WO 03/ 043721 PCT/ US02/ 37429 1 SPACER FOR FI LLED CELL ELECTRODI ALYSI S The
present invention relates generally to inproved spacer elenents for use in
an el ectwodakirsi s device, such as in filled cell electreditalsgsdsri2zo A
spacer elenent in accordance wth thig invention includes a nesh or screen
positioned in a liquid flow path between nenbrane elenents or al ongside a
menbrane elenent wthin a cell. The nesh or screen provides controlled
menbrane spacing as well as enhanced m xi ng al ong boundaries of the flow

region within the cell,, i i r structural

r ei nf or cenent agains@EAﬁg&?ﬁé%Dﬂigﬁﬂ%ﬁgggdﬁégéﬁgbﬁﬁébggﬁgI packi ng, such as
i on exchange or other active material, is retained in the cell. D fferent
enbodi ments of the present invention provide cells with a w de range of

flow path geonFtries t.0 acconmodat e different stem uses and |,

speci fi cati ons e REXERENEERPR KRS 2eRTBICR IRRIRVINPRIGT CipeRisdon 456 Tt on
pertains to filled spacers fqor fi]lled cell, electrodialysis_apparatus,
conmonl y EgfTediplysesdeyee, &y ﬁ%’a'@?do%ﬁ%f&mr%al&%a“r BRaGer clepgnt JAoserdenes i s
commonly inplenmented, as a rectangular or_ cylindrical "stack" of

spaced- ap¥ith thisingentioy welpdess mesdinr screpppsitionedin adiquidsfloy path befvestound nodul e
of such nenbranes, in which the structural geonetry of the stack el enents
and sel eciepdrane glsmspis onalengsidsiamembrgnardemens wihingroellt Theymesh onsersermnd
concentrate cells positioned between two or nore electrodes. Afirst liquid
feed is PIo¥igesicantipbrsgnerbraneispacing ag well 25 enhenced miagalprgbaundwisgef thee cel | s,
gives up its undesired mneral content to exchange resin in the cells. The
capt ured Aowieesion wighieihe selh pad constitutasaresp fttice @r sticouglheis&ireasentagainst

per neabl e ani on or cation exchange nmenbranes into adjacent concentrate

cel | s, whbowing ados pessiurss A functionad haakingysugh seion exthengeear othtr ative chafdrialy,
External plunbing and suitable power switching circuitry may be provi ded
to al | ow isaeteined in the cell. Different embodiments of the present invention provide cells with a

wide range of flow path geometries to accommodate different system uses and specifications.

BACKGROUND AND FIELD OF THE INVENTION

The invention pertains to filled spacers for filled cell electrodialysis apparatus,
commonly called EDI or electrodeionization apparatus. EDI apparatus is commonly
implemented as a rectangular or cylindrical “stack™ of spaced-apart selectively permeable
membranes, or as a spiral-wound module of such membranes, in which the structural
geometry of the stack elements and selective membrane permeabilities define alternating
dilute and concentrate cells positioned between two or more electrodes. A first liquid feed is
flowed through the dilute cells and, in passing through the cells, gives up its undesired
mineral content to exchange resin in the cells. The captured mineral species are then
transported through selectively permeable anion or cation exchange membranes into adjacent
concentrate cells, where the species are flushed by a separate second fluid flow. External

plumbing and suitable power switching circuitry may be provided to allow some



WD 03/ 043721 PCT/ US02/ 37429 2 constructions to be operated as reversing
el ectrodei oni zation ("EDIR') units, which are operated by periodically
rever si ngwbhe/opsearity of the el ectrodes and i nterchangi n@Crhesot/saes

t hrough the dilute and concentrate celts. A variety of constructions for
the spacer or frane elenments of a filled cell electrodialysis apparatus
(including EDI, EDIR and electrodiaresis units) are known, for exanple,
as described in U S Patent Nos. 2,923,674; 4,465,573; 4,632, 745;
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fibers oHﬁFW§ fheydilute apd foncPuirate eglls '« ypi cal I'y i nvol ve a spacer frane that

surrounds the cell pr \Mé¥r| a cl osed _chanber an ) upporting the
edges of consé%ﬁ?ﬁ@§)§@? EF&V@%?ﬁﬂﬁﬂﬁﬁﬁﬁFgaWQ Fﬁﬁ@gggghmfﬁ%t t he menbr anes
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ot her "ol crstiodialyap paRaetys tsyane Bk FOMRand SR B i o v e i | g
assenbly, may. suppor tqﬁ nbr anes art at |nternediate_ positions and
define s u%‘*@dﬁ?p%@f%h’ﬁg iy - S EgteRghios- %Jgf%ﬁ‘}e?"‘ﬁ’g%?’ﬁg%ﬂ% ? ’E%Qa‘”t e area of
the overall frame/s r, These known constructions and, nmet hods, of .
mei nt ai ni %6973%%5{‘1“9t£ 24823 6RROWHS. LA BRGNS ETeby ncfpprated herein
el ectrodi alysis cells depend upon the nechanical strength of the nenbrane
to assur ePtKirencre Ihibgtsaior art spAsHromsysingse parh diawd dewepaginis typisally @ span
between ribs or supports. Thus, for exanple, several manufacturers have
enpl oyed FEHCHURGhsHEdedgegion phacdlhovaded Ry memrangsand spacenwallscanddillsdait to
separate the EDI flow cells into parallel |long, narrow flow channels
bet ween tIR#t inggrtyEh finghional materlsnelsas iomexcipageibeadshielidihessor dhgilike.

Constructions typically involve a spacer frame that surrounds the cell providing an enclosed

chamber and also supporting the edges of consecutive selectively permeable membranes so

that the membranes are spaced apart by the nominal spacer or frame thickness. Ribs, posts or

other elements, either integral with the spacer frame or added during assembly, may support

the membranes apart at intermediate positions and define sub-compartments or narrow,

parallel flow paths within the area of the overall frame/spacer.

These known constructions and methods of maintaining separation between the

membranes of filled cell electrodialysis cells depend upon the mechanical strength of the

membrane to assure that the membranes support themselves across the limited span between

ribs or supports. Thus, for example, several manufacturers have employed solid ridges or

ribs spaced no more than a few inches apart to separate the EDI flow cells into paralle! long,

narrow, flow channels between the two broad area membranes. The width, thickness and

mechanical modulus or strength of the material used in the spacers or frames has also

imposed limits on the width of fluid flow paths and the maximum operating pressures and



mechani cal nodulus or strength of the material used in the spacers or
frames has also inposed limts on the width of fluid flow paths and the
maxi num oWweroa#argl pressures and WO 03/ 043721 PCT/ US02/ 37420T/U302/8Taper at ur es
of these stacks. When long rectilineas flow conpartnents are enpl oyed, the
flow distribution in the sub-conpartnments or flow channels defined by such
supported spans of nenbrane may be subject to edge effects at interfaces
bet ween rrerrbrane and spacer side walls, creating regions of |ow or dead

flow, and al sq h or in h I all of
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exchange beads t.o maj ntajn stabl e menb aC| n ort sure
conduct i Vels. catiagresions Ph@wroé Fad %an%? At mﬁl‘iﬂ%'b‘%ﬂg "%}\”6 fl ow

i npedance is not a straightfor rd t ask rather one hat nvol ve
consi der 48vid flowpal Pf’r‘ﬁh‘?léﬁqftfﬁsultl %@a%BWE@xﬂPQI@aE@“F ar YP-opHEf %‘5#‘
apparatus, particul arIY in stacks not desu\gned for _reversal gcﬁ t| on
(EDIR), wrommagge. cEhe eslls grsitypigafly filled withya swedlable bedw pijen prohangs be

menbr ane spacer/frame maybe generally of thinner construgtion. For these
unfi | | ed myst besmaigtained i physispl cepiaet Wfﬁ‘tth? pughangsmesphranes feffect RIgRETaN suppor t
the nmenbranes apart and to assure a_ non-occluded |iquid flow path between
t he menbtanwert. The prpeeiliing efiadilglercpbwith g suitably quantity eg@ apgioREdle mixuie e

thi ckness direction transverse to the ane of liquid flow Such a

concent r af ®ncathange besds ta mmtam&mmgrae@mmg agg suppert,gssuppsamdpeiiyer s of a
sheet-like nesh material, and is typically configured to provide a

rel ati velcynthmftheowm,mpé@mw ai@pgropriately savf flowimprdeyceainatist ruct ed f1ow

cross-section), while the fibers constitute snmall | ocal
stralghtforward task but rather one that may involve considerable experimentation.

In the concentrate cells of such EDI apparatus, particularly in stacks not designed for
reversal operation (EDIR), the flow cells typically have no ion exchange filling and the
membrane spacer/frame may be generally of thinner construction. For these unfilled cells, a
screen or mesh material has often been used to support the membranes apart and to assure a
non-occluded liquid flow path between the membranes. The screen thus serves as a
dimensional spacer in the thickness direction transverse to the plane of liquid flow. Sucha
concentrate cell screen-type spacer may consist of one or more layers of a sheet-like mesh
material, and is typically configured to provide a relatively low flow impedance (e.g., a
sufficiently unobstructed flow cross-section), while the fibers constitute small local
obstructions that enhance flow turbulence at the membrane surfaces thus causing this flow to
efficiently carry off the species that have been removed from the first liquid flow and
transported across the membrane by jonic conduction. Such operation maximizes one factor

involved in the transfer efficiency. The mesh may be a relatively limp gauze-like material, a



obstructions that enhance flow turbul ence at the nmenbrane surfaces thus
causing this flowto efficiently carry off the species that have been
renoved fwormskss2first liquid flow and transported acros®CrhEsonenke ane by
i oni ¢ conduction. Such operation nmaxi i zes one factor involved in the
transfer efficiency. The mesh may be a relatively |inp gauze-like material,
a WO 03/043721 PCT/US02/ 37429 4 thin non-woven heat-extruded nesh, or a
somewhat extensi ble and/or conpressible fabric having a tricot-like fiber
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constructi ons have, _ be n consi dered. Sone researchers have proposed, for
exanpl e, H”E‘ af’l‘f@“é‘i? SF B39 e errents or even the screen/nesh itself,
be fornmed of {on exchange nat tht ac

exchange f el t fbdd{iag{q "Ihg ab‘B’re"fﬁﬁ%ﬂ efl fgns ﬂ‘ogiﬁgﬁéglﬁi%%ﬁe §arfd338ref por at e
ion exchange fibrils that proje tﬁm fromthe gﬁnbﬁane su(r %g |nto a fluid
f1 ow pat KONBIHNZ\FERGERTRLC £5/8t vatigHs RhgIOnBEIClons JRLs PR PN S t° 0K have
limted comrercial inplenentation of such Bposarkﬂn@ Most of .t he nenbrane,
resin andesspsbey h%ﬂ’&ﬂoéquf%%%fnplﬁﬁ tP‘i‘?é‘%“eSPG%\? é nispofj YREMec, and bot h
the resin and the nenbrane materials are typically i/veIJaIeln use. Thus,
what ever seiser/meshdtseld bstfprged;of jen %W‘B@“@F?HP‘QS}@W c?@ BeRds BA of thi n,
resin-holding flow cells defined between many sets of parallel jon
exchange exghbgaish or tenile. efrthat shapign ar@elgew%ﬁsa@émcpmr?é%wnﬁé@éggeaﬁbé%pl ex
probl em of hydraulics, chem cal engineering and structural desi (% The
const r uctthas prajess fromhemamkisae syrdcp aite aduid) flosaratly, Hut ACIRHBCO ndgraticd) | y
seal ed vessel conprised of many well-defined thin flow cells, and it nust
si mul t aneousttugtiondnaers devaliited ¢osmerpial igplementajion pEwchRERMEE t r eat ment
conditions wthout giving rise to excessive nenbrane stress or danmage, or
bul gi ng, cr acMastpfdhe memkuge refin anfbspegra owicriplsagedsin these devices are

polymeric, and both the resin and the membrane materials are typically swellable in use.
Thus, whatever specific constructions may be employed, the provision of thin, resin-holding
flow cells defined between many sets of parallel ion exchange membranes that are separated
by spacer frames, poses a complex problem of hydraulics, chemical engineering and
structural design. The construction must be stacked and bolted closed to form a hydraulically
sealed vessel comprised of many well-defined thin flow cells, and it must simultaneously
provide good flow and effective ion-exchange treatment conditions without giving rise to
excessive membrane stress or damage, or bulging, cracking or leakage of the spacer frames,

and without impairing the operation or long term performance of the stack as a whole.

SUMMARY OF THE INVENTION

The present invention provides an improved spacer for an electrodialysis apparatus
which has been found to be particularly useful in the filled cells of a filled cell electrodialysis

(e.g., electrodeionization or EDI) apparatus. The spacer includes a screen, that, in one aspect



and without inpairing the operation or long term performance of the stack
as a whole. SUMMARY OF THE | NVENTI ON The present invention provides an

i nproved wpas®u37’kor an el ectrodi al ysis apparatus whi ch hasThsen3fseund to
be particularly useful in the filled cells of a filled cell electrodialysis
(e.g., electrodeionization or EDI) apparatus. The spacer includes a screen,
that, in one aspect WO 03/043721 PCT/ US02/ 37429 5 provides support to
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beads agaj nst .t he gni gn exchange nenbrane, thereby limtin [ .inpeding
ion tr an?b'&fwmwtﬁtﬁ‘gacﬁ? eé‘@?eé‘g“%br%?sé‘gﬂ SBACP swa?ﬁﬁ’ redyring ieﬁng'c?mg%l s in
accordance wi,ith this .inventjon has bheen .found to hance perf.ar nanc and
i nprove pmdatiebleshert ?‘f‘wt‘nﬁxﬂﬁ?cﬁ? %ﬁ'ﬁﬂ OWIRg ﬁgtgr %‘E‘@ﬁﬂef %@Fﬁ&“?%ﬁf %éugﬁ(é“éll
strands provide, mxing of fluid flow at inter ecﬁio s of .packing materi al,
menbr ane Pagking Wik spacsr ¥@llic Etbesprges seqlinn raay @c‘f"é‘%ﬁ 3PRd R g‘éﬁ BRith the
present invention allow fluid flow paths to be desi%qfd 8v§r 3 w de range
at exc eads adja

of geonetirapengs orrhan head duplation (Ge-deanpiesR ipfatsanipg exchange cent

the cation exchange membrane, or cation exchange beads against the anion exchange

membrane, thereby limiting or impeding ion transport). Mixing effected by screen strands in
such filled cells in accordance with this invention has been found to enhance performance
and improve product quality. Additionally, it has been found that screen strands provide
mixing of fluid flow at intersections of packing material, membrane surfaces and spacer side
walls. Screens in accordance with the present invention allow fluid flow paths to be designed
over a wide range of geometries to accommodate a wide range of needs.

As applied to an EDI apparatus having a packing of exchange beads, screens of the
invention may be used in conjunction with a very thin or sparse filling of such beads to
provide high hydraulic permeability and to avoid excessive pressure drops for the liquid to be
treated. For such design, a screen may be thinner than the largest or nominal bead diameter
and have at least one strand layer thinner than the diameter of the smaller particles of the

packing. This construction holds the beads in place and may substantially eliminate the need



As applied to an EDI apparatus having a packing of exchange beads, screens
of the invention may be used in conjunction with a very thin or sparse
filling ooamis7beads to provide high hydraulic perneabi [PCryusans4ed avoi d
excessive pressure drops for the liquig to be treated. For such design, a
screen may be thinner than the |argest or nom nal bead dianeter and have
at |l east one strand | ayer thinner than the dianmeter of the smaller
particles of the packing This construction holds the beads in place and
may subst the need 3043721 PCT/US02/ 3 429 6 for a
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These and, ot her features of the present invention w be understood from
the deschicpmerlysenned Unitd Staiss grayisionalipatent application S?Ji‘%l Ao 643 3240
illustrating details and representatlve enbodi nents of the invention,
wherein FP afy 22092 qwhigh isrlsatiereby ingprppragas horeim by referenceiin setitedy. een

spacer of the invention . .
The screen spacers of the present invention can also be applied in EDI units of spiral

or of cylindrical stack configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the present invention will be understood from the
description and claims herein, taken together with the drawings illustrating details and
representative embodiments of the invention, wherein

Figure 1 is a diagrammatic plan view of a first filled screen spacer of the invention
showing a first flow path and cell geometry;

Figure 2 is a diagrammatic plan view of a second filled screen spacer of the invention
showing another flow path and cell geometry;

Figure 3 is a diagrammatic plan view of another filled screen spacer of the invention
showing details of manifold construction;

Figure 4 is a diagrammatic plan view of a fourth filled screen spacer of the invention

showing a serpentine flow path geometry;



showing a first flow path and cell geonetry; Figure 2 is a diagrammtic
pl an view of a second filled screen spacer of the invention show ng

anot her fwowsfpai7hi and cel|l geonetry; Figure 3 is a di agr ameatisoz/pisan vi ew
of another filled screen spacer of the invention show ng details of

mani fol d construction; Figure 4 is a diagramuatic plan view of a fourth
filled screen spacer of the invention showi ng a serpentine flow path
geonetry; WO 03/043721 PCT/US02/37429 7 Figure 5 is a diagrammatic plan
vi ew of anot hgr scr.een. spacer. of the inveption il i apot her fl ow
path and cel | T'§&8met ¢ §*@ fgp “ivée“éo%nggl%%% 114 féacgﬁs%f;tﬂ%/%nggvmg yet anot her
filled sc¢reen. spacer of the Jinyention show ng another flow path and cell
georretry?l{“ﬁ'@tﬁ‘lgénqﬁgsfﬁ&'Qﬂ?lhwdncﬁﬁ(gfo%ﬁtg’sui table screen el enent that may be
used in this _jnventiqn, illustrati.n el evant .details of screen strand or
fiber struct uF’@}‘rel‘—g’:]‘@ﬁﬁﬁg@'qnéa"ﬁp V‘ﬁzg?{%’t%) efgﬂ% Sc{/ﬁeg\fp%ﬁer?fﬁge central flow
region of a thin screen spacer, of the invention having ion exchange beads

| oaded b&REEGN sheing 3uqikaT Wr%’%?@rf@g,geoqi‘?tﬁ'ﬂre 9 is a plan view of an
enbodi ment havi ng a commpn product outlet and concentrate inlet manifold,
and Fi gure 10Figured isp drawingf oge suitab sﬁ‘feﬂ‘/%]fa?e‘ftﬁ]i‘aéliﬂaé{@?é'éﬁie‘%lﬁ%er with a
common product outlet and concentrate inlet manifold. DETAI LED DESCRI PTI ON
OF PREFERRED i, dlosatipsacde vapigigtals off screen strg & BbHAFUSREDr annati ¢ pl an vi ews
of different screen spacer designs  in accordance w.th hﬁg{or esent

i nvention to Figuigsip asehematiospgtonsd visyofths central ameegipn aé% seresy

spacer of the invention having ion exchange beads loaded between the bounding membranes;

Figure 9 is a plan view of an embodiment having 2 common product outlet and
concentrate inlet manifold; and
Figure 10 is a plan view of a relatively thick screen spacer with a common product

outlet and concentrate inlet manifold.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figures 1 through 6 show diagrammatic plan views of different screen spacer designs
in accordance with the present invention to illustrate a range of possible flow cell geometries
and construction details. The screen spacers, all denoted by reference numeral 1 for purposes
of illustration, are all intended for a rectangular, frame-type EDI stack, and thus have a thin,
flat, generally rectangular and planar aspect, for which details of possible flow channels,
ports and shape will be discussed. However, one of ordinary skill in this art will understand
and appreciate that the various illustrated embodiments of the invention may be applied, with
suitable modifications, to other known EDI device architectures, including EDI devices
formed as a cylindrical stack of flat disk-shaped cells, and devices having spiral-wound cells

in an overall cylindrical shape; and, each of these alternative EDI device architectures



and construction details. The screen spacers, all denoted by reference
nunmeral 1 for purposes of illustration, are all intended for a

rect angulapn,03fosxiee-t ype EDI stack, and thus have a thin, PCraiSe2/gmeerally
rectangul ar and pl anar aspect, for whi&h details of possible flow channels,
ports and shape will be di scussed. However, one of ordinary skill in this
art will understand and appreciate that the various illustrated

enbodi ments of the invention may be applied, with suitable nodifications,
to ot her dmiinEsofley bEfief i flobRahaeith isiilaifl Aau med as a
cylindrical sta ksgf&¥Fate Js Pshaped céﬁks,eandpggéﬁ%%s ¥g§?%8m£8f
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Figures 1-6.i s made w.th screen thrqughqut the rect | ar regi on of the
spacer el @HBRHtous Pﬂ’gloggr‘%’ﬂwe%aﬁlﬁ oLg S%ﬂt‘;lb' Wﬁ@?eﬁglﬁé%ag‘g}sgo‘gt F‘%h%t{]the wi thin
t he continuousz%ortio .2 ar und,tEewperineter, agd is of generally uniform
t hi ckness*°r°€B SRA¢5E g awn i Figygs b-6d3 mpde with sorep thrgpshostibe on exchange
menbranes on either, or_poth sjdes thereof when arranged in an ED stack.
Whi | e t hefePiRPaRdar regionotdhbParsrelsrent Hisvicter beiag sealefl teliquidpassage 4t leatthe way t o

the outer faqur edges or borders of the rectangul ar spacer_ body,
within the continuous portion 2 around the perimeter, and is of generally uniform thickness

so that continuous portion 2 seals against adjacent ion exchange membranes on either or both
sides thereof when arranged in an EDI stack. While the illustrated embodiments show the
screen extending all the way to the outer four edges or borders of the rectangular spacer body,
in other embodiments (hot shown) the screen may terminate within continuous portion 2 but
short of one or more of the edges. In any case, the screen portion extending into region 2 is
preferably sealed on botil sides with or so as to form continuous portion 2, so that the strands
of the screen mesh extend across the spacer element and provide structural resistance to
spreading or expansion outwardly in any direction within the plane of the spacer element.
The screen further provides enhanced mixing of the liquid flow, including mixing along the
edges or perimeter boundaries of the flow cell defined in part by each spacer element. In the

central open region the screen also provides a distributed flow-permeable support of the

membranes to assure they maintain a minimum spacing that enhances control of the hydraulic



in other enbodi nents (not shown) the screen nmay term nate wi thin continuous
portion 2 but short of one or nore of the edges. In any case, the screen
portion ewDeami3Tglinto region 2 is preferably seal ed on Irerhuse2/sagI with or
so as to formcontinuous portion 2, sosthat the strands of the screen nesh
extend across the spacer elenent and provide structural resistance to
spreadi ng or expansion outwardly in any direction within the plane of the
spacer elenent. The screen further provides enhanced m xing of the liquid
flow i nch&g 'aﬂgﬂﬁh)é%nﬂgct%iﬁﬂﬁe fog%xch%g%lerﬁatgﬁ 1%1?15 gl?iﬁ?%fe el?e%'tjr%gﬁflelldessareo ft h_e flow
cell defined in par y edch spacer e e centra open regi on

the screep_ al J% s a distributed fl ow perneabl e support of the
nenbranesg@%wéggﬁﬁgy? g?n%%ﬁntain a m ni mum spaci ng that enhances control

of the hydraulj (043721 PCT/ US02/ 37429 flow.and fluid contact with
the i on excha ’éerﬁvfrfggﬁ?% ee%ﬁ’le?' Oégslt-fﬁ %%Felaéﬁ%é‘&tf)%?ecfg‘}“\{v'flfl%?rﬁ‘gaberr?gloﬁ plied to
effect ion . renpoval. .Extending the .screen bgyond the flow cell, and into the
£1 ui d- i & tﬁ%‘i"@Sl?fé‘bcfe&ﬁesz‘“"P%l}%g%f‘%g‘ﬁﬁfté}} %}F %ﬁ&ﬁéﬁfs emqns i Pt IgheL; | o
strength of the spacer gl enents t erm.t higher operatin ressures
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screen integrated with fl]ujd-inpe ahle_region 2, the resulting spacer

el enent nﬁ‘g‘;%‘}é‘?} afgfl Wéﬁé@é‘%%?é@?@%ﬂ %ﬁggfeé'éﬁﬂg%ﬁ%ﬁ?rﬁ&“%?&b‘&ﬂ 3¥ehecause
its cross-gectional area aigd not, be c¢ut away. excessively to assure that
ot her EDI e@amﬁéﬁ 168 ape,png doadrhearingapacify heeaye Kptesssectionplgrcaaged gtbR t he
spacer elenents of this invention, screen and solid portions are each

subst ant i SHEEYRY pxeesstyslyde assyrthat ppher EP{ rAIRPYIsatSicaR be Ressted dntprify spreesi npl y
punched or cut .therefrom The screen spacer 1 is stacked, typically with a
cation ext¥isihaithdbiyipasrs clsmegisol this igeention sersempndoselid pertignse pashbr ane on t he

ot her side, so_that the open central screen
substantially flat sheet, and any further openings needed may be simply punched or cut

therefrom.

The screen spacer 1 is stacked, typically with a cation exchange membrane on one
side and an anion exchange membrane on the other side, so that the open central screen
region of fluid-permeable mesh portion 3 defines a flow cell, while the inner edges of fluid-
impermeable region 2 define the lateral walls of the cell, and the planar faces of portion 2 seal
to membranes on each side thereof. In a preferred embodiment as illustrated, a first set of
apertures 4 is positioned within the fluid-impermeable region 2 to provide a manifold through
the EDI stack that does not communicate with the open central flow region (where mesh
portion 3 is located). These apertures 4 may serve as the respective concentrate inlet and
concentrate outlet for concentrate cells which are positioned immediately adjacent to the
dilute cell and have their geometry defined by suitably configured concentrate cell spacers —
e.g., concentrate spacers having a set of openings in registry with apertures 4 but which do
communicate with their respective open central flow regions. Similarly, another set of

apertures 5 may serve respectively as the dilute cell inlet and outlet. Apertures 5 are



region of fluid-perneable nmesh portion 3 defines a flow cell, while the

i nner edges of fluid- inperneable region 2 define the lateral walls of the
cel |, andwohe/opi7zanar faces of portion 2 seal to nenbrane®carusezsiizsi de
thereof. In a preferred enbodi nent as 0l lustrated, a first set of
apertures 4 is positioned within the fluid-inperneable region 2 to provide
a mani fold through the EDI stack that does not conmunicate with the open
central flow region (where nesh portion 3 is |located). These apertures 4
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concentrate ce are positioned inmedi ately adjacent to the dilute
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cell spacers - ., concent spacers having a set of openings in

open cent Pl Gl Bfiad hihe R KOPRURGE Fcuit I orEltle RERRTT corve
031 bas72 e BEbBRE A 10 osi 11 aned to al | ow bul k 11id 1l ow

ol amont o 1 n- phisparefieBRRRAH HE bl b HeRBHAR sk Bord i AEC SPacer
i mpsredisrerrayoren g s B BB Ao TP Bt J68 D0 "

acr 006t USSR ERR DL RYS e B VRS SR R R et AN e
Spacer ol BRITAT OGP AR Al SO P8RS GRRP BRI & i gher

pressures. The, screen may, alternatively, be reno f or_.exanpl.e unched
DUt 1 oriemss Gerenpls Binc i Rbfom Shaibertie gf FRGIA s tFIEERE 2655 how
mani f ol d openi ngs where screen extends across nani f gl ol es, while Figures
3 and 4 SRATRBRGPY BEERE TR BT MA0L PAE O BRI o5

mani fol d hol es. The
and 4 show manifold openings where the screen does not extend across manifold holes. The

figures also show a particulate retaining assembly, e.g., a bead retainer element 6, placed just
upstream of the outlet of the cell (i.e., the outlet aperture 5) to prevent the filling medium
from migrating to and clogging the manifold or port region. Various assemblies such as felts,
laminates, mesh filters or injection-molded channel or grid inserts, or other strainer-type
elements may be used for this purpose.

It will be appreciated that the concentrate cells may also be defined by spacer
elements in accordance with this invention, and these cells may also be filled with
particulates or beads and provided with bead retainers as discussed above. Such filling of
concentrate cells is advantageous when the conductivity of the expected concentrate stream is
relatively low.

The construction of a uniform thickness spacer element having a screen integrated
therein in accordance with this invention in order to define the flow cell allows an enormous

range of possible flow path geometries. In addition, the screen which is thus integrated into



figures also show a particulate retai ning assenbly, e.g., a bead retainer
el emrent 6, placed just wupstreamof the outlet of the cell (i.e., the

out | et apwotoanes7) to prevent the filling medium from m gcatisaz3t4e? and
clogging the manifold or port region. Marious assenblies such as felts,

| am nates, nesh filters or injection-nolded channel or grid inserts, or
other strainer-type elenents may be used for this purpose. It wll be
appreciated that the concentrate cells nmay al so be defined by spacer

el ement s i[hﬁ fﬁglgcgglggagf%% sx\fiect,tpd %oryfféc icﬂ:‘s’i?a@iei s%"tbm gcgpeg'tl?et% %g%érgxflag&gtcngef ;al so be

filled w |"at’es or beads and provi Wi rs as

di scussed Such fi.lling,of . entrate cell.s I s advant ageous .when
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construct] ?f}?lo\];v a ni fﬁ)rmt?i cknﬁss spacer el ement having a screen

i nt egr at PR SHeRgIme T HRSEL with this invention in order to define

the flowcell allo an en u range of .possiple flow path geonetries.
In addition, tHE"E ﬁm%@@ﬁﬁisga@ﬁ%é YRt %%%%%Y‘F’éégmﬂ By 8@71(% tuct
PCT/ US02/ 3742 11 the flow cell may be selected _tq effect desirable system
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descri bed further below, . in addition nbrane spaci_ng and_anti - bl owout
st r engt heWPYRY t¥HC SoFRen Pl as thosg gpade %yg‘%’ﬁ% g&f’m@ and prpled iirpsion Lechpdogyspe of
screen 30_t hat mar%% ge used to construct a filled iﬁa,cer el enent in
accor dancEros ¥eRtiPsiod sqrerpsHpnds gsedppricesen 30 ymaydg ohanydetitsd shapeafopgmnlgy en
type screen, such as those nmade by Nalle Plastics and Applied Extrusion
Technol og{Pund.@valk tectaagylan Fiangylars warsapidal; parlilepipsd dhexagonals ptee Audsdrandy be of
any desired shape, for exanple, round, oval, rectangular, triangular,
t r apezoi dione fayenmps be pf the sama iseaAg6 seape os pEdiffergpisizetandiatishapef Crossng ayer may
be of the sane size and shape or of different size and/or shape. Crossing

screen strands may be bonded or fiised at many, or even substantially all, intersections. Other

types of screens such as woven, expanded, perforated, or corrugated screens may also be

used, but are not as preferred for purposes of this invention.

In a preferred embodiment of a screen 30 as shown in Fig. 7, the screen strands

comprise two distinct sets of strands, which will be termed warp strands 32 and weft strands

34 by analogy with textile terminology. The warp and weft strands extend transverse to each

other. The warp strands 32 along one side of a screen would contact a first membrane, while

the weft strands 34 along the other side of the screen would contact a second membrane.

Preferably, the strands 32 and 34 are oriented on the bias, that is, they extend diagonally

across the nominal direction of the inlet-outlet flow axis through the cell. Screens in

accordance with this invention may have more than two layers of crossing strands.

Advantageously, the screen element supports the adjacent membranes in a substantially

parallel planar orientation to each other, with the strands of the screen defining a certain

minimum fixed spacing between the membranes, substantially irrespective of variations

which might be introduced by resin swelting or by resin redistribution or maldistribution in



screen strands may be bonded or fused at many, or even substantially all,

i ntersections. O her types of screens such as woven, expanded, perforated,
or corrugaDadiosireeens may al so be used, but are not as prefTarsoBar4dor
purposes of this invention. In a prefggred enbodi nent of a screen 30 as
shown in Fig. 7, the screen strands conprise two distinct sets of strands,
which will be termed warp strands 32 and weft strands 34 by analogy wth
textile term nology. The warp and weft strands extend transverse to each

other. The warp strands 32 al ong one.side of a screen would contact a first
merbr ane, tﬁ%?chntr Eh%{;%éfif “@tcfﬁa)tingga%‘ﬁtl% g‘ﬁé’r‘?sﬁlé"e ﬁ%?“% FHEOEAARNESE Y een
woul d contact _a second nbr ane. referably, the strands 32 and 34 are
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direction of .the inlet-outlet flow.,axis through the cell. Screens in

accor danc® SteetyesaLe ph gﬁt“?"&ﬁ g li @0%?86 8‘I"r’§ﬁests a PR may §318E 0s i Ng
strands. Ad\églnt ageously, the screen el enment suppqorts the adjacent

merbr anesT9m delow gge pg f ngny (ens ofhead diametgys, Fhe opsn distange befweens wapththat her |
with the strands of the screen defining a certain mninmumfixed spacing
bet ween t¥P8tackeRHmERSENe apd the Kt mgnbrate; thatihe srandglogs naj gpatagti egysrangshi ch

m ght be introduced by resin swelling or by resin redistribution or

mal di st r i o pbvt fess then ou Gamston apdprudgobignr A tp mayy ercofbsaddpmeterse Imnd/ or
dilute cells. In addition, the presence of strands running transverse to
each ot hatetitred sabodimeniz.of this inNeptiona e seraencis meldedi infe petioeter wallsiofbpaspen f | ow
cross-section and an effective source of turbulence in the liquid flow
The t hi ckiffsags. fternativelyathg spragn eaaalse be ftfaghedtespasenfiemesbytvariona mechasival of bead
di aneters. The open di stance between a strand that contacts one nenbrane
and t he rasansfeneypmple using an adhieeive tweliting ot other switable boeding procery Fhangeen f r om
about | ess than one dianeter, as shown in Figure 8, to many tens of bead

di anet er smay glso Ygreonbgurediasantodtipardensingsit. {Thie screemeay dlsrhe dfivevermaterialj s

nol ded into perinmeter walls of spacer
or made from expanded polymer sheets or from corrugated, perforated plastic sheet. In some

embodiments, the screen may be ion exchange functionalized throughout or at least along its
surfaces. A screen in accordance with this invention may also have the warp strands be of
one exchange functionality and the weft strands be of the other functionality and lying in a
different contact plane. In another preferred embodiment, the screens are bonded to the
respective adjacent membranes.

In one embodiment schematically illustrated in Figure 8, the thickness of a screen
may be less than or only slightly larger than the nominal diameter of the bead filling, while
the screen strands 12A and 12B are about only a few particulate diameters apart. However,
the screen mesh size may be larger, for example up to about a hundred particle diameters.
Figure 8 schematically illustrates another desirable feature which may be included in some
embodiments of the invention. In Fig. 8, the ion exchange or other particulates or beads 13,
14 are constrained by the warp and weft screen strands, respectively 12A and 12B, and also

by adjacent membranes 10 and 11. In this embodiment, the screen strands are notround but



frames. Alternatively, the screen can al so be attached to spacer franes by
various nechani cal neans, for exanple using an adhesive, welding or other
sui t abl e worvdiosgy2pr ocess. The screen nmay al so be confi guP€d/1%92/301329
i ndependent insert. The screen may al 59 be of woven nmaterial, or nmade from
expanded pol yner sheets or from corrugated, perforated plastic sheet. In
sone enbodi nents, the screen may be ion exchange functionalized throughout
or at least along its surfaces. A screen in accordance with this invention
may al so have the warp_strands be of _one exchange functionali and t he
Wer t st ARGHET S St SRR Bt HE PP SOPEFH (o TR AR TS Angip P
contact plane. In another preferred enpodjinent, the screens are bonded to
the resp@ERinGa ngaf &e@%ﬂs 5P el pareleg n Lhusnsiath headk orEalEReAdSal | y
illustrated in Figure 8, the thickness of a screen_ nmay be_ |ess fhan or
only sl i JrEmMeiSas-Fept WASKCNAAE MRraFrlessdialini &4t trappediby 2B @xerhang arisidg of whi | e
the screen strands 12A and 12B are _about only a few particul ate dianeters
apart. HoWe e againgt ghedpsnprang Rf oppesite dynea i hp Eapningyefrorphag beadsagping aup t o
about a hundred partjicle dianeters, Figure 8 schematically illustrates
anot her dBeNbrapt bakwill gt accoptitie{ypaipnbearfuied Rithet type efbged cabefiemist s of the
invention. In Fig. 8 the ion exchange or other particul ates or beads 13,
14 are cdnasttednaeagedspntapanation of the dvaiisor otbher lswi beinepreeessededpwepdeddl y 12A
and 12B, and also by adjacent nenbranes 10 and 11. In this enbodi nent, the
screen stachisting aradueigrater guakiy.buereasell oSV g 48 TRmpHaT ptsber/issidencies 3 thas her
have flat sides that are oriented to contact the nenbrane at an obtuse
angl e, t theerlbyund tlwk the prpsencs lof geandhattdikyens levels and the osinethtiorpefithe shlasds Thus,
smal | beads or broken beads fragnments, e.g., of one exchange type, are
| ess | i kedeperally gfen anglatotbel floy dimctivnditizen gide in medbetind midrdpartidldmartidgai nst t he
menbr ane of opposite type. The trapping of orphan beads against a nenbrane
t hat wi | |trappingaod epvashing delypeut ofthe capafddwby t hat type of bead coul d
ot herw se

One usetful embodiment of the screen spacer of the invention may be formed with a

spacer thickness of about two to a few tens of particle diameters, and the stack utilizing these
spacers may be filled with anion exchange beads in contact with the anion exchange
membranes and with cation exchange beads in contact with cation exchange membranes. For
thicker cells, the screen may advantageously prevent rearrangement of the beads and also
provides hydraulic mixing of the liquid flow.

Spacer frames and screens for this invention may be fabricated from virtually any
nonconductive plastic or elastomeric material capable of withstanding the chemical
environment, temperatures, and pressures of liquid streams without significant structural
impairment or chemical degradation. Strands comprising such screens may intersect at
angles ranging from about 5 degrees to 90 degrees. The distance between screen strand
intersections is preferably between about 2 millimeters and about 100 millimeters. More
preferably, such distance between screen strand intersections is between about 5 and about 50

millimeters. Orientation of screen strands to the direction of liquid flow may be varied from



| ead to increased contam nation of the water or other |iquid being
processed, slow speed in achieving product water quality, increased power
consunpt iwo 0a432her inefficiencies. It has been found tram/usam3peesence
of strands at different levels and thg orientation of the strands
generally at an angle to the flow direction further aids in preventing

m croparticle particle trapping and in washing debris out of the region of
fl ow. One useful enbodi nent of the screen spacer of the invention may be

formed wth a spacer, thickness of about .t . icle
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exchange beads in contact with the anio xchan . . d with
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thicker cells, the screen may advantageously prevent rearrangenment of the
beads andegif®o provi des hydraulic mixing of the liquid flow. Spacer franes

and screens for this invention_may Ee fabriajataid fromvir.t ualch%(n any
nonconduct i velpngther prefired prBedimsht the sREeRMAlPIa’ 1% BYRPISF it Y781 %N di ng t he

chem cal environnment, tenperatures, and pressures of |liquid str
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conprising such screens may intersect at angles ranging fromabout 5

degr ees tscreﬁoh@emm@@haﬁgh@“G?@lathe bet ween screen strand intersections is

preferably between about 2 millinmeters and about 1(2:81 €1 l'fbi' met e\[ls. Mor e
preferably, sGSpiredelomanis i aseqrdpnen vatb ilis mvention ey by e FE I YHE P W8Bet ween
about 5 and about 50 mllineters. Orientation of screen strands tp the
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about | degree to about 90 degrees. In a preferred enbodi t, Screen
strands ionheydediledwith atsbdncionad peytieates thew@c%wiaéﬁﬁwgfqd% f@lfnrga’t%ds to
direction of liquid flowis about 45 degrees.

to be performed after assembly of the stack, the filling operation may be performed by

pumping an aqueous mixture, or an air-water slurry, of the ion exchange beads or other
particulates into the stack, for example through the apertures of the screen spacers into the
flow cells as taught above, utilizing techniques similar to those described in the previously-
cited prior art patents and in the cited commonly-owned provisional patent application. For
this purpose the inlet manifold or outlet manifold may be used, or one or more additional
apertures may be specially provided to allow such cell filling. When the cell is to be
externally filled with a bead mixture, the cell thickness is preferably between several, e.g.,
two or three, and about ten bead diameters thick, and the screen mesh portion 3 is preferably
configured to aid in the uniform flow distribution of beads. (For single-type exchange bead
filling protocols, the cell thickness can be much greater.) The screen is arranged such that its
strands form guide rails arranged to channel fluid flow across the flow cell. For example,
when fluid enters at one port 5 (in any of Figures 1- 3, 5 or 6), the strands of the screen may
be relatively large and straight “rails” that run straight across to sides or ends of the cell,

thereby guiding the bead-laden slurry to cover the entire area of the flow cell. The bi-layer



In anot her preferred enbodi nent the screen material nmay conprise ion
exchange materials, or the screen may be surface-treated so that at |east
nost expo®ed3swd7etaces of such screen have i on exchange f eeatisonaiey.
Spacer elements in accordance with thiis invention may be filled with ion
exchange materials and/or with other particulates during assenbly of an

el ectrodei oni zation cell stack, or may be filled with such functional
particul ates after the stack is assenbled. Wien filling is to be perforned
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especi al |y advantageous in this regard. The strand cross-
embodiments. As shown in Figure 9, one $pacer element 20 may be configured with a broad

flat open central region quite distinct from the narrow compartments of prior art devices. The
feed inlet 22 may be a broad slot rather than the round hole-like apertures 5, thus feeding an
input at substantially uniform pressure at one end of the cell and providing a modified plug
flow profile across the full area of the cell to a corresponding slot-like product outlet
manifold 23 at the other end. Manifold 23 may align with and feed the concentrate inlet
opening of an adjacent concentrate cell. The apertures 21, corresponding to apertures 4 of
several earlier-described and illustrated embodiments, communicate with concentrate cell
outlets in the assembled stack. The screen spacer in this embodiment thus provides a
common product outlet and concentrate inlet manifold.

Figure 10 is a plan view of a screen spacer having a similar architecture to that
iltustrated in Figure 9, with a common product outlet and concentrate inlet manifold, which is
especially usefill when the spacer is substantially thicker than the screen and contains a bead

filling many beads thick. The screen spacer is then assembled with a bead retainer 24



di rension may be on the order of a mllinmeter, with a relatively |arger
2-10 mllimeter nmesh, providing relatively high but guided fluid flow. The
nat ure ofwolwa/odi7ei ing flow distribution in two planes anaCalusay3i4am
directions is schematically indicated py arrows F(err) and F(err) in Figure
7, thereby accessing the entire volune of the cell without allow ng the
beads to settle out or block the flow Such flow channeling and
distribution effects may al so enhance normal operation of an

el ectrodei oni zati on apparatus accordjng.to_ the pres i,hyention. thereby

pr ovi di ngposipred takpsrbasfs from ren f“giobli]f’aﬁﬂgQﬁ&?%%%ﬁg@%g%?warﬁlg%er
configurations that would otherwise be susceptible o excessive flow
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shown in Figure 9, one spacer elenent 20 may be confjgured with a broad
flat opermawild asillystgied e sallepraynd inlgh o oytlepiay ﬁ%mﬁ‘é‘f“lc%ﬁ/v Xt ments of
prior art devices. The feed inlet 22 may be a broad s]ot rather_than the
round hol disttibwter- suerasarfarssimped ppesingos a oL shanngls i the sqlidipgtions e pget
uniform pressure at one end of the cell and providing a nodified plug flow
profil e amifoss floweorprdspurg conditisms fasdhecinlet o quilat Raghsiagausd gdnangolds speh # ke
product outlet manifold 23 at the other end. Manifold 23 may align with
and feed fldvedistibutontayalso b insegratep it ngjrairer/ hepdgaiaperssserelineihtertat e cel | .
The apertures 21, corresponding to apertures 4 of several .
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cell outlets in the assenbl ed stack. The screen spacer in this enbodi ment
t hus pr ovirdiegreningsoeemregioode smaiufi¢eatf baarts and nperateras e dowrlisibugatni f ol d.
Figure 10 is a plan view of a screen spacer having a simlar architecture
tothat illustrated in Figure 9, with a conmon product outlet and
concentrate inlet manifold, which is especially useful when the spacer is
subst anti al | y It wiltheeapphivantottiese skillelein therad: thasother clsingestaod chodifichtions gagrany
beads thick. The screen spacer is then assenbled with a bead retainer 24 WO
03/ 04372 1pfPadddI80Rd doéebescribed apparatus and without departing from the scope of the

invention herein, and it is intended that all matter contained in the above description shall be
interpreted in an illustrative and not a limiting sense.

While the invention has been described in terms of preferred embodiments, claims
appended hereto are intended to encompass all other embodiments which fall within the spirit
of the invention.

We claim:



16 positioned to keep beads fromreaching or blocking the outlet manifold
23. O her variations wll be readily appreciated in view of these

enbodi menwe.030r31 rather than a slot-type manifold as ilPCogiSoasad9 a
smal ler round inlet or outlet may commnicate via a flow distributor- such
as a fan-shaped opening or a set of channels in the solid portion - to
effect uniformflow or pressure conditions for the inlet or outlet paths
around a manifold. Such a flow distributor may al so be integrated into a
strainer/bead retainer assenbly or tﬁi@%@ Simlarly, a bead retainer may
be provided at sonme distance froma er port, relying on an
intervening screen region to remain free of beads and operate as a flow
distributor. It will be apparent to those skilled in the art that other

changes and nodi ficati ong may. be._nmde.in t.he . .above- ' . aratus and
wit hout departhng frBacef ‘?%B‘;fé‘%efrgg?(ﬁeéon"fa'f%ﬂ?‘ftfcc?hﬁﬁg?%%%&ﬁa&gagta is
intended that all matter,  contained,in the above description.s be

i nt er pr et @4 partign cireysstibing ?w“aﬁad Fggiro e‘P?’ﬁ?tfopﬁ'&aé'ée tge.lf é\ﬂrﬁllhf“gg% %ue
invention has been described in terns of preferred enbodinents, .clains
appended #eptartily prifqrpy thigkesgs f%aséﬁg%ﬁffg‘églgéi‘fl Sé?eﬁse?ﬁm ARE MR h £ al |
within the spirit of the invention. ¢l al WO 03/ 04%721 P‘ge[l!‘ USﬁ(g/ 37429
17 CLAI Msto form sidsieptraent oall and & sqrpenfryteating eRtBeiREiors AGPEH e ¥&° PAL spacer
conprising a solid portion circunscribing an intended el ectrodeionization
t r eat ment PEEMN carreapanding g 2 egion eflonrwithin 1he trgategt ally RILIERREBLY as to be

stackable with sheets of ion exchange menbrane to form said treatnent

cel |, andintegeatadowith wid shidpagionand fusthr beingsoatignrediorqegypy sl Al fegiqe sol i d

together with ion exchange or other functional electroactive filler material to thereby

maintain a threshold membrane separation while permitting treatment flow through the cell.

2. The spacer of claim 1, wherein said screen constitutes a structural web
reinforcing the solid portion against bowing and blow-out for permitting operation at elevated

pressure.

3. The spacer of claim 2, wherein the screen extends to an outer perimeter

substantially co-extensive with an outer perimeter of said solid portion.

4, The spacer of claim 2, wherein said solid portion has a thickness above several
millimeters forming a thick cell, and the screen comprises strands having a dimention and

strength to cross-brace the cell against blow out.



portion corresponding to a region of floww thin the treatnent cell, said
screen being integrated with said solid portion and further being

conf i gur eaotos/ogayeupy said central region together wth i ®eTaSON3MgE Or
ot her functional electroactive filler jgaterial to thereby nmaintain a

t hreshol d nenbrane separation while permtting treatnent flow through the
cell. 2. The spacer of claiml, wherein said screen constitutes a
structural web reinforcing the solid portion against bow ng and bl ow out

for permtting operation at el evated , pr.essure. 3.. The spacer of claim 2,
wherein the s%r ee nTE‘?(flé‘ﬁ‘Efé’ff’E“%ﬁ= Wﬁ‘ir%'fl S‘B‘Z quﬁ@tcgpprgﬁgﬁftgﬁﬁfgacpp Sets 0f°
co-extensive with an outer perineter of said solid portion. .4. The spacer
of cl ai m $randiraessing each Qﬂheééjfo aansds #4 least ?f&sge’ao’fs i St 8@?%8%‘?}5«%“%%@%&?

mllimeters formng a thick cell, and the screen conprises strands having a
di ment i ontoa¥istribuse flashagrpssisaid cepEA 1¢gi00ce the cel | agai nst bl ow out. WO

03/ 043721 PCT/US02/ 37429 18 5. The spacer of claim1l, wherein said screen
conprises first and second sets of strands crossing each other at an
angl e, at |east one set of said sets of strands being operatjve .to
distribute fldw acrBwspawsr af daint 3, avhereianhat lagst opg set ol seands grdipengioged;
wherein said at | east one set of strands is dinmensioned and oriented to
gui de a baskbrientedl kngpidd abeag fHlingslure as e ivelpeinr gtisetivase disyityiess bsag f{lBedp pead
filling in the cell. 7. The spacer of claim1, conprising first apertures
form ng atheicell.et and/or outlet manifold for a dilute cell and being in

fl ow communi cation with said central region of the dilute cell occupied by
said screen, and a second aperture formng an inlet and/or outlet nmanifold

for a concentrate cell, at |east said second aperture passing through said
solid 7. The spacer of claim 1, comprising first apertures forming an inlet and/or outlet

manifold for a dilute cell and being in flow communication with said central region of the
dilute cell occupied by said screen, and a second aperture forming an inlet and/or outlet
manifold for a concentrate cell, at least said second aperture passing through said solid

portion whereby the second aperture is not in flow communication with said central region of

the dilute cell.

8. The spacer of claim 1, wherein one of said first apertures forms a common

manifold for product outlet of the dilute cell and fluid inlet of the concentrate cell.

9. The spacer of claim 1, wherein said screen contacts a membrane without
overhang thereby avoiding trapping and isolating exchange beads for enhanced power

utilization.

10.  The spacer of claim 1, wherein the screen comprises first strands extending in



portion whereby the second aperture is not in flow conmunication with said

central region of the dilute cell. 8. The spacer of claim1l1, wherein one
of said fwoaB/oapertures forns a conmon nanifold for prodect/usot/ae of the
dilute cell and fluid inlet of the congentrate cell. 9. The spacer of claim

1, wherein said screen contacts a nenbrane w thout overhang thereby
avoi di ng trappi ng and isol ati ng exchange beads for enhanced power
utilization. 10. The spacer of claim1, wherein the screen conprises first
strands extendjng. in WO 03/043721 Us02/.37429 . 19 in a first
di r ect i onparsfletiy gf}i‘éttd“ﬁﬂqli‘ i, cpRtpgt Wi ﬁ?h?réf? tagrabrafgyands ‘6‘??@161 ‘ifr?ége glﬂgendl ng

transverse to said first _direction in conta(hgmls)h a s%gog ge said
first andrasyssdo sad figshdisccign iheanfashwitha sregihBFmPiRng sgIdtHe 2p the
first and second nenbranes such that the screen supports the rrb%ane at a
separ at i ofirands qoatagtingggchyptberiin a plage pewpen the tod seqprl membangs sug Pen flow
passage in at |east one of said first and second directions aboyt points of
menbr ane- segeaspPPOTRtheanembrane gtaseparyioniablens as g15at 45 5P semibicknesa v bjf’g
plurality of dilute cells stacked alternating with concentrate cel , each
cel | bei nprosigigopen gw passhgelin et least pnesgigaid firg anfhsecmmmr&taém&@f)m@é acer,
respectively, and by first and second sel ectively perneabl e nenbranes,
wher ei n smiethbaing-streeng@htacspacer i ncludes a solid portion circunscribing a
flowregion of the dilute cell and having a substantially uniformthickness
so as to be stackable wth said nenbranes to formsaid treatnent cell, and
further includes a screen extending entirely across the flow region, said
screen bei ng it egEkcaddsipnitationiappasahs kivipgratplualitiefdiye pdlisglaeked t o occupy
said central region together with ion exchange or other functional

alternating with concentrate cells, each cell being defined by a dilute cell spacer or a

concentrate cell spacer, respectively, and by first and second selectively permeable

membranes, wherein said dilute cell spacer includes a solid portion circumscribing a flow

region of the dilute cell and having a substantially uniform thickness so as to be stackable

with said membranes to form said treatment cell, and further includes a screen extending

entirely across the flow region, said screen being integrated with said solid portion and

configured to occupy said central region together with ion exchange or other fumctional

electroactive filler material so as to maintain a threshold membrane separation while

permitting treatment flow through the cell.

12.  The electrodeionization apparatus of claim 11, wherein the screen structurally
secures the solid portion to sustain elevated pressure in the flow region without ballooning or

blowout.

13.  The electrodeionization apparatus according to claim 11, wherein the screen

includes transverse flow-directing rails to enhance flow across the flow region.



el ectroactive filler material so as to maintain a threshold nenbrane
separation while permtting treatnent flow through the cell. 12. The

el ect r odeworpad7’eapn apparatus of claim 11, wherein the screarusst/suet urally
secures the solid portion to sustain ejevated pressure in the flow region
wi t hout ball ooning or blowout. 13. The el ectrodei oni zati on appar at us
according to claim1ll, wherein the screen includes transverse
flowdirecting rails to enhance flow across the flow region. WO 03/043721

PCT/ US02/ 37429 20 _14. The el ectrodei oni zatjon_apparatys of claim 13,
wherein the diH:lteTi‘éF‘ec‘ir%de&’“‘ZtaﬂP‘&Rpp@Et‘fsogﬁ{?“‘f ﬂg’ ?‘%Hﬁr‘gl“tgicfggato

di stribute _resin beads, acrgss tge %i | ute cell during f fluu' di zed bead
filling ofgkaellapd the tails Argsised 4oy distrivyle ey beags acrpssdlf qiuts ¢pll WA npt hod
including the steps_of providing an el ectrodeionization apparatus having a
pl ur al i t yfleidized pepdeilling qpsragiomcked alternating with concentrate cells, each
cell being defined by a dilute cell spacer or a concentrate cell spacer,
respectively, and by first and second sel ectively perneable menbranes,
wherein said dilute cell spacer includes a solid portion circunscribing a

flow region of5-t heh aiethgd of pailying adeedfpid quch nagihed inplding the staRp PHr m
thi ckness so as to be stackable with said nenbranes to formsaid treatnent
cel |, andpfayiditgen dlastpdeienizagion eppassiushevingdi nhyalithof dibyty celisstagled t he 1 ow
region, said screen being integrated with said solid portion and configured
to occupylteaitigsdthicordentratg cells, easheethbeinglatined bna diteh selhwpagsr ovher
functional electroactive filler material so as to maintain a threshold
menbr ane sepantzité call spixier,gegpestivietyt bt firstandraerond belegtivelsipeurgablehe cel |, and

membranes,

wherein said dilute cell spacer includes a solid portion circumscribing a flow region

of the dilute cell and having a substantially uniform thickness so as to be stackable with said

membranes to form said treatment cell, and further includes a screen extending entirely

across the flow region, said screen being integrated with said solid portion and configured to

occupy said central region together with ion exchange or other functional electroactive filler

material so as to maintain a threshold membrane separation while permitting treatment flow

through the cell, and

treating the fluid with the electrodeionization device whereby the fluid is effectively

at least partially purified.

16. A spacer for use in an electrodeionization device, the spacer comprising
a solid portion circumscribing an intended electrodeionization treatment cell and having a
substantially uniform thickness so as to be stackable with sheets of ion exchange membrane

to form said treatment cell, and



treating the fluid with the el ectrodei oni zati on device whereby the fluid is
effectively at least partially purified. 16. A spacer for use in an

el ect r odeworBmai7zaon devi ce, the spacer conprising a sol i dPoariSonsr429
circunscribing an intended el ectrodei omi zation treatnment cell and having a
substantially uniformthickness so as to be stackable with sheets of ion
exchange nenbrane to formsaid treatnent cell, and WO 03/043721

PCT/ US02/ 37429 21 a screen extending entirely across a central region of

the solid port 'a%&e%ﬁ%#\&ﬁﬂ%@qﬁﬂégrtacg&s ﬁ"c%‘| S gloﬂ of {Hg@&‘hd"#&rﬂbﬂ‘c&rﬂgp&nﬁﬁ?t ment

cell, said screen tegr tiron and further

peing contd SHLRA JrAoRGd eﬁ{pythéagg.&lg&@tepaéaldrs@ﬁwﬂe.ﬁgg&gﬁg%d | Wi Did Qifiqexchange

or ot her unc I Ona roac Ter materi a Sal sScreen

bei ng dlnen i one

matori al | PRTGRA 9RERRE IR b8, ﬁ%g?¥5€éenwaﬁ%$ié# Relr 3 th gt ¢
screen effectiv eaching a nanlfold or an adj acent
cell. 18. O%Oti“cafrrﬁg%logﬁa?ﬁgﬁoaec?&%ﬁﬂ? ?/rll Elg a substantially uniform thickness
for p03|t|on|n r.ane. el ene ectrodel on ti on

devi ce, said sPHC qo éﬁrg?ﬂ eg?l?fbeq a(‘%\?"sét‘%‘u%i prﬁ‘fengfnllgjr Bich¥r8

l'i qui d- |n%§rneabhﬁﬁferlneter region having a thickness; (b) a central

regi on | odatreBiGH! ®said perineter region; and, (c) a screen el enent
extending at |least entirely across said central region such that the
screened central region is perneable to liquid, whereby an inner edge of

said perineter _regign, whic ef t he. boun
P 17. g € spacer op cld w erehm the strangs oiy said screen effectively retain

beads from reaching a manifold or an adjacent cell.

18. A screen spacer element having a substantially uniform thickness for
positioning between membrane elements of an electrodeionization device, said spacer
element comprising:

(a) a substantially liquid-impermeable perimeter region having a thickness;

(b) a central region located within said perimeter region; and,

(c) a screen element extending at least entirely across said central region such
that the screened central region is permeable to liquid,

whereby an inner edge of said perimeter region, which defines the boundary

between said perimeter region and said central region, together with said

membranes define an electrodeionization treatment cell.

19. A screen spacer element according to claim 18 wherein said screen element

extends across at least a portion of said perimeter region.



bet ween said perinmeter region and said central region, together with said
menbr anes define an el ectrodei oni zation treatnent cell. 19. A screen spacer
el enent awomB@iiTgito cl aim 18 wherein said screen el ement PCFRISeNBBI2ACT 0SS
at least a portion of said perineter region. WO 03/043721 PCT/ US02/ 37429
22 20. A screen spacer elenment according to claim218 wherein said screen

el ement extends across substantially all of said perineter region. 21. A
screen spacer el ement according to any of clains 18-20 further conprising

inlet and outl apesrctr %5 ﬁchﬁ'elg eﬁ{ cheorthE F Slaiin®® lggald gb@%};eg enp PACET

el ement according t ereln eas one O ures is

not in co catlon nt r.al re Lon. 23. A screen spacer el enent
SO 6 S o] o]

accordi ng of said apertures is in
conmuni cation with said central region. 24. A screen spacer el enment
according to claim23 further conprising a particle retaining el ement

posi t .Oned. bet %:f ? R é%ﬁ%n%ﬁ%{e? %{:m %Ic%dfﬁg go any of c a1ms %% ﬁx?t%rtc%rm%rilsigg

conmuni cat | on

inlet and outlet apertures in said perimeter region.

22. A screen spacer element according to claim 21 wherein at least one of said

apertures is not in communication with said central region.

23. A screen spacer element according to claim 21 wherein at least one of said

apertures is in communication with said central region.

24. A screen spacer element according to claim 23 further comprising a particle
retaining element positioned between said central region and at least one aperture in

communication with said central region.



