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A

METHOD, APPARATUS AND PLANT FOR DESALI NATI NG SALTWATER
USI NG CONCENTRATI ON DI FFERENCE ENERGY FI ELD OF THE

wO DBENFI6€IN The present invention relates to a PEr/haeho9/000080
apparatus and plant for desalinating saltwater. More
particularly, the present invention relates to a

METHOM, APPARATISS AND RLANT FOR RESALINATING SALTWAJER

v sol UG SONRERERAMONDRIFRENTE ERER G ot

are separated by an ion exchange nmenbrane. BACKGROUND
OF THE | NVENTI ON Over one quarter of Earth's

FIELDOOFaTHENNVYENTION have adequate access to
freshwat er. | nadequate acc&s to freshwater

They gquq% m\@ntlogsreﬁte% 16, a psthod, apgpataius agﬁloplaint for desalinating
saltfl%I bi 5‘rt|cL|la'?'gP gt%gggl‘e%?htt |H(/é?111t|d?ﬁé‘fét8§?§esrnag{?9gf ,apparatus

nom c n contrast to
andhplsat éor, dssdlmmnga rsaltwatesratw U’s‘rlizm@theabhergy‘&)diffemoerthiah exists

DetyAER VBRI o et Sahlintercerd At Tigtcite spbarated by an

|0h@§§ﬁéhg§@ﬁ%bfbh@u9h it is not only undrinkable, but
unsui tabl e for agriculture. "Desalination" refers to

the process of renoving anions and cations from
sal twater. Seawat er tkﬁ)_l caI ly has a salt concentration

BAGK@B@MNQ@/JMEIM&E is, about 35 grams of

' I I r.. t

Ovh PRRaHdMGE cL B8t cémg{aar!’affg%sapbf“é%&%e%?%%atsna°<fess to
freshiwatest Inadeyuatd . 4b¢¥ss I8 Virsshwaters i Héﬁtrh@'ﬁtanﬁdﬂﬁd@ralead to

currently known in the art. One of the npst popul
diseasengad malptatiem limi a@wﬂty@ldi%&mfenmqf "rb@'t 'sconomic
grob\mo' ves nechanically forcing saltwater through

spirally wound, seni-perneabl e nmenbranes at high

pressure. The nenbranes filter salt fromthe
In comitrashtceirestBedtendiovevienasaliveatér istreadity am’ailajple?CSaltwater in the

ui res extensive pre- t t, ich e
forrh o ST ST BES B0RE BT oOChE WAleT O AT, Liveas caawater
U SfRRBGAL i ¢ urdrihkabier b'u? up¥@itable for
's éaboutéﬁt%vagga“ﬁe%h{@g bg Itghrfez%a(g,eﬁwhenl t he sal t wat er
agriovituee  ‘Besalination’ efers tacthm process of rgroowing laminns and cations
fror%uéalllﬁlvater. Seawater typically has a salt concentration of about 3.5% by
mass; that is, about 35 grams of dissolved salt per litre of water. In contrast,

drinkable water typically has a salt concentration of, at most, about 0.04%.

Several desalination methods are currently known in the art. One of the most
popular methods at present is reverse osmosis (“RO”). RO involves
mechanically forcing saltwater through spirally wound, semi-permeable
membranes at high pressure. The membranes filter salt from the saltwater.
Saltwater that is filtered using RO requires extensive pre-treatment, which
increases RO’s energy requirements. RO also suffers from performance issues

when the temperature of the saltwater is over about 30 °C, which can be the
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for exanple. Additional nethods of desalination are

mul tiple effect distillation ("MED") or nulti stage
wo b@ghs3683VSF") . MED and MSF desal i nat e sal t wat BCT/0O%2009/000080

repeat edly evaporati ng and condensing the saltwater

over a series of nmultiple stages. The source of the
caservetne;ytrfeosaltvmeamumsﬂs paterdiara @ warny ogean gr pewerplant outlet,
forg %@é e steam The primary drawback of MED and NMSF

¥ Ses is the |large anmobunt of thermal energy these

processes consunme, which is typically an order of

Addmmﬂmlétﬁohs ohdesalirationzre eheitiplei effdct distiflaioruEMEDY or multi-
Anot her net hod_of desalination is electrodialysis

stage 'E@s)h (EMSEChi e MEDJa8dl MRF i éﬂsalmatfag&ﬁl%rv%%a%tmeﬁatedly
evaﬁ) ﬁ'@seﬁgﬁﬁ{f&éﬁw 19 \égﬁkméfelrtovbpgsséfees & rﬂpﬁ:p %‘&es The

to a concentra ream
soueee bhtrgeenargh fameE Diand MSH prodestes rx:ﬂsuéllyamw pressure steam.

external ly a ctri c tent| al . Thi
Thet Y Sransath P o MED e eBr%P??ﬁ%S 45 the pge amount of
theﬁ’iﬁélc%n'e QHéEé U?ffg%@sé@é %r@ﬂ?ﬁ li§OtyBIcaf 9O8AEBEder of

ion e change nbr anes and concentrate
magmlttnimlmgheothamghbe!iaﬁecaltdmerggeummbyeRO One probl em
with EDis that it consunes nore energy than RO for

sal i nat f se ter,.and that the e o u
AnGREE RO tof Al i ety AT y ED Elhieves
desaliRbfi tﬁl'cﬁfg!}f 'aC s@@é@’dbhabrode@saﬂrﬁeiéwn dissoR/edblsansions are

associ ated Wi th energy consunption, electrical

transéerded fom @ fers seamoto a eanceptrate,siream thsough mlee@hange

g4 LG il PEEREE k5500 8Bty

ion Ma@hbemls\wdbﬂg dohdubld i rhg?an ED stackewich isfconbucted using
nitude of t external ly applied electric

an pajferpating | aveng%rg@nbr%fdﬂ@m@xcémge smgmbragies, ¢ with feed and
corefi g Tiid ENALLA I HUhEARBRT n BRSBRERIAED I

thatDcehsges Thore emgytﬂsam RC foraddsatinatipri ohseawater,earid that the
| osses and reduces the efficiency of ED. Co g{eguent .
sowrgRQf suchaenrgy isogntifelyetming o 98;?& sxigenally; applied electric

potg r _ SM&@%@%&@BF%&%&&%@H SN Sy ddRsBfriptibn, electrical

hardware in the form of a direct current power source or rectifiers to generate
direct current from an alternating current power source is required. A second
problem with ED is that often, as a result of the magnitude of the externally
applied electric potential, voltage gradients cause salt ions to migrate not only
through the ion exchange membranes as intended but also through the
manifolding used in the ED stack. This results in circulating ionic current losses
and reduces the efficiency of ED.

Consequently, there is a need for a method and apparatus for desalinating
saltwater that improves on the prior art.
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According to a first aspect of the invention, there is
provi ded an apparatus for desalinating saltwater. The
wappansiess i ncl udes a plurality of drive cel | SPEDCA2009/000080
generating a drive voltage, each drive cell having a
di | uent chanber for containing a diluent of a first
SUMMARYQRJHE INVENTION concentrate chanber for
contai ning a concentrate of a second ionic
Acoosdiog rior atflrstnaspmt af shgrievendion; theret iseprovided am@pparatus for

deshBAETR, BBlng e raPefitln IRalbod a HuBHELRHive cetls for

genepating C Ny Wtage ddch dige deéllendvirggida cmmeemtmamber for
chanbers, and the other of the cation or anio

cor@adawmgedlmr%fne first ignig @@ﬁﬁV@@mo@Wnﬁawéeamber for
con?%ﬂlr{gen . SngntFé)(gT&frH g%dr%qlomc gc(r?c%%rt} %h\fﬁatﬁg Odereﬁ’f%‘;j tAdh the

rrve € appar us a

ﬁrspibntﬁmncdm'@uen, ané of aayatubartgeam@rnrbkemweanwnﬂﬂane forming a
chanber cation exchange nmenbrane, and a praod
shared nhundasy hesweanna mh@nscmmm@wcatborbémth he diluent and

cor@?ﬁ@bt&‘y%ﬁﬂbef@%neﬁﬂg biterdiang %Etl ﬁ of %Hﬂﬁ'ﬁélx(ﬂﬁ grﬁggﬁrgltbrane

oni ¢ communi ca ion Wt
formimgnd shared bourelar anefavesardndoindonicccansminicatiea with each drive

cel AT AE AdaARS Ve elonT I8, ARBRHLS BIR6r BRCdeT Ruriigt famber
amS{j‘ég?ﬁa{\/rédeS e'i‘nlﬁr%ﬂéca% 10t ﬁQHb% M‘e&éﬁ‘ar@é%%’rﬁﬂr&ne and

c I's"viat uctca er ani o or cation
a peodiici ropamimriforcentaiiing dbe sattwaterdbse desalingdsd.a The product
di,l uent, concentrate

chaiba & DRSS o AGEcIRF I DUABH Bom: e gorRBUGERghwith the

protQcErhrAMEY anibAExcASnGE mEtnbramBadHiEss, deH@ie@Qﬂ'PSﬁéﬂ?@P 8ide by
to and away fromthe Concentrate chanber, and

ands 45 t iRai@Mc t commumisaionnwitbdther praducte chamber e@atlon exchange

e Fher¥IBonES CRPBRL B e 2 B cath SERChistFurarty o
drivéns&IRd viaatheOohrodltt sha@mbBR RN GresdRin aRchange mdnstirane. The
chanber gasket circunscribing each of the dil uent

appafatusealso inmudema snanifalding mmblsahavmaéilhyeab (wencentrate and

prof R yab BTG o A8y The Wiafho HFiLalaf R e diven

chamatyéraitife icoatentrate tBPasE awayr fromi thieataroeatratd ehainben afd the

saltwater to be desalinated to and desalinated saltwater away from the product

chamber, respectively.

The apparatus may further include a diluent chamber gasket, a concentrate
chamber gasket and a product chamber gasket circumscribing each of the
diluent chamber, the concentrate chamber and the product chamber,
respectively. Each of the diluent chamber, concentrate chamber and product
chamber gaskets can contain therein a spacer for maintaining separation of
cation and anion exchange membranes.
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cation and ani on exchange nmenbranes. The dil uent,
concentrate and product manifol ding may respectively

. Woopmbpstessa di | uent supply conduit and a di | ueneCEXA2009/000080

conduit, a concentrate supply conduit and a
concentrate exit conduit and a product feed supply
The: giluent, congeatrpteo @andt product crandiglding gask r@spm\@v include a

anoGEL S0P "CAt 0 ST AR BB Sy conu

and'@tovhcentrafecexit toveduit éh@@bmbdgalsfe@tj $upplyl cyndwit ahd rzagproduct
the diluent supply conduit to the diluent chanbe

ex'ta‘PP’lﬂi-t"l @achafhich exindythroueh the dituent, g‘a@mtratelﬁr@n product
gas‘RE THQ o‘gﬂ&nfh'ahﬁ&lﬁ rﬁ%én RY0E Yhti ﬁe? nbﬁf?\f t\aléed?ﬁxent chamber
e Ing can

Joneentrar
gaslket/_ﬂumliy cmhmmgwtbiecdhluemt Bhpplyommmntattbeodlmmchgm@eetand an

outet el e AkgfibeRaaher arekatALEY Fokming Redlvent Sxit cSnduit
to tREAIGBhE éﬁ&nBQF‘”@ﬁhﬂ%ﬁﬁ RS cBhﬁéﬂPé&e%Hﬁ#dlé‘lﬁgtﬁn%ae\fq an inlet

concentrate exi con concentrate
notealmdn thee concehicate ehainfher cgasget:ﬂmd lyacaupding ithé epnnenteatei supply

conidlff 1% ianceifiafE, camber candh A bufish Bold” it dfg rongeatrate
chaﬁﬁbél%éﬁet Wl@idﬂ‘ cb[]pﬁﬁtftli& eEH&ENt 8 TEX@ cairRfitelo theUédHaentrate

coupling t product exit conduit to the product

chagkem&nd theepmdwt aanifalding Resahaveitaminletanetght lertf@anroduct

ohaitich i AR sPUefihg THE RG e WasuBBl Sorl &ty product

chathtbdr 4 aprddiet hotdramiie pﬂ@agugamérhsepgaﬁmtfmdwrmapnng the

ani on exchange nenbrane and the product chanber cation
prOéueir@ﬁtﬁonwmpathepmmébamb@ry The apparatus can

al so include anode and cat hode el ectrol yte chanbers

Thé Hp %?é‘ﬁ:@' f?:h”é’e?aﬁm‘éu Qtéa%)é‘tﬁ cBR4E0 A Oecaa‘r{‘%ﬂgﬁ%'?s‘dﬁarge

I on exc anes, € anode an

chathlwtartd sitoatioh mldubmsge chamber, witiohnane (raionicovtriunidation with
' drive ce Is and pr.oduct chanber thro

pl ur.al |
thetmedaﬁbaf\éarafaar HupHahan @tpxe eRrarerc3RRR Rshangs Membrane
r8d ét dt\bﬁ' a g ﬁ{brﬁﬁ%%b?ékﬁ) d&ézhOde

T e ano o yte ¢ r can be one
si de by and be in ionic comrmunication with the anode

The tapplaratng ¢asm atsoc indtuge apnde aand gathadenelestrblytendbambers for
co nlfo'lt e S' gfeecpr%ly?g d abneod'en aer4 a'\rthgge spanﬂum ¢ tlbﬁ : exchange
membranes, the anode and cathode electrolyte chambers in ionic communication
with the plurality of drive cells and product chamber through the anode and
cathode stack end ion exchange membranes, respectively; and an anode and a
cathode. The anode electrolyte chamber can be bounded on one side by and be
in ionic communication with the anode stack end ion exchange membrane and
can be bounded on another side by and be in electrical communication with the
anode. Similarly, the cathode electrolyte chamber can be bounded on one side

by and be in ionic communication with the cathode stack end ion exchange
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anode. Simlarly, the cathode el ectrol yte chanber can
be bounded on one side by and be in ionic
W@ eoopisiesnt i on wWith the cathode stack end i on PCT/CA2009/000080
exchangenmenbr ane and be bounded on anot her side by and
be in electrical communication with the cathode. The
memibrang i apd obedrhounded| |an anathect sidaamyerandanb@nin electrical

' . c er cation di scharge chanber can be
CO’%bf’ﬁﬁgﬁggu"ﬁ&?‘ﬁg C&R 'of aring. Alternatively, the
plurality of drive cells, product chanber, anion

Thelipheratityg of adrvebeslisangrodati echamibeehanipn disehbrye chamber and
wound in the shape of a spiral. Additionally,

catigydisehasee Ahaepes sandre gBERgeY in the shapR: Staiing: Brsmatively,
tho Bty e s DR ct EalieE R PR i iRt Bation

dischdrge chambes can deawoorad imipet dhapewf.a pirlsubstrat e can
be conposed of a material selected fromthe group

AadiEpall JRerSoay B piiRE Sl Bb S5 G Vallgae sbltce or an

oS oMY AR P 1 O arr e

plati num ruthenium iridium and an alloy conprising
Thelanadeuandr theneathadeamay saghuhaveria supgtiate havingy a coating

thofidif oS SHRBrAISCah be dmtiro s Ir et ChROEY o thg arou
congitingdst tithrsiai, @lobiem ndlan, irkidma paliadiuim, steelli slainless steel,
comruni cation with the electrol yte chanber fluid

nickelrand graphite, @Andethe sopling canebe cepinasedt &f armatesiab sslected

.0l ac 1 e .
froryifie BRGNS okis il OrbiRRURChIAe bR, SRATAT Rio A dIR§ comprising
plathurat ruthémiomcand irigiehi on by- products forned in one of

t he anode and cat hode el ectrol yte chanbers can be used

as a reactant in the other of the electrolyfe . ,
Th Tascs TRy FRSUATENGS e SlBelioW, CHEMBas. fiie  candyt fuidly
ot ; . i . _
COUBIRG th e LIRS e IS 1o ! s BiRRelte chRfmber; and
a pumpbin dluid uternemdinicativhewithnthe oflectralytenctiamber fluid conduit

t hode. The par at f.or desalinating saltwate
coriBLEFY i purde AP R il 48 RS SB¢ PBPYe 2P0 Ahale SRfrolvte
chagﬁl(ﬁ%rg'nweﬂﬂa et BF the lalé@olyteT SlarABerss §GeM dhatoBlectrochemical
reaction b)g/g-products formed in one of the anode and cathode electrolyte

chambers can be used as a reactant in the other of the electrolyte chambers.

The anode and cathode may be gas diffusion electrodes in gaseous
communication with each other such that gas produced at one of the anode or
cathode can be circulated to the other of the anode or cathode.

The apparatus for desalinating saltwater may also include first and second
electrolyte chambers for containing an electrolyte; first and second ion exchange
membranes, the first and second electrolyte chambers in ionic communication
with the plurality of drive cells and the product chamber through the first and
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menbranes, the first and second el ectrol yte chanbers
in ionic communication with the plurality of drive
w@edbasmsedl t he product chanber through the firBECT/CA2009/000080
andsecond i on exchange nenbranes, respectively; and
porous first and second end plates. The first
seconddon exghangshmemabraoes, tespectiveds dindnparaygs dirstcanslsegand end

platsS. e AR EIRARIDAR, cfmEEY i i RO 7 ekl B ng be in

|on|b0@rbmnﬁmmi®incaﬁthOtlhe\/\bct)#butshﬁrsf igngt plate awic bandse bounded on
nmbrane. Simlarly, the second el ectrol ¥t e chanber

anc&'ﬁ@f SiderHynard b 'Bn@nﬁ gempunieaRtiase With ifigst ion exchange
h |
@@%n ?lgﬁlgﬂy e ééb%dpglhegén e gﬁ%@bgﬂ @eg nb?éc Bodded 3R one

on anot er si

sideﬁmami loein n»momdmgwmaulengmm thﬁrpcﬁmb \?ﬁgendrenurmate and can
The arat us, can € Sea Suc t hat en
be QBHB&%‘? @8 @%OtQ%'bﬁ'ng‘é)ﬁaWt iy 'Q”@o?FHUHHW@t'BQt‘M“h the sgcond

|oncé&dh%ﬂge‘gfnb|n5‘ré & | find :bg)p%%ggcéd Sebé’éeﬂ W?ﬁei Réhen the

first secon ‘el ect cha ers t
appmamSSlsfsutxne@ed withional oendupﬂnaat bath, rienipextirrent |will fiove in the

I | ude f t d d
corgfBEYS v BeBrcrrthe, Py anGsrcorv SEPE Popbers frougn the
pordl§ fit GPRIGdcONd B BRR, FEYPecAvsy, the first and
second el ectrolyte chanbers in ionic commrunication

with the plurality of drive cells and the product
The;repnﬁfatushncaugalsohmdudestﬁretnandesemd @lectralyigngbambers for

corfFRMT BERrobEETHS! o1 Seahtiaph saialde SHEmRRigt, BhErst and

second éleciroNte chamibers Gativmio odnhnhuhhetuérh ngith esl piurality of drive
and bounded on another side by the first ion exchange

cellgeand athe, Product eghambe éiarpuahythe rstnaed smméetprb@xchange

h
mefifanesC repbeRifoll,) el dhd SEEMY ] Mattls) db) firdERERolyte
chasnb@nblowrm(?dean;m;mgﬁd etybadhin ncmit;] eb?mhumbaffltcm witlalrtberﬁrst end
condul t ul cou t he Irst electro
p'a{en et?owe@henﬁ&sh%f §nds% thStCI%‘nﬁé? a%”@’%‘&fﬁﬂe the
f t
sedohd écléét?olg@ui'étﬂélc?ho ?flf b8l e d é(i)h %ﬂﬁﬁeﬂ{ %yﬁ%ﬁie hunication

fluid con ectrolyt
W|tlm rhlee @orouse sécornxt end latecamd belinded @Inyareaotbelaslder by tthne second

e, other of the electrolyte ch
on eXEPARIES nefhntane; S et B DY Tk oo B lpfing the
firsBBRtralys ch@mber to the second electrolyte chamber; and a pump in fluid
communication with the electrolyte chamber fluid conduit configured to pump the
electrolyte from one of the first and second electrolyte chambers to the other of

the electrolyte chambers.

According to a further aspect of the invention, there is provided an apparatus for
desalinating saltwater capable of operating in forward polarity and reverse
polarity. The apparatus includes a stack configured to receive a diluent of a first
ionic concentration, a concentrate of a second ionic concentration greater than
the first ionic concentration, and saltwater to be desalinated. The stack has a
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desal i nati ng sal twater capable of operating in forward
polarity and reverse polarity. The apparatus includes

., Wa2@vasieszonfigured to receive a diluent of a PCT/EA2009/000080

ionic concentration, a concentrate of a second ionic
concentration greater than the first ionic
pluraditycefhdriva cells, each driviet ealk compidsing additugnt/eaneentratgchamber,

a céﬁ%&{%gﬁdélﬁghﬂ cﬁ%@%}f C%I’ﬁ% o:q g%@eri%é n{rﬁ&? ggch%g& %Embrane

formmgc entshaterl didumelary diwtwben , andeinoforc cadrnmuniationi with the
xchange nenbrane form ng a shared boundar
dllugﬁycwperglmt@ apd mﬁe@tﬁatpgh lugnt enambers, and the oﬁ1er of the cation
or o REA RS PP RAE S8l S borBigse oo
conimunication witreeach Enuedﬁtléermeamvedljalmd grmeloem a product/diluent
conmuni cation with eac rive cell an j acent )
chambere apign exghangR) UBeMBrang AN 1 msedu ‘3?4] ilygn {eﬁiﬁmﬁf‘é cation
eXC?T‘Eﬁgé "i‘ﬂ&nﬁ%é‘ a%r%@i}ﬁgf/{iuﬂlén‘t'%ﬂ hd&&of °6hee§|%3619§nd in

rane; product uent c%anbe unde(lrjJ on one
ionigi okmrbly\uamatlon ivdth c theonproductdilentwichiambier  anion exchange

roduct / |Iue chanb on _exchan nmenbr ane
FRiE and botiRRer G Sraibep g hy e 1o B B RATHTeBRopith the
prodhétVanéﬂt pbﬁQMﬁbf dchtient ekEREAGRY wRhibtanéX cthendstoduct/diluent
mbrane, the product/diluent chanber in ionic

chambﬁmm Janicoaomnmunicationd withe the | drive gellnwia the product/diluent

i ot o L8iibn BR e, Bbafbs uEhi Geh kST AT pgber anion

exdiafge anfedibfarie dlalnuené/ mlgdn@;sroabem’oehamaér ORationt haReBange
menbrane; a diluent/product chanber bounded on one

memhﬂeneyaadiwemt/pmducé chamieli beyndsd @t ane Hide by and in ionic

cor{RBNOR ) e, 1 REP ROt ERbEr AR SRIBHAFadiifrane and

oun on another si ronfrc Cco

bouwdided ¢rhandiensidd by @ddh ichiarseeimanication eihhegHiuent/product
menbrane, the diluent/product chapber in ionic
chaseheru saHAR | exchanos mﬁénaﬁan@e the| dilygnd/preduct chamber in ionic

corﬂlgllngﬁféttléﬂrvﬂ%te %rﬂ‘lé’ﬁll@én f)HG (?Ffé?ﬁl?e?%lon or cation
0

ranes; and a nani asse conpri si
excﬂn’ehgent /membeaesit e, artlbncant rmaavfcddingentassembly comprising

dilRpGameariiat %e%ﬁgﬂaﬁgé' RiphboregueHdient. @daluspilproduct
maﬁﬁ@l[ﬂ]]orﬁé;h?eéﬂécﬂ@é‘l éd bec ydphﬁ@rﬁt dJra‘Pﬂu‘éWay from the

conce trat to and awa romt
diluenticemcenitate @nmmhlenﬂpmmet chambers) @osaemtmtedo ans away from

thedggr%e'nnatte/gllttjé)nta amber and the saltwater to be desalinated to and
desalinated saltwater away from the product/diluent chamber when the
apparatus is operating in forward polarity, and respectively configured to convey
diluent to and away from the concentrate/diluent and product/diluent chambers,
concentrate to and away from the diluent/concentrate chamber, and the saltwater
to be desalinated to and the desalinated saltwater away from the diluent/product

chamber when the apparatus is operating in reverse polarity.
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desal i nated sal twater away fromthe product/dil uent
chanber when the apparatus is operating in forward

. Wooloansisys and respectively configured to convBgI/CA2009/000080

di luent to and away fromthe concentrate/diluent and

product/dil uent chanmbers, concentrate to and away from
The rappéiratusnicaooAlsentinclude caadiiusnt/cendentrates shambesr gagket, a

corg Bl ik Hathsdodan AR O Bent Thotleh oY, ana =

dulueﬁﬂfmiduag chanibey ejskep @iraumisgribing eaupabhitiys dtlaen’@d:mentrate
i ncl ude a diluent/concentrate chanber gasket

chagehrte e serRoNtiate/dilueM ahaembeya diesprodsc Ayt ichambgsnand the
dllu%%%ﬁfs cgﬁ 5!%53!’ %Epg?tﬂ)teh}‘éeglé{:lpBf’ﬂj@&llé‘é’rﬁ‘/&ﬁ&e&?ﬁt@e&hamber

cr| éac uent/concentrate
cormbatrbw/dnudm ahanmmrtarm erad atidiluertheimdraber glaskets can contain

r.oduct / di | u nmper, and the dilu nt/
thefHia i oFPates< D CTAVRAPIG: SERAEAtON Of F4186N BnEoABIOR: ie4phange
Hmﬁﬁ)@é’ concentrate/diluent chamber and
product/di |l uent chamber gaskets can contain therein a
spacer for maintaining separation of cation and ani on
Thedittentiponsentsaten eoncanteateaidiluent, pratuntidiluente and diluent/product

[dily di | .

majfEe ay Saseectialy il s s ERoanfaté. supriy, copduit znd a

diludnt/esnédritite eatit HoRdEHPRI Yoheastrate/dINENe supply conduit and a
di luent/concentrate exit conduit, a

consentrate/dilvient diexitesonduibpla podusi/diluend supply conduit and a

progRFAReRE Bk cdflin, "B oo kbhRRABEC SRR, sl apd o

diluent’ptadiet / pexitiucéorduptp| Yeaemdusft avtsicla demﬁdt/ tirodght the
exit conduit, each of which extend through th
d"“@ﬂﬂﬁ@mqfﬁ@ﬁ%erﬁmétrat%ﬁ’i&@mr aRréﬂkJWQJ'é'ﬁf\ and diluent/product

gas% uen‘{lﬁéj'dnlﬂg cor?:@ﬂtrgié rﬁ#}‘g{oﬂl @an hﬂg%eérﬂnlgpﬁotch in the

concen ave an
dlluent/cbnmefnttdte dhambet /gam@enﬂtmdlye oohahm@rtl'@asjileent/concentrate

surapanul Jo e SIITUSPNEEMIERR, SATEbEn ARSI QUL AOtch in the
dllu%H%SﬁcéiﬂFsﬁ@ dh‘érﬁt{?ﬁ é’e\délﬁ%?‘ﬁh eeEPiA e Gh@éﬁ%on%ﬁﬁ'ﬁfe exit

l'uidl'y coupling uent concentrate exit conduit
cortdhlltt wethia Idujeamtlczmweetrateachamanbs%lmltarlm lthxe lopncentsate/diluent

mafiRERG F fieVe it Mgt Bolohdn e ko CRalated kot damber gasket
fluu(ﬁlk/tb‘dﬂp}i ?QH@'doﬁ@eﬁl*ﬂ@te?dm@ﬁﬂkﬁé‘&?/déinhuﬁ b thd Rdntentrate/diluent
conduit tTo the concentrate/diluéent

chamber and an outlet notch in the concentrate/diluent chamber gasket fluidly

coupling the concentrate/diluent exit conduit to the concentrate/diluent chamber;
the product/diluent manifolding further comprising an inlet notch in the
product/diluent chamber gasket fluidly coupling the product/diluent supply conduit
to the product/diluent chamber and an outlet notch in the product/diluent
chamber gasket fluidly coupling the product/diluent exit conduit to the
product/diluent chamber; and the diluent/product manifolding further comprising
an inlet notch in the diluent/product chamber gasket fluidly coupling the
diluent/product supply conduit to the diluent/product chamber and an outlet notch
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chanber and an outlet notch in the concentrate/dil uent
chanber gasket fluidly coupling the

. Weongasicsat e/diluent exit conduit to the PCT/CA2009/000080

concentrate/dil uent chanber; the product/dil uent
mani fol ding further conprising an inlet notch in the

in theodiluantiprodusit chemabere gagjeas Kiuidly| equnlingchgpdilugntineduct exit

corBht T HloetiodbRanarBRE " (e product/ di | uent

chanber gasket fluidly coupling the product/dil uent

Theexagpatatugucant alsb hincjuded diest/ dintl usedorth akaatrglytendhammbers for
di | uent/ product nani f ol di r}% furtg;er conpri sj ng an
containing aRtelertialyten BrshiandeIRcopaRiaek epdd &XCba g membranes,

f bu : Ol ek o
e ks SRl B85 °8h i B RN yih e
diluent/cemtentrabelu ctonceatraterdieenk e tproductililyent ugindn giluieat/product
onehE b AR HEL S st iod p hEn i bR GfSdectvely
and® ffs? HhdC OOt [EERoGE R MTRESirECEIcERBly A BhAMbRP can be bounded

el ectrolyte; first and second stack end ion _exchange _
on ranebsileeby ame e s tionicdceraowmicationc witb| theefitstastaek send ion

excBnb8 bup R Pl bt B3 el B G U6 B B8 et
corfimurRatibR At fHe filttehtDdehrPiwBeth®d bidctolyde dhaffber@&an be

i on exchange nenbranes, respectively;, and first and
bounsiegdnen @inecsidedusandthe i ionic epmunication withrtbersesgnd stack

end orexthanBedflefbakt A B3 B inddt bR Hriher,side Ry and be in
eletichr coramanitation with thewetedd @ecwdddeher side by and be
in electrical communication with the first el ectrode.

The second el ectrol yte chanber can be bounded on one .
Thesifiget #d SegoRe elactiedns: cavmAM bave énsupstrateHeadrg shgoating
therddtC KTRE %uggf?%@xgé}?ﬁgec e?in(?\‘ éﬂ%t&ﬁé‘l Qe Q8Y T tRE group

anot her side by and be 1 electrical comrunication
of titanibm, Inmtﬂmotahtamﬁngmmdm, patiaditin, stedﬁ,rsiamm:ssmieel, nickel and

el ectrodes can, eac ave a substrate hayi coat i
araBhs A (heo A BcAbS ComROREd S AgbateiappoIdcfeet B ne aroup
of R&iRThEFthéMTh im0 '@Rd%n éﬂdya&MFHsiﬂp%ﬁHUm, ruthenium and

tantalum 1ridium palladium “steel, stainless steel,

iridiintkel and graphite, and the coating can be conposed
of a material selected fromthe group of platinum

Ac#o&{jﬁgmcﬂ% gw&ii é’gBec?noc* fHe ?r!\)e?\}‘uoﬁ,om)ériesiisngro%@etd réu[ﬂant for
desalinating saltwater. The plant can include any of the aforedescribed
apparatuses for desalinating saltwater; a first reconcentrator configured to
remove water from the diluent exiting the apparatus to generate the concentrate;
and a concentrate reservoir, in fluid communication with both the first
reconcentrator and the concentrate chamber, for holding the concentrate.

The plant can also have a saltwater reservoir, in fluid communication with the
product chamber, for holding the saltwater to be desalinated; a diluent reservoir,
in fluid communication with the drive cell, for holding the diluent; and a product
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iridium According to a further aspect of the

invention, there is provided a plant for desalinating
wa 200083683 . The pl ant can include any of the PCT/CA2009/000080

af oredescri bed apparatuses for desalinating saltwater;

a first reconcentrator configured to renove water from
resefwoirdi Inueftuid exotrimgnicatiorapywiih athes prodygehecharsbemne for storing

can trate. and a concentrate reservoir, in fluid
des@ﬁﬂ%ﬁi%z’éﬂr'wth both the first reconcentrator and

t he concentrate chanber, for holding the concentrate.

Additienallyarthe gslaneh&y have A pedtreahént caster fiaidly dolpled to the
fluid conmuni cation with the product chanber, for

saltwaten fgsemnveirstart tiaaking tthe psaltyeaiar itaabe ddesaligatas: mrior to the
e ' i.cation with the drive cell,
Sa"#"ﬁ"?%%’&&f'ﬂa tlﬁ%égw&&g%@@%@ a productreservoir, in

fluid conmuni cation with the product chanber, for
The plarit oandaisalinclatied seddnsatezoncéuteatdr im élidycorhimtunidation with
may have a pre-treatnent center fl ui Otlllg,% gou led to the
I

theg mﬁté@ter d§§?ﬂ¥8irr angr the e 3PPARIYSe _ g egopgentrator
corﬁ'@ﬁ?éd RAteRsb Wy Wﬁfertfr‘?)nﬁr é(?ﬂééf‘ﬁ\‘afé eﬁpﬁg thé! QP{)J%r"atus.
sal e S e

twater reservolr. plant can a i nc a
second reconcentrator in fluid communication with the
The qredraatment reentery can bexdluidly coupledittosthe lddusric oeservoir for

refReBRiLeat 8ot b MRt Ie hBrE etk nent
center can be fluidly coupled to the diluent reservoir

OnéWr bothash the fifse aid s68ndPFecdncERtratdfs EahUsd iseRIBt&T ffiden the
the diluent reservoir. One or both of the first and

groypcensistiagovfcentavaperalive sk afepeanasative saraynpogd oaatural
dragtgé\géf%géfri}& Hwa" @ﬂ&??@é{dvﬁaﬂc’éﬁpgﬁiv Vt?%rr.atAcY tionally, the

a natura t~ evapo ve tower, an

plahbmagalsty mcludevapeabéxchangevydluidipddupledrteldng, ortbuth of the first
C£| ant may al so i nclude a heat, exchanger, fluidly
ang: §apPRY) reepnseatratorsofon tiansfereng heat féomg asbeatgource to one or

botﬁ%‘??ﬁ@ﬁ@t%ﬁﬂ%reﬁonég%%drgc%ﬂ?r%gﬁ%i ng heat froma heat

source to one or 1rst and second
reconcentrators. According to a further aspect of the
Accardimgt fooa, further aspectpobthal @tveation} thede fisrprdeided i anaméthgd for

de%ﬁlllrméﬁﬁé,gggwg{]ez. rﬂeh(r)ndetwg Iinuc uegesegﬁllp?c}/yiir?gq aapll.[i}alltl{yalm.L Eiyive cells
to generate a drive voltage; and applying a sufficient voltage across a product
chamber containing the saltwater to be desalinated and in ionic communication
with the plurality of drive cells, the product chamber bounded by and in ionic
communication with a product chamber anion exchange membrane on one side
and bounded by and in ionic communication with a product chamber cation
exchange membrane on another side and having a desalination voltage such
that when a voltage is applied to the product chamber in excess of the
desalination voltage cations and anions migrate from the saltwater through the

product chamber cation and anion exchange membranes, respectively, the
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to generate a drive voltage; and applying a sufficient

vol tage across a product chanber containing the
wG@a00vmsiees to be desalinated and in ionic conmeEi/CaLi091000080

with the plurality of drive cells, the product chanber

bounded by and in ionic conmunication with a product
suffidiemtbeitagei comperisihg trye drivervolbage and beingsgrdatemttian or equal to

bounded. b d in ionic communication with a product
theé’ﬁéﬁ@@qm&%‘ﬁ?&g%xchange menbr ane on anot her side and
having a desalination voltage such that when a voltage

EmpRyigPa ipRftality ofiirivercells & genavakbe b drivesionage cah inélade flowing
desSall nati on vol tage cati ons and anions mgrate from

diluent of a firshianic caneenrfrationethseugh diluemachasmberstindheplgrality of

arg0 Bk, A Hosng TPHoRRR R BE X SEPANE Wnis' BRI abbR proush
coriceptraty étmberisO ihhehglepriralitat odndrigeé t aghts, el egconad aionic

plurality of drive cells to generate a drive voltage .
coneghtratien garater Bramedfinst iftic épneentration, ogei of a cation or anion
excﬁ?ﬂgén.‘rﬁé}hb@?\gt NORHAG H ! 46d CBRURGAS 'BhtWEEn and dn _ionic

plurality o rive c€lls; and fl'owm ng”concentrate of a
corsmanivationrwith tlos cioentabndrconbentrgte cliemnbetsr stieh that ions flow

chanbers in the pluralit f drjve I1s, the second
from e SonaeriEate tathe flldentatied theather Ethe ftion hion exchange
meﬁﬂaﬁ%ﬁé‘?&rﬁiihg% shHted ouﬂdgﬂi bé’t(hg%‘h MlioRitCEitinication with

menbrane fofmng a shared ‘boundary between and I n

adjacentpairsrohdniveaellsn with the diluent and concentrate
chanbers such that ions flow fromthe concentrate to

t he di |, uent nd .t he other. of e cati.on or .anion .
The, et e st dneogf fravind selitios” BouRG.AY 9k vidmgentration
gredftft than bP BGaCeRHNbCHe! QiwHtéMtost 868Alinaldd tHro@gh anion and

drive cells. The nethod can further include flow ng
cationl dischargeachambaers, itb@ianiern@ndneation dischargst ehambears oy ionic

| t.0 th f th t r.to.b esal j nat :
corfiBleatibanhBh Bher weRRt WRbBler: §ie” SnérBRIALIEE, fbrappr, anion
exohaﬁﬁé afnefibrahé Cavdd dRe Chraaletr hambep Niationo8XeHNgat hiimbrane,
with the product chanber via the product chanber anion
respeetiv@iye menbrane and the product chanber cation
exchange nenbrane, respectively. The diluent can be

Th Wu ] 88 thbWtort oA kP He BnACarid cafin discharge

chambers. Additionally, the diluent and the saltwater to be desalinated can be
the same. The diluent and the concentrate can also both be saltwater.

The drive voltage can be equal to or greater than the desalination voltage. In
such a case, desalination can be effected without the application of any external
voltage.

The method can further include flowing an electrolyte through anode and cathode
electrolyte chambers, the anode electrolyte chamber bounded on a first side by
and in ionic communication with an anode stack end ion exchange membrane

and bounded on another side by and in electrical communication with an anode,

11
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chanbers. Additionally, the diluent and the sal twater
to be desalinated can be the same. The diluent and the

. Weoneasisnt e can al so both be sal twater. The dPCT/EA2009/000080

vol tage can be equal to or greater than the
desal i nation voltage. In such a case, desalination can

andythe-catdsdelictrabite chambashoundedoan A fisstysidet ey @ad in ionic

. ; s
confilhi2afon Wit FEtilie: Hack h18h dBRAMEE rrfiiteRd, 4k bounded
on ahethiee rsi%e ttigeamgﬂfelezj_tma_l raninymenic_btiormgvitrba_uragbdd@ntmdanode
irst si and jn joni¢ conmunication with an anode
and alods Fle NP R FARLST DGR A0 TBGRELYE GHOR BEHeroduct
r 0 i i
Chﬁ%ﬁe?baéngﬁ?h%ﬁbggt %g‘gebé ggt% r gﬁ\'/ﬁ{% eéc a'?rﬁe?k%”obu ed. %mnbglnes,
respéectbvelysiatel the andde randoathodenaledirically commumicative with each

cat hqd tack end ion exchan ra nd bounded on
othf titiihal pkctiopS u FormanE apieds i RAAREat | on wi th_a
cat hode, the anode and cat hode el ectrol yte chanbers
The @lLER hdd RRETBIMCEAIrANCcHh tlow o0 AHE LdiRRATEAE ddritentrate
the anode and cathode stack end ion exchange
chambgrsarespectivalydocouptefcursent dirgstiansde and cat hode
electrically comunicative with each other such that

f t '
The; nichéd tan nftfer ikfide fod the Saiividtef 1 B fesalifbted through
an diiﬂialemsalimtiomstggetin efies ierid Th@bmmﬂlﬁigaﬁmi M?&thlthﬁ drive cell, the
. .countercurrent directions. The nethod can further
initiahdesalnatiog wiage eprapgaingax ibitiaf stage rredust ghanaber bounded on
ond SR A, 171k co AR AP ARG el thamer
anide sexchasgeo meshrgaec angr besunmdedaon @inother sidegby pandi uiat ionic
chanber, bounded on.one si.de by apd.in, ionic )
corRRNRIGRieR: (W wAb h Ak rtPge PGt ShamRSf CRtiRBexchange

me?ﬁgﬁ‘lﬁh%@hﬁi‘ﬁﬁ?sﬁﬁu Ir@HGct%n%@ﬁ'}%q:B @%%ii@?tg%rgvgl%dé’ such

ini1onic co catton wth an ihitia
thapwietnca voliagdés appliedbto the: nitial stagarpradchet chambeniin iexcess of

the ERTPRURN ALASS Ao go0 & e BERte dramdne SAERST through

theSiri@R Bla@U prodtAERAmbEr 4668SaRd aMiBn d8REHdNR! in%énbranes,
vol tage Cations and anions mgrate fromthe sal twater

respeett flowingnithe =saltwadefe tor kel udesalinatede throtghoa aulsequent
desHih8flor X%Paab%?e tngnbsru%gga’Uent desalination stage in series ionic

communication with the drive cell, the subsequent desalination stage comprising

a subsequent desalination stage product chamber bounded on a first side by and
in ionic communication with a subsequent stage product chamber anion
exchange membrane and bounded on another side by and in ionic
communication with a subsequent stage product chamber cation exchange
membrane, the subsequent stage product chamber having a desalination voltage
such that when a voltage is applied to the subsequent stage product chamber in
excess of the desalination voltage cations and anions migrate from the saltwater

through the subsequent stage product chamber cation and anion exchange

12
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respectively; flowng the saltwater to be desali nated
t hrough a subsequent desalination stage, the

. Woeonbsesfsent desalination stage in series ioni CPCT/CA2009/000080

conmuni cation with the drive cell, the subsequent
desal i nati on stage conprising a subsequent
menhbsaheés) ateispactively) ether saltwater ariee desalimated flowing fthraugh the
. ..sfde by and in ionjc comunication wth supsequent . .
|n|t|§l gt&gearyﬂa@seaqg gaggnqrgﬂu% e sn@ﬂ‘g@gﬁg’"}ﬂw gsufﬂcnent
voltage N§teds P theittidl @indSdu i eBueANStabe predidt cHAmBETsCRid Siifficient
Wth a subsequent stage product chanber cation

voltageromyperisiegrineadeye voliage Bod duping greatgethanceruequal to the sum

T Y T

chaphisereer in excess of the desalination voltage cations
and anions mgrate fromthe saltwater through the
subsequent stage product chanber cation and,ani aon

One,ihbeifette s Hitkal, stage and syksequent Stage rRdugt gharplers can
; al,i f | r e J-ai tai-al. St@ade
incfi85C s, bRy, SF RO Heiberyc A floling (0" saffiter to be
desalihbfed mgugfolth?g&itialcamsltqubequu%e]{ﬁttqedaliaaﬁtl)rs staegueant include
stage product chanbers, the suffjcient voltage .
flovwaagm §aﬁwat%éo(m 3jipptecyip %a‘lﬂéﬁw%}m@wqh%ﬂf product
a(?%l?rg the desalination voltages of the
ch I ni .ﬁf%gkﬁeﬁﬁgé%em stage product chanbers. One or
both of the initial stage and subsequent stage product
An @xiernal yoltage aordssdbeaanmde ahd tthe athdedoan alscabbeapplied by

.and fl ow th | t wat t d l,inated th h
usifa YoiAde o ekl Sruplrd Brtean he anogsdid ggfode. An
elettiichl fbad |ciétnsallyh oGplelVBERVedrP the SRl iandt estho@e can be

paral l el through“the plurality of product chanbers of

powergdgvivemthe: drine voltagexis @reater than thg«lesalination veltageode
and the cathode can al so be applied by using a voltage

The BeERIRe TiAbe Bel £ PRl A hebEs AP B pdfiSoium cation

and éhaeamodd aanan edthoaied icrRidxeHgnga membrayey eanwbeth blee cation
drive voltage is greater than the desalinatiaon .
exchignggagemiyanes e crhliaraivabay thee electeolytes mavfave a chiorine,

sulg@é&%icdafﬁomﬁﬁiiow‘ﬁ trﬁ%m&m £4hbag iifﬂ?ﬁélﬁ%g@nﬁgﬁbmnes

ode 1 on exchange ranes can e catlon
can both be anion exchange membranes.

The electrolyte may be selected from the group consisting of Na,SO,, NaCl,
NaOH, HC|, Na3Fe(CN)6, Na28406, NaszO:;, Na4Fe(CN)6, K3Fe(CN)6,
K4F€(CN)6, Na,S,03, NH4Cl, NH4, Na>Cr,O7, and CrCls.

The method can further include pumping the electrolyte from one of the anode
and cathode electrolyte chambers to the other of the anode and cathode
electrolyte chambers such that electrochemical reaction by-products formed in
one of the anode and cathode electrolyte chambers can be used as a reactant in

the other of the electrolyte chambers.
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exchange nmenbranes. Alternatively, the electrolyte may
have a chl orine, sul phate or brom ne anion and the

. Wanbdasmsdl cat hode ion exchange menbranes can ROI/OAR®9/000080

ani on exchange nmenbranes. The el ectrol yte nmay be
selected fromthe group consisting of Na2SO4, NaCl,
Additiamglly-ttie mediaed canly Wthenaaelmdze roMKBchemthéI(HONgB first and

secq] Wperavteabolto e B AR RS charint tRGEHEPY poe sice

by 8h@ &t Ity EEmhiutiieAtion With bhﬁ‘sﬂ@ﬁ@cﬁﬁﬁg@ ahdrABRane and bounded
el ectrol yte chanmbers to the other of the anode and

on gaethedsida by and| intienicieemprBicatiem Withaa pereus first eadipiate and

the SERINE BBV sPamteR HEnd et BIE o ik i 287 AR i fonie
commuhltatiohheithod ddvongl RIH exthamge msmerane \dmid bouadéy,on a
the nethod can further include flow ng concentrate

secoRd RigM byiang inJienicserraRynigatien Wity aorauserand end plate, the
firsf bﬁatse%bﬁﬁtéIQJ:tYélgtafa%msérsbBHlb%ﬂ? c%?nrﬂ[]ﬁlcﬁhﬂ(g r\{\gt‘é #Hproduct

I ONn exc
chamhsérr viaethenfirsb anddsstomad pnoéxelanged@embranes, i nespeuhmely, and

conmuni cati on mnth a porous first end Iate a
SURTRRIBHTE GeRart Sie aPrEssona AR RlatES It & sartluctive Byt such
thaf§hit Turent glo aé‘éh‘ D c&ﬁ&tﬁb&i@eslgétﬂné’nd e %&%‘%?st and
me bounded on e

rane an a secon by and i'n 1 oni
secoodrand platéson with a porous second end plate, the
first and second el ectrolyte chanmbers ionically

ong ARARAGH, of IherBabm itVRRioN is I BEuglinty Wi g Ay, vottage

gerﬁé#éf@lr&} the differeteeqH Tohtémtatng iedwasd dﬁ[]énﬂoérﬁi &8ncentrate to
wi thin a conductive bath such that ionic current fl ows

effesttdesalination, doisdpessible toause selar emergoooanothardormmf readily

acc%%%@ﬂ% ’o&ﬁ q?rﬁbéi?gﬁreo%&ggjgﬂ@g %%e Q%He-t ﬁegat%cﬁﬁ%bower plant) to

ger@ﬁﬁi tHeedohverithftedi sol@tiopngrat i &@Gcl@ngéﬁéﬂawith@@rme%ltage
di l uent and concentrate to effect desalinati on, i s

lﬁﬁas%nﬁtfglé that uwlaomtaen@ﬁer@e/ veastesh iane ber used dp generate the
cor{c%ﬂﬂ'b F ICc)ioe% rrﬁaet eﬁfoer? efBFﬁ@%’s %?%cgpceﬂﬁ/ intensive

rom enera e

desgmnam r?n adlitaatert irelativ@ato l;momsad hiethedereft @ndheneans for
rive volta

desalination. Th?s is especially beneficial as arid climates are those with

abundant available solar energy and are also those that are likely to require

desalination.

A further advantage of the present invention is that as drive cells are used to
generate the drive voltage, an external power supply is not required, which can
reduce the capital costs associated with practising the method and operating the
apparatus and plant of the present invention.

In contrast to ED, a further advantage of the present invention is that voltage
gradients do not built up to the same extent as with an ED stack, and
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Thus, energy that would otherwi se be wasted can be
used to generate the concentrate and to effect
waele®ahsiesd i on, allowing for |ess electrically PCI/€A%:09/600030
desal i nation of saltwater relative to prior art
met hods of and neans for desalination. This is
consequently lgssbenahigeatiin ascurs ithirovighrstads maréfotdsoae canhtdccur in

undant ~avai l.abl e so en are aI hose, . .
an EREER . TRISYerD8eS o diflenIORE AL I5Rs TntHe piERBRt invention
reladdeapiEme of the present invention is that as drive

cells are used to generate the drive voltage, an

ext ernal _power supp is not required, which can
In Ganigsh @ RO, cfrthar M%@Bmeamam phther presest mg/entlon is

ot BE SRS R S, RBALR SRR, Maainatng

warmi\whttmg gfedtoe tare about 30V aDtamh requitdsalessopteageatment as
gradi ent s do not built up to the sane extent as W|th

Wa"&ﬁ isRptiprcad t aq\ta;gib%emx@mm?ables@em@ﬁamﬁ thahcryld fodbur s

t hrough stack manifol ds as can occur in an ED st ack.

Ad%a{H'eté eSBICHR Céd n re%egf itRE] ﬁre%%hf SRlentPs ficlide ti%‘aeage of

I nvent ative I'n contrast to
maﬁuiat:hﬂ'mgad\aeattllagandfrobhstnees hod of the present
invention is that its performance is not substantially

An BERRIGET At BN GERL T SR ISR, AR BRHEL aRbENThSces the

abilty&o Hegéﬁriﬁtétsaﬁﬁ/at'@tt@fope&amﬁ tHé)é atudy #tudlowr pressure than
sem - %rmea nbrane that could foul. Advantages of

compial eBQtfé)@tQmSt méigh dawens thev éast oh thecsaiaeonenis used to

mafierte (B UHRTER S o e HREH ol A fRER T Bystems,

whnbhvmﬁdrmatm%xmsmeheallaweui tay\dt ctaigiess | stebls IMdt wih@r high
y operati ng the apparatus at a | ower pressure than
pre§§Wi?a‘P%P‘én systens, which lowers the cost of the
conmponents used to manuf acture the apparatus of the

BRIEEDESCRIP'ADN OF TAEDI ghe RO systens, which

I ncor porat e expensive a and stainless steels and

FlgE?@eIBﬂgﬁ’ @eﬂ?acﬂér iy 'Htogeafa?ytchE‘)ta%E S8 dliRathg Faltwater

according to a first embodiment wherein the stack operates in “forward polarity”;

Figure 2 is a schematic view of a dialytic stack for desalinating saltwater
according to a second embodiment wherein the dialytic stack operates in
“reverse polarity”;

Figure 3 is a schematic view of a dialytic stack for desalinating saltwater
according to a third embodiment wherein the dialytic stack employs electrolyte
recirculation using gas diffusion electrodes;

Figure 4 is a schematic view of a dialytic stack for desalinating saltwater
according to a fourth embodiment wherein the dialytic stack is configured to be

submerged within a conductive bath;
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Figure 1 is a schematic view of a dialytic stack for
desal inating saltwater according to a first enbodi nent

, Wob@pasies: he stack operates in "forward pol ari®gl/CA2009/000080

Figure 2 is a schematic view of a dialytic stack for
~desalinating saltwater according to a second
Figurenbds e scheinatieiview 10f adringshaped tdialytio paaagement of cells for

des" F.everse | oltar,i ty"; Figure 3 is a schematic view of a
8'5?%9 Y AEL for desalinati ng sal twater according to
a third enbodi nent wherein the dialytic stack enpl oys

Figerec6 tis @l sdhematiy view oft 4 epirdbshdpegigiatititfarearggement of cells for
el ectrodes; Figure 4 is a schematic view of a dialytic
desgfipating saltWRiSEl i nating sal twater according to a fourth

enbodi nent wherein the dialytic stack is configured to

FiofeTH AT BRETE) st pbclioRal BRE BSHIOHEA RS, Todectely, 1 8 unipolar
dialytic stddksin fwhichlasseémblytdfrvarieas fluigk cramiberguwvithie thes dialytic stack

and fnaplditg dre HuSlfell Fiegre IR R FoRs giFud YRy SER Basket

thaf Eitcuth&cribRBthe Valioas urrdHapalsists Coptsined RRARCtHE\RAIYtic Sack;
a unipolar dialytic stack in which assenbly of various

_fluid chanbers within the dialytic stack and _
Figueasi 8(@) di (0) areeschemalicr explodediangr persppytives vigws; sesgpectively,

of bPeRl Il StcR arBufte I8 holT Rhwatd SHTRV4RE Roldifies dn which
assehisit of tHeoii@ eh8fribers, rmaniféldigsideamvesareciipstrated; and
perspective views, respectively, of a bipolar dialytic

stack qperable in both forward and reverse polarit

FighresuA(ahand oAy SemAlic Views ehadiahdic Fiaekr r dierglinating
. iLl i dl0):
salfiffler JUGRIM do' a1 Hiter difloodinif Spndici (A dibRkcPEfack has

multipld desatinationstatjesy to a further enbodi ment wherein
the dialytic stack has multiple desalination stages;

. Fi e 10 is a schematic view of a plant that can be

Fios 40 o 3 RhEmaE 4w O APt b e Meouaad o Fespipate saltwater

coritipudugighematic view of a plant that can be used to
éesallnhte di screte

Figure 11 is a schematic view of a plant that can be used to desalinate discrete
batches of saltwater;

Figure 12 is a schematic view of an evaporative spray pond;
Figure 13 is a schematic view of a natural draft evaporative tower; and
Figure 14 is a schematic view of a forced draft evaporative tower.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Two ionic solutions that differ only in the concentration of the solute dissolved
therein have different amounts of chemical energy. This difference in chemical
energy is hereinafter referred to as “concentration difference energy’. For
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bat ches of saltwater; Figure 12 is a schematic view of
an evaporative spray pond; Figure 13 is a schematic

. wak@wisfesn natural draft evaporative tower; aneCTFC4R008/000080

14 is a schematic view of a forced draft evaporative
tower. DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS
examplej oviian eguat ivohsnesaaf solufiens @il saltwateneand freshwater are

plaGRy LA kdotF SRLAE eoRietorhr f4cH B otely bv @

membrafethals faesropeintediste ebohbeior feﬁrhéébile!i Qh@%oncentratlon
"concentration differ ence ener gy" or exanpl e

differgnse qrArQyEaUSES water fom the feeshwaigreeontatmer rt@sflq»wap and

it S

per neabl e, but not ion perneable, the concentration

Sintllatlly e vivere egal gplumes esf golutiond rofnsaltveater @m\/varteshwater are
container to flow into and devel op pressure in

plag%a tRhAdACESY HAMTRaTS @dnar%raeyar@tﬁerfr@aua@ch/&tmfeséole#v by a
f I
oAl 155 Y P b 5B ESIMG) Boredn) a6¢ dongnration
dlffeltelneb)ertqrga resuitsr ianz voltage |dsfferenc¢)®etmeen ¢he bmo chambers. A
me y er a{tgseg)r\lgep pié}i)l@%éf ' rggqr%pé ﬁg?\ggérqgﬁgy referred

to égaéﬁ’e’kﬁw XchBAGE anBmbhare” S MORoMAAITIGH | dkchBHge Abmbranes
wat er perneabl e, is hereinafter referred to as an "ion

incledehacafionnexshange . miepntopoesir andn “ariohasychangsrmesranes”.
.. ncl u ani o

Caldit pff caniff axtafas HeBraNet Al s M Brifthgs that allow only
catioRBIHABRYCR Ghdred dofeyTand aRorishrecRltively riirje@abhey® pass

(positively charged ions) and anions (negativel

thrcmgir gespacsively. tkxerarlant %tmrgwchaagpmmbéar;es lEﬁ%ﬁﬁl“&?@Septa

| ERC RHBRARSES" R IR IRRA, Sl SqiMidn oy

menmmm@mesxerﬁpmlaﬁﬁcyn Fxchangx Phambanasninciutzs Ne@@bptzlaeAM 1,
Neosepta AM 1 AFN, AMX: Ral ex AVMH PES; Funmse

AFNnJARRS; e Radex DWIH-RES; nEivprasess FAD; gy Selgmion DVS APS

meﬂﬁﬁ&hég‘ate saltwater, at |east sone of the cations
(primarily Na+) and

In order to desalinate saltwater, at least some of the cations (primarily Na*) and
anions (primarily CI') in the saltwater need to be removed from the saltwater.
Removing these ions requires energy.

The embodiments described herein utilize concentration difference energy to aid
in removal of cations and anions from saltwater, thereby desalinating the
saltwater.

Referring now to Figure 1, there is depicted a schematic view of a dialytic stack
101 for desalinating saltwater. The dialytic stack 101 is composed of a series of
alternating concentrate and diluent chambers 110 and 112, respectively. Flowing

through each of the diluent chambers 112 is a solution of a first ionic
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anions (primarily d ) in the saltwater need to be
renoved fromthe saltwater. Renoving these ions
WO e@ail5®83 ener gy. The enbodi ments descri bed heP&i/aA2009/000080
utilize concentration difference energy to aid in
renmoval of cations and anions from saltwater, thereby
condentratioa(idilgenfie and | flowing throBgh esachnof th\evcdrmelﬁlrgte ehambers
therei§deictedaschemtlc view of a ? E
1101572 polutinR &4 B $ReoNAdorig coRgeRtration,Ecaneaniale’)s ﬁ% h%ﬁcond

|on|b5cdifé699§ﬂ6*n Peiry ?n%rdt@rsth% tﬂbtfﬁéﬂ“@hw@orﬁ@h‘ﬁ%ﬂbh atmilym may
l uent chanbers 112, respectively. Flow ng

entehan@@mndhe iluent charbensetit2 viadilent sqnnzly|a31dae>§bcf@mdtut$ 104

and’ 1%l BachON T EORGHIENE T Iy Briefodhe’ £ e 2ebitntrate

chaﬁﬁ’d)éff’sl qﬁOOfwa’rl §@t¢é§iﬂrdt@nsﬁpﬁl9n©ﬂﬂt lexiti @@nduits 102 and 130,
("concentrate' 2 th the second ionic concentration

respe¢tivglyyr Adiesen wwentt Rediconsentraigichagthars dil2ad 1@are separated

frot gt o BF by i ahd B PEHimfoREinRianés 120 and

122, aeppsdtiveil. yLo@léderm&h@bmanémt@frF@r]ﬁb &xsta pﬂwuct chamber
concentrate chanbers 110 via concentrate supply

T1&throughn athiels fiayys dhe salbvatessive bei \¢@§§llna&aﬁia(:emduct feed”).
Produbt fdd % fh‘égr&%%& "’l{\ﬁou‘l_i;ﬁatﬂggfne %cgtz% amBer 8 and Mas had at

separated from'eac e cation an
Ieastnsamembml@adrmﬂmnsnemowm thedeficia, is rrespiaafter edferred to as

i iR e S eyt b i prcun
feed %%?g (f@cL it(4 (ﬁi’ At %he r&&ﬂtlﬂ gﬁ{) F%léé ﬁ\eedprtoaﬁf: alt)er 118

rou the product and has
walepsctdm:bmntaaurmm ‘thd dhiei pmmiucbfeedednd tilee efiluent may both be

s St L SR o Moy -0 B8 B THHSS e the

coritéRfthie ARIYIE hypSlcomithtialid s8awhicr MavRILS alt (@chﬁtratlon of
t he product chanber 118 via a product exit conduit

abad4 15%he- R&uby Meass. and\tenativelyiethe ndiluepbt maye be  slightly

corfRUAt sl ENRYRE A e TEEGT R oA Ry BholE 3 Hoa e ARbMRi6% by

ma§§a\/ﬁ@%ah®dn&§nﬁaﬁ@i bf G861 COREEMTatemakt BEAMghddthan the salt
mass. Alternatively, the diluent ma

conﬂenga{w of ¢ diluenttand san braa® highaas the S0k élhty limit in water of
whitRBY& S diRdt 48 pr8EeAPRhe TondeAatBP e 4nR%r in which this hyper-

concentrated seawater can be produced is discussed in more detail with respect

to Figures 10 — 14, below.

In the embodiment depicted in Figure 1, each pair of chambers 140, 142, 144,
146, 148 (each a “drive cell’) is composed of one of the diluent chambers 112
and one of the concentrate chambers 110, the diluent and concentrate chambers
112, 110 separated from each other by and in ionic communication with one of
the anion exchange membranes 122. As discussed above, the concentration
difference energy that exists between the concentrate and diluent results in the
drive cell generating a voltage (“drive voltage”). In an embodiment wherein the
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mass. The salt concentration of the concentrate nust
be hi gher than the salt concentration of the diluent

. Wapaasieshe as high as the solubility limt i nP@ECAR008H00080

whi chever salts are present in the concentrate. The
manner in which this hyperconcentrated seawater can be
congeottateeis abouti 8% saquedus sagtiemdettlaiide iyt hase spdcthet diluent is

Fi s 10 - 14 belo ILn .t he enbgodi nt . depicted i,n
abosit oo % 39Uesis, Sodiim Ghlopine, RycMessfe figoretical diygvoltage for
eacH$iveEadiNisabott 0\0A Y6lkd.”) i s conposed of one of the

di l uent chanbers 112 and one of the concentrate

chanbers 110, the diluent and concentrate chanbers
In Figure 11_|,otfﬁ|m@1 caxchppae enembsane 123, famas ia shefed boundary

pet§BERAhA214 97 i AulGmhidelBn 2RI s CHRARAE, SRIDLANEtrate

dlscusse concen ration di er ence

chamnisergy! 1)1 0eafl sy glvehvdrive ¢dll; abdnihendatidneexuhandel membrane
results in the drive cell generating a voltage ('drive

120, farmsya-shared) banndapobeiwasn andisim anie comrewrisatian with any
glvgi?ﬁ\'ﬂ/e %@W’aﬂﬁ“ﬁ??ﬁgﬁ%ﬁ} 4 Bhipidede eﬂiﬂtﬂ%%?w@&%ll s havmg the

uent 1's abou queous sodi
anibhexchangetmembrate 122 \bdtWegnz itsodilusmt andr d:om:ecn@ate lchambers

b 0.04 Volts. In F ure , the ani pn exc
1150 34P 40y having: rihen ca 8 OoBBtate ] Sih Petween the
corlcBir& eREMEEF 34D %t&hdéﬂsemvlga% RIARSETR Mt 112 of

nmbers 112, 110 any given drive cell, and t
thecaxtla@ant alyRarelie] 4=ﬁa)rrb% @ation 20 anionrexchasiger m@nﬂnanel aaga or 122

thabFonER AR fulh ctalgd i HrarEbb fey i Al Er iillied with
fluidr isveaiehd “‘boBnBahES chasmber 8 ﬁdeéﬁhélé@.iédwntél%lebéaﬁ ionic
between its diluent and concentrate chanbefs 112,

coramginicalipngvitthidat ehamhesxchange menbrane 120 betvveen
the concentrate chanber 110 of the drive cell 148 and

Each By the, i, ColRTR Sonthitel mmsaf Y e G Y sopp of the

cationaéxchainigacingnidranés u2d. castthened eschlhge Em@rhbfdﬁe”s 120, 122
when the chanber is filled with fluid is said

allove o IS TQI dhe consRBITSoies i ATy ChanksTsetendrive cells
140, CT4L 19AMUB! G381 H8 b ctc%%mﬁnlﬁgf? witha&abHPbtHeP€ The drive

driveé cells is separate m an adj acent drive cell
voliageogeneratachey a group of drlve ceIIs in lonlc communication with each

other is equal to the sum of the voltages produced by each of the drive cells in
the series. Consequently, the total drive voltage produced by the drive cells 140,
142, 144, 146, 148 is about 0.20 Volts.

The dialytic stack 101 also contains a desalination cell 150, which is composed
of one of the diluent chambers 112 and a product chamber 118. The product
chamber 118 is bounded on one side by and is in ionic communication with one
of the anion exchange membranes 122 (“product chamber anion exchange
membrane” 154) and is bounded on another side by and is in ionic
communication with one of the cation exchange membranes 120 (“product
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Al

cation exchange nenbranes 120. As the ion exchange

menmbr anes 120, 122 allowions to flow fromthe
w@eoweastssht e to the dil uent chanmbers, the dri vRCT/EAL®Y/000080

140, 142, 144, 146, 148 are in ionic conmruni cation

with each other. The drive voltage generated bg a _
chagnhempcatiord exolangs membrainehil62y.onthaiddaentoehambar da2nthat is

serdiad sromiBe ol dfardbeh g bV and s AEBEEAfitirton with
thetpred bt ctanstsd i bkeérihger m@mén@n 54 ¢ hefdingfteraefeired to as
40, 142, 144, 146, 148 1s_about 20 Volts. The

thefaRioyx dischargeichember’ 462¢ oTheadmera chegaherntid thet ieseparated

fronyte pRAGEt hRpfRF Ry Bha 5 Ry Sapf Eton MR Brpctuct

chambdrogatidacexechange mesibrane #52lis serefhaflenirgferred to as the “cation
communi cation wth_one of the anj on exchange nenbranes

disgharge-chamakrit 16RanthBe RIATYE ehambergd1Sdsi &nic cg_)munlcatlon
wntﬁ?"ﬂﬁ’e Hﬁv@%ﬂg% ﬂﬁqﬁfb%tl??h%hgér Q%Itnd?}{”@xér?c}]dggz meRibrane 152 on

onmuni cat i e Ca

onerrsme" an@sndil@e (prodmnttmTanIMrbmmnaéxchangaahexm@mne 154 on the
nt cha

menbr ) dilu er 112 that
°th§épa iQVé'BQfF ﬁPQhe?]@r ctcpham ITB?V 1 H§ &\%S?EW?FPf to be

desptodt cTRIBAR, e FaltcbllceParbr i didddRTeed¥sHenters the
dialytie stack 601 ds dedsathpe oheqiedrtd thé Zonteatrdtibnseof thehsaokutions in

112 that is se ted fromthe product chanber 118 by
the&#@mgergﬁd;qyﬁpg?% RALGL GRAMRET H & he product chamber

cation exchange nenbrane 152 is hereinafter referred

In drdlePfo HBSalirfé it pPO R IESLE & BAIRIATVOIthEe- (“J&b%nﬁéﬁtsiw&ltage ")

chanber 118 is in ionic comunication with the drive

hasdp| deviapplind pemsscthe hpredect cchanaereidBangdn nibebriliusirated

embdiniéhe T HPEA8 deselate Tne RRdRLt T8IRGce Mhefilipq produet
corideftrafion f tabolue 0ot % sk b mMd¥s SaiH Wit &inidrs BRd cations in the

desal i nated. Typically, e salt concentration of the
progugifrad frase firien; froanthe s)romctdqzmryberc 14Battfo wutiagent diluent

chdn‘?lﬁértsth%t HHSC%@%BL aggpg?g%a%%topi d s§ glﬁe desalination

I ons |n ent
voltageribeboﬂlﬂ.&ossrvcﬂfsder to desalinate the product f eed,

a certal n voltage ("desalination voltage") has to be
Wh%ﬁ I§S |gacr Vo agt;eh Sr atgpI %an t%haém salln%tjl'gn vcl)ltage s applied across
the product chamber 118, anions migrate towards one electrode, an anode 126,
and cations migrate towards another electrode, a cathode 124. Anions migrate
from the product chamber 118, through the product chamber anion exchange
membrane 154, and into the anion discharge chamber 162. Similarly, cations
migrate from the product chamber 118, through the product chamber cation
exchange membrane 152, and into the cation discharge chamber 160. In this
way, saltwater can be desalinated by employing the drive cell to generate the
drive voltage, and by applying the sufficient voltage, which includes the drive

voltage, across the product chamber. As described above, flowing through the
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enbodi nent, in order to desalinate the product feed to
a resulting product concentration of about 0.04% salt

. Whyooeassssuch that anions and cations in the pPOTG&L009/000080

feed are driven fromthe product chanber 118 into
adj acent diluent chanbers 112 contai ning dil uent of
aniemoand 3caliens dischaygeraghambers ¢epabenat soltionl hayegi en ionic

cortafitith kel hip cfnedt B dhat B g shBiyaltidbEHialinatea,

suchragithetditieptber 118, anions m grate towards one
el ectrode, an anode 126, and cations mgrate towards
anot her ele?trode
d®

at hode 124. Ani rate fr
The HBOYRTBRRI O R iBroUgbatha Hialiii stack 303 ef ‘el ahen the

su@‘?éc arg@ cﬂg er 1{8%%% llrj_)néklcar y,ér(r:]faﬁ fg@e%fééﬁgagohegﬁ]eeds
thet desalination tvolthgetrepresedts novemgnt tdfeiops dirarighchmaribmic circuit.
cation,exch ne. 152,. and into the cation
Varifis maRs i FpuneaR T o pecticaye ReelilE o1 can be
desal i nated by enploying the drive cell to generate

In Figirélr1, ibeVidnic grcuitisl ddynpdtedyeleetrbbiterpichily.Cci BRictrochemical
vol t age, which includes the drive vol tage, across the

comppletion tofc thentivntic ciEsuitelsc AEhigyedw disHostwl wgogdRr ag rathode

clelA Serfilrs. 14 ARl RCORUAENTHRRIRAS of flugH e gonosptrate

chambers 112, thotanef thelmodial 12848d cathode 10ds pddpertiesly. Susiitable
the diluent. The noverment of ions t hrough t he

ele&?@m flowsiptoc and 104thek the @lﬁcéro{m (CONAYits uma |eé¢<amyte supply

I t
corffits 1 308 clétrdite' St SIS, 15561 3RGECER, 17 66 ERhBSdiment
deplueﬁngrﬁlgt?m 1, oltnf ¢lactrolgie fows thmughltlne lelectro‘{&&elobmmblers 114,
t ho conpl et i s.ionic circuit ar ossi bl e.
i BRGHED 6. RcSlPGSlyte It GO toreuiihy e & th8 Shimbers 114
11@'|§Cﬁ6tOEE€&“ IR Ith - otﬁle?cé ?‘Pﬁ’élﬁnﬂ ¢4l 1qeml%wevrbro O|nt5|@’ernative
lonic circuit is achieve di sposi ng anode an

embadimehds e{net t shdwn)e tblaaeieetrslylaérnayl dﬂds&GtHnemghadhet blectrolyte

onfE5 Bha” B 30 R BB 7 s St e

eleéﬂrkblyﬁabbﬁaﬂbéfé r1q|4yt1q6f bﬁ&"subﬂﬁ OxitiHG BHE éctidifte chamber, be
el ectrol éée conduits via electrolyte supply conduits

dirented inta the ethergifithe %@tmolsdemgmherasm ﬂé@p&mataryreactlons
(at ‘ﬁb 5R8d§ “IE%%HE rF(Eductlon reactions (at the cathode 124) convert the ionic

current into electric current and complete the ionic circuit. The anode 126 and
the cathode are electrically communicative 124 via an electrical conduit 156,
thereby resulting in electrons flowing from the anode 126 to the cathode 124.

Table 1, below, lists exemplary electrolytes that can be used in anode and
cathode electrolyte chambers 114, 116, as well as the associated
electrochemical reactions and reduction potentials that occur at the anode and
cathode 126, 124

Table 1: Exemplary Electrolytes
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depicted in Figure 1, the electrolyte flows through
the electrolyte chanbers 114, 116 in parallel; i.e.,

wo b@aswsirol yte that flows through one of therPchanb®ps00030
114, 116 is not used by the other chamber 114, 116.

g ! ¥ C
i. NagB O, (4 ot heﬁmomib theZId&@E‘-t al(y) ¢ 4tfianters 114, 116.23
Oxi dation reactions (at the anode 126) and reduction
By-peaductaitd, (atCdthedeat #idse +18e)2ph\(g) + 4 O i oni ¢ -0.83
(g)8uos @)t into electric current and conplete the ionic
circult. The Natode 1243H§(Dd:-’12h€ (gpl-mqg) are -2.06

electrically comTunl cative 124 via an electrical

i, N‘arcnr(aah obeb tosthexomihede

lists exenplary electrolytes that can be used in anode

By- FBHLR,% tode dfRbAO! YaR20hagBeEs2A34g) L 40Has el o33

©) %qgat ed el ectrochem cal react| ons and reduction
potent| t Nt occur4|qgot£g2|.qag1f§;e.. 20 gathwde 1262 16

124: Table 1: Exenpl _El ectrolyt esBy- products H2

Cat hode 4H20 + 4e 2H2(g) + 4 OH -0.83 (9) & @ (9)

TART S g .
1o N0 ¢ G (ﬂ%@ §H2 1%%%58?* 7Y e o83

(g) + 404 -0.
Na4Fe(CN) 6 (

A\%% Net 25P3H, W) 1 SAHY 123 123

iv. HCI (aq) Anode 2H,07 Oy(g) + 4H" + 4¢
Cathode 2H" +2e #2H,(g) 0.00
Net 2H,0 +2H, (g) + 02 (g9) -1.23
v. HCl (ag) with  Anode Ho (g) & 2H" + 2¢ 0.00
gas diffusion
anode Cathode 2H"+2e #H;(g) 0.00
Net - 0.00

Anode

vi. NasFe(CN)g

(aq) or KsFe(CN)g )

(aq) and Cathode Fe(CN)s> + e # Fe(CN)s* 0.36
NasFe(CN)gs (aq)

or KsFe(CN)gin  Net - 0.00
bulk of NaCl(aq)

vii. Na;Ss06 (aq) Anode  S;0:% & S406% + 2¢” -0.08
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or KAFe(CN)6 in Net 0.00 bulk of NaCl(aq) 2- vii. Na2S

6 (aq) Anode S28 2 S406 + 2e - 0.08Net 0.00

. Wex@apsasy anode and cathode material s i ncl udePCT/CA2009/000080
substrate netals such as titanium niobium tantalum

in@ﬂay&@(aﬁ){ athoden 8)0ffan@e miFH0afle ("stack end).08

menbrane 158") is used to separate the diluent and
concentrate Q(Nwtnbers 112, 110 fromthe el ectrol yte).00
chanbers 114, 116 is inportant. The stack end nenbrane
158 nearest to the anode 126 is hereinafter referred
to as the "anode stack end i on exchange nmenbrane" and
the stack end nmenbrane 158 near es} to the cathode 124

Exeraplagy aneser @nd, gathoded materialst inglude, sHbgkate: melalspguch as
a T e e
ttalfi FHIGGEAA daffRth: Ritium, BESNGRE SFARESS Rudory sieeR kel and
graphitenthe cabstratenmetals eayave dpticriallylcoatet with platirumngeithenium,
menbr ane, and the cathode ge| ectrol yte chanber 116 .is
iridig Ty, 00 By s Bietahexideqeorphinghanaf any itwgiqr more of platinum,

rutmnéﬁ&ﬁﬁé?ﬁm\’“th t he cat hode st ack end i on exchange
n%rane As el ectrochemnical reactions occur at the

anode 126 a_nd t he cat hode 124, the anode el ectrol
Notabhblve thaicesobovhidedype afhderhexchadge byembtang "‘$tack end

el.ectri,cal |cat|o t h,.the anode 12
meglefing B8 RSB hobatrieche iibet RS feareiad tambers 112,
110 Gk egheO RIS clfarABeray 1384 1'1% i ikipeRthht. Calthe stack end
conmuni cation With the cathode 124. In an enbodi ment

mephsane 488 negrastdodbe anode dbr |§I|’3,€tf%lnaft©'? refemadte as the “anode

staf b T R e B AR ECarkf e Yok B8 BBl 158 fearest o

theNgathodei ap4 Rntebsilafler referred to as the “cathode stack end ion
exchange membrane”. The anode electrolyte chamber 114 is bounded on one
side by and is in ionic communication with the anode stack end ion exchange
membrane, and the cathode electrolyte chamber 116 is also bounded on one
side by and is in ionic communication with the cathode stack end ion exchange
membrane. As electrochemical reactions occur at the anode 126 and the
cathode 124, the anode electrolyte chamber 114 is bounded on another side by
and is in electrical communication with the anode 126, and similarly the cathode
electrolyte chamber 116 is bounded on another side by and is in electrical
communication with the cathode 124. In an embodiment that uses Na;SO4 as an
electrolyte, for example, cation exchange membranes 122 are used as stack end
membranes 158. This is because Na,SO, is composed of Na* cations and S0
anions. By using cation exchange membranes 122, only the Na* cations can
travel between the electrolyte chambers 114, 116 into the adjacent diluent and
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ani ons. By using cation exchange nmenbranes 122, only
the Na+ cations can travel between the electrolyte

. Web@oahsess 114, 116 into the adjacent diluent PCT/CA2009/000080

andconcentrate chanbers 112, 110. As the diluent and

concentrate are both saltwater none of the
congeatratelopembets | likht 110r Asnthantdilueat wagoperceniratat aee both

sl 1 3052 bk, LAY, B bpch i el B wa

new YWpesadfl msnbe Siditarly, af HEPWere letab @wéreeteroa’om@ arfieniexthange
114, 116 and the di|luent and concentrate chanmbers 112,

membnangs, wawld tyrically: be aisedpiadserarate et elerialyje chambers 114,
11654t 8 afiht SR CHRERRLBrfiiehs 12410y udh € he
|a ytiC Stack 1 I'n

Opposi te, "or “tountercurrent,
directions. Doing so can help to maintain a nore even
In amnadiematia!eiembddlf'rf&nte(notesh@l/nv)aethetdlieedi boerthe aomcentrate can

flovg e e Rl slapic 101 BropramisadrertuUsTcuank) (e dions.
Doif %@‘c&@ﬁelﬁﬁ@tm?ﬁlt&hﬁ@ Mk Bl BoRdatftratiopUifiélehie between the
opposite that o e first enbodi nent of the dialytic

diluenhakd tomcertpatetohanmbersilddr #1Q. The dial ytic stack 201
of Figure 2 is simlar to the di aIytic stack 101 of

Refeyit BottebF alee 21 iR Adlied 3 SPeomEbgbdBiriRALHE diaivtc
staél6220116tﬂah dy echrifRyursdi fot e@dvens Qbm’ﬁﬁ foﬁpbstté ethat 96t .the first

t he chamber t hat forrrerl¥ served as the ani

emppdigmant g thediabdic stack AQs depisted libF'Qé'EQﬂwah@ dialytic stack 201
of ﬁgggéé 2: {sg%lﬁllﬁﬁggwgﬁé Sd]r%gtéc §%§ ﬂ(f’lv é)?[ﬁ%ﬂ}]eng \%th 3ﬁ3 )&:%gtlons

bemgsmdatt thesprodutiobamber [ddBaand wnioh & cdtloweilsobiarga@ ehambers
a change in direction of ion

|
164 %CS@Z bean tghzﬂvf&ow ghamber %mngwe the shawbes thatfarmerly

serfed, 38 R A AebAioR) cHafer 162 TREE God /piecs with

con?h&ate/ehamb:age:] enand |thf® nenr:d?m%dmbntradr? gorcentraté lehambers

c rs cou ave shifted any o er. o

11%hﬁ&5?¥ett@eﬂﬂ§wﬁp . or 9 é@st'“'t i@ 1l |ang§ 58 é@ﬂﬂtb’SOfnﬁV drive
creat e

voll%?e AR@ €3n§écﬂ;é‘ Elg aCLR&M Casﬁf‘eg%rl 2%:3‘#61 ation. . Although

curring at hode a ependi ng
Figure t?heshelscthenIprodisctusieamber t1H8 andl gnioo andceatior0 tlischarge

chan(%bersefgzc t1%8 rllanwr'\:g'] 3!—3% Sshjﬂe%ngnlyzl on'e:aoéhamxbéﬂoethe ng‘:ﬁt reIaF ive to
the embodiment depicted in Figure 1, these chambers could have been shifted
any odd number of chambers to the right or left.

Useful by-products may be created from the electrochemical reactions occurring
at the anode and cathode 126, 124 depending on the electrolytes used in the
dialytic stacks 101, 201 depicted in Figures 1 and 2. For example, when the
electrolyte used is aqueous NaCl, CI" anions are oxidized to Cl, gas (see Table 1,
row ii, above). Cl, gas can, for example, be used to treat water via chlorination.
Alternatively, if aqueous HCI were used as an electrolyte, H, gas would be

24



10

15

20

25

30

el ectrolyte used is aqueous NaCl, C anions are
oxidized to C gas (see Table 1, rowii, above). C2

- W@amasses3 for exanple, be used to treat water RECECA2009/000080

chlorination. Alternatively, if agueous HCl were used
as an electrolyte, H2 gas woul d beproduced at the
prodatdtbcst bl qatieedel :d84e (See rable, 1aowey, abbvepuant beould be

subse entI used,to roduce fuel cell faor .
subSedueply Used 40 PEodusn PawerELilal calis JPoRIBMPS ; Ghef, fotentia
usefil B9ip BRuERIAGH Ofher @XRIIBATCAGEIST |rBEclidhd Rsecurring |n the

electrolyte chanmbers 114, 116 include oxygen gas whe

electsoltg eharsberst 1ty 16 icludezsxygenmaaswhenHgasing awmelectrolyte of

N 505, B S5 B 586 B4 4y Bt

stack 301 that punps the electrolyte fromone of the

Figareodedapidts at tiide epitrelimenty bf o iRy stakk4301 Jtﬁat @uhips the
ot her of the anode and cathode el ectrol yte cha

e|e<1tIQthelfI%msQJ%,€h°fmﬁa@%?ﬂé@@@?ﬁdﬁaﬂeﬂi@ 4 Ghambers 114, 116 to

theb tgcgz :bgll{% er s&ﬁﬁ& %ﬂ%&;b;ﬁébe usl%(lg'aA‘s:i:\z!e(h?%E such that

electe@d’tmtai rea;dtlen dhyrproduicts form@ddeint oné yofethe hardaie and Igkthode
116. The di al yt| C sggck 3%1 uses gas di ff usi on

eleglrelyter gharmbetsy 11fe 1 86USHH a8 A Heaetanbin dhg other of the
clof 5] SHERONE PILPATG, e LRAYC SUER 501 (861440 aiusion

elettrodewefort ther amdde W26 aaretleathdfe ot24 ahd asireulalds fvca pusmping the

S reactant .in _an el ectrochenic reactj on_and
eleéi? igal @@cpglalwrr?reﬁugécfkommetg theiqn 1?§Pﬁ1°atmd§ 124

to fdég%ﬂ%r' alhey r%‘él%“‘r‘?ﬁ&%%bdléo‘liﬁ rﬁ%@uhéeé’ rESEtahEQn an

ctroc em ca reactions to zero. For exanple, In
eledirethenicakteactiors and aixidstigorar réduetmmbmﬂ@l@stsmmglualéouﬁ This

thepfeticatyroties iAfnef ubitade bued 15t i £eetriSheértisal Feactions to

zerHE'FHraé)%ﬁnéléswﬁﬂ'fé dialysie sQéél@@Og%f IFRGiread\esn dddeovd mikterre of
cat hode 124, hy en ions are reduced to hydro

HChasd NaCtpan def USQfg@St tb_ewleat_mlgtet getm]g@@t@é@e ehembers 114,

16RO s e FretyAen d 5Bk iTh ehriahk EROETES 122. At

theCRithedte 122 2hydragén ReiEPaleidus B8 G hydhjed e WHIERR is forced to
ain reduced to hydrogen gas. The gas di fusi on

a
flowe|te dhe canogler ha8 wherebhedhydinger gasdie againoxidised dachydrogen

ion§. ua'% @} ﬁ?ﬁjgur eéérfg\egi?%% ?%;.2 c%léfécli %%é%{tb B5S A4S 124 via a

pump (not shown) where they are again reduced to hydrogen gas. The gas
diffusion electrodes that are used can be made using the same substrate and
coating materials as described above, and are configured to provide sufficient
resident time for the gas to be oxidized or reduced at the anode 126 or cathode
124, respectively. Notably, the by-products of the electrochemical reactions
need not be gaseous. For example, an aqueous mixture of NasFe(CN)s and
NasFe(CN)s can be used as an electrolyte, which results in Fe(CN)s* being
oxidized to Fe(CN)s> at the anode 126, which can then be circulated to the
cathode 124 for reduction back to Fe(CN)e‘".
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resident tinme for the gas to be oxidized or reduced at
the anode 126 or cathode 124, respectively. Notably,

. W0 b@hgsegs oduct s of the el ectrochem cal reactiPCECAZBE000080

not be gaseous. For exanple, an aqueous m xture of
Na3Fe(CN) 6 and Na4Fe(CN) 6 can be used as_ an
In the eraberdiment depicted ineEigure 3 thare tiopifige drivecseallg 140, 142, 144,

1460 4% GEherat ariatale sballo 20eBRe Soskiipe e NP Bone and

NajFatEN)pafee 1684 @sdelettiolytes, ehd ot ratedtratip redurtion potential that
Figure 3, then, the five drive cells 140, 142,

144,
needggto ha@vgmat er ihe ematlen redhiiionoreastions 4 occur is 0 Volts
(seESPAHTS ftlg roRA%i). Naﬁfe%@é&iﬁ\ gﬁtalg‘é Géé‘alh‘l%ﬁgnacl%ll 150 is
el ectrol ctro educt|

tes, ‘the net e on potenti
abdut 4. Omwﬂtst oFdneaaitalytI@smdkmat nses Netseptan AFNIandi ©K-1 ion

Vol
oxchARGR SApINGR0 RS @ BRGUCLIATRRSTLLE Mt it Pg7 €Bithickisyd hes
dllu'eﬁt QHS %n%&ﬁf?&evéﬂgfbeéoﬁ 2 19paht hfe n%éﬁ:b dﬂ‘@rﬁ tHitkS the five
as a

I on éxchange nenbranes
drw;er oellscﬂ4ﬁ haddet44,1846,h48 genéraie acnet tirivk valiagénaf 0.20 Volts.

The Rt sBBGAEE N B piskpaatgn it 950 058 Vaifind the net
eledifdde %cﬂbﬁ%&@ﬁﬁél%% a/onet Cghéé/(ﬁJéthlyt ﬂi@r@éulﬁhg?@tack open
Vol ts. The product chamber 118 has a desal i nati on

ciroul| voltgge d$ 02 ¥8lts/ol Q. 98&r\@lf5he0rﬂét2 ¥oltsst othis eathegliment, the

onZBGRHAGEL EmPrafs e 38 BB fropkefics®® g oppe feed

contributé stack/rddistivel 1Bsédy 6f 23 TTWEMARWhicht fesuit®th anibwio &@irrent of

nmenbranes and the diluent, concentrate and product
2.6treAfere on Buffisiand dgtvsc\roltmg.@qlstséo desalirateithe prevugidfeed in the

proég#:&hérﬁﬁ% {‘FB : Thé |8H§ %n§ %’{(ﬁﬂ‘t mqh 33 Sdﬂ&/ fgg&ﬁre driven out

I'clent dri've Vo age ext s Inate

of meodmduo‘t amémm?]rt hes, p(tjmdugf? thgqm’oduglﬂ;ﬁamﬁbe oaa]pnomd anion
anions I n the product eed are driven out 0 t he
eXC%@BS@cWEMﬁB%‘% 1@?8 134 wsgactivaly. prag Jeto theangn and cation

dis&&Hr g@rbh%?ﬂ?é?'g'fﬁ@ Q’SthﬂQﬁ g%’dﬂb"t %Bﬁﬁl hRat &xits the ﬁla}ygtlg stack

respectively, and int ani on an cation disc
10‘chasr‘aesait dcﬁﬁ;enlrﬁﬂon Dfiabpub0.0dts salt byimasg aad isdriniablée If an
external ¥/oit§ges }s needed to effect desalination, it can be supplied by a voltage

source 128, which is electrically coupled to the electrical conduit 156.

Instead of utilizing the voltage source 128 to supply any additional voltage,
additional drive cells may be added to the dialytic stack 101 until a sufficient
cumulative drive voltage is achieved to effect desalination. If enough drive cells
are added such that voltage in excess of that required for desalination is
produced, the dialytic stack 101 may also act as a power source. In such a case,
an electrical load can be powered by electrically coupling it between the anode
126 and cathode 124.
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101 has a salt concentration of about 0.04% salt by
mass and is drinkable. If an external voltage is

. wWoewdassesd ef fect desalination, it can be suppPCEGARNIE00080

vol tage source 128, which is electrically coupled to
the electrical conduit 156. Instead of utilizing the
RefeoinggewstouFigure 28 therss iso depictad, andtheri embodingnt aafea dialytic

ddj t 4 | dri L.l . be add t Lal viic ..
stadk 0 TWRers | 1. TG ckPln S ERiTPeth . Vi e, Blodigion by
sutirﬁer?ﬁ'@ theedidipice bRkt 40 5ald @ahdGdtivel bathina04 thet is/ €ontained
celI's are added such _that voltage in excess of that

withia gustosage yessrisH6. ndhedvath AQ4 tayce, for ipxampig.yeqraposed of

corti O SERUIRES 3, Sy, BBy B ol aroun
eleetrsatonhically ysasubrienin ttie eibuzimenfscillaswatedliP6Figates 1 to 3,

cat hode 124. Referring now to Figure 4, there is
corgiptiag dheaiopia &irceithiai it cissulation sogsi Bok regyire@n anode,
; Cl | .
catH Bf BobBf cLBBics, - AbBHhal (FEBREMA DA hlgh e supglied to
ovettcmdaf:thé\c/%amahr’d rgaélﬁﬁdsrgbotawtiagof m%en elédbth?micml s¢actiops that
vessel 406. The bath 404 na , .faor exanpl e, conposed .
tak%ipfacc@n‘ﬁ'é% the onigelFst ig icamr%teﬁr%ethcgsm' 2y tr{%ggy r eéjuc'ng
=\ [WaTal B Il EAH i f ically as is
theg)gﬁg \&ﬁb?ﬁéﬁ%ﬁggﬁ(ﬁu&%ﬁg ﬁ%ahg?ﬂfgﬁé(??{;n igures 1 to 3,
conpleting the ionic circuit via fluid circulation

Theldiadyticstacke 4@ of Figuradaties notthayeananqgaewer a sathsidesdnstead,

the 55ipht, iithdrs T2 834 BORGnifEY Bhefiets 1 Ta Y BRE 4t Stack 401
areSd fIIWiSitE Befder BafUsMSt Ahdisetah® eRbgsI8tesh 0B, titsich can be

ionic circuit is conpleted el ectrochemcally, thereby.
made (f Nafgcanductive veatesat aueh araqolypropygoer dimmediately adjacent

to {15 Bbl hs. 268 518 lcentale, Shamd, D07 WER ‘e as. st and
sedohd dledtrsiple cHzmbsrsFod d@ntaling A eRedtfonte wilianbiarthislgdticular

of the dialytic stack 401 are sandw ched between
embedigant; is eencamiratecote il qlecialdtesgiamign ishbewndesk on one
sod e gl B2 GRS SN GIERNEY Wiy B PolS D Bl RERP A8 ana i

bourniedesr andthee siidband islitlionishearhmanication withsa fisstdon exchange
second el ectrol yte chanmbers for contajning_an

megibsgne Gheleltmasteatianexahrsopanemerang 12hibioHEnt): the second
elegtﬁ&gﬁegﬁtﬁéhﬁer 18olihdsd o 6R& "M/ by SR idric ReHiHEScation

with the porous second end plate and is bounded on another side by and is in
ionic communication with a second ion exchange membrane (the rightmost anion
exchange membrane 122 in Figure 4). These first and second electrolyte
chambers ionically communicate with the remainder of the diluent and
concentrate chambers 112, 110 via first and second ion exchange membranes,
respectively (the leftmost cation exchange membrane 120 and rightmost anion
exchange membrane 122 in Figure 4). In the dialytic stack 401 as illustrated in
Figure 4, anions migrate from right to left and cations migrate from left to right.

Consequently, cations are drawn into the dialytic stack from the conductive bath
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side by and is in ionic comunication with the porous
first end plate and is bounded on another side and is

., WO pooposi683 communi cation with a first ion exchargeCA2009/000080

menbrane (the | eftnost cation exchange nenbrane 120 in

Figure 4); the second el ectrol yte chanber is bounded
404omneamtae$ocneu$sgzndrp¢ate§08mn thei leftod ithel diaddic ssackwi0 h andeanions

ere e G PR B B A SRR BRI il e
por@ﬁ§ oA gRateeds 8nehé Trlbht mugtdfrmétimytiwstaex gan GEhe deeper and
menbrane 122 in F| @J’M; These first and seco

wider &he mngiu@tl\cqtaaﬂb 94| the hjghesriteu FPReirationn ﬂa%éower the
BRG0Py Ut by G0 bl BERR SN obdént anc
concentratd chvarhigerst 12, | €tk imcthe diall/iio staek dttinge seaibd soeh that no

i ignBler spodiaPatieef i peiftaad AN tDGHARDR 16k Tld i n

Figure 4, anions migrate fromright to left and

In §ﬁtélt‘é'i‘§atWe% dirhent g)rﬁft Hdgvrgl %gteawgfﬂﬁtomit (tehe dialytic

cations are drawn I nt ytic sta
stacloric twithin thehdorduative bath @odoutbe efinst pand ese¢osd oelectrolyte

chalftors 1 Blech BR; CARENESIS: o Jbes8 oo RO CoamARE AR fuidly
cod?ﬂ’écf‘tcﬂ@écﬂ‘ 8fHertifaR ‘é‘lé&tﬁbl;ﬁ@ d:h@hﬁief? flﬂiﬂﬁc@rﬁbdm el l*hiH“éIternatlve

de of the dialytic sta deeper and w der
embhémmmatlm iend pkates 408 ared noh@olmngeher%msd cnrculatlon can be

con entratl on the lo t he resj,st nce enco
proBivig, Buimiing dffccrulels, sBfpeBa| fO5Y oPfcBlithELfincBhtrate
chamisers Q6 ¢ied bitdr ethel Ibilﬁ tﬁéﬂ)m@c?élﬁt di al yti C

stack 401 are seal e suc that no fluid transfer

occurs between the bath 404 and the chanbers 112, 110.
Referringynamvite figgre/s tbatsoigi shomn %ﬁ’éﬁ'%@ﬁﬁ'}‘gemﬁﬁt ieell§fin a ring

corfiOFRH PG, L Y01 £, TR eS0T figure 5 pluces a

concieatrats supply F}mémm vB1toh ag:u?nag?nuaﬁes?ﬁ'm?tsmamfolﬁ 5t12 which
concentrate c Irs re ul cou 0 ea 0

recoivg cmcentseter%@gﬁl r%pomecntét% éﬁg lﬂ?'t"eni FURRY §°"du'{s 104

an@ll 6? riddp Ht?\/eWbB‘ﬂh nd E&?ceerﬁr%b Ehid e &gtv%’yéd R9'diluent and

rous. orced circulation can be provided via punpi ng
cortoentrate:@hambea:snrﬂclatt‘rm svhichoare rflidly cdupledrtoetier diwent and

corieRlafa. SuRBie Mg o 2o HDgHPE Whichnaten dhe fipdgseried
emBba@ingrits, afd 388aaRsY fraim eakh Sothér Byrd R@ries of alternating cation
and anion exchange membranes 120, 122. Product feed is delivered directly to
product chamber 118 from the product feed supply conduit 106.
Advantageously, cations and anions migrate in opposite directions around the
dialytic ring 501, thereby achieving desalination of a given volume of product
feed. Compared to a dialytic stack 401 having the same number and average
thickness of chambers 110, 112, 118, the distance migrating anions and cations
have to travel in the dialytic ring 501 is less than the distance they have to travel
in the dialytic stack 401, and therefore the ionic resistance of the dialytic ring 501
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configuration ("dialytic ring" 501 ) . The dialytic
ring 501 in Figure 5 includes a concentrate supply

. woremwofisdess 510 and a dil uent supply manifol d 512CT/aA2@000080

recei ve concentrate and diluent from concentrate and

~ diluent supply conduits 104 and 102, respectively. _
is lesg tham thenienisoresistancaseofathe dialytic stacked@t tGonsieayently, if the

. te C r I4C i dl
e SFERSESEA e TATNE B Fat A Bl el e bl Homber of
chamstiars ol 1ds 1922118167 thedanke abierage thitkhbss,aksistive dossasedill be
enbodi nents, are separated from each ot her by a seri

lowsf insihecdialic Apg S8 thandm thexdiabicstagisntid!, 20 3ahedn addition,
. i J d di |
elecfcliprrendlBiuiéd bR dRVIEMYBOTE. °f eed stppl y

conduit 106. Advantageously, cations and ani ons
Therdgglyticeringy 50 of FHigeredd hastseven driveucelist dved dnealddsiatination cell

1 g eGS0 ARl v B

7 t isa r d tdy e ;
corftplbtedt Ll T SERQUUISE ST ofRlAGS, Tlecdentsp Riive any

electrechemicalreaitions.t Consegugntlyn assemitigad gohcentratg cdmcentsation

of qifait 1% a8 gt Eoheemiationirtphsut 4805 g "seveh drive cells
proVigel & lcaRfiflatife Hhive @bné%é of 02808 LivhidhemSwein @ ekBéss of the
ionic resistances of the dialytic stack 401

voliggaseerdst ty dasalinale theapyadust fred tooaboutd00486 salt by mass

(eoBfinbaldy 1488 ¥t il e, fdtackiah ofug 36T RRIHREL (Buistve

loss&s)i S Foléwings desalimdtionbené Predudtnesitie tisk dialitic ringn801 via a
501 than in the dialytic stacks 101 , 201 , 301 . In .
progugh exibmanipls-808 the diluenhexits theudiabiciring 1 viaaa ilugnt exit
. i . e orin of - Fiaur
mad S0, and' e Coffeethta oS S iglc KL SO RARER, (YiRhrate
exitemnifolde306. of the dial ytic stack wherein the ionic
circuit is conpleted using fluid circulation, no

RefREHIA NOSto GO Gu heTEyiS eguiind rodiahaG RTERGIN of cells in a
H i [ . d is . i

SPiPERROURYIOR (AR ShIBPEORIC Al HHEkioBE ERBOEREMS, the

dialytiospixal 6@1 dr composdd afjan aftetatifg \antangemerit ofi cationvant anion

in excess of th ol t,age, needed t.o desalinate th
exhPOR ATOTbENeS 12t 142 0 RIRIN e Tp g RIRANd concetirate can be
suppliBa e Xhe&ghps bebn OSSP thbkéernaling idhexdtingafefipanés! €20, 122
to parasitic resistive
through supply conduits 102, 104, 106. The dialytic spiral 601 can be created by,
for example, arranging the ion exchange membranes 120, 122 along with
chamber spacers and gaskets flat on a surface and then rolling them as depicted
in Figure 6. Beneficially, rolling the membranes 120, 122 aids in high volume
manufacturing; and reduces exposure of sealing surfaces, which reduces the
likelihood that the spiral 601 will leak. Production techniques are similar to those
used in spirally wound reverse osmosis modules, such as the DOW™ 210 EDI

module.
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| osses). Follow ng desalination, the product exits the
dialytic ring 501 via a product exit manifold 508, the

. Walkdowesissexits the dialytic ring 501 via a di | RENCAZN0PH00080

mani fol d 504, and the concentrate exits the dialytic
ring 501 via a concentrate exit manifold 506.
Refﬁerﬁng nowdorkigurtes Ha)aneé (6), thérerareidepited seetiorzal and exploded
ytic. arran

vieWs i 4, WREIa VAR Ataek 20T shatsan et ieddio desalingie satwater

By Q!‘ﬂ?@éibﬁ’e itlis mdt thatthédifecih bfiorfi® dvenfeHtin® 88l dRiytRstack
alternating arrangenent of cation and anion exchange

70'mispphmeversible during operdtien. flggdre d(a)uisna seetional view of the

diaf§fif SR 70f edhedn ARG RS AfanaindBEST G5 RM Gincentrate
chéiﬁ!l%ﬂsw ¢2n440t s THE anidit extRlngd heMibrand i ‘IC225 fornde P &hared

be created by, for exanple, arrangi 2dq1 he ion

bomdama e isewbioaite sompuynigatiprawh djacent chiluent andpeengentrate

cheflio BT 1 orofim? SiBnadter 4l 3¢ s=0158 g G leIfERaRR 120

forrig Eb§laared H&Q\dalﬁBeﬂNéb‘n bid id hiondd somMNitRIIcHtRAL With REy given
and reduces exposure of sealing surfaces, which

driveeepllcand anadjagest ﬂﬁb%ﬁeld hahetplﬁ@d@mchamb@@ﬂ 1Riis dispegrd within
the%?ﬂgﬁ'sqgcﬁﬁﬁw Sis?hGusddd ' 45 6Ret&88ebgs?aﬂd L& in ionic

SpIr y Wou everse OSMoSI'sS nodul és, sSuch ast

corﬁl@%tdalloﬁmtrﬂhb produttecHamhisgrrarion eﬂ@:hénge‘:n@mb?ané’ (16)4 and is
(c), there are depicted sectional and expl ode

bound&tﬁ;soafa%ptnﬂi |§519a|bYd<‘r"éﬂ| yE i@ ignigcrompmnigationc with b@e product
chatitsk éaﬁlh fe?@hhﬂ@é ?réesrfﬂ)?a%t 2. Pe aHBUEShAC athdc{eh‘l% 124 and

neant 1 on O i"oni ¢ novemnent
anatleadnyd icathwidecdedtddlyieschamhbersVvelts i1ddeard dispasedpen elthenend of

Fi.gure 7(a) is sectl nal view of the dialytjc stack
the ﬁb%v{mtaﬁg tﬁﬁ@@ﬂ@&l@@r@»ﬁt@ erandr ki angthe drive
T [
colS LR %ssﬁ%ﬂrﬂﬁﬁﬁzs%ém%%ﬁagsn%g FRAaFEE 13858 e fom o
thecanodei arxd icathade Istack aamelniordldxnhangemuerrﬂnnams r affbe anode
C rs 112 0 of ven drive c t he cat
ele RN TR s BouR 0% sia et lrib oS serimhaication
wntt@'ﬂ‘i’e 'aﬂoU@ dtaEk %neqmﬁéﬁg@%%b&r@nin@'@’ %Buﬁﬂéé! %n another
an adj acent drive cel product chanb
S|da]b3/ asnddmpnelad;tmaj mmmmheloatlah ywm tbe aanode0 126nd The anode
elec*?trclflyp| e%hgrr‘l.b%peﬁsd 13 |o ic comm‘an{cgtuon w‘fh the drive cells and the
product chamber 118 via the anode stack end ion exchange membrane.
Similarly, the cathode electrolyte chamber 114 is bounded on one side by and is
in ionic communication with the cathode stack end ion exchange membrane and
is bounded on another side by and is in electrical communication with the
cathode 124. The cathode electrolyte chamber is in ionic communication with
the drive cells and product chamber 118 via the cathode stack end ion exchange
membrane. The anode and cathode, ion exchange membranes and diluent,

concentrate and product chambers are sandwiched between two end plates 714.
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conmuni cation with the product chanber ani on exchange
menbrane 154, and is bounded on another side by and is

. WO p00posi683 communi cation with the product chanbeCT/Ca2iG00/00080

exchange nenbrane 152. The anode and cat hode 126, 124
and anode and cathode el ectrol yte chanbers 116, 114
Referringinoposled torFigureh&tb)etherefis tdepiciedia frobt steyationyiew of a

oaclef B8 AT AeBel A0 hal i feef 1250 &€ nBcldfo agorbly
thatriithudusediluEn® manifdiding @orfiglirédne eorndy diluéne & ndeaway from
end i on exchange nenbranes. The anode

t k
the dlilvgnt Shgmbetn L ontertate BanRadinge Gayeyicpaceptraieto and

o o LA AHD R, 10 kP RO ise: e
saltwader t be ddsatihatedab arahdesalvated saltvatertdveayafrodethie?product
Chafig T adt ARG HRURIET J5e SAMDSER 45 tireas tauag practicall
ot INHEIH (IR RE S0P YERRIGR wihout an

excesgiveprossuréedropn lonkigaral &(bjy thendpaceri 70 isna eanesh spacer that

oo T 1 Bl S P e

staglg1 t?gtl Ii§ GRbpEFITIBANDYE Bidventing tddjddent f6i BREfanke?membitanes from

ode el ectrol yt'e chanber 1S in ionic conmunication

confaeting gachiother as:fal eesalicpfdiuid flow taugle the chambers H40, 112,

16, TR 38Sh 7 Ko SA HeCamTF BT KRG TR N (12238 F 50200,

The gaskstt 708 carfbé férnestl asing maafeials such a8yietlastopylene diene
bet ween two end ?I ates 714. Referring now also to

M-giagfrrabben (ERDNM], esiliconie pitdlee ssanteprene, alitonatneapronewPTFE
(refonf 1057 0 AR P92 ARIESUGhlR A ridie 7 B st

708mandfioh dixechange frngmbeghdsoaolavesedlin arrditermatingdsaney to form
fromthe diluent chambers 112, concentrate nmanifal di n&asket

theyvarioys dilyeply sereentiate. PodyRk a&ﬂ@ﬁ)e(ftf‘?hﬁet%r@?ﬁ@e Ak
708 halRTseribdd 3 %g.l rR& QAHE tac? isf ghdli dggth(elo diGéhtY KonkBAtrate or
e esal i nat ed

saltwater to esalinated to and
produtt elaarabersyandf each sbeh phathber is mubded IdrBonétside by and in

o GO LAIGAY POl B A oRANDe, BRNraRk ABHAALE g gnanother

sid@b§ankl iATBhit RBrirhunitafio PWith dndtEr i6h eR Membrane.

pressure drop. In Figure 7(b), the spacer 710 is a
mesh spacer that
Each gasket 708 has punched through its perimeter a series of holes that make

up part of the diluent, concentrate or product manifolding. In Figure 7(b), one
side of the gasket 708 has the diluent supply conduits 104 extending
therethrough and the opposing side of the gasket 708 has the diluent exit
conduits 132 extending therethrough. Similarly, the product feed supply conduits
106 and the product exit conduits 134 extend through opposing sides of the
gasket 708. The gasket 708 has a series of inlet notches 738(a) extending
through one side of the gasket 708, with each inlet notch 738(a) being fluidly

coupled to the concentrate supply conduit 102, and on an opposing side has a
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mai nt ai ns separation of adjacent ion exchange
menbr anes when the dialytic stack 701 is in operation

. Whyoopnesseht i ng adj acent ion exchange menbr anesPET/GAR009/000080

contacting each other as a result of fluid flow
through the chanbers 110, 112, 118. The spacer 710 can
serigs ef aullelr n@téhewl:ﬁ&(b)i extendingi herethraugtn auith each @stiey . notch

7selpﬁb§ﬂ§e pr BRA tgeth%%roﬁﬁgptﬁr’éﬂer&uﬂ;%&n%rdt .SJ}*RE JASket 708

ass 1

dep3¢tbd ¢ F;guretﬂ(b) ue thaaomfﬁgwee to bemnmtrateeoleameé"FE 0. Only
(Teflon), natural rubber, As is evjdent

the {qigeptiale: SUPBIYGERASREL SOnB8SA0Z; dA0eatn Hish Coupledto the
corfRRERS SGrthfel /A el @™l SR LA iR SREIcERS! TN (b)

e various diluent, concentrat
conslequentw yary qineddx&r(s;r ;ﬁadbctg%d&)tamo&hluent: passmg bsowgh the
hat cts of the diluent, con t

(0] r
profgtifRad AuRRBopenddtal 1080 rpradurt exbiamerufie T Mhisns supply
corf?)“uﬁﬁsﬁﬁf 404 ANdehtekiPHondGREMYY &Rl | aied FlonPNRel &'Shcentrate

exchange nenbrane and bounded on anot her side by and
cha‘mberom‘l@ whitenconcentrate willt flove ficonh dine iconcentcatensiepply conduits

10 PRI Sne T EE ARERS 7R 41D e fhlment fHenificeiptiSte, ghamber

11(ﬂ'édéeﬂfen @&%%Uq]ﬁir% SUtldrfieKds TB8(bH @ndﬂh@%pdd%n@s%’é ®f the

one side of the gasket 708 has'the dil uent

ga%@p abgz anshinio the concenicate cﬁXﬁg:CtﬂdeIrtet1t3|00 uGimikasty, forethe gasket

thaf BRGNP se roflft G {1 At rORReS hFfliofdupte the

produodfeed $uply aHe Xt mmmstmslamataothéhﬁmau@whham@e« 118 are
conduits 134 extend through opposing sides of the

pregarl andzfsg. th w@awmatmeﬁmn&es@e. diljiest ghamhers 112, only
t
notBAEE SR il oo e 3 et ST aRO TR ol IR, 133 o the
dilugnt ghachien 11&63@&0&9@% atFhe ga]glkets cmadl when 1;ﬁhl@ss@d1é gogmher to
op ng .side has aserjies of outlet notches 7
forr@ynerip NGO Her e A1 Jag. 5 \m‘tqwt'gta*c?ﬁ%umuét SHHTEN amIHng the
g I t t
corfyfSdaf Ind hieri” tRnentrel i TABRAE, LRRGPEN. | Afiifiidly, the
conventratpl sepply andeexit con«twtﬁ naz e1 wamnmnt SWpplyG@md ekib €onduits
0 ntr P and its 102,
104 V15213 ik eba e Prouct cexlhsnddity 158, 134 from
vario‘ﬂn's%}asﬂ@fis 708 bRgn ﬁ@ﬁ/\/ﬂé”@ﬂ@ ék%}? 768296 BHEIEelMo form the
any product (or product feed) and uent passi ng
dialytie @Lagk #Qe thus forming the concentrate, diluent, and product mamfoldmg,
respectively. Concentrate, diluent and product feed can consequently flow
through the concentrate, diluent and product manifolding and be delivered to the

concentration, diluent and product chambers 110, 112, 118.

In the depicted embodiment, electrolyte is pumped into and out of electrolyte
chambers 114, 116 via conduits 108, 136, respectively.

Referring now to Figure 8, there are depicted schematic (Figure 8(a)), exploded
(Figure 8(b)) and perspective (Figure 8(c)) views of a bipolar dialytic stack 801.
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product feed supply conduits 106, product exit
conduits 134, diluent supply conduits 104 and dil uent

. wezxiom/1swesdluits 132 are seal ed fromthe concentPEL/€A2009/000080

chanber 110, while concentrate will flow fromthe
concentrate supply conduits 102, through the inlet
in which Iaesembty(et)theuthammaml wmmrmagiﬁoldlmg anchealves ig Yustrated. By

o oo B R A 8O BBl e RS eyerse
poléhﬂésconﬁﬁfmfa?d PoRafity, & Gerbiratic M ofithe|dia nzﬁc sfaidk 8ot is the
gasket that ci rcurrscrl bes the product cha

dlalu’nqz ptackt theaf Figure 14 i aeverse pplasity, r?esw@ﬁ& V'ﬁé’e@' the dialytic

oG85 B SRALA0S 1 2 Vb 6 are s

twoswayg vakes) in&attvhﬁle@ 844@3) @Hﬂ)aaﬂzﬁbstlétlzélva(not(@i) ¢isat can be
t hat fdeI&)coulethe di | uent sup and
corfigherd far both farward pq miydamméﬂveréﬂamiefltquger@.t'en Table 2,

ool SPioR NowIREEE hioriry, VARESHARAFT (bRER 8hnd fplidh Theso

modesurely containing the contents of the diluent,
concentrate and product chanbers. Additionally, the

TAPES Value serisinFiverd BalahRashd Revim aBrnEopsrallon

supply and product exit conduits 106, 134 from various

gaskeyglvg8 al 1 gn[t ogebRRardPRfaritye_J SketReVéi%e‘Pcﬂanty

pressed to formthe dialytic stack 701 , thus fornm ng
the concentrate, diluentQparatign oduct |mani f oQpergtion
respectively. Con :ent rate, diluent and pr oduct feed

A-a-P—-—p-ancacttant , A nit

—CofSequent | y—i Low—t+hr Ough t+he—econcenttat €, ei+Hoent
844(g) S5 Ver &doF8

product manif o and be deliver t he
pheentrat-on—dH-ydent—and—preduct—ehgrbers—110—112;
8441% In the depi ct g‘)%odl ment, el ect rqp??eéfl s punped
it o—and—out—of electrol yte Chaq‘bers 11 116 via

844(Bhdui t s 108, 136, a‘&%’ect ively. Refer rq)ﬂﬁnﬁ‘fgw to

Figure 8 there ate dpnl cted schematiad (Eioure 8(a

1)
84‘KQ§I oded (Figure 8@QPenednd perspective ¢IPsgdre 8(c))
views of a bipolar dialytic stack 801 | in which

844(exenbly of the ch&iesads with manifol di@pered val ves
is illustrated. By "bipolar". it is ndant that the

844{f)al yti c stack 801 Qpenederabl e i n forwdldsedd reverse
polarities. In fofward polarity, a schematic vi ew of

844(bk dial ytic stackCiEheds the dial ytig Gibsedt 101 of
Figure 1. In reverse polarity, a schenmatic view of the

844ihpl ytic Closed Opened
844(i) Opened Closed
844(j) Closed Opened
844(k) Closed Opened
844(1) Opened Closed
844(m) Closed Opened
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stack 801 is the dialytic stack 201 of Figure 2.
Visible in Figure 8(a) are sixteen two-way val ves,

. WO nloenssssd ves 844(a) - (h) and outlet val ves SEAI/ICA2009/000080

(p) that can be configured for both forward polarity
and reverse polarity operation. Table 2, bel ow,

844pkci fi es how t hes®Opemedway val ves 844(Glpsed (p) are
confiqgured in these nodes: Table 2: Vdlve Settings in

844toyward Pol arity a@ibdeeverse Pol arity | Opened
QperationReferring now to Figure 8(b) Jand as with the

844ppodi ments of theQpenkedti c stack depija@legedn Fi gures
1 and 2, the dialytic stack 801 is conposed of an

alternating series of cation and ani on exchange
rrenbranes 120, 122. Between the cation and anion

RefeNfitnef l'E!SEF@U b)13t9d akagitiaitife @nﬁﬁfdlrﬂénﬁfﬁf the dialytic stack

alternating t/concentrate chanbers
depictad dn thigures di andarﬁl; theh diahdicsstaalo 80 The camposeéxxf Ia@n@j&matmg
e e 122 forns a,shared b undar on
seriEs, o saom: 1 5h 2lom e apage e mpratiss ) 2§na: Pefubdhife cation
and: O8&iBAt re&bﬁéﬁ%é Uﬁ@m&aﬂa@eﬂgomﬁzz 83fd 04 Qéﬁeéﬂ' ¥€Nalternating
drive cel e cation exchange nenbrane 120 forns a

dllt@ndc@rmcemta’a@mhyrrmraééﬂ and cosceniratefdilvenbahambers 830. The

anith xHRboB. Rinbiang" 122 [nriy A SnBE Ry A% lin ionic
cormaAlicatiodi [wignt ag er dddéntidomcentraent apd odedicentrate/diluent
chanber 819, which in the depicted enbodi nent are

chagplers &2, 187 Ocafcany, given, driveeCelk; Sl catian iexehengs apebrane 120
forrﬁg'sa 55arkQ Ut fda nﬁgf\‘/?eesd gﬁd :@’ d’\a %Id ?orlnﬁn Qtfon with any given

conmmuni cat1 on w uc er ani on

drn@(@éﬂaameananﬂHmedﬁﬁécemdAlsmuod@tédomtrﬁnméwdiralwcc&adwsm are
in jonic comyunication with a product/dil uent
a p‘gq;,gqﬁ;&al

uenk coaMBRE B Rgannsitentirrogust chamben 819, whigh in the
deﬁbtleﬂeé}ht’)&ﬁl%fﬁtaré %ﬁlﬁnt S e%hl REr. OFhe r}ﬁo&b%ﬁi iénfBAamber

I'n 1 onic comuni a di'l uent’/
818:harrbeunded oon egnéanige Myniandnds 8h6 ianicl bmmmwnbamn with a

not her side by and.is in ionic co ni cation w a
progeYient  HRESerc VRsDSRRENGR  ECHIAGE ABfbPafebgusded on
andtﬁert Bide BRdndCidl @ o‘?ﬁ‘@’@g |catHhe\Aﬂh|é‘$i?6¢]tﬁ’ém%ht chamber

chanber cation exc ange nenbrane 852 and the
catpnoéuchamgd unambmrmt%Q c aSimilarlyx thandientipboduct Etember is
boundeedt orel3 dc’naengl e ex%j?snﬁ\e|oﬁcn%5%r?ﬁ}ur*ﬂggt?ouns W|t'i1 a diluent/product
chamber anion exchange membrane 856 and bounded on another side by and is
in ionic communication with a diluent/product chamber cation exchange
membrane 852. In this particular embodiment, the diluent/product chamber
cation exchange membrane 852 and the product/diluent chamber cation
exchange membrane 852 are the same ion exchange membrane because the
product/diluent and diluent/product chambers 818, 819 are adjacent to each
other, although this is not the case when the chambers 818, 819 are not

adjacent.
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product/diluent and diluent/product chanbers 818, 819
are adjacent to each other, although this is not the

. W@ame/1sfeen t he chanbers 818, 819 are not adj acReit/CA009/000080

with the dialytic stack 701 , the dialytic stack 801

has a manifol ding assenbly that includes o
As withitbatdialytic stackafQd, the diglytior stack 801 has @ manifolding assembly

o BBl BB, gy, o
diluehgprddiet ﬁ*idriif@ldini% FaYpRBtivValYy eonfiquredto 8bAvey diluent to and away

di l uent/ product chanber 8 concentrate to and awa

fromy e ﬂH@erai&%@ﬁnvé\teepbamégwum andediluerd/progictt ghamber 819,
con?%l‘:ﬁrﬁét % drd ?ﬁ/]ageﬁt%' e %88%%@3' /d'il[]&ntd‘éﬁgﬂ#ggft@% and the

er awa omthe pro ["fuent” c
saltwater tdebalideisglinatedt cbn80thei desglivated rsaltivatéroawaydfrom the

olarjt nd respectively confjgured tQ convey, .
profluet/dikvent sﬁaw@ea@ﬁ§ w%ranﬂ{%é'aaewg%ask 504, i8iapgedling in forward
0 r o
pol a8, RDeRN ASELIA) ety 18 oo, susy,from the
cormbatrbt:/digjbht chamudg681$)|abmd\mr@dud1ﬁdilb?ntdﬂw2bera8w ¢tancentrate
and the desalinated saltwater away fromt
to &1 gAY B aIe MILBAHEICRIe RBHTPRE B4 PuADY the Selfwgter to be
. i . _ i . :
cefitplsh YR8 BRSO oy Sl W benyoroduc
chayalsdre 9 when theabilytiecstack 80t is ep&ating in ravecse polarity.
circunscribe a volune that acts as one of the

As gt 3he) SRBRR criah 7 o RS A sfeks RO eluces goetp (not
labNa irf Fglne 8) tha@seediraumsurbesh ARlivieadt ats Bs oMy of the

. conmuni cation with one ion exchange nmenbrane and is
dilugst/aareeriraten ocoreentiate/dilyenind diluentiprpduete or product/diluent

ni_cat | i L bk an i
cheZFTST ahd ogth Pher” cBRHeSF it b 0adeE B HRe B B J nyonic
corfinaihiicadion with iothenioncexcHamgehmientirahdeardl & boukded ankanother

701 with the exception of the_additjon of an

side,d angrial indPniseReMpSIRATIONNWIN 1 1lhely i exshanas: mandarane.
Str@%tukﬂ&u?%Sﬁ]%hﬁ?ﬁﬁﬁ&rﬁl?? diithe ﬁiél%t{c%t@&lk 8?2?% identical to that

ruc uent/concentrate nani ng,
of thendéalyticatstdaki 70¢&nwithrethief exctption ahdherautdition’ @f | areradditional

., mani fol ding correspond to the dil uent nj f ol di ng, o
diyEBBICA TEaEARING! @, AQothgh s BLd0R GAKPEobRRthdY dpe dialyti
statk@0d! asbfh%taraﬁ;,a@ﬂfe afldent/ddpeBRFAie’ fahifolaitg, VeREBhRate/diluent

I'nl'et notches ffuidly couple
manifolding, and product/diluent manifolding correspond to the diluent
manifolding, concentrate manifolding, and product manifolding of the dialytic
stack 701, respectively. For example, inlet notches fluidly couple
diluent/concentrate supply conduits 804 in one of the gaskets of the dialytic stack
801 to the diluent/concentrate chamber 812, thereby allowing the solution flowing
through the diluent/concentrate conduit (either diluent or concentrate) to enter the
diluent/concentrate chamber 812. Outlet notches fluidly couple the

diluent/concentrate chamber 812 to diluent/concentrate exit conduits 830,
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di l uent/concentrate supply conduits 804 in one of the
gaskets of the dialytic stack 801 to the

. wWaledosesssszoncentrat e chanber 812, thereby al | oRE€TIGA2(G08/000080

solution flow ng through the diluent/concentrate
conduit (either diluent or concentrate) to enter the
thewiblyuallawiog ibe rsolution iohhetdiluegt/concantraée chambies$12 to exit the
sta%# g{)ﬁjl y couple the diluent/concentrate chanmber 812 to
I TUent/ concentrate exit conduits 830, thereby all ow ng
the solution in the diluent/concentrate chanber 812 to
Theeirst thd sécord &dctrodEse 8R4 826aaddsfisd nahdc:Isecbnddelectrolyte

824, 826 and first and second el ectro] yte chanbers
chamzberst,aw are; gispeged Preetthy e @faLZtCﬁ%lvE? gf@ﬁh §01. The

clogiit 854 a2 s Bhebsgisp, 8242 BoLinanes b o

on whethgritbe slialytic 8tatki8d1dp@perating infofwardeordeversecpaasty. The
irsf G TSk 1 €18 OGRS e s ol SR IR i
corhmuUpicaBibACkite gl firsh s@é‘cﬂ@@ﬂ@eidﬁe@étﬁfib@%mﬁféﬁé 858, and is

bounded on another side by and is inelectrical _
bournsieduan canatber sidenby rand is én eleatdcal ocmerunicagioni wilh | the first

clolsfe B39 SyER)1Rb SeEoRE I TEA EneeP 416 3¢ LRDpARE on one
sidétHCchn@nd ih aBniexsdAmMURicFEBRNRIEG 2B88cormNdtdck &MY sHe éxBRange

another side by and is in electrical communication _
membrane K858 ebdd isc| kindede 0p2enothes sidecbyoasd, is dn electrical

corfEEBRRBe WEHE1EE SRoPHE oIttt 828 cRk 4EiRBT W ERERange
mefrahes SAINAAEEs Bhambararer tindwichibdbetaaientywocdnd plates 714.
thereon. The substrate can be, for exanple, titanium

bium tantalum iridium or palladium The coatin

The. glecuiodss 20 B4 Ga b PUTROSAH QA NOSIFANR 0 GoAWAG Abplied
thegséfgﬂ@%g’gb@g%%e,%?ggmg% Iiﬁrﬁ%nﬁfdbl’}ﬁﬁ}’tanmﬁm iridium,

can sacrificral an eteriorate
or palladium a8 hd coatinghcaambe rpfatohiumg muthenivme Iridiumpdea rBixéd metal

.826 can be forned from uncoat ed substrate
oxidg Softiaation GE S Shiedr . AleEiaivayodyp Sectiseg, Sas 825 can be
sacrfiiafhh@ Yef rferfe éi"ti‘x’ﬁé.cIﬁ%@cﬁkaﬁ%ﬁmbdﬂi%@ht’,‘@ﬁ@electrodes 824,
polarity w now be described. D luent, concentrate
826andn reothumiedf frenh am eincopield substiate wf istainkesarstests steel, nickel,

| abel l ed ..
COppEr, or graphite.

Operation of the dialytic stack 801 in forward polarity will now be described.
Diluent, concentrate and product feed are supplied through the arrows labelled
“D”, “C” and “P” in Figure 7(a). Diluent is pumped into the dialytic stack 801
through the valves 844(a), 844(g) and the diluent/concentrate supply conduits
804 and diluent/product supply conduits 806. The diluent is pumped through the
diluent/concentrate and diluent/product manifolding and is delivered to the
diluent/concentrate chambers 812 and the diluent/product chamber 819 in the
dialytic stack 801. Diluent exits the dialytic stack 801 through the
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"D', "C" and "P" in Figure 7(a). Diluent is punped
into the dialytic stack 801 through the val ves 844(a),

~ W@Zebpgysesnd t he diluent/concentrate supply conpi/Ca20400080

and dil uent/product supply conduits 806. The dil uent

_1s punped through the diluent/concentrate and .
dilugnt/ceneenivate wxit ¢anduits| &ithgnd shlupst/redugk exil copduite 832 and

[ c te er,.S : t. o
thedYAWE BAARTCERAGT, CoaneuTiREs & "Rl 176, the diaie glppk 801
through lthentalvaxi84i(tihandi gbnterntraté/ailedOsupplyoopiduit 802. The
t hedi | uent/concgntrat e exit condujits
e

30 and . . . )
congeniraia /1% pampedeihroughn t@nseatr%tﬁéﬁmefa\mﬁo@dmg and is

. . d i .
celfEAld o 0 LoRpon RIS LRakbeft BICY, 1A Grkipuate oxts te
dialytiocstack S04/ througintconepptrateddilugat tex@OGondilite 828 and the valve
o PR Jokl 8 1ihachd Tupob ARE RESK 4o BrSLoH HhE valve

i i i e

thraugic the paeduatidiluentt manifoldign dodtisSddiveret tddhe gproduct/diluent

o o B s
exitsatRluit PNghd thé&zﬂveﬁha(rproduct feed is punped through

the product/diluent manifolding and is delivered to

t he product/dil uyent chanber 818. The product exits the
Follgwing tgxiting the diglytie stagkg80pr giluent wangentratexand product are

_ : " _ ! o
divéifdf bt in@Bluay Galygs BagRATL . Netal) B, s Bd6(a) - ()
arepsetdsuch &at ieveailuerd, toncardiaté arek pradduct are adirédiéd @along the

corl(qii!ts '%@! 1 "e“ré”haeracﬁ?#@c"z?fh@félg‘vg%&'t@é@é%ﬁégaﬁg%ﬁg §Bﬁaied in

purgibg'ﬁSdé,hiﬁ \ﬁﬁiﬁﬁ l&ggé thalkfilukag 'chl:ent"rﬁétﬁr:ijﬁjp?&'fuct e all diverted

ytic stac 1 can al so be operate n purge node,
to the “wasteli coaduittlabeltéd Wht YWhilertcansitiomireg frooh perdtion iraforward

.l di d he " " 1d Ui | abel | WL
polity, BotiE 1 dEve Sl pRian dnpaa o Sisetsa Ao siadic, gk 84 can

be g@ﬁ\‘bo?éﬁlfl EraedPH %dréét’) MBdE & adl §¢ fM§hS§wa% hghy unwanted

ialytic stack 801 can be tenporarily operated in

diluent, poneedtratecands pragiuct frem theavalvesyandeenduits. di | uent ,
concentrate and product fromthe val ves and conduits.

WhEHEBoGRERG; i GheBsd PORARY. B 51 ubibeticBio, e BYIERRE stack
thrdifgh he \aivked 844(ch ettty ah@ itk bovdsntiteydilverstasugiplyt caitilit 802
and the product/diluent supply conduit 805. The diluent is pumped through the

concentrate/diluent and product/diluent manifolding and delivered into the
concentrate/diluent chambers 812 and the product/diluent chamber 818. The
diluent exits the dialytic stack through the concentrate/diluent exit conduit 828,
the product/diluent exit conduit 831 and the valves 844(k), 844(m). Concentrate
is pumped into the dialytic stack 801 through the valve 844(b) and through the
diluent/concentrate supply conduit 804. The concentrate is pumped through the
diluent/concentrate manifolding and delivered to the diluent/concentrate
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and the product/diluent supply conduit 805. The
di luent is punped through the concentrate/diluent and

- Weeedasiesdli | uent mani fol di ng and del i ver ed i ntBCT/k&2009/000080

concentrate/dil uent chanbers 812 and the
product/dil uent chanber 818. The diluent exits the
chamilzérgt 8312 sndcéxitshtheudlalyticestack dbrought thed diluenticoagentrate exit

congiB Bl o5 e ke BARHC FrbudlTBed s phiwned Hig dihiG steck
801t hﬁodgﬁi'tué 'V%I\iiat e%@%d theoditlierit/pRoditt \RipP é&ﬁdLﬂDQOG The

hrough the diluent/concentrate supply conduit
proqtu@t f@gddgmunmeg thsoyghendiluentpgedudienanifolding and dellvered to

e AT FEGRESRAER ST S, 08Bt e pyouon

theSdlm@ht/bi‘Udmg lexit dndult 832 Asdnise Valvet 84400).t 1A mulfbn/@’éiﬁ and
and the valve 844(i). Product feed is punped into the

reverisg Roladties, Alectriytetis mulmped Hdo vad\eutaf gnd chamberse114, 116
via Sbhy&id 4 Oﬂgg: GWWI conduit 806. The product feed
I'S punped 't hroug e di

i l uent/ product manifol ding and
delivered to the diluent/product chanber 819 and the
In additions ttoepuimpinghpratiuet Yéed, diluerk drd cogbentrate into the dialytic
r oduct i uit, 832 and, the val ve 84

stagk 53y s waivas BAta)ey thiancBioquE Kuuereaan phaseitiate out of
the gﬂgﬁ& ta%kggr%nugg%é v%fve%fEMSZﬁf/ﬂ_B? r%\éag d fOWe nYddb) the flow of

onduits 1 respecti Ition
SO|lptl.0ﬂ$ withior theudialytieestackdicaneatso @edrewer&eemmdt d’latrproductefeed

S o N B 1 FE S5 St Gudl e vves
84z§(F)a-C k‘p)t AR PEsHUC edﬂ@n‘t’ %%d&f’o‘”cb}\trate( Ble ﬁurfn‘ﬁbﬂ’adlﬂ dfltRY/| dlalytlc

the flow of solutions wthin the dialytic stack
staclathraLJan the valyee 8ddda)st ) ( texerse o cmoﬁeézd Reyersesfiow mode

arf i o 6 RLS e BeRa LR sb T FuliBrdbiolh SiiRiidapk so1is

ablé‘ﬂ@ dp@?él@ﬂh@hﬁd%ﬁﬁh@#éﬁ@én@%f Ak sIdl\@nstaémbr thes iaytic stack
t hrough the val ves 844(a) (h) ("reverse flow' no

80REVeHgh the oiupsaA4(ah - anecother SRS et th%/diab’tl)c stack
h !
thro;t@gh}eo ves gﬁ(‘i) &l @O(;g%x Qr%gﬂ’gﬂnﬁé\ig‘:nenfog%‘i F%Qlexb?hple, when

purapingt tmprcﬁiuoerfeédm@nﬂ dilyéntcingd dlok dBalitic rstanlg Botl hmrough the
val ves 844 (h) and ot her sol utions enter

Va'&fﬁsalgﬂfﬂ 3, 4 a%fkd Rk oQFQ’WePHétev&ﬁOeQe éﬂdl('m}) the( S)aM'C stack 801
N I e

threudoVEE BRI This aiRiks, BR0Eent Bhd REREBAEate 8w hrough the

dialytiastadlo 801 hinocantédearrent directions, which as mentioned above can

help to maintain a more even concentration difference between the diluent and

concentration chambers 812, 810.

One benefit of being able to run the dialytic stack in both forward and reverse
polarities is that periodic reversal of stack polarity can be used to prevent scaling
and fouling of the membranes 120, 122 and electrodes 824, 826 and thereby
extend the life of the ion exchange membranes 120, 122 and the electrodes 824,
826.
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val ves 844(a), (T) and (h), concentrate can be fed
into the dialytic stack 801 through valve 844(1). This

. Wabkdoomsseshe dil uent and concentrate to flow t hr@Tygh200be00080

dial ytic stack 801 in countercurrent directions, which
as nentioned above can help to maintain a nore even
Refeoingmbonata Figutes f¥Hapand (o there isrdepittedemtmulticstage dialytic

staE BT 58 mORralegy S D dhastbr nSBAINRE et 3k hout o

the ffi?é‘t%té?e £5 %bhéérﬂﬁaté sdilient apdrprodiiét feed ehrvaghthe ToAekntrate,
polarity can be used to prevent scaling and fouling of

diluent angnbragdust feed supply sandeitsed0Rod4, 81215 &aghagtage in the

dialyff' o U BReE g efoict 8 # CHIEN-BRRRIAEE RUGH Hhat the

proBugtthas efitsyiaand productigxtrodndait dSpiis dedainatud t IAsasw&ient in
tic stack 901 . The nmulti-stage stack 901

di al
Flg!ﬂ'@ur (@bsHie paeduit Howgethraugh @dmchmtd@sﬁlm@om. $§3es in the
cerfy B85 SRREYY il dhogbilg Hkorid, BRAUUE it reauired i

all smpptimertsdui ts 102, 104, 106. Each stage in the
dialytic stack 901 purifies the product by a certain

RefAig, Aoveia Fiasacp. tdre s datied Aaeaieadiow .4 forion of
deédnnﬂu&vrs%‘ag%aé »and'® Bf ﬂﬁ%gﬁadwco% gf@wghn?éiuwm stack 901

desal I nati'on stages In epl cted dialytic stack
includes geluiality offi drivet ¢allss eacth dhiwbigh is isomposed aif ar ditpeint etlamber
enbodi e

n_all Ref err,i now Fi qure. 9(.b), . .
113 (' g CERRarTRM “shafibel (160 PRtRlY corfighficative; via an ion
exdﬂi@ﬁ%él Maibeans.t TssaliRation stagef 3tdiso tiagl ¥ tplrafifyaskinitisl stage

e dialytic stack 901 includes a plurality of drive

progdeeh eharsbets 9t4.\gachhof whishrip hosmded ap aifirsesile diyaamsdin ionic
coﬂm%%ﬂggtvﬁ@gﬁﬁ ﬂiﬁ%@ﬁ%%@ﬂ%ﬁgn@% Pl ﬂJrﬂ &xchange membrane

andobsahdethbh Ghottierasid bgl el ihdenie d@immahicbﬂo@ﬁ/vmrmﬂi irfifial stage
st age product chanbers 914, each of_which is bounded

proeﬁcfaChamQter satien xchaRge imeawrane onkhtpataut af theet iitigh stage
prob[]lélt %oun% %9931 ZPirsocﬂ{éh erd: Eﬁ%‘ge@u%w& %ﬁﬁ@?&?arﬂﬁg;%r iA"age 4,

on ano 1 oniC
subsequeni stsigeoproduth chambers 9&6 shelyof whidhidé boluadbdron a first

sMg%(yl grg]d n (igr%g c%mnr%m{cgtlgn wit eaosul} slétquggt tstré%eI ;r)]llotdluctI chamber
anion exchange membrane and bounded on another side by and in ionic
communication with a subsequent stage product chamber cation exchange
membrane. The plurality of product chambers that make up the initial stage
product chambers 914 and the plurality of product chambers that make up the
subsequent stage product chambers 916 allow product to flow in parallel in any
given stage. In any given stage, having multiple product chambers purify
saltwater in parallel allows the total volume of product feed that can be handled
by the dialytic stack 901 to be increased relative to a dialytic stack 901 that has
only a single product chamber per stage. Additionally, incorporating multiple

desalination stages into a single stack results in lower capital costs than having a
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product chanbers 914 is directed into a plurality of
product chanbers in stage 4, subsequent stage product

- W@bh@ohets83 916, each of which is bounded on a fPEEHCA08600080

by and in ionic conmunication with a subsequent stage

product chanber ani on exchange nenbrane and bounded on
sepanatehstackfae eagh drsalinationistagso mhiei indial stage @mdasubsequent

t r ct a e
s SFOEE (RGARST BNt 0iboIEh (R0, CHERafion, otage.
Consgedueatliyniin | addest tag effecb desalindtionbén sbéth4 tendnitiak stage and

sutBaguat sinoes PRerdich SoATEO R 2 sertd B SETGIATBRUSPE dhe: Syffcient
voIt%%;g‘é\.’g'a{“tl1 Pﬁﬁé@'acfd%safmé Sroygiet ek rsI Q1&‘n§1§'rﬁt‘i‘§t be greater

| e product c er S
thas airt equad rt0|the psuma ldaf ethe aidsahnatidrevmltagﬁs Ubthmpraduct chambers

orEIAIK e b bR e il oflash e dhd sty e

driveh@diisha é’rw ¥xtrrid| Vo lt8gd apgksd t&ﬂh@'ﬂ?ﬁi&tn@@facﬁmﬂe
Addi tional Iy, | ncorporat| ng multiple desalination

stages into a si ngle stack results in | ower capital

Alt theraiiahand sybseaysnt desalination stagesathigure 9 are shown as
ooil5 SR T4 3, PB8 i, o, R HRaA Sge anc

“subssqlernaldsalinatian ﬁgﬁe" fesfor ROGSY tWo desalintider stagesinf addialytic
desalination in both the initial stage and subsequent

stagk ayhefgindthe safwater Joobs, d%e"%atﬁm iraM@§u§mr9ughh81e initial

deiihi6h Stloe! BHAZ R yhlBlInd BaR) Re SABLOREr MRBiREN] stage:

i.e.stonamyf twdstades il sekdés comvminiceiion \mfh eb@h pthemluct
chanbers 914 916. This suffi ci ent voltage includes
he drive a ner at e the ri Vv an
Refaging W o ioufd G0 Gereds dpngtet B alept 11008 e, 38 e lied to
dedNlihBRUgdItwAter U&hb'é‘borﬁﬁﬂ:o%qw&dﬁi&bsg el plaht P001 includes a
stages of Figure 9 are shown as being desalination
water sapece 104, which leant benthe’ began air aldwackistatwater supply, for

exaer s Bfiatel R R et 3BUIGH 400K if (FBfte] 18 prbreatment
systérar f006 thi @éétk%é%almt&epﬁ@ﬁﬁi desalathtiohaV¥hé pre-treatment

through the initial desalination stage CE“ or to
systerav Q6hip designgh te Hremnyeseehrisatsugpeaded solids asd myeanic and

molgec oidleh Wel i SR G558 SO T DL 8kt e plan
100t pF eine thex pra-trebtméitlsyisterh 1008, the treatddtsaltwater is diverted to a
saltwater reservoir 1010, which holds product feed that is to be desalinated, and
to a diluent reservoir 1026, which holds diluent. In the depicted embodiment, the
diluent and the product feed to be desalinated are the same, although this is not
a requirement for all embodiments. Also present in the plant 1001 is a
concentrate reservoir 1020, for holding concentrate. Concentrate, diluent and
product feed from reservoirs 1020, 1026 and 1010 are pumped through a series
of three dialytic stacks 1002 in order to desalinate the product feed. Other
embodiments could use more or less than three dialytic stacks with the
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desal i nate sal twater using a continuous flow process.
The plant 1001 includes a water source 1004, which can

. Wheoovhssesxean or a bracki sh water supply, for BXEONR@®9/000080

Saltwater fromthe water source 1004 is directed to a
pre-treatment system 1006 that treats the sal twater
desglination ocewsiagiinatages agiike preduat deednpassey $renghdbe dialytic

stagfyaritie B FRGURiEes bl okl IR 102 BEPRuct feed
rovdﬁgEtEﬁ)LIdffEtlﬁq diabytienstacked 002 inhserdsaahd lddhtentrateo and hdiluent
pre-treat nent slystem 1006, the treated saltwater, i

flowing dhrosightthe dialtie wacks 1002inrarallalg 1olloying NSRdn'dae dlalytlc

t
steBfs 102, LEES dillBht bin e PAUARREL B Sledhfesefudt 1026 via a
valvee p040;eshoktodte water séuree di0Ddand aaetond wajweotDAZ; arneletd a first
to be desa{iﬁgted are the sane, aIth?§ h this is Bﬂt at
recoReRNtralak nt03%, for | generating rRancentraje rog? etentused dfjgent, as
dlsﬁlﬁégﬁ 0 HorkSdétall FHaR! " Aied %6ﬁéé(rgrefte 1Q2ftufed to a second

I'ng concentrate. ncentrate, uent and product
recoreghtfatom 10S8de faroireconbedratid) tricantb Hidiadgar i ﬂh&pmhcentrate

resh el R 8 R Rt e PR W08 n procuc
res8RBRH O IGT refidval HAG UBR! €inC4n hREMatila b diment %d‘tté,lfown)
stacks wth thedesalination occurring in stages as the

usesk eeneantriaée ¢opldsie setumerd toh thentirstiireggncentrataicids32 am@ then to

theefRherSRantbrideb i o> s PRk Aiieca btk sHbgauraton

in the coRteRBatenéseRFCIIZMt AlsdNE dlicmtiie émbulinterits (AotShown),
the dialytic stacks 1002 in parallel. Followi ng use in

outpyt fremuthe ifirsts regonsentyater cauldubatcanyeyee dieactlyratp the

e ' [ lLve
coridin}ife (HSeHt 4678 5Bl bt BollBpEF B ARy to tre
coricentrate reslervoic PORE Misteidosf tdABE skodnd) fstonakhtigtor 1034.
concentrate fromthe used diluent, as discussed in

ExEIBblaRG T G Spavis BooteenTaior 1osent@d Bis dancd i Figures
12L qzﬁtd?éfﬁ%geh 'beidif. ggitécﬁ’rﬁf Lé%{o‘ﬁcéﬁ@%\‘%w 19%Reddb$ rease the

di scus I'n nore roduct is store
conweatration of sised dlluem)pﬁorf tor trarsfeirimgathearsdudituent o eﬂme second

al ternati dl nent ) concent
recBREAHIAIEr ohr RO & s 10 FETPer dbtaan the concenisaiom g the
usdd8lluért pHrivst ﬁ)efrﬁﬁgfehﬁ?g)"tciﬁfﬂ tiRé @onéEtfatebrRiR@NdH 3bbY and to

mai nt ai ni ng a hi gher concentration
increase the concentratlon of the solution stored in the concentrate reservoir, if
necessary. Both the first and second reconcentrators 1032, 1034 utilize
evaporation to the atmosphere for increasing the concentration of saltwater until
the saltwater attains a salt concentration suitable for use as concentrate. In one
embodiment, solar energy can be directly transferred to the reconcentrators
1032, 1034 (e.g. by having the sun shine on a spray pond 1201, as depicted in
Figure 12) to increase the concentration of saltwater. In alternative embodiments
(not depicted), the first and second reconcentrators 1032, 1034 can be fluidly

coupled to a heat exchanger 1324 (depicted in Figures 13 and 14) which, in turn,
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in the concentrate reservoir 1020. Also in alternative
enbodi nents (not shown), output fromthe first

. wWoemonswsi rat or 1032 coul d be conveyed direct | RCT/GAZ009/000080

the concentrate reservoir 1020, or used concentrate
could be returned directly to the concentrate
obtaias cveatifrort G0 ektesnalsheadfsauoce isucls @soa cheaday power mtpmcess
034. enplary first and sec reconcentrators 10
plarlgpiza P dbsd coIERor, Daneg2a8 tnoFha Gty Holh A ARy plant
may bR, b Ekarhpre? Weié MelaP(sddh3as 'fl%nh'?ae?oW@r bRt Pt rhée range

concentration of used diluent prior to transferring
fromiabout 80 telilbQalagrees Crlsiusecoxemplacy heahexchangensare, shell and

tob¥y e, il ifaskt ohoiids Heat RhaRders na R, etRbaRer 1002
1030Mmag Nigead eofrbifationl 6f dristfy abthined viactheaseattdxehanger 1324 or
concentration of the solution stored in the

diresty f@m the sun tasaidvpievappratigBeessary. Both the first
and second reconcentrators 1032, 1034 utilize

In EorftRest % (r)r# ﬁ%ﬂ@?ﬂ@tﬂ)ﬁ?ff& tdﬁ@ﬁfrﬁ?@'\%a?% M%{a{ the plant

concentra wat er un al ns

100|9| nsaéésenggquableabIMelsluwtgbde thmajseglea%y mmbleau sclaeenergy,
n_one odl nent SOl ar ener can e Il rect
in the fore 9? cercenirated sakwaletiis %5@@ chempical f@§EQYy g trangfigrmed

0
to %‘é’l@?tg dthlé rﬁ%ﬁtlﬁg@q Hfﬁ}egdlé%éég%g(EQObé 1Notaﬁs/r areas that are

the concentration
drycnds atid \smideconsequehtiy fikely ito areelmb@dlesalmailohntechnology are also
picte first and seca(ﬁc{ recgncentrators 10

thoa%ﬁe%%ﬁz%éeﬂ Pdwiyec'samw TOSBAEreSy LecHiYR A 9_@9 deal of
sol rderBUi%}ti%ﬂ 'd?\d':'tﬁéfe?érel%a%‘éd eHUiroWhiehfs  in" WIER: O\Rﬁé&‘ Neadily

froman external heat source such as a near y
evq@wmesorB@reimatlg, preast inowhigh $bé plant0tais likely tecfumction best

areiti¥sg 2B i g s REnt 100l BN BRet Sover bl ant)

t hat may range from about 30 to 150 degrees Cel sius.

Refewéi nawtd PRjuré Xahanery B @épictedes lseadnd temitsodiment of a plant
and phase change heat exchangers. The reconcentrators

110ﬂott@t cap3e HEQd (e @eéaltr@af@ﬁaétwa&er ipfa batshyfjowinrracessy As with
the"ﬁ@t te*h?oéb‘?ﬁ\%n%‘?*} 9&5nf%661h§aﬂkh{at%?t E-‘/ccfnfeB{Bo‘ 'ﬂSnF ‘fﬁ‘e water

In evapora

soureé hl@@ﬂ freceides pré-taktments il thmbm—tretafmemil wﬁteri:OO(lOﬁ Sand is
essentlally able to store | ow grade thernal

theg giverted tooh gpmbinadysaltwater Ard PoodHG resaeii Grans the diluent
resSRiM@b86; AfhGugh ThE DISHETHER! uitehAY bre tdiglyRE XtaaE 1102,

multiple dialytic stacks could be used as is done in the first embodiment of the
plant 1001. In contrast to the first embodiment 1001 of the plant that pumps
product feed in series through three dialytic stacks 1002, though, the second
embodiment 1101 of the plant does not use the product feed reservoir 1018 of
the first plant embodiment 1001 to receive desalinated product. Instead,
desalinated product is returned back to the combined saltwater and product
reservoir 1110. In this way, a discrete batch of saltwater to be desalinated can

be transferred from the water source 1004 and stored in the combined saltwater
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to desalinate the product feed in the dialytic stacks
1002. Notably, areas that are dry and arid and

- wa@ongaseeht |y likely to require desalination tBChOaRWePo00so

are al so those areas that tend to have | ess hum d

at nospheres, receive a great deal of solar radiation
andaproduptrasiesvair hhlQ which canrthen beipunaped thragle the diaditicystack

10623 BbreF R b bt 0 Bl Fodbrdf 1110 has
beathsficieRfly Bbsalinatéd.1 Asswitrefiéefirstembodmeéstrdfithg plent 1001, the
Figure 11, there is depicted a second enbodi nent of a

reconceiitratars1 102 Jd&34bdnereaget dhele sancenitations afnmaltwater by

oL 4 BEAeERTe St Wi AR Bl s

cormeentrate. 1004, receives pre-treatnent in the
pre-treatnent system 1006, and is then diverted to a

RoRFIRATEH 35,5 TR e, S o8 Bk o
oS a ks 2o gl Pl o, e 1

depitts ainaturall Ocaft evaporative tawer 4301;hand iFigureehb depioihita forced

001 of .the plan hat punps product feed in series
drag[rﬁvaﬂﬁf?t'tvﬁﬁ@\é(eﬂﬂgpiti c stacks 1002, though, the second
enbodi ment 1101 of the plant does not use the product

Thé 808pdrafies $prdy poH® 1201 depidtéd T FRjure' Y 2aRBIREESRNbordd Sdrface
to receive desal i nated product. Instead, desalinated

12%4 ivawbichiis a shallove taveaok popdiasichiaent hedR. s dhevpansk cateiment

1243 REHTRL ERTEEE B & hb2ale) Beddbs 12 indei, REPE ) Foh pfd spray
noZziee 1202 er Wiiler esly IdH¥A spizg sdaed 202 ishdepicteti inefigure 12, the
sal twat erand product reservoir 1110, which can then be

nozglamhaaden: bRh eak ke soppled o 2 iplually GAtsaray Heozgiaser!202.
o PR 60t 5L B P She SRS, 447 10 e

coreehtrdteraatembirt 16201 wiat fliid0 tondtibel1236; osipsilzriyatfluid from the
1032, 1034 increase the concentration of saltwater

[ o)
concgppatearesnvels 1020 sapobprryBPedtto the,dozale: haagsr i1366 and
atep.: I n
sprifet rbfgithe oy o2 R PAUD R g CBAH 1296 " S¥hidhof the water
in thecspray emartating. fréingtheespray seprlet $20h will epaparatesas the spray
fall§ P&"&‘:Xm@‘%ﬂg c%tzc%ﬁenﬁ'& Ir2,eth1e?Feby increasing the salt concentration of the
saltwater in the catchment 1232. A louvred fence 1212 may be used to prevent

water droplets from diffusing away from the pond 1212.

Labelled A, B, C and D in Figure 12 are four different ways in which the pond
surface 1214 may be constructed. Surface A is constructed of a layer of heat
capacitive material 1218, such as sand, on which is a layer of a dark, highly
conductive material 1216 such as black steel. Surface B is similar to surface A
except that a layer of insulation 1222 is laid under the heat capacitive material
1218 to better retain heat. Surface C is constructed of a layer of the heat
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depicts a natural draft evaporative tower 1301 ; and
Figure 14 depicts a forced draft evaporative tower

. Wa2@v1s5568he evaporative spray pond 1201 depi ctRGI/CA2009/000080

Figure 12 includes a pond surface 1214 in which is a
shal l ow | ayer of pond catchnment 1232. The pond
capasitivermateriap $218 enfwhichiis/a tayeplof @ dark asealing reembsane surface

lLe ri 4 r e. [
122550, A8 Y pORBlAYE e 0 BP D wred plisrinflpe I sliftece
excepe thtza ligydresfiee ihglationyI 222 goumderdthbdagembfihaht tipacitive
of spray nozzles 1202. Concentrated seawater can be
maieiighéd1$r om t he catchment 1232 to the concentrate
reservoir 1020 via fluid conduit 1236; simlarly,

r (o) a :

In 20 ANEmARE, ¢Bod iR REE Siohi5 h¥chézad A2028 Roffle riser 1204
noZzlee hwgadey 1206 | and 20dvered fénoed 1@d@dgah be@3Bembesdt fodbm the
the water in the spray emanating fromthe spray nozzl e
evapoativg $RragPepdr <. akhe f@l&tﬁs@% GVAROER S ROTIAL WiNGh can also

be G84F 888 ecdrSntrdther eby i ncreasing the salt
concentration o% the saltwater in the catchnent 1232.
A louvred fence 1212 may be used to prevent water
In aifusthies edtefnasive dinhipodiment Gvetydepicied), tiee peatiexchemger 1324 may

oe 35 i el BoAdrt e el AL Wt can
be ©QB8tihURkEEyapdtafict Procdss, CTRE! Mfd PdaPlis uppli&d Vi the heat
heat capacitive material 1218, such as sand, on which

exchanger 2y24, e smallgridherargalof the pendtcalehmente?232 needs to be.

e et BRetaritel 48 ran i SREals. SsRAR509% of T ShRREF usea in

thetévaipbegtiorc pozess, with ¢ esmalnidd 48% Bomirig fonT éhéigy absorbed
heat. Surface Cis constructed of a |ayer of the

by theswtasedreaf thepend gatchmentdg3ehi ch is a | ayer of a
dark, sealing nmenbrane surface 1226 such as PVC,
r e: D) kAy! G At f e
TP o RaBbrie on R ch PRy (7 Bush begeera14
insideeofl whith lids hesthalloap et iof dowet eatcimdt18316 mandnon which is

al ternatjve enbodi nent (not shown), the nozz] 02,
suppostedear fowar Aousing ol30% Hma i&%é%ﬂd R%g?éi %he tower

catélﬁﬂ%ﬁtliﬁé c%ﬁgbér’?gﬁga:’%dtﬁer B&ééﬁ?ra?é/?gégr@éiil"ﬂ%ﬁp\@ﬁ%he fluid

pon S an evaporative pond, Wwhi
concait 236 and fluid from the concentrate reservoir 1020 can be pumped to a

dispersive nozzle 1304 via the fluid conduit 1238. The fluid first passes through
the heat exchanger 1324 that is coupled to an external heat source as described
above, which provides low grade heat to the fluid to replace heat lost during
evaporation. Spray falling from the nozzle 1304 evaporates as it falls towards
the catchment 1316, aided by an influx of air through air intakes 1310, thereby
increasing the salt concentration of the catchment 1316. The spray also hits fill
material 1312, which provides increased surface area for the saltwater to flow
over and increases mass transfer between the saltwater and the air, thereby

aiding in evaporation.
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be used as a reconcentrator. In a further alternative
enbodi nent (not depicted), the heat exchanger 1324 may

. Wheoobhisgess y coupl ed to the nozzl e header 1206 POI/CA2009/000080

provi de additional energy that can be used in the
evaporation process. The nore heat is supplied via the
Thehtorced draftiavaporativel towdrel 40tais | sinilaie the atuial draft evapprative

o BESBTSR EmBf F05 PEE LY AR R o

Iay@N@fﬂ@W icatchpietess20 thd Bntwisich mmm&@%weﬁh@@smg 1402.
from energy absorbed by the surface area of the pg

The-tawarrRatehrent 43@16‘1‘%’@&%9% g th ee%rmtaﬁ%ewr Y020 via
J .

e 3 SRATPENEI R Rid D hE kBl et s be

pumpect Ho ies dispesive em&zzlet @4 vizothe flgid1&sHuitA$238.t THenfuid first

pa%%%%agf&dﬁ*ﬁé%ah@&gﬁaéé)%e 1320 t5eh I soded ta anxemel heat
soqgéggﬁgc{fﬁﬁﬁgé% SBBQef\Jle'cH droGaLs M Graue nozz%élal%etggefﬁﬁd Yo Feéplace

edtoadlsersw via t
hea‘tllmstcdw’mgobnapotﬂﬁﬂl $btayffalllng ffam she pazzaest 304r<e>mgimraﬂes as it

fallg G el LA BeEt 42Dy aisiast BY "R MGk S ol JBUBRvair intakes
1310 g B?at%et Gréfh%ré%élé&’ Eyo d %}# aﬁﬂ?ﬁﬁéré@ﬂndﬂé’éélﬁ@ the salt

evapor at i on fromthe nozzl
cor@eatrahm af the catchaielnt 1t3dﬁar ddet ayatyaaleh nlmt& fnn:matenal 1312,

ajded b influx of ;air thr a
whith S BayiesiniBestd Sireltel, ardd PG, SaldhS ey g over and
mcfe@%éb 'YRB&s Jt?alr@,ferTbétv@yrﬁrhealsamatetrSaﬁd ltthe et ethe@by aiding in
1312, which provides increased surface area for
evapgration. ePemister dd1 4 \helpsatodprienentsyay fraus damaging éhe fan 1412

I air, thereby aiding in
anobgg%ag)ﬁﬁq 'Jéﬁ]qj%tbﬁ%ﬁ@%?o&?eéf{%évaporatlve tower 1401 is
simlar to the natural draft evaporative tower 1301 as
Any bf the recopcerstrhtofs depictedrin Figueed 428-  Asadaesiiewdn lahd or float
lies a shallow | ayer of tower catchnment 1420 and on
8%% ch i s supported a tower housing 1402. The tower
cat chnent 1420 can be punped to the concentrate
ExdipRr voir 1020 via the fluid conduit 1236, and fluid
romthe concentrate reservoir 1020 can be punped to a
di spersive nozzle 1304 via the fluid conduit 1238. The
An eixamgple of atplant 1001 composed of a four stage dialytic stack 901 coupled

to a reconcentrator 1032 in the form of an evaporative spray pond 1201 will now

at

be discussed.

The dialytic stack has a total of 800 drive cells and 100 desalination cells. The
cation exchange membrane 120 used is a Neosepta AFN membrane. The anion
exchange membrane 122 used is a Neosepta CM-1 membrane. Each
membrane 120, 122 has a surface area of 1500 cm? (each membrane 120, 122
has a height of 50 cm and a depth of 30 cm) that interfaces with the product,
diluent, or concentrate. The thickness of each of the product, diluent and
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passes through the heat exchanger 1324 that is coupl ed

to an external heat source as described above, which
w@e@vilsies3 | ow grade heat to the fluid to repl aper/bia109/000080

| ost during evaporation. Spray falling fromthe nozzle

1304 evaporates as it falls towards the catchnent
cortbeatrateacmardbegs ia.0hemuxThef andde ahd catiiodai 124, ri2ékare made of

plaficed B, nibedkels REGienAnasibas sFhaads: ot aliropyiene.

1316. The spray also hits fill material 1312, which

Th@rmamdqeon ngeRaatss SUMBee dkrrﬂ@bié)rwétaﬁ (s aa@t@tr Olou% salt
|'ow over and i ncreases nass transfer between the

cormntram@ pendayt Abegiroductifeed hasa salhgoneendradipnradi3. 9% when

it isrigALE S ke A Back SoRr AR 35 HaT e Al Rplyaon of
3.50% anll thBecorrentraRNhagtapalt dﬁhb@lﬁt@éhdrnoFHBLUO% vilZen tHély are
can reside on land or float at sea. exanp

inpgk into theadialytiostackAPbs A tb\ﬁydeawthes,dlab@cmt@mw% the diluent
anBifoifhechi St BrohfaRReal i, B e %! fedbdiely

Dilubiritc oorssahtralé andi progucicfesti fiow hﬂé tile didiptic sfacR@D1dat reftes of
cells and 100, desal ination cells. The cation exchang
38-?4@%% 3614 " {daygand; 1 D INadayt r@sneﬁtlmmpa\a@nt ameconcentrate

flovﬁEB'Hng tﬁécd@ggﬁ STIRRYoAG 3}%%2 Hﬁ% y and364 %rﬁﬁ%ﬁy %ée%t vely.

rane menbrane has” a“'surtace’’are
1500 cn®2 (each nmenbrane 120, 122 has a height of 50 cm
Thensdlt godegnthatioin Gothenyateh in thenwatersoeiscail 004 i$8.50%. Water is

dra R FBHtheIHEAEF Soires. 1Y SR Foa i s bk OF dBeater. 1.01
3
pyh 38neiD I EBASe ARG DI oWARS o e AIBy B dartlo e
diluenti gesdrvpisl 14260 p\A @netlonTbé tmﬂ aised 1dibent és seat donl the dialytic

staks 009 Brine PncEts sedndlt Wit Ssle SRS i dusy The
ren%lﬁlﬂgi @ioni bf itiSe | gt dlllﬁlérﬂ fshﬁls@lhéilg)éﬂ' BlréétﬂFlfo 9(% saltwater

uent also has a salt concentration of 0% and
resepirc bt at marate i 280 gal/day @anddatnadtsent t@fthesdllue% reservoir

102/ét)hen they are

The evaporative spray pond 1201 has a pond surface 1214 area of 75 m?. The
pond 1201 uses three nozzles 1202. The percent of water that evaporates per
nozzle spray cycle is 4.0%. The spray pond 1201 accepts fluid from the dialytic
stacks 1002 at a concentration of 16.90%, and returns fluid to the concentrate
reservoir 1020 at a concentration of 18.00%.

While illustrative embodiments of the invention have been described, it will be
appreciated that various changes can be made therein without departing from the
scope and spirit of the invention. The invention is therefore to be considered
limited solely by the scope of the appended claims
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input into the dialytic stack 901 . As they | eave the

dialytic stack 901 , the diluent and concentrate have

. wWaadw/1s8m8Eentrati ons of 4.90% and 16. 90% r espRCT/Cx210y/000080
Di | uent, concentrate and product feed flowinto the
di al ytic stack 901 at rates of 38.7 nB/day, 36.4

WHAY B GCLAMMED 18: n8/ day, respectively. Diluent and
concentrate flow out of the dialytic stack 901 at
38.92 nB/day and 36. 16 nB/day, respectively. The salt
concentration of the water in the water source 1004 is

1o ard B fof dRh Al et Ao BoFor S ) day s

sent to the saltwater reservoir 1010, while 38.74

nB/(aqy i phaalitytaf dive dellsufontgenesating ardrivé2Goltalge, each drive
portion of the used diluent is sent fromthe dialyti

D acke RRUAABPRES FofuE PQ?E“*}%E%& GNtAINRDE Gjficht of a firt
rate of iaﬁhc9_c6ﬁééﬁt¥atgpﬂjear FRCBAISteP YhahitferOfort N ritsiAfthg a
di luent 1s discharged directly to the saltwater

r eser voicontenatet ofaa secendiorksconcehtridipndhat isgraster than the
sent tth he .di.l uent rfis rvoir 102f6. Thi. evaporative h
spray pdifat 19%¢ f3acen F?g%" SN e & LAY, 84 BRIORS exfphange
The pondndrdlats SormiiC e NsHare@ Sbddfary TBEIWRESIC &iHd Gh ionic
wat er that evaporates ‘per nozzle spray cycle is 4.0%

The spr aspnpowdication withcibetdiluentiand icoopentretedihanyhers, and the
stacks 1QP2 at.a cagncentration of 16.90% and. r rns
Fluta « SOREOL R EALpL Pob dksBapdd sy foriry 83nared
concent rigurean?fbeteBR%Undviki ibgici ddmilnightioi® with each drive cell
enbodi nents of the invention have been described, it

wi || be alharadiacent drve celliri ous changes can be made
therein without departing fromthe scope and spirit of

the(b? ”Veé‘gprpﬂuctT'&gaHB\é?”éﬁigﬁ %)Eceﬂaggéefr%rﬁbrt%ﬂeb%nd a |product

consi dere Imted solely ope o e appende
cl ai ms WRBnhiser@datibhExch&ngd mefnbrapear at us f or
desal i nating saltwater, conprising: (a) a plurality of

O 8 b ol ST P Re nd See ] ffres
di | uent @k Prdduct! chaRbEr WBYVLRBET 3hi dhe Bide® HLTBARLR ionic

chanmber for containing a concentrate of a second ionic
concent reamkinicasioni swith etheer produst t lghamber anion  exchange

membrane and bounded on another side by and in ionic

communication with the product chamber cation exchange
membrane, the product chamber in ionic communication with the
plurality of drive cells via the product chamber anion or cation
exchange membrane;

(d) a manifolding assembly comprising diluent, concentrate and
product manifolding configured to convey the diluent to and away
from the diluent chamber, the concentrate to and away from the
concentrate chamber, and the saltwater to be desalinated to and
desalinated saltwater away from the product chamber, respectively.
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first ionic concentration, one of a cation or anion
exchange nenbrane form ng a shared boundary between
- Wa@o@oitsseBdNi ¢ communi cation with the diluent amdI/CA2009/000080
concentrate chanbers, and the other of the cation or
ani on exchange nenbrane form ng a shared boundary
2. betAwaepparaiué; asi cained inolaim dafurther wotriprisigha diiluest chamber

I ] dj IL: (b duct ., ch
C IGATRBh o GeRER ShamAes GaskEb B0k & JHaRer chaTPaR Gasket
ex%ﬂ%cﬁﬁ F 88 of ke diluRnPER&MbER %H@%nﬁ:@ﬁtr%te chamber and

contai ning the saltwater to be desall nated
pr dbiectpredistb ehabdhenderespactivedy, S|aa?@hb3pfarlihle| diluenti cchamber,
conmmuni ¢

h th hanb
oY AR 2l b NG A AP ShsRlh AR ifig erein 2
COrgpstef afdron rm;htblﬁlhg I%éﬁﬁ#ﬂ%’bncMn’éﬁtror?aéh@naﬁmh@&@ﬁange
menbr ane, the pro uct chanber in ionic conmuni cation

Wi tmembearpﬁs;ral ity of drive ceI | s via the product
chanber anion or cation exchange nenbrane; (d) a

3. T2k O ALAR.ESRUBte DS L SHE iGERE SBEBhate and

Ing conrigure o conv

dl | preduct maaifoldingasespeotivdly €ofligriserd ddhalitb@.lpply bendmt and a
concentrate to and away fromthe concentrate chanb
andliluest xitiapRdul, acahicentdta SyRR woneugr?@dda%mﬁa%@ exit

sal dpif'a ?rc; éébes@{pﬂg HGﬁdlﬁFal P8 product exit conduit, each

respectlve a ar as Cc rn clal

f urdéfheich @Xtﬂ‘ndsilhf@.lgh tlhd dikent,cdomcbetraigasnid prodaict gaskets, and
concentrate chanber gasket and a product chanber

gas¥Bereiy cunscri bi ng each of the diluent chanber, the
concentrate chanber and the product chanber,

Ct k8! MiusACheRokd cfuhH@rnboﬁ{mfgagrancmr&eﬁkstEﬁtm the
ﬁ er

cha er and uct c gaskets ‘contal ning therein

a _spacerdnmm nhanmber gaslgetibpﬁy aouplingotheddilueoh sapprly conduit to

anton ext%gagl nt c'ﬁ%m%er and an outlet notch in the diluent chamber
gasket fluidly coupling the diluent exit conduit to the diluent

chamber;

(b) the concentrate manifolding further comprises an inlet notch in the
concentrate chamber gasket fluidly coupling the concentrate supply
conduit to the concentrate chamber and an outlet notch in the
concentrate chamber gasket fluidly coupling the concentrate exit

conduit to the concentrate chamber; and

(c) the product manifolding further comprises an inlet notch in the
product chamber gasket fluidly coupling the product feed supply
conduit to the product chamber and an outlet notch in the product
chamber gasket fluidly coupling the product exit conduit to the

product chamber.
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3. An apparatus as clained in claim2 wherein the

di luent, concentrate and product manifol ding

. Woempasiesyvel y conprise a diluent supply condui BCEHOA2@9/000080
di luent exit conduit, a concentrate supply conduit and
a concentrate exit conduit and a product feed suppldy

4. con%lrmiapparajuaaprcdmlmd iexolainl:aridtnlner carptising ananion discharge

extend through the dj n ent ate and roduct ..
a4 et Hisct e BARPRL ahB i FafGRfigS wischarge
f Urdeﬁbé}@n"ﬁflbﬁt%Sc@ﬁmuﬁlcﬁtloﬁQWﬁl thél progudti éha@ﬁlb'er through the
chanber gasket fluidly coupling the diluent sup

corRfgduck shambegianigshexehangse membrane aod tee M@ﬂyﬁt chamber
th K | th
L oo Eithahlg8 Ehp AR Fespelctdlly COUP 109 TRE

concentrate manifol ding further conprises an inlet
5. notAm appatatas asctzimeddn eladinahfuetheg asmpirisingui dl y
coupling the concentrate supply conduit to the
con ntrate, cha oytlet notch in the .
nt r%n%iec cFafiRdeotiettiniey SBadMaThG G ontaining an
concentré1 é; conduit to the concentrate chanber;
and (c) t duct mani fol ding further conprises an
i nl et notch |n the product chanber gasket fluidly
coup) i nganate andgaihodestacksempion @@%‘@uge membranes, the anode

Chamber JRLRaforBiflafodt sFmBeE HisTnRuicdbn with the
condui t plardlibeobdrvel etlls Aadiproddct ohantiepahmiugh the anode and
claimed in claim3 further conprising an anion

di schar geatbodeBtackang ian exchangeimepnerages despeetively; aad

anlon and cation di scharge chanmbers in ionic

ni G aﬁgdé"iérﬂ b hems A 4RL ﬁongbéécﬁ&k%u?ﬁanw%r bounded

pro ct c er ani on exc é_n e ne
product arhameesidediy and e‘uohmngmnmim’nmnen with the anode stack

respectively. 5. appar atus as Ia| in claim,

fur i hor @hoin SictignopdRemBie and boAnHBYENIRIPPbFedy and

chanmber sinfQectieat @mmtBicion with the anode, the cathode electrolyte
chamber bounded on one side by and in ionic communication with
the cathode stack end ion exchange membrane and bounded on

another side by and in electrical communication with the cathode.

6. An apparatus as claimed in claim 4 wherein the plurality of drive cells,
product chamber, anion discharge chamber and cation discharge chamber
are arranged in the shape of a ring.

7. An apparatus as claimed in claim 4 wherein the plurality of drive cells,
product chamber, anion discharge chamber and cation discharge chamber
are wound in the shape of a spiral.

8. An apparatus as claimed in claim 5 further comprising a voltage source
electrically coupled between the anode and cathode.
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el ectrolyte; (b) anode and cat hode stack end ion
exchange nenbranes, the anode and cat hode el ectrol yte

. W@b@ohsw83 i n i oni ¢ conmuni cation with the pl urBtT/Cx2009/000080

10.

11

12.

13.

drive cells and product chanber through the anode and

cat hode stack end ion exchange nenbranes, .

r edpe@ppardtys asnclaipeed im clairde furthieracaraprigioe an glectrical load
anode el ectrol yt e, chanmber bo e side by and
oS fRle e PR e e R BieCi “ena” on
exchange nenbrane and bounded on anot her side by and

I N A epbaratas asodainmed it ickimvd Wheréie theoaltode bad the cathode
cat hode el ectrol yte chanber bounded gn ope side b _and
[

i n §ash CompivEniAc BHPsials NRVINGe 2 SOANRAS heLRN o iF | Yfpstrate
1 AP B RIS HALa R HRc0ED, it gl thanium,

appdobiuny tastalum, iddiunm palEdinm, \steel eistainlkes Hteelalnickel and
of drive cel progduct chanber, anjon,di scharge
chATBehte 2 HHe BROMNE CRTHGRTEN 2 DRIsTa) Selrrandam fhe aroup
t hessragstifgOlof apfatifidm, 7rutﬁfhi§ﬁi?afrﬂ‘idiﬁ, %ndt| 81 N&Iby tomprising
claim4 erein the plurality of drive cells, product

c haptatimymanitienidinsankdhirigiunahanber and cati on di schar ge
chanber are wound in the shape of a spiral. 8. An

o1 3o 2eEee if s Thipet BORBIREET e anode

and cathode. 9. An apparatus as clainmed in claim5
fur(ta?]er & osipttrslytey chantdercluidc ebndgiadflddigc toupld the anode
coupl ed between the anode and cat hode. 10. An

appar at udlegiiolylegharabentodhacathodgrieetrolyierdhamirieand d

t he cat hode each conprise a substrate having a coating

t he(kfon’a ‘gd"u‘?nlﬁ R $iufcP LB A ﬁ}i)‘ithath'é'i‘éI_%E;tn)réfyteS ehsRioef fluid
fromthe groudp consisting of titanium niobium
t ant al ungonduitdcanfiguped tagump thet electrobteifroine omesofettle, anode

ni ckel and, gragphjte nd the coati 0 i Si a

mat er i al a%l%@ﬁf : FW?FPE’F% Pﬂgﬂ?rﬁ Qﬁsﬁ%&%\&f d?r}gth_e glectrolyte

Pl ati nuUNghdnitbdl8riueR thif eldtitthetiidaPfeadtibR by oStBRUER! fBEmed in
one of the anode and cathode electrolyte chambers can be used as
a reactant in the other of the electrolyte chambers.

An apparatus as claimed in claim 11 wherein the anode and cathode are
gas diffusion electrodes in gaseous communication with each other such
that gas produced at one of the anode or cathode can be circulated to the
other of the anode or cathode.

An apparatus as claimed in claim 4 further comprising:
(a) first and second electrolyte chambers for containing an electrolyte;

(b) first and second ion exchange membranes, the first and second

electrolyte chambers in ionic communication with the plurality of
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plati num rutheniumand iridium 11. An apparatus as
clainmed in claim5 further conprising: (a) a

. Web@otsobyt e chanber fluid conduit fluidly coupdT/a82a0he00080

14.

anode el ectrol yte chanber to the cathode el ectrol yte
chanber; and (b) a punp in fluid comunication with

the el edrivsl g¢lis andrtberpredustachasbrr threugtt ithe fiest and second
punp th I . de and cat hode
el ectr Oleigﬁee‘ighér?é)ééb%r{m%r%ﬁhg,r}%tsﬁé?ﬁ\%‘fy,t el ectrolyte

chanbers such that el ectrochem cal reaction

by-(g) odysdreus dirsteend rsezoadoénd Iptatesothe §irsi elettnolgie chamber
el ectrolgte chanbers can be used as a reactant in the

ot her ofPqundleg| ept PBE yside chiarmiih & ianic samapucations Wit the
claimed hdpoGL @ e"rfd é@f‘é &hd bbﬂﬁd@@%‘i’\eaﬁd’tﬂetcéihg.ocgﬁaﬁ& ‘?rg]ionic
ectr es I n ga Ion wt

gas difflusiron e seous conmmuni cat
each ot hmomswaltatibatwitathepficst iore @xehange nembiamea tivel second

or cathode can be circulated tq the other  of the gnqode, .
or cat hORBSTaNE i dosdsd onaidhiel SRS by and - ionic
further copmuhiafien with tHd bér‘ou@%c‘éﬁteg}ﬂj( Ega?&tahe'b&ﬁx ed on

chanbers for containing an electroly first an

second ianoteer sigegby randbiraiori¢ cohumdinicgtioramdths o second ion

el ectrol yte chanmbers in ignic co ni cati pn wt h

ol ur a1 1S DRORRvaertreBe fiF ERBSIIG sealach aHpa tat When the
through dgiarhiusSs subeher§6@MthirPa @fliafie® baRTI6Meurent will
respectively; and (c) porous first and second end

pl at es, flaveir theseongdusve biath beiwreandide firsland seeondalectrolyte

Firer eregnadts dHeUaRCARaPER st hd dbficikhd plates

i oni ¢ comepettpaily.on with the first ion exchange
menbr ane, the second el ectrol yte chanber bounded on
one, side by and in iqnic conmunjcation with the porous

secn@PRAAtUS a8 claimedin Glaipdt Bither sORBISGie by and in

i oni c comuni cation with the second i on exchange

ey anehrst 8 8BEGHPEIErSHT ERarRbESR P BbnilHiRg BRRtrolyte;

(b) first and second ion exchange membranes, the first and second
electrolyte chambers in ionic communication with the plurality of
drive cells and the product chamber through the first and second

ion exchange membranes, respectively;

(c) first and second end plates, the first electrolyte chamber bounded
on one side by and in ionic communication with the first end plate
and bounded on another side by the first ion exchange membrane,
the second electrolyte chamber bounded on one side by and in
ionic communication with the porous second end plate and

bounded on another side by the second ion exchange membrane;

(d) an electrolyte chamber fluid conduit fluidly coupling the first
electrolyte chamber to the second electrolyte chamber; and
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apparatus is subnerged within a conductive bath, ionic
current will flowin the conductive bath between the

~ Wo poostiszasal second el ectrol yte chambers t hr oughP@Ti€A2009/000080

15.

porous first and second end plates, respectively. 14.
An apparatus as clainmed in claim4 further conprising:
(a)e}irsa pamp irefloitd cempunicationewiththeeelectralyte chamber fluid

exchang e anaguadio piibe hé Rle R FREN Gopd e grst and

chanber ssgcont O RilgctMWtEUIRhamibets) 1 tthet lothdr Wfakhé yelettrolyte
drive cells and the product chanber through the first

and secdihimi‘téﬁfsexchange menbr anes, respectively; (c)

first and second end plates, the first electrolyte

h : Ind
ChoRh SIS ey SR pIS o obBlcdl Spaapgfn forver

anqidianity sindierelvgrsehmolaritysthel appaafatusmmgnpnm@r ane, t he
second electrolyte chanber bounded on one side by and

ol ded s ST peBuPaLteceREodt S G el opsentration,
exchange; gBAGSMRRe o(f%) sédbrill iBAlc intentrahienepsatht theﬁw the first
conduit fluidly coupling the first electrolyte chanber

to the denisngorcenitationytand:isaliweter tondecylesalinatpdi the stack

fluid co ion with the electrolyte chanber fluid
condui t ‘Itggﬁﬁ'sgﬁéed to punp the electrolyte fromone of

the first and second el ectrol yte chanbers to the other

of the qi)ect r@l puralighasfoelrive &8lis, Asaeipparivas usellf @bmprlsmg a
desal i nati ng sal twater capable of operating in forwa
pol arity and dl@@eﬂg@nmt@t«? champgp %%mwtwéeldlluent chamber

conpri sing: (@r? e 3 Aiohi O bﬂlbrne@%(él‘?ar{g%‘:%é/rﬁb% forming a

di luent of a rst 1onic concentration,” a concen
of a second ishared Goundaty betvmergaadtmnomubacromnlmenfaatien with

Itggl gt ggﬂcggtﬁbat | ?q@tﬁ:g%cesn ratt\gaztar?cri ct:oonc%(reltrg?e%i‘der}'n?t (%jémbers,
and the other of the cation or anion exchange membrane
forming a shared boundary between and in ionic
communication with each drive cell and an adjacent drive
cell;

(i) a product/diluent chamber anion exchange membrane and a

product/diluent chamber cation exchange membrane;

(i) a product/diluent chamber bounded on one side by and in
ionic communication with the product/diluent chamber anion
exchange membrane and bounded on another side by and
in ionic communication with the product/diluent chamber
cation exchange membrane, the product/diluent chamber in
ionic communication with the drive cell via the
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(i) a plurality of drive cells, each drive cell
conprising a diluent/concentrate chanber, a

~ W@oneasiesiat e/ di | uent chanber, one of a cati on PCT/QA2H000080

16.

exchange nmenbrane form ng a shared boundary between

and in ionic conmmunication with the i

di | uent / conceprogduetidiluent c sthasmherat enignl uent eatipfeexchange

and the ot her cation or ani on exchange nenbrane
e

formng a shal dary between and in ionic

conmuni cation with each drive cell and an adj acent
drive cdiiv); (a djluentiproducttdhdimberrdniornartizangenmembrane and a

exchange nenbr.ane and a. product/dil uent chanber cation
exchange neanlgl,%’t/p(qqqc; clraarpg%%t{qruﬁqjgnged'ﬂgm@ne;

bounded on one side by and in ionic comrnication wth
the progygt/dj 'dﬂ@éﬁﬂ&%ﬁﬂ&eghegrﬂbgﬂ bBURAEN IR BREBIRBY and in

and bounded on another sid In1onic _
conmuni cat i ononict ¢ormgingatida svithdtheudiiientipsodunt chamber anion
exchange nenbrane. the %roductlai | uent .chanbe

i oni ¢ comuni P& RACERPIERE gpp\Roubded of a?\no{heirnside by and

theproduct/ dijhupitic denwaBhicalioR Wil thal dMlerRsFHalée chamber
menbranes; (iv) a diluent/product chanber anion

exchange nentgalion exahangei meebrang,dbediluentiptsiuct shamier in
exchange m”ﬁéﬁ@%g&@m@migédo%ef‘%ﬁ{: OSbj t GAATDe vig, the

bounded on on nd™in ion nication w

the di | uent/ pdin@ntprecietbechamibern axiomange neationan@xchange
and bounded on another side by and in ionic
comuni cat i oM@MBRaReE di | uent / product chanmber cati on
exchange nenbrane, the diluent/product chanber in

T TR b Briing Seldconconrate
concentrate/diluent, product/diluent, and diluent/product
manifolding respectively configured to convey diluent to and away
from the diluent/concentrate and diluent/product chambers,
concentrate to and away from the concentrate/diluent chamber, and
the saltwater to be desalinated to and desalinated saltwater away
from the product/diluent chamber when the apparatus is operating
in forward polarity, and respectively configured to convey diluent to
and away from the concentrate/diluent and product/diluent
chambers, concentrate to and away from the diluent/concentrate
chamber, and the saltwater to be desalinated to and the
desalinated saltwater away from the diluent/product chamber when

the apparatus is operating in reverse polarity.

An apparatus as claimed in claim 15 further comprising a
diluent/concentrate chamber gasket, a concentrate/diluent chamber
gasket, a product/diluent chamber gasket, and a diluent/product chamber
gasket circumscribing each of the diluent/concentrate chamber, the
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menbranes; (b) a manifol ding assenbly conprising

di l uent/concentrate, concentrate/diluent,

~ wWeeodustesdi | uent, and dil uent/ product manif ol dPEIYCA2009/000080
respectively configured to convey diluent to and away
fromthe diluent/concentrate and dil uent/ product

c handneentratedditient r ghamber,arthie a\pmdtfot/dﬂuemte chamber, and the

tratel{dil t, chanb dth
o SSRRHPHEY Hhrs PRREANS o ratnidl tiEnlphfettasatrate
pr ashamhibeét | é@ﬁ‘éerﬁl‘b%@?@ﬁﬁeﬁﬁ%hamt%ramr 8;Sr‘ezkau!:@dlluent chamber
operating in forward polarity, and respectively

corgaskets goniainiog tegredn lauspacer Jormpiaiaining sepatation of cation

contEhtpaheLhaGEe el ¢ he i 1 aont/ concent fat o

chanmber, and the saltwater to be desalinated to and

17.t h%ﬂeﬁﬁidra@sedsscﬂém & okaiRy 16" afetdlg the diluent/concentrate,
di | uent/ product chanber when the apparatus is

opegaicenyataidiiuant serogectidiiuent, 1and Arﬁilluﬁﬂtépféd%t aganifolding

8: fﬂe@ﬁ?cf‘ %eﬁé&gﬁgec%;@@{enggéﬁ%éﬁﬂa@ Qupply conduit and a

condikient/abecahittate xitcdohdnit] agsicehtrate/diluemt suppgiyl ¢t3mtu|t and
chanber gasket, and a dil uent/product chanber gasket

cirg @ﬁﬁ@?"‘tbﬁtﬁ@fllggahem copgduitia pegductdilaemtt wg%y conduit and a
g?g@ggp%ﬂ Ffe?u?ré&ﬁnéé . Hngug |Iéj%§|9 fduc tsﬂgale{ gonduit and a

uent chanper, and t ent
chadrtnmnt/prc&mmectelxnelgqndeapheaéht loé denctenteb(tendceMa)agle the

concentrate/ dil uent nmber an
ot QU EPRGRIEtEna b EPNERaLe GG o, niRFBdYRHllbeRt s and
f t d
exi‘ﬁﬁ‘re“i’BF°d$‘§5§*&§'ﬁ’?§§’n%Féﬁ' on of cation and ani on

ange ne nes. apparatus as clained in
claim 16 wherein the diluent/concentrate, . .
corl@@nt r’tbedlldl'ehtdemqer}mm meoldim@mnhwmmpnses an inlet notch

et B Al BRI Shea%e [ SERRELL elokeP HTREY SEodbiing the

di | uent/ GiRRAEBOAGEMrR| tsuﬁﬁl?/d%dnduﬁ to the diluent/concentrate
concentrate/diluent supply cConduit and

concent rchambien aadtareoutlet oatohi in the plrluem&oment:atet chamber
supply Cé’gsq(lé& tflu‘i"(ﬂ)‘?I c%upling the diluent/concentrate exit conduit to the

diluent/concentrate chamber;

(b) the concentrate/diluent manifolding further comprising an inlet
notch in the concentrate/diluent chamber gasket fluidly coupling the
concentrate/diluent supply conduit to the concentrate/diluent
chamber and an outlet notch in the concentrate/diluent chamber
gasket fluidly coupling the concentrate/diluent exit conduit to the

concentrate/diluent chamber;

(c) the product/diluent manifolding further comprising an inlet notch in
the product/diluent chamber gasket fluidly coupling the
product/diluent supply conduit to the product/diluent chamber and

54



product/diluent exit conduit, and a diluent/product
supply conduit and a dil uent/product exit conduit,

. wWeaww1sfesivhi ch ext end t hrough t he dil uent/ conceeit/CA2@®9/000080

18

19.

concentrate/diluent, product/diluent, and
di | uent/ pr oduct gaskets and wherein: (a) t

di | uent /@brewiatr Bothmimi thel @reduatidilueet Cdf\@mhqrsggslg@t fluidly
1 ut il y SIS e oo RAEAL SA. PGy BTN SroStBtaiuent

condui t ¢harhiher; dhiuent / concentrat e chanber and an
outlet notch in the diluent/concentrate chamber gasket

fl ! S' yotﬁ L@L@pggﬁg@,@g e H\ T nér{%rﬁpr%r‘ué a%o#\ijelfir%otch in
concentr e/ &ﬁg; i f qﬁ@ IS

i nl et nottﬁ%h |e|r|1ut rgg%gentebéaytng?dl I éeérq(t@fch g b@%ﬂ
fluidly diwept/praguchsupplyceonduitt to thel didu&nt/spntpxﬂ).uqt chamber and
conduit to t con ntr e/ d;.| uent nb nd an

oot et it ottt PRERC ool ieRlirollRl Eramitis, Sgskete fuidy
fluidly esupm ?nt’hé WUéﬁﬂﬁﬁﬂb&ﬁtcﬁdtdbeGm tSX'tﬁe CARHYproduct
to the concentrate/diluent chanber; (c) t

product /@hanker mani f ol di ng furt her conprl SI ng an
inlet notch in the product/diluent chanber gasket

11 Ak aaul LOG iR ARG FHEPLoS ARG, condui t Lo

t he pr dent “charmoer andan od ch in the
product/dlluent chanber gasket fluidly coupling the

pr o@ict /fitst amdseeond electrdiyte chambérs for odniaining anetéctrolyte;
chanber; and (d) the diluent/product manifolding

fur ri.sin ninlet potch in th

(Bt /ShB0e Sebind uck Sid B srenanap @smhraﬂ@s ithe first and
di | t/

Iluen é&dé‘;%%lédﬁ%‘i&}téngﬁégﬁksﬁ]s tlﬁ Idgf‘cfdédrH 'iuBHUWIth the

chamber an outl et uent uct
chanber th@lndcommmnatq, cmpbentgatei‘chluent ueprdctuom/dduent, and

exit Con&%metnﬂbpo&uc? c laH1 gtrs/ p{h?'gllf ﬁ'\%anﬁl%{' and second ion

exchange membranes, respectively; and

(c) first and second electrodes, the first electrolyte chamber bounded
on one side by and in ionic communication with the first stack end
ion exchange membrane and bounded on another side by and in
electrical communication with the first electrode, the second
electrolyte chamber bounded on one side by and in ionic
communication with the second stack end ion exchange membrane
and bounded on another side by and in electrical communication

with the second electrode.

An apparatus as claimed in claim 5 wherein the first and second
electrodes each comprise a substrate having a coating thereon, the
substrate composed of a material selected from the group consisting of

titanium, niobium, tantalum, iridium, palladium, steel, stainless steel, nickel
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18. An apparatus as clainmed in claim 17 further
conprising: (a) first and second el ectrol yte chanbers

. WO on09asseBRi ni ng an el ectrol yte; (b) first and B&DOAzD09/000080

20.¢

21

22.

23.

stack end ion exchange nenbranes, the first and second
el ectrolyte chanbers in ionic communication with the
di Ia@gtamnteerancatm coatiog rdonaprising laueraterial selected from the
P OtBlib qonsiaing:ar il ERRAHSE ST FTREAR ahBy WArising
reqngmmhﬁehuhe@ﬁﬁ,éﬁjwﬁhnﬁt and second el ectrodes, the
first electrolyte chanber bounded on one side by and
in ionic conunication with the first stack end ion
x o @iae feredpnalinating galbyatencPrapiisit@t her si de by and
in el ectrical communication with the first el ectrode,
t heaecanlabhaatioby beifbaTRany BRyRFeline 1peAlg by
ST Cat stadk
|on exchange nenbrane and bounded on anot her S|de by
andbi n ed €iestrrecahcertratoncorfigured o trenidve wateprfrom the diluent
el ectrode. . 19, An aratus as clainmed in claimb5
wher ei n NG mesQPQ.?ﬁgt'@é@(ﬂ%e@t@éW SOBCeNEAte; %"Eﬁrpri se
a substrate having a coating thereon, the substrate
CONRpSed; @bndeMPate! ledbrfi, G Rl Ebﬁiﬁ\&n]&atﬂfrPMh both the first
consisting of titanium niobium tantalum 1ridium
pal | adi ecoscardratostanchltbes coneantratai chamben dompialdiag the
and the coatlﬂg conprising a material selected from
t he gro |ng of platinum ruthenium iridium
and an all oy conprising platinum ruthenium and

111 Aliplnt adGlaithead iadlaifP20 datiricopiprizthgal t wat er,

conprising: (a) an apparatus as claimed in any one of

clainms 1 to 14; and (b). a first reconcentrator
corl®) gurd csalvatergesenairerint flwich camnaunicatian avith ithg product

the appg F%r%ﬁ&ﬁﬁe%?ﬁwé@gf&ﬂéh@sﬁ intad. (C) a

concent ra e reservolrr onmuni ca ion Wt
both t he f| rst reconcentrator and the concentrate
chabher , a fdiluehb reSemgoit,hia fluid communication with the drive cell, for

holding the diluent; and

(c) a product reservoir, in fluid communication with the product
chamber, for storing desalinated saltwater.

A plant as claimed in claim 21 further comprising a pre-treatment center
fluidly coupled to the saltwater reservoir for treating the saltwater to be
desalinated prior to the saltwater entering the saltwater reservoir.

A plant as claimed in claim 22 further comprising a second reconcentrator
in fluid communication with the concentrate reservoir and the apparatus,
the second reconcentrator configured to remove water from the
concentrate exiting the apparatus.
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concentrate. 2 1. A plant as clainmed in claim20
further conprising: (a) a saltwater reservoir, in

_ WO basbdsssedmuni cati on with the product chamnber, PEDCA2009/000080

24

25

26

27

28.

hol ding the saltwater to be desalinated; (b) a diluent
reservoir, in fluid communication with the drive cell,

-f orA ipdandi aggClainaediiin glaim; 22 mdnerein themredieatment senter is fluidly

st seidbiet BT gt rBleitblrtof WooBha HE hufpRTaT o] e giuent

i n aritering theldiluerit hesereoinpri sing a pre-treatnment center
fluidly coupled to the saltwater reservoir for

R Ao S0 25 B A BEB R B 1 ok Soon

Pl aBboASerfttatbfesrd SeletRUMram the'drbép BRSRIihG I Brfevaporative
second reconcentrator in fluid conmmunication with the

c orpantt, et evapesativeospraymondha natpeal draft evaprrative tower, and a
reﬁonca@r gtor coqr}fi qured to renove water fromthe

conBHG YEE aPer Het ﬂ@’ef{ppar atus.24. A plant as

clainmed in claim22 wherein the pre-treatnent center

1's Alplarillas slaindEm ¢laink RS fdithereedmpasieg \ehéatfeXchanger, fluidly
treating the diluent prior to the diluent enterin

di |aupled dgepoei or both of Mrearfirstagndl aeeand iracenca ateys, for
met?ﬂé?er‘?fﬁ H¥at kﬁ%tnl? aoﬁ?ét%%ggé% ﬁ% ?nr?t?ﬁr BSﬁ'\ogfjthe first and second

reconcentrators are sele e group consi St1ng

of resomv@ftpdatets. ve pond, an evaporative spray pond, a
natural draft evaporative tower, and a forced draft
evapor at i tower. 26. lant as clainmed in claim23

£ urk pasthed for deSelinalig saltRiB csmRISIGH i dl y coupl ed

to one or both of the first and second

reqanpcendmployiny a Eg{rﬂﬁty %%'Fafi@é bbﬂ@t&@éﬁerﬁf@g‘dgvé §8ltage; and

source to oné or of the first and secon
reconcentrators. 27. A nethod for desalinating

sal(bhat eapplyioays suffisipnt (vajtagensicessng rioguch eharberogontaining
drive Ceth%%a‘it&a@&'}%r@é Segalﬁlraité/aeam Iirli e cgr“gnunication with the
plurality of drive cells, the product chamber bounded by and in ionic
communication with a product chamber anion exchange membrane
on one side and bounded by and in ionic communication with a
product chamber cation exchange membrane on another side and
having a desalination voltage such that when a voltage is applied to
the product chamber in excess of the desalination voltage cations
and anions migrate from the saltwater through the product chamber
cation and anion exchange membranes, respectively, the sufficient
voltage comprising the drive voltage and being greater than or

equal to the desalination voltage.

A method as claimed in claim 27 wherein employing a plurality of drive
cells to generate a drive voltage comprises:
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(b) applying a sufficient voltage across a product
chanber containing the saltwater to be desal i nated and

WO p0090sH683 conmruni cation with the plurality of PET/Z82009/000080

29.

30.

31.

32.

33.

34.

cells, the product chanmber bounded by and in ionic
conmuni cation with a product chanber ani on exchange
nmert8) aneﬂqmn@nélllserde ofing isstndenic bgoaegntrationothgough diluent

rentr anc o e S oRRARL A AAERE afcsal i macion

vol tage such that when a voltage is applied to the

prqayct flowingetohceritrgtessf o4 sé@)nbESlahimaiolnoentsrailldragmrough
cations and anions mgrate fromthe saltwater throug
t he procﬁﬂﬂceahawo@iarela@rﬁdﬂ the plusality oF drive el the second ionic

menbr ane&mc@ﬁ ﬁ‘?’? \g‘égét})ér ttﬁgﬁ tﬁH‘;ﬁr €l c\b%éﬁtggh%éno%er of a

conprising t age and being greafer t
equal t ccatioe dleaaidnnemhamg\eom;eagnanéa‘orrmngeahmarad boundary

cl ai ned I 27 Wh I t
dri l/e ce&q %Fgl g‘;é'\qer'ﬁt Z‘r)'ilcglcgggn‘%i g\%{b g’gﬁp%l )é"t'%ﬁ't and
[ owi ng GriceRftatethambefsSSudrPiidt i6841ABR! fréil BB ddticahttte to

di | uent ers Int plurality of drive cells;
(b) fl oWhagdduemtenam(htMeofotmers@(foﬂm icatiop or anion exchange

concentration through conc nbers,in the

el iPealae BN B Sz Boi g bitween Bhd in ionic
concent rejrhinatish wnht Afacéntddirsiofidrive Hells.

concentration, one of a cation or anion exchange

menbr ane f or mi nlga'_a shared boundary between and in _
iorﬁ«cmetmm@ng iroad vint Blaime28 furtber comaprising dlawiag esolution

g aR4SHc ARkt R d 't Pt BF fhe Sattwater
NG, aft6Me ARpRAforl ofdhén thah o B aNr gt BF

ex qb%weemmtwmrémmn@naarﬂl@atm d:gctm-gexchbﬁtbms rthe anion
and in ionic comunication with adjacent, pairs

driand eatior disoharge ghapmberadn ioni¢ @mmhméa%mnvm the product
f“réﬂb‘?ﬁb&r"l}?&r il ggq%dc?%ﬂé%b%?' ibANe {bh\ébﬁg Fﬁ%{ﬁq?ﬁh& and the

concentratiron gr an or equal

sal produet chamiber citivnl exchbiage hiembiginearaspectivelycat i on
di scharge chanbers, the anion

A method as claimed in claim 29 wherein the diluent is the solution flowing
through the anion and cation discharge chambers.

A method as claimed in claim 29 wherein the diluent and the saltwater to

be desalinated are the same.

A method as claimed in claim 29 wherein the diluent and the concentrate
are saltwater.

A method as claimed in claim 29 wherein the drive voltage is equal to or
greater than the desalination voltage.

A method as claimed in claim 29 further comprising flowing an electrolyte
through anode and cathode electrolyte chambers, the anode electrolyte
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and cation di scharge chanbers in ionic comunication

Wi th the product chanber via the product chanber anion

. Wezmbasiges nenbr ane and t he product chanber catP@NCA2009/000080
exchange nmenbrane, respectively. 30. A nethod as

claimed in claim29 wherein the diluent is the

sol aktanaberf bawndey ohraofiggh sidee byranshimictic aomomunication with an
di scharge, chanbers. 3,1. A nethod as clained.in clajm .
20 SReCsgek o axthainnd PRibENS anf S FSgSh BhBIrgr sive
dessy) idnat @¥l gleétritlle comimBuniSatior® wigt ed adgde! aindethe rcathode
claim?29 wherein the diluent and the concentrate are

sal elagtrelyte gmmberkquistedzen afisstifide by apddn Aenio cprERUMisation
ggglglﬁ :néa/\ fcla‘(gtgéqlég‘%?%élé eﬂgu%n tchﬁ’%%% ‘?ﬁéﬁprér{ba:}ntdhﬁoynded on
ge.” 34, ASEt as-craimed i'nocrar m

29 dnuthéeside byrandsinngedtrioml ctgnmonidation withya eathodel!tHe anode

anode and cat hode el ectrol yte chanbers, the anode )

el g oF3thede aflsetrolytrinchambersa ienically Gafamypicative j with the

i onl j [ it d [ OoN:

ex SIS EHABRE (R e hdts, SRG EahbiR StEEK fRfjon, exchange

i n rmemtranesy| respeviivelyat and \thé hanodenadd, cathlibdeheelectrically

cat hode el ectrol yte chapber bounded on a ﬁi rirt si de bg

ancPQmMupicagve Piheh SEh gl elegtrrnseliow diom figjanode to

io[}hg%lmg&e_ menbr ane and bounded on anot her side by

and i n electrical communication with a cathode, the

anode and cat hode el ectrol yte chanbers ionically
35.confnmétbadiaseclainéd irhelapm &Queherdim i dilvent aridethencacentrate

and, cat hode .st.ack ,.end i on ,exchange ,nmenbr anes, . .

o I PR 86§ client, Al e CONPT A oM BPES:  fosmpRvely. in

corgBumterauIreat drédtiopgch ot her such that electrons flow

fromthe anode to the cathode. 35. A nethod as clai ned

in claim?29 wherein the diluent and the concentrate
36.1 | vmethed@s claimed in@dgim 2 furthes cemarising: chanber s,

respectively, in countercurrent directions. 36. A

met@9d afovihg' TRE 'sAitihRrME9 B HESKInaRE" titblgh an initial
desalination stage in series ionic communication with the drive cell,
the initial desalination stage comprising an initial stage product
chamber bounded on one side by and in ionic communication with
an initial stage product chamber anion exchange membrane and
bounded on another side by and in ionic communication with an
initial stage product chamber cation exchange membrane, the initial
stage product chamber having a desalination voltage such that
when a voltage is applied to the initial stage product chamber in
excess of the desalination voltage cations and anions migrate from
the saltwater through the initial stage product chamber cation and

anion exchange membranes, respectively;

(b) flowing the saltwater to be desalinated through a subsequent
desalination stage, the subsequent desalination stage in series

59



(a) flowng the saltwater to be desalinated through an
initial desalination stage in series ionic

- We@eowensicsnt i on with the drive cell, the initiaPCT/CA2009/000080

37.

38.

desal i nati on stage conprising an initial stage product
chanber bounded on one side by and in ionic
conmuni daniconcathmunigationi twith dhegadriveodeelt, cthenbeubsequent

and T IR e oS o4 "4 e RaRERt ESplAdtor Stage
product prBauderchamibern bowabiedgeneintfirenesidé hbyi @nti ah ionic

st age product chanber_ havi ng a desal i nation voltage .
such t hgommenication| willya isybsgpant stage tiedust ehamber anion
stage pr&&!ﬂ%ﬁﬂ& Bfadéqaﬁd(%f)ﬁﬁdgé o?xhﬁdiﬁﬁraéibgw S8 in ionic
vol tage C€ations and anions mgrate tromthe saltwater

t hr ough ddmemunicatioh witage spbsetuent ctagd erodudti chamiper cation
ani on exchan%e menbr anes, thespectivel ; i

b) flow ng
the sal t&¥N8RILoNRENRIEES itht SHPSEAURIYhSIRIGUR -ghamber
desalin ',mﬂ tRQ8 t . : .
in seri zﬁs% 0 % coﬁmﬂ!@aﬁgﬁg\ﬁft&ﬁ t{\ﬁfé@ﬂ%?%‘é’d&e Ie,gigt%%Ehed to
subsequethe deibskquenti ostage ageodustpraheimtera isulexegsenof the

desal i nati on stage product chanber . bounded op a first
S do by deRAINAlOTENPEAGS AR ANT GIGHR FgTats, By e settwater
stage prigebifgh fHE28HESeEn® B4 protifct EHaMsEIEcaId™h and anion
bounded on another side by and in 1onic conmunication
with a seNshangemembrayesprespectivelfidinesalinatento be desalinated

exchange, nenbr ane, .t subs ent stage, product

chanber et gEsuart AR RS e il SCnBROTSH: staqg.prpauet
vol t age dfanitérsi 86dt 0 the subsequent stage product

chanber i n excess of the desalination voltage cations

and anions mgrate fromthe saltwater through the
sudsqueanplyinggibepsificient velage racrass dhe dniiah@ngnsubsequent

exchange r s tl . .t .

dosal | netage PR shaRRBTE ¥ ttcioti b B He arve

subsequevdlitaglea@adpbeihdc tgrehtenbhian; orndqual to the sum of the
desalination voltages of the initial and subsequent stage product

chambers.

A method as claimed in claim 36 wherein one or both of the initial stage
and subsequent stage product chambers comprise a plurality of product
chambers, and wherein flowing the saltwater to be desalinated through the
initial and subsequent desalination stages comprises flowing the saltwater
to be desalinated in parallel through the plurality of product chambers of

any given stage.

A method as claimed in claim 34 further comprising applying an external
voltage across the anode and the cathode by using a voltage source
electrically coupled between the anode and cathode.
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(c) applying the sufficient voltage across the initial
and subsequent stage product chanbers, the sufficient
. Woolwagmszonpri sing the drive voltage and bei nECTYCa2t02000080
than or equal to the sumof the desalination voltages
of the initial and subsequent stage product chanbers.
39.37.A method@s claimadiinnalaim 84 durdien GBNpIiging ipaWeHeg@AnN electrical

cndipd el Qv cdled EMedf S HRSFEATE, cSHARE e arve
wherottagefis graatgr thae theldesalirationosditageesal i nat ed
through the initial and subsequent desalination stages

rlssflovvln [twater to_ be desal ated in
40- ;gmnet O@h%ﬁﬁ'%'l%g'rp Qiﬁ'ﬁlmgf‘ywﬁﬁreﬂﬂ dbe cglectliise pamprises a
anys iR IGSR: rﬁg% e%uﬁ'fﬁt Bpgo%s‘tﬂrﬁ' bn %n@'ﬂ‘iemaﬁéde and
further conprising applying extern vol tage across

t hecathadiz icnekahiaage anémbanes areibogh aatian exclargeumembranes.
electrically coupl ed between the anode and cat hode. 39.

41.A ﬁrlﬁg o?saglﬂgl{nqeqddcl 5 l a| ?@B%ﬁﬁigﬁ?ﬁg%y@dcgmpnses a

betm&mé h§ulEﬁ§ﬁﬁ o@rmoﬁﬂﬁéomoﬂh@rﬁu the drode arl tc@%de ion
is greater than the desalination voltage. 40. A nethod

as @ichiange membragies B¢ heteapion exebaspe cnembianes.
corrprl ses a sodi um cal ci um rragne3| um or pOt assi um

2.5 A o080 44 BR80T it~ ALFe H BIGUAIEE i spleciod from
ey conuty f 300 M) o 0okt
¢ hRaasats Dantelehue o Epien dhrelGbhn: Nirs:Gr e Mo NH,
arllqgc?g%\%ﬁg@ nbranes 42. A nethod as clained in
cl ai

eréin the el ectrol yte is selected fromthe
group consisting of Na2SO4, NaCl, NaCH, HC,

43. Na34Fe(TteN)<ﬁj A& 284i0ted Nazsma 3Ma4lEr¢IQ@N)oempﬁlsmg @N)réping  the
43 STV IR BORDT 4 BecadeCand FBadR aeetRIVe SharagTs o the
PUrgthBe &fethe anode and cathode electrolyte chambers such that

electrochemical reaction by-products formed in one of the anode and
cathode electrolyte chambers can be used as a reactant in the other of the
electrolyte chambers.

44. A method as claimed in claim 29 further comprising:

(a) flowing concentrate through first and second electrolyte chambers,
the first electrolyte chamber bounded on one side by and in ionic
communication with a first ion exchange membrane and bounded
on another side by and in ionic communication with a porous first
end plate and the second electrolyte chamber bounded on a first
side by and in ionic communication with a second ion exchange
membrane and bounded on a second side by and in ionic
communication with a porous second end plate, the first and
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el ectrolyte fromone of the anode and cat hode

el ectrolyte chanbers to the other of the anode and

- W@ aiohoskesEl ectrol yte chanbers such that el ect rpchien2aio008o
reaction by-products fornmed in one of the anode and

cat hode el ectrol yte chanbers can be used as a reactant

i n the advendokladimlyté echambegrse iomiaaltyercommdnicativet with the

as clainmed. in claim?29 further conmprising: ) .flown
concentﬂHPguakrgﬁﬂﬁB?ﬁr@? JHS g&ﬁ%nﬂ"ilé@??é&yf?ﬁ éxchiange
chamber smefibpandd, espdctivbiohide chamber bounded on one
side by and in ionic conminication with a first ion
exchange nenbrane and bounded on anot her side by and_ .

i n (bdni csubsnerging 4be opormiush fiestpand useeands tensh plaliest within a

and the I ro, e ; b d a

o1 de by SRRV ol CHhC et BEle URYE" 28s) perbibn the
exchangecorietive Bathghd thensisrdus first apeicsstdndicihel pistesnd
in ionic conmunication with a porous second end pl ate,
the first andsecond el ectrol yte chanbers ionically
communi cative with the product chanber via the first
and second i on exchange nenbranes, respectively; and
(b) subnerging the porous first and second end pl ates
within a conductive bath such that ionic current flows
bet ween the conductive bath and the porous first and
second end pl at es.
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