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In contrast to freshwater, however, saltwater is readily available. Saltwater in the
15 form of seawater constitutes about 97% of the water on Earth. Unless seawater

is sufficiently desalinated, though, it is not only undrinkable, but unsuitable for

agricuiture. “"Desalination” refers to the process of removing anions and cations

from saltwater. 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,
20  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 sait from the saltwater.
25  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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provi ded §:3PRHsahES héfe dhergy than RO for desalination of seawater, and that the
source of such energy is entirely in the form of an extemally applied electric
potential. In addition to problems associated with energy consumption, electrical
20 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
25 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.



sal twater desalinating system The apparatus includes a plurality of

drive cells for generating a drive voltage, each drive cell, havi?Rg=po09/000080
di | uent chanmber for 5 containing a diluent of a first ioni¢ =
concentration, a concentrate chanber for containing a concentrate of

a second ionic concentration that is greater than the first ionic

concentr d ani on exchange nenbrane formng a
shar ed bg%%gmr yﬁgﬁ?%’gn% fz;hﬁioéﬂﬁcm]

In1onic conmunication with the dil uent

axchange AtrRaRe SR EL aspdtd o WP FEARn Therk S sfEIEL AR IRRAE e

conmmuni casaltwaten diésaaaimg:lsystemc eThe apdamttmm]chxdeata glurality o€ ldrive thils
appar at us, al so _i cl ude duct er apion. exch nbr ane

o bauct | SRRsEBerEe Br e NS e R cal e Gaauione Frigr
cont aigni ﬂﬂ)rﬂé]ﬁm@abtdi%ﬂf oma hestdenia! édtbARation) % ROAGIEatE faféhﬁier'f‘ér

bounded on one side by and is in ionic 15 comuni cation W th
product cHidBINgM p@apeml@!mﬁb@ sesamd lmic egncentration i ds greaé@rdhae the

cxchange e SricBRGuGE TR Lah dhd AnibResR I el e Foritly
the plurad |sh§aremf bdumdmydﬁﬂveemald h\e;qmic)dmmmﬁbﬂrwﬂnlth‘m dGUemaéden

exchange nenbr he . appar a also in des a mani f ol di ng
assenmbl y THFPAYS p:E@mbe oﬁE toéh%{nafﬁﬁﬁdﬁﬁ'ﬂomeﬁﬂ cﬁmﬁmgexchange

conf iqgur Qﬁeﬁfbr@rﬁé‘ﬁhﬁd‘@ sHht‘e’d%HunHeraBQtv?éWaﬂd TR oG ition with

chanber, the concentrate to and away fromthe concentrate c
and the ﬁqm@rtvsrceﬂcans!eameéjacem@e cell. The a@@amtumalsedn@adempmdm/ay

el ude <2t AHA PR o edargEs ARnbikReY o EXFdf COEhis Fon dkhbosq

a pr oductmemmmr gadket prodmnmhambeﬂgfoeacdmtai‘nmdﬁethdl bam&teﬁhﬁﬁﬂ%
t he conce trﬁ er and E&E@ roduct chamber, respectively. Each
of the difqRap fag pr E It RaHeRad an PN dacy andibér ionic

ke
gaskess C(ﬁﬂmﬁgﬁfcahéh tvhﬁf gaé;g%w%nfb% Iteﬁbﬁéﬁgb %‘?‘é}ﬁ&%b {hedDand

cation and ani on exch ang ranes uent concen
product rREvMNded demnetherr sidedut andliy in noqummdnicatwn vétlnp ey poostuti t

and a dil X at u duit and .a

concentra e?']ielg(e?t b%%ﬁgu%hénﬁgaﬁ%hﬁ%% el. %8%%{'\; @?ﬁm%?t IS,4Q lpnic
product ecammaoicdtion withaha pniramloﬂdrﬁéto%n@l vidhiheusroduGtecin e nion or
concentraq?glpand &roduct 5 8askets The diluent mani fol di ng can have

an inlet Bherenangs imemerdnec hafitferaRpasiiue plsgi incjudesugl imanifolding
di | uent sasaBhIbE Hadivg! dﬂl%ﬁth%oﬁbér\i?é?é uﬂ?ﬁﬁ&?&@ﬂﬂaﬁfbl&iH@'%}raeﬁeﬂhw n

the diluent chanber gasket tluidly co I"'uent condul t
to the digamay ﬂ?‘mdﬂﬂﬁﬁ to anmamw fpom tthﬁed!hmmt chamber tlnmnorﬁaﬂmhattgtocand

have an i t tra et

coupl i ng %a? fégﬁctglgtdrogtc %H?a% ‘{i‘% C%’ﬁ% @"a[t%at%iétb%g t%i oretther
and an ouidsatmated(shltwatarhwwdmmmauamhﬁferg‘éﬁb@éﬂvélyul dly
coupling the concentrate exit conduit to the concentrate chanber; and

the prod | di have n inl.et notch in the product

chanber ;ﬁ%@ B%{qg r@% g'ﬂﬂ"qr 'BC J(B'Hﬁ’&tt c %'BBS% 9pff8L @ofeRGantrate

t he QEOdL&farrﬂjmr‘@&kea%daﬁ priduet cnaiﬁbbrIgaské@cﬁémgéﬁbuﬁ@%ﬁéﬁroﬂwﬂ
fluidly Cé)lugn{ ng_";tn[‘]ge roduct exit conduit to the product chanber.
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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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w t h t he cutiehnoltehsin dekdiieat ichambic gaskge fluidly coupling the diluent exit conduit
to the diluent chamber. Similarly, the concentrate manifolding can have an inlet

notch in the concentrate chamber gasket fluidly coupling the concentrate supply

10 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 the product manifolding can have 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

15  product exit conduit to the product chamber.

The apparatus for desalinating saltwater can also have an anion discharge
chamber and a cation discharge chamber, which are in ionic communication with
the product chamber through the product chamber anion exchange membrane
and the product chamber cation exchange membrane, respectively.

20 The apparatus can also include anode and cathode electrolyte chambers for
containing an electrolyte; anode and cathode stack end ion exchange
membranes, the ancde 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

25 cathode. The anode electrolyte chamber can be bounded on one side by and be
in fonic 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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coupling the anode electrolyte chamber to the cathode electrolyte chamber; and
a pump in fluid communication with the electrolyte chamber fluid conduit
configured to pump the electrolyte from one of the anode and cathode electrolyte
chambers to the other of the electrolyte chambers such that electrochemical
20 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.

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.

25 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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second i on exchange menbranes, respectively; and porous first and
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According to a further aspect of the invention, there is provide
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20  with the porous second end plate and bounded on another side by the second
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ion exchange membrane; an electrolyte chamber fluid conduit fluidly coupling the

first electrolyte chamber 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
25 the electrolyte chambers.

According to a further aspect of the invention, there is provided an apparatus for
a saltwater desalinating system. 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
30 desalinated. The stack has a plurality of drive cells, each drive cell comprising a

AMENDED SHEET



di luent/concentrate chanber, a concentrate/diluent chanmber, one of a

cation and anion exchange menbrane forning a shared boundary befWEER2% 500>
and in ionic comunication with the diluent/concentrate and
concentrate/diluent chanbers, and the other of the cation and ani on
exchange nmenbrane form ng a shared 5 boundary between and in ionic

conmuni caf; : rive.«cell

pr oduct/ gfll,Jggtr/]ét’&ﬁgEgﬁ%%:br%{]n:\%eﬁ ge?(‘: éh%%g%t%}@éﬁéﬁégﬁhgﬂg n\ér(%)fcqflu%:%t}o (ﬁﬁmt?e nt
chanber @idro exesargen gembabe fosning grsbdrext bduhdatbativaat emdbinu ivehixd

on one si . in.tonic.co nicatipn wi,th the product/dil uent
chanber é;%ﬁ%@g%ﬁjdh&éthn@ﬁbq'ﬁ'ﬁ%%eﬂ%ﬂ%déﬂd cﬁ?nﬁﬁ%tfﬁﬁt%ﬂg?'&ec BE[S i n
10 i oni ¢ gr@ntRenbiber iop thavidakioh hﬁldpémdncé)(cﬁhﬂ%@'ﬂﬁerﬁﬁ%ﬁ’é%nﬁﬁibi &%hared
exchange nenbrane, the product/diluent chanmber in ionic conmunication

wi th Phe RpuUNgary: eptweany apd einpjogisu semamunieationcwithieachadrive: asll and jam
k Lo .
ond o 1R ERR%e oBi Y pHERoUEIRAY ChahBRr B WRAMdR Rt End BRE "¢
di | uent / prodiucitdiluérndiambeywation eschdrigeomembirates; ey prdidct/dilueat ckamber
icati ith the.dil t/ duct chanmher,, ani h .
oo ane a8, AT abS et AR TR TRE inpriR RO e G5 oRatiert
Wi th the ohambntdridm exncharffearepdbrané 'dPB BouHiREISHh ERBINCR Mide bbeanq in

di | uent/product chanber in ionic comunication with the drive ce

via tifle doMige sommunicationc b etheaprodueltfdilygnt oshambseramgtione exchangs

and a 20 ' di o) ' A1 e .
concentrate Bﬁﬂgertﬁg @%ﬁlyﬂﬁlﬁwﬁdrgﬁdg@%%@ﬁ g@%@(ﬂimﬁlﬁﬁf %rlw(ﬁ ng
r espect i wellyia dhé i pyodect/diloentochaybeli anientort catmndexokangé rmenibrenes; a

di l uent/ cgn rate apd diluent/product chanhers, copcentrate to and
avay fror@f’%ﬁ%fBﬁE@nPB%‘gfeﬂiﬁ"?]‘é'?\te C Wegﬁ}jalﬂ%eargﬁ L@PUP'ES’dHEt
desal i natopdniter aatiof ehangé GferRBtdnea e HildeMiprdduRiNchAmMbeP bounded on
product/dil uent chanber when the apgélnr atus IS operating In fuorvvard

f

pol ar Pt y,ONgntide Syng invienig casmmupgigatien withdbedilyentipradust chambed aniay
fromthe r Llhuent ja ugh/ qj t chanber
concent rf?‘gﬁﬁlgdgan@teg{vgeh%r %Eﬁdt hrbguﬁ{a?%e%b/ ?ghggegt rsgc{ée"@ﬁaﬁg%r ,m alf®'G ne
sal t wat ercommbnicatEsea Withatheddiluenéiprbdubt chamber ratiet exehavg atembrayie,

fromthe dil uent/ prodyct, chanber, when the 30 ar at iiS operating in
a rever séﬁ%éﬁﬁ?w@?&}é{ S p'Qr’QF‘ESC%WUB'P@@g’{)Nﬂ u@% ‘Iér?"e ell Via the '

di | uent / efilnestproaie CharRE AfRdelor &atiBnCIREREN %bHﬁJﬁ‘é agRgr
gasket, a gr_t%[l uct/ di l uent chanber gasket, and aggizl uent p'}é(;sgu?:?& a

chanB@r digg r @SERIPILI FRMBAYRG ofdilliert/etincartnatec o soreanteate/diluent,

chanber, tr [ Ghi e Lo t/.dil t
chanber, F;zgn ({i@g& ai%‘gn@dﬁﬁggﬁ’&% B@@%@g’r@nge%%%t%ﬁ‘(/éyIypgrgn%'ﬁe%ftot he
di | uent / cone@ntdilaert tchamteaway drorerthe adihtéplﬂtorﬁﬂehtraﬁaéb@rdiml@dtlgfaroduct

ai n therei or

duct / diLuent chanb ket ,
Pt i DR BB 1B D a%an 457N e Sy ataldifient pamber. and
di | uent / tomcaitvatdreto bendssHlinated/ @ bher@esanﬁét@uC.éélma{t%&eaLvaya#&n the

di l ugpt/ product. 10 ni folding may respectively include a

di | uent/ @6?@&%#%@ nfgamﬁey wheRdhe @paattys i§ianesatingcio feeward potaritkiand
condui t, tr tdqe I tean

concent réﬁ%ﬁ?ﬂgnt%ﬂg@é&;n%i tsdbﬂgé%r g@lqgitﬂ/ dltflugan sa‘ﬁ%yy fé%rﬁdume
and a pr é80eentrate/diuenteand: productidilientasithmbents,| comcenpatedto cindsaws) from
condui t ' duct  exi t ndui t . each of which extend
Chrough The Tt TePE SHaeRE dnd BB metiatie b tedlpated ™o and the

pr oduct / diekalirrated asﬁltwﬁtéﬂeéWéWﬁ@MCtthQaalﬁ%rEl_plth dehatfBél GRRGE et ©

manin% | di ng can have an inlet notch in the diluent/concentrate
chanBer GREREUS IS AREratingdn A reNersemelafity.uent / concentrate supply
conduit to the diluent/concentrate chanber and an outlet notch in the

di l uent/concentrate chanber gasket fluidly coupling the
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20 conduit to the diluent/concentrate chamber. Simlarly, the y ,
concentrate/diluent manifolding can have an inlet notch in thg Fe7/6A2009/009080
concentrate/diluent chanber gasket fluidly coupling the 23 Bpril 2010 23-04-2010
concentrate/diluent supply conduit to the concentrate/diluent chanber

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

[ i /

Coneent LR FFPALAIS (g o UBLaR S afRRMedald Shamber) gsigt @
fur L hter f lcmrlgclamtsateghlamtl dltmsﬁhbelogaﬂe{t /rlgt;fredm{tmﬂueﬁt{ dhém@%ﬁ ?Q?ﬁbﬁﬁd a
aske i in e u i | yent su condurt to the
o oduct ) dbEatroguE srinbar oS0 s Fumssiics cahrafing, disteenoendate
chanber ghakferfthel (Qﬂnﬁeﬁt%lﬁidxlﬂgntt%ﬁ&%@tﬁrﬁﬂu%g?ﬁ%ﬁﬁn@?g%& tHe?

t he product/dil uent chanb and the diluent
furth8r ciHprirodgctathambernfespeetivelh Each afetheldulueanmedtnate mmmr

gasket fl g S conduit to t

di l uent/ p?llé gg%%t{&gmlﬂ%@r cig?ﬁb%néﬁtﬁﬁéﬁfcﬂgﬁ té:lﬁ%ﬁf'ﬁé{ g#ﬁsu%qﬂ PB'F Hhct
chanber dheieirt & Ispadéry faro umintaining) esegatationt 6P catlon tarkK idnichp Rstghdnged
the dil uent/Br oduct chanmber. The apparatus can also include first and

second el®ETPEWPe chambers for containing an electrolyte; first and
second stack end ion exchange nenbranes, 5 the first and second

el ectrol yite @ih@ﬁb’@éﬁ?cdnﬂaté)rﬁoﬁcéﬂmﬂilﬁéﬁt' %dchlcﬁllJehF and d:luentlproduct
di l uent/concentrate, concentrate/diluent, product/dil uent nd
qtt/c

di | udft / praitadding mﬁw@’sget:wedwgﬁludﬁea dily an@erﬁrat@adpmlmoadmnang@
menbr ane ﬁlﬁ&ﬁ@ y st

el ectrol ?/i{' géc a gbﬁ%neﬁi@r%é‘ﬁrlﬁ'ée@ %ﬁg%%gr%gél}g'é&éﬁ %\"FPE)%E&OPHUII o‘?’ﬂi
conmmuni c@&phoentvatefdiluéret fexits tcomt itk eerpfodomﬂdllﬂeﬂmcéwpgﬁ aongnftar@dand
can be baqun n nother side by and in electrical communication
with the Hr?&léctq,dg'll%@t E¥tie cO Fﬁiﬂét’séﬁgnﬁ Q 'E’&P‘i}{ S¥pRtpesondt ad a
bounded @iluemigpradaé bexndchruit) | QA GPMuRichat igktend t Bnb § g—%ﬂ
stack_end ion exchange nenbrane and can be bounded on anothe by

and fe i dilveriqoncealrateo nernaestratesdilugnt, h product/dituent, &kmbtdlhlem/pmﬁu&he

first d t

cont i ng DESFean O THR SALEAGEIEARRE b Bl cd Rebe ST B hBRN S ther e
fr orr} t he d@lueml{nomrbenﬁratlemchambalr O@asémt ﬂlﬁdw abwpnngr mhg Lt[nueﬁﬁd;drﬁ;@hﬁgig
steel, stajnless stee el an and the coating can be
co;rﬁosedmﬁp 'Igtmj b9 l?efj@;zrllyﬁoﬂ?‘%fﬁﬁa?gé’ 6?’(’5’9{) anhd @'Pzﬁqﬂﬁhﬁp%h in the

r ut heni u

01 1l o BRI (oIS QASKBO MR M AUpiRG the UbnicdidEi A B¢
pr ov£ded candyik te th@rd"é!éﬁmqr}%ﬂtrﬂ@ §faamb@n eSimitarly, ghamoncentratefdilueiet a

capar o RN 25 i SR RA Y o5 U S s
conf i gur 8didiy coeplingetheatoncehtraterdilnentds upphntoretit ton@iet dodcampateatiluent
chamber and an outlet notch in the concentrate/diluent chamber gasket fluidly

coupling the concentrate/diluent exit conduit to the concentrate/diluent chamber:

25 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

30 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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25 to generate the concentrate; and a concentrate reservoir, in fluid
comuni cation with both the first reconcentrator and the c%ce th%%zggféz?gggg
chanber, for holding the concentrate. The plant can al so have

sal twat er reservoi r, in fluid communi cation with the product chanber,

for holding the sal twater to be desali nated; a diluent reservoir, 9

AVENDED. S, il bificP SHEBRE 200 ), SUpyfS 48 Behynrbilit ex,
with the qmmddmctc“l'rdﬂimeatlprchuct cHamiverg desal i nat ed sal twat er.

Additionally, the plant rray have a pre-treatment center fluidly

coupl ed tQ.t It t r, for, treatin salt ter 0

o heca) 1The Epraraté (e o SEAdE bt 2R SRR, Rbolrfts Frghiert fof

reser voi rconfdigingl @ntelectolytd; Jiesti Al sstond Sac08RY icﬁpémmgéah@mbrdhes

fluid COEHU @_catlon with the concentrate reservoir and the apparatus,
co

the s& briteh seaenst Q!Qﬁwa!ﬁﬁr%’Eﬁml_@rﬁrﬁe%iﬁﬁ"wmmmléﬂﬂqfhémh the )
619% e
1(‘: stgn;r%ﬁgﬁfé%&j[c%ﬂtrﬁe di ['uen reg'g?é\a'(t)lr ?@U&’Edﬁrlg r%ﬁq he%%e@&
prior to ahambgrs d’l@‘nugbrih@ﬁrﬁ@@muﬂ:rﬂuentexcbmawmembrf&rm,cre?]ﬂmﬂilvelgf
t rom rou
consi st 1 ALIE ARG SsB g BRERHEE . TE frEl BB aNeVdieher Shube botnded

natural drabheesidposytandebé dnebonicAbemfnurifatie Wit fthe airsPstarki R0 ion
tower. Additionally, the 15 plant may al so include a heat exchanger,

f1ui dPy &XGppRge MeNiane and sen herbaurdesionanodier side-byand be in electrical
reconcent({]ozﬁr?[,ﬁlcaﬁ&{ gﬁtﬁ‘iﬁéff rélélﬁrd?i%atTﬁc{ Q&&dhééﬁtr&%r&%n’i%r%ﬂ o

both of t Irst an secon reconcentra
bounded on one side by and be in ionic communlcatlon with the second stack
end ion exchange membrane and can be bounded on another side by and be in

electrical communication with the second electrode.

15 The first and second electrodes can each have a substrate having a coating
thereon. The substrate can be composed of a material selected from the group
of titanium, niobium, tantalum, iridium, palladium, steel, stainless steel, nickel and
graphite, and the coating can be composed of a material selected from the group
of platinum, ruthenium, iridium, and an alloy comprising platinum, ruthenium and

20  iridium.

According to a further aspect of the invention, there is provided a plant for
desalinating saltwater. The plant can include a saliwater desalinating system
having any of the aforedescribed apparatuses for desalinating saltwater; a first
reconcentrator configured to remove water from the diluent exiting the apparatus

25 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,
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According to a further aspect of the invention, there is provided a

met hod for desalinating saltwater. The method includes generati r?gr/qr2009/000080
drive voltage by 20 flowing a diluent of a first ionic cofdéRtTatTbR>-04-2010
t hrough a diluent chanber; and flowi ng a concentrate of a second

ionic concentration that is greater than the first ionic

t ' ] {
Co ot Th R bOPUARAaR . A, SRR labB oS INBERS S8 % Bt
cation exesemgie, rmnifiluiah ecomrabnitatidn anﬁt@nmeorpro@mdtonaambew fiwro st rivey
oncentra&epﬁ@]%g&er to the 25 diluent chanber through the exchange

menbr ane g8twale&o i ncl udes applying a sufficient voltage that
conprises the drive voltage across a product chanber containing

through vAHditioridlig Vet b%nsahéwvabeé d Brd@eslpset | deate g ddwled fo ithe

i oni ¢ _conmuni cation wth the drive cell, the plurality of drive

cel | s5 t aaltwater asemnin fem diepting Bbe nsrivaier émobq rﬁ!esalmaéettdmnnt%me on
wth a pr %Hfért r%?éﬁ?ﬁth@@aﬂ@a@f%@}g& menbr ane on one side and

bounded by AR C communicatiton with a product chanber cation
exchange nmenbrane on anot her side, wherein the sufficient voltage
equal s orThexplastisam atkesinciudata secang rexgacerftragorn indlyid odmeunidetiobewith

such t hat and haV| a_desal i nat volta

s appl; A8t SRR e QIR Riare: e Bob@dhiss; fd, oefbod) haPegfaP®
vol tage ngumd&ademnve naiter figratiee Eoruentrat eatirig@dkeipphidtasigh t he
product chanber cation and ani on exchange nenbranes, respectively.

d | | b fet | tage. 10
The 30 {itiereRaimets HEBF Gancbe il OUREY B ShioiE oo
concent r atdAingithe Bikdif p%k uﬁ'ﬁb dfsbht élﬁeﬁrhyethfé'duueﬁtt reSERBker - The

met hod can further i1nclude flow ng soluti'on having an ionic
concentration greater than or equal to that of the saltwater to be
rhﬂﬂ@;

desal i nat@Qe tof 1of dhe dikstaand éa@qrtshremoa@mw@r&me rsglected from dhe
product  chaab SERSAfy R aMEIchordtve e, Hn CRIBSIANG Rprdl pbhi'a el
t he pr odlmaﬂcﬂvapbfatlveaowen andcaa[ag‘.ed rarafh rexaporaties [lxmen vAdgitionally, the
15 plant may also include a heat exchanger, fluidly coupled to one or both of the first
and second reconcentrators, for transferring heat from a heat source to one or

both of the first and second reconcentrators.

According to a further aspect of the invention, there is provided a method for
desalinating saltwater. The method includes generating a drive voltage by
20 flowing a diluent of a first ionic concentration through a diluent chamber:; and
flowing a concentrate of a second ionic concentration that is greater than the first
ionic concentration through a concentrate chamber, the concentrate and diluent
chambers forming a drive cell and sharing one of an anion and cation exchange
membrane such that anions or cations flow from the concentrate chamber to the
25 diluent chamber through the exchange membrane. The method also includes
applying a sufficient voltage that comprises the drive voltage across a product
chamber containing through which flows the saltwater to be desalinated and that
is in ionic communication with the drive cell, the plurality of drive cells, the

10
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The diluent can be the solution flow ng through the anion and cation

di scharge chanbers. Additionally, the diluent and the saltygter "FH}g29/000080
desal i nated can be 20 the sane. The diluent and the concentratp can

al so both be saltwater, the salt concentration of the concentrate

bei ng higher than the salt concentration of the diluent. The dri ve

vol t age t eg o oLt

such a cg’?gd&cgewﬂh%l{ ﬁgﬁhgg&ne&%&df ggp 8@'9 ?ﬁﬁﬂﬁ&ﬁéha%b |%’:a |on
any ext erchamhb&b amﬂrt egcd'\an“gbe'nmbmm cankwsidé andi bosindde biyl anvd ngloamc
el ectrolyte thro t e chanbers

t h t th d
ol oot 1ol Jorvharah BB AebYit Biatos RSP AhG etinaRs on AfoREPee
comuni cafide) wivérbth ih% ﬁmﬁents\i@t@bemamoa excdeds ge desdlipatiore voltdge ahd
bounded on anot her side by and in electrical comrunication with an

anodeb artte pr@dt@éph@abewmthat wnd f@Htﬁlﬁtﬁeﬁe%‘UﬁmV@m& suchdhatwhen py

d
o e LSRR O etblod AT SARE i LeSfHRRBage
comuni catations varich aaionat imigiete from ﬁmodalt\&atandhm:ghoﬂhe ploduct chamber

harb | tive with the product chanb t he
anode. andRAD AL SaPE RCBHET e LN ERaR JSSHEHIEnc 0TS Bapets PO §81%n

t he anodq;aemgb Gsd rRréteithe @Al Voltggamuni cative with each other such
that electrons flow fromthe anode to the cathode. The di | uent

and the concentrate can flow thr oulgarat he di ] uent and copcentra

10chdfber e saltwaier pyiing the pradyichelaamaber ean haye @d?W%rn@"'cT‘F@Ci?BEFﬁW
can furt %én'tﬁ@ﬁﬂl%t%&ﬂﬂ@'ﬂ%&ﬂfen?@ﬁéﬁﬁﬁé@r to be desalinated through

The method can further include flowing solution having an ionic concentration
greater than or equal to that of the saltwater to be desalinated through anion and
cation discharge chambers, the anion and cation discharge chambers in ionic

15 communication with the product chamber via the product chamber anion
exchange membrane and the product chamber cation exchange membrane,
respectively.

The diluent can be the solution flowing through the anion and cation discharge
chambers. Additionally, the diluent and the saltwater to be desalinated can be
20 the same. The diluent and the concentrate can also both be saltwater, the salt

concentration of the concentrate being higher than the salt concentration of the
diluent.

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

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

11
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an initial desalination stage in series ionic comunication with Bhe ,

i initi i i i i initi CT/CA2009/000080
drive cell, the initial desalination stage conprising an |955$g§:m1023qm_mn0
st age product chanber bounded on one side by and in ionic
comuni cation with an initial stage product chanber 15 ani on exchange
menbr ane and bounded on another side by and in ionic conmunication

w th an inity e I Flw‘ﬂ{ e
initial s’# ggdéﬂpr)lp %é%’g‘ta C tg%ub%(trje ﬁg\%ﬁﬁgﬁf?%é@%ﬂfﬁg}%&jg tdgeaﬁ‘égﬁag’hat
when a veantaihe csthagelelesdrdiyde tdhambertbhoainded age apfirstisice bwamiden ionic
excess of the desalination voltage cations and anions mgrate from
The. sal L SATETURIRAGEGNTL S Gaoe: Sarkend o e JrDeR b SBRREcA e oursidan
ani on exghaAYIhar Blea\E and Nif Eetidal forimbnieondwith & 8athba! ik Arbdee
desal i nated t hrough a 'subsequent desalination stage, the subsequent

desal Pnat@ngncathage elrctelytec shampers detieallyi eemmmicative witle thei produel | |

t he subs Lna i aﬁﬁcla L, Si . Hé’rgét

desal i na?ﬂgﬁﬂ}g{g@%aﬂgkogh@:@&c anggtrhgggﬁﬁég%r%r?aéaf%?gt dé"%’?braaﬁﬁs'%

i n i oni c respevtivelyatindrtheidrivde antb sathodetelsdtrhgrlyprarimahicatiesripdth eachon
other such that electrons flow from the anode to the cathode.

The diluent and the concentrate can flow through the diluent and concentrate
10 chambers, respectively, in countercurrent directions.

The method can further include flowing the saltwater to be desalinated through
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
15 anion exchange membrane and bounded on ancther 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
20 the initial stage product chamber cation and anion exchange membranes,
respectively; flowing the saliwater to be desalinated through a subsequent
desalination stage, the subsequent 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
25 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
30 excess of the desalination voltage cations and anions migrate from the saltwater

12
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exchange menbrane and bounded on anot her side by and in ionic

comuni cation with a subsequent stage product chanber catiqﬂ_ﬁggﬁaﬁg@gﬁﬁfgﬁg
menbr ane, the subsequent stage product chanber having a desalrnation

vol tage such that when a voltage is applied to the subsequent stage

product chanber in 30 excess of the desalination voltage cations and

anions m

o oduct | GHSHE: TS EbbrCarkRt AR medvetr ol palfont 4R YR GG Ge

thg sal tvm“embrércesberedf@amd 'k:élrs]yatrtrlg@l sbltwuielgqmﬂstlr @Bsﬁliﬁalt@jt e iﬂm;cm]gdga_thrs?@geh@nd
subsequent _ st age produ t chanpers; an a In e S rrcjen .

vol tage dewa@%t%gﬁ@rwdrﬁtﬁ%ssnu%ﬁt%ewush&%ﬁ%% Mhap yinghasefisient he
sufficie [ S i i

Shan or - oroltagh HcrEAHEAMRG] Shd JubIREht SAGEPOATE ARMURS, o LAl

and s@bseqliage compyising bheudrivectnitaperand m@ing gredien thanfortagual 9 thesgum

of “proauctt e aehaddf EiBRER 6f 66 SHRE okl wREacS Bkl Weqlet

t hrough tdtaanmtmarsi al and subsequent desal i nation stages can include
flowng the saltwater to be desalinated in parallel through the

Devons! Yo BoBShr FRERHE! il S0 biSsst e B EhAfpol i
vol tage s@ui@e 8! PRiralitg abll Yor6duiR! SthrRSdree emdt RBwHHC 98 asulwiAéM 38 ebe AN
10 desalinated through the initial and subsequent desalination stages can include
flowing the saltwater to be desalinated in parallel through the plurality of product
chambers of any given stage.

An external voltage across the anode and the cathode can also be applied by
using a voltage source electrically coupled between the anode and cathode. An

156 electrical load electrically coupled between the anode and cathode can be
powered when the drive voltage is greater than the desalination voltage.

The electrolyte may be have a sodium, calcium, magnesium or potassium cation
and the anode and cathode ion exchange membranes can both be cation
exchange membranes. Alternatively, the electrolyte may have a chlorine,

20  sulphate or bromine anion and the anode and cathode ion exchange membranes
can both be anion exchange membranes.

The electrolyte may be selected from the group consisting of Na,SO,, NaCl,
NaOH, HCI, Na,Fe(CN),, Na,S,04, Na,S,0,, Na,Fe(CN),, K;Fe(CN)s, K,Fe(CN),,
Na,S,0;, NH,CI, NH,, Na,Cr,0,, and CrCl,.

25 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

13
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15 electrical load electrically coupled between the anode and cat hode

can be powered when the drive voltage is greater than the if_cgéfgzggfégfgg?g
desalination voltage. The electrolyte nmay be have a sodi um caf ¢i um

nmagnesi um or potassium cation and the anode and cathode ion exchange
menbr anes can both be cation exchange nmenbranes. Alternatively, the
electroly

anode anc?tnga&ﬁﬁa gﬁggﬁ %Q§ %ﬁ]dégée%ﬁgor@%gcg Q@%r%é?'ﬂ B% y Sgﬁ iagnn'.J '39%8 aggig'?a e

menbr aneghe dtreeralf ¢g eletirdlgtenghantiersel ected from the group consi sting
of Na2SO4, NaCl, NaOH, HC, Na3Fe(CN)6, Na2S406, Na25203, NadFe(CN)6,

6 4F 6, 25203, d N Na2Cr 202 CrCl3.. 25
e ot hAddaray the.peiRad g duBherHyRe Aewieerea e Praingist g
t he anodesezbfd @édiRMNRe Thafibers, the fifdl dldtiotyté ehhmbeP bbgided o bReadigsle

and cat hode el ectrolyte chanbers_such that” el ectrochem cal reaction
by- pr §dudi¥sand imigaic épmmunigationwith isdfirghion &xahengsamestnsang and berpded

chanbers | r | ecit

chanber 5. g b SR e LFRE I Riminlnicfor Wifi's @l 33t ] BBlobf
concent r ghe sécondglelddtiobite acithrsizaro bduedext torolay thestc bideb by sand hia fonist
el ectrol yte chanber baunded on pne side 5 by and in ionic

Communi cRAWRUGIAROn Wil & Seeend i &¥Gaents BhelRrank 280 Livedegon a
anot her sded®ni)sic By aRd iR Tdrfic SORMALMICEIbh Wth ' HRreusPRRa drid’ Sihtes sk
plate and the second el ectrol yte chanber bounded on a first 'side by
and (18 i oitslcardsroend glactpivie chambeecionitally commumeaiiverwith tha pratust

b ded i | 4: . 0Q] | L.Qn W 2.1 p0 S
second eng N ond e e g 3pberdiorCRihaRaTTHEEReS ipkbufufi oty

i oni cal | ysubomergimgahe ipoeousi firkt arksquonduarid ma@mmmin/a&ohh@qtlverlﬁth soch
or ous. {1118 i CHEeBh lown doplestt B, corgurtile LN 00 6 BRoRs ishatha
i oni ¢ curdeibhdfdn@wiatest ween the conductive bath and the porous first
and second end pl ates.

15 One advantage of the present invention is that by relying on a drive voltage
generated by the difference in concentrations between diluent and concentrate to
effect desalination, it is possible to use solar energy or another form of readily
accessible low temperature energy (such as waste heat from a power plant) to
generate the concentrated solution that is used to generate the drive voltage.

20 Thus, energy that would otherwise be wasted can be used to generate the
concentrate and to effect desalination, allowing for less electrically intensive
desalination of saltwater relative to prior art methods of and means for
desalination. This is especially beneficial as arid climates are those with
abundant available solar energy and are also those that are likely to require

25 desalination.

A further advantage of the present invention is that as drive cells are used to
generate the drive voltage, an extemal 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.

14
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150ne advantage of the present invention is that by relying on a

. . H H A2009/000080
drive voltage generated by the difference in concentrati on%BgeLx@égﬁo AN
di l uent and concentrate to effect desalination, it is possibl'& to Usé
sol ar energy or another formof readily accessible | ow tenperature
energy (such as waste heat froma power plant) to generate the

concentrated | up i that..is ed to generate the drive voliage. 20
Thus. " endd goriast ta B o vl A¥ENew8 & S8 SreSentavertiol is Mgt fifans
the concejpradishie dBdnbo Lrilf ept tolepal sanki extentldsOWithd ahOED @ffck, and
electrically intensive desalination of saltwater relative to prior

art met h6agSequatly laesion migratinnsasqusatirgugh stack manitaldseas ganyoceur in
benef i ¢l aln 25 stdkd g FRSs 8liEubRASEnIIcLeANDATANh 17 BidsBRt Avaid
energy and are also those that are Irkely to require esal 1 nation.
A furbherelativatd BBe of the present invention is that as drive cells
are used to generate the drive voltage, an external power supply is

. . LAl . dwth .
pract  of 1 PR ERG" B B CF e B Rl Sy B8 BesRilvinticn s
present ithateitd ipefformbdncd s pONbUBstantiadly Eldgativélyrdfetedh dhant darlinétidge
pr esent mvenU&Q?ls t hat vol tage gradjents do not built up to the

same ext &AMy §4a Wraﬁﬁeﬁﬁréft‘%ﬂzl@, oy §0c‘@1§é‘&u’§9%1ir9sllﬁf§spr%¥ﬁemtason
occurs ¢ RiAUER rik Miked BbiGN 8 Seftf.perfieQRE ernbraRB 1l BURAbYL Th S
reduces circulated ionic current osses In the present 1 nvention
Srelative to ED. In contrast to RO a further advantage of the nethod
of tA@ pAwserding Ay énfurtheriaspeplaef thesinventian, rthereeisi pronidied saimathed ifat | y

negati vel A e i i ter..greater than
about | 30 EsAlACiMREs, SRR pdid BRBETBIBS b ke, biEE -
]Ehr oEgh mlmehﬁy-qilgirirvﬁ&b_lleirnbm_mrwmﬁhiabtimudtﬁ eb_cglothéﬂbyﬁmmh d@'?ﬁﬂluhﬁt a
urther aspegct, of the invention, there is proyided a nmejhod for
desal i natq?_ 'r§5\°f‘!ﬁa‘7c°é"rcf’”tfﬂté°rh§'f‘?ﬂﬂi‘ ?ﬁ@‘l‘%é@ag&’ﬁép Pﬁ%oét_h&rqq)’é cells;
vol tage usid'fibviing'aEdtdenifafién df !a\@ceﬁ#l lighié BohcBHtratioh THAS bR tidrd h
each other by flowing a diluent of a first ionic concentrdation

t hr od§h ahe&lifirsidenic ceaneriratioh themighod coneendrate ehambesof each 6f the drivea

concent r af. f LOfi. C. .C i i.s great.er.than 15

Che fir seliging coReafal Snli ol En SRS B AR SBD ohite SR ESH L,

of the drfvan emichsand hatiowrxednge Mmenttstaté Isuenithathambas oratisAs Mo

the drive cel]s shari ng oagearg{) an ani on and cation exchange nenbrane
0

such t hat rom, th& LCasicepls: G thamdilventeharaber treughh Hhith exchangene
di luent Ghawbeinet N hdthéd %@W@dé?ggg@iﬁﬁ- S'@Qri@t%ﬂgﬂ@%&oss a
0 a20p anber

includes applying the drive voltage acr roduct ¢c
t hr od8h WHPQurt ichawber Hyouah wiktheflows theesaliweaté! tocieedesstidatedaand that is

ionic co j: i L4 (V2 t he duc hanber, bounded
by and" 1 11 Ebroliiaitn Wi Eide LBl ne bRSRL AidiRber R Rdan 4

merbr ane iwforio eosinienieatibnbalin de prddyicaoltarber amibA exehangy aRimisrandidh a
pr oduct chanbgr cation change .nemyrane on anot her side, wherein the
drive voldBgude ARd ROWJEIEEY 2RE R OnIC gogumHisAtios Wil 2 Aigdugt chaaber

product chgsheke iBAbr&sd b9 BhoRe sl ARerdih gﬁ@&ﬁvé \F&Qgﬁgbﬁ%lgls or

sal twater through the product chanber cation and anion ex
menbéane $xceedsacdesalingtionr veltage ofithe prasiuict chambae speho dhait catioastand

Qﬁz ngelr ?‘é‘?lforisorﬂig?at%‘?%ﬁ@ﬁé ghiitel BRBudH e ProdGA crgiider Mtid i §nd anie

exchange membranes, respectively. The saltwater exiting the product chamber
has a lower ionic concentration than the diluent exiting the diluent chamber.
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15 The method can al so include flow ng solution having an ionic
concentration greater than or equal to that of the saltwatgr to2BRfcA2009/000080
desal i nated through ani on and cation di scharge chanmbers, tHh2 “&nion

and cation discharge chanbers in ionic comrunication with the product
chanber via the product chanber anion 5 exchange nmenbrane and the

r oduct anber, cation_exchange nbr ane,..respecti vel.y.. The di] uent
Pha the ot faatsd o acERAR SN iors PBVER, T o gbngenrafin
and the cpagientisi ér sfual kothat betheadditwatato bai ddsalified thlbu?h anion and
concentration of the concentrate being higher than the salt

concent r #2{igR discharge shambgenhtthe aniomand gatinaydisghagae chATBErs Inigniy
an electr, : e ﬂﬂafeere ec I h ik
anode el e%ﬁ%ﬁ?’%gﬁdgﬁgﬁgﬁﬁﬂgoamap?ﬁa [ r'!gtS Eﬁiﬁ%@u%n [ nB?ronlé
comufi caxichange trhemhraneodnd sthacprodudt chamberc batiare exehdngen enembrrane,
bounded aqn an?.t h@r side by and in electrical comrunication with an
anode, 15CENFWRY cat hode el ectrol yte chanber bounded on a first side
by and in ionic conmunication with a cathode stack end i on exchange
menbr ane Teddientded tsaineitéren 1w dissalivated thaybetrrcdames.al

communi cation with a cathode, the anode and cat hode el ectrol yte

hamb ioni cal | i cati ith th roduct chanber .via the
anode and et fiBEAT S KMEn FONEFESIE h B1Re Bethobensaitvaley. r wihedis vealy,

and the appdeniaibrest el rRbRFAlR! Kethd YigheRIHH ! $MEcHAdRaaSH oP e
such that electrons flow fromthe anode to the cathode. The dil uent
may B8 tHBlugBYl. uti on flowing through the anion and cation discharge
chanbers. The diluent and the concentrate can both flow through

the dilu ' '
count er cup e e mad 88 Incfi SR h HedRIRE Hokih ol and cathode
I nvent i oreléctuilyid ehambees dbe anoderaléatatiyte ichgmbenbebndéd gnanfirst side by

robust ness., 15A . . . .
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,

15 and the cathode electrolyte chamber bounded on a first side by and in ionic
communication with a cathode stack end ion exchange membrane and bounded
on another side by and in electrical communication with a cathode, the anode
and cathode electrolyte chambers ionically communicative with the product
chamber via the anode and cathode stack end jon exchange membranes,

20 respectively, and the anode and cathode electrically communicative with each
other such that electrons flow from the anode to the cathode.

The diluent may be the solution flowing through the anion and cation discharge
chambers.

The diluent and the concentrate can both flow through the diluent and
25  concentrate chambers, respectively, in countercurrent directions.

Advantages of the apparatus of the present invention include its ease of
manufacturing, durability and robustness.

15A

AMENDED SHEET



An additional advantage of the apparatus of the present inventi on/ y

H il H H PCT/CAZ009/000080
includes the ability to desalinate saltwater by operating \tIZ\E% i1 2010 93-04-2010
apparatus at a |l ower pressure than conparable RO systens, i ch

| owers the cost of the conponents used to nanufacture the apparatus

of the present invention relative to the RO systens, 5 which

or cssur e A ARG SaRiact BRedhon Al o e 2 el RRi8h diudes'e
schenat i @abilieiy dﬁsaﬁndﬂeééaJTWatbr&iy&iﬁerétﬁfg tesphhnals 80a Rﬁ*ér\/pﬂéﬁure than
accordln to a flrﬁb emhodi nent wherein thestha}ck ogcrerates in

"f or war d CoBIPAFAtIg- RO1 Besteme Whigh, lovers Hbfred MBORANES \Hsee to
stack f omaingadtipa @@péﬁé&%ﬁhe%@éﬁr@'uﬁ%nﬁ@n Fefd wt@h@dsﬁg@gure

wher ei n the_ dialytic stack operates in "reverse polarit
3is a swmtafatmcomo:axeoexmerai\@l Wiowedt ank Stainlases ataetmtandg oftaert Wwgher

accordin I r odi ment wherein the dialytic stack enpl oys

el ectrol %{é&i@?égbpgﬂgrﬁﬁl on using gas diffusion electrodes; Figure 4
is a schematic view of a dialytic stack for desalinating saltwater
accor di n@BRIEFEDESCRIPTION OF THEIDRAWINGS t he dial ytic stack is

configured to be subnmerged within a conductive bath; 15B Figure 5is

S screnatﬁigurei eYﬂsoé schiemafics Ivmwecbfdé adlalyirl]c stauslali@enleeal]irmftingeédlma‘t@’r
esal i natin al twater: Fi ure is .a.schemptic view, a
pi ral - SISO (5 st exPPBERHatiereln B FiACK ppprales it Toreerdhpolarty
saltwater; 5Figures 7(a) and (c) are sectional and expl oded views,
respeoti \Fegtyre of isaauschsmhatic diew Wfi § @bt Stacmmrchegélﬁ@mgysénfwater

various fluid chanbers within the dialytic stack and manifol ding are
i |1 ust r a&gordingy i¢ ea 73p0nds egbodimentewboain dhedislitier stack ;enesateshis
Ci rcunscre, é@ggﬁ(etma,y@ﬂ ous fluid chanbers contained within the
dialytic stac

Figure 3 is a schematic view of a dialytic stack for desalinating saltwater
according to a third embodiment wherein the dialytic stack employs electroiyte
15 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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Figures 8(a) - (c) are schematic, exploded and perspective views,
respectively, 10 of a bipolar dialytic stack operable in both forward

and revers&op&%’ﬂ%%#g es in which assenbly of the fluid W‘@/‘Q““s"

mani f ol di ng "an ves are illustrated; Figures 9(a) a
schematic views of a dialytic stack for desalinating saltwater

accor di ngFiguré 5 14 4 '3eheR Al VickP Bt av\gﬁg%@agﬁg?ﬁ%@e%ﬁf &f Bars for

mul tiple desalination stages; 15 Fi tic view of a
pl ant t hatlegalinating galtmates desal i nate sal twater continuously; Figure
11 is a schematic view of a plant that can be used to desalinate

discrete ppifrbessef san?rﬁ%t%[ﬁéw d?iag%@F‘al-%ﬁaﬂaéd fi REFRrgemeng W eLifor

evaporative spray po i gure 'S a sc ti'c vi"ew of a nat ural
draft evagesalinating sallwater,and Figure 14 is a schematic view of a
forced draft evaporative tower. DETAILED DESCRI PTI ON OF EXEMPLARY

ENBOD _ P i h . .
of the sol ey (13 (Gl sefang 28l flidh ARl rbhectiolr b Dhipglar"”
ener gy. THialytigistdekriomddch assemabiy ofivarRfusdhuid gfyarnbersavithimtifet dialytieStacked
t " ' diff A I wh I

vol unes ofaatticlito gt UERFAES. FaE KoL bra ol SEbalon Yebbralotket
adj acent tHztebeuras@idsane varpas Aiie ehambersapiainddRithinghé dialaie fack;
menbrane that is water perneable, but not ion perneable, the

concentratij on difference ener .ca ter fromthe freshwater
Cont st ner Fiaied Bl @) Sin GeRoBIE, Spicsiediarts BersROrNG WaNvtapcively,
cont ajmer of Sibifdiar didyticRtk 9pErible B BTR Mnfgrégh&'?%% gblafified AVSIEN

$o
and freshwater are placed in adjacent chanbers and are separated from
each ot hepssamily pf Hie idshambaes, manifolding and yalyereans| idustigiad;not wat er
perneabl e, the concentration difference energy results in a voltage

di f f er ence; é/\@g‘g) LS ALOKYinati
per neabl e?l%ﬁ% not %\/ﬁ?é?%@?%ﬁgﬁgﬁci@ﬁ&i naﬁﬂgrﬁ %e?%rf?rng%)‘mggngn
"ion exchapljvateerdscanding taomdpohenr embodimeritawbereirerhe afialytic rebdciddas
cation e%gﬂgﬁe@m@g%gggnd ani on exchange nenbranes”. Cation

and ani on ex ge ne ‘are those nenbranes that allow only
cations (positively charged ions) and anions (negatively charged
i ons)1d o pigsse 10 is a schematic view of a plant that can be used to desalinate saltwater

continuously;

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;
20  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
25 energy is hereinafter referred to as “concentration difference energy”. For
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15 through, respectively. Exenplary cation exchange nmenbranes incl ude
Neosepta CMX, CM 1; Ral ex CVH PES; Fumasep FKE, FKD; and Sel em on CW

menbr anes. ani on exchange nenbranes i ncl ude ta AM 1,
AFN, AWK gaﬁfﬁgé(wfg PES; Funasep FAD, and Sel eni on DVS!\F(%I%%&“"W"“"“S"

nmenbranes. 20l n order to desalinate saltwater, at |east sone of the

cations (BLimpld, | whitdgualYoRiMEN S (s}?:ﬂdtggﬁi) é&fiy ﬁgh%%tbp dride fraghW 4R} Sre

need to be renoved fromthe saltwater. ese lons requires
energy. Plaped iangdiacens mhamhese dndearehsgparated: fromzeadivpthentsolaly dy a

di fferenc E?ﬂﬂ% J ) i i .
sal t wat er‘,?nt erg%ythgtegéa ?F\éa}téénlrg%t\é%b %‘tgﬁt'%ﬁ?ﬁgﬁ@géﬁ?ﬁéﬁ%@ﬁ@gn
Fi gure 1, diffeeerce energpicausds avatehfromt the fréeshwaiér eontainky to dloat inbk ahdl
for degal idnatli n% saltvvatﬁr. N}e di alt\éti c stack 101 is conposed of a
seri es® of 45YF'8P REFSSHEP KRG SAkyateL caN@Ngr uent chanbers 110 and 112,
respectively. Flow ng through each of the diluent chanbers 112 is a

sol ution Simitarfy, reiten @gjual voluntssNof aiolutiont” 6ff balewdter amddfresianates are
t hr ough eafh 8f_ tc%ﬁ conccg‘%trate chanbers 110 is a solution of a
second i oRIACeE dRcAtRset| ambers AnEnhaicapeprated; from; erchs ethensolelviky a

concent r ahicphbrafe NHad ﬁinebeﬁrﬁt?dgi%, hsut! hdtSivateP PefmeaRe e Md @bh&htration

Diluent may enter and exit the diluent chanbers 112 via diluent
suppl y anéiffergncecensrgy resuitsdnm welthgesdifferance detween the ttenckambarse Any

i q . )

and eld Cmshirahd B 36 Khpdmitofl BIRSC AR oA IF RbsHdher YRl

concent r atee ashanbors ektBandel tnembramehar Boadpdlao iore asthandee mdrmbramesof
ni.on exchange menbranes 120 .and 122 . respectively.

the cation and a ;
Locat ed i chl"l‘?% eHHRE FRRbange EPEUPEANES] sand K ABIGN: EXChaAgse Marpbrarss”
t hr ough Wdiagibn fdnavanibh exeRbiy@ hidmibirants A6 3RbdeRichibrandy it dilohesaly) -
Product feed th&%tgsg,as passed t hrough the product chanber 118 and has

had at | e§340onsy elynchaged afis) e ariaps faeaalivelyrGhargeds ians) &0 passer

Chambey 1 b0, rBEbly, ECRpH Kaon bR B G b Rlney ARG penta
product efM% UM-1)r Baleyt CMAMES, FumasspyvFKEa ffodwand Selemicon @MY

sal't conclshittehes Ee BB 2Bk biihg e titahed ARG A

be hyper - ABNG eAMgt Rbleve sAHPEBAVIFuIpagers dFADC adice rBdl&hniodn DVS abares

15% - 28% by mass. Alternatively, the diluent may be slightly

concent r af¥ENeSat er having a salt concentration of about 3.5%to
about 6% by 20 mass. The salt concentration of the concentrate nust

be hizher It beder td desaliriate aaleater, tilOast @bnid6r i daBbhs A& NE) akd
high as the solubility Ilimt in water of whichever salts are present

in the coﬁﬁié‘ﬁﬁr(afi@.aﬁ%@rhﬁhﬂ@r saliwatar sred e denigresveshiiemntheasaitvater.

seawat er R@fhd@ih%hggélm re§uifdsS&nsrggd in nore detail with respect to
Figures 10- 14, below. 25 I'n the enbodi ment depicted in Figure 1,

each pair_of chanpers 140, 142 144, 146, 148 (each a "drive cell")
i s conpos&Be smiadimentsidesceiped,berein Htilimssoncentpationdifierense engegy to aid

concent r afe rgMBTACHE chtiBns LA HrlidH Frofl SRS théeBy COAHNRAfng the
25  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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112, 110 separated from each other by and in ionic comunication with
one of the anion exchange nenbranes 122. As di scussed above, the
concentratl difference energy that exists between the

concent rat¥® &ﬂl&%aﬁsﬁent results in the drive cell gener&tiéf04p/000080
voltage ("drive voltage"). In an enbodi rent wherein the concentrate

|s about “ oride nMass the di luent i s about
® 50 aqueBtCR TR BEb Mt pore R SRt P el artaptiel s

f or each d10vea gelutioh®f atsscond idhic Yohdentration Ficghdantrate™), hﬁtrﬁmeoéécond

exchange nenbrane %{a@? roms a shared ﬂ'ﬁ‘dp gr .5 bet en an&lls I n

i oni ¢ contAMfi EGRGED R Reing-argate; dhan s 9‘?“a°te@ luenty may

110 of angnrend dkitithe duaémt, cr@mbetr@qm«'ﬁa etk SBHIY andaid @rduits 904

forms a shared boundary between and is in ionic conmunication wth

any g.%naaﬁi. V82.c pspestivelun depneeatatedmay enien a(nge@xutetr@ cPReenfratoe
cell 148 t n

ond concenrinbers, AOVE Nedepgas TREY R, St SBhAGRT 102" dhd R,
menbr ane lespebtitale eAdjakentaienhandicencentratecchahiters fl 12 hibt Garevsepaedted
148 and t d nber 2 of. the adj.acent, drive 11 14 A
cation orﬁ'gﬁ'1 %#"ngé‘ﬁgﬂg 'ﬁe%%ﬁr?@“fﬁ@ng % Exghan ggornfagw%{%nqsh@q Al q
con:j ai ned122tﬁesp?itlv?hanb@fatwﬁﬂt£kf‘@nmﬂiéﬁf ﬂ Eughréi H@Qavprbbuéﬂdwa%be?
sai at chanper an onsequen also be in ionic
com‘rujm)cas?% t% "fma" gﬁ’éﬁ?og? Qﬁg tq ke é’;eﬁ@'@‘%%q I(éorpgu%tefﬁﬁdal ed
froman apiaRRAtedd 1h4 has pasid ﬂﬂ@uqﬁz tﬁehﬁ'oﬁaé ﬁ&%@%@ﬁgph Bt

120. As the ion exchange mnmenbranes 122 a o lons to rom
the concele@shsemecaniors and ations rembeed: fherefeordris \nerejnafter mﬂerredmz as

144, 146, . h Th

20 voi t apP O0uE! SThE BBUE BETHE SREF 9% MddleP BEANBAT Tla yRNA bl o,

vm;c t Pheag hfamm:pplsscmmiw?” 06pandh mesnmucomﬁg tphmlﬁo Ekitgibe p{?odmhmgdrribﬁr aagh
rrve ce n e serl.es nse n rrve

0ol t afi Vg BRersy St oRARG 1 SBei THE Dirsilch Jeed ands ey dibent ey Bothube

0.20 Vol t seawdhter dhadling i & ﬁﬁ@lﬁné&ira%bﬁooﬁcﬁﬁoﬁt NS5, @@s%aégatwré Gcﬁél

150, which is conposed 25 of one of the diluent chanbers 112 and
pr oduct Cﬁ%ﬁ%ﬁragelmamféhmqug)@pentrated seawater having a salt concentration of

about 15% - 28% by mass. Alternatively, the diluent may be slightly
concentrated saltwater having a salt concentration of about 3.5% to about 6% by

20 mass. The salt concentration of the concentrate must be higher than the salt
concentration of the diluent and can be as high as the solubility limit in water of
whichever salts are present in the concentrate. The manner in which this hyper-
concentrated seawater can be produced is discussed in more detail with respect
to Figures 10 — 14, below.

25 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

30 difference energy that exists between the concentrate and diluent results in the
drive cell generating a voltage (“drive voitage”). In an embodiment wherein the
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chanber 118 is bounded on one side by and is in ionic conmrunication
with one of the anion exchange menbranes 122 ("product chanber anion

exchange -.odD4) and is bounded on anot her side 1S |
ionic com’ru%a{l ong}vmth one of the cation exchange mﬁéﬁ%@"ﬁ@&dsg
("product chanber cation exchange nmenbrane"” 152). The dil uent

chanber 11gnidhifatd s 866G %t tfeubﬂp% %B&uﬂ‘f EHingge %gal’ﬂgé‘sf an&t‘)thé’)ﬂl]ﬁ@ﬁ fsS

in ionic comruni catli on Wt uct cha ni on exchang
menbr ane abaut 3.5feaguecds spdiumf @lﬂmlﬁiﬁ by masst the tl‘mmreimaﬂdsw:!ome for

chanber ™ %gghdwﬁﬁgﬂ {e%ﬂjtﬁrﬁ@oﬁ{s 112 that is separated 5 fromthe

product c grper and 1's fonic comuni cation with the product
chanber cation exchange menbrane 152 is hereinafter referred to as
t he "cati ¢m Figerehdr dlee cdmiorbexthdigge nidmbranedt22 fohmsize shakgl bsundary

icati it.h the dri ! i.a t duct chanb
cati orb oxBHOKGE BRrbit B85 Sonifuiced Wil ons FhEnh v dEReREre,
ani on excbhageerem,an® dHdnyo ?Ivérl‘ﬂ@nﬂt@ cell, haﬁd tHe @aﬂoﬂge){chéﬁg@h'léri‘lﬁane
twater to be desalinated. Typically,

duct 118
f Lg 2 §| t 03 %ﬁg‘em & $fiﬂsﬁe@fb°yﬁéarpfrbﬁmeen RBEds 48 ionic cpMERUNicatioNdVIh @Y
stack 101ghenldftie dahdn ﬁﬁﬂé‘énttcﬁivb%llﬁ%@@%rtﬁé P08 cBfl 1T4§?1gvmlg the

sol uti ons |n t he chanbers acent to t uct chanbe
order to @aeiofl exchesge haerpbrﬁmcﬂz belween liﬁedtlwent andl cargentrate chambers

("desghin o] Iatﬁ’ag 5 S b e t [
chanb‘(?e(lrJ ?22 Iwnl\b?he 1 réﬁ%dCéetﬁaS %x@lﬁ’%de ﬁﬂ%?’g%r% t1%6d2)8§?| attge
t he producondentichte chanbesdnﬁloigh@mdelmll deidcamd theet ditluendichaimbet 1020af%

salt by ss_such that a nd _cations |nthe rodut fe ar
crit ven 1 B esEeht e A R A SR o o Bat R PR TBan e o Bk 122
112 cont ath‘at@@nﬁ!ctm@tﬂv.ﬁ c@’ﬁ@hbd Sithie & shamB¥r WRER thd bl%rﬂl@érﬂé Kilgd wath
20 vol tagggl s, about lts. When a sufficient voltage greater.

than the Hd€als $3d (S‘i’n \P@PﬂﬁgéhﬁitsCﬁﬁ'ﬁp?’re@nﬁcrc@%eﬂ@tlﬁr R e it ripRie
118, i 0Rsmik |@.§ti%nt\ﬂﬂﬁhﬁ§cr?é‘rﬁb ectrode, an anode 126, and cations

m grate towar anot her electrode, a cathode 124. Anions mgrate

Each of the drive cells is separated from an adjacent drive cell by one of the
cation exchange membranes 120. As the ion exchange membranes 120, 122
allow ions to flow from the concentrate to the diluent chambers, the drive cells
140, 142, 144, 146, 148 are in ionic communication with each other. The drive

20 voltage generated by a group of drive cells in ionic 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
25  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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fromthe product chanber 118, through the product chanber anion
exchange 25 nenbrane 154, and into the anion discharge chanber 162.

Simlarly, L, i grate fromthe product chanber 118 through the
pr oduct ch‘gﬁgé'})%ggﬁﬁnon exchange menbrane 152, and i nt o RHACAZLPTYppsO

di scharge chanber 160. In this way, saltwater can be desalinated by

| i i ol dr4 d :
2ppl y1 ng EhaRoes pfort SxndcdRRRTpdr 1207 THE difeddmdtoLky that s
across t heeparatedctromHhetproducichaeber i118 byatrud i, infiboisi cognrmibmioatipn with

[ d ' ' .ch r n..b Lution Vi an.ionic
oncont r alfEonoRet S Sic SahTe fitortEnd 1594 hehaRt rdine] 1 88
desial i nat tab “a:kiurhdiseharbe oﬂiamwﬂ:/\;]GthQEEQfgemﬁhaﬂibér?HQ tlhtbf Fslaﬁpatéitedd
di tl t 101 .t ur en the sufficient voltage applie
to thed (.Sr ﬁafaiﬁﬁhed?{aw@%fﬁ%ﬁérbaaa Is i igNicy pormuBicagion mfh%he product
desal i nat tRAMBE! ¢ARM HRRERGE RiemBTAME 18D Ys Réreirtiter tTEREIR 88 theRiation

circuit. Various nethods of conpleting this ionic circuit are
possi bl e. disgharggughambert A80; o peadustichamberc b lieireipnic communication

| ect hgsi v ) ' WeJall | FEAH L0 S
achi eved BNaris ghive sos VeORBTHRY AR chalflel sefh SlcriSelEinErle 124 by
and 116 betewside ghe via duk poddudt ghamtzazaadioaoexcht gangclamrg\hramb?‘r% dh Zhe
110 th 126 d t e espectjvely. S e
ot oct et o ol PSR Fote ahatBiti {E W o ptbigonco be
el ectrol yigsamafid TRildally! thelQit astitellrdr O thbprédid: feaNds ittehtdrdbhe
respecti vg_l@i/mi In the enbodi nent depicted in Figure 1, the electrolyte

flows thr citacke 1@t iy laspithag 19 guaktorthe concentrations of the solutions in
the chambers adjacent to the product chamber 118.

In order to desalinate the product feed, a certain voltage (“desalination voltage”)
16 has to be applied across the product chamber 118. In the illustrated

embodiment, in order to desalinate the product feed to a resulting product

concentration of about 0.04% salt by mass such that anions and cations in the

product feed are driven from the product chamber 118 into adjacent diluent

chambers 112 containing diluent of about 3.5% salt by mass, the desalination
20 voltage is about 0.088 Volts.

When a sufficient voltage greater than the desalination voltage is applied across
the product chamber 118, anions migrate towards one electrode, an anode 1286,
and cations migrate towards another electrode, a cathode 124. Anions migrate
from the product chamber 118, through the product chamber anion exchange
25 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. [n 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
30 voltage, across the product chamber. As described above, flowing through the
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15 116 in parallel; i.e., the electrolyte that flows through one of
the chanbers 114, 116 is not used by the other chanber 114, 116.

However, i r I ve enbodi nents (not shown), the electrolyte may
flow throu‘gﬂ%‘ﬁ?glsgﬁ%ct rolyte chanbers 114, 116 in seri ePsC,CT"éézg.X%mP%g
el ectrolyte may flow into one of the electrolyte chanbers 114, 116
and, uponagight g L5 Sl y&%ngdﬁgbsa € 22 Qofitibh Ch&fing M ibAE
ot her of tah?ghe:aegt E:%‘l?d;r} Sjlc an@ers 114, 11& b%d dat@gn reac?? ons I%a‘t

t he anodecan@ntrgiian rgraaier ithan e &auabis thadtoftthe seiwatardoibe; desalinaied,
the ionic Iy el ectric current and conplete the ionic
circuit. ﬁ%ﬁéﬁg%e '%}gﬂ'and the cathode are electrically comrunicative

124 via an electrical conduit 156, thereby resulting in el ectrons
f1 owi ng f Tben mheemeotef iads througk thet dielytic istack 161 Tthet ectursbehen, the

L1 oL S el S Sipeto HEbrR BhaBEE: € e ReBe i sPLKAG:
el ect r ochthe desalinatioh iveltage ndpreedntst movementeot ioak thiduah are aric airctibe
e I e L R S
Net 41- 120 #21-12 (9) + 02(9) A?t142; Anodeda # 2Cl2 + 4e" Cathode
4H20 + 4ein FigureHp (he) iohit CirtuitNed dtipietett2ldctrbcHeriicafly. ( Biedtracherhical
completion of the ionic circuit is achieved by disposing anode and cathode
10  electrolyte chambers 114 and 116 between the stack of diluent and concentrate
chambers 112, 110 and the anode 126 and cathode 124, respectively. A suitable
electrolyte flows into and out of the electrolyte conduits via electrolyte supply
conduits 108 and electrolyte exit conduits 136, respectively. In the embodiment
depicted in Figure 1, the electrolyte flows through the electrolyte chambers 114,
15 116 in parallel; i.e., the electrolyte that flows through one of the chambers 114,
116 is not used by the other chamber 114, 116. However, in alternative
embodiments (not shown), the electrolyte may flow through the electrolyte
chambers 114, 116 in series; i.e., the electrolyte may flow into one of the
electrolyte chambers 114, 116 and, upon exiting this electrolyte chamber, be
20 directed into the other of the electrolyte chambers 114, 116. Oxidation reactions
(at the anode 126) and reduction 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.

25 Table 1, below, lists exemplary electrolytes that can be used in ancde 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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Anode40Er P 2H20 + 02(g) + 4e" Cathode 4H20 + 4e" #2H2 (g) + 401-r
Net 2H20 #2H2 (9) + 02(g) W4, Anode2l-120# 02(g) + 4H+ + 4e Cat hode

2H+ + 2e" t2H20 #2H2 (9) + 02 AnodeH2 # .
Cat hodeezlﬁgi‘"%@)‘“ 2 (g) Net \(u) NasFeEg\l)an?ag) ogg?{’ﬁz%{ﬂ%”?”é&)
and NadFe(CN) 6 (aq) or KAFe(CN)6 in bulk of NaCl (aq) rest:

Fe(CN) 6 ¥ i[5

TNarSOs(aq)  Anode  2HhO® O(g)+ 4H' +de'

By-products: H;  Cathode 4H,0 + 4e” &2H, (g) +4 OH" -0.83

(g) & O2(g)
Net 4H,0 #22H, (g) + O2(g) -2.08

M ‘,y S £ ey 3
e SR SR fae S e
ii. NaCl (aq) Anode ACI & 2Clz + 4e -1.36
By-products: Cl;  Cathode 4H20 + 4e- &2H2 (g) + 4 OH- -0.83
(9) & NaOH (aq)
Net - 4H20+2H2 (g) +2Cl2(g) + 4 -2.16
iii. NaOH (aq) Anode 40H = 2H20 + 02 (g9) +4de -0.40
Cathode 4H,0 + 4e” #2H, (g) + 4OH -0.83
Net 2H,0 222H, (g) + Oz (g) ~1.23
iv. HCI (aq) Anode 2H,0@ 02(g) + 4H" + 4¢” -1.23
Cathode 2H' +2e 2H,(g) 0.00
Net 2H,0 #22H, (g) + 02 (g) -1.23
v. HCI (aq) w:th Anode H2 (g) 4— 2H + 2e 0.00
gas diffusion
anode Cathode 2H'+2e £H: (g) 0.00

Vi, NasEe(GN).

Anoe
(aq) or KsFe(CN)s . .-
(aq) and Cathode Fe(CN)s” +e & Fe{CN)s 0.36
NasFe(CN)s (aq)
or KsFe(CN)gin  Net - 0.00
bulk of NaCl(aq)
vii. Na;S40g (aq)  Anode  S20:* # S,06% + 2¢° -0.08
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0.00 wvii. Na25406 (aq) AnodeS2032- # S4062" + 2e"-0.08 Exenpl ary
anode and cathode materials include substrate netals such as

titani um niobiun% tantalum iridium palladium stainless steel
steel, ni cRQ2WAG aphite: the substrate metals may beIAtAZ8IAI0PYs0
coated with platinu ruthenium 5 iridium or oxid
conbi nat k@ - amaman.: CE———
Not abl y, & A
end nenb
chanbers
i mpor t ant™, T 3 PR 1B L90 Hasl-53 0 g anog
hereinaftgp ré‘e??%? 0 45 e "éﬁ&dg's 5Ek’gﬁd I on exchangé'
menbrane” and the stack d menbrane 158 nearest to the catgsle 124
is hereinafter referred to as the "cathode stack end ion )

a m xed netal

e 4

T

)

Exemplary anode and cathode materials include substrate metals such as
titanium, niobium, tantalum, iridium, palladium, stainless steel, steel, nickel and
graphite; the substrate metals may be optionally coated with platinum, ruthenium,
5 iridium, or a mixed metal oxide combination of any two or more of platinum,

ruthenium, and iridium.

Notably, the choice of which type of ion exchange membrane (“stack end
membrane 158") is used to separate the diluent and concentrate chambers 112,
110 from the electrolyte chambers 114, 116 is imporfant. The stack end
10  membrane 158 nearest to the anode 126 is hereinafter referred to as the “anode
stack end ion exchange membrane” and the stack end membrane 158 nearest to
the cathode 124 is hereinafter referred to as the “cathode stack end ion
exchange membrane”. The anode electrolyte chamber 114 is bounded on one
side by and s in iocnic communication with the anode stack end ion exchange
15 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
20 electrolyte chamber 116 is bounded on another side by and is in electrical
communication with the cathode 124. In an embodiment that uses Na;SO, 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 SO,
anions. By using cation exchange membranes 122, only the Na* cations can
25 travel between the electrolyte chambers 114, 116 into the adjacent diluent and
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exchange nmenbrane". The anode el ectrol yte chanber 114 is bounded on
one side by and is in ionic comunication wth the anode stack end

I on excha rane, and the cathode el ectrol yte chanber 116 is
al sq boun(rj\gﬁzé "lg%g:’bsi de by and is in ionic comuni cat i/ 0PE

cat hode stack end i on exchange nmenbrane. As el ectrochem cal reactions

occur at bhe.cMete dfhing i f/d h_qgi t%%“daﬂ#gﬁf a%ﬂogﬁnc%n%it:{: gré! Uoth

chanber 114 1s bounded on anot her Si s in electri _
comuni casaitwatar,tnenehef theslectioide, dihgntiori comceptratecbasatesdeoliited with

ol oot 11 caNEuIREGE o siftighi FHE! iR ARguIE, o pRRIRNE i eichangs,

uses Na2S@enstranes onm ly(;iiqailr?ﬂ,)be‘ usecﬁi«ggﬁd)%i]\te:a?d elgc&fxl?i%ad@nNazlmb‘rsm renes
e is

cormodia 176 i e ferd B oBeate APaREe Zud . cat ) o sechange

menbranes 122, only the Nat cations can 25 travel between the
el ect r ol yireas tehedtve ldbodident (o shBanRtthacRiobntdhhd!ed canébntrate can

flow through the dialytic stack 101 in opposite, or countercurrent, directions.
Doing so can help to maintain a more even concentration difference between the
diluent and concentrate chambers 112, 110.

10 Referring now to Figure 2, there is depicted a second embodiment of a dialytic
stack 201 that is configured to have a polarity opposite that of the first
embodiment of the dialytic stack 101 depicted in Figure 1. The dialytic stack 201
of Figure 2 is similar to the dialytic stack 101 of Figure 1, with the exceptions
being that the product chamber 118 and anion and cation discharge chambers

15 162, 160 have been shifted one chamber to the right, the chamber that formerly
served as the anion discharge chamber 162 has been replaced with a
concentrate chamber 110, and the remaining diluent and concentrate chambers
112, 110 have been swapped. The result is a change of polarity of the drive
voltage and, consequently, a change in direction of ion migration. Although

20 Figure 2 shows the product chamber 118 and anion and cation discharge
chambers 162, 160 having been shifted only one chamber to the right relative 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
25 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
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concentrate chanbers 112, 110. As the diluent and concentrate are
both saltwater, none of the electrolyte, diluent, or concentrate

becones p i.th new types of ions. Simlarly, if re used
as an el e%bgp@%g%%%ni on exchange nenbranes woul d typi c%%’?fx\zﬁ%ﬁ%‘g(@&
to separate the electrolyte chanbers 114, 5116 and the diluent and
concentra 0.45KN rpat e '
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embod frenees Or gt r HEleadH sediuTDDcmesie WaN LANG NEFkasn ketrolte.
dialytic stack 201 of Figure 2 is simlar to the dialytic stack 101
of Fi gur eFigurdi3 Qeblets axafiat bRDBDIRRIN Dt éﬂ&iial%ﬂg@ sRIcRAS01 tRatapieps 1ths

and anion and cation di scharge chanbers 15 162, 160 have been shifted
one chanbéglectraivienfrom emg of thecanasienangt cathade elackrelyts chambers Hid, (146 to
anion dis d~p

chanber 115 oatey GARBMncter ald tghtlR BROHIFECMMEE, £AL O S0P el
110 have blestrogheipicatireattien rhyspriotuéts farmérhirgenefoftbe sariode arid tathode

9ri | q h s . : i
m or ol onbRATORBLSHEBERRS iR 1Yo cRaed BRE0 s Aueetinbin e obr gidne
ani on andeletrolyte Ghaaibeirgel hammer sTHS ialdhd stk B01basss gakf difdsien! v
one chanbey to.the right relative to the enbodi nent depicted in
Figure 1, Sleqbedes il anassui 46 RRJ<abiasie L4 APdETSHiRteRIMarRHIBg She

h nb 1 . " _
chanber s b%cirB@hérhiﬁQF reictibe b pns&&ftélhom%rg eﬂ%t&daayhégegﬁgaggﬁ gggom

the el ectrochem cal reactionS occurring at the ano
126, 124 Hepeadther ohthen@nedect26tloytaathadeed24 rfor usedasilay réactantaink an

L0 781, BER Bl Bl S o of i BEABAG . M .o
(see Tabl thebretioaily reducebdhe het @itaggasquired fof the eleetnpttemiba roaetibnisdo
Nt T SN T ST AT, L )
(see Tabl BICl.andoNa@l cal Péchsarnds diee!lefbchBlyte in the electrolyte chambers 114,
116, and the stack end membranes 158 are anion exchange membranes 122. At
20 the cathode 124, hydrogen ions are reduced to hydrogen gas, which is forced to
flow to the anode 126 where the hydrogen gas is again oxidized to hydrogen
ions. The hydrogen ions can then be recirculated back to the cathode 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
25 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
30 oxidized to Fe(CN)s> at the anode 126, which can then be circulated to the
cathode 124 for reduction back to Fe{CN)s*.
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subsequently used to produce power in fuel cells, for exanple. O her
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Consequently, cations are drawn into the dialytic stack fromthe
conductive bath 404 near the porous end plate 408 on the left of the
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cation anBhanbers tetie ates theresy sampleting the jonic sir@tfuct feed s
delivered directly to product chanber 118 fromthe product feed
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and anion exchange membranes 120, 122. Product feed is delivered directly to
product chamber 118 from the product feed supply conduit 106.
25 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
30 in the dialytic stack 401, and therefore the ionic resistance of the dialytic ring 501
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5el ectrodes are not required in the dialytic ring 501. The dialytic
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sal t wat ereﬁlﬁh@%‘dpﬂﬁa , is meant that the d! rection of ionic

novenent iC stack 701 is not reversible during
operation. Figure 7(a) is a sectional view of the
Referring now to Figure 6, there is depicted a dialytic arrangement of cells in a

spiral configuration (“dialytic spiral 601"). As in previous embodiments, the
20 dialytic spiral 601 is composed of an alternating arrangement of cation and anion
exchange membranes 120, 122. Product feed, diluent and concentrate can be
supplied to the gaps between the alternating ion exchange membranes 120, 122
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
25 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
30  module.
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5 dialytic stack 701 having an alternating arrangenent of diluent and
concentrate chanbers 112, 110. The ani on exchange nenbrane 122 forns
a shared ry. and is in ionic comunication with adjacent diluent
and ,conceﬁgagﬁ@llﬁﬁﬁﬁbers 112, 110 of any given drive ce#qTfC‘Tzﬂg’“E’gﬁsppn
exchange menbrane 120 forns a shared boundary between and is in ionic
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on ei ther dighficstagh &0binavipgi an gtterprting amrapgermerinof dikleshand concentrate
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st ack endbowndary cnainigeinnionisr coremunithtioramdtiieadjacent diluent and concentrate

chambers 112, 110 of any given drive cell; the cation exchange membrane 120

forms a shared boundary between and is in ionic communication with any given

10  drive cell and an adjacent drive cell. The product chamber 118 is disposed within

the dialytic stack 701 and is bounded on one side by and is in ionic

communication with the product chamber anion exchange membrane 154, and is

bounded on anocther side by and is in ionic communication with the product

chamber cation exchange membrane 152. The anode and cathode 126, 124 and

15 anode and cathode electrolyte chambers 116, 114 are disposed on either end of

the dialytic stack 701. Between the anode electrolyte chamber 116 and the drive

cells and product chamber 118 are the stack end membranes 158 in the form of

the anode and cathode stack end ion exchange membranes. The anode

electrolyte chamber 116 is bounded on one side by and is in ionic communication

20  with the anode stack end ion exchange membrane and is bounded on ancther

side by and is in electrical communication with the anode 126. The anode

electrolyte chamber 116 is ionic communication with 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

25 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,

30 concentrate and product chambers are sandwiched between two end plates 714.
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el ectrol yte chanber 116 is bounded on one side by and is in ionic
communi cation 20 with the anode stack end i on exchange nenbrane and
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conmmuni cation with the drive cells and the product chanmber 118 via
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concent r ag¥cassivenpressure drop. In Figure 7(b), the spacer 710 is a mesh spacer that

10 maintains separation of adjacent ion exchange membranes when the dialytic

stack 701 is in operation by preventing adjacent ion exchange membranes from

contacting each other as a resuit of fluid flow through the chambers 110, 112,

118. The spacer 710 can be similar to Industrial Netting's XN-3234 or ON-6200.

The gasket 708 can be formed using materials such as ethylene propylene diene

15 M-class rubber (EPDM), silicon, nitrile, santoprene, viton, neoprene, PTFE

(Teflon), natural rubber, and PVC. As is evident from Figure 7(c), the gaskets

708 and ion exchange membranes are layered in an alternating series to form

the various diluent, concentrate, product, and electrolyte chambers. Each gasket

708 circumscribes a volume that acts as one of the diluent, concentrate or

20  product chambers, and each such chamber is bounded on one side by and in

ionic communication with one ion exchange membrane and bounded on another

side by and in ionic communication with another ion exchange membrane.

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
25 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
30 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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form the dlalytfc stack 701 form a fluid tight seal, thus securely containing the

contents of the diluent, concentrate and product chambers, Additionally, the

20  concentrate supply and exit conduits 102, 130, diluent supply and exit conduits
104, 132 and product feed supply and product exit conduits 106, 134 from
various gaskets 708 align together when the gaskets 708 are pressed to form the
dialytic stack 701, thus forming the concentrate, diluent, and product manifolding,
respectively. Concentrate, diluent and product feed can consequently flow

25 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
30 (Figure 8(b)) and perspective (Figure 8(c)) views of a bipolar dialytic stack 801.
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Qperation Reverse Polarity Operation 844(a) Opened C osed 844(b)
Cl osed Opened 844(c) C osed Opened 844(d) Opened

10

16

20

25

. WO 2009/155683 PCT/CA2009/000080
844(n) Opened Closed
844(0) Closed Opened
844(p) Opened Closed

Referring now to Figure 8(b) and as with the embodiments of the dialytic stack
depicted in Figures 1 and 2, the dialytic stack 801 is composed of an alternating
series of cation and anion exchange membranes 120, 122. Between the cation
and anion exchange membranes 120, 122 are a series of alternating
diluent/concentrate chambers 812 and concentrate/diluent chambers 810. The
anion exchange membrane 122 forms a shared boundary and is in ionic
communication with adjacent diluent/concentrate and concentrate/diluent
chambers 812, 810 of any given drive cell; the cation exchange membrane 120
forms a shared boundary between and is in ionic communication with any given
drive cell and an adjacent drive cell. Also located within the dialytic stack 801 are
a product/diluent chamber 818 and diluent/product chamber 819, which in the
depicted embodiment are adjacent to each other. The product/diluent chamber
818 is bounded on one side by and is in ionic communication with a
product/diluent chamber anion exchange membrane 854 and bounded on
another side by and is in ionic communication with a product/diluent chamber
cation exchange membrane 852. Similarly, the diluent/product chamber is
bounded on one side by and is in ionic communication with 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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Cl osed 844(e) C osed Opened 844(f) Opened Cl osed 844(g) Opened C osed
844(h) Cl osed Opened 844(i)

. WO 2009/155683 PCT/CA2009/000080

As with the dialytic stack 701, the dialytic stack 801 has a manifolding assembly
that includes diluent/concentrate, concentrate/diluent, product/diluent, and
diluent/product manifolding respectively configured to convey diluent to and away
from the diluent/concentrate chamber 812 and diluent/product chamber 819,
5 concentrate to and away from the concentrate/diluent chamber 810, and the
saltwater to be desalinated to and the desalinated saltwater away from the
product/diluent chamber 818 when the dialytic stack 801 is operating in forward
polarity, and respectively configured to convey diluent to and away from the
concentrate/diluent chamber 810 and product/diluent chamber 818, concentrate
10 to and away from the diluent/concentrate chamber 812, and the saltwater to be
desalinated to and the desalinated saltwater away from the diluent/product
chamber 819 when the dialytic stack 801 Is operating in reverse polarity.

As with the dialytic stack 701, the dialytic stack 801 includes gaskets (not
labelled in Figure 8) that each circumscribe a volume that acts as one of the
15 diluent/concentrate, concentrate/diluent, diluent/product, or product/diluen‘t
chambers, and each such chamber is bounded on one side by and is in ionic
communication with one ion exchange membrane and is bounded on another
side by and is in ionic communication with another ion exchange membrane.
Structurally, the manifolding assembly of the dialytic stack 801 is identical to that
20 of the dialytic stack 701 with the exception of the addition of an additional
diluent/product manifolding to another side of the gaskets used in the dialytic
stack 801. Structurally, the diluent/concentrate manifolding, concentrate/diluent
manifolding, and product/diluent manifolding correspond to the diluent
manifolding, concentrate manifolding, and product manifolding of the dialytic
25 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
30 diluent/concentrate chamber 812 to diluent/concentrate exit conduits 830,
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thereby allowing the solution in the diluent/concentrate chamber 812 to exit the
stack 801.

The first and second electrodes 824, 826 and first and second electrolyte
chambers 814, 816 are disposed on either end of the dialytic stack 801. The
5 electrodes 824, 826 are both operable as either anodes or cathodes, depending
on whether the dialytic stack 801 is operating in forward or reverse polarity. The
first electrolyte chamber 814 is bounded on one side by and is in ionic
communication with a first stack end ion exchange membrane 858, and is
bounded on another side by and is in electrical communication with the first
10 electrode 824. Similarly, the second electrolyte chamber 816 is bounded on one
side by and is in ionic communication with a second stack end ion exchange
membrane 858, and is bounded on another side by and is in electrical
communication with the second electrode 826. The electrodes, ion exchange
membranes and various chambers are sandwiched between two end plates 714.

15 The electrodes 824, 826 can be composed of a substrate and a coating applied
thereon. The substrate can be, for example, titanium, niobium, tantalum, iridium,
or palladium. The coating can be platinum, ruthenium, iridium, or a mixed metal
oxide combination of the three. Alternatively, the electrodes 824, 826 can be
sacrificial and deteriorate over time. In such an embodiment, the electrodes 824,

20 826 can be formed from an uncoated substrate of stainless steel, steel, nickel,
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
25 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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t he enbodi he dialytic stack depicted in Figures 1 and
t he di al yt%r}&@éﬁ%s 01 is conposed of an alternating PCT"CAZ"W""““S"

diluent/concentrate exit conduits 830 and difuent/product exit conduits 832 and
the valves 844(i), 844(p). Concentrate is pumped into the dialytic stack 801
through the valve 844(d) and concentrate/diluent supply conduit 802. The
concentrate is pumped through the concentrate/diluent manifolding and is

o> delivered to the concentrate/diluent chambers 810. The concenirate exits the
dialytic stack 801 through concentrate/diluent exit conduit 828 and the valve
844(1). Product feed is pumped into the dialytic stack 801 through the valve
844(f) and product/diluent supply conduit 805. The product feed is pumped
through the product/diluent manifolding and is delivered to the product/diluent

10 chamber 818. The product exits the dialytic stack 801 through product/diluent
exit conduit 831 and the valve 844(n).

Following exiting the dialytic stack 801, diluent, concentrate and product are
diverted through three-way valves 846(a) — (c). Normally, the valves 846(a) ~ (c)
are set such that the diluent, concentrate and product are directed along the
15 conduits labelled “D”, “C" and "P". The dialytic stack 801 can also be operated in
purge mode, in which case the diluent, concentrate and product are all diverted
to the “waste” conduit, labelled “W". While transitioning from operation in forward
polarity mode to reverse polarity mode or vice versa, the dialytic stack 801 can
be temporarily operated in purge mode so as to flush away any unwanted
20  diluent, concentrate and product from the valves and conduits.

When operating in reverse polarity, diluent is pumped into the dialytic stack
through the valves 844(c), 844(e) and the concentrate/diluent supply conduit 802
and the product/diluent supply conduit 805. The diluent is pumped through the
concentrate/diluent and product/diluent manifolding and delivered into the
25  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
30 diluent/concentrate manifolding and delivered to the diluent/concentrate
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25 stack 701, respectively. For exanple, inlet notches fluidly couple
di l uent/concentrate supply conduits 804 in one of the gaskets of the
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side by and is in electrical
10  Referring now to Figure 9(b), there is depicted a detailed view of a portion of

desalination stages 3 and 4 of the dialytic stack 901. The dialytic stack 901
includes a plurality of drive cells, each of which is composed of a diluent chamber
112 and a concentrate chamber 110 ionically communicative via an ion
exchange membrane. Desalination stage 3 also has a plurality of initial stage
15 product chambers 914, each of which is bounded on a first 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 output of the initial stage
praduct chambers 914 is directed into a plurality of product chambers in stage 4,
20 subsequent stage product chambers 916, each of which is 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 plurality of product chambers that make up the initial stage
25  product chambers 914 and the plurality of product chambers that make up the
subsequent stage product chambers 916 allow product to flow in paralle! in any
given stage. In any given stage, having multiple product chambers purify
saltwater in parallel aliows the total volume of product feed that can be handled
by the dialytic stack 901 to be increased relative to a dialytic stack 801 that has
30 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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to a diluent reservoir 1026, which holds diluent. In the depicted embodiment, the

25  diluent and the product feed o 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

30 embodiments could use more or less than three dialytic stacks with the
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i s punpedréserwiah@i Sfor refriesaidanchasdetrs ad biiernhtiGe \Wmbodiment (hot $66wn),
136, respsgéd \égtlwé/entrate could be returned to the first reconcentrator 1032 and then to
the second reconcentrator 1034, beneficially maintaining a higher concentration
in the concentrate reservoir 1020. Also in altemative embodiments (not shown),
15 output from the first reconcentrator 1032 could be conveyed directly into the
concentrate reservoir 1020, or used concentrate could be returned directly to the

concentrate reservoir 1020 instead of to the second reconcentrator 1034.

/' Exemplary first and second reconcentrators 1032, 1034 are depicted in Figures
12 — 14, discussed below. The first reconcentrator 1032 is used to increase the

20  concentration of used diluent prior to transferring the used diluent to the second
reconcentrator 1034, which is used to further increase the concentration of the

used diluent prior to transferring it into the concentrate reservoir 1020 and to
increase the concentration of the solution stored in the concentrate reservair, if
necessary. Both the first and second reconcentrators 1032, 1034 utilize

25 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

30 (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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t he product exit conduit 134 is desalinated. As is evident in Figure
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an i on then diverted to a combined saltwater and product reservow 1110 and the diluent
reservoir 1026. Although the plant 1101 uses only one dialytic stack 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
25 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 retumed back to the combined saltwater and product
reservoir 1110. In this way, a discrete batch of saltwater to be desalinated can

30 be transferred from the water source 1004 and stored in the combined saltwater
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exchange nenbrane. Desalination stage 3 also has a plurality of
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product chanbers 916 all ow product to flowin parallel in any given

. [ t , having nmultiple product chanbers purif
stage InRaePgrriﬁglg Vr?onwstoag?gures 12 2 14, thgre aFr)e depicted three exaFr)nples yof

reconcentrators. Figure 12 depicts an evaporative spray pond 1201; Figure 13
depicts a natural draft evaporative tower 1301; and Figure 14 depicts a forced
10  draft evaporative tower 1401.

The evaporative spray pond 1201 depicted in Figure 12 includes a pond surface
1214 in which is a shallow layer of pond catchment 1232. The pond catchment
1232 is fluidly coupled to a nozzle header 1206, nozzle riser 1204, and spray
nozzle 1202. While only one spray nozzle 1202 is depicted in Figure 12, the

15 nozzle header 1206 may be coupled to a plurality of spray nozzles 1202.
Concentrated seawater can be pumped from the catchment 1232 to the
concentrate reservoir 1020 via fluid conduit 1236; similarly, fluid from the
concentrate reservoir 1020 can be pumped to the nozzle header 1206 and
sprayed through the spray nozzle 1202 via fluid conduit 1238. Some of the water

20 in the spray emanating from the spray nozzle 1202 will evaporate as the spray
falls towards the catchment 1232, thereby 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
25 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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saltwater in parallel allows the total volunme of product feed that
can be handled by the dialytic stack 901 to be increased relative to

a dial yti(:W Tl 4969} that has 30 only a single product Oé:g]],z er%Sg “ﬁﬂjo

stage. AdditionalTy, incorporating nultiple desalinati
a single stack results in lower capital costs than having a separate

o1 ack [ or c8adKanAoran S o8 R is ENByérirtd Ghricot o HEBHIREIIRIE

st age product chanbers 914, each have a desalinatlion'v
Consequenfl 296 spah @sdRYCt polypropylengcrEPRML | Surface Bosisimiar fonsurfage C

t d t : | ,
£ 202 AndeRURRAGHEA o 801 P OB Bndd e e U HACURBARY,
914, 916 maderiddd2gB8eater than or equal to the sum of the desalination

vol tages of the product chanmbers 914, 916. This sufficient voltage

i ncl udes dry vol generated by .the drive | s and an

ext er g%l L%?Pa%@'i%}l}’% %@gﬁq}ﬁ}eﬁ@ ('gc%’ta&ﬁ"?@' B-leaEsz\:{)?)i'iBgl pﬂ%ﬁgﬁ H'SFKQ‘?M
initial andzzebsesieent 20k said naiveded Sfepges1 D2 lckAUbE Rnddveds ey tas
10 being desalipation stages 3 %_nd 4, the terns "initial desalination
stage" anfVaRQIBUGSRIAY PaBd Ji214atihsesulhisan ewanarative pand. whish can also
desal i nat has&8 ageSrebAnderiiaddiyt i ¢ stack wherein the saltwater to be
desalinated travels through the initial desalination stage prior to
traveling thro gk}@ithe subsequent desalination stage; i.e., to any two

stages inisafy grRative smindiment{nebdepigledh the heatrexchangeryl 32dwnay
Fi gurey 10 | ' ;

eal hat 20 MO ADISER) dbehAccater 1968 1o tBlids dRBriliterdinat ap )
i ncl udes Bewsedrinsiber eapoddtibn process.c drhebmord deat énsupplied Viadbki tat

wat er sup f le, I r. fromth ter so e 10 IS
di rect ed ?Jc()éhaa “8?@-1 ??@a%ﬁgsrwaﬁ%{/iﬁg efO%{GtRP IPa?t"gt q}@erﬁh1g3§d?%‘?fﬁt%8rbe'
prior to Ubsdicabekclamgera2greant feraéammsle, supply 60% of the energy used in
the evaporation process, with the remaining 40% coming from energy absorbed
15 by the surface area of the pond catchment 1232.

The natural draft evaporative tower 1301 is composed of a tower base 1314
inside of which lies a shallow layer of tower catchment 1316 and on which is
supported a tower housing 1302, As with the spray pond 1201, the tower
catchment 1316 can be pumped to the concentrate reservoir 1020 via the fluid

20  conduit 1236, and fluid from the concentrate reservoir 1020 can be pumped to a
dispersive nozzie 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

25 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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20 system 1006 is designed to renove debris, suspended solids and
organi ¢ and inorgani c matter that can foul, plug or danmage the

equi prrent e plant 1001. Fromthe pre-treatnent s stem 10
the.treate g’f)f@:’ﬁ%’? is diverted to a saltwater reser i} %"““89
whi ch hol ds product feed that is to be desal i nat ed, and to a dil uent

reservoirT ﬁ@?&ce&"ﬂﬁff‘e%o@& V&l tg%ml 40+ af@hth %%ﬂ:rﬁ@%ﬂ'é@néﬁratlwe

25 diluent and the esa |nate are
al t hough towes 1391 rﬂstlt i omnnaedrﬁ@ttower base 14Hhngidesoftwhichilis®ashaliewt

in the pl

D ke, ! 86 3Pt oty A2 208 JERAEHGL Lo { e el 102
1020, 1026hamm~ar0clalclnnenqomﬂﬁ)emjart e pugbed ts ¢he esncehtrate esedioir] 4(120cvia
stacks: 10 or de sal j gate, t he . product feed. O he
crboairent® I ERril faftE B RBLCromamR! et fsetialt 4028 can he
the desapimpedas andispérsuvegnomstwgaa/@mé neidPssHéuRt 1438 dTRATRRS first
through the dialytic stacks. The plant 1001 utilizes three dialytic

st acks 10P3SS&fH h‘io'fﬂrbﬁ'@che@teéﬁprﬁ"gﬁ[ §2¢ Hhatishceuntediitalap petesnal hest
1002 in sghirge é%sﬁﬁﬁ@@ﬂﬁéﬁ lfé?'p?:l%'vid%rl‘éw dr ﬁé’atttﬁrtl?é‘ﬁﬁlfitt?‘?eplgce

dialytic stacks 1002 1 n par OW ng “use e dia
st acks 100eat lostaturigigl evaporatian. IGprayfallingdeorn dhe hezaée na%evamtems it

vai vel0; 5. BIY A0S 8 cABGAC 1ARE APy It 5 S thesudh AE FBes

concent r a1 210 ramwh bjnethaserdlftdptdwmw bgsa dﬁ@dﬂﬂedhembgmheredsm@l thebelal‘DW-
e OBy o Shi ™ e e, SSonns SR Hiend Far,
which provides increased surface area for the saltwater to flow over and
increases mass transfer between the saltwater and the air, thereby aiding in
15  evaporation. Demister 1414 helps to prevent spray from damaging the fan 1412
and escaping from the top of the tower 1401.

Any of the reconcentrators depicted in Figures 12 — 14 can reside on land or float
at sea.

Example

20  An example of a plant 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
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
25 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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10 reservoir 1020, also discussed in nore detail below. Product is
stored in product reservoir 1018 for retrieval and use. Inzgrhpriicggfﬁzggfégfggig
al ternative enbodi nent (not shown), used concentrate coul d be
returned to the first reconcentrator 1032 and then to the second
reconcentrator 1034, beneficially maintaining a higher concentration
in the concentrate reservoir 1020. Also in alternative enbodi nents
(not shown), 15 output fromthe first reconcentrator 1032 coul d be
conveyed directly . .into the.c entrgte reseryoi 0 used
concentr at eOOESﬁ?%até Eﬁ?@{’fﬁ r\%ﬁ'a i’Fk cﬁ]e;/a"(o etaﬂé %&‘ﬂé@ﬁ%ﬁ% are Dade sy
1020 i nst egslatirisdditithriems dhenr@skets hewesh chimberd @etmalis enNpolpirgpylétiet
and second reconcentrators 1032, 1034 are depicted in Figures 12 -

ner ense 1 ne gt 100k Beheraeh f SO B wB Bet gV FERRY crihg

t he used di¢ansantrationtfiee day.c dhelproductfeathhasa salt dfiRéntrativnaf 3150% sddnt o

L anst ert iy By g (68 BRARK S8l 30y 0 e dyeff ko s Bin s Shitpost.

t he concent3.80%oandthet tonceotrateihan & talt echdentration ofotd.80% rwiten they are

1032, 1054 TPRETASalic 33k doiT A<, 84, 3 WEERGR SBEF ST dbe Bk

the concentant bm_ncemramal;am‘sai’r canteniratione m‘d.%%'f&ﬂd m.%%ns%@e&iﬁb}eﬂy.

t t t.rat.e. J t,
Coar mar oDl coEerttral® and BiodiEe B8R TEH 106G B 4R Hack B At TRES 8
_1032_ (elly. W7 maffqaygsa.nm"mtay s [RIAL:] mffdag;, ;mmgmnfbimaﬂan@?rﬂemm ed
Lt o o+ o b driSd @8 B SONSC db 88y o 3614 PPlsR retiectely

reconcentrators 1032, 1034 can be fluidly coupled to a heat exchanger
1324 (depi cThaisathcaricgnirationid thenwated jn thieiwadter saurdeut004 is G084 nWaterds

or " Sol ar FEuR it e PR Edundd SHER LB E %“ﬁévéy PR DL

pl ant may b@/dayis sandkpthe saitwstes réseatoin KMOhwhile B8.0Mnad/dayvie sepl BIthe

extchangt o Snd FAENER Hiz6”) s Sort of ' G50 (oL ICsent §EM I iy

exchanger s. staghs 1Qtecthet concentsata 08 rvali0 3220ay auate of thetm¥ddyi oMhef

ener gy obt ajped.ivi : : irectly fromthe sun
to aid in ?vapor'aq ?)gsrﬁbﬂl ﬁ?%&nﬁgﬁtﬁﬁ?egﬁ Q%gﬁ%hﬁégﬁsd%ﬁhy X‘étth%cfé“f’ﬁtrer
desal i nat i nigseapiridiarmat a tate pf 28,0 rldey and issot reshatol e atitlientt reservoir e

| ow grade thgygral energy, such as solar energy, 10 in the form of
concentrated saltwater; this stored chem cal energy is transfornmed to
desalinate the product feed in the dialytic stacks 1002. Notably,
areas t4tht HEheevanprative spraycpandd 204 has gurond surfac 4214 arearaf G5ime The

desal i nat | OfbriPRANREMRThRLEE 10655 ThepBREn! BAlalel bt EOadifis 8PS

humi d atnospheres, receive a great dea ar radratio

t heref ore lecspray eyaifbist4£0%n Thei spmaxpanst 120 aticepts fisid fea the dialytic
Benefi ci al | gacladl f002 4tha Wbnh A 15094094 | ' tea f '

best are thogce areas in mﬁﬁéﬁeﬁpfﬂ%%ig’ﬁ@gﬂnﬁg@%ﬁ tﬁ%sct%%dt%
Referring nf8feMeir tP€R Ala qoncentiation of 4888%i. ct ed a second enbodi ment  of
a pl ant
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1101 that can be used to desalinate saltwater in a batch fl ow
process. As with the first enbodi ment of the plant 1001, saltwater is
collected fromthe water 20 source 1004, receives pre-treatnent in
the pre-treatnent system 1006, and is then diverted to a conbined

sal twater and product reservoir 1110 and the diluent reservoir 1026.
Al t hough the plant 1101 uses only one dialytic stack 1102, nultiple
dialytic | d be used as is done in the first enbodi nent of

t he pl ant%fs FQ‘E-%HMIER Bt to the first enbodi ment 1001 of the pl ant
t hat punps 25 product feed in series through three dialytic stacks
1002, though, the second enbodi rent 1101 of the plant does not use
the product feed reservoir 1018 of the first plant enbodi nent 1001 to
recei ve desal ixat agpsraiduchr hnshpedier dgsakii d Clhd S ed
back to the conbing% sal twat er and product Jgﬁggvgpggﬁglghélﬁﬁﬁﬂ?g%
way, a discret®R{i%M:of saltwater to be desalinated can 30 be
transferred fromthe water source 1004 and stored in the conbined
saltwater andgpro i i ; : :
hrough the. di vt il oray o SBLe ch for BEhANAG'a AL B REH arve
sal twat er and prod&el cosyuising 2 diluent ¢hesnbrrdior santairingatdijuent of a first

desalinated. As w th.th i . odi pent. of . th l.ant 1001, the
reconcentrators 10 %}IE 1%%'51&6%’”2%F'§§2eadt%088 3§nt%t§ﬁ & SontaiRing apy
5 evaporation to thena¢mrspltnesdtohdlionib@ofeeritmaiofrthaSisigagier tHare

used as concentrate. .Referrin ow to Figures 12 - 14, there are
depi cted three exaﬁﬁte?nﬂ? CPB%%&E%},WL“F A% OF & ¢atios andgapipat exeliange

evaporative spray pesHbredRliofmisyrs dsard@PbslSddry "BEtn Al ?’} ionic

evaporative tower 1301; and Figure 14 depicts a forced 10 dra
evapor ative tower famMunreRiionKitoita diluens pndycopoentrate hadders, teed the

Figure 12 includes o] r 4_j. i i shal | ow | ayer of
pond cat chnment 1235’_?'"%@%@%@%@&éﬁén?ﬁ'§5§§5°ﬁ§nb§u?lgr{br%% PER™ME033
nozzl e header 1206 shaezizbeundaser baRiebn amdl irs poray coamalfcadtPwithVbach

only one spray noz%l.e 12@2 IS _depi ct ggl n F#_gure 12, the 15 nozzle
header 1206 may be“E¥TfF 8”?6‘”6@‘%‘%’1 [Y§C®t spray nozzles 1202.
Concentrat ed seawat er can be punped fromthe catchnment 1232 to the

concentrate réservai prddid ohamierubsion 0BfHangd2AEmIstat | &d Ya drbdid
fromthe concentrate reservoir 1020 can be punped to the nozzle
header 1206 and spFBYBAE FRlNGAXNABI. Frabiahey] e 1202 via fl uid

conduit 1238. Sone of the water 20 in the spray enmanating fromthe

spray nozzle 1202 wprodevessdabe s c?ﬁ?airﬁﬁ e fs%|t¢v§tér9%éj§?§%]ﬁgted,

catchnment 1232, thereby increasing the salTl concentration o
sal twater in the cHiecHireauct1ghamber |kaunded Penopelgitie iy abd inséchito

prevent water drop : i ffusi a o] h ond. 1212,

Labelled A, B, C a%ﬁﬁ@qﬁr’l |ogur\&'“i2%ger eB?%atﬂfrC{dl%%rgﬁgﬁt s PIPFRPE

t he pond membrane and bounded on another side by and in ionic
communication with the product chamber cation exchange
membrane, the product chamber in fonic 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
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25 surface 1214 may be constructed. Surface Ais constructed of a

| ayer of heat capacitive material 1218, such as sand, on which is a’

| ayer of a dark, highly conductive material 1216 such as bl ack steel.
Surface Bis simlar to surface A except that a |layer of insulation
1222 is laid under the heat capacitive material 1218 to better retain
heat. Surface Cis constructed of a |layer of the heat capacitive
material 1218 on which is a | ayer of a dark, seallnggnenbrane surface

1226 such as PVC, pongpri&as féh?é“l?ﬁf epenhe salivader 19 e desalinated tg and
surface C except t@saﬁnét@&(%‘éalh%tér@%agrf%hh%é Brddlielehdriodt A& be hfe%m

| ayer of heat capacitive material 121 In an alternative e
(not shown), the nozzle 1202, nozzle riser 1204 nozzl e header 1206
and | ouvered f@hce aanion histharge fbamer aotha ﬁ@tlcé\/dlﬁdﬁ%me\ﬁéﬂa@ﬁl%ythe

pond 1212. The reSLHntlcTr'n %m@rba‘ﬁ 021%: rna gers\'\m'lgﬂ notaﬁgn%ﬁld

as a reconcentrator fur Ive enb

depi cted), the heatthepodrmmgehamsémmaygrimdoproﬂhui cﬂambenmh@dekdwam
nozzl e header 1206 to provide ddlt na hat can be usqg in
the evaporation pr 6@%@5 ang,an CEaE'?‘?&EPP N grahange megibrane,
exchanger 1324, theespa t|k,@|}, t he ar ea of the pond catchnment 1232 needs
to be. The heat exchanger 1324 can for exanmple, supply 60% of the
energy used in_,the ev oratl on cess, with the remaining 40% com ng
from ener gy aBQor b&Fo9s | &t Rleclplyie dhamierpoffy «eniainieat an
1232. The natural jadtoayaporative tower 1301 is conposed of a tower
base 1314 inside of which lies a shallow | ayer of tower catchnent
1316 and on which is supported a tower housing 1302. As with the
spray pond 12d9) tRaodewad caihedmetack esd doreexe gpm@@arar@snﬁ@anode

concentrate reservojp é&ﬁ&aé/bﬁecgﬁg%é 'cHéH']gé% faoeﬂl&u cgor&%%gxcaﬂeﬁ ithUind

fromthe concentrate reservoir 1§par e
nozzle 1304 via t h@ltirblltlycbfcctmdmeﬂlsmﬂaaroa‘hﬂ diambbrﬂhmghnaewsde and

t hrough the heat exc 324 that is coupled to an exter eat
source as descri bed® ﬂ'l? eSta PR, Qﬁr%‘\#’aﬁge f‘%ﬂ“@f?ﬁﬁ@ rﬁgagcttvg& ABYf | ui d
to replace heat |ost during evaporation. Spray falling fromthe
nozzl e 1304 e\hpor ahesndfe ahd faatdthoti®vhedmode electrolyte chamber bounded
on one side by and in ionic communication with the anode stack
end ion exchange membrane and bounded on another side by and
in electrical communication 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.

2. An apparatus as claimed in claim 1 further comprising 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 containing therein a
spacer for maintaining separation of cation and anion exchange

membranes.
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25 the catchment 1316, aided by an influx of air through air intakes
1310, thereby increasing the salt concentration of the catchnent
1316. The spray also hits fill material 1312, which provides

i ncreased surface area for the saltwater to flow over and increases
mass transfer between the saltwater and the air, thereby aiding in
evaporation. The forced draft evaporative tower 1401 is simlar to
the natural draft evaporative tower 1301 as it is conposed of a tower

base 1418%i nsi/dfé 3gPakgiis As |G/aed 19 aimyd whefein be dibeet coacemnatatand
1420 and WA ; ' .
and on ‘é“(;brﬁaué:tsmﬁHlPd?Qihgerggﬁ%ﬂgﬁé@gc&ﬂHﬁéé‘g 8t st]\%?}( E?%‘@%t and a

cat chnment 1420 can be punpe ncentrate reser
the fluid condliiuent 286 conduit,fa ghacéntmie tshpplyormweinitratdeareseenpate 20

can be punped . di_sper.siv 0zzle 1304 via the fluid conduit 1238.
The fluid firs O%Sggsbépet‘ar?’gﬂgk%f’ﬁé”HB'itCOEQHﬁQHS&P'Y%M itondutt, each
coupl ed to an axtdcinaktehdahrosghihe digerteseidenad e BRy Brodiet sk \Arfies
| ow grade heat to the fluid to replace heat |ost during evaporation.

Spray falling YR he nozzle 1304 evaporates as it 10 falls towards
t he catchment 1420, aided by an influx of air through air intakes

1310 and by thp drahé duiewt dﬁ&wiﬂdiﬁgf@&hé%%mﬁrl%%gem ihRE" faAsh NA friée

salt concentration of the catchnent 1316. The spr also hits fil
material 1312, whi diuppigihageberigaskebiiddly soupbngtherdilienbsunmie conduit to
saltwater to flow ly: ' r.b n_ t.h
saltwater and the g}i\{‘%d"ta E'cehr gﬁ%??@%ﬁgn@?\%ﬁég@%@rﬁﬁ%\gﬁﬁfﬁrﬁi @Ta&;ber
1414 hel ps to prevaasksiprlaidly rampliagathengliludret feait ddidlitane ec Ailuagt
fromthe top of the tO\‘\)BI’_ 1401. Any of the reconcentrators depicted
in Figures 12 - 14 C4WPFEside on Iand or float at sea. Exanple 20 An
exanpl e of a plant 1001 conposed of a four stage dialytic stack 901

coupl ed to a rgcondlentoatantraid dzariifoldieg flirtiencomptizes \GaPialad toyeh FPthay
pond 1201 will now be di scusF‘ed. The dialytic stack has a total of

800 drive cel | s an§CTORN S &PPREET gAskafiudly spielivgtthe soasemeatgsupply
menbrane 120 used lobnauitio B! dorfichiraRiTehanBer iRl aR! Al nAXe AR
ach ne , 122

menbrane 122 used is a Neosepta CM 1 nenbrane. rane
has a surface areaconcasGie chRnbeictrskehiiivithe coadingl i bascentradé gxit

of 50 cm and a depif gt %S TonkBAtatb WrHiAFSHA" T the product,

(k)  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.

4, An apparatus as claimed in claim 1 wherein the plurality of drive cells,
product chamber, anion discharge chamber and cation discharge
chamber are arranged in the shape of a ring.

5. An apparatus as claimed in claim 1 wherein the plurality of drive cells,
product chamber, anion discharge chamber and cation discharge
chamber are wound in the shape of a spiral.
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di luent, or concentrate. The thickness of each of the product,

di luent and concentrate chanbers is 0.02 cm The anode and cat hode
124, 126 are made of platinised titanium The gaskets between
chanbers are made of pol ypropyl ene. The plant 1001 generates 1 nB of
dri nkabl e water per day at 0.04% salt concentration per day. The
product feed has a salt concentration of 3.50%when 5 it is input
into the djalytic stack 901. The diluent also has a salt

concent r atth on” 81 BPRATGLUSRE ElRtmed i el at Burthes campsisindca eliage sourse

of 18. 00% when cldirody ol dfibén Ifieaiicd #id eaibagk 901 As they

| eave the dialytic stack the diluent and concentrate have salt
concentrations of 4.90% and 16.90% respectively. Diluent, _
concent r at’e and\pRRRATASf e alaimehvin glabin thiurheacompeisigaak elstrical load

rates of 10 38 . , respectively.
Di | uent and coﬁgeﬁég?ﬁoyﬁ%%%gﬁé%?ﬁﬁ%ﬁa%{;%hg?%ck 901 at 38.92

nB8/ day and 36. 16 nB/day, respectively. The salt concentration of the
wat er in the whneapparatuseasldeuned irgclBino1 wheesin ithe dnade ahd dhe tchthode

t 1 -ate of . 39..75 nm8/day. . thi t 1. 01
v aay s Sent S ertelil f lp el BB a3 e Rl
sent to the 15cdivipessd of &satateridl skltfled Aropitiie growf comastitgeer diahlient

is sent fromthe dlal gl C sta,c_g_s 1002 to the concentrate reservoir
1020 at a rat e "SPIUE, PHRERyYNdYRE Rallsdium nstepbritpiplesst steple nidel and
diluent is dis dAdHr ; ' ; i a
Tt ecof 28,0 i hue i Hife ookt compRSInE bRl SRSy o Hidioth o
The evapor at i v€oRgBiRY pdnglatinom, hasheniwondridiunf, aged 121 4alkrye gooiprizig

n2. The pond 1201 use 1202. The percent of water that
evapor at es per%g%'gg é%é%rgé@ﬁ"c%@ @’dﬁ% 0% The spray pond 1201

accepts fluid fromthe dialytic stacks 1002 at a concentration of
16.90% afd retharapparatus distaritmied ic chaiant fusther cesprisingr 1020 at a
concentration of 18.00% 46

(a) a electrolyte chamber fluid conduit fluidly coupling the anode

electrolyte chamber to the cathode electrolyte chamber; and

(b) a pump in fluid communication with the electrolyte chamber fluid
conduit configured to pump the electrolyte from one of the anode
and cathode electrolyte chambers to the other of the 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.

10.  An apparatus as claimed in claim 9 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.

11.  An apparatus as claimed in claim 1 further comprising:

(@) first and second electrolyte chambers for containing an electrolyte;
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VWHAT IS CLAIMED IS: 1. An apparatus for a saltwater desalinating
system the apparatus conprising: (a) a plurality of drive cells for
generating a drive voltage, each drive cell conprising a diluent
chanber for containing a diluent of a first ionic concentration, a
concentrate chanber for containing a concentrate of a second ionic
concentration that is greater than the first ionic concentration, one
of a cation aRg?anion exchange nenbrane form ng a shared boundary

n ]
bet ween and i onifiEstc /f 'ﬂi’%_%tﬁf‘ﬁ%@%‘q’rﬂ@ﬁ%r tieafish odnsecond
chanbers, and the qih@raé éﬂa%wég'iﬁnoﬁiedcaﬂhﬂmc%ﬁsn%aﬁuﬁ@;guvaagtg of

form ng a shared boundary between and in 1onic comunicatio
each drive cell andrizg callfaanshthedpiodect ehambebihraugh duhfitst Emandegond

[ h - [ h
menrane: (o) o pr dd B Erta PR e R B ol o1 1o be

desal i nated, the product chanmber bounded on one side by and in ionic
comuni cat i on (o) t h poheuspficd rtd sézorige end plates e deh firgd =l extrddyte nehamnisker
bounded on anot her ,side by and in.jopic_conmunication with the,
product chanber g:atbloHHS@Ec%r?@g ﬁ’éjﬁbs}in%qé)t"ﬂe'oﬁ'lcoﬁ%’@fnmarWltlﬂ the

i oni ¢ communi cat i omovdudidshend plitalantybdindetioffas@hbSsive byt ARl P ioHict
chanber anion or cation exchange nenbrane; (d) a manifol ding assenbly

conpri sing di | uent COB¥RERtRR With{de Hredae exraange Manyageniiegercondt o
Concont rat e o and SeaoUe oEmEer BadRen i e, B0y gAFp fonic
sal twater to be desahimunieatianowiindhel psailisnsgoaddsaid plateeandwayndiedion
the product chanbe%ho{heesrpse]: éib\gfe‘l:n)(d in ionic communication with the second ion
exchange membrane; the apparatus sealed such that when the
apparatus is submerged within a conductive bath, ionic current will
flow in the conductive bath between the first and second electrolyte
chambers through the porous first and second end plates,

respectively.
12.  An apparatus as claimed in claim 1 further comprising:
(a) first and second electrolyte chambers for containing electrolyte;

(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;
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(e)an ani on di scharge chanber and a cation di scharge chanber, the

ani on and cation discharge chanbers in ionic conmunication with the
product chanber through the product chanber ani on exchange nenbrane
and the product chanber cation exchange nenbrane, respectively; anode
and cat hode el ectrol yte chanbers for containing an electrolyte; (Qg)
anode and cat hode stack end ion exchange nenbranes, the anode and

cat hode el ectrol yte ch?nbers in ionic communication with the i
plurality of dfive @elg'ectighde Foamber FRagdnendul Sy t FRUPSAG dthea first
cat hode stack end i RS . h) an
anode and a cathodé%ﬂ?ﬁﬁﬁgﬁgggbgfggﬁﬁgﬁéfgachanbg¢¥§h§ﬁggg%gg one
side by and in ionic conmunication with the anode stack end ion
exchange nenbri§he #hBUBBURGBECgrPamBRisations il the aleetrpiyteercbamber fuid
conmuni cation with : ral ed
on one side by and Ciroﬂawg%?c ucgwn;rg%%gg{bﬁgﬁ e\%@%@%ﬁ%ﬁﬁﬁ%@@%g@%ﬁd
i on exchange nenbr aeeorhdeleotrolgtd dransros hér thedetigr arfidthen electrolyte
el ectrical comunication with the cathode. 2. An apparatus as cl ai ned
inclaim1l further 8ﬁ%¥¥%ing a diluent chanber gasket, a concentrate
chanber gasket and a product chanber gasket circunscribing each of

t he di | uer3. ch@mbeappatdtes c forc ent saitweatehardsalinating) tdystgm odtet apparsbey
respectively, each .of the diluent chanber, concentrate chanber and
product chanmbefCHREREPs contai ning therein a spacer for maintaining
separation of cation and ani on exchange nmenbranes. 3. An appar atus

as cl ai med in(g) ai @ daveseiguréd®o FdeiRNS dilGOMCHTY firdt R EoricAttEfidn,
a

mani f ol di ng respectively conprise a dil uent SUpE':ail conduit and a
di l uent exit condui®congepbateceh 3 seeoryligpic conneniration grater hapdhe fisste

exit conduit and a;piodufic uppk v, i d t [
conduit, each of V\/(]]%ﬁ ext gﬁggﬁrﬁoﬁg staﬁgfé?#l Boe?]dt%, d%%%'i:r%g r,{ﬁh?g%ag k
product gaskets, amdmphisingin: (i)the diluent manifolding further

conprises an inlet notch in the diluent chanber gasket fluidly

coupling the diluent suppl duj t the diluent. h%%‘ﬂer and an
outlet notch in th It)di I %erﬁ’{urgﬁgngtrdré’ SESES’f Pa{ﬂal ?f'\geo i ﬁampﬂgmg a
di luent exit conduit todiientitiohventtatemhahdier, bl nt@fsdilisndichamber,
mani f ol di ng further CO"B” sei;s an,inlet notch in the concentrate

chanber gasket fluidly EBEHYi HFAHAR XWGnBUAR rACHARYPFNGMEERRGUIA™ING Bhe
concentrate chanber andspgre@Ubb@idanPbetvédh bAg iﬁ%ﬁ@%ﬁ%ﬁnie%ﬁoﬁﬁm
gasket fluidly coupling the concentrate exit conduit to the
concentrate chanber; an#he diluent/concentrate and concentrate/diluent chambers,
and the other of the cation and 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;

(ii)  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
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(k)the product manifolding further conprises an inlet notch in the
product chanber gasket fluidly coupling the product feed supply
conduit to the product chanber and an outlet notch in the product
chanber gasket fluidly coupling the product exit conduit to the
product chanber. 4. An apparatus as clained in claim1l wherein the
plurality of drive cells, product chanber, anion di scharge chanber
and cation discharge chanber are arranged in the shape of aring. 5

An apparatus as cl ai med I9™HC c| @MTYNIEARPR Witthe tRe urdiive y csfl dfiﬁvethe'
cells, product chanber, -anudm haﬁi%nﬁ%\am%gxfom”% catiidR dbﬁ&%‘fg%e

. r
chanber are wound in the shape of a spiral. apparatus as
claimed in claim1 furt iembiamesi sing a vol tage source electrically
coupl ed between the anode and cat hode. 7. An apparatus as clainmed in

claiml1 further co i Si i 0 I | I I

bet ween t he anode gir‘){?j cgt %Qyﬁ@%%{%%%ﬁ?%t%goﬁg @f%ﬁg{%&he%ﬁ?@r’fég?ﬁ&f
wherei n the anode and t dduerdfnodigct chanibee oatiur sxchangalsémbtanehavi ng a
coating thereon, the substrate conposed of a material selected from

t he group consi sti of _ti.taniu ni opi u ant al iridi .
pal | adi um steel, Z?’ai nF‘e@'@“eé‘k’e'éraquchFBQ@&%#B“B&%%@H gne gﬁ@:nﬁ)%@nd in
coating conprising a maigiic abmaalrecdtion witto td Hituet/rit e BEASbENEnBh
plati num ruthenium iridium and an alloy conprising platinu

rut heni um and iridium §*X¥ANgSpoMeMUINRane| Raureigdion anather sideupy oLa
conprising: (a) a electypliytie & Icaftibﬁ'\gitl’? @Ubﬂueﬁt}gb‘ﬁd%tc B
odae e yte anper ;

the anode el ectrolyte chanber to the cat ectro c and
(b) a punp in fluid conpatigre gkchangs mentnene| the tdilokpt/prodhentiemibérind

condu{cont ) qured o, DU "GRRGRARIL Syl OSTrul P 2VES AR,
such that el ectrochem callugrdfeodust byhamisstuctaiohor Bed dafiopneerdhdn@e
anode and cat hode el ectrol yte chanbers can be used as a reactant in
the other of the el ectr BISHRaBR&ber s.

(b) a manifolding assembly comprising diluent/concentrate,
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 a reverse polarity.

14.  An apparatus as claimed in claim 13 further comprising a

diluent/concentrate chamber gasket, a concentrate/diluent chamber
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10. An apparatus as clainmed in claim9 wherein the anode and cat hode
are gas diffusion el ectrodes in gaseous comuni cation 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. 11. An apparatus as
claimed in claiml further conprising: (a)first and second

el ectrolyte chanbers for containing an electrolyte; (b) first and
second ion exchange menbranes, the first and second el ectrol yte

chanbers in i oiaskelo ArRIAfLEdilgaNtFhambereoasket And: g diwentforodudt shpmbend
h d h
the product c gfé%ﬁét Eemgadﬁ H@ feééf?tofaﬂ%i Al RRnEAENT Wdfer, the

menbr anes, respective orous first an at es
the first el ecmocwteateﬁddnﬁdr dlnamhm.d tbe qarm:lts:t/d'rhuem &hdmber,i (mdc the

comuni cati on u i Ist en ate and unded anot h

S e by and 1 n bSRIPEAR Shembrt o arPPRIERE  Fadlr BH "SRl RgRteaRe
menbr ane, the @ﬁemm@relmbémka(tbﬁjilabﬁtnhﬂfanhﬁm@ﬂd PRoduiR/dRuéle Ryamber
in ionic communication with t porous second end plate and bounded

on anot her si d@asketsentaining Er%%rﬁTﬁPﬁQ%tbeﬁ‘%t@W'ﬁgﬁée%éB%Ofé‘ﬁtlon

exchange nmenbr gRg; arfidie et @t““'é’“E%Le%d such that when the apparatus
is subnmerged within a condu tive ionic current will flowin the

conductive bath between the first and second el ectrol yte chanbers

t hr ough t H®- pofbugppanadys agdclgiseeshdn é}lﬁjnbnét\@bereineéfpmgﬁlueev/qonc;eaatrate

apparatus as cl m o] 'r
second el ectr olca?g&ghda,{%/bdglr@“f o%rc{:dcd)%pgﬂﬁngg ')&)?ad'{clt%) 30 s?d "
second ion exclnesmtmdrsrbrcarremset e dliueatlcmuénsrateonshmjlyectaim:lwtt eéand a

chamter st - SONE R D il BeoPLdh it il et

menbranes, r especdriceptritie/diklent bmboﬁe@h Saesma@ceaﬁmdm algsiy do'ﬂn@uft'arnﬁta
electrolyte chanber bounded on one sid in ionic comrunication

with the first PERRHGYHReNt it %?ﬁ#tﬂtedi”@na a%aﬁn@rodu@teswly gendiit endjan
exchange menbr gfgentid?EdGaC W \;eécﬁﬁihftm ¥héh CBP”@/ﬂfchb rz;ﬁipfrﬂgﬂﬁl’? Zﬁege

by and in ionic comtunication the 'porous secon e¥an
bounded on anodieentiodeehiyatehe seommtrabefdéu@‘hangeprmjmbt/almm (d)ardh

el ectrolyte ch fluid copduit fluidly coupling the first
el ectrol yte chgﬂ@%ﬂp{rg&f(ﬁ@agg%c?nﬁn%wg'gf‘?%l yte chanber; and
(a)  the diluent/concentrate manifolding further comprises an inlet notch
in the diluent/concentrate chamber gasket fluidly coupling the
diluent/concentrate supply conduit to the diluent/concentrate
chamber and an outlet notch in the diluent/concentrate chamber

gasket fluidly coupling 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/dituent chamber;
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(e) a punp in fluid comunication with the electrolyte chanmber fluid
conduit configured to punp the electrolyte fromone of the first and
second el ectrolyte chanbers to the other of the electrolyte chanbers.
13. An apparatus for a saltwater desalinating system the apparatus
conprising: (a)a stack configured to receive a diluent of a first
ionic concentration, a concentrate of a second ionic concentration
greater than the f| i onic_concentration, and saltwater to be

desal i nated, tfd stt %Pf%ﬂ?&ﬂi'@?ﬂig"a'alfqldlagﬁunh‘arl ccerppmmmnwale&élot@ in
each drive cel | CONRRg| S;br%u@t/&ifu'eH?”tc!h%Prfbce‘?”téég an| lic XCcZug;lm the

concentrate/diluent chanber, one a catlon”an _
menbrane forming a Dﬁﬁ@#@@llb@utnﬁmp}'y bendwit o ﬁmjproducddlllmrrl:mtmamheo:aandon

with the diluent/c t ncentrateldi | uent chambers n

the other of the cgé{hl orll}ﬂé?d%é%?o & HERGHC lHﬁPﬁ ﬁsgtsﬂ'é'a@d

boundary between amduphng aheCpmmﬁudumU@m \Mohbu@a@htlfglp)f@d@&)dlluéﬁtd

an adj acent drive I § i a product/diluent chanber ani on exchange
1l

menbrane and a pro t chamber cation exchange menbrane;
(iii) a product/dlluent chanmber bounded on one side by and in ionic

comuni cation (@ th tﬁé‘@lrl@élﬂﬁbﬁ@@ud'mﬂlﬁifﬁldlﬁaaﬂf‘?ﬁér SSthMsicY @RaRERe notch in

menbr ane and bounded on_anot her side by a in 1onic communi cat

with the product/ dltlﬂ%erﬁ"U@ﬁHﬁﬂ%’ﬂCba@@mb@kcrﬁﬁf@fét nEfMUﬂhneQOLppheg the
product/ di | uent Ch%ﬂ@@ﬁt/ Edt#%[ pi)ﬁ?ggﬁ@m{ FanHeOHHLY&ntnﬂ)ré t%%ﬁgﬁ%&)h

via the product/diluent c Ion Oor catlon exc
an outlet notch in the diluent/product chamber gasket fluidly

coupling the diluent/product exit conduit to the diluent/product
chamber.

16.  An apparatus as claimed in claim 15 further comprising:
(a) firstand second electrolyte chambers for containing an electrolyte;

(b)  first and second stack end ion exchange membranes, the first and
second electrolyte chambers in ionic communication with the
diluent/concentrate, concentrate/diluent, product/diluent, and
diluent/product chambers through the first 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.
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(iv) a diluent/product chanmber ani on exchange nenbrane and a

di l uent/ product chanber cation exchange nenbrane; (v) a

di l uent/ product chanber bounded on one side by and in ionic
comuni cation with the diluent/product chanber ani on exchange
menbr ane and bounded on another side by and in ionic conmunication
wi th the diluent/product chanber cation exchange nenbrane, the

di | uent/ product, chanber in ionic conmuni cation with the drive cell
via the dilfuent¥prebgatatue msistaimgdi th daime 46i wheesie Hhaglrsheanst seeend

(b) amani f ol di ngass&RLY TS iLu e :
concentrat e/ dil uent, pr%%l)cfjrgtcqu%gn%,%g%%ﬁﬂdﬁdg?t& 88%‘(':'%9 rtr%enrlePBi é?er'lg
respectivel y ceubsigateetbroposssinofey rdateriehselectednfdoravthg groomcbhsisting of

di | uent/ concenttate_and diluent/product. cha r concentrate to and
away fromthe ’E)%é@ﬂt r%?%?%ﬂ%@if{?”@hdﬂﬁ'm gﬁ%dfsq{@ sséefetef'\/\éiaé?le?% gigel.
desal i nat ed t o niuked! das Yrapiates hndahbiiaBhg QOB risira iifterial selected from
product/di | uent, chanber when the apparatus is qoperating in forward

polarity, and tR&p@OUPyEPYSIEdME i Qfurlinue. cBAbRYILEN, | MMt @ndnanardgy
fromthe concerhrhiRind I?‘l‘?rﬂhn%% AU LHENt chanbers,
concentrate to aplﬁ)travr\gyé romthe egllr"'?ﬂent /'colncéntrate chanber, and the
saltwater to be desalinated to and the desalinated sal twater away
from t he di8 uert Plignbigndesalinaling salivaterteamprisging:at us is operating in a
reverse polarity. 14. An apparatus as clainmed in claim13 further
conprising a dy ueq/ﬁq%@é]l R8RS :

concentrat e/ dictl Lent chanber gaslliet,ag 8?% uléﬁra?'?sd%%ta%hg%%ﬁtus as
gasket, and a di | usaimeddoaoy cokafiskimgddket?; endcunscri bi ng each of

t he diluent/concentrate chanber, the concentrate/diluent chanber, the

product/dil ue ch , g:gg il r r .
respectively, rQajgich 0 '%"[E el hgﬁ O)jggﬁﬁ nﬁega@gﬂéﬁoﬁ}g?@? from the diluent
concent r at e/ di | uentexitimgrthe mppachtys tadysreraicl the rbnedratrdierarghsket s
containing therein a spacer for maintaining separation of cation and

ani on exchang mhranes. .15 An appar.atus.as clai.ned in.claim14

ther i n e diFlent) CONERNER e HRandar dAearimignion witf 6o e first

product/di | uent, anrécstidenatorpandutie rRtEtstenaha@BREC T ®loling the

conprise a diluent/concentrate supply conduit and a

di | uent / concent r at €OBS®Rr&Bndui t, a concentrate/dil uent supply

conduit and a concentrate/diluent exit conduit, a product/dil uent

suppl y congui t paRienfaEiafied nbAiHeNS fgiHdr coRplig: and a ,

di l uent/ product supply conduit and a diluent/product exit conduit,

each of which extend through the diluent/concentrate,

concent r at e/ di(Bhentd, sghwateet rasen@imtin HHd ermmesicationdwith §es keeduct

and wherein: (a) tRAamibelqBl hGAREAAL BlfFalR i) ballkathdid! her

conprises an inlet notch in the diluent/concentrate chariber gasket

fluidly coupling the diluent/concentrate supply conduit to the

di | uent/ concenb} at @ diarbaesemvdirain duid eemmonidation wittethe drive cell, for

di | uent/ concentr at ] r fluidly coupling the

di | uent/ concentr at g‘°e>'<i %o%%%ﬁh%%g t he dil uent/concentrate chanber;

(b) the concentrate/diluent manifolding further conprising an inlet
(¢) a product reservoir, in fluid communication with the product

chamber, for storing desalinated saltwater.

20. A plant as claimed in claim 19 further comprising a pre-treatment center
fluidly coupled to the saltwater reservoir for freating the saltwater to be

desalinated prior to the saltwater entering the saltwater reservoir.
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notch in the concentrate/diluent chanber gasket fluidly coupling the
concentrate/diluent supply conduit to the concentrate/diluent chanber
and an outlet notch in the concentrate/diluent chanber gasket fluidly
coupling the concentrate/diluent exit conduit to the
concentrate/diluent chanber; (c) the product/diluent manifolding
further conprising an inlet notch in the product/diluent chamnber
gasket fI%IdIy cougllng t he product/dil uent supply conduit to the

product / did'uent® RRGhB2FladAgd dholaim ?@tfuﬁ@rcq?mﬁf'sd%aﬁPé@l’ﬂﬂ:f‘?@ﬂF@@t@tOF
chanber gasket jf hiigdéomm@HRLLS Witk h@r(ﬁﬁ\\é%ﬁ{rgl‘el eS8hvof*ard ﬂ\%ngpwaf ausy

t he product/diluent chanber; and (d uent product nani
further corrpnilver]gsmndnlrepomntnamrn configdiedudat remode cwatdrarfien  the

gasket fluidly oduct supply conduit to the
di | uent/ pr oductcgﬂﬁﬂn{)dg(?egﬁﬁg%é %ﬁ?%’lé‘m Shotch in the dil uent / pr oduct

chanber gasket fluidly coupling the diluent/product exit conduit to
t he di | ue2@/ pr ddplent ehatdimed il &latm zpmrheaimeshasre:-trehmmhtiomntdra‘s ihuikby
further conprising: rst .and secqnd el ectrol yie chanber

cont ai ni ng an 8?%@?98?3}‘9%d'lf%'3t r]e§?r§/p|r3 Htreinghipe %ﬁWfBHBrF ti‘ '§luent
exchange nmenbr @n@mgtthgdﬂué,ﬁtregewoﬁecond el ectrolyte chanbers in

i onic communi cati on wth the diluent/concentrate,

concentrate/dil u roduct/dl | uent , and dj | uent/ product chanbers
t hrough t K& fi ﬁsﬁﬁ clamaediin gaime 24 Ng'f?é@”r%}?o?rabfég of ﬁrt%fb'é&ﬂﬂ@éﬁ‘ﬁnd

and (c) first ?él%n%éﬁ@%r@h@&él@%ﬁ frdR%nd GFallp 84rRS Vétfn%;' tdn %@?ﬂﬁ?&f ve

bounded on one side by and in ionic comrunication t he
stack end ion BREhayevanardlivhepraydobduadeturandrafteviaporativddowsr, and d n

el ectrical congy é&at fp&dagggﬁ“;eq%“)‘e“st el ectrode, the second

el ectrolyte cha on one Sside by and in ionic comrunication
with the second stack end i on exchange nenbrane and bounded on
anot her sde b} Mamt aclaineaxt ini daim 20 forther catripoising 4 hesthexchangad fluidly

el ectrode. 17._An paratus a ai.ned i.n clajm16 erelntheflrst
and second el eS?H‘F%la terEﬁ %ors?ﬁﬁ? n&' shﬁt?'?ﬂ S0 ngeancassiaterg for
thereon, the sthatferirg) KaPRHCA Hfat BolReabiote, @r&icﬁﬁbedwé‘fr@ﬁhﬁ@se&mwp
consisting of titanium niobium tantalum iridium palladium steel,

stai nl ess st eelSCORCEEROERA graphite, and the coating conprising a
material selected fromthe group consisting of platinum ruthenium

iridium apd ap rabineY f6CHRHIRLMSY PARIABHN BoniisigRi um and iridium
(a)  generating a drive voltage by:

(i} flowing a diluent of a first ionic concentration through a

diluent chamber;

(ii) flowing a concentrate of a second ionic concentration that is
greater than the first ionic concentration through a
concentrate chamber, the concentrate and diluent chambers
forming a drive cell and sharing one of an anion and cation
exchange membrane such that anions or cations flow from
the concentrate chamber to the diluent chamber through the

exchange membrane;
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18. A plant for desalinating saltwater, conprising: (a) a saltwater
desal i nati ng system conprising an apparatus as clainmed in any one of
clains 1 to 12; and (b) a first reconcentrator configured to renove
water fromthe diluent exiting the apparatus to generate the
concentrate; and (c) a concentrate reservoir, in fluid comunication
with both the first reconcentrator and the concentrate chanber, for

hol ding the concentrate, 19. |l ant ..as ¢lainmed in ¢laim18 further

conpri si ng: (a(???a s%ﬂpﬁwag grsuff'éc‘g%rﬁ\ygft?ge ﬁ??%FPmpa'SE%ﬁ?ﬁjﬂﬁ'\éan?' SATHRSS
the product chanbera gretudtolctiander hhre@di Waieh flowdetdesaltvarirets Hed)
a diluent reservoir, in fluid conmunication with the drive cell, for

hol di ng the di | uentdesahgeted)and fiaddudn ianie gpmwnynications wilh dne drive cell,
communi g«r'# ion Wi th th8eredRY RbmBRABBERded BY afd  ioRE dfiAuhRatis  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, wherein the sufficient
voltage equals or exceeds a desalination voltage of the product
chamber such that cations and anions migrate from the saltwater
through the product chamber cation and anion exchange

membranes, respeciively;

(c) 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, and the cathode
electrolyte chamber bounded on a first side by and in ionic
communication with a cathode stack end ion exchange membrane
and bounded on another side by and in electrical communication
with a cathode, the anode and cathode electrolyte chambers
ionically communicative with the product chamber via the anode
and cathode stack end ion exchange membranes, respectively, and
the anode and cathode electrically communicative with each other

such that electrons flow from the anode to the cathode; and

(d)  changing the polarity of the drive voltage to prevent the anion and

cation exchange membranes from scaling.

26. A method as claimed in claim 25 wherein saltwater exiting the product
chamber has a lower ionic concentiration than diluent exiting the diluent

chamber.
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20. A plant as clained in claim19 further conprising a pre-treatnent
center fluidly coupled to the saltwater reservoir for treating the
saltwater to be desalinated prior to the saltwater entering the
saltwater reservoir. 21. A plant as clainmed in claim20 further
conprising a second reconcentrator in fluid communication with the
concentrate reservoir and the apparatus, the second reconcentrator
configured _to renove water fromthe concentrate exiting the

appar at us.2722. Anmgthed ass claimpdein chairal 26 rfudbervsempriainghBowing solution
pre-treatnent Mo | i vQi.t . f.or
treating the di% Bitg tadp@ln%régtngbme gléﬁgﬁ%rqg%ﬁgf glﬁl‘ééitef ﬁtéhegieq?men?a[hatgr
reservoir. 23. teA hd alesalimted ahroeghi aniochaamd Zhtinh ediethargaectemibath tiod
the first and second recancentrators are sel.ected fromthe, grou
consi sting of &%\ 4Rd HIP)JIRHIRIGS Hhambess 19 PYs %%VW”I&S’@H%’? "5‘9‘ the
hatural draft evenex aharher Mg the aitddact! eiziBBerdbabh SYRMRALAt M¥Rbrane
tower. 24. Aplant as clained in claim?2l1 further conprising a heat
exchanger, fl u@Bf§he Bigsiustichamberecationrchange meantirapetreapectyebond
reconcentrators, for transferring heat froma heat source to one or
both of the, 1 ISineifsk el GRNASHI 1A Aitreif the uiRIN 98 A" solution
desal i nating sal twater, conprising: (a)generating a drive voltage %y:
(i) flowi ng a #pwinerhraghdheianian anshiatiarodisehargachambets. ough a

di l uent chanber; (ii) flowing a concentrate of a second ionic

v ough  oncent PAIE & E3Eea Rl 27 el 1 ReRPATTRIC Shiiiler o

form ng a drivéeceshlirated ahathiengprome of an ani on and cation exchange
menbr ane such that anions or cations flow fromthe concentrate

chanber tagnt hedil t_ C .t hr the exchapge ane;

appl yi ng g'o'suf A %?E’ﬁa %/509? %%cf {%Q?Q@%ﬁrﬁ'm%@@ tf'ﬁedﬁ%ﬂ‘{%nn%&]e[ %%ei{'g)?t?ss
a product chanbss saltwateghthesilt cohbemgatidheofsthbtosntentrate Heeng aRkl Badred
and that is in_ionic com*runi,cat]j@n with the drive cell, the product

chamber bounded'S3RILENCERtAYAN e Bs AR ati on with a product chamber
ani on exchange nenbrane on one side and bounded by and in ionic
communi caBifon W mbthddraPdldihed npBRh 27avh&RireiHe@neeydRgR 8% uaNto or
anot her side, wherein the sufficient voltage equals or éexceeds a
desal i nati on veredigdharn thevdesalipatien veltageber such that cations and
anions mgrate fromthe saltwater through the product chanber cation
and ani onaexch i R : i

el ectrol yt3 g' t haggg%@nw&igggﬁedd @2? @ggv\e(‘ﬁ%eécf? Irn (}ﬁ%tdcé'hgﬁgﬂgjeﬁ% “YRE ngﬁtoede
el ectrol yte chiewethrougindbe difuentf andtcagicdatrale shdmbars, orgspectively, in
conmuni cati on w ' k end ion exchange nenbrane and
bounded on ano %ﬁe@g@ng@?%cﬁ@ﬁgh el ectrical comunication with an
anode, and the cathode el ectrol yte chanber bounded on a first side by
and in ioflBc cAmmethodasiaaimaidtih chaimed  dakthestometprising;: i on exchange
menbr ane and bounded on anot her side by and in electrical

conmuni cation,wth t e, _t.he.anade ,and,cat.hode el ectrol yte. ..
chanbers i oni ((,%ﬂ I yﬂé\ﬁf@uﬁﬁ%aﬁ%a\s&ﬁ ﬁot R oS tIE? e(‘,jhathfﬂﬂghvi ¢ Hitial
anode and cat hode gbedlination staye iR ahias genioRBINAIEsationesiRe fid digle/celpnd
t he anode and cat h%)vde, el ectrically comrunicative with each other such

that el ectrons fl ol iRl desalinalien (dage oy isige ananidial 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
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(d) changing the polarity of the drive voltage to prevent the anion
and cation exchange nenbranes from scaling. 26. A method as clainmed in
claim25 wherein saltwater exiting the product chanber has a | ower
ionic concentration than diluent exiting the diluent chanber. 27. A
method as clained in claim26 further conprising flow ng solution
having an ionic concentration greater than or equal to that of the
saltwater to be desalinated through anion and cation di scharge
chanbers, the ani orWBgn ac¥eliage igi arMligddle bisainitiel stage prodiuct chamber in

conmmuni cation with r i . pr.odu .chanber_, ani on
exchange nenbrane a%\%%? Eg?%éﬁ%ﬁgﬁgﬁnﬁléﬁﬁéaEﬁb%Se?”ccﬁéw_éﬁs Hﬁ%ﬁ%ﬁgm
respectively. 28. Aheetditedtershoughnibe initiak bige @Féduttesieinibdrieatidhl arent
is the solution flow.n tr]iqou h the anion and.cation discharge
chanbers. 29. A net%%‘g%c g ﬁ"ﬁ?'@saf?ﬁp??t' érein the diluent and
the saltwater to be desalinated are the same. 30. A nethod as cl ai ned

in claim27 wh@)ei riidieg dhkueaitwated tbhpecassamiatadt ehrdughsal swicRlent
the salt concentratjon.of the concentrate bei ng hi gher "t han the salt
concentration of tHESAINGHRN stage, thenpihssguart desrlmagon rstageiim series

! . . ! o : t
wherein the drive WQﬂ]lba%n’/&rﬁuﬁﬁHﬁén Wiy HeLlfVe t RAR @% Subsequent

desal ination voltage. 32. A nethod as clained in clai'm2/ wherein
diluent and the corfiesatination stage chmprigingt ke sdbsaguent atesatinationn staafee

chanmbers, respectiy — ercurrent diregctions. 33. A nethod. as
claimed in cl gi m Zfﬁ{;’%ﬁthgpg@@%r%;él;'lnncge:dlq(od) 0 'Shgs'ﬁﬁga%galaf’a/aﬂré_r'of'&
be desal i nated thr cogimanicatiort wagh d&afﬂsbqgérhtoﬁtagbaﬂﬁ_clu& 8lRdrnBer laAlbnC
comuni cation with thﬁ drive cell, tge initial desalination stage
conpri si ng an i nitiBCEN2ISRIEHYE0E @N ht?;ﬂ%\lgledt%hﬁ'afétﬁe'bﬂdt@ﬁ)é( Fiim igpic
and in ionic comury sl i QitNa | bk t @aﬁg‘g}e :
ani on exchange rrenbmﬁgﬁg ag?j%brtmtge% égjr?%gﬂ%?rﬁeﬁgg?gge%aa% in i%arﬂog
comuni cation wit h €ghange jrapmbrange theo dubsequentb stageaprashuce xcheamiper

ﬁﬁ;ggeéuiﬂet Ihglt t il'%ktir@te?‘ggsé?irng%'ﬁ Loﬁm&{h farifdng \90%%81;%3” g;tJ;iJIPertl:i 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 membranes, respectively, the saltwater to be desalinated
flowing through the initial stage and subsequent stage product

chambers; and

(c) applying the sufficient voltage across the initial and subsequent
stage product chambers, the sufficient voltage comprising the drive
voltage and being greater than or equal to the sum of the
desalination voltages of the initial and subsequent stage product
chambers.

34. A method as claimed in claim 33 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
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when a voltage is applied to the initial stage product chanmber in
excess of the desalination voltage cations and anions mgrate from
the saltwater through the initial stage product chanber cation and
ani on exchange nmenbranes, respectively; (b) flowing the saltwater to
be desalinated through a subsequent desalination stage, the
subsequent desalination stage in series ionic communication with the
drive cell, the subsequent desalination stage conprising a subsequent
desal i nati on stS3fWaisroguee desaipaled pidura@debthraugh ithe muradityngf predluch
i oni ¢ comuni caf,l 1 . nt stage product chanber anion
exchange nenbrgﬁgﬁgﬁ%égﬂﬂﬂﬁ@ggﬁﬁ not her side by and in ionic

comuni cation wth a subsequent stage product chanber cation exchange
menbr ane, ¥he fumsdipbas caitigd ipckinc2o firtheseonpisingyappldeg aln exdeinmh
vol tage such th vol 1 ' ppli t.he subsequent stage
pr oduct chanbe?laﬁ%g%%ggsss 0 ?ﬁgd%lzasfgl ?‘r?a?gtgh%o?féfa@'gcﬂﬂfogtﬁgeaﬁfﬂﬁce
ani ons m gr at e eleanicallfeospletvimtwee theoaryitd oed sathegguent st age
product chanber cation and ani on exchange nenbranes, respectively,

the salt er t,0 desal i nat ed fl.ow hrough the initial stage, and
suszque\r,l\?stSstaé\em%ﬁ&?@ﬁ?sﬁ C"(?H%‘ﬁm‘?“ Whﬁ%'i’)er ugTWISHE? 'IPq’i’séer!é’lﬂ’?ri?E Hical

vol tage acr oss |ddteeletiricalty comsled WespewieHe SAGES aRA QAHIIcCHRED &S dritd1e
sufficient voltaﬁe conprising the drive voltage and being greater

than or equal VB"RIRISHIRASF thanethgdesplinationowitaeet ages of the initial
and subsequent stage product chanbers. 34. A nmethod as clained in

cl ai m 33 \grer eiannfiiodPrasb@bim&d it REiNbE | herelP R %f&tr&@ﬁ%‘?ﬁggﬁkes a

stage product chanbers conprise a plurality of product and

wher ei n fl owi n§odiHE, seAlEiWAL, enagresiemders abtasaiust catioouayid thee anodei aid
and subsequent Is ' rl flLowi n he sal twater
to be desali natC g@%lﬂ% '%g%%%er%% ?’ﬁ%ﬁ‘&g%@&aﬁ%ﬂ?% cﬂ/ aBg%mbranes.

chanbers of any given stage. 35. A nethod as clained in claim 26
further c@8pri & mptegblagi dgined éxtckaimal6 wethdrae thac estrolyte canpisesrd
t he cat hode by .Ng a |.t age sour.ce electrically cqupled between
t he anode and gﬁi)hgg'e.SUt\{?ggEeA%ﬁe?rﬁgﬁn%sar@?%iar?éjdﬂ?% %‘Pﬁwf}g qeﬁ}qqge,lon
conpri si ng powekéhhgamembedrdscare Hotieniohesichhsgd mendtaReed bet ween
t he anode and cat hode when the drive voltage is greater than the
desal i natb n v Itagf?. 37. A nethod as clained in claim26 wherein the
electroly CO%‘JPP d a5 clggpediin Elélfﬁia?rf‘i"hﬁrﬁ{jhghq eIpriselyisos selgated from
cation and t heiwngéapaihsiaht offia,00, NEORRGOIRIE! MEEAS, D85IS,0,

: |

cation exchange nenbranes. 3 met hod as claimed’in’

wherein the el Bée$8hytMadetpNis eK:ke(EM)or Kabe(GN)spHéa:8,05, bitbfil,ndlH,
ani on and the n de i on exchange nenbranes are both anion
exchange nenbrgﬁo(ggcgggnd;@r(g@hod as claimed in claim26 wherein the
el ectrolyte is selected fromthe group consisting of Na2SO4, Nad ,
NaOH, HCl 40Na3Re(@hed am2sdiotd Na2Sa0s, 2MNaiiRbeCN)GBnprishiee (WMEng the
KaFe(CN) 6, Nazé%%?fOIyPékﬁgrh’onNe%f thlg%\% géhd%% o%e%lgétrolyte 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.

41. A method as claimed in claim 27 further comprising:
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40. A nethod as clainmed in claim26 further conprising punping the

el ectrolyte fromone of the anode and cat hode el ectrol yte chanbers to
the ot her of the anode and cat hode el ectrol yte chanbers such that

el ectrochem cal reaction by-products fornmed in one of the anode and
cat hode el ectrol yte chanbers can be used as a reactant in the other
of the electrolyte chanbers. 41. A nethod as clained in claim?27
further conprising: (a) flow ng concentrate through first and second
el ectrol yte chi@berlowing&onpentrate|tarougblfirsteanth aatend eleatrdlgte cnarobers,
side by and in ioni [ ' | flrsy ian exchange nmbr ane
and bounded on anot 8%%%%@“5@%5%0%?%6%%}%rﬂn(,ea?ﬁ%%’y\?\?'fcﬂ%b'on'c
porous first end pletnemanitatitie vithcafidsteibacdxchhige nedrabizee Aol Bdasden
a first side by and_in ignic.¢co ni.cation with a second ion exchan(ge
menbr ane and bounded' 8A°HCEE %ﬂé”ﬁ?”'ﬁrﬁﬂ”ﬁ”ﬁui‘@ﬁt'@ QiR R RPEQUS] g
wi th a porous SeCO%cEﬂléteP'aﬂH?thetééj%oﬁﬁreﬂéctﬁﬂﬁescﬂ%‘?ﬁ%r%&ﬁd%elcyﬁ%first
chanbers ionically comunicative with the product chanber via the
first and second i chd@bynanddn henip eruBunicaligre withve secoat dorf Iekchange
subnergi ng the por ol d.p .t hin, a conductive
bat h such t hat ionﬁtléggtér%ltﬁﬁdob\%s%ﬁgggmggnat %g&%gdn tﬂ‘i‘?i@’e %}ﬁ)HnaW&'c
the porous first armdryeuoicdtiemdvifi & gerode.secort herd fratedehel firgataryg

sal twater, conprising.. (a)lgeperati drive. vgltage using a .

plurality of drive SIC%PPQ %%CF"B(X?% %‘%‘Hﬂiﬁﬂ?ck&’{‘l Yuwp "&Q&qﬁ%bﬁhwﬂhbme
(1)flowing a dil uendrodficta dhafiferi ik C tNHRML ki AbchREOUSHN @xehdrient
chanber of each of the drive cells; (ii)flowng a concentration of" a

second ioni ¢ concerP®RPIAIES; FRAPertivelY;éder than the first ionic
concentration through a concentrate chanber of each of the drive

cell's, the conggnt rabmergifigdiid ebroGhaRE 'ahdOkeSd én}Ld Eﬁl‘&egrb\lﬁﬁin a
hange nenbrdne such that

cells sharing one of an anron and cation exc
ani ons or cations foBdugtivem hate ecuek etiat aiamic haurbent flowshdedivéerenthe

Vol Tage acr 09 a promiat e Enainy BoHs e R el diiefuac or 1o

be desalinated and that is in ionic communication with the drive
cel ' s, tH&. prddmethashtordesalimating esd taterncbriprisiogi ¢ conmuni cation with
a product chanber ani on exchange nenbrane on one side and bounded by

and in ionic i | i ct. chanber. cati pn exchange .
nenbr ane on azgmE’le@?@éﬁamﬁne&rr@faﬁwﬁ{?éggﬁ'% a\/gilD alihe Oicfﬁ'é(?sc%lﬁ 1BXIEBIEds
a desal i nation vol cagenadication witlwdact oteamher such that cations and
anions mgrate fromthe saltwater through the product chanber cation
and ani on exchange(ir)’renbhgvr&%sg, a Gitlien t(')fvgl fitst ionic concentration through a

diluent chamber of each of the drive cells;

(i) flowing a concentration of a second ionic concentration that
is greater than the first ionic concentration through a
concentrate chamber of each of the drive cells, the
concentrate and diluent chambers of each of the drive cells
sharing one of an anion and cation exchange membrane
such that anions or cations flow from the concentrate
chamber to the diluent chamber through the exchange
membrane;
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(c) flowng an el ectrolyte through anode and cat hode el ectrol yte
chanbers, the anode el ectrol yte chanber bounded on a first side by
and in ionic comunication with an anode stack end i on exchange
menbr ane and bounded on another side by and in electrical

comuni cation with an anode, and the cathode el ectrol yte chanber
bounded on a f(b)st appddndiheadidve voltage acrossraprodadtiohambict thraughtWiocke

stack end ion exch e nbr.ane and,bounded qn anpt he I de, by and.,in
el ectri cal connunigg s%ﬁ%ﬁﬁﬁﬁngagﬁtﬁﬁqg? Eﬁ@ﬁgﬁ@ﬂg @HL @5?h@dé"°”m
el ectrol yte chanmbersnimonicatibry wetenierdiat ¢a18, Wd Prddigt BRORABEF beNRIRET
via the anode and cat hode, stack end i on exchange nenbranes,

respectively, and tthe 28RAolk I}HE cUBMEACaieR with ol produetna@mber ianion
ith h oth | f e . .
w each ot her sucfchhade ?h&ﬁbfﬁ?fés oh sh%fefbh!?%cﬁm%ﬁ ) %)8 eeHaoln ionic

cat hode; and (d) changing the polarity o rive vo
prevent the ani on awhounicaiorexaviinge neeldueneshdmben scafiomg exehatgs n

saltwater exiting t u er. has a l.ower ionic concentration
than diluent exiti nrggrpﬁl:ea%% ﬁheﬁ&ﬁ%& &r .“_’hﬁ‘?[ﬂvﬁ& HideE é{gﬁ%‘?%ieﬂﬂagi A
claim 42 further caxeebds agdédainkiign Soltage on tha prddlickithafbe® such that
concentration greater, than or equal to that of the saltwater to be

desal i nat ed througt?aaﬂi‘%ﬁmgrﬂi". Migrat FeRaifgesalivaipetnsough theaniogiict
and cation di schar g®agaibaration bRd 'aﬂmnceﬁﬁﬁgﬁ@h%ﬁl‘)@ﬂew rIeQR%aE/ﬁBT, oduct

chanber via the product chanber anion exc ge nenbrane a
product chanber cation exchange nenbrane, respectively. 44. A nethod
as clained in (€] ai Mowingnan eplacirolstedithipsgh snade hand atatheder eleotrigte

desalinated are th t cl.ai ' i m 42.wherein
the dil uent and th?hgﬁr%é%ﬁﬁgt%@egggﬁ@% %@%rﬁﬁ%rebé'%rﬁe cggﬁcaew\i,\s?ﬂ(%on
of the concentrat e byeiand i giric cdmamunivatienl witls ome esmiodat istatkofentihn

diluent. 46. A nmethod, as claimed in clajm42 wherein the diluent is
the solution flowi ﬁ@(c?ﬂ?%%%e'%‘rﬁ@%ia{?ﬂ Adnaest canapetbehaidR RyhaRdeins.

electrical communication with an anode, and the cathode
electrolyte chamber bounded on a first side by and in ionic
communication with a cathode stack end ion exchange membrane
and bounded on ancther side by and in elecirical communication
with a cathode, the anode and cathode electrolyte chambers
ionically communicative with the product chamber via the anode
and cathode stack end ion exchange membranes, respectively, and
the anode and cathode electrically communicative with each other

such that electrons flow from the anode to the cathode; and

(d)  changing the polarity of the drive voltage to prevent the anion and

cation exchange membranes from scaling.

wherein saltwater exiting the product chamber has a lower ionic

concentration than diluent exiting the diluent chamber.

43. A method as claimed in claim 42 further comprising flowing solution
having an ionic concentration greater than or equal to that of the saltwater
to be desalinated through anion and cation discharge chambers, the anion

and cation discharge chambers in ionic communication with the product

63



47. A nethod as clained in claimd42 wherein the diluent and the
concentrate flow through the diluent and concentrate chanbers,

respectively,

44,

45.

46.

47.

in countercurrent directions.

chamber via the product chamber anion exchange membrane and the

product chamber cation exchange membrane, respectively.

A method as claimed in claim 42 wherein the diluent and the saltwater to

be desalinated are the same.

A method as claimed in claim 42 wherein the diluent and the concentrate
are saltwater, the salt concentration of the concentrate being higher than

the salt concentration of the diluent.

A method as claimed in claim 42 wherein the diluent is the solution flowing

through the anion and cation discharge chambers.

A method as claimed in claim 42 wherein the diluent and the concentrate
flow through the diluent and concentrate chambers, respectively, in

countercurrent directions.
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