be
integrated insielediedsoigsgsathdin [dasgodeskrRMRatRIIYE 6pthedmRisR Fonductigflady-solution,

advantageously isedl Tor-compleis Aeinzaian ResainsiortimiBresianslisp ks usead arlevice

with liquid flow directed 25 counter-current to the electromigration of ions inside the ion-exchange

material, where@adsoiotanenaarsamprian rmdlemanganieeniiad vitheiomsirauspdraigiidhorane,
is utilizeglfor the jmapantrliredshiIAtehingad QlfidAnexdiihyse &ra BRI EMORRIRES

advantageous, in a Case where the polar liquid is an aqueous solution, because it results only in
electrochemicBMgRETHERCEICHRK SRR KKFEon into H+ and OH- ions without formation of gases

and other byproducts as jf, aeQUERMHBELIRAKCHRS plekent iMERAEHNIME deeity JnairkleRbpde

rinsing is preferably provided similar to that for the methods described in previous embodiments of the

invention. Theomesiadive srmpassaanis, reriaRlydmrny ang indhies sesRmia®didw, i.e. using
hydrodynamic feed flow gpjittipg ingide,ha comBatineatfons and anions, i.e. for complete

15 deionization, a solution is the use of two devices in series, one filled with cation-
exchange material and the other filled with anion-exchange material. In this
case, a preferable sequence of devices in series must be defined considering
the type of contaminations. For typical contaminants of natural or treated (for
example by reverse osmosis) natural waters, the cation-exchange material —

20 anion-exchange material sequence is usually advantageous, but is not limited
thereto. If wished, both devices could be integrated inside one housing, without
being outside the scope of the invention.

Another solution, advantageously used for complete deionization
according to the invention, lies in the use of a device with liquid flow directed

25  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

30 water dissociation into H" and OH" ions without formation of gases and other by-

products as it occurs with electrodes.



5 without any, or with, a membrane separating an electrode compartment. The hydrodynamic
flow splitting and if needed the electrode rinsing can be organized with different variants of the devices
and methods as disclosed in the Figures, as it will be obvious for the one skilled in the art. Thus, the
device of the present invention used for removal of iohd has a housing in 10 which a main stream
flows through the electrochemically regenerated ion-exchange material directed counter-current to
electromigration of ions inside this material, whereas the rinsing of at least one electrode (cathode

or/and anode) can be maeggeding saytheeinvaniiessriplegivetisyingingsisgRieERERRAaRIRVIERA splitting
inside a compgrMERLWItIRK! AP HEMHEIRGIYHE 15 BB IR IR doUS e RIEIRY ierhglectrode

compartment. The techniques of the present invention will be readily understood by considering

the following dewsirgiptieItiptibaing erplpeiiorasiFaho & FORYERYIAY aRXVREHIAA HRSEHRESS an
aqueous solutir g, b?.@[ewﬁ%iﬂr%%wm _g‘c feed FigWesplitiAGGREMAtihERIssRIUAHMNEY a

typical prior art Qeiohizatlon vice ; Figure 2 is a schematic representation of a first
implemerfiatiowithiuti g 24ttd avieerabEdngi S§ RTINS Ahalsctrads GoPRARE e matic

representation of a seco%gq%%%mmoﬁ_wgﬁm@i%gqyiﬁ@@&g@rﬂ{ggeq@éh@@évgng%

Figure 4 is a schematic represéntation of a third implementation of a deionization device according to

the invention, can be rgamizeds witlcndiffeiante yasinitieh Bia fRiises RBmhmeiassr 3da
deionization dgiieR8599FFIRE FaghRVESHARII be obViBUERBitR BEBIalisd aptReeatatinmef a fifth
implementation of a deionization device according to the invention, 13
the device of the present invention used for removal of ions has a housing in
10 which a main stream flows through the electrochemically regenerated ion-
exchange material directed counter-current to electromigration of ions inside
this material, whereas the rinsing of at least one electrode (cathode orfand
anode) can be managed by any method described below, i.e. using
hydrodynamic flow splitting inside a compartment without any membrane, with

15 membrane, or using a separately feed electrode compartment.

The techniques of the present invention will be readily understood by
considering the following detailed description in conjunction with the
accompanying drawings, in the case of an aqueous solution to be deionized, in

20  which:

Figure 1 is a schematic representation of a typical prior art
deionization device ;

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

25 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

30 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,



Figure 7 is a schematic representation of a part of the device of Figure 4, Figure 8 is a schematic
representation of a part of the device of Figure 6, 5Figure 9 is a schematic representation of a detail of
the device of Figure 6, and Figure 10 is a schematic representation of the variants of the device
of Figure 6. 10To facilitate understanding, identical retdrence numerals have been used, when
possible, to designate identical elements that are common to the Figures. The drawings are not to
scale and the relative dimensions of various elements in the drawings are depicted schematically and
not to scale. The electrodfighiallyisegenehenatisnrercesppietioniapanal LERsisteYEseals 15 of
substantially tilyf g diameter. Figure 1, which is a schematic representation of a typical prior
art deionization device, has been described above. Figure 2 is a schematic representation of
a first implementation of Kigorgefriz tiGisrviaticssepresantafienued iAveatorl the deyicaedice 32
can be used fe; moval 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 Oft and/or remove acids
present irfdissociated orFighraifdeigeashamalic Tepraseri@tioncomarieaih pbiamEeYicRPéxample
of cylindrical qfighhgéhglw, 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. TheFli@rantfois Regchematicrenrasaatiionel hevmsiankwidhedevies s for
anode rinse st&a@i’@&% zy]d an outlet 9 for

10 To facilitate understanding, identical reference numerals have been
used, when possible, to designate identical elements that are common to the
Figures. The drawings are not to scale and the relative dimensions of various
elements in the drawings are depicted schematically and not to scale. The
electrochemically regenerable ion-exchange material always consists of beads

16  of substantially the same diameter.

Figure 1, which is a schematic representation of a typical prior art
deionization device, has been described above.

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

20 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.

25 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

30 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



30 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 14
anode end, of the housing 21. The housing 21 has another end, which is the cathode 5 end, located at
the opposite end to the anode end. When there are tWé outlets 8 and 9, the flow 10 will be split into a
first stream used for the ions removal (F1 arrows) and a second stream to rinse the anode (F2 arrows).
The 5 stream FI for ions removal turns in the direction normal to electrodes 4 and 5 and flows from the

anode 4 to theacathecend, (Pbiheigrmusingt3] Fihiedeusing 2h haseaitheltgge dmairdhis t8&pplied
between the elegigdesstand AR INLE fis IBEBIGHEUEIRTS FRNEHGIRS dprpughiie hiitdOsreed by

the housing 21. The electrochemical reaction of water splitting takes place at the 10 cathode 5

generating H2twodooHetoR aint PithaBansitfe wik beisplbisieadEshateanseth &8iiB8t8A%om the
cathode 5 to the Anode 41 &r5QY)ERGUTSE S IEAoNHo A THRNSIRBR R R FBlkSNIqHB Of the

flow Fl and OK orﬁgm a&ion-exchange material 2 occurs. Thus, the anion-exchange material close to

the anodé4 estreaprdstiohionsyrrmevalduwinsinhe darieenemnakie elasiadas hand e
cathode 5 end s PreReOHRIASTHE '3 ABEENLIB L Chtniia s HRAEHAGaaT:A In Fugskartiplly free of salt

anions, leaves the housing 21 from the outlet 9, whose hydrodynamic resistance is regulated by a

valve 19. The outlet 9 is IdBatlecitien¥itagedditerenassis dmrliedhstiuesnrife, desidns, as
well as the 1-13 anionsangd, &2 s radecssheldhe ABaeR 4 tAFEUHIS BReDY N eorRRAE tip Sgestream

and leave the housing 21 through the outlet 8, whose hydrodynamic resistance is regulated by a valve

18, as anode Waysinm 21. Therpleatterbemica! fastisiuQfwaigh shitting Jakameltr A d50ery of
the deviggy AdVaa9e B arReSRrENG fataedIYeTiRNidhedmidR-Ae Rk e afprresehamie

resistances of both paths, which depend on the device and can be additionally regulated by valves,

capillaries, etdNa&fiabgdathedigsipnimadhectatbose aRithe ANAREtnbEafHURIHSIEM Figure
2, the regulatiqq if dnasiyreRr ARdeRehBy Jaepatves i S AN driBris wTasie/ abwo Rt emtharOntietstsand 8.

30As mentioned above, the same principal could be used for removal of )
anion-exchange material 2 occurs. Thus, the anion-exchange material close to

the anode 4 end is present mostly in salt form, while the anion-exchange
15 material close to the cathode 5 end is present mostly in regenerated OH" form.
Treated stream 11, substantially free of salt anions, leaves the housing 21 from
the outlet 9, whose hydrodynamic resistance is regulated by a valve 19. The
outlet 9 is located at the cathode end, close fo the cathode 5.
The removed anions, as well as the H" anions and O; gas produced
20 at the anode 4, are rinsed by the anode rinse stream and leave the housing 21
through the outlet 8, whose hydrodynamic resistance is regulated by a valve 18,
as anode waste 12.
The ratio of flows for product 11 and waste 12 defines the recovery of
the device. Advantageously according to the invention, it can be adjusted by
25  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.
30 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



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 15 reversed, e.g. (5) wouid stand for an
anode and (4) for a cathode. The device would be used to remove cations from the aqueous solution,
e.g. to replace salt cations by H+ and/or remove basé@present in dissociated or non-dissociated form.
The removed cations, as well as the OH- cations and H2 gas produced at 5 the cathode, will be rinsed

by the cathode rinse stream (12). Figure 3 is a schematic res)resentation of athird
implementatioreveesadiohizatonwevidestandciasram g pp e ahgefioforiheaabede. shheafeydcgsed for

the removal ol gnignpoLLEs FemByel iHORdnt 1Y BeuRRIeRiisHe a3 2y RuisadAsimed (O

remove anion m an aqueous solution. 10The device 34 comprises a housing 22, which might be a

cylinder or an@iignsiyeHCormSHARgamauR BasEs Riaspakis ArpariaiedReNenHiRsAERIRA 2
between the eigrifodts RIRKEERIERSI LGRS tREOMIBILAD G T, gasiaddsdearacal cell

The housing 2 an inlet 7 for aqueous feed solution flow 10, an outlet 8 for anode rinse stream 12,

an outlet 83 fdheTathndgewilldeestirsed by thricailvsirriosssiieamddiddt stream substantially free of
salt anions 11. ThepRrAel9 RS raiciREpresehaiRof lasierisiprmieitaisnetes end.

The inlet 7 and the anode Z are located at one end, which is the anode end, of the housing 21, The

housing 21 hadeipirtiahdevirr B awsodinarie dbe fvestiorRg Therdeyissosite @ RE #Redhode
end. The outlgis YN P4 HCaiRshatdPeoraioAeRoRaf oflestdasthe alhnsledsdhbeaHerd 3 being

closer thereto than the outlet 9. When there are three outlets 8, 13 and 9, the flow 10 will be split into

the first strean@®IScdRIIEENAHIBSELIA SORIQUR ARO RS A% AREASRIRANS SPUHRN. rinse the anode 4
(arrows Fg). The stream Fh{0g 234 eBRYHIEES ibthargrectiormhrmabin Bleelreplpridrand 5 and

flows from the anode 4 to the cathode 5, where it is further split into the product stream substantially

free of salt anienetherShenR EONAIAGHAD fnods 4 GuRBIPARSR AMATENSRE 9% hus a
separate outlet h-io5/therAathods tinsettrindst PHy tvidrihglanddhnsaibed cbrispanseentsing

hydrodynamic split flow. This cathode rinse ) )
and forms an electrochemical cell. The housing 22 has an inlet 7 for aquecus

feed solution flow 10, an outlet 8 for anode rinse stream 12, an outlet 13 for
15 cathode rinse stream 14 and an outlet 9 for the product stream substantially
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
anode end, of the housing 21. The housing 21 has another end, which is the

20 cathode end, located at the opposite end to the anode end. The outlets 8 and
13 are located at the cathode 5 end, close to the cathode 5, the outlet 13 being
closer thereto than the outlet 9. When there are three outlets 8, 13 and 9, the
flow 10 will be split into the first stream used for the ions removal (arrows F1)
and the second stream to rinse the anode 4 (arrows F2). The stream F1 for ions

25  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

30 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



stream 14 will advantageously contain gas(es) (such as H2 produced at the cathode 5) and possible
by-products of electrode reactions, so the product 6 stream 11 will be substantially pure. According to
the invention, the liquid stream used for the ions removal is directed counter-current to the
electromigration of ions inside ion-exchange material’® whereas a part of the treated liquid leaves the
housing 22 through the outlet 9 as a product 11, while 5 another part is used to rinse the cathode 5
and leaves the compartment through the outlet 13 as waste 14. In this case, the aqueous

solution hydrosifaamicldpiwithgmstubstertislltimpre tdeeorneg tridberiisvanyes idise A7, and
second, close g ihe0yliel P obiheiausinis2Zdmiiadingctignebsle aimtisruidifien: (gowad ). As

10 in the previous illustrated embodiment, the ratio between the flow rates through the outlets 8, 9 and

13 is defined Igjaojmotgiation o8 ipnaripsider ipneaxphatgsvRigtediab e s tpasIasRaiPiHERevice
34 and can bay, E‘tﬁ&&}/%ﬁekv E tREAHRISSy eéﬁ-trg%‘e{gﬁtfﬁéfﬁ&iéhg eudtlstsrabilig davigmind. In the

implementation ot Figure 3, uid can flowthrough 15 electrode 4 and the outlet 8 for electrode
rinsing 15is peoather pamisdsagdarisredhsepribade eaddaavesTingsap@patsrréiiavofy,
electrode rinsipg (/WS £ 25 Rasses{hrough the electrode 4 and leaves the cell 21 through the outlet
8 as waste 12, together with removed ions and products of electrode reactions, 20In this case, the

electrode can be of a mdthisnkageidig Gauaors aqlulisnshdiefynanitfrliBingirridariRso be a
composite elegiadig30g KiIHaRN NGRS, QICSEHEUWRS irllBE COANRRSEREAY Sclased® filted with

conductive flow-through material. This could increase the effective electrode surface and decrease the

local changes@#tlehLohdaiatsing A2 &8 ihe dcestoprafdhsrnpin gy iglay fiews: tHe- dface of
the elecygdesy|gopiecaas Tl seald Pepbisitnidat Prryaatit pdaudatanofisealiaes ttiheuglactrode 4

is a cathode, this is particularly advantageous to reduce the scaling risk linked with local pH increase

of the cathodeBsRrERS Sitang Adussirfiastion RyesyrRmis drRisEReRS Ol LRE 3B~ S e 4 is a
schematic repggsientatipe i aihifbideiinestatenel R dsianizaiioasieicrghlarepisinglosse
invention. The device 35 can be used ]
capillaries, etc., downstream of the outlets of the device 34.
In the implementation of Figure 3, the liquid can flow through

15 electrode 4 and the outlet 8 for electrode rinsing 12 is provided in the
compartment 6 behind the electrode 4. Thus the second stream for electrode
rinsing (arrows F2) passes through the electrode 4 and leaves the cell 21
through the outlet 8 as waste 12, together with removed ions and products of
electrode reactions.

20 in this case, the electrode can be of a metal in mesh form or can be a
porous material, metallic or not. It can also be a composite electrode, made of
different materials or structures. The compartment 6 can be filled with
conductive flow-through material. This could increase the effective electrode
surface and decrease the local changes of ion concentration, pH, as well as

25 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.

30 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



17 for the removal of anions or for the removal of cations. It will be described here as a device 35 used
to remove anions from an agueous solution. The device 35 comprises a housing 24 which forms
an electrochemical cell. The housing 24 has an inlet 7 for the feed stream 10, an 5 outlet 8 for the
electrode rinse stream 12, an outlet 9 for the product tfream substantially free of salt anions 11, an
anode 4, a cathode 5 and an anion-exchange material 2 between the electrodes. The liquid flow
(arrow Fl) in the housing 24 for ion removal is directed counter-current to the migration of counter-ions

inside the ion-faicthentrmayed eflanieosIss fsubiagesneemad satieaseclisihbp Erariibsdiber
electrodes 4 apd 5 fy\ R0 A A% WIS RIARSHE ISR 8 HRidSUeEBIatoRinder. The wall 42 is in

contact with the electrochemically regenerable ion-exchange material 2¢. Part of said wall 42 is shown
in detail in Figure 7. The Tb& oflRYiig is38prEoBmESsy e MRIHFIPId B4ne¥hifls dpHMSead™f the

material 2. Th%léétr%?&%ﬁ@aﬁ’ r’a]u%,rgerﬁécmséﬁ@f%W%%'%&ﬂfbwhimth?ﬁ@éa gesavoids tian in the

bulk of said material 2. The device 35 is generally similar to the device 32 illustrated in Figure 2,

except foPthe eatietht fesrthe lestredrermspniirearpréteranputiab R deEHRRgRAHRbAIRAGe parates
the housing 24, ipjorarpifificREaNGosARAHAISHS 201 L ANsRdeAR deieaiRstensARRAEMaRIAR: A part

of the feed stream 10 (arrows F'2) is used to rinse the anode compartment 16, using for example the

holes (or poreSXFhangadNatesaind/Bewess [firelesiredese MadiguiditovadamewtdeH_dR ically in
Figure 4. ThisypegRAnRe: 3reeNBrRIRSHIVAOKS Bgr b datocyMRDAdMERES Hantlgtativhiel

advantageously leads to a better 25 hydrodynamic separation. Here in the case of device for
anion removaCet@iciapsdnaidedhs dasr-axchangsiBristid #hge membrane. In the case of cation
removalfhe membrane 3ryeigyriy asaihea firtios gucke BRI the electfb@edlertrode

compartment 16 can have no filler (as illustrated) or 30 can be filled with a flow-through conductive

material. afigh bycnmwatifdaebicha airlang siesadge thrabinfom aitHindghoey¥athe
product streamd lsiShirdptiadwatisanarale Qrilehdanitafly regenerable ion-exchange material

2c. Part of said wall 42 is shown in detail in Figure 7. The flow of liquid is
represented by the arrow F. d is the radius of a bead of the material 2. The

15  length of d is the thickness of a wall layer in which there are more voids than in
the bulk of said material 2.

The device 35 is generally similar to the device 32 illustrated in
Figure 2, except for the fact that here a membrane 3, which is preferably an ion-
exchange membrane, separates the housing 24 into a purification compartment

20 16 and a main deionization compartment 40. A part of the feed stream 10
(arrows F'2) is used to rinse the anode compartment 16, using for example the
holes (or pores) in the housing and/or in the lower part of the membrane 3, as
shown schematically in Figure 4. This membrane 3 separates the housing 24
into two compartments 16 and 40, which advantageously leads to a befter

25 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

30 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



18 cathode 5 rinse can he provided using hydrodynamic flow splitting as shown in Figure 5.

Figure 5 is a schematic representation of a fourth implementation of a deionization device 36
according to the invention. The device 36 can be used 5 for the removal of anions or for the removal of
cations. It will be described here as a device 36 usedt® remove anions from an agueous solution.

The device 36 comprises a housing 20 which has an inlet 7 for the feed stream 10, an outlet 9 for the
product stream 11 substantially free of salt anions, a cathode 5, an outlet 13 for the cathode rinse
stream 14, ancatlwda § sinsemnaae tarieaideddamsenhydiagyaseda figw $BltiRGARSRI@WMButlet 8
for the anode ggse.steeam 12, and an anode compartment 16 separated by a membrane 3. The liquid
flow (arrows Fl) in the housing 20 for ions removal is directed counter-current to the mié)}ration of

counter-ions inside the idrigskenarigeerashanaptic represgaiation®fyiaeta nalemeniiion ®lvice 35
lllustrated in Figyes hisXESRIIERER Be RUBRANEPIOMNENHv Ak abheatdnpL 36419 e enesalrane,

partitions a cathode compartment 16'. A part of the deionized feed stream is used to rinse the

electrodeTomfsarthrererugvals ariersanine the rsnevalgisaisns (e e ResriRfdMeIE lower
part of the membrane1 35 AR ATIRMAIBALAIBMIgH 8 quediis BymiIRNe 15 further separates

the device 36 into the compartment 16' and a main deionization compartment 41 (instead of the main

cleionization compartmert@odR\is§URS HoARarises APAMEINELRIWRISARSA% ieh) dYaiiamic
separation. TheQpusiagrs0ie0aR sefctNteR FeRPBrEDaBESs fRRFRTD ARSI ERicl 6T, Hagt anode

25 compartment 16, and the main deionization compartment 41 between them. Here in the case

of a device forPiiES réARPdge tn@n et 153 dyrdhs athede fipReLsaM ! theAbAHE N the
case of ggtionggaparrie (hatidr Shewl karihagatianes(8)daaths, aivdacins 41 ahveaiist Befpreferably

a cation-exchange membrane. 30The electrode compartment 16' can have no filler orggn be filled with

material, havitBeh @NPSE JiRsH SRR L2 o AM - 8RcRA0GE (HOMBRHTIER) JP-RERAIAESh B¥cilve

properties. 19nembrane 3. The liquid flow (arrows F1) in the housing 20 for ions removal is
directed counter-current to the migration of counter-ions inside the ion-
exchange material 2.

15 The device 36 is generally similar to the device 35 illustrated in
Figure 4, except that a membrane 15, which is preferably an ion-exchange
membrane, partitions a cathode compartment 16'. A part of the deionized feed
stream is used to rinse the electrode compartment 16’, using for example the
holes (or pores) in the housing and/or in the lower part of the membrane 19, as

20 shown schematically in Figure 5. This membrane 15 further separates the
device 36 into the compartment 16’ and a main deionization compartment 41
(instead of the main deionization 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

25  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.

30 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.



Preferably the cathode compartment 16' is filled with an electron-conductive flow-through material and
the anode compartment 16 is filled with an anion-exchange flow-through material. In this case the feed
stream 10 entering the housing 20 through the 5 inlet 7 is first split into a first stream used for ions
removal (arrows Fl) and a second stream for electrodéinse (arrows F2), which passes through the
membrane 3 and leaves the cell 20 through the outlet 8 as waste 12, together with removed ions and
products of electrode reactions. The first stream, after having passed throu&)h the ion-exchange

material 2, is split into a SreerattydheveatbadevrrMRalBgmhel BeliD iR Y HIRN BIRSIOTs a
substantially dgipfigethRr a8URinrbugRthitad sk R daiFRME EothpurioRReess Hieyanthan

membrane 15 and leaves the cell 20 through the outlet 13 as waste 14, together with products of
electrode reac@bigd-rrehanagp Bavetiiabes sraRHah Figures 4 and 5, we have 15 demonstrated that it

is possible to use electrogie FMpAEETAB!ELH GrbBiisriaiaddrng the deiesizgiantarsughyment (40,

41) filled with the ion-exchange material 2, whereas the flow (arrows Fl) through this compartment is

directed BuntVeiufrén st splitingrsofiriisiirear ereexiaainge femmal daprRe: il 2sRematic

representationsafa {tithsrualpmeiasiertrl de2Pinisloninabinr deire difiascprdisastalingghetiion.
The device 37 comBrises a housing 25, of cylindrical shape, containingéinside: an anode 4, a cathode

5, a bipolar m ane73angrivavesdhsngelhed dhepyaniihe Rt 8@% VaRiBattndPeEe R cated
between the apagerdABJdadHB ORI BIIBRE Jf /e RO GHRAHSACAS ARAMTR: MAEdEeN &fteh

deionization compartment 38 located between the bipolar membrane 17 and the cathode 5. The

housing 25 for®YR9 chasseehariugR AheriemeyshiaNes iatarial , dfe SeksdfRrBeflRAMr to the

electrodep 4 anghaRy e Wahidh WhcedstAdask opsasotyhaidodam pcylindesubbaamtrdiigs is
corrugated, as 30 shown in Figure 9. The depth of the corrlﬁg%ns is f,g}mension ) he wall

43 is in contaciIRRAESE ARGHEE HelmR A YChelaam G e BRSSES . of said
wall 43, in contashbibHba 528nd leaves the cell 20 through the outlet 13 as waste 14, together

with products of electrode reactions.
In the implementations shown in Figures 4 and 5, we have
15 demonstrated that it is possible to use electrode compartmeni(s) (16, 16’)
isolated from the deionization compartment (40, 41) filled with the ion-exchange
material 2, whereas the flow (arrows F1) through this compartment is directed
counter-current to jons migration inside the ion-exchange material 2.
Figure 6 is a schematic representation of a fifth implementation of a
20 deionization device 37 according 1o the invention.

The device 37 comprises a housing 25, of cylindrical shape,
containing inside: an anode 4, a cathode 5, a bipolar membrane 17, an anion-
exchange material 2a in a deionization compartment 38 located between the
anode 4 and the bipolar membrane 17, and a cation-exchange material 2¢ in a

25  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

30 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



electrochemically regenerable anion-exchange material 2a, is shown in detail in Figure 8 where the
flow of liquid is represented b the arrow F. The beads of the material 2c fits perfectly with the
corrugations. Each section of corrugation has the sh%e of a wave, whose depth is of dimension a and
whose length is of 5 dimension b, as shown in Figure<g. Other variants of corrugations are shown
in Figure 10, comprising corrugations having triangular sections (Figure 10A), and corrugations having
more or less hemispherical section (Figure 10B). The housing 25 has an outlet 13 for cathode rinse
stream 14, andleatintitegrivetiisagentiakiecamonexghanaemateliflctis s vennsieiRivino

flowing into thegeions e anGMale 48 Beia Al 8 Ridie s eam A-schvyaiily femef sal

cations, the stre lowing via a pipe 30 to an inlet 27, and flowing further into the anion-exchange

material 2a, ag\atsriat 2s fitscpeigecthyvite henrurdgatipni Easlsersiion AbedrwationBAas and
anions. 15 The ARYEEESMATGRR T GREVYISRDH 18361 MimERGEN anarediinargiseyphange
ode-

layer and a ca cing cation-exchange layer, and is able to generate OK anions and H+ cations
from watesr disdipeean b, as shevier fioeeess the cell through the inlet 7 located close to the

cathode 5. When there a5 yo ouflstiel 3RGATAB ADUA0 KU FPIEAA00BlpI G for
m

the removal of ions (arrows F11) and the stream 1o rinse the cathode (arrows F12). The stream FI1

used for the reBUgEEPIRMSAMIRG RO CBERtIIS HT IGHER dPSe 20%h SATEUSRYRRH S BERYthe

cathode 5 to t%?é‘%‘#%%ﬁﬁ%%@ﬂﬁ@rf&%ﬂ;ﬁbﬁ&%(?i s {ydsodynamically restricted by the bipolar
membrane 17 and outflows by the outlet 28. 25The feed 26 enters the cell throuc%g the inlet 27 located

close to the anode 4 endThehBAYEEIG 2R has &riQutishAd JomeatBrrssiRTS SRR thR S tream
used forcﬂ?e ARk IR AR IMSE SEband 102 sHeAmtt? fBIsadieARORR (PESINONIHIWTIE Stream

FI3 used tor the removal of ions turns in the direction normal to electrodes 4 and 5 and flows from the

anode 4 end thaningotitdar SARNHIERIER BRI IRFZRIr@M) OIIRY #B R SHE¥ G RSed by
the bipolar meyRRARLPRESWouE Sibiesoulietstredi 26 flowiig dexisepiicf@od@iciizitisn uses a

cation-exchange material2c and an anion-exchange material 2a sePa_rated by the béoolar membrane

17 for electrochbn@ogiijieuingn AudhpRaieite ARIRRr exrRAIIS HERGER! 29s7R WRl A% Mo an
counter-currenf igdhg fieGHE PIIRIG QRS INSlibeatifieftals.of salt cations and anions.

15  The bipolar membrane 17 comprises at least two layers: an anode-facing anion-
exchange layer and a cathode-facing cation-exchange layer, and is able to
generate OH" anions and H* cations from water dissociation.

The feed 10 enters the cell through the inlet 7 located close to the
cathode 5. When there are two outlets 13 and 28, the flow 10 will be split into

20 the stream used for the removal of ions (arrows FI1) and the stream to rinse the
cathode (arrows FI2). The stream FI1 used for the removal of ions turns in the
direction normal to electrodes 4 and 5 and flows from the cathode 5 to the
anode 4 (from left to right in Figure 6), is hydrodynamically restricted by the
bipolar membrane 17 and outflows by the outlet 28.

25 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

30 cathode 5 end (from right to left in Figure 7), is hydrodynamically restricted by
the bipolar membrane 17 and outflows by the outlet 9.



5 where the hydrodynamic flow splitting inside deionization compartments 39 and 38 is used to rinse
the flow-through electrodes, the space 6 or 16 behind the electrode 4 or 5 being filled with electron
conductive material (not illustrated). According to the invention, the flow 12 through the outlet 8 is
regulated by a valve 18, and the flow 14 through the ditlet 13 is regulated by a 10 valve 23. The
device for deionization is not limited to the sequence of flow present in Figure 6, where the feed flow

streams first through the compartment 38 with cation-exchange material 2c and then through the
compartment 39 filled withhigigaviserdhfer gieniatienaHeesed RjihexshaNss Joadasial dhere the

15 feed flow psﬁaeérﬁ@%aﬁﬁ%mmq&%éﬁm% 3eithian iy erehpeRmatTiBradeand then
ca

through the compartment 38 with cation-exchange material 2c, using following seaFuHence of inlets and
t

outlets in Figurlestroehemicallyhenhisacasbavateio GgsPsiatioen Wietrar Puhd Tht ifiéty7 Snother
implementatiog{aoidiusaesh- CaRiSEs fideariarsimiPatisiemblerihsrlacyare rareparynent(s)

separated from a deionization compartment by a fluid-tight ion-exchange membrane and having its

own inlet Bnd Bifwsadieilyeiad voastsHu s inging seiapization camprEmeaisRe iAlEntion,

this embodimesy dogsaRtRrRRLEIHETIHRSIRRbY HNBISEERAR SRR pHRS andhisc aemiihe glectrode is
rinsed twice by 25 its two sides: the electrode compartment side and the deionization comgartment

side. In Slenteodast o §hrBQ MBIV IBEEI AR MGG MAIgIhEMbIYRIRREL.d to

separate an electrode CORRRGY! fepahiherinpiRtisnecaBRarPetirdugartrbthsupsdacior feed
stream, the rinse of other electrode 30 compartment, as well as gther liquid(s), can be useg to rinse

such separatet®@matashBxanpieniaanshthe flow dddprughdg Quilel,ba 1 RaHAiehPHBmbrane

can alsoqlpe ringggseparately, using the same principles of hydrodynamic flow splitting inside a
compartment without anygion-exc.han e membrane, with ion-exchange membrane, or usi

separately fed compartmE&R€ BEViSeiopIC aRFEYRM S fahoiatied 2 i REONSRRiRd ow
permselectivity Rr&HIuS RlFeSBNRITSInTalentda stigatesadtomhasiiyie tiorsdhepaampattment
filled with 2c into the compartment filled with 2a. In this case some of these contaminatjgns copld
appear in the BfoWi& ﬁﬁt‘%%@ﬂgﬁw@?ﬁé@p%%@%j%hﬁiw BISPIRAN&E #[ﬁlgecy
compartment {i{{ad ayitirea-eMaRgd IRFRENEIG. Another sequence is also possible, where the
15 feed flow passes first through the compartment 39 with anion-exchange
material 2a and then through the compartment 38 with cation-exchange
material 2¢, using following sequence of inlets and outlets in Figure 6: 27-9-7-
28, the pipe 30 being located between the outlet 9 and the inlet 7.
Another implementation (not illustrated) comprises at least one,
20 preferable both, electrode compartment(s) separated from a deionization
compartment by a fluid-tight ion-exchange membrane and having its own inlet
and optionally its own outlet for separated rinsing stream.
According to the invention, this embodiment does not preclude the
rinsing by the second stream. Thus in this case the electrode is rinsed twice by
25 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
30 compartment, as well as other liquid(s), can be used to rinse such separated

electrode compartment.



10 hydrodynamic flow splitting without or with an ion-exchange membrane, or using an additional
compartment completely separated by an ion-exchange membrane. If a separate compartment
adjacent to the bipolar membrane is used, it should be filled with an anion-exchange material adjacent
to the anion-exchange layer of bipolar membrane or 3? a cation-exchange material adjacent 15 to the
cation-exchange layer of bipolar membrane. Thus the invention encompasses also the use of
ion-exchange membranes for separation of an electrode compartment or a compartment close to the

bipolar membrane. Iheesitady tBenenacentinscaddbes RppisnesRRRPRRBBNAISe 1] and the
2nd delon|zatlﬁﬁsganggﬁgp&@qyaqﬁgﬁgStﬁ@%@k&ﬁiﬁapﬁ@s"v@l" ASFBJQRaMRY b SHIREWg can

also be utilized in part or as a whole for the rinsing of separated electrodé compartments, or

compartmentdnsifiecareenprs tssiRoHb M iR e3ANanemEISARY ane B dRmexehARgeA
preferable seqgnfsinptng:fgw r%ugazdﬁﬁafiﬁip%@%?rmﬁﬁ@éﬁﬂeﬁ&i@)&@ﬂ%mhét bipekiined

considering the type of contaminations. 25 For typical contaminants of natural or treated (for example

by reversé osﬁ?@éﬁ‘i)rﬁaﬁjré?wﬁ%ﬂ,dthbaé&]@HH@'BMqBETWﬁ@W@( tRRfigiHSe RUAYhaFRA%A filled
with cation-exchapgRinaishialsnaigend anle duruak the someatoirphiheshvianiamiedhange

material is usually advantageous, but is not limited thereto. 30The methods and devices of the

invention are nlone sesorarmant ety Wih et Bribie k35 h BRI ALhG e 5988 MIRBLALR:
deionization pgs{gEMapEEasiiAPIAS Prefueiomantopravaiaritisoshel kpysbcadjaeenast tA3

bipolar membrane in the compartment filed with 2a can be rinsed using
10 hydrodynamic flow splitting without or with an ion-exchange membrane, or
using an additional compartment completely separated by an ion-exchange
membrane. If a separate compartment adjacent to the bipolar membrane is
used, it should be filled with an anion-exchange material adjacent to the anion-
exchange layer of bipolar membrane or by a cation-exchange material adjacent
15 to the cation-exchange layer of bipolar membrane. Thus the invention
encompasses also the use of ion-exchange membranes for separation of an
electrode compartment or a compartment close to the bipolar membrane.
According to the invention, aqueous solution stream between the 1 st
and the 2™ deionization compartment, aqueous product solution, as well as
20 another liquid stream, can also be utilized in part or as a whole for the rinsing of
separated electrode compartments, or compartments adjacent to the bipolar
membrane with an external inlet and an external outlet.
A preferable sequence for the flow through the deionization
compartments in series must be defined considering the type of contaminations.
25  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.

30 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



applicable, but not limited, to devices of small scale dimensions and flow rates preferably of O - 50 L/h,
or more preferably 0.06 - 5 L/h. The devices of the invention differ generally from traditional
plateand-frame or spiral wound module design. That gives additional features, such 5 as the possibility
to create an original 3D design for a device. The gen Al design is not limited to plane electrodes
placed parallel to each other and to rectilinear compartment(s) between the electrodes, to provide the

liquid flow directed counter-current to the electromigration of ions. _ Typical liquid used as
feed is pre-treapuieritier, Ruchatdipdtashde devicaewismalifeale, HERnmans o Jinuiion.

The principle %frg?grgw ang deyicss b e RiRT8BlYBRBloB yged to remove ionic or/and

ionizable components from a polar liquid can be applied not only to aqueous electrolyte solutions, but

also to solutions in other Piafeviventobihe invaniien e acanrtalndim . Tagtional platsy
water/polar Soé‘ﬁfﬂlfrﬁﬁ’ﬁ%?ssﬁlF‘aPW&lH@ RidagEoRISsIERNISRIOA iIgiviBiladdRidial stafiesuUsEsHutions,
emica

i.e. the electroc water splitting takes place at the electrodes or in the bipolar membrane,

generating 1- B dhe mossibiley tor efeate @ mnigingl gaReAaRaNLfeh o HeUERar e IRBR R and for
exchange withyiqs framdiguichigdit {s igiame dnstirdprisophaimicymaliting of somethelanagitents is

possible at electrodes or in a bipolar membrane. In a bipolar membrane some organic acids may be

split by an eletestimaanrrernpasiaenitebaaeshdnsoriedtrodesnd® rigyide dPf: &AW Tyate
ions, etc. For gramale HmasiEinget Rehamsinddagtibalar isagibrane generates 1-1+ and CH30-

25 (methoxide) ions. Generated ions can migrate into an ion-exchange material and can ﬁb}eq#ged for

the ion-exchange with ion¥RisBElMibveed 8 erdliguISsFeaiR INKRIE HRYE 2R REFDF
explanaggns, tagdisisibainssis/sashbrithatrRis snlidanerstion are based on the use of aqueous

solutions, i.e. water with ionic or ionizable contaminants, with H+ or/and ot-r ions as products of 30

electrochemical water splitth@Resigedths aethodsapd AeNinsseRlibe ierest AL W aterial.
24 CLAIMS 1, Adneibedipsve epvinererriliemapeladiagishem@irisng polar liquid can be

applied not only to aqueous electrolyte solutions, but also to solutions in other
polar solvents or in the water/polar solvent mixtures.

15 In the case of water/polar solvent mixtures the principle of the ionic
transport is similar to that of aqueous solutions, i.e. the electrochemical water
splitting takes place at the electrodes or in the bipolar membrane, generating H*
and OH" used for electrochemical regeneration of an ion-exchange material and
for exchange with ions from liquid.

20 It is known that electrochemical splitting of some polar solvents is
possible at electrodes or in a bipolar membrane. In a bipolar membrane some
organic acids may be split by an electric field inio H* and carboxylate ions,
some of alcohols may be split info H™ and lyate ions, etc. For example, the
splitting of methanol inside a bipolar membrane generates H" and CH30O

25 (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

30 electrochemical water splitting being used for electrochemical regeneration of

ion-exchange material.



5providing a device comprising at least one housing containing at least one compartment and in which an
electrode and a counter-electrode are located at two different ends of the device, and containing an
ion-exchange membrane, wherein an electrochemicaly regenerable ion-exchange material is placed 10
between the electrode and the counter-electrode, the housing comprising one inlet for an entering liquid
flow, said inlet being located at the electrode end of the device, and an outlet for a deionized liquid, said
outlet being located at the counter-electrode end ¢f th@\fevice or at an ion-exchange membrane end of
the 15 device, said ion-exchange membrane being a bipolar membrane and being placed between the
electrodes, wherein the device comprises valves for splitting the entering liquid flow and at least a second

outlet for a liquid Lsed ta firsEod oL leptnaiey fid BRPAGOHHRYBRINGDApAtAtLHat the electrode end of the
device; 20splitting said polar liquid into first and second streams; flowing said first stream through said
electrochemically regenerable ion-exchange material, causing ions to migrate in the direction reverse to
the flow of sa&id first streapnoidougyh deidceleotrucisergietlBast gerdrabiing naainarmeatdeatirial; and 25

rinsing one of said electroq)qﬁeo[:gmgajﬂﬁf@mc%mgqr{nmgﬁl \%th é@'tgraggoqustrgag&ugtél;he method of

claim 1, further comprising regenerating said ion- exchange material with the ions formed at said

counter-electrode or 30saifl RS R Ry RAAhRInBVo2 FiTerpRl neafo PHIRRIALYICRhERdN said second
stream rinses one of said eleeianmes by passingriaxgratigdy torsaidiglamrodevaidhipughgaid electrode.

>4.The method of claim 1, Jyrther Lo PR G 459N RR e ERE material is placed
10 between the electrode and the counter-electrode, the housing
comprising one inlet for an entering liquid flow, said inlet being
located at the electrode end of the device, and an outlet for a
deionized liquid, said outlet being located at the counter-electrode
end of the device or at an ion-exchange membrane end of the
15 device, said ion-exchange membrane being a bipolar membrane
and being placed between the electrodes, wherein the device
comprises valves for splitting the entering liquid flow and at least a
second outlet for a liquid used to rinse the electrode, said second
outlet being located at the electrode end of the device;
20 splitting said polar liquid into first and second streams;
flowing said first stream through said electrochemically regenerable
ion-exchange material, causing ions to migrate in the direction
reverse to the flow of said first stream through said
electrochemically regenerable ion-exchange material; and
25 rinsing one of said electrodes or said ion-exchange material with said

second stream.

2. The method of claim 1, further comprising regenerating said ion-
exchange material with the ions formed at said counter-electrode or

30 said ion-exchange membrane.



first stream out of said outlet by adjusting the hydrodynamic pressure drop in said first stream. 5. The
method of claim 1, further comprising regulating the flow of said 10second stream out of said second
outlet by adjusting the hydrodynamic pressure in sai%gecond stream. 6. The method of claim 1, further
comprising providing a third outlet for a liquid used to rinse the counter-electrode or the ion-exchange
15membrane, said third outlet being located at the counter electrode end of the device or at the

ion-exchange menbrang,endahdReARMIR 1. wherein said second stream rinses one of said

electrodes by passing tangentially to said electrode or through said

electrode.

5 4. The method of claim 1, further comprising regulating the flow of said
first stream out of said outlet by adjusting the hydrodynamic pressure
drop in said first stream.

5. The method of claim 1, further comprising regulating the flow of said
10 second stream out of said second outlet by adjusting the hydrodynamic

pressure in said second stream.

6. The method of claim 1, further comprising providing a third outlet for a
liquid used to rinse the counter-electrode or the ion-exchange
15 membrane, said third outlet being located at the counter-electrode end

of the device or at the ion-exchange membrane end of the device.





