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El ect r ochave 885162k eat nent of i on exchange materi al REIMTBAN33B| el d

The present invention relates generally to water treatnent with ion

exchange materials and particularly to netjods and apparatus for the 5

el ectrochem cal treatnent of anion and cation exchange resins.

Background Art | on exchange is the'reversible interchange of

ions between a solid Electrochehiieal treat@dnt 6Bion) exvlrngelmatarihli n whi ch

there is no perpmanent..change in the structure of the solid that is

the ion exchaM. The utility of ion 10 exchange rests with the

ability to use anTheeurssentiaveotionxelsiasgemarallyitaiwsater treatmentrplidyiong an

appropriate re§?ﬁ£’1?é€fda@&i§ltseagxd particular1¥ to méﬂlﬁfi? ahd aPbaSRs B Ehdar ket for

hi gh purity water. 1I's use extensively 1n industrial

appl i catd ons elegtrochesaisn] teptipent okanioniand catioyexehange resinsphar paceut i cal |

el ectronics mk%%’iﬁ{d aeperation industries. 15 In the final

treatment (porTs W for.nost appli.cations, (gd'jésoleﬁd .,salts

are comonly renoVHeKcRARgeis thaeyetsiblp jutezghangs of ions ibsiwesR As0Hd

][rat ﬁ;i al 3 or (bfieh mérmé\% eesih) and iadigwid iaahwhid}pﬂ;eewhaoqmmmﬂent changéin H+h
or and an,ani pn _exc e I es LNt he O3 r S : t he

cations and éﬁ? Sﬂrélfi:‘r‘rgs%isygﬁy& \’\%t}bee’(ﬁ’él, e’&bgggg?ﬁ?%%ﬁ#igf‘ggéﬁﬂ;tgrs&\é&tlype,

20 ny be exsbangerasinudth ther abibidy te mse andakusaitlye Exl exchangetrhetesialsous

solution is fj i Lon exchange resin (in the HT

B S

form, the ca ution-are ta t he cati on exchanger,

and an equilbgre it aneparmons markebfer high pusityaseleri Miis usk€ sol ution
(thus eREARIT iy i iﬁli%iriél"?ﬁli&'tﬂoﬁﬁ) withhStabROMapst GHes irfdthdingothe s
be ani on exchanﬁe resin (in the OH

then passed 2 t hr Oy a, secon of
form, and t armaceungg]i, 8#&@9{11%311351%?&?“&?@@% By t he anion

exchangsy. The OHIntthefina$ treatment (podlésking stegy) tforiricseapplieatitng, flisdvdved

sol ution ther f.orn [ f{gr t. S,
t he di ssol vecfggélafg Cﬁg@‘g"éﬁ#%@?‘f‘&g @o%ghe Watﬁ%%ﬁﬁ%ﬁségw gln%lp ﬁggaégfiggl on.
(1f the sequanaterials ohresies alit¢ambimmtionvef & catiom egchangecxesineipdhdibhg
scenario, W L4t ' | NRFY, £ W

For a nunber tfg?ﬁ&/aaitlg ra?{)%??b ?éé%thla gﬁégﬁﬁﬁi@g%@ fg% >Ii<i féﬁagéedldiog{mﬁ%‘r’\e the
exchange resiGtiogs gingraigpsctespeetivelyi Two begs.ue eantaHung saghreg8dype.
confi gug@t i omapbeiuseddditah@ent forithe rémoal bNdanpalts hilfithesd@ibousn this

case. (N o anbuis NS a RR B Rl g BT 0 2,
wi th i mredi atfermguhealatioasiinrthe solutiowfrd takehtumhy tikcatieh eashangeyr, and
resins formng e\!@.{i%lenlttalﬁéulptoogfsﬂib i6nd Qrg released into the solution (thus
preserving electroneutrality). This (now acidic) solution is then passed
25 through a second bed of anion exchange resin (in the OH™ form), and the
anions in the solution are taken up by the anion exchanger. The OH" that is
released neutralises the H' -in the solution thereby forming water. After
passage through the two beds, the dissolved salts have effectively been
removed from the solution. (If the sequence of the desalting is reversed, a
30 corresponding scenario, with an intermediate alkaline solution, will apply}.
For a number of water purification applications, a mixed bed of ion
exchange resin is preferable, either in the place of the tandem bed
configuration, or in addition to it, as a final polishing step. In this case, the
cation and anion resins are intimately mixed, and the cations and anions are
35 removed from the solution at the same time, with immediate neutralisation
of the H" and OH" released by the resins forming water. It is possible to
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2 . achieve a greater level of salt renoval from aqueous sol utions

with this configuration, as the chem cal equilibriumprocess is
"driven" by the | oss of H+ and OH by nutual neutralisation. ,

In either WOMSS4Hati on, once the resins are exhausted (i.ePCHAYS8ARMRGe s
5 no nore resin in the H+ and O+ forns), the cation and anion beds nust
be regenerated. For the convention& chenical regeneration
processes, the cation and anion resins in the mxed resin bed nust
be physi call ar at ed before chem cal neratjon cap be carried
out. This reé@ﬁ@?’&ﬁ gRates lﬁ‘éq}aﬂflsﬁit remova W@@HF%@%FOI\WW%‘@ Sypi cal |y

H err] SJ er cbhfigurhtitink ak ith¢ thipinied] equitibtiim peocess ie%hewd s} the 166¢ 6f
chem cal pr o%f@%ldsgﬁ}![ ﬁl\hﬁgl ﬁgg{rﬁﬁgat%]d handi ng of concentrat ed

acid and cau e di sposal of the ef f | uent
regeneration and Imgtth%mwﬁimsuam ence the repinsaiesexhadetsd EilE. @nica thére is

poi nt ofg Vi eWoOhofPRlsin ﬁiitlfé H+3a'i‘1‘él @PP" fo nthélcaﬁaﬁsdrﬂféﬁltoﬁ Prids nilgst be

O her net hods not ui har sh treat nment one ave
devel oped foFe&%’érf#ég @F ?Sﬁnmntl tq%lﬁgque@§ﬁrﬁ§10113amce§$estm%

net hods i ncl e¢dfog hedtaniee irésihs &h ithé nsixed ¢8%indd hﬁisﬂﬁeiﬂﬁﬁicfall‘y separated

I on- per neabl g f h Si?erranes d ch m cal ‘gtr t sol'utions., Oten the

nenbr anes ar 8810T¢ CREIUGAIREPRE qsaqrgél[(o rtfﬁ‘ﬁt‘ﬁﬂ%“@'ﬂ?‘ioﬁdsﬁga y

Furt her nor e bytecadmeat atitls acid (typxcaﬂydézdst')g) drodiabkalin@y picallpNaOHY, t he

menbr a her. methods
caly %%ag?gl?nsﬂ?ﬁ@ c?%nﬂ[:gfj Lco%eg 111vot19§sdtﬂ£a§t0{‘a%e i?m%ﬁ) (?. ocf'fm of

avai l abl e are 0 rege erate ca
resin, thus Feaesntraigd 81} canstie gohuinnseasiwelbas thef dispesalfof the i on

exc hange nat gffl@dnt re%enel ation and Wgﬁl RS Rtfos dffb‘f%%or’ﬁllP 3&’ ﬁn@éyﬁéﬁg‘?ﬂ tfle

net hod of treati resi ns pensi've ‘and
ecol ogi cal | yPSHHégtVé%Wé’f??St sa @t"t%d?:fﬁét'ﬁlblaﬁnt @ﬁﬁﬁlﬁ’@é@hoﬂh s net hod does

?ﬁt re?w re re}gene{tlaémﬁlthods not 16l ﬁiﬁﬁgﬁhﬁrshaélﬁélﬁft‘%l tﬂ%ﬁnﬁéﬂ?élo@férlﬁal%age tgat
e WwWa I T1 Ggatl,on on e ange .r eg era n-can e
carri ed out ﬁe?ﬁg %18388\%’5@@ legﬁPFth?dl Sk 1o ex‘%‘@&ﬂ‘*?ﬁsl&?s&? e88si n

bed. In the wosibod$ mdiederelwﬂrdnbabmyshemsystbmssutlhsmg spetificim- pbﬁﬁedlﬂé the
e 0r o herhbfankl AA%Riicl) f8AuRE AN Wi i mem i ERbS aRS1°

wi t hout needing to se on exchange resi ani on
exchange r espxpensive and can to leak or rupture duung use. Furthermore, the apparatus

needed to house the resins with the membranes can be expensive to produce

20 and maintain. Other methods available are adapted only to regenerate cation
or anion form of resin, thus requiring two systems to regenerate both forms of
ion exchange material.

The present inventors have developed a method of treating ion

exchange resins using mild, inexpensive and ecologically acceptable

25 electrochemical techniques. This method does not require regenerating
chernicals, and has the added advantage that the water purification process
and ion exchange regeneration can be carried out in the same vessel, with no
need to disturb the resin bed. In the case of the mixed bed systems, this
process also has the advantage that the regeneration can be carried out on

30 resin beds without needing to separate the cation exchange resin from the
anion exchange resin.



3 Di scl osure of Invention In a first aspect, the
present invention consists in a nethod of treating an i on exchange
mat eri al ,wolve/spe2t hod i ncl udi ng: (a) positioning at PFEAYPSQOR

regi ons of ion exchange material between an 5 anode and cat hode

el ectrode, wherein at |east a portion of 3the two regions bei ng
separated by a non-ion specific perneable interface; (b) supplying

water to the at |east two regions; (c) ‘applying an electric
potential bMﬂ@i@gﬁ_@NS&EEgl des thereby causing generation of
hydrogen ions gt Id Bﬁfiraﬂﬁlﬂﬁzh caneprdsantiideention cahsiskeincaniethed ofdreatinghi ch
I ons are caused to ve throu ach .reqi.om. t rds the oppositely-
charged el eép_ﬂBH@"&HgnS‘hé‘}aéﬁ’g}ggitg‘ijé%tF‘ﬂg lg{ghﬁdg%g@'t a portion of any anions
or cqd) onpositiondngttlbast tio regionsof éx bxchangeametarial betweer 8oy egi on

h that t ' AR ; '
©hr ougih t he aPggp aRd cathS8s BREHAAS, WiaRh Bk BoAdh of Gb fAyRafoh TOUE,

(d) renovi bging sepEastedslyre r@m-iqwmiﬂi@ﬁgnaﬁ%bls_rinﬁm‘ 8985 formed during step
(c) which r?g)ch E?ﬁgggﬁ?wa%‘% the at least two régiony;| | be appreciated that at

| east a portion o ] wo .regjons w.l |, be in e I gal t
that an el ed€¥i cAPPPBRE RN &lpc W%@%ELP?W%@%%EQ??%&SC HersBy 8%@83%1 gde:.o
20 ] gei’i@fhtiq[wof E?ti.lﬂjlgénd_dll‘lf hg thegieods mgd ydroxiide édns at the cithode,
exchange . Jmaterial. I't,w appreci at ed. [ : nms of
ion ex angdvhich ions are gppsgd *&r‘é’°8?§%&33%hn‘%e°g‘c%§%ée‘g?%%m?ﬁh ?Mgggé%r y for
efficient opwhasgédeleotrode and therabyndisplacing at leasba pertion of Rej Ardenhax er i al
is positioned,d .egjan. ; ' i 41 h

ani o exchagEolEcasRCRHRith the iond3eAlhgl Adibin SReRPIITATANT |
the anode. \theldisplaced apions a1 eations aeplsacawsed to move éﬁ@i%ﬂi’gé‘eﬁ&ﬂé’rqsal S
in both reg'tP%{fdé Ehé){)ﬁﬁcf[iﬂ{éﬂ eRargedl dlBefrodi@aidn exchange mat eri al

is efficient reat ed, olarity of the elecirodes i r ef er abl

rever st anddan epmeringaploeshiqme Oiﬁlb? F%@O’éﬂﬁﬂg}t"l’iépupﬁeﬁoﬁ% ‘&‘F”&g Step

nat e(rj! al I I n (c) Wthic}éggﬁh ﬂ@im@rfiﬁ\@g, initially treated undergoes respective

I on di spl acenent. . 22 red enbodi 0 '

aspect of the pr éwﬂ}l henw{fe?lgﬁ?&thatpat%%éianﬂqr? lgﬁe%u@ggpv&{e%{lﬁe%%g%
regener at i onincdlettrizal contact kartbet amelacteicali potential can beappligd betwees the .

The ani ons aﬂgctgg{lélsons associated wth the ion exchange material and
removed by thé nethod are preferably salts. In on orm the salts have 35
accunu@t ed on t fehe biwo ssgiRamgan iackideinglgarigiy s nf igp e\?ﬁﬁilé?gepri or to

material. It will be appreciated that when single forms of ion exchange
material are placed in each region, it is necessary for efficient operation of
the method that the cation exchange material is positioned in the region
associated with the cathode and the anion exchange material is positioned in

25 the region associated with the anode. With mnixed forms of anion and cation
exchange materials in both regions, in order to ensure that the ion exchange
material is efficiently treated, the polarity of the electrodes is preferably
reversed and an electric potential applied such that the portion of material in
each region not initially treated undergoes respective ion displacement.

30 In a preferred embodiment of the first aspect of the present invention,
simultaneous electrochemical regeneration of the ion exchange material in
the regions occurs.

The anions and cations associated with the ion exchange material and
removed by the method are preferably salts. In one form, the salts have

35 accumulated on the ion exchange material during treatment of water prior to



4 carrying out the nethod according to the present invention to

regenerate the I on exchange materi al . The interface can
be in any form which allows the removal or flushing of ions and

wat er whi cWOr%84tR1t hereto during the movenent of ions under PERAU%00336

I nfluence of the electric potential. Suitable fornms include, but not .
limted to, non-i on sel ective menbane, frit, porous spacer, cavity
formed by physi cal separatlon of the two regions of ion exchange
material, inert mter,i angenment si cal dary
bet veen t he CHBYIES O Be R grgarding & £ ﬁvﬁawdﬁwyngie?%erﬁ%wa?%ﬂl

regi ons nay #bisexdlempgeanateriadbl e interface. Preferably, the interface

of The’lone and vipen@iies'Abs i iy S?rﬁa%?f@%é%g& e ol of R o

formed duri ngf iansmndyaterewhich reachethevetd dyring theomovessni@ftiors inder thece
and entering r11tr1ﬂ‘§e - th%eéléé’tﬁlcgﬁotb Hal. Suit 8bFé‘fb'Pﬁi§QﬁcHR{ee'b'u@'not iﬁmt?d to,

In one prefe | e st | S uUse as a neans tO renove sa
di ssol ved i nDRECIER %Q%@etmeaﬁvéane T, BAROUS SPRSRk: qawyéﬁgnad@mhm@ Wit h

water to be kg ﬁgniifgthe ttﬁ@tregg;ﬁs%[fﬁ%ﬁ'é@ﬂaﬁ h@att%i;iﬁltr fih?rot?felﬁte?ﬁg rkgh(%w ; thgd
i on exc e n
b the arangsmeRk s Bhisicelbonday s teon dhe ReRaeBipnse By DhEsioRh g
(d) are thenbeoandagdbéeen tdmttoni'@lmssnIachatls@ﬁMmh&@ﬁable iritesfat@r m of
t t t € {. rl
Fogener i e PRig{Hlf &R ihtortd®¥ is polypropyiend i SSCLARE M Blvelte PSS
pl ati num coatheirathevaliafithe\ines end water.  t he cat hode can be formed of
pl atinum coated tpiaiably, Qhe%taﬁ'oﬂk%ﬁﬁl/&t eﬁﬁbn? lf(t)rmed durm‘@' %}%e}[) g@l £gPr eci at ed,

however, that the el ectrodes e material .
Step (d) canl%@oz%ff prigg t Bmowléﬂgﬂ EUP% 868 énﬁ@alﬁ%r%ﬂewﬁ&wwq#wn

removal of tkrchaiye materidter fromthe interface and i mediate surrounding

ar ea. eswtabl neans | ugh t terface with water for exanple.
g w1 | belBR Ervatial ToRshaber R hAis Ui Suf et heaRE B be

appl i cabl e. ﬁﬁ)ssolved in waterro deseeatnd. &3pecte ot orpregions amfhxshedlmd:bnm sts
in an C

cat hode el ectro t% {J}?&H@H{eﬁagb &H}{atgﬁﬁlgf‘i\}g% 3alt%ﬁl§m§§f%{e %@@ggﬁ} gl i on
exchange mat @xd@angetmetenal haregh@mtbémyrpgst pmmesjlsommpbated aad the

el ectrodes, jonexchange material is to be regenerated, steps (c} and (d) are then carried -

20 out. The distinct advantage of this form of water treatment process is that
the ion exchange material can be regenerated in situ.

The anode is preferably formed of platinum coated titanium, whereas
the cathode can be formed of platinum coated titanium or stainless steel. It
will be appreciated, however, that the electrodes may be formed of any .

25 suitable material.

Step (d) can be carried out by any suitable means which results in
removal of the ions and water from the interface and immediate surrounding
area. One suitable means is to flush the interface with water for example, It
will be appreciated, however, that any suitable means would be applicable.

30 In a second aspect, the present invention consists in an
electrochemical cell comprising:
(a) ananode and cathode electrode;
(b) atleast two regions adapted to contain ion exchange material, the
regions being positioned between the electrodes,

35 (c) atleasta portion of the two regions and being separated by a non-ion
specific permeable interface;



35 (c) at least a portion of the two regions and being separated by a

non-ion specific perneable interface;

5 - Waissiedans for supplying water to the at | east tRETAUPBONISS

(e) optionally, neans for applying an electric potential between the

el ectrodes; and (1) means for reéhoving ions, salts and water at
the interface; 5 wherein, in use, applying an electric potential causes

generation of hydr ogen ions at t ode and droxi de ions at the
cat hode, whilgh ,%%angrfgréggggangavater o erﬁ‘a)lt\r)é ’gqu[ Q%Eh regi on towards

the opposit gky- cloptiondlly] araneder applying an elddide poentisibetoides the | east a
portion of aegg an¢ons r cations associated with the i on exchange
material in SR eéggfiB such that the displaced ani ons and 10 cations
are al so cayfied tmeamsvier rémowiyg idns, salls and wadenatdthet inderfpgesi t el y

charged. el e d
wni oh rbach PhERE B appRAnk salEefl potentl) b&%%n?%f‘i“ﬁ%?ﬂ?dfﬂeﬁe
The el ect r odhasiat Hie aaede pad hydroxidedpny at the eathede owhich ignsaresaused do

met hod accorghig tﬁl%dgh%afchn% 10@§9R/Fdrd§fthé 69 9§x@§19r&hdrgy@aléc@fbde1aiﬁ1 cell can
nQVvi n |ssolved salts or

be 15 use p wat e

regener at i ngt g??ﬁﬁ’y dis; a%“é&éh IPEEQ?? any|anieRs PHCRtigng %@Oﬁﬂe@ et of .
The anode i Stherlaﬁezscahhu é ﬁfa!t@ldaloifn gHlol teplon swet ﬁihtttlléamplﬁted\/ﬁﬁicﬁﬁﬁand
the cawod e be | atinu coahgfllt | t.ani m ar ai nl eSSt teel

qual e aéﬁﬁ;sé’c‘?aa‘{sgﬁ%ﬁ’&%?/ roug etrﬁ%mé‘r‘” 3‘("% e SRRPYsAt %r med
of any 20 chargebekecmide; and at least some of thelctatmnls landéoramippns fetmeed t hat  at

east a por L A40leab b R RR0RS ol eﬂllsﬂlﬂ§gﬁeeaq{sri cal contact so

that an electrica app et'ween el ectrodes.
In a preferred fﬂrhﬁ electrpehemical opﬁemmacmlade' Juitabde for eateyingmut the

appr oxi mat el pofHd Qéc%tréﬁi fbet‘h‘éﬁﬁ%th dt'T tRe ésre?l‘i!‘?ﬁv@tﬁ%ﬁ N he&PEM be

t her ebet ween caqntai n ts anti al e sarire ol.ume r anmount of ion
exchang® nat oo purity water yrI e‘ ‘ém&é‘d?%’ %ﬁp‘l’&/ qigegereratiagipnc
potenti al caskdhan ym&uritalﬁalbleced in the m&ans sijarecf. The armunt of potenti al
apol 0,11 DS Dol UGBt o PRULePod R GASIORST NG |2
current of YHevdthedapmh bedofmed of p¥aimum taaded titanium or atainlese steel. It
substanti al | yi¢ BIRLGkEeih RUC BOUAVEL AL 1 EiEi¥deX BRHSEE fbrn?dl of any
20 suitable material.
It will be appreciated that at least a portion of the two regions will be
in electrical contact so that an electrical potential can be applied between the
electrodes.
In a preferred form of the cell, the interface is positioned
25 approximately equidistant between the two electrodes and the regions
therebetween contain substantially the same volume or amount of ion
exchange material.
The means for applying the electric potential can be any suitable
power source. The amount of potential applied will depend on the type and
30 amount of ion exchange material. Typically, for a cell containing XXXX of
strong ion-exchanger, a current of YYYYY is applied for ZZZZZ minutes to
achieve substantially complete regeneration of a fully exhausted ion
exchange material. It will be appreciated that these values are only examples
and will vary depending on the material, extent of exhaustion and volume
35 used.




exchange material. It wll be appreciated that these values are only

exanpl es and wi Il vary depending on the nmaterial, extent of
exhausti on and vol une 35 used.

6 wo9s/51620 a third aspect, the present consists in poa/ameieszst he
cell according to t he second aspect of the present invention to .
regenerate ion exchange material. 6 In a fourth aspect,
the present consists in the use of the cell according 5 to the second
aspect of the present invention to treat water to renove di ssol ved

salts therefrom Ina third aspect, the poesens sonsists hether s obithte, calhacqordignto
I nvention do I | . ' | | anes for
e %onglf&h‘ﬂe[:?of the pres@ht ﬂ?veé}ﬁﬁaf?e ge%@g?ﬁit@ G5h \éﬁﬁgﬁ‘&g

its operation. ) , ‘the regions or I on exc mat eri al
are used as H#H8HAler to the transport of the 10 unwant ed i ons. The

elimnation of the aéeerth@speot)the pesdent CoEiReY ANEfR wse &f the cell according

consi der_abl e, advant a over,t rior art, leadjng to a, sinpler, nore
obust 8 5 TR SRpREnoF of bySpuffnventivito HeaCuitgt s irGistver 1 <
speci fi cat i odissohtedsmltsithecefnomxt requires ot herw se, the word
"conprise", or vaf{ ati }ﬁﬁo"- ri . . riSl.Ne. o4l 15
be understood to 1|rri €+1§/ﬁ§%§6ﬁﬁgl u3|roér:%?’o eéﬁgg%?tgﬁ Vgﬁggngrﬂo,%si n tereﬁquh(%r st ep,
or gr snjpmang catiensslectiveagembranessfarits oprratinn: Rathen theaegions of

any ot her or bed#beIBNéxcHdHgRARh e al Hiré Rise@'as A1 PieP ko $hé MRS Porti JTtRECT S
or steps. In_order that the Lnvention may be nore

. y X pres Nt ), R
cl ear | Yi0undeM&#saed ions. The eliminafignsejrthe e fop doRreelertis e AnYDRRNA 8 fence

to the fol | ovbngiderdbi®hdvaitige ov@ﬁdh@gemw!éz_&ungrta\éd dififpler, more roBisef
Description of igure 1 is a schematic of one

aw ngs. . _
embodi ment oiang?éﬁseec?ﬁ%%hveen?ycsé?m(:el I according to the invention;
Figure 2 is a schthenighostt thisotpesifieatioiurdass tife corgkrt requitesnothalwizs,

CE L 251, Ao GRSt gy cHbAY B AR, |
Figure 5,  be understood itp dnpd¥ the inglysigiiofie stated slsment iinteger pustepaot ng
the operati ogrqifp bHélements, in®b@ah 0?GRYH, Bk noehhe kclbsfHi] 6f £ny dther
Figure 5 Sho‘é\?enel‘m% ?r?tggglt 01'E Qt%p, Icnr'ngaréjue g eeerrlxgzeent(s),f inltggnerg)é%g?erizgs? restn,
In order that the present invention may be more clearly understood,
preferred forms will be described with reference to the following examples
20 and accompanying drawings.
Brief Description of Drawings
Figure 1 is a schematic of one embodiment of a electrochemical cell
according to the invention; |
Figure 2 is a schematic of another embodiment of a electrochemical
25 cell according to the invention;
Figures 3a and 3b are schematics illustrating the operation of the
electrochemical cell of Figure 1;
Figures 4a, 4b and 4c are schematics illustrating the operation of the
electrochemical cell of Figure 2;
30 Figure 5 shows a graph of the time dependence of ion exchange resin
regeneration as a function of density;
Figure 6 shows a graph of the time dependence of ion exchange resin
regeneration at a particular current density of 40 mA;
Figure 7 shows a graph of Coulombic efficiency of ion exchange resin
35 regeneration as function of current density; and

Figure 8 is a schematic of another embodiment of a electrochemical



regeneration as a function of density; Figure 6 shows a graph

of the tine dependence of ion exchange resin regeneration at a
particular current density of 40 mA. ; Figure 7 shows a graph
of Coul ontW@ 986182tj ency of ion exchange resin 35 r egener BET/AW98/80336
function of current density; and Figure 8 is a schematic of
anot her enbodi nent of a el ectrochemcal 7

7 cell according to the invention. ' Modes for Carrying Qut
the Invention Referrjng to Figure 1, this schematic

demonst r at esCe¢lhaceuding to the Inven§iotinci pl e of the method of ion exchange
mat eri al regm@tfbpmag%@_%g durgdheInvéntiont he present I nvention for a pair
bed of ani on excrirBEIRELS Figug i thihhesatio dereRstralts e BRRmle T eoi n 6
are pl aced bptineiple @f phé mathoddden 2xahdngatruteidalbregeneratiosl aﬁidrdﬁxgstodV\at er
I s provided t hr. ' ) 1. . an
exi st Ar oughobiSeRE e o & e UPHobBte i lon orb @K oleation pnd
appl i ed 10 aniggrexshange resioded bedrnf anien exchange ®simfdndhebedicf cativar i n
the vicinity - . : ' |

%}gcfhagilgg resin 6 aré é%c@*ig%é{v@gﬁ% PaifBf aﬁodg??aé{gélzétﬂ B%

el ectrochem cesses ta o] X lon (at the anode)
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generated at the . Lons are generated at 20 the cathode
8. For each el ect@g@;ﬁ’é@g?ﬂ%ﬁgﬁbg%ﬁi val ent of H+ and one equi val ent

of O+ are generated.2Hf@ gener ated i onsOgandHieh 4¢nder go i on

exchange wi th catpoectidif(AnheRatisd)ts) associated with the ion exchange
resins in the cell. T%hﬁéxchanged cations_and anions (salts) migrate under

the i nffPuence of the th 28 porential Heft&dce, and neet at the
interface 9. 25 OQOvénlbElceioehemdcdlf Reotin ons, the interface 9 may

Che 1w resin beds.  AiGtermedide 2 BolTadafit 6T e spacer mater i al
(such as ion exchBEhgaet essubt isrthahevater is split into hydrogen and oxygen, and in
addition, H" ions are generated at the anode 7, and OH" ions are generated at
20 the cathode 8. For each electron passed, one equivalent of H" and one
equivalent of OH" are generated. The generated ions can then undergo ion
exchange with cations and anions (salts) associated with the ion exchange
resins in the cell. The exchanged cations and anions (salts) migrate under
the influence of the electric potential difference, and meet at the interface 9.
25 In different configurations, the interface 9 may comprise a porous spacer, a
cavity formed by physical separation of the two resin beds, an intermediate
boundary of some spacer material (such as ion exchange resin or inert
material) or may simply represent the interface between the two resin beds.
The cations and anions meet in this region and some means is afforded for
30 them to flow out of the cell in a liquid stream (aqueous or other).

It is possible to configure this system in such a way that it can be used
both to desalt an aqueous solution (in the operating mode), and to regenerate
the ion exchange resins, without needing to disturb the resin beds, or to
remove resin from the cell.

35 For regeneration of a system involving beds of mixed (cationic plus
anionic) ion exchange resin, a similar system has been devised. The overall



material) or may sinply represent the interface between the two resin beds.
The cations and anions neet in this region and sone neans is afforded for .
30 themto flow out of the cell in a liquid stream (aqueous or other).
It is possWBIM/SE@lconfigure this systemin such a way that PCToaUIshessssed
both to desalt an aqueous solution (in the operating node), and to .
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can be in a pRéwhahltheR fully!dxhausted sta®XiBEEisaHedd A QibsMGH TP BB aghon can
be carried out ,partial] en a suita otenti al

di fferdfice | & gieerﬁs’ég"t‘gé’sefﬁlﬁg&ttmnd Do aniog @ Jegip i ei@]ésﬂ%'ﬁom
in Figure 3(IMwilDbe apprgsnedahedestr,that tef tes?f can H@ai[x]lfh phﬂ@dll}ﬂdgir']lgﬂy (the
el ectrode 125 Tonustataipe® Y Vass oS ERie Raricd i dtialig or iyl
electric field, tWisaaeundablegatentialdifference isappliedaprss ithe tebect r odes
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20 hand e(fectro e 11 (the cathode, marked "-"), and H" is generated at the right
hand electrode 12 (the anode, marked "+"), Under the influence of the
electric field, those ions migrate away from their respective electrodes
through the resin beds. As the OH" ions migrate through the left-hand
compartment 6, they replace the anions associated with the anion exchange
25 resin, so the resin is converted to the OH~ form. The anions that are released
also migrate together with any surplus OH" in the direction of the anode 12.
As the H" jons migrate through the right hand compartment 5, they replace
the cations associated with the cation exchange resin, so the resin is
converted to the H' form. The cations that are released also migrate together
30 with any surplus H" in the direction of the cathode 11. The cations and
anions meet at the interface 9, any equivalent amounts of H" and OH" that
are present neutralise each other to form water, and the remainder of the
ionic species (salts) can be removed through exit port 3. To assist in this
regard, it is preferred to have at least a minimum flow of water in through
35 ports 1 and 2, as for every mole of H and OH" generated, 1.5 moles of water
are consumed.



25 resin, so the resin is converted to the O+ form The anions that are
rel eased al so mgrate together wiwth any surplus OH in the direction
of the anode 12. As the H+ ions mgrate through the right hand
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any surplus H' ions in the direction of the cathode 11 The cations have no

effect on the state of the anion exchange resin in the compartment. The
anions and cations travelling through the left and right hand compartments 6
and 5 respectively, meet at the interface 9, and any equivalent amounts of H*

25 and OH" that are present neutralise each other to form water, and the
remainder of the ionic species can be removed through exit port 3. To assist
in this regard, it is preferable to have at least a minimum flow of water in
through ports 1 ant 2, as for every mole of H" and OH" generated, 1.5 moles
of water are consumed.

30 The anion exchange resin in the left-hand compartment 6 of Figure
4(b} and the cation exchange resin in the right hand compartment 5 of Figure
4(b) are converted to the OH™ and H" forms respectively, any additional
current flow generates equivalent amounts of H* and OH~ which migrate
through the resin beds and neutralise each other as they meet. At this stage,

35 the polarity of the two electrodes is reversed, and H* and OH" are generated
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1. Ehehi néerlﬁ@lyprdpyléﬂilé grit:e"ghe \ﬁigfhlt&?am;]@;tgpamnent soand lﬁh@M-@ﬂagdf rit. f Tlhle g
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20 cation exchange resin (15-50 mesh ASTM). These resins are used as an

example only, and the invention is not restricted to, or specific for, any
particular ion exchange resins or materials. The ion exchange capacity of the
resins in each compartiment was -17 millimoles. The resins had been
converted to the C1- and Na* forms respectively, by standard chemical

25 methods, and were thoroughly washed with deionised water to remove any
residual salts. The electrodes 7 and 8 were platinum coated to titanium mesh
(6 cm diameter). The electrodes were placed in intimate contact with the
resin, and were held in place by a pair of endplates which were clamped to
the cell, forming a sealed unit. High purity deionised water was pumped into

30 the cell through ports 1 and 2, and flowed out through port 3. A galvanostat
was used to apply a constant current across the platinum coated titanium
mesh electrodes. Water was pumped into the cell through ports 1 and 2, and
the effluent from port 3 was collected. The pH, conductivity, and Na* ion
concentration of the effluent solution were monitored, and the current and

35 potential were recorded. The results for three different current densities are



20 cation exchange resin (15-50 mesh ASTM. These resins are used as an
exanple only, and the invention is not restricted to, or specific for, any
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is turnd® suc,qathlpgtamﬁ@mams(aﬂld water (waste salt solution) can flow.. When the
system is being used to purify water (Figure 8(b)), the valve 13 is turned such
that the liquid flow passage 18 of the valve 13 is no longer open to the resin
beds. This prevents the liquid from flowing in an undesirable fashion
between the two resin beds in the water purification part of the cycle. With
25 the configuration shown in Figure 8, the resin is regenerated in a
countercurrent fashion (i.e. the water flow and the ion between the two resin
beds in the water purification part of the cycle. In the purification mode,
water is fed through a further input port 16 at the base of bed 5 and exits
through port 15 before being fed through the other bed 6 by means of port 17.
30 The purified water exits through port 14. Ports 16 and 17 are closed when
the cell is in the regeneration mode. With the configuration shown in Figure
8, the resin is regenerated in a countercurrent fashion (i.e. the water flow and
the ion flow both proceed through the resin beds in one direction in the
purification cycle, and both proceed in the opposite direction through the
35 resin beds in the regeneration mode).
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actuators and m croprocessor cont rrllum rcuitry It will be

appreci ated by persons skilled in j ,Immlmmgous vari ations
and/ or nodifications nay be nmade t s shown in t he

speci fic eWSOWSts without departing fromthe Spirit or sdREABIS/0RE 20
invention as broadly described. The present enbodinents are, therefore, to
be considered in all respects as illustrat3dve and not restrictive.
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t he ot her regiaéwmsmsls@rdemdawﬂéttM@@Wenammaém each regiod.suchTthat
met hod accor Ctheghﬁéla%é“aﬁlo’)né"ﬂﬂ Ehﬁoﬁ?ﬁré £8b &gltb'gﬁ&% {H}Bugg dhe regiBhe"

exchange material is positio near the ano
i ncl udi ng thetoﬁ‘@l?‘ii%ﬂl%S?Eﬁ% Yﬁ&laésfi Peicél‘oﬂﬁsﬂ{lﬁloned near the cathode.

4. The methay ageicVin@at Ieast bt lofWhela®iond BEd/k claaaﬁ& foMRed @%R@%tgr%
i ncl ude f ani an tion exchange material s. 5. e
met hod ﬁicor EFﬁ&ﬁ?&é?aﬁlﬁﬂw wﬂsﬁa% after applying the potenti al for
a period of ta.ne, Tiemethed atgording e clincl widaein sne eugibaaﬂchmsammendf
25 S0 PO e ool BLARE RAEEE R e SN BHE
the ion exchahge rdieomieshod nccordmg to claim 2 wherein the region including the
anion exchange material is positioned near the anode and the region
20 including the cation exchange material is positioned near the cathode.
4. The method according to claim 1 wherein the at least two regions
include a mixture of anion and cation exchange materials.
5, The method according to claim 4 wherein after applying the potential
for a period of time, the polarity of the electrodes is reversed and a second
25 potential is applied.
6. The method according to any one of claims 1 to 5 wherein
simultaneous electrochemical regeneration of the ion exchange material in
the at least two regions occurs.
7. The method according to any one of claims 1 to 6 wherein the anions
30 and cations associated with the ion exchange material and removed are salts
accumulated on the ion exchange material during deionisation treatment of
water.
8. The method according to any one of claims 1 to 7 wherein the non-ion
specific permeable interface is selected from the group consisting of non-ion
35 selective membrane, frit, porous spacer, cavity formed by physical separation



the at |east two regions occurs. . The nethod accordi ng tg an%/h
one of clains 1 to 6 wherein the an tions associated w

the i on exchange material and renovlelmﬂ“mmmmﬁ”m accunul ated on the. "
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8. The net hod according to any one of clains 1 to 7 wherein the non-ion .
specific pernmeable interface is selected fidom the group consi sting of
non-ion 35 selective menbrane, frit, porous spacer, cavity formed by
physi cal separ: 14
of the two r ﬁ wgfrelgwp SRRy hanse maerial, jpprt matezialayalvga) ve
arrangement , ami@mlmymtcahdt;ﬂiy%dmibdmaﬂ\a@ebetd?&dm e radions. . The

thod accordjn th enface Ls .a ol ypropyl ene
Ptra it associ a?éedgvmtlﬁhe %‘%\k}}g(} £3¥\¢]&rd§+§ B%Cfaﬁ@rg Yhstein e inferface is ap and
wat er from t teolyprapyflenefrit associated witlr aeraines twaﬂlawdheden@vaboﬁthe iome of
claims Igto 9a %?érrfr&lﬁ geitn'tél‘?éce and/ or ani ons anq wat er forned

during ste renpve rror to crossi ) the interface qnd
ent er |gng t Ee her %@G&PQ)?CWH@%&%Q%@HM& &laims 1 to 9 whergin therpatioms hod
according to aﬁf&/opﬁl@xoﬁﬁ a<iﬂdawa’ferJfohﬁeéQidi\ﬁ%r fep (€] &t reboved pllor to &1988ngS 2

means to remgye .salts dIS ved i rior to carrying out K steps
(c) and (d). S infor T e Aber iqp of don gychgngegmatarigl g 1 (o 11
wherein step 1d) The method &d:mldmgtd ary ont &f ickdimsd td 104t 1e¢rein step (b) i3

ol et ot uels f‘éaf% Wb et dirsshe L in AR IS BN AR stemtange

material, thdc) and regi ons being positioned between the el ectrodes,

(c) at Ieastyn pmﬁetmdaéeo mg{& PBRe M mReP S 34 SPhdNiRsfBTa) 2
g? T%or supp § ?qtggt]he

specific per l.e erface nmeans yl'ng wate
a!to | east t\/\or}f‘éﬁg\%& 16 1nterf%ce(x@)thwq)t5gl onal |y, neans for applying an

el ectric potefd.i alArbeleseorhbhtical cell coﬁ?@i%lﬂ%?de?? and Wg}; 3 o nm%‘?gs
Interrace,

Lge r egg?f”ylng gnsgpzag’lﬂqscarﬁg'?%ﬁ’toﬁﬁlﬁ% generation of hydrogen 25
ions at the gbpdeahbshshydoargibnsialepted td bentain badexchdrigehma sl e caused
to regions being positioned between the electrodes,
(c) atleasta portion of the two regions being separated by a non-ion
specific permeable interface;
20 (d) means for supplying water to the at least two regions;
(e)  optionally, means for applying an electric potential between the
electrodes; and
(f)  means for removing ions, salts and water at the interface;
wherein, in use, applying an electric potential causes generation of hydrogen
25 ions at the anode and hydroxide ions at the cathode, which ions are caused to
move through each region towards the oppositely-charged electrode and
thereby displacing at least a portion of any anions or cations associated with
the ion exchange material in each region such that the displaced anions and
cations are also caused to move through the regions towards the oppositely
30 charged electrode; and at least some of the anions and/or cations formed
which reach the interface are removed by the flushing means.
14.  The cell according to claim 13 wherein the anode is formed of
platinum coated titanium and the cathode is formed of platinum coated
titanium or stainless steel.



nmove t hrough each region towards t iielv-charged el ectrode and
t hereby di splacing at |east a porti mﬂﬁﬂﬂg!uﬁeﬂmlg’ﬁlﬂor cati ons associ ated
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W th t he ion exchange nmateri such that the

di spl aced aNP3¥s16Zhg cations are also caused to nove PRTAMHIFOEE
regi ons towards the oppositely 30 charqed el ectrode; and at |east sone
of the anions and/or cations forned Swhich reach the interface are

renoved by the flushing neans. 14. The cell according to claim13
wherein the gpodeqi r f . Pplaat | e iLtaniumangd the

cat hode is fgs '(redT?)l% Cfp? aﬁ%ﬁ@n{ngotgt%almplaa&ﬂ T%ﬂ%%%lmg%é %@8?‘#%@%‘%&“&& :

15 18nioexchange matasialiang the eiher pegiendnclutestrcation enchangs on
includes an paterial.@Ni on exchange material and the other region includes a
cation exchan mat eri al . The cel |l according to claiml15

e 16
wherei n the rlggi om becetl afcegdingctoglaim 15swherqin the 1ggiomsinsinding; the anion
posi tiomed nesthidg AlAYi¢alal pdsittoniclnedr thcansle)@nd ke region in6RidiAg the
exchange matert.al | S1ROS! ti (%ned near .ﬁhe (gat hogt?. 17. The cell
accordi ng t o CBHARFXERaBee matgHal is prsitigngd near fhe pafhodeyi ons i ncl ude
a mxture of 1ani oFharulicaddordingxioielain 18ade14 attsrein the at 1b8st twidi eegichs
according to, e of. clalns: . i Qnyion 10 specific
per neabl e intler%(lggen'1 xlngxtsug{a§gg§6;}1f?%§] ZIQYWEE)@SEB%HIS?@{MSQ of non-ion
sel ecti ve nmedBr an&hefaell acopadimgstosanscene of&’alainys Thtned whemphy thenbn-ion

separ atjgon segcific%erhﬂfab‘lé’%t@%h@ RS sOlectdNrBiE PAD cﬁféiiﬂti% bPfibh-ion

material, val , qiiI@rran ement , and physical boun gy bet ween the two
regi ons. selectiye membrana, Irik POROMS FPacer Gaxitn e YePhytinel sepasaticr e
i ? ahpol ypr opy tkes ewd regionk rdftioﬁ%&eh'%ﬁg@ﬁlafeb?ibl, dné‘ﬁhﬂ@tetrih%,g{'él@wht he Ir lermval
of the ions an er 0 . Lnterface. . . The ce
accor di ng toag%?\égﬁgné’f érb&BP%lcfgb%BSQ@%ﬁ%%qeﬁl thectwr.Igeions) i's
f1 ushi ng t he 1Bnt eThecelldacerdiageto.clait 18 wherein the interface is a polypropylene
15 frit associated with a valve to allow the removal of the ions and water from

the interface.

20. The cell according to any one of claims 13 to 19 wherein the means (f)

is flushing the interface with water.
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