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partially, re%enerat ed (active) state by water
consfpetqnsniyithin the adjacent mmeral-recelvmg channels. The presence of exchange

material in the treatment channels or cells enhances the active fluid interaction area and

the capture of ions from the feed, and provides a stationary transfer medium of good
 electrical and ionic conductivity for transporting the captured ions to and actoss the
surrounding membranes. This construction offers a robust and efficient mechanism for
effectively separating many digsolved materials from the flow along a relatively short
flow path. The ion exchange material is continuously maintained in an at least partially
regenerated (active) state by water splitting.
Over many years, develoﬁers of these units have explored the suitability and

operating characteristics of ED and EDI devices with a range of flow channel geometries
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filtration/separation modules for use with feed streams of alimentary fluids or
fermentation product streams, so the spiral architecture is well accepted in that industry
for its flow dynamic characteristics, plumbing requirements, ability to handle elevated
pressure and other desirable properties. These other spiral-wound filtration devices
typically rely upon elevated pressure to drive the filtration process or product through a

membrane, rather than upon an electric potential to transport ionizable components across



pressure and other desirable properties. These ot her
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product through a nenbrane, rather than upon an

el ectric potential to transport ionizable conponents

acrossa nenbrane. Such spiral filter constructions

typically permt only small deflections, and are able

to sustain high pressures w thout rupturing nmenbranes.
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forirhthe ugdicehtrate flow space(s) of the device. The alternate regions between

successive turns of the envelope are filled with ion exchange resin beads to constitute the
dilute channels. The input feed flow and the treated product output proceed through the
exchange bead-filled space along an axial direction, from one end of the cylinder to the
other, while the concentrate flows from the produgt feed inlet (embodiment #2, shown in
figure 4 of the aforesaid ‘528 patent) or from a slot along half the central electrode/pipe
(embodiment #1, shown in figures 1-3 of that patent), along a helical path through the
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(enbodi nent #2, shown in figure 4 of the aforesaid
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formed as discrete permanently sealed envelope-cells that cannot be opened). However,
it is not entirely clear from the ‘528 patent or from the commercial product description
why bead replacement is deemed necessary. It is possible that the patent, being a short
technical description drafted by a third party at an early stage of development, contains

an erroneous description. It is also possible that the common practice in China of relying
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beads either to, or closer to, the exchange membranes that actually transfer the ions out of

and separate the ions from the feed flow/dilute path. The exchange beads are

- continuously regenerated (for example, by hydronium or hydroxide ions that are created
by water splitting at places of high field intensity, such as heterogeneous bead/bead or
bead/membrane junctions), and the devices are generally set up to operate in a steady

state on a given feed for extended periods of time. However, the rate or flow distribution
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fluidized and possibly salted slurry, to assure a desired cell packing.

For spiral constructions, the dimensional instability of membrane and bead media,
together with the local slippage introduced by winding at different radii, and the
relativély large length of individual membranes, raise additional potential problems of
membrane spacing or support, stress, shrinking or buckling, and cracking. A number of

investigators have proposed the use of fixed and pré-formed spacing elements such as
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optiorayy Thigk delldiatve alsodkén advockedkfs spedfiaputposessukipes high silica

er_.of xch e beads 1.0 4-10 beads), i s
re Al e Ve CR G &1 Payet BFERT B el d aperd] gmoval under
potRBEH bpGathdH. H@%%pa&ﬁﬁtﬁa%n’iﬁl%ll&hickﬁ@s i1fFFM8ds hydraulic flow
achi eved by inducing an upward pH shift due del ayed

linpjedioos tHat welhparaigreatls @s aﬁ@ncaon péekabpagehcad gize pnd feed fluid

nt &h a snal | %lckn sSS intr 1 1
ViR HorctRt o iRl aiieting Al ST bE G T Recsssagityapply
to fsyﬁ?&‘ﬁd fon u@ﬁn@%ﬂﬂ&@alﬁﬁéﬂaﬁlmﬂisa Modeeed, With Laﬂy feed, local current

viscosity; theoretical or enpirical nDdellng done’ with
depgityapaxwary avithin theapaycghs pla eqnypitiongl EDL stagls ox dsvice, and is

sul%%%@x‘ah? AEAETRY IRk {@Bh&ﬁsymfd AilRion MG Ekehaibe %&dﬁ s %‘ﬂ as by

oca ren ensit may vary
chaglelifg of loaalmm&dsﬁsl in ik tEEiI mast @achr drheée vugent vaﬁa:hdns and

bstantial]ly affect | ocal riations in
resuftingogRRTA L e pr@ﬁmahfgait%b@ﬁa@en%? qQerafing pefgrmance. In
ad 'Bi%ﬂ nhls BHQ RVick9C ﬁheﬁ’t@fehﬁfay' g&%a§e§‘ irfvie Bty i By PQ&% Taising

ese current vdri ations resul ting potentiafls
fuqﬂmn fcontnal loy opérationa Idéﬁcultwn ddareopay uids sugheasfatimentaceor

rerpifoPi B s PolBRo iy m™¥ e b TymE ol of exchange

beingu&ﬁ@és :ﬁﬂ%ﬁ&ion@ﬁtyoﬁﬁfﬁiyb@ﬂadloddagé bERG t18Su th% RRMBhge
ds such as alifmentary or fernentation f|UI s are

beda;thuudm@é leychangmbedsdarobdnremploysditn addressithe kter problems gut

exchange head urfac and fun
i g Ao R A o B bR o i R s because
it ilintofidigtest vec heRefiilRe™at Jtaﬁl%cm@facewbv@&e&dmg@dﬁaw@d the

the latter problem but
constricted space existing between the exchange membranes.

For such reasons, the fabrication and operation of EDI demineralization devices
remain rather complex and costly, and each particular construction may have its own

limitations or drawbacks.



thi s approach cannot be enployed with the exchange

bead filling of EDI devices, because it is
WO pongisst ent with the requirement of direct CPCI/ES1004/034909

bet ween exchange beads and the constricted space

exi sting between the exchange nenbranes. For such

reasons, the fabrication and operation of EDI

dem neral i zati on devi ces renain rather conplex and

costly, and each particul ar construction may have its
own lim¢tations Qr, drawbacks. There is thus a need for
new ’t}k?F%]tg.rt 3 I&Fﬁg foFrmedy cansigesfions QES‘FB deyises, dadlevicat that offer
R R S b BlonE 300 £ PO ARS W ey B ifent or
impperdopergtiapabilitiees. Summary of I nvention One or nore

of thesge and.ot her desirable features are achieved in
Sumumary B9 the present invention by an apparat us

for elRrarnedalbr 2le8am dthét dsitdWMeatthés KBR@fi&ldSn accordance with
i ncl udes two conductive el ectrodes, and one or nore

thewprieskinh gy entécachy au appiarajuscionterhisicradizing ol fbad flow. Pbe appafatus
LSl B G TR B Pin R0 e S B
at leagtel fagtofwelebtival s péficable YhepiBitos, ddderaligtal c@ﬁo@&&#aaﬁgeon

exchange nenbranes are arranged parallel to eac
mezabiare and fa aninn exeharigs gnembaarss togetlien withrisspacise plament. grhe
n L QUi f L n e sSpha bet ween
cofiln BB Rl el s Brns R B RS
spaciiveslément mdin@ingd asepdrbtyorodr Jap kit anews Hgeld 3¢ 86®fin the space
(herein _called a "leaf) or several such | eaves, are
belyysiep mrempragssndn agcstisacavith ape agpeehafithriinyentiong he assembly of
L ) . . Y
men RS oA oG Ll AR N TN U el e sty Syound
arsipd eecntird) eyhimirivabenre éanied ef Eleatiisallpnobedndaeting Meterial, while

syccessi ve wi.ndi ngs, Qf a single |leaf. The assenbl ed.
magRE AT (SESOTIR TY/BES oF  duler gpaceh BRBIEFE Sferesive loafs,

or gtglﬁ/leélijihe GEHesdite @ﬁ%ﬁ’hgt@ g kinkl® 1844 @R %Eée%’led?]%@% € IeESmprises

s are defined “the spacing el enents a
twé thipehef ceblpachammbert athidhrage fidjacent toegaiok other in aternativh,Land the

oot BRPER LB bt b e S o Tow chambers

i.egoilgeaid edrRemas Bieinsb e thin 16 86igcd. R a9¥SBREPEmbodiment both
material. In accordance with another aspect of the

thegflilpfecand threonspuirae shamberseshincludedon prghange hatetible dp

i ' Ly af the. device,
oo b0 BR SRR QUL P D SR e G e Y e
rolfed mhd manfpphteal duritgrasseentilpofbd dedice.nert pol ymer

Al %(ia golabinig%?en?éft: Ilq)gtrvlvgegn 31%31 ?éneis,oag vx?e)l(lcalg thl}rllegf%rt]ilierbs%ragér, (?an be
formed of inert polymer material, ion exchange beads, ion exchange fibers, a
combination of two or more these elements, or a porous medium (such as a sponge, felt
or sheet) incorporating one or more of such elements as an intrinsic part.

In accordance with another aspect of the invention, the apparatus is assembled in
a housing having a cylindrical shape, and includes two radially spaced apart metal or
conductive components which act as electrodes. At least one of these conductive

components is placed at a radially inner position surrounding the central core and the

other of the conductive components is placed at a radially outer position near the



conmbi nation of two or nore these el enents, or a porous
medi um (such as a sponge, felt or sheet) incorporating
wop@sos28p0r e of such el ements as an intrinsic PEr/us2004034909
accordance with another aspect of the invention, the
apparatus is assenbled in a housing having a
cylindrical shape, and includes two radially spaced
apart metal or conductive conponents which act as
el ectrodes. At |east one of these conductive
conponents i s placed at_a radially inper, position
pegmerrfewﬁaﬁ eatpbligfng éﬁ?‘i‘%ﬂlmﬁ’éﬂﬁw@e%{tﬁ@ clsetiichl Grioniggurrent
" litpal) theficdIRHidlosdd #
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defiretewahinyend &diveseh Yheanermtpelsppicecwmidings oba ralledileaf assembly.
current tween_ the i hner and the outer el ectrode, .
Ongdr SEECALY Gk PEaP plyelipdss S P Pdcecidustphipgal, with a
radthiiNERe BSERERatt & PR T SIS raR8Feind R0 thellctife flow
rol’l ed | eaf ‘assenbly. One or preferably each of the
celdd efithe defdse immyunibiorth etactrit fZedd fee hbshindomeingland pot spofs. Wihieh

ongpip g i S e B e dppiidhe pETFUHF Pul fitufnglaFers.
devisCHrefdtred elRirb@ NfSIREH A aGohihrkide SiRewBinFMatwMig
and hot spots. The opening fornms a seal ed and

cirpwasoribtng heredbapeongtipll turn witle prejaxsally-prtending steipflikeigap or

| aver, .preferred el ectraode.is f.grnmed as .
R A R S S e e SR
edddR i tien@ity] Thé bpdhingdcbmiddanss pAskgeftigNeidnd a leaf along a

strip-like gap or openi ng defined in an overl ap region
tanggntigh pathtpaes g‘@iﬂé‘F elyctradgspriagedniorescpladpaskey obibeslectrode (e.g.,

I T ' :

oS iy Ml o L8 oFBRYIR SBTEIE AN ich R

cohmuhietiel with tiedatesuidhittand fidvo sigacs ard eshnpetidaab adtuid pext or
el ectrode ( surface and the

.g.,. bet the i
magigld ragy ?%%f?e&?adébr@&bmﬁ%ggcggd% ﬂ@?e‘rflsﬁ Ing o ieKging thg ¢
Co . ( )
cleCOSTBNL A dpBfdatch it b B glrtaPhdTE AR A5 herb¥rORARIAR paralle
to thh elzaigbde duefaed, pravidide an Theeptieszdllyemiferm oygrrent d_iamiiblitimg around
gl S T B OB BRGNS Bl g B ol
corfdtréidnR dat Sl G ampih O MthShenSdodXAE BE melainleguwﬁ]gﬁ hr&e

current distribution around the el ectrode, free of :
terminationstnerterasiatithhelagitnsigeiThe eenstivgiiorogsqiavoidstintrpducing brine

ma SRR RIS b No SATBLAR: pEIDL ARG

er Irregu frxing o

cortru¢tingl Asmahbiahenmal alsbbedealed reataehinsl! tb tied dledtrodk $0the overlap
avoi ds_introduci ng brine nanifold shorting or back

regim; 1511}33]11&11% kebricatian ofithe spingbrolled sall stryatergue prior art
CONGhHLEUGE: : :
ot At QR FRTRE BGrdTRY P SRl et shect n
thissaspgadt iof fHerigvenaibn,iin atliep ambéditeatssin ¢ledtrode imagthagebpenings and
structu t[ e. . . .
may take the form, e.g., of a metal screen, or of multiple discrete but electrically
interconnected segments that are arranged to form a generally equipotential surface
contour. For example, discrete elements may be shingled or arranged adjacent each other
to form a cylinder (of substantially constant radius), open volute (of somewhat increasing
radius) or similar shape that defines a complete circumferential turn of equipotential

surface.



VWiile it is preferred that the el ectrodes be fornmed of
conti nuous netal sheet in this aspect of the

WO poosq¥28es), i n ot her enbodi ments the el ectrodeP@EYSIvVaVE34909
openi ngs and nmay take the form e.g., of a netal
screen, or of multiple discrete but electrically
i nterconnected segnents that are arranged to forma
general |y equi potential surface contour. For exanple,
di screte el enents maybe shingled or arranged adjacent

con ol feyites f thegpesti Y Srlon G 158 fairies) ore Vowad pagh tha,
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envel ope forns the concentrate channel. Preferably t
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L t he dil ut
miBbfiogs SN RaB Ot et inksPrEfr5AGY 1C8RaRMd p oSwponding
~ conk@itthtdcdllk Aafifein thabthePSda bl &dchnferithiBné WithiPthe hBBcal inter-
devi ce through the dilute cells between nenbranes,

mpiprage spacepdesedleasi aboriey concentrate flow is ITB.I nt al ned
i n aFlS\?/ %%Q@peg g%lo({rrngs r% nk tl?etheehtcﬁl ﬁ§ ﬁefdﬁg one St more

ot her s rane

sehIRttiedt eRichd BateveSppsigsofadpesit heghirbasscandWieh ﬁﬁty%nitﬂalﬁe Rdge
6% flows within the helical cells are defined by one

seals, blppkdng erghanpeling bayriesh 9T p pathdersthenipgmeze tgdlisgsidhe flow.

0 xS ﬁ'?)%sone%fj O‘ngn]%ﬁbf%\és ﬁfe’t? Sbfihdd Srfcqqg rﬁf‘e%lo‘?l of the sp1ra1 ina

or channel'ing barriers, or "a
posiina efﬁctduerte prevehiethé Fe(a:w an@cherensatalfiows rfro(ﬁﬂﬁmahg,rfﬁf @(ample, at

qg % s nay define a dry or inert region of the
thg pRas At 2ilepfa position effective to prevent the feed and

congg a&&&aﬁl& mﬂﬂoﬁ%éﬂtg(bﬂﬂls afsﬁef]ct gﬁ@ggﬁ\%m@ﬁ sts{l?alﬁng or

. ends of a leaf. I n accordance w ment S
beaﬁmqlortafnstoﬁ thei flovepath oy defaé 8 nalldntpge devied, megniefine separate

f t defi i-st
oSl Snipabdns e ATl HaoaR G B Bl Bofdfies of he
cohéeavatefaat/of dflie RiMs, SddaaRay bfratd & défﬁlerfﬁﬁ@fohm%uﬁlr%i’ons of
rates of the concentrate and/or dilute f | uids, and

thersetopeirnathe The sgels immy alserditechtha fees And memmﬁeted}owsméong

The di r ect t
oL TP B o BB R, b 5F s B gl
to pragiftsin seshrate flatvis e didferein gidub® O BrentvelrBiyectitis iie 6iie dlifore portions

concentrate to maintain separate flows of different

of theqiaths serdetiasrbvihs 1elstive adentpionrad feqd adreengsairatedipgy on opposite
sides of a membrane may, for example, be different at different positions along the flow
path, based on a considerations such as the prevailing ionic species and their
concentrations, the electrical resistance, the polarization state and/or pH in that region,
the type of ions (such as scale-forming, monovalent, divalent or specific ions) transported
in that or upstream flow regions, and the mineral or gas burden, of the dilute, the
concentrate, or both flows. In some embodiments, the seals may operate to form internal
| distribution manifolds, for example directing a portion of the feed or partially treated feed

into the concentrate path; or may operate as pressure regulators to adjust the pressure in a
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of the paths so defined. The relative orientation of

feed and concentrate fl ow on opposite sides of a
woreovbosses may, for exanple, be different at di PEBEUS04/034909

positions along the flow path, based on a

consj derations such as the prevailing ionic species

and their concentrations, the electrical resistance,

the polarization state and/or pH in that region, the

type of ions (such as scal e-form ng, nonoval ent,

di val ent or specific ions) transported in that or
cellgeletivenin adjasantraslfs nerdertadssurepnoperaiia ooto rgsist timchitenof cell
wﬁk the dilute, the concentrate, or both flows. In some

enbodi nents, the seals may operate to forminterna

di stRloWuhdyodlsdTBeléefdedied oh@ic @nasmiate dilé Eﬁbfi&ﬁecﬁstrands of a
portion of the feed or partially treated feed into the

mesh¥peser.rastby headnof impermagpblsastarial plased pa dhampecer in an oriented
| ' . [ [ |. t,i
P BRI B iRl LIRS oSG boheb bl A
foli@ss s pathipacdilichig thé axiebf thealliirickl WMdRY a $8 chtcentrate flow is
.se%r egated on the concentrate side by oriented strands
dirggt %Sﬁ@stﬁafslbml}s igror Bowp afgielde aiphsiemermentlisulentoethe akis.
Thib, 35 BH 29t hiea1S RRGSE célPiutﬂ'E,l Blbeod @?1021?%@% reargi.sﬁiﬁ%}ﬁ ?)? g?{bonate,

preferred enbodi nent o S aspe
ard svecatsivalyaeibued fromlthvaxial dilateflpanad btbr the chlven@ate Sel® each
the concentrate flow.is

he cylipdrical w nding, .an ; |
of fereropyes WURURLEH 4IRS lgé‘rpépﬁi within e cell asid lgws sowar thecell
) LS Thus, val _
O O PELC A IRt ) i 115 ecBRp By B Uotecively
preyanth geade onclarmimgainegnothee osficthessanwealimentefthis dspetioafithe

e b L e e s
along tHY fRed-PrRodued flovd patht th OMpe 5QURE Lol dRBaricRlrbmBWH1 b8lne especies

1S

and does not mx wth the other renoved speci es.
(fos epmaatad ctoforpipreicnledpinio mepallie ionssin gl stagé,ropiio selectively

form.ng. . ther or further enbadi nent. of this ‘
blob® B o tBn@RBRDERe Pliviedard e F R iy b reagponate)
untilaridecpbdifidn whlerettengy endoliftef £fdsih deleced RePrbnte Baphr@dSuch

algng,thﬁ,feed- roduct flow path is of a type selected

Eiatidies aipes the sepasgiioniof the differeatpaipitially séalefarming

I Hag tallic ions) in that stage, or
spef AR U a5 g‘[@eysf@gﬁngg{@fg@@ )

o selectiv apture or transnenbrane passage
of h mpedies Witloanahanmpet otk irvestiat, seacthen ab@alid bidrent

a.later sit.on ere it y encounter a resin ) )
ety Baof i Fomoe et BT bah de dsiiaRin pf filstadule
anclt’&%%tl%ﬂ?d’s?a%@§nfa? Qe Al Wa@ﬁnésﬁ&ﬁ%sftlfiﬁftﬁgttéﬂored to the

potential |y scale-formng Species that nay be présen
prevailingele¢taieal. cutmntadensitydance wit h anot her aspect of the

Joventi on tyuctures normalize current density to
Bnﬁ%?ﬁ?ﬁ? 'Bhl‘)?(qi ENMEP f ecti ve denineralization. A

di STHd Bvéition will béiundéStobd b those skilled in the art from the description

herein of several embodiments and illustrative details of construction, and some of its

desirable variations and features, together with figures thereof, wherein
Figure 1 is a schematic plan view of a first embodiment of a cylindrically-shaped
spital EDI apparatus in accordance with the present invention, illustrating one layout of

representative components;
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and/ or outlet passages may define a radially varying
flow distribution tailored to the prevailing

we@b@soeiseml current density. Brief Descripti onP@f/US1004/034909
Drawi ngs The invention will be understood by those
skilled in the art fromthe description herein of
several enbodinments and illustrative details of
construction, and sone of its desirable variations and
features, together with figures thereof, wherein

Figure 1 is a schematic plan view of a first
enbodignieriA dhlsfaat@w mtmd@awrgimg fia petiaspeétradithedpyention for

C he present i nventi on,
fo%? rléjsftﬁgE?ri \[)a%@lut%fm‘guf efp?r esent ative conponents;
Fig U.lrlgurbAB islaysdd dteofa fMsthatbraseaivdiops 1lllﬁst1@ﬁﬁg apRas bf
of the invention for formng cells of the

seab%maﬁcw grceigythe preset;igygnéion fordefiging) chs vf anEBF deyice such
:kﬁ%ﬁmﬂﬁ ﬁﬂ@ﬁm% geﬁzﬁllustratlng aspects of
sealin

[ accor anc ’h the present invention for
def iFl'gm@ 1¢Ek hsrexk seotionbl viekeof e celic boragusted asimt Figaks YA and
illustrated in Figure 1; Figure ICis a cross
IBectional view of the cells constructed as in Fi gur es

1A %ﬂguﬂe B Gk e#lﬁahllf(lylﬁ%hﬁ ﬁéorg?éggﬂglfl ﬁledceg%)fllégures 1A-1C;

construction use Int ures
Fi gurigui2 RA is aplgl dewwif @ weaihd answioremdenvelvipe and asovieledpe

and assqci ate onent s for spiral . ED device as
compogents g’t‘ é‘d‘P}rgrl I%?E@ﬁ\fécelas 1 feg ppigue L vertical
SE gftFlglﬁe baken v@ﬁfcﬁf ée@ﬁoﬂ ﬁk& ngarﬁl@él ko ﬁfé'réll akis %f g E]'in?aﬁ IEDI device

devi ce nade wt rane envel ope o gure
maj; Wik the meendbrihe W}OQBQQF@HIQ Iher el ectrode

con . uc Ol one pro cord nce

T S 2 hutes 3 o SfeRlr i o BARREo G iy Prof i satgment
lna&o@a&ﬁé“ﬂh%bragsé@t@m&ﬂv@ﬁﬁmn of the prototype

enbodi ment_in accordance with this aspect of the

- i nvdiigured;iliystigins @g ogter @lectmdﬂmnstmc@pe o therprototsis epbodiment
magcg,ragnggagtht%ﬁ;gggg &ftﬁe ;Hveg hange nenbrane envel opes

assocCi a or o er enbodi nents of a

spi rRagurEdy, 6@ vhé § Aase plahbidwsadfedditiondli sgnbodindéntdbukcBange
illustrates a detail of a bi | ayer screen spacer

spars
merphrans pveloges Wswl%ﬁfbé,@mbsgﬁoﬁ O@ﬁ erabqdiments of a gpjral Shdevice
asqlﬁlsha@gﬂgp&hf vi.ty and enhanced treatnment;

Figure 8 illustrates a detail of a sparse bilayer screen spacer construction having
cross-path deflectors for uniform cell conductivity and enhanced treatment;

Figures 9A-B illustrate a concentrate segregation construction according to
another aspect of the invention;

Figure 10 illustrates another or further aspect of the invention for species
segregation or scale avoidance; and

Figures 11A-B illustrate s details of a flow port construction and flow profiling in
accordance with another aspect of the invention.
Detailed Description

Figure 1 is a schematic plan view of a first embodiment 10 of a cylindrical EDI
apparatus in accordance with the present invention, showing general layout of

components. The EDI apparatus 10 includes a housing illustratively comprised of a
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Figures 9A-B illustrate a concentrate segregation
construction according to another aspect of the
WO pwsensases; Figure O illustrates another or fupPCTEs2004/034909
aspect of the invention for species segregation or
scal e avoi dance; and Figures 11A-B illustrate s
details of a flow port construction and flow profiling
i n accordance with anot her aspect of the invention.
Det ai |l ed Description Figure 1 is a schematic plan view
of a_first enbodinment 10 of a_cylindrical

EDI
botiopnflanaslate Bag &y Ennge #laie Tiand peylindicakiody fy Bt togather define a

' - S, EQ
oA SOEIS! e B4 SR FOAORRE T b ot 15,
ofcvalnpli severhl efangfied dre dedcribadybelpivais evdBind ardung afceatpg]@ore 12 within
ate T and a cylindrical body C that together_ define
thgh@%%ﬁr&’r PVr%VP%’n%i pembrangaeld ghpngft 12% thegtiBgiurs ofi viigjch may take
j n I f '
B84 PP ERAISE nhEEROANE k) o 8 My i
coze tZnnd & coupled td 2 findttchirenttl éeeleh besfion gonnlettianstb raateix teeha} power

SOt A7 S AesrRit TSGR 1 3 oLttt o 102, sifstontally
sutrO0&ds tBé £eibeAR rdtf 1 SUTHLOHRADrdndSolE ?s%&?#g ifﬁ g:sﬁirélqn i Whnular

is coupled to a first current |eader 1 '
spaesrhrebEedndhe tvio elacteodes 1 al6. pHitkin veuanscenstaaiots aliscosseé below,
urrent, | eader

el ectro 16,, coupled to a second 6a
ong b Bbtne st eSS i o ERG afertrB berstortied. Ty bea
méRMBEEBEn-Tlikd thetss oRIR Be ifdinRd DR idt@korddcled FiRid élétrically
space between the two el ectrodes 14, 16. Wthin

copdirqtiye slegsntsirhisiheencmlysnas e doelrowrowrting thelsentier oif the
. . in . she be ..
pebRg e et Rk T 18l B Bipygos s
itsenduetine surice isuffeicntn eeehsde i g6vide ahel ie eitistmaihlly an
conducgtive el ements which generally span _a contour

cqgippieptigl i Haca aeundene pidsexiseespestivelrepyfside pensthery) éilye
mel¥taf Al PPAErab W08 ARErB& ftRer Helthy irpc%%%tﬁh %xqfh{ lﬁgmes 2A and
cont i nuous has Pts conductive surface surticien
2Be #it least beeandoprpfecablyibothvodithel edectroiet aa tominugusasheet electrode that
equi ent i urfage.around the inside axis '
speBglgaen s 91 S PR PeBRE (s ChR Biend of the
ménfirhne 1071 ¥AReARdIN: inRShélgRekddeed further below in
connection With Figures 2A and 2B, at |east one and
pr eflbisatyealligsomety positions the flowdescea definsaritctwiernuspaith e et

ey S NBl AR B Gl e obrs e Spihr i
betiekh tHednge ahd shicy eledttdiich N4, 1. eteleRffrodd BpchirVallodslan inter-

geonetry positions the flow spaces defined between a
megihrane flow space to terminate in an inert or field-free region, while avoiding the

localized regions of shadowing and field inhomogeneity previously caused by clamping,
blocking or doubled membranes, and sealing structures of the prior art. The electrode
pocket construction also allows a dilute chamber sealing that isolates the treated stream
from excessive electrolyte concentrations near the electrodes. No separate electrolyte
chambers or streams are needed.

The central core 12, which may be substantially contiguous to the inner electrode,
is preferably a non-conductive structural element such as a polymer pipe, or if conductive

is not energized to define a driving field. It may be sized so that the inner electrode sits
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menbr anes generally traverse to the (radial) direction

of current paths which extend between the inner and
wouiosn4shect rodes 14, 16. The el ectrode openi NnRCHUE04034909

an internmenbrane flow space to termnate in an inert

or field-free region, while avoiding the |ocalized

regi ons of shadowi ng and field i nhonogeneity

previ ously caused by cl anpi ng, bl ocking or doubl ed

menbr anes, and sealing structures of the prior art.

.The el ectrode, pocket constr.uction also allows .a dilute )
BB 3 PRISE ST RE TISICRYIES o augh B BbaR e, and it
m%fﬁl%ﬁﬁlb YEpreb RSt bR 63858178 HRIARA 1A&R bull&tSor portions of the

€l ectrodes. No separate el ectrol yte chanbers or

deyicee dmaccardanpewith one ifhportaohaspatt of dheepresent inverttonpthe itveer
sybstanti.al |l y .contiquous to the inner electr , .l S

cIfiians Ve ABmets BHaeT Ofr e Pa i s SwRBhERRR ogte

didmBiet ¥BE oReP8lectRidel do thANHEY 8dtivEEvihdinBObL 1BE Blc@ibeRE b are
define a driving field. It nmay be sized so that the

paisiiieaed il anslatiely ngrrowdiytinduidal annydushetweansthe inney and the outer

surf.ace,. 1 hus servi ng. I al _or.s ' .
o B high g Rt e ol SR iy a By Y PR b
exBRi UBs than,l e, Rdlfihe diddetdr oFtheititdradleci@tie, pRsfbiablsurdbr bRt
device. In_accordance with one inportant. aspect of the
thispyenseaent, epd 1est RyAferabheunden abous reenty pereentay hRaslatively similar
o g - | .
B B8 U S0P B P BRI Al Phtgopins he
digttimdtidnhe cagtnt\densitynfdirtygmifoimt the comrsitrdenstyr et tharigner turns of
ositioned. in a re|latively narrow cylindrical annul us
the WEUMERC AT eIl ety BT EXaRaF aes Upgheing equal, the
. e : . - U N
BARLLRIE SR Y|Pl L) e TR SO0 ey, o
elatiradest Settofg thémnenxtlestrode danredate]osp ite fheromldr gleatmodsr diameter may

out | rt rcent, a nos referab under abouyt . .
belagh it alk B0 o Bope el oo B s i Rl Telative
cufrB& depdliibs Althd HRerl B i8R CletRORSuPRBANARS bELREL - E &hder 1:(1.5)

operation by kee |fr)1\8ﬁt he distribution of current
or gemshelgw pbgut|1y(12ni Morkemot ereplicithyrhawndearious fittimgarpassages, ports
Lnnef..turns of..the rane roll .remain l.atively,. .
oot S0ty e e ot I RLoRRE <o gt SRR ANG £ ot cistribute
coll€dt 8t dalEvet therfedil stdamsirédt@bproBudt dnd asncehime AISRLY SWhnkRxample
the relative areas, hence radii, of the electrodes.

wikkbedissussed belpyyveith wgadite padicuiappRusERCigSse to t he

out [ -8 .

Fat (o AL LA ot 6 A0R 2 4E%h (el iBlled o
spiraity-walind #Hoat he éniet eleetnddechad setitrd ot A leaf moludes @rtkelectively
. I nner ﬁ' ectrode surfaces, may b undet{l 1:2, unde

iomyparmeghle gembyanes [ Si5se B ATaREec so thyt eiTbraRgEoll defines
B R T e
thesampplar spat8 betweem tlecidedes,, Indicsondiatieet with e ptihepal feature of one

as;gg{]%ééﬁ% Pttg{;%lt ;&g&ggﬁ,@%%&%@% &l gr%%tons {t}lﬂed by spacers

having flow paths defined by various flow-blocking or flow-directing seals between
adjacent membrane surfaces of a leaf. In some cases, flow-enhancing spacer regions are
also positioned to achieve a desired pattern of flow direction and maénitude within the
housing. The geometry and pattern of the flow paths may be configured in several ways ‘

according to the invention so as to enhance flow treatment characteristics, such as
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will be discussed belowwith regard to particul ar

constructions. The nenbrane roll 15 includes one or
woreoos/o41sesf s", each | eaf being rolled or spiraPCHuszOeB4909

about the inner electrode and central core. A |leaf

i ncludes two selectively ion perneabl e nenbranes, and

these are arranged so that the nenbrane roll defines

adj acent or parallel sets of dilute (feed) and

concentrate (brine). flow paths positioned in the

b BRSBTS B Da S PSR o
eﬂéﬁﬂﬁﬁg bPBontidNEhbthet BaBEribids R o &htih. AT 16sE RRARIrEL WiESh

spacers having flow paths defined by various
uridepspedst foerk ithgyfobllowingspeefic esamplgs.seal s bet ween adj acent

menbyg.ane rface A leaf. In s ca . .

11 v anea porg eath Tpufis s dpa BT ub a0 m agsardagee with
o &Y 6f thedR&chEiflv@iiohe AR sRbwh,| OeflbFa86 tdIPNS &dbscribed above is

magni tude within the housing. The geonetry and pattern
fogned piea singhy coplintnouptapl Béuging f cofinudus shesteafeanian exghange

[ t I NV i0 ephance flow

mFEEpEaTn b AR PNE P LEbeBudtE s SP AR b e membrano 26
andendilutd celdpace@si Mhebeiak cell §fausiXmayp ealsisDgf e RWRRE plies of a

undesired effect, or enhancing or controlling other
flpble aen-ayover sarsenmedy syckas grien toriexenty gk thickpolyethylgns or other

y _ Lo P .

PHBLEEE A0 bR B G, BEEELIS BBl sy,

provided adistribatddrsuppaobeaanaetheity b nendrasp adjacead td fievhile permitting
res i nvent i a nenbrane roll 15 as

t . As shown,
ﬂlﬁ%&%ﬁ?\ﬁ OH%%SQEIPB‘P‘%E?@\%@%H@% gFee paretiinaEsieTadear
coggm&abﬂginalugeyéqheféa&ﬁe&bﬁﬁﬁs Rberfly P GAE %dﬁ&@raﬁﬁ)%r ion

a brine cel pacer 24, a continuous sheet o

exchenige hemstsalistribetedrentmatitetez6suitably dluiti-perneablelbut opaaby- or
28. The brine cell cer .24 onsi st of one or )
el &gl ot e Site wiBrge Sl breolRy Bis Phe@hs a S5 romprised

of ®fie Br fBFt tOstSEER hilviflk ont dXichn g BEARITAh&RA19 br Rt arily
fluid-conpatible nmaterial of suitable thickhess and

stabilized thesebye interapersedithereinaemafiised/or aghened dlessete. Such a sheet may

I St} e Qrt t t WO _meRbranes | acent
befhafdiph Wil WA oty BE RS LS deVRss ARG RRRY o1t RECHY o
thofilatphidr byostdefilapshis, akbgres pattimuniingsrah&@hbragle spacing, while the

constructions includes other elements jn its assenbly, .
bepderrrpde disfputehmembiapecanagtisg stpperesndaergainlend of electrical

. . sui i d-

coffhhibh PHAEC oS bkl f o idtbapit Ynd | SnBEERIR) ranspor
activityein therdilutenspaée)l | Inragredenidy prefdited entbodinmgadhe corketrate

web conprised. of ane or, nore nesh sheefs having ion
ORI fﬁé‘é’g@’ PERIREHEHY FHyeXCRARgE PSads) VE@% he fwa

, f : 0 I .

coRPENEDa R GRERAHs bR B B AidH A bl BN s will
gergalnte gesued fareapiDie awuemesal of il idnizhplexdpetine Aqrefemed spacer

ass%fn%ly 24 includes both a screen mesh, and ion exchange beads or conductive media,

which together determine the cell thickness, flow impedance and other flow
characteri'stics, and the conductivity and overall efficacy of demineralization. The dilute
screen preferably also serves a bead-segregation function, allowing dilute cell fillings in
which beads are segregated by type- the anion exchange beads énd cation exchange

beads are retained in separate physical positions.
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the filaments or crossed filanments, assures a m ni num

i nter-nmenbrane spaci ng, while the beads provide
waele@snidsm ed nmenbr ane-contacti ng support and aPCEUSENN4034909

| evel of electrical conduction (in the concentrate

space) or of ion-capture and ion-conductivity or

transport activity (in the dilute space). In a

presently preferred enbodi nent, the concentrate

conpartnent preferably enploys only cation exchange

beads,. while in the dilute ¢ artment a spacer ]ayer

havi Rde ISR (RESORS HIL AL CHAN Be KRN YAS e eyes
vidhd1izat SN Blner B8 ¢ 8 hIaE & OF tHe RPIMED NS -6 BMahpBied by the
all 1onizable species. A preferred spacer asse 24
inverglongwghdsi foveevec limitngths mvesthah tosnclesizésarithe abimhtbagthrof the .

aﬁpﬁ{n& u ﬁ,téé},\sﬁ?ee qﬂ}}e i %’ q%\’\gg gﬂ@%ﬂ%b@%{qﬁ gc}e Etﬂ?eqrugner]ee mteé?are orC l%lnllger, while

thé Aevias iy hidd £8ianRRE of hifdet RAAY abbitistxty SdfinR¥&S.21he spiral flow
efficacy of dem neralization. The dilute screen

cabls dpineddivitheralsd seenvbrencarsepacoseyer gaiend np faseyeiabmeters or

al | ow didu | fillings .in which,beads are . .
offgy iRty RyfEhow it P8 3oikl k52 195206 Bifpraiven
di@mtaﬂepmafeb@ baxgainee aslen atigl dratheliod direbticheRdhat Bllow a path
physical posjtions.A few representative di nensions
copprrisedef g gahsagmeatsshapging insdieastian er type.vildganteramembrene space
. C bAl Y . t Lral EDI Vice
s RRIRLFAR bt BB, SRR o L Sy At
exichanige begl filiag) e pidfared thatsheillimiczE$on keRarieibahdd NGlchitively
of tlge apparatus, may be on the_order of a

bout
spgiediiting 2p descriBed BrornBendy guned Ped Inf@ﬁglépyaleﬁlfnpﬂiéatiqme
. . f .
PEEYISPE/28BY5 %}ﬁif%d apdi 18 Eﬁ{‘ﬁ@ﬁﬁéﬁ&%&ﬁ@?&%ﬁdb}’ﬁled

centineters e spira oW ce
intied Umitkdriftatbs BEE Raodivapa0ffice ondgpteribentl, 2003 .oThedisclasure of

ters.or . longer., and the path of fluid flow w.thin .
thilSaafipnal agp|ation P heagharinGFbofaiet by Teiereges eI n s puiety:
Blg?wﬁggt gegaﬁtapﬁmaen Hesccgiee@mkmbdsoaf BriBk i shbx Ak RS

T Il ow a pat nmprised of several segnents
copsisting i@ layer of seaticiedbeads, oyprelativiely dontpdete memblagiere bi-layer or

space..i ] -defined.wi th spacer material. conprising,.
vafRE b, Mo, & R o ERRE BT Pt i eh riesds. fifhin
EDbI dells 1@t operatt ity cth@iided dldchivthl dffigichéy dr dogitr6f arldRhibit low and
exchange beads be a relatively spare filling, as

welleepnirpiediflow irapedenes shasigiaistisCThene layerst whish preferably include a

T L T
sp&éneand soppdX, fand én operSiyi thepauhich2 enR4ided elEbgicsli Shbiosdyrd
i_.nternational agg{sl cation is hereb

recfufeeég%itép%ltcgatawnaltm e elsp eperie 4eﬁeliqa_§1}’e‘ﬁ%/1il loagyflow paths,
augg'ragréaxer_rhﬁﬁer eﬁgﬁmd felaﬁ thé -&&qaaﬁﬁﬁﬁgg%g;ﬁéyipaﬂl 5de

ng i on exchange ngs consi st ayet o
prepeuttat finve drobesmbtion drat eemahsatlatietly feempcbinelimmol ayer ,

bi - er_or . . . . .
lI%Xs, in accordance with one important aspect of the present invention, a spiral

EDI device is constructed having cells formed by the interior of one or more thin rollable
envelope assemblies that feature both a mesh web and a sparse filling of ion exchange

- beads. Advantageously, by permanently or temporarily bonding or sticking the beads to
the mesh web, a sheet or a colnt‘inuous web of screen/bead spacer material may be

formed, and the leaf structures, e.g., a bead-loaded spacer layer, a spacer/membrane or a
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various striped, banded, or otherw se segregated
| ayers of ion exchange beads, in thin ED cells that
wop@saixsosv t h enhanced el ectrical efficiency oPCTUS10040034909

and exhibit low and well controlled flow i npedance
characteristics. These |ayers, which preferably

include a screen in addition to the exchange beads,
pronote extrenely uniforminter-menbrane spaci ng and
.support, and in operation they achi eve enhanced

el ectrical efficiency and reduced residua
membraBKFRREEY BAMbIRERE aYST emenhraae ép%erpﬂ@ﬁlah@m/ spacenlayemgay then

ljoﬁé% i%aat diSeredd Eg‘é’oﬁnﬂfoﬁﬁbgra R&how d%i 1&@@&:‘ ‘?4 cells

iVen radi al e w ndi hg, present a

f I othéxoﬂﬁ: 18@€ bt ¢l stthﬁfurd& efplonsa B}ﬁirmﬁlhﬁg Y sforceﬁe@f‘short
channel i ng. Thus, in accordance one | nportant

ditfusiere pathy of Frballgve shall” Tesin 19y e Nse Oé’ﬁ]iprcé?Ptr T iRigh the
eldcriGPRRISEACLE tﬁ@ﬁ(ﬁ%{ﬁ? alg edsﬁu& Fheh Mbetr R %s‘?ﬁs 4L placed

one or nore t e enve ope assenblies t
neketataacleothet in accomasdn slediriaal diekd, sspanrenhaﬁqel elfﬁcngmgfrwhemrresms of

ch bead | |
R RBOR AR o 1R H 1R ThePER BRI e Geter after
a d&R-ind lééeg@weﬁﬁre%r GRBL B@Hé’é‘s%elﬂﬁl@d ® safGhRE R %?éjexsp%‘t%& ko

mat eri-al formed, and the |eaf structures, ‘e.g.
geaerb&ﬁdpetraiadtadl r@acrete ﬂoayably mo&mfﬁ@ﬁﬁtmmsame]o'rﬁlled EDI

ARy e ey e B DB At e Bsst-dongyfasaficp geencration

ori&®let@d i n a di screte or a continuous operation as
shown in Figure 1A. Wen the layer or cell structure
enpl Yg@ous pwaﬁ@enfambleuengﬂoy&dé@atmh lagdattestlorricogiifiaysi on

ow she resi d
m@ider SFoeadi e ekl letr ol R R Bl el e
opEEfgdSf 4 dtree@mating (étﬂl@ﬁ%lz)eﬁ@lﬁgﬂﬁeddépm&he PEHdlidB&tkH)Sorab ttach
pl aced next to each other in common el ectrica

a srlbfémilaﬂa rqu @oeﬁhﬁ%zf bepdsite .eecﬁwdw&me s {Eorgrample by treating
thegéci‘%glrvaﬁf aahe Ug b5 efibc (ﬂn$ FonPix B glg? hoss tagﬁflst e-gt]l? sifle of the

so regenera aster
smeheanmpﬂnemamenwﬂﬁﬂﬁﬂwqpImemﬁﬁhaiﬂhemmyqﬁ&eemhﬁQMymnwfhml

al or and ar.e expect enerall operate and
be?lé@fﬁ?é%f{n leawaﬂateéaftﬂeﬁpﬁ%b ng@ | Femre it ounprpeess ¢f rolling
and hésleﬁglyﬁgg)réjcﬁl\éb G @midhRE EBIUBEYe. V\Wh'en Batf¥ninkl aM@Yexchange beads

sharply defined bl eed-down tinmes after regeneration or
arerldwdsml oppuiitel sides of thet dileitd @reeaythb diletaptregreshotrtsl e eraanited in

atte r c nt| uous ., nbn er eads to th )
eneig et to e e soEO PR RPN (e TS e ton
exéh%ﬁ?é Ambedneartiab B8ve ma\éhiaﬁ eRcHIBBEb &I Bn §t9 HEIBh ¥x EfiHBé

he bead di aneter or to attach a substantially

memhranemdmﬁéw@pnmre,b\e olled betvynersmenefarr:dlaﬁ r?ytgr glentrode, the
ot S SERTR o TR AR Y KRR SR g o

theldathode side of the cell and the anion exchange membrane lies on the anode side of

the cell.

In thin spacers cells of the above-described construction, the screen mesh and
bead size may be selected such that the screen maintains separation of the bead layers on
opposite sides of the mesh, and such that the beads and screen assure an appropriate total
inter-membrane spacing, which may be selected in the range of under about one

millimeter to at most several millimeters. When beads are attached to respective sides of
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screen to capture and bind the beads.) In each case,

t he bead/ spacer assenbly may then be handl ed and
worenwspwset ed freely, enabling a bul k or sen - CRCIL/US200UE34909

process of rolling and assenbly to produce a finished

EDI device. Wen cation and ani on exchange beads are

pl aced on opposite sides of the dilute screen, the

dilute screen should be oriented in the final assenbly

to have the cation exchange beads on its side

contj guous to the catiaqn exchange nenbrane,, and to .
the gosgh 3%@]1%1@9@&@,4 S LBAN A e TEcist Rt (e DFsRd opposte
, 8
tyBERHADSASH ifer (b RICTRE: bR WA B AR the
omningpr &f theshdopstardtions, éids praférredithat durmatfaloivation izngpeeen be

. | | th t hode ,si f the, cell
C RO b EFrATg A e e Hieaad BRI HE reshpbCOps: Bt thifdhe beads
th6Rkdlves 18cK LhBsiSH K8 hssublthat 18 bdah RuARQUEMARS GEHREEhd that the

construction, the screen nmesh and bead size nmay be
beaditebratijusciiims e oceunen ercomplated assernbly asedisachtorshiciove

ccplighs riaro PHE-Se He RO Fadatuthed ieial brPPihcgntact. As
dds &Yt ih MHeSdfordBA® RS RatRRAL hateht applicfion e oifhR bR hskite a
the range of under about one millineter to at nost

usgh davgl ofriwater splittimgsbut\ieanet butpdyceexdranequsapregsetjpnctions that

[ ectiyv i fthe . h. in thi ner,, . t.h h
whB BEEk VB pE LGS BEIR BBk Mo JER S sr R E BBy
selziepsted onbppdsiteaitles of e ndshroetigin dnbesideVarrpest dig&ters may also

wi thout mgrating through the openings. In these
begupgided lons s, flov path tyfuethet enbanearfficigney hygcausing the dilute stream

togigjﬁhhéi‘%kl?&d foli]tﬁ a‘%ﬁﬁ?ﬁ% S%%FI? qat %Iﬂ\"rﬂeh:aam? Qﬁégg%lg ’celé Elot the

esive to capture an d ‘'t He respective
anidiadidd fel taeka dstht hetioredides thaictke Adiigsisses thibhglsbah suctpage bead
t hat_t he bead,surgage remaj ng active, and tha %hg,
laysas dTig copsiyciqmikich ABPIRRL TeBER Irasi Frlfremg oh&ff wpicg is
scRSSAMANY sivin fﬁ: HigiGk 8GRNAY %Eétﬁ‘iﬁg‘iﬂeﬂttl?é:t"réatéﬂ ﬁth? R&ntacts b?';h types

adhesive interlayer or other inpairnment of electrica
ofexchangeé beadpoffers the pisfodesuneiadeahtages mbsocfadrwigazara- or layered-
j.nternational, patent. a i cati.on,. these cqnstryctions
sl 3pd lso g s 1 Eio B lociish et T gE ik ot oy nd
promibied d wedde BXTdrAQRHt diSBUEEN,IbebAist HRSwotAtes\WPHEAMSs contact
throw salt or cause electrical inefficiency. We

cagh other iarserienasresn e qellpdhersfareshy p@g@@lgcﬁn@ USRS t?mlgh both
g5 o 38 e B0 RGP

trabspdrhefficientianarl thé picvhlemcynibbutdeddh g febeflait) Wise result, the
streamto nmeander back and forth across the screen,
reoyal of pRighg adecapigns fom dhedow thereferesach prageedt camipagable rates,

. . . i LUl .
B RGP BRSIed UCAAOLLEr AR ot
Maereosdry the lackf tipdamid adtyp ténda g preeére lscalivedueglons bflyigh pHghat
,aﬂ d which . is )

might otherwise be prone to membrane scaling.

As shown schematically in Figure 1A, a process 100 for forming the leafs of EDI
devices of the present invention involves providing a sheet 110 of anion exchange
membrane, placing a sheet 115 comprised of one or more layers of a screen or mesh

loaded with exchange beads on or adjacent the sheet 110, and covering the mesh/bead

sheet 115 with a sheet of cation exchange membrane 120. The two membranes may be

18



schematically shown in Figure 8 below, assuring that

the treated fluid contacts both types of exchange
whewd/p4280§ er s t he performance advant ages assoCPEL/E82004/034909

with zebra- or layeredfilling, and also avoids the

creation of |ocalized regions of irregular

conductivity and pronotes a nore uniform current

di stribution, because the two types of beads contact

each other in series across the cell. Therefore t he

sane current nust pass t hr ou 0 i on. and
sealsl fogethsk EEg gae Beaage edgess Bt léarsrréf @m&l ordopmine gp gnvelope
- stlBbiokd oo Hhech Ahid A BARS BF LhfHp i TorR ) ColcRftate col
envélepe stmvak. dhe anveboye 1amem‘alted with atnradrhttdnel dckeswlayer 125

th f t d
hap gt srohanEs BROsaTg F R R caLpeecieytt wilkeewiy be
of@%ﬁf ﬁﬁdrpihc?d'aﬁoﬂ ek&ahgiyb8ind MY BaMBFaned 4R dpasdss &b then rolled to

‘granul arity” tends prevent |ocalized re i ons of
fotm glspip# BIatnityi Syieh pmdqermﬁrnwuﬁiehm trindicate matieally by the

o GRET o IoTo BT A G  Pne sk ict pe MspEpiliradies il employ

vatiB6s R8O brikes id m@ihtdifweb YedSioR] Md shirtiéhl s onbeet thd Ifyers may
of ani on exchange nenbr ane, pIaC|ng a sheet 115

temgn%tﬁ s exfenst beyoad ethersp pedisengesddelsv, do stpetanitahle prskgpometries
oGS A0 R Tl Bl

deQfce C¥atiolk ®ibsidaing Steﬁﬁmhbﬁipenérﬂ@ sudihs ddmldﬁmmbartﬁlemys,
beseal ed t oget her al ong _one or npre edges,

speges shigs etnds qilee wavkelser s6als, semaPhyhich stsps er agaep@terlﬁ@r% re
rm
QG 1 TP, ol oy G St
app@peiatelpethtyalvhg e ladds thediratl m&nblaﬂﬂ sbagee or GiRBr \hd)/parsges along
suitabl e exc a beads %ﬁ for, the dilute cel
thegiages {0y aé?"é? Y SQ%‘PFé? ah r96rB apes iPARRIGIPRASPRFAG roll. This

baﬁ@%ﬂr&ﬁuﬁ’i&%ﬁﬂ@ aﬁm@emae&i withehd BERFARGRd 3B s&ﬁ&ﬁ?e% Sand

are en rol forma spiral ED unit. Such
m@améziegishiofa thndrﬁ@t vessd to Sorimrilie canpbtes@lhlemcrec a1 gle¢drode may
roller

., the ar.rangenent. of 0.

s G Be 70D ALdBunBeL ot BeBdi i oo Siia e g some

pofiiting 88 1RNsdRI BK ElScttital§BhIA @infudkeie t 8Vsill @lbctréd¥khorting and/or
particul ar ones of the layers may term nate or extend

potsatialsiiods ha.mgis s o protesmsembesignts deadfofetare dermed it éoil, and
mag&acaggegnrﬁ% X r r%{:%se&&reﬁen%c{h% kHré‘: ah§ ﬁs{ Jru%k c?fl & #n ?)ﬁ?ane/spacer

r ce onal conmponents

assdaibil € fre wéaintl Guith aidadhfbnarty tietddsrodes. conponent's, such
as addition of fl|low defl ectors spacer shi ns, and ed

gas i aglobalsealpsilows paths prthgassembled 1A @che@rﬁfaﬁé?ﬁleﬁed with
thé 11?1’((5j 51%?90@ HHVS)‘? ce@ W’lthﬁf ffie 31 SBEE dpaba tnht constltute

ect ed at” appropriate poilnts
the&lhhl‘ﬂ@céllsemﬂ briee adlst e tlfer dlhate aetinthe dloe; mayp acderaldy bephmilel to
the longlg.ldm ?%xglo? rhe device, while in the concentrate or brine cells, flow proceeds
along one or more directions, examples of which are illustrated below, within the spiral-
rolled envelope(s) that define the cells. Within at least some cells - illustratively the
concentrate cells - the flow is confined and its direction further determined by
impermeable seals extending between the opposed surfaces of the two membranes on

both sides of a spacer. These seals may confine, deflect, orient or concentrate the flow in
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the stages for assenbly of the spacers and nenbranes

in an envel ope/ spacer roll. This basic structure is
wowuwse4asl assenbl ed with the el ectrode and coPEI/US2004/034909

structures, and nmounted within a cylindrical vessel to

formthe conplete EDI device. An electrode may itself

constitute a wall of the a vessel, although it is

necessary to have at |east sone portions of the vesse

be electrically non-conductive to avoid el ectrode

shorting and/ o ent.i al ck hazards, .In.one .
vVERDE Hep A BHSTHENE DlaPertd GabaredrerBl Bt SRt by laving
dANHo B REeREFRPL 5hchik RaRhOGESSIVORYRIr Bahdf ddstr&d positions.

and last turns of the nenbrane/spacer assenbly are
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erab I'ement ed by 1ayi ng down one~or nore
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out, or as it is being rolled if rolling of

i ple
regulfiviiman ¢nvelppestretare whereintheends O§H1@\mpmbram/gmp@r/rm¢mbrane

SR S5 W 0L BT ETARL S BB e or

préviliingAGd peceiRagsSthe Eoieheatd Abw. el sealbdtenH0 fsrabimpletbe a suitable
cell paths may be a§'é¥ed either during a prelimnar

(pqalefbﬁthylraﬁee‘amﬂ a&y@@& & 1 “BIY A"y magryial prplied r‘%bqﬁhfs&eﬁp%@md
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RO e JF ORI pRic opetFish PURRLI AR AR pDfincable spacer.
Thechalentenali ef brmeti ofoambt}mr mstable mastisleelgt b oivcols, prefesbly B
a ICillustr pattern of brine cell sealin
cupifuteal ok OB twa- g tapesiiccllys toproy § HeimpRepnedble seal
exfeRBRE THCHE Eﬁckn'e& §tthe sﬁ@&%hﬂ&ﬂtand%ﬁﬁdeﬁ%%fh rﬁ@rﬁﬂraﬁé@a ong
I's 1 npregnated wth sui tabl e seal ant al ong st an
theelgendf &ea;bacngadsanwsl 11 Bmse dobtyuctions, the spacer in the region of the

sealing bands is preferably, but not necessarily, free of ion exchange beads. When

assembled with the membranes 110, 120 in a rolled winding, the spacer then defines a
brine flow cell having closed top and bottom wherein the brine flows within, and may
follow, the helical winding space of the membrane roll between its inner and outer ends.
Advantageously, when the pattern of sealant is applied on the component at the time of

assembly, the various membrane and spacer layers may slip to accommodate differential
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extendi ng along the top and bottom of the spacer
(corresponding to upper and | ower ends of the device
WO poosie2808 | ent ati on shown in Figure 1), above BCMUR®DG034909
t he bead-bearing central region 117 of the spacer
bet ween the two opposed nenbranes 120, 110. This
results in an envel ope structure wherein the ends of
t he nmenbrane/ spacer/ menbrane envel ope (the left and
right ends in Figure IB) open to the interior of the
envel ope for rOVIdlnﬂ and receiving the concentrate
mevementsrasdhe esihg traf isaplled Grit eé@ﬂé@n&nsth? wgbt)dnto a spiral.
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spagehedeen wlmsw eéfﬁfﬁté@l:y agamst the gupacelat dher adirscriqaembiages. It may
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conﬂaaﬁfgmaﬂab@ dfalie $odid peeipheze. nHowmmnmtcﬁ a(véscgus sealant applied

formin-place" gasket). In.other enbodi nents,
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th . EDI [ ti I .
oo R ITHAE DE A et bt doRgnenPenit ol Sipelinict nto
theSRREA! arBiS VN R e¥mbb i prokétol thIdkHSlthie BYSIIBRARbAS and the

electrlcally non- conductln rubber or g@astlc solid

treetmﬂnt mﬂlt@dg@s:hpmmalsgb@tnnam Hegsnbiatthepiocess élow Sealants

es onstru the on

coll G RIARH Sam L@ RABT D oSt Rioh2F o BT BlgB R ppraen
areCARTIRILE toe dviorled Pl When thy peafElhctalede sl mmﬁbﬂyhﬁkﬂo@assembled

strip gasket formed by co-noul di n%
wet (including soaked with a non-aqueous solvent), it is preferred that the sealant or
adhesive be compatible with such assembly, and when the assembly is to be sealed before
rolling, the sealant should be flexible, or non-hardening at least during the assembly
process. It is also desirable that the curing or drying of sealant not introduce such
stiffness or dimensional changes as might introduce mechanical stresses in the adjacent

membrane, or cause cracking.
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around their periphery. However, in this case the
nmodul us, finish and di nensi onal tol erances of the edge
w0 e@somsgasket material nmust be appropriately BEL/USI04/034909
assure that the spacer edges will seal effectively
agai nst the surface of the adjacent nenbranes. It may
further be advisable to enploy liquid seal ant or
gasket cenment on the rel evant nenbranecontacting
surfaces of the solid periphery. However, use of a
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heliendlyilisppsesh speesstetween the twp sesliss bpidsb Févid megy heﬁetrfmcbd] gnd
fﬂﬁ§v§m¥Mﬁggﬁggﬁg%BQP&K@%&ﬂ*ﬂ%ﬁ@ﬂ ce such stiffness or

MeENSi on anges as mg ' oduce nechani cal
st r #saes 1 Drllisnetes djefhtonzBudiicanter applyi6a¥s femoving fluid from the
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seal er "4R- 0215MF of H B. Fuller Conpany. Figure IC

agaihghwenchingrofbef the intéremembrane flowfspadee A pamkor région bf the spacer,

Ei | B | ed t n two rapes 11 20 as
wiidp it g Shet e RS ) 6 YR B B A Lo stramheg. St as a
an ef€ofSthd piedl, it BRsEPREL furthaPskal DB, and @ PoRANERE S creen ad_iacent

menbrane 110 [ies on the opposite side, with the seals

therepd aemaing free of sichyeadsp@predining wmord enen flow patk anddecaended
B e B T ARES pAb Be de fos sy

flo %Eéi&g?lc%q Q’lﬁl
advantageously serve as a flow-distributing region to efficiently allocate flow across the

S
ousi ng, " the

width of the spacer into the adjacent region of bead loaded mesh; alternatively, when
positioned distal to the inlet, it may operate as a flow-collecting outlet region to
efficiently receive the outflow from across the bead loaded spacer mesh and conduct the
combined outflow. It thus presents a low pressure drop (at the inlet end for distribution)

or a high pressure drop relative to the filled-path impedance (at the outlet end) and low
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helically di sposed space between the two sealing
bands. Fluid may be introduced and renoved at the

w0 pven42o8l out er ends of the wi nding. Figure |BCT/US2004/034909
illustrates a useful construction for applying or
removing fluid fromthe concentrate cells forned in
the nenbrane roll. In accordance with this enbodi nent,
the spacer elenment 115 conprises a screen, or severa
plies of screen, together with sone exchange beads

that maintain a desired mninmum /| evel or threshold
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cohdttrhielfloge ‘t@ﬁis@ off BB Keals (Fith leRghe uhd ﬁiter@&ﬂﬂluﬁﬁgtm%path

| owi npedance outlet conduit that serves to define t
opgfaings Hithgptrelincsipen cireudation nrumng or kemplek|flopr enmirgl systems.

congut ebhisgiraleb eS8t ol by SRBGHENE M Sbie By oo
cofuctiVamethlipol yrhérsor @hban bballs dehpoterilytod p@fmzﬁ@hﬂﬁ 6ked theietb or
qures%@% in the | ow inpedance unfilled screen, and in

&g, lofemenits W@%@é SupreEt apd/os elactricpl eqndactipmproperties,
citR@38stddd 49 ih SRR totclaﬁo tha eg;es erial 1 e 11'31ét90r%'ht19ttﬂ3§5 if

structure to connect w t inlet or outle
proyaded tohpplier assbkiwbivesy thed iﬁ@m thSwmihr—memibramyspm may be formed

b fed
by pibeaTe AR steed ot o SPhet ile oy wiritos Snctug:
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may be desired when the brine’is to be fed via
o ut Jhere elimenigof eonstirertion nisy beeairiedlopt tosiviplauddifterent flow .

PG b RGP bh Rt o S Y
a phiteéo€ edalif g Behdsne enfille®rieshine AndrBEdd- BN th& region 3 forming a
half-sealed envelope that remains open along the bottom edge. The half-envelope is
configured to receive an inlet flow at the bottom. The low impedance unfilled mesh
region 2 extending along the top edge promotes a generally upward flow through the
filled mesh 3, parallel to the axis of the device, as indicated by arrows in the figure. The
filled mesh may, for example employ a 28 mil (0.7 mm) thick screen with a coating of

650C cation exchange beads, to define brine cell regions 3 of suitable hydraulic
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presence or absence of a relatively spare filling of

exchange material, the leaf or leafs of the spiral ED
waelewsoesosray be arranged to passively provi de pET/E8100v€34909

dilute and concentrate flows by use of suitable seals,

pat h | engt hs and i nterconmuni cati ng path openi ngs,

W t hout reliance upon circul ation punps or conpl ex

fl ow control systems. The concentrate cell screen nay

have conductivity- enhancing material, such as

conductlve netal ymer or carbon beads t enpor ar i
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adj?lrs? Echtel a?n%uglthoef ﬂe(l“e 81tv2:19tgde tso or passed into the brine cells. Brine back pressure
may alternatively be set at the brine outlet to control brine flow.

 These arrangements of the concentrate path present advantageous operafing
characteristics. When using a single pass, rather than recirculating, brine fed into a filled

cell, the product outlet end of the dilute may be highly polarized, resulting in very stable
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toillustrate relative directions of the feed and

concentrate flow paths in the central treatnent area
wo@Rooshesodevi ce that occur with the | eaf of Fi gRCEUSM04/034909

when the brine cell is fed at the bottom(e.g., wth

the product water as illustrated, or wth a separate

fluid . connection of feed or conditioned brine). The

feed water proceeds downward al ong the axis of the

device, while on the other side of the nenbranes there

is an axial flow upward fromthe concentrate inlet end
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25 1 FongveR v BP RISt R Srvtalyl i e fieet @yﬂ%mng more than a
fulPRSA bf &Q&H)d@'sﬁ’x’f&e sén @19%5 SBKES is %&%gfﬂé a.fPerct%Hé &fegzéﬁfegmn

unit. In that case, the concentrate
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turning to forma faster cross path near the exit end

mr@ﬁnﬁerﬁew@l @»mi @bicenhh envabenterengd @6 Fremiration iy @ﬁﬁldrﬁ@rrempe,ob g., the
L RN T e,
emkw)péesmamb Q@ost&h@lﬂy &ftirélwparallel to a continuous cylindrical electrode
contour, without abrupt turns or doubling of plies at the regions of attachment, and
without projecting clamp structures, results in a more uniform field through the dilute and
concentrate cells near the electrodes, free of the shadowing, inhomogeneities and
shielding that arise from prior art arrangements of slotted openings, sheet clamping
structures and the like. When applied to the concentrate cells, it permits passage of

concentrate through the electrode and into a field-free region while maintaining
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with reference to Figures 5-7. These may i ncl ude

| eaves with an at |east partly open (inner or outer)
we@nws/0&s08 at | east partly open sides to defi neP@EUK04/034909

running in segnents along one or nore spiral

directions. The seals provide great latitude in

setting path Iength, path direction, and such

characteristics as flow i npedance, pressure drop and

dilute/ brine pressure difference. In accordance with

anot her aspect of the invention, nbr ane/ spacer
subsiagtial olatipn HQm the feeduypdust %IQWrHa@a ey g¥0 g Be grotigeof
b S P A BV BRI i) R PR R bfiPodicals anifolds
and eleceol yteaztls oﬁpl@brraatvEIngevmee than a full turn of

el ectrode ;surface such that Jpock in a
eI edtiFBad ivy siosuproherdl g 518 BRacTsegade pol TRl wouRd leaf,
alffi% I‘}BFzﬁieYlthél% e J&iﬁhmg axBMHubi&ing&ath a@aéaﬁ)dte 'i‘)b@két hRd
radi afly-open gap extendi ng” between the end
teredimattonad eheandmbﬂaae/ndkmﬂtcmrn, sudthasthe @paner/lmf stxmture of Figures
posi ti the l.eaf fl agai nst
LA R ekt dt Bhe it R e oGt HipdR b b ang
coﬁles%ﬁ&ng @?ev@@f’ﬁi ARG BRE0QE sthRNuTe 'i’&tth@ﬁro'tdl}é% éml%d‘i’mf:ﬁte ®ach

region, e.g., the interior of the electro or pocket.

ele’ﬁtred@ﬁmf@t@bb’eﬂoemd' chséeezj stonkof ¢ svikrbletanduetiveshes negterial, such

u antlall |reI ar al |
o SRR e LRy oo Rl B o 3 B urtace
otl%&ié@%la‘hﬁfz@&) &otlhd irkdri (tGoadudeive efetdlic-biteace@ gheen SPeferably a
attachment, and wt hout projecting clanp structures,
nopegidizisg matesiahsueh asr Flefinwn-pefaged %h%gwmn@eé.fpwlé aa‘mf

C I f
AEARGERHGARE G b IR0 B LGS 1R0Rt AARRRahBY b i
(n(ft rsﬁmvﬁ))’m@y caflectas fangenedt Sncbéxtsﬂdxtﬂ @@tWHQICBMunSda&emrough
ing stractures and the n applied

I o.the
thf‘c%ﬁ%f‘é heysipg(agrre 4), apd thesrery @rﬁ ‘ife?s@%@ 386> SORHFE éﬁ@@%méy be
aff\%}ﬁ‘w% eﬁ&ﬁoﬁé ﬁfrﬁ{cggg a%Ell‘Eeﬁtnf)§J b ﬁbx% §t@rﬁn% ﬁlgi sO8 screwed-

I'e "mal nt al ni ngsubst ant i af at|on rom
doﬁvﬁembtqdrsummtthéhbm(aﬂmtﬂmt slamh)thus avoi ds the pr obl ens
of b e shor cui ti.n or back-di ff usi o
occ 0 IR RAEE Aot O iR AP LAY (R VERingy ﬁm%l%al

ele%ﬁl)(iegl 19 (cOfrésPbndihg toE@éctl‘i!)ﬁE 14 @8 Fignt& 1 Whidh irSthd prototype device is
cross-sectional view of an inner el ectrode and

thespiodeis owvapriset @dh wowad slreet of whigh theeendgegians tdat hlgb overlap in

VVI n n tra Suc tro
PPt Atk e e o8 M B R ey cncs ot
theAgafitB@nifA8.LC ThislovaflapSiehiea tories i elédt@de psckbfwhich rédeited€he leaf
el ectrode in on r ot ot ype spl ral EDI device, Fiqure 4
endh @wgrﬂ:aarte@;dlh%q)@h’gbrn@ spacers. and Hes & grsinglepaientiabge that there is

o LA P PRARI Y PIRO T S5 £ il

or me
sp&@z@ﬂmay by Eeeﬁéde édr esmbpleivth a sutatble polyurethane assuring that the dilute

and brine fluids cannot leak out or intermingle. The individual spacer and membrane
layers may terminate successively, or with slight offsets, as illustrated, to form a tapered-
end insertion, rather than a butt-ended insert, where the electrode’s outer edge overlaps
the inner one. The electrode winding thus fits well against the angled surface in the

pocket region and is fully supported. Thin foil or other metal sheet may be used to form
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as stainless steel, titaniumor platinum(e.qg.,

pl ati num painted or or with its surface otherw se
w@bk@siosmsaed) or other inert or conductive PCT/US2004/034909

nmetal i c-surfaced sheet. Preferably a non-oxidi zi ng

material, such as a platinumsurfaced sheet is

enpl oyed for the anode. Ancillary stractures such as

suitable current |eads, electrical connector tabs and

the like (not shown) may connect to the el ectrode and

extend or electrically conmunicate through_the vesse

thehelaestadg spficgurldie spycer/meenbrans rold ligs evagilp patgllpheand flahagainst the
ou e? x%gceg{gﬂ{ &Extr%ec@r%d@ H}fé%seg:;eﬂleg%?%%kﬁ?éé&gg surface

ne or nore

S c r emﬂﬂgipmwpd @nsShdtion, e wihding stkechiralcemprisds asbpaatihg
As shown in Figure_ 3, according tqo . this aspect of the
sequepemed font layers, I@é‘?ﬁl}’ abripe weeerFFeembly B, ap Anigs suehgngrymepbrane

A ge@ﬁl{er éf)ggert]aﬁ eﬁibﬁ ggﬂld% chliofBt hnd %:Iﬂﬁraﬁé el g.ﬁgl%g:é)tnstg%ctlon of

e ano i's conprise a woun
tha/ﬁhlmat’atéd]ﬁo&nyber\egh awential dagde]lthé briow epsdca:player B extemiufboa

sect c.that extends for a few,c ers
efoneill Suipateranin ! e ceme Flsafrodc b Rar s el adjacent
cat?c\%?é)!cﬁﬁhge rﬂ?}aﬁé’@m é[ﬂﬁs %Iﬁsﬁttﬁéjl‘é@f iR %ﬁiﬁﬁ%ed"iﬁ 'tlﬁ:tbocket, the brine

recelves t mbr anes, | ute and ‘bri ne
spajeaBdies diractly dgaﬁst ’éne oates surtHce op tlteemt)dcal 14 ﬁm atﬂlibturm, fapd ¢he

is nq.electrical in ock t
dsgeR dicie gt ngr 6 ool heis e bge mgbrane.
The %rsﬁ%h&aﬁ% of ed }%ﬁgﬂHRJf@héMrId% sPaced bﬁﬁ't@sﬁﬁh&%@hﬁ@ﬂﬁ anolyte
assuring that the dilute and brine fluids cannot | eak

celbof a oonvientiarahBhg devica hRrefanehily thgrabde ﬁhi?@@d%h]cﬂ, hasineasgnore

| ayer ) S|vel mnth
opyif Tl IR B3N ik o Rl Kbl for exampte
withnSgdrt inQhe bétednh Bangd@nhawh it Frgerded.d. N5 Bfihe pdﬁl@l’eﬁnﬁtﬁlﬁg the
el ectrode' s outer edge overl aps the inner one.

corgentrate Sued tninees eoughibe mperelegiiodeagai nst t he angl ed
surface in the pocket region and is fully supported.

Thi ia Blihe OnBARRE HREAINIARS exRINB ot St e pREEE Mfacent

el e e surface e spacer/ne
to the abdcirydg andiwioehd amtisdaledtwithgthe netaiting phas mto tha mbekbe atathe

t he, cent el e as the acer/l its t
res e A, 4% YRS G Sy BB A B PR TuRLE (AT ghen
terRidatsd #H5 ARSIV ESR8e.AThEHRE! d18Groa8 HERGR, Ke écx‘ah'li)le of which is
l'ayers, namely a brine spacer assenbly B, an ani on

illussrated myBigmenh peeferably enmoysut emd mstnaswemb ayimling with a

vofit, RSy BARaEe FRTDRBHRME sl o TR S TRE Thipie”
thrSBACIAE oV @¥PPing PeciRBE RaybRl ordhé Eindintfethcomay bebhnded and

circunference of the central el ectrode, beyond t he end
clagfped tmseahﬁha@@ﬁﬁog,eﬂteiroﬁhwaﬁ dhe teraleciiodessonformyje the shape

Ry T i
last fuén. AIQHE cabd f ﬂ&rou@erfcuﬂhbdé assémblgn@rhin@tion may be effected by
extending the brine spacer layer for a length of one full electrode circumference beyond
the anion exchange membrane, so that the final brine spacer layer lies directly against the
inside surface of the outer eleétrode (the cathode, as illustrated), and a cation membrane
lies on the cathode side of the next adjacent dilute cell. All or a portion of an electrode
may bé Iﬁade from metal screen, wire or conductive mesh, rather than from a sheet of

. conductive foil, or may include conductive mesh or wire on a support sheet, but
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adj acent dilute cell is bounded on the anode-facing
si de by an ani on exchange nenbrane. The first w nding
w@eoosneshengt h of the brine spacer path thus fRCDUSINE034909
i ke the anolyte cell of a conventional EDI device.
Preferably the anode, el ectrode 114, has one or nore
openi ngs 114d theret hrough placing the brine space in
fluid conmuni cation, for exanple, with a port in the
bottom fl ange as shown in Figure 1, e.g. , a brine

rt, permtting.the concentr luid to pass through
, CC{)“(F)?B“N?%@# el dirthwo tirdoy 6%96@?&@%1@95 g [ofiggmm]
fo"ﬁ? hfé? b€ gﬂ&ﬁ& 9& R %’Hgiﬁﬁﬁﬂ s RIRGE ﬂn@&itﬁ&@&heh%sé&‘% form the
el ectr ode, an t he

- and woun sealed wth emai ni ng
oyséri edectiore as indeated sklsmaicalishin Figgiea sd dslo, coastitete adointdinment
t he | eaf / spager assepbly.i.s wou mul tiple tines. and
Vet forits A BP0 RRaY ReiiAll ™ Gt SHyeiat ies Pheinndt clectrode,
beZbr@ GlthMeend bf {AE 1A R0 RN B £c&firalipe i
il lustrat éld in Filgureal 4, Cpr efer a%l yragﬁrigl ,g;/lglﬁggg}erﬁorrglspondmg
stwiehsal pagionad theshausinigrebinnept wiesdel ar Pkt inneessary. viinrilis wase, one
the outer electro Scre or qt her, f.asteners e
o BaE St RTur s T M Bafiil BORET R Y piSand
fittddewieh S4BT BRGS0 ARYW TR PaRaBnRAbChAMRA thd QedRAL winding
the unit together. Thus one of the two electrodes
withhedring cells- t he shape of the first turn of
menhy. / r I nd.t he, ot he n || ows..t he. .
Cha B E P A5 BRSE IR e B it ViR blbEo i Pl Gt ich A Simiter

waaldhhee aas pedket struches Bl aRipb ey abeul&f oot etbddyhere the sealed
the brine spacer |ayer for a length of one

di

enfiep] e BE i PaBIE The sy elppeleractiapd g therrotohynsds eonshueigdso

th%%@@{i‘,ethe Bfind I:ertﬁ1 ﬁesf Acfj'%:lenttﬁlé ?EC&&?@%%%%L&%S@ c&hl%%nicates
irectl’y against th e’out er

e I nsrde surface of
thielglc b saithbld fidreP .c #Hendles briiss sphen$d 4 spaeel) as shodin én Bighied A-1C,

nmenbrane |lies on the cathqde side t he pext adj acent
copRiTA heBYGen bp esfbracs éP’fﬁ?‘gﬂ g a%cﬁlfv@r%tth% ¢ fpyeepate flow
pabSRe grbd %?ﬂhggﬂiﬁﬂliné %Bﬁc%ﬂtrat\é"s?ﬁ:emag&oﬂ%ﬁ?%ﬁrag? gfri]ecrtrla/ )}hrou gh

rat her than froma sheet of conductive
ong pt ngeoftbadlgcirades. Mieh thy brinerenvelopaofhijgprr2A shsed, having one

but conducti.ve foil .is. preferred. Furthernpre, the foj
ong SFERIR LR R brineinfet T Bf e ot ab e stz ptts may
bebEME badletat ddbiveaRFh otlibr BMbAdIRIAL, It AeayBH sERAb(RvE R Brine
to formthe outer el ectrode as indicated schenatlcalhﬁ )
cr

enfepatmnggnd ofifhespirals e.go atiba gnodey which is preferhipnthe inveryswh
f e ini.tial L.y wound for o
6548 15 SRR ol PRS2t YRR Wy s

eltteamb etnér redistt balihgain stiloths dntbod@nédts, ke B 18RA0ead not lie
[ maki ng the correspondi ng structural portion of

imfﬂi a apgIElodhelectradesiu ingadsappaierclastinde waserraplls | n
L858 9%y THEE DAC LAV SRSRR, o8 5w o

fluid ddjacsnti tb @hé er both elacysddso Tals ablowislone dr bethelseiroBtd fswws to be

t h h th | ectrode w ndi ‘
supplillreg,u eated o? cgn 1t(ioned separately f{-](gm the bulk dilute and brine flows, in a

manner analogous to electrolyte treatment of prior art EDI device constructions.

The foregoing examples illustrate several generally advantageous properties.
Spiral EDI units of the invention employ a relatively small number of hardware and
spacer components, and these are of low cost. The use of a sparse bead filling allows cells

of small width to support high product flow velocities, and the roll sealing and assembly
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with the brine cells. Figure 4 is a cross-sectional
view of the outer electrode 116 forned with a simlar
wowwsg4sheet and pocket structure overl appi ng POI/ES2004/034909

angul ar sector 116c where the seal ed ends of the |eaf
term nate. The envel ope/ spacer roll of the prototype

is constructed so that here too, the brine spacer B

| ies adj acent the el ectrode surface, and comuni cat es
through a suitable port P. Wen the brine spacer is a

oo Rlanbroal Eg03 Fube B0 e S SR oo mErodet Hows or

app &SR MokR A Ho PYuBRS DR SlutiBh BHEH3 s Bt i 8¥ells. This also
concentrate spacer [ayer B, and may pass directly

allows thegDbédeyisrto fpe easikyfassemebled imot dry de son-wWieltedt state, brithomt

envel ope .of Fi qu 2A i s used, having o en .ed
P BT AP P SRR AR Tion R A o Al R Gy leads
to exiadkioR laf€ bAIRABeARETISe ARYelDEs dhhbAded Hbnhihio-bddd WBMALH, and

in other enbodi ments, it may be preferable to have the

highly neiferm decteeal 6pé iavieicapduetiiatys ppnsiuctiensgvith ant envielope as

er: Wi ' bl vt he inner nmal | er
sh PR AErigh 28 s b E AR Yl Ao Sl SR oL lomend afne
enbelopeealsd glRatheSohdtntral cells ®etHakilyefdd by adidatiod &f (B ebed or
better resists scaling. In still other enbodi nents,
prodyst watehisteragllrofibeyessdlt Frrthermens dheatse of anifjtercepmbrage pattern

. . ' r e f
or AR ) 18 Raplls L3594 30RRLAL Bk SELAETP A0
mendirimealtdizbtiadesp to®584h bbive anenttipadcaires ddtiowdly@hartidiphited in

adj acent to one or _both el eghr odes. This all ows one or

elegedrignEtionolay mers hanan erepkilal e P4 ardbiteetpiss —@gd provides
ordaPEditlol BRE N SERREBbE kﬁ’?&ﬁ AMufen8d hafihécmsl e sgﬂgelf.@u@& mesh
flows r eat nent

, In a manner anal ogous to electrolyte
andfnfgiddoneshrregibb haveVow hydmanise resistancanwhicll hevyfherex glhoitad) to

xampl.es.illustrate sev | general ly advant agepus vn
defE BB oS et i SR e RSP en Sahp iy wighin
thel RV RN e uBBRbhtidNYTRROf harp@ligyvar e and spacer
conponents, and thése are of |ow cost. The use of a

s pal be spreaostivcture, sgnastingwd ose bt morsflayarsdf meshietg. tpolymer

u t high pro t flow.vel ocities, and the roll..
sor SR e BB s B SeREh Slreheny R Werehet Begtisgance
betiveadineshbetales, peeviaing both iemBREe hppageadaDekaien Fravs chfture
apportion flows w thout causing occlusion or )
andshrgnspots g sffertitel opreventymigrationTori lass ot dhe rasinoMoreoer, Emi
. | -

lockff 3 Eeibih (3%, S0t 1026 RL Bt ndh e By PR EMTRAPE used
with arsumilel imesh( siexdttd alyo aardté as a Yeadstedpt bingjth thiilted e aidas boa larger

ovegh iy Biadinoane oan dor GATpGHPT P elgts Kohpschange
IS EOREAYY SRS S gL g o
the oohtpinment wegbe to egucrthitdhe bende a rethinteti én the unit, or in active =
treatment areas. ,

Thin constructions of a spacer with exchange beads, or a defined pattern and
distribution of bead types, are readily formed by attaching the beads to the screen with
adhesive, and specialized spacer assemblies may be so formed before final rolling and

assembly of the device. The screen dimensions may be selected so the gap between any

strand and one of two neighboring membranes is smaller than bead size, preventing the
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envel ope also allow the concentrate cells to be easily
fed by a portion of the feed or product water

w0 niosiosab8 y of the vessel. Furthernore, the useCDUSHEN4/034909
i nter-menbrane pattern of nmultiple seal |ine segnents
to formbead-filled envel opes results in very
efficient nmenbrane utilization - up to 95% of the
nmenbrane area actively participates in
el ectrodei oni zation, far nore than in current flat

bk Spranyich g G tiRP g AR e TR ReOER Arelfective
exChdhgs Bﬁé&ﬂh}dn\fltyl dLaFhcrEBBticsa Yhasl m% th%dldjE%&’ﬁ AN in a roll

have | ow hydraulic resistance may be expl oited
masbalaew abiayed by eployéng abusulyl” @mmlaﬁnmm 4 webrage formed with

di th
bl B A e o A B R b o' T R & eifons of
the§uriet tef coft@BtIppbditGn@hbiane BIthi¥RAsk, b 3¥eESo1thedHES Aot

(e.g., polyner screen) with exchange beads fixed in/on
ne@%éardzz repired i deteraneg Yie duieemameane shecing @ttbﬁ exchpegapasticle
dlﬁghfo%ngr?d m% By blq t{ég 11? %rﬂe E@Hp&ﬂl@ﬁtss UIP%) ?&P ot however

Ion ca nd transport

thapri@iepast, itihgs p;btvandlﬁﬂicdltas snamhfetchee eﬂsmmge ﬁq{bmsﬁm&r w1th Burface
| .ocal i zed regi ons &? acent, to a port or at the
pr@ﬁﬁsonéfw@wephqaawoea ng f‘é’@ﬁ 9a15'eb%ydemhmeanweérare now
a . e )
o iTERN, REARGchiy CAR0IBRRN S, BoveyAeRt pliiflofietd bl cxchange
beadstie ticeairface st Vepstameat theion dxetangduembranes fdingy for example, a
collector. lon exchange felt qr. sujtabhle (e, qg.,
nogaw%ﬂ&gﬁ% iy cTEaUBL Shh a5 slue g&ﬁp ﬁlhe&%a?ncgd@@bled
I
coffheiThe FHSIP kB RAAEH AES Nl SHRRRE) pleButd Y dBiephil the
memtganaspatingreel sondiisiinity md?,‘olrlumtclcon@omﬂta Thagwemblytrhay be

G S R s e RS SRR B R Hoer
enR@RBESmERbIaNE beAd &ﬁfthahH pﬂﬁ@l@@ khecheadd B RBIT IR ?@ﬁ‘fbn In
spacer assenblies may be so formed before fina

dllmlcrellfh greferablydeershongstmathidal pdaced betwre megthaanes by any of these

|
e e SRR B BE LR SCh0el DB e B B
meitbamegatie shotke sidel adetht catipnt dxehad sndss ecsntms/nhe @at&frpémﬁange

or, clunping,. and . thus assuring effective flow a
me&W@&qw gath é?ec@eﬁ%alaf‘cﬂuawlbgpr&a%’fl@at@rqfw@ge beads

f | r
ARy e LB TIPSO B LT
sh(miadmmtampatﬂ” eithnar dhendttuletuioal ppepentiesair e fldve ptdpeﬁfes of the device. The

ab ve the nom,nal surface plan
wnif{ey Bl 308 bSenPied S0t ReHeiBs fmanmra0 JoG ARt from the

solVERERRA dufing Ronat 85&atich. THE 880 mdVBRE bSsubfituted/removed
necessarily required to determne theé i1 nter-nenbrane

aftgpagsinidy,and theeexprusiemefdop exdhiaggesmaterial and membranes resulting

from this conversion will assure good contact between components.

' Homogeneous anion and cation exchange membranes such as those made by
Ionics, Incorporated of Watertown, Massachusetts were employed in construction of.
several prototypes. These are preferred because of their strength, relatively low swelling
and limited transmembrane water leakage. Heterogeneous membranes may also be used,

but in the latter case it is preferable that at least some degree of pre-swelling or
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di stribution, and may be omtted in sone enbodi nents.

It should be noted, however, that in the past, it has
w@e@sesnsos fficult to manufacture exchange nenbPE@ES2004/034909

wi th surface projections, and applicant does not

bel i eve that any bunpy exchange nenbranes are now

avai |l able coomercially. An alternative, however, is to

attach scattered i on exchange beads to the surface of

at |l east one of the ion exchange menbranes using, for

mexﬁ{éﬁé gt e sideatelinsord gielitlt S0 SRR R b ab Fonnipning
%%éﬁom%’% ags%m@)mhgﬁ rddBife bl%se%l dah{réirdwé t0 FRABsEbtrehBth,

ern1ne t mbr dne ‘spaci ng, conductivity
graa‘t@w sw\rellultgnaml gﬁuﬁ@hbpsanﬁss)andﬂaeldatsi@é hbﬂegognmoub gembrane.

hydr nb h
o uelt il Mo e dRtsred PRGOS ittt b AR g B ara
deﬁaﬁigaﬁffereamma RIS Mﬂﬁn eagdsral EDMU&HE By :ﬂﬁltable patterning of

position. In dilute cells, preferably ion exchange
thmﬁahng handsaad sepnifeld wsgionsrefsy Qm’ébpby wtie pillustiatesone
er%gg)lqu%ff éﬁ"? ﬁvgg 21{;] nl(ljb(n% Ige)(eé)h gg% Smlg@plgerﬂ Eﬁ“.zlcfliloavxrf] ggls Bhérein the

brinedw Bl ithme @Al bOthe@yERANGELTRER, BaWearths ctiter A/@th®Butside
exchanlge menbr ane on the cat hode side. Because the

ynd bragrhasite Blaw ipyariy andoviwaalbeibia thesnisahbrine flow
mEta@ﬂ brai\‘:‘ﬁ\%d@?% dgén %:s%%gb/? g@e}/ AR AIFAGE (?c%krfg §t El ltarlg reverse

evice as I'npai r el
1tssinreumtmlaﬂ1g theapiedl] areisreodrsdshvace hove iy i0 pasés thﬁ)ugfl theh&ntral
[ and assenbl ed

oG B geiyeRb A datirtier Dot BettersriBekont 14 BAl AHE O pERHEoaIed
flovPhRACEEn ws'oﬂgﬂﬁan%%@dgmgpgg atthOfne %31% o%@érﬁag% s JFa¥e foRaving

be substituted/re er asse
foldoopahtsioggenetfally spirdingatigef mgﬁrsoaie“é]adgmmnbtham &® length of the
sul. ti P9 fromthis conversion will assure good
‘“E%ﬂggé? ‘bet ween conponents. Honobgeneous ani on and

cat iFpsure s GiaRa s ARNREANES conifizhrfion UIBRSR Hiﬁ&ﬁeﬂ%%{e seal lines 1. In

l oni cs, Incorporated of Watertown, Massachusettis were

thig nmb@@lwnt, hecloningt antass atghe lowes cight caimqsr letconsyxpe@d ainmgéwo “race

[r eir stren relati
ow svve? I |avg1 ﬁré’%%n?‘ngltﬂ%r % Fgﬁg F‘Fée TBra }r %’ta&d qxg%&t té%upp o
leftedrér0 JROVOLIS ghie Ahd aMpPertast’ fdfeo g ptﬁ;ﬁﬁ)ns R he ufrdliee
Iatter case it is preferable that at |east sone degree

megpbragice bk il qoﬁ@%ﬁﬁéﬁﬁ?f‘dﬁ@lst?{/ thednside (qsateprand @t thg outside

AP EPETH s RSB AR EL SR, it may
be effadtedby altugembmstdm:ulmdabmvest ¢.gngicbnduil asing mw\ﬂielden,gan

and gene e} sen aci dity of heterogeneous
PPN lila;&éouﬁ YEf %HB 0“%4% cQB¥RicHBRd constructi ons

pr oY"i @ﬂfdsﬁéﬂe?hﬁo 121 4 fh | ¥ rt:fSGJu?nt
spl ra

| ow pat hs WI EDI eV| C
emgluytr@ﬂeparp@tmbtsrﬁontjlew‘fm brme flow branches that are malntalned separate
while arranging the barrier seals 1 so that the two flow paths are of different lengths.

The seals may further define flow paths that are restricted to the region of the
electrodes, for example by a seal line extend parallel to the winding axis at the edge of
the electrode region — that is a distance one electrode circumference inward from the leaf

end. Figure 7A illustrates such an embodiment, showing the glue/sealant bands (dark

lines and flow paths through a brine cell wherein the right-hand end corresponds to the
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t he sealing bands and manifold regi ons of an envel ope.
Figure 5 illustrates one enbodi nent of a two-nenbrane
wepwslomses f or defining spiral EDI flow cells, REUS004/034909

the brine flowis fed at one end of the cylindrical

housi ng, between the center and the outside of the
spiral, and branches to flow inwardly and outwardly
within the spiral brine flow space. Each branch turns

at the respective inner/outer end of a blocking seal

anPdR 93 Gl e R bR & r@ﬁgg%egga?*mdfa&g EEhAEE el Haghows, the
b@ﬁ‘ﬁﬂél %o a? éeﬁﬁeggatt }’i@b{%&ﬂ}% laffhe ah 6% éi:?l dn@G4 Srirhied toCow axially

urcated flow paths then pass
alangtth¢ fengthgif tiopenide by sed linke bqqommgemcdlg uthe acedi@e@ buifie then

A S PR IRTG R ARETP ot Br” TOTaR Sise A g aea of

thd &@?%rrbgih%grté LSE WherddefMiR B rdtdihstRizER (B @attmfe d?@bﬂhode
configuration défined by envel ope seal |ines 1.

cellhiThe ditite dpmncovermljothemeeaém\@@%l the anqd@ améwethociq fgm seal lines

o GRS DR P B0 U Sl Rt . s

linfifidlg b dt$sith ab BECKUAERSioh eMorésver) die 1n1tiaﬂ‘9r@b1diﬁ@lhinne gards
LJ% er left" refer to the positions in the unrolled

agmsmﬁm@unnme qﬁepcpesewﬂyé'ggiopﬂ corrlitions injthmbring celljps at the brine

sidg e eIl ond 15 D bAERRELARRANY by Bltuce

sustepiiiBty tEREdlngOr eX|t may be effected by any neans
di scussed above - a conduit a into.the

cel IIn additigpinicaly definiog ring celbilavipa s BHe GFVeBipRmay
emg)?(ﬂ%eaféﬁé kelz%g‘lnct Efs (I%ril g rﬁletdéfuuﬁﬁ&@g?ﬁ%%g Sltrdee Bhe s 1ra1 wound device
eﬁéﬁfﬁ)&dbyd)p@atmﬂh teadilutd Ao winfzan a idreet pash or lmﬁnﬂ thwough two or

branches that are maintaine epar le arr
mQrR g} @%P?qogresgé‘gpsstaﬁeéswsm%tes & WP|S¥347%' e SRYIRE V. a’ﬂgf Gftent
brﬁb%ﬁ%%ﬁgath%eﬂﬁ@ﬁanom%ﬁ&ehaagﬁy further define flow

t are stricted to e region of the
eI e dtrrotitbe smpdrtant espan@fe@omlm@tlg@ﬁiat may be explaydd puditute edlls of

o 5 Pl B2 s IR e st

filfel ldef N SHefein theakfbeh boMR sbiRgdtedthe eiftbrerftitgiss ®f &fvhange beads,
illustrates such an enbodi nent, show ng the

ang ﬁg@@ﬂmm asgunehdequety wchhb@ffwamﬂlﬁldéweﬁ&mnd bl tigpss of

R R PG R
Fl%ﬂ& Boide soherfdtichaene, takdd nordal dhtheangéd @lane iofithei diluet cell and

owb enters at the b tomof th 1r11ode cel l agr’ld (.S
alapgridinesiragingdn theqigmenaldlowy 15?08% &hovem it risere & pdilute cell

is @ér}?‘%g b?%,e ?:{1'I ahibA & &ﬁn@@ﬁl‘éﬁb%e% 'aﬂﬂ% caﬁ_%}? eﬂ:t‘i:lhﬁ’éef th&#brane C,

FRs ar ong-successi ve helica
suctearoition axchangembiefiol @ 11ema(bnoengtotth@mmbt‘mm&xamé aniofh -

exchange material lies adjacent to the membrane A,. This may be accomplished as
described above by selectively coating opposite sides of an adhesive-coated screen S with
the different types of exchange beads to form a dilute cell spacer assembly. The s-
layering construction according to this aspect of the invention is further characterized by
a plurality of one-sided obstructions or flow deflectors D, (positioned on the cation side

to deflect flow toward the anion side) and D, (positioned on the anion side to deflect flow
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the brine or catholyte cell, where seal line sc

retains the flowin the cathode or cathode cell. The
waledoapesspacer covers only the area between thRCHOSHE4/034909

and cathode area seal lines sa and s away fromthe

hi ghly concentrated el ectrolyte area (see Figures 3

and 4), thus limting.effects such as back diffusion.

Moreover, the initially acidified brine guards agai nst

the occurrence of excessively high pH conditions in

the brine ce at the brjne side of the a n .
toa&@ﬁgﬁ 5@1%14‘{?5 a¥hich 2 t?ﬁl@tﬁft Rl Aosthe gﬁ@?&ﬁﬁ%ﬂ% of flow
to 'd%i"tqﬁe fHRIS RS %ﬂgbbﬁey iﬁ@oistﬁ@ bt cell. nTﬁ’éjﬂé) Idteﬂ%&&s 2882 part

defining brine ow pat hs, devices
ofithev/sengenotselizsycle apfilynentsalf: gretater height q)Itnrossrsecﬁam mmhing leross the

A plkefiopany PRt o8 PR S af Mserd B gppidbat bstructs

fldvPRGEEs PbltaMial i ;pﬂrtﬁﬁrdf R8e 5ia6.0uARriM&y Qhe H&‘Ié%td%?hla? be
becones a two-stage device, or becones a two Stage

sepragtelyefomhedoriladedy onexamplaes filapvemtsorr lipas of sealant laid down at the

i8I B30 e 2L B Pty L5 SRS eseen o
sp@@lr ténsthiciadh BB ald6 ve 6Be@td ﬁmghmbmm ond M RRHIF QB ebsS of Shay be
npl oy a screen mesh withi e sparsel yfilled di lute

eff@@qed biimaingisereemer Meshdommebelthe é@r@gamcbgg ioneexedhanige matgrials, in

e e T
adtzam@&o@:ﬂy beplised GNBatqd4ats EDAAEVIOE oﬂﬂilhcébll COgstiuBN@ el i§ not
efer to as_s-layerin is illustrated in Figure 8, in

hnateédﬂ SRl E,Dweéfwes phrollsdrient RRFPIFR COISEUStiGgent pl ane of
t he.\ﬂa!r{oﬂ% iff E!DI A rﬂgﬁb@c%ﬂf%ﬁreﬂmﬁpx‘ﬁ'e&gréggs leésplacers

nom na I'rection ure
acaedling its onl@(ﬁn mexd o dieabene specHTi tgapcse )(hieq:age:umlytudam&agkous

and a cation chan memhr.ane Cx such t cat | on )
coRRRRAGE HAEUH BIC RS Wit (e BrRsert SrieRHOmEY: Bk bes brine
cel 5}5110@1”1& &is?égﬁ%% PERUS EHa@éxtEﬂ(ﬁa?cr@ngﬂ?eC&ﬂErai eréclﬁgn é)f the dilute

nbr ane i's may be acconplished as descr

ﬂowmlhyaxm axitl) \wldwludaomnqe tpisolsictthe spedizs entering the
co PRk SEN GEREC A55] 8 e e i Fa e DGRt BERg fopoentrate

celThethst alyeg t}fégil gy st U Mmﬁ@@ eaNgitRged ia Pﬁgu@ 9Aspect of
the invention is further characteri.zed by a plurality

of énshewnéyFighes %@t hringspeser.fdepoied genesicaldy B hag one or more

balﬁ%% rtﬂa%]ﬁgnc?ﬂ)lé an 2 ﬁﬁc e%e t{tge %}%&%ﬁ& Eoﬁtlacq\%et 2 cré{qt

anion Sid he “anion si

meghthirares tind bmmahdcdﬂ&enﬁm ﬂow vslthi@)l hefzaial @sﬁshown) which

. alterpately Flaced across the general directjon
corfespaRdSdo anyehl of RebseTesp! @%@%%@56&}1@@@75@0%% guch bands

B T M Rt 15k e oo
theclilngespasleas schemativaliy ijustrated 315 Fignee 9B. While certain species may be
absent or of negligible effect in many feed fluids, these regions illustratively include a
first region a of the dilute path wherein cations in the dilute flow such as certain bivalent
metal ions like calcium or magnesium enter the concentrate cell; a second region b where
monovalent ions and larger or less mobile higher valence ions such as CO3 , sulfate and
the like pass from the dilute flow, and a third band ¢ located toward the product outlet

where the device may operate in a more polarized mode with substantial generation of
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flow direction and projecting on alternate sides of
the screen by an anount that obstructs flow across a
W@ awsnasos al portion of one side. Alternately, PCTES2004/034909
defl ectors may be separately forned or placed, for
exanple as filanments or lines of sealant |aid down at
the indicated positions to deflect flow fromalternate
hal ves of the channel. The screen or spacer
constraction may al so be effected using nore than one

| ayer of screen, or nay,Kbe effected by using screen o
hydioxHl andrhydepnam {ans apd Hicgp3stigr HEC fhpopseialigpell. 1he bands BB
soffFhE S gl of e Xp Rt FROARIREEAD S Fow seps, o tha
floadofaentiageoies by geup lobstedies prdceeds abdrey esepbiatedmth wesrdthe

thin cell const]ruc{i nandis not.limted to use i

congspirgig et or gptlety| Indfisiannen thesyirionp ComRERPRBEY (iR onents that
mi@%ﬁ’&%s@%‘i%@ise@kca@@é&b SRSeARY R £RBH L(‘fe%iiﬂ"éﬂe?iei, thCh as

ranes "and spacers according to one or nore o
theatpotrel gao €07, imdithypaspasOtieopely the cngnzhrimes aeletivel niedpsback-
.gLonstructi.on i.s achi.eved ip accordapce.with the
iR Sl i R By et e ne ARG Bh e
coflRYirftd rSREE:SH B! & ObutRREES 16dadibn thel HBEhcB OF AS6mpent segregated
general direction of the dilute flow (which nay be
elsawhere wouldhwignddrithin copbinatien essentidly apa-sedligs peci es

entering the conc ate.cell.,n the fron f .

i | s et R S B o TobiehRRleny Ser e isBlanty Geas.
On@%FbroﬁéH ishe te@sRAGahdf ighetthabkatdalant flbsg as®@ipab fillsthe brine
ilTustrated in Figure 9A. As shown in Figure 9A a.
scrpet} spacead ereveridhbd e vgaariaceass (e angd.q 4ngther gpproashds to

o5, EBeb 0 SRR el o Mol Rl o

o

ranes

net®iis txtandicdnfisuashcadtpasdlie! fol eaeh vihehion tie futirthizlmdsabf thas
shown). whi ch corresponds to_an initial or subsequent

spasglyvele sepllenrimepsion erops %Wné%mm*rf{lﬁ%éo BoeRIRarS! e loree

strHdS. B bas e LARARFANE fly 9{: fdiaent srﬁanf} AmtLhEH .5 to 5

{
regi ons of dem neraltzation along thHe dil'ute path as
cersininseratsodhdtithe mhjoustrangs swuldrredte dozng Br hiilréds of eegregated

[ b b t f [ i gjbl ffect i
coraigats FighaSHed FisgReRslopE AU ey Gafhyalis i heghee
gerlelrd] %%gi&@ﬁillﬁﬁra@edlh FififesOA 1. 6F RFedvei6r 6f Stakidd, itd8 Smpditant that
the dilute fl ow such as certain bivalent netal ions

the| iakds beadudficienthr distinghimsionmnositiva that He rretssenel eomplera¢ntary scale

a.second region b er . 1 I
PRSP LR BB 0hioh o A AR
deptisitd Thidefurhdtied chRbes adhicved bife fewibahds BB, byahel teas bhhirdireds of

band c | ocated toward the. product outlet where the

bangs presedadelyy esisating heistrangdsiad an apanmetricsgrogp glongjthedirection
[ ati on of hydroxyl and hydroni um i ons
tra%%gg%ﬁﬁhreﬂggggggé into the concentrate cell. The bands -
BB Shegiatihkscpiraten ofife codsvaaf spebies anap be rhhaiced cembrei precsely

di stinct, and separate flow strjps, so that. )
defined according to anotﬁ)er or further aspect of t{i)e present invention, by arranging

selected exchange resins in regions along the dilute path so as to selective strip one type
of ion in that region, or inhibit the passage of a complementary ion into the concentrate,
thus more clearly separating the scaling or other components. Figure 10 illustrates this
aspect of the invention, showing schematically a dilute cell of a rolled EDI device (or of

" three devices arranged for serial flow. As shown, the initial region of the path,
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fl ow of each species or group of species proceeds
al ong a separate path toward the concentrate outlet or
woese12308 | N thi s nmanner, the various conpl enePCHDS2004/034909

conponents that m ght otherwi se give rise to scale are
prevented from neeting. Certain species, such as the
neutral gas C02, which may pass through the nenbranes
relatively freely, backdiffuse into the dilute stream

and re-enter the concentrate cell, may enter all the
concentrate regions a, b, c , but at each location the

compspendiag & regiaynisdHledvitheratign cxehages el & 9T gpmpletely
e S

whille tngdr affbMwelgeamlm@ﬁngaatgam'aMalmpdtmtﬂaﬁp dsleteriaubescbr
fill, the brine

coRs Bihos P B BPotG. BBVt F g b bBr & Allingof stion eghane
ma*e&m'A 0R5DER HRARKBIAI IR Huikyeémhﬁd/erecﬁéﬂﬂte%@ﬁscﬁfd’ othd}

ynmetric screen wherein the |arger-di nension strands
compommwme la thixd mg@brmrrstagn gontginy agnolvenéiosdl Ingked ﬁllmgcoiﬁ

t her for e, ful of th acer
exhaiey wteh i be o noli e e ot eb St elebies &de B2, 13
a? |??J)yetd% LRt (ﬁfrcgﬁtr&tdp@ﬁﬁ@n nlofe Elﬁbe?y 6RASBe spebffic distribution
creen spacing nay be relatively small; with a mesh of

of@nfﬁemajpﬁescmnnlthﬁeﬁeeds so that the major strands would

% ?ﬁ%’éﬁ gns_or h ndr fl%e 1_%}adltded concen atce

[ oW g8 QIV%r?a“ s Ve {ﬁséc? RS

inHofd3heiti gria@ aﬂ'&hﬁﬁmﬁ@ e fadtures ShadnS al shiewetireaécaadé Pocket for
Fi gures 9A- For prevention of scaling,

envqhwrt@mnatumwrrmngaﬁh dsngiagsigraypish sélﬁ@wma |e§@<§th@pd iepaploying
a r??l Y‘ﬁ?%g (poré poa im tt%ﬁe Rt g&qg %uﬁ% E@Hﬁ gg?crbtp ﬁﬁ% at ﬁlﬁ!arecells of

peci es oes no cone a

theGwindinigl Qﬂ%cdohc&inc&\mﬂh(inﬁ’@bks&pédﬁ efitednvkaywios, the spifil $ equipped
function can be achieved by a few bands BB, or by the

witheneng por sHusEEthaPravdese Wé@é@fﬁ/ﬁ}ﬂ%m@#ﬁ ing the
stra °1f1 d?ﬁﬁ@%ﬁ%ﬁét@ﬂ?{ég%@&?ﬁh{ylﬂv&ﬁﬁ d)—\r et 8Nwhich

tran erse ute e spatla aration
illusfrativedy ised Ielaanelydqirgmmmdmgshtas destndad ﬂdApphcrmt’Elntematlonal

anigiien W03 6T o SRESH /SRR S BBYITEPF ke Hgoder elavggne

ed%%x &hﬁ@@ QcleB hitPtubBs 4r6 nBBdded ip B Jull-Rediflisk4ting bRAY. NTEOLAR may
0 selective strip one type of ion in that region, or

be farhiet) |of aphbmpamgne emxyan@i@nq;lIvelnelnctaﬁfyandqnowdcsoswffnfaent

e thus ratln thesalln
neSIY RusiRip g sriee © boefief Boster FRALR Pt pedifud
an&ﬁertsb@cek BY @&HBOabAE qmawronsdnﬁmtamﬁibw PhetindWireheCiollbd

of arolled EDI device (or of three devices arranged

assemblysie pred¢rably dhen pojted higwgrmanngesimdliar fosthatreagpleoyeddpr foraing
hol oﬁ-zgg%eﬁg(gﬁgé n(?thaf) all ﬁl@'ﬁ?&]ntﬁm#e% aBH lsf)a%grs%é glaa?edcaﬂﬂe%ttom

nge resin
- (as shown) edge and the concentrate cells are Well 1solated from the dilute cells. The -

rods/tubes T project through the potting material. If rods rather than tubes are used, these
may then be pulled from the assembly leaving through-holes communicating with the
mesh S, which, like the tubes, operate as end-ports into the cells defined by the spacer S.
As further shown in Figure 11A, the elements T are spaced at progressively greater

intervals toward one end of the spacer S. This results in a greater number of ports, hence
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capture and transport the scale-formng netal cations
into the upper concentrate band, while nore
we@bdososasoel y di scrim nating agai nst certain poP€nUSRD4/§34909
del eterious co- or counter- ions. A subsequent portion
of the dilute cell has a filling of anion exchange
material A to sharpen the renoval of the bul ky or
hi ndered sul fate ions and ot her conponents, while a
third region or stage contains a conventional m xed
inblehdd ' -hetter | i.shi ng.
T PO B8 (e, Ui bR 83R48 (gmaler

dipmetenooymdoft the asljed asseatblycont r ol oper ati on nore
ific distribution of materi al

closely f t he spe g
pr e?@ﬁe{mi lﬁhtsﬁgel?‘@%&ﬁy Hlusafes thisefises, Thorsisatienawmberef inlet or
dtReprRVERY Ccer teal N AL NSE Co 1o 11 - .
O oy RS HUE SERRREr (R 10Lify A3 radiall joper pation of the
spsiak thearsgian ¢t elsd esparieacesradighep cokreit densitye el fARE flowing in that
etergin tion lgrran i ng.t he mﬁndin%s to avoid shadom@n?
regipp P das 3 MhorTi TR e Yot my PeTipatedteyihecsme end point (for
npiel 1516 M $6ndulti | .
exEIS 13- 25 DLALHRASEA OGN Lo TR Bicihe iBhell i Yk Hindings.
withoybeausipe exprssivavepleiiamanditvdarizpil opération. e epetlisw High
t structur at praovi des .a conpensatory .
BgfiS Bffolmm St ik 13 oRes"Sn PRI eperwing regions.
aspate defictddestiiediboethudemBAGES nmbMYr4Bvel, inventive and
illustratively is a relatively large-strand nesﬁ as
adyrrdageppeepiEudtions fadiRl devicas rherthiaoeeathe apsldf natinfaoture,

efl £ eégsgé:r%}r%ée gﬁ(?n %4(@%‘}5%@1 tee(r)fé)gxg%?ecie\gﬁ &%?e{f?lélﬂgeglrolgg% c%%l;ﬂ:es SO

cotistiveted airetherforegdoliag destriptibnibt Hbtelive SRMoHMELRAR 0B B vel
be fornmed of a pol yurethane or epoxy materi al

band y |
 eleyenisiand splicnt Seaires bave deen enphasrdrtut thessingy bé vgritdor
1d i W, th, t .
RISt 8BRS l Mfgrncon
knesbwfrem theteshaicalditbrmtir &6 fla pheerind/spirkhBDE Aevieds, By of which
roll ed,assemhly,is preferably then potted, in a manner

areZiow githe market ; B Peds tlating LR cis SRetbas tepd entchyss, ports,
valhi@cHald @foctro Qe E&ﬁ&u&hdns%@%eﬁ%%%?ﬂ%% AP RABSGRISRYWE to those

.Seal ed at the bottom (as sh ge and the
skideshindhg arhtaad gedy be appbedvaith stisblemedification tohke cinsttu@ions

The s/tubes.T project throygh the pottjn
desGibddherdh® The 1 gttt Rairs B bob BIRE varkdiahs i
modifi¢atidigwillocputl tb @ebst EMed Mehe s SRl ¥ Ju8RVAariions an

:]i!rlr ough- hol es, communi catg&g with the -_rresh. S, V\:f']l ch,
moglifiggliqng @re gpmsislered de papiithinsthe seppp of the invention ke desetibad herein

md%%?&?étfﬁyeﬁﬁélcﬁﬁﬁs%gg@ggd&mﬁs further shown in Figure

enent are sﬁaced at progressively
greater intervals toward one end of the spacer S. This
results in a greater nunber of ports, henceincreased
flow at one end region of the spacer, which is
preferably the inside (snaller

36



di ameter) portion of the rolled assenbly. Figure 1IB
schematically illustrates this effect. The greater
woeovbes2806 i nl et or outlet ports allows nore fPOIMISIING/034909

hi gher flow velocity at the radially inner portion of
the spiral, the region that al so experiences a higher
current density. The fluid flowng in that region thus
has a shorter residence tine, yet may be treated to
the same end point (for exanple, 15-16 MegChm
&ﬁndugtivity, as the fluid passing through the outer

' #¥Sgs, without causing excessive depletion and
pol ari zed operation. The result is a high throughput,
uniformaquality product, free of extrene or
l.nef f Anielentrodgierizdtionglevieg comprisifihe gelwval yesyliddscal hivasing
ag\o]}ée t hus enbody a nunber of novel, inventive and
BEVaMEageous constructions for EDI devices that
enharice t hecRadficalfinfmobfeact ure, effectiveness of
operation and overall performance or capabilities of
t he devi cean ignercdeviode extentling srowirbthe dnrey odneg

description of illustrative enbodi,nepts, varj ous, novel
el oment s anatamghy o E4eF uBRRARLIR mep leSiouss.
but these aEjutdelathbieektendistueierpResl Windidg,

vari ations of overall architecture and other details

olierein st Yo feeats pntiogbswvere ide Bned bespeershnitlia saifl ispieal acindiag efd by
. ' . i ces n f .which ar. .
eflbgTHo e R b g Gl SUEE RP BprAE s 3 active
teapeatt selluch as bead catchers, ports, valves and
el ectrode constructions as well as operating control
are well known to those skilled in the art, and may be

ppl i ' ' i fd i . . s
st Fhi kaibcRidhl Al faRE §f b bRt 46 cxlindrical gore and
itivw slediredd ae edandedrtd definevacirsent dasitatidt vaxiks biyaahétonss less than

W Ll occur to those skilled i he arf, and all such
(0 e ateeD A oSgh RORPTISdhs e Siclrogis ] PP Rsopenie he outer
epciBid) the scope of the invention as described herein
and defined by the clains appended hereto.d ains: 1.
An el ectrodei oni zati on device conprising a generally
i nner

cylingdrigal housing including.a.cylindrical or.e

o § s iR B PG A i Jo et S Eigs PGy 6ae

i$ Gigposad eRBARMyDarAlebR dndlof ¥did diedBodl MHerdbh@ subfiRtially uniform
el ectrode an outer el ectrode extendi ng about the

elpsiricdieldisdmpaged agrnsp Siedeafet pajd end regioment cel |s are
defi ned by spaces within said spiral w nding and by

4, The electrodeionization device of claim 1, wherein at least one of said inner and

said outer electrode includes a volute.

5. The electrodeionization device of claim 4, wherein the volute presents an

electrode pocket, and said leaf terminates in the pocket.

6. The electrodeionization device of claim 5, wherein the leaf seals to the electrodé

pocket, and a flow cell defined by the leaf communicates through the electrode.
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i nterl eaf spaces thereof arranged to limt increase of
current density across said active treatnent cells. 2.
wab@sesxses r odei oni zati on device of claimi1, WhRCEUS2004/034909
said cylindrical core and inner electrode are arranged
to define a current density that varies by a factor of
| ess than two between a position proximte the inner
el ectrode and a position proxi mte the outer
el ectrode. 3. The el ectrodei oni zati on device of claim
, rei,n,an .end regjon of. the leaf is di.sposed
Tessento TN ogies 0L ih d P Aerai e P SHBL T eaF Sgps 2
dnSdtbgteatyi al Iy uniformelectric field is inposed
across the |eaf at said end region. 4. The
el ectrodei oni zati on device of claim1l, wherein at
east -pn f said j.nner .an ald outer electrode .
8 mer uleclsHpgRfinteatigh Sbi@NS Rort G SihefRif BhY StBomecgating
tahdcwahi the e @TRE Boddeairmelleive presents an el ectrode
pocket, and said leaf termnates in the pocket. 6. The
el ectrodei oni zati on device.of claimb5, wherein the
eaf . J
aeti AU rpRibPh O UP RAL e BB Bt Bhrnged
teheeideada.flow dihuié itacisrto de ideminedlized) ade viesitfoned ahdriented to
1, wherein interior of the |eaf forms a concentrate
recsfve and mappaingiferentsualedpiniag comperaptsda separatp shannglsor
7, wherein one or nore sealing bands within the |eaf
define concentrate flow. 9. The el ectrodei oni zati on
10evi e efectbddiomithtiontdeviee of ¢ aind8 belndsin dlicesealin@baeld effect one or
transverse to g flow of fluid that js_to be
AT HICHRS %Leateaafw&l %ﬁ@w&qmﬁ%ﬂwféﬁa figctiemeed to
r ecely ejach Wi bahdlof fehSheM e B end R4 Ng
. conponents In separate channels. 10. The
el ecby otkdinorg azlaineanll dew electodlyiel call mmoBytedvfremedilmtet dedls;
seal i hg nds .effect one or re funcijons sel ected
fr o] RO Pt PR st gp TR QR PagE o)
def i g) nebfhl@wrRRiRS Rkh that BRWriheiONIdENed RPRskhRalifal |
b) defining a brine cell as an electrolyte cel
i sol &t ed¢finmgra twiorstags spispl| BRI tgoatrgerttidayisg; a brine path
orieptat| r Ve t i -patih.. d)..defining
brin ﬁe@%&g@%ﬁs@’@ﬂﬁg Ogsﬁ%ﬂbd?lf‘%]g&?s&ggfs ¥e$ idérgg Cr esi st
scal gndlefiajngdeine Belhthlé ahivor Siithd ot PositibnsrBhd t r eat-ment

devi ce; f)_defjnin%,pressure drops to induce flowin a
desi hhdicfipingbring path impedance that enables brine feed by a passive internal

bleed from a feed or product flow of dilute cells.

11.  An electrodeionization device comprising a generally cylindrical housing
including '

an inner electrode extending around the inner core

at least one leaf arranged as a spiral winding about the inner electrode

an outer electrode extending about the spiral winding,
wherein spaces within said spiral winding and interleaf spaces thereof define flow cells of
the device, at least one of said inner and said outer electrodes being configured such that

a leaf terminates at the electrode in a substantially tangential direction.
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g) defining brine cell inlet and/or outlet port

positions; and h) defining brine path inpedance that
wepablbesodbri ne feed by a passive internal bl eeplCT/DS2008034909

feed or product flow of dilute cells. 11. An

el ectrodei oni zati on device conprising a generally

cylindrical housing including an inner el ectrode

extendi ng around the inner core at |east one | eaf

arranged as a spiral w nding about the inner electrode

trod t endi ng_about the iral .w ndin
eé ]fﬁ% %?IHPﬁe‘élgF & ’gﬁ?ﬁl%ﬁ a\%ﬂf‘aﬁﬂﬁgcyil drical housits
1h91h§{nl eaf spaces thereof define flow cells of the

deV|ce at |l east one of said inner and said outer
el ectr odesalbenfrrg?l@tmﬂq: gvuﬁrehng;@r@hnd thetineer cergf

term nates t he ctraode

t angenti al? tiffalst lgarfecﬁtam’g}g tgf N S@?F%P a%ﬁ??’glfri%eﬁ d prigneed as a
CconprépsrhNgindingemetatht inney tlegithdecal housi ng incl udi ng

an inner el ectrode extending around the inner core at

| east one anecaltter@&mtradm@ﬁg@%a@ph&@@pm@iamndlﬁgmﬂan es
b ang a[ﬂul%ﬁ yaofsse%lg b qgc % U?B{Eﬁgs In a pattern

el ectrode er e e ex

spi r akithih lﬁidm@.faﬁcﬂdrﬁmiﬁtdﬂeﬁf dphye @ﬁ saﬁﬁsqilrﬁl wiidiriged as o define a
contact with said nenbranes in_a pattern within said

| eaf PRHEAE darﬁctiqwérﬂ%forﬂ@a%d%qm@éioa o pifeed) deliyerad trgthe

SO ag; ngeflne a pattern or direction of flow for

el ectroderoni zati on of a feed delivered to the

housi ng 13. An el ectrodeioni zati on devi ce conpri si ng

gen Lﬁlé ylindrical housing and i nCLYUdI ng .an_ i nner

lé} ect ePlonizaSign devist SUnPUTRS pEFa gcyélﬁ ieAh bpyghand
learuaﬂg% ﬁﬁwPé’lEétfH?l%‘aﬁé‘hn %%paeom@ d%ﬁﬂ%g‘% BRLFBAC R annular
leaf Tolled Iin said an annular cylindrical space suanﬁ
cylmadridahgpade\and e nmmis&md/&naeer leaf relleich seidenanidat éydindrical space

s e BEeto e AR ORS S it Hefiep dige and

chfhira@®Mbw YatROdIRAER bétlee®RRNMEan¥®bLsd m3Ribfhne/spacer leaf, and
el ectrodes around substantially the full ci rcun?er ence

Iving paellel ong or mese eff said ¢lertwidenirpund sibsdatiallycthe fulk¢isumference
ﬂ%ﬁ% fWherel n di aneters of said outer and said inner
ectrode bear a ratio below 2.0 and preferably bel ow
.5 effective to limt

14 The electrodeionization device of claim 13, wherein diameters of said outer and
said inner electrode bear a ratio below 2.0 and preferably below 1.5 effective to limit

current density at the inner electrode.

15. The electrodeionization device of claim 13 or 14, further configured such that
least one of '
a) said inner electrode is an anode;
b) the device is aﬁranged to acidify brine flow; and
c) the membrane/spacer leaf defines sparsely filled dilute and/or
concentrate paths.
16.  An electrodeionization device comprising a generally cylindrical housing

including
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current density at the inner electrode. 15. The

el ectrodei oni zati on device of claim13 or 14, further
w@oemwkiogasoed such that | east one of a) said i NnNBCT/US2004/034909

el ectrode is an anode; b) the device is arranged to

acidify brine flow, and c) the nmenbrane/ spacer | eaf

defines sparsely filled dilute and/or concentrate

pat hs. 16. An el ectrodei oni zati on devi ce conprising a

generally cylindrical housing includinga radially

inner electrode arranged in a generally cylindrica

shape al origadipllnianer gleqiwdp agprgpdgna senerally pylindrical shape along

mﬁnd%gg %bout the inner electrode a radially outer

el ectrode ext endi ng about the spiral w nding, wherein

active tredtsfentngs dss spirel wiaflingetobiths pmeesemtddsi n
said spiral winding and by interleaf spaces thereof in
a regi on Beedilbnoitereleciigia pxignding aboud ke spivel winding | y

. S Al | ectrodes
LSRR oo BRSSO R vy
inten daf spacay thesm®l jh adeglonrbetvarh tiosidiallgint aad gelrhdiadpeuter
ans for varying.flow.a a%u ction of radial )
ef?gg? G ohouEsTh L s ed eferiddes Viped qureniedeagidy fhaeneh said cells

tlflég(féﬁgtinve]gd){ }L]qe[ﬁ r&‘diﬁ?%?iﬁgﬁb%l:élf‘tah n device of claim

, erein means for varying flow conprises a
nunber of nfchusifopwarymgflst 45 ofvadtiat ofméiabpakitaf sohs té hnove

th and. havin nunber or size effective to provide
eﬁ?@%?g?gﬂVSﬂyﬂg$ﬁé§§@?tradiaI position. 18. The
el ectrodei oni zati on device of claim 16, wherein the

leaf is arolled |leaf and the neans for varying flow
1'¢onpiThe elsctzodeinmiiwation fleviteond ghomt &, phemiredsimehy fapacg flow

along its _len 1 An. el ect rodei gni.zat | on Vi .
cSufts LPRgbE Gl Bty PG B enR 3L R Apvanth snd Faving a
nifibdrod i eﬁeétﬁ@ltabfo)vider%z@terﬂcﬁ@ hi'1esker AbTRP&§Ghd. N a

generally cylindrical shape along an axis a plurality

of spacers and sel ectivel perneabl e nenbranes arranged

lé.pfh@ electrodeionization device of claim 16, wherein the leaf is a rolled leaf and the
means for varying flow comprises a number of flow ports progressively spaced along its

length.

19.  An electrodeionization device comprising a generally cylindrical housing and
including
a radially inner electrode arranged in a generally cylindrical shape along
an axis
a plurality of spacers and selectivel permeable membranes arranged in a
spiral winding about the inner electrode, and '
aradially outer electrode extending about the spiral winding,
dilute and concentrate cells being defined by spaces within said spiral winding in a region
between the radially inner and the radially outer electrodes, and
wherein a separator band within the concentrate cells separates different scale-forming
components removed from fluid in the dilute cells and directs the components along

different concentrate flow paths thereby avoiding scaling.
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spiral w nding about the inner electrode, and a

radially outer el ectrode extending about the spira
wowedionsos di | ute and concentrate cells bei ng dedT/nsa04§34909

spaces within said spiral winding in a region between

the radially inner and the radially outer electrodes,

and wherein a separator band within the concentrate

cells separates different scal e-form ng conponents

renoved fromfluid in the dilute cells and directs the

conmponents along different concentrate flow paths

t hereby avoi di ng scaling.20. The el ectrodej oni zati on

evi %439 : [ .
e oo BoB T o URHE o i TB NG Ao B Bfhrise
oae st meenecloments stlestpditem, anaong i i) bands of a seal ant :

ext endi ng_bet n nmenbranes. 21. The

el ectq_’ odeﬁ&?ﬁagg’?iaéﬁrea%% CESToPAET" 19, further

CONPLH)Si NGah@beXehianas dididd iRevien hdfbdhdut e cells

ananged to sel ectively enhance transport of said :

separate conponents into said different concentrate

romTHathﬁ. T . . .

21. ¢ electiodeionization device of claim 19, further comprising ion exchange
filling in the dilute cells arranged to selectively enhance transport of said

separate components into said different concentrate flow paths.
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