- 1 - METHODS OF MAKI NG A CELL STACK FOR AN ELECTRI CAL PURI FI CATI ON
APPARATUS 5CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s application
claims priority under 35 U.S.C. 119(e) of U S. Provisional Patent
Application Serial No. 61/413,021, filed on Novenber 12, 2010, titled

" CROSS- FLOW ELECTROCHEM CAL DEI ONI ZATI DEVI CE AND to METHODS OF
MANUFACTURI NG THEREOF" and U S Provi sional Patent Application Serial No.
61/ 510, 157, filed on July 21, 2011, titled "MODULAR CROSS- FLOW

ELECTRODI ALYSI S DEVI CES AND METHODS OF MANUFACTURI NG THEREOF, " the entire

ts ent i1 oty PEPAQNS OF NG ECETY, SRR RO AR RERGARINAL 7o el oour o
relates to systens and netfORFFICCATHONARFARATEY , and net hods of nmaking a

system or apparatus for treating water. Mre particularly, this 20
di sclosure relates to systens and net hods of water treatnment using an

el ectyical purifi an el ectrical
puri f{ cation appafé{{us for reatélﬁng \X%er é@a\ﬂ\lﬁﬁgﬁgﬁbﬂ% One or nore
aspects of the di sclosure reI ate to a nethod of preparing a first cell
stack for an g|ectrj cal ification a tus, The method nmay c rrprlse
securing a fiﬂé‘tsaa 1‘"@?40%)‘? ﬁ%orWWﬂgrg%%é §‘”%§F)‘§E Sohtay:

menbr aneP@tEn@A%ﬂlfcﬁﬁorP@éﬁdl% 8i/483 Dl Ifn&%lymt/eﬂlb& i, bto, %’E!le@“ exchange

menbr ane and first cation 30 exchange nenbrane to forma first
conpar t "BEROBEHIHYWaEEECTRONHEMICADWRIONTZ ATHONBENGJE#dYDal so conpri se

secu 'id : ghﬁﬁfﬁﬂ@%ﬁﬂ%ﬁﬁ%ﬁ HE@EFI e?ndtltl].%. }’irgv?stional Patent -
Application Serial No. 61/510,157, filed on July 21, 2011, titled “MODULAR
CROSS-FLOW ELECTRODIALYSIS DEVICES AND METHODS OF
MANUFACTURING THEREOF,” the entire disclosure of each of which is hereby
incorporated herein by reference in its entirety for all purposes.
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FIELD OF THE DISCLOSURE

This disclosure relates to systems and methods of water treatment, and
methods of making a system or apparatus for treating water. More particularly, this
20  disclosure relates to systems and methods of water treatment using an electrical
purification apparatus, and methods of making an electrical purification apparatus for

treating water.

SUMMARY
25
One or more aspects of the disclosure relate to a method of preparing a first
cell stack for an electrical purification apparatus. The method may comprise securing
a first anion exchange membrane to a first cation exchange membrane at a first
portion of a periphery of the first anion exchange membrane and the first cation
30 exchange membrane to form a first compartment having a first fluid flow path. The

method may also comprise securing a second anion exchange membrane to the first



- 2 - cation exchange nenbrane at a second portion of the periphery of the
first cation exchange nenbrane and a first portion of a periphery of the
second ani on exchange nmenbrane to forma second conpartnment having a second
fluid flow path in a direction different fromthe first fluid flow path.
Each of the first conpartnent and 5 the second conpartnent may be
constructed and arranged to provide a fluid contact of greater than 85% of
the surface area of each of the first cation exchange nenbrane, the first
ani on exahangechmegbmambramdt b hecosd poridnadithoperiphetyarfghe fmstribatane.

O her aspegcts of the disclosure relate to a hod fqr pre ing a cell
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second ani on exchange nenbrane to a second cati on exchange nenbrane at a

first potheifisy apfongxplaniep momprefe anddhe secondicatpn; exphange aRgenbr ane and t he
second ani on r i r y having a
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third conpartnent by securi the first spacer assenbly to the second
spacHr aSuaRasingenh by aecglée&ﬁéﬂgmwb%qhﬁngwerﬁ&aﬂﬁm &%fﬂmpﬁw ag¢ cation
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bet ween thhdirftiansn explrnge nesseads tp proxdd¢ b érs spadassgmblyrhassgaentiisy. Each of

the first conpartnmgnt and.the second conpartnent 25 e constructed and
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aspects of the disclosure may provide an’electrical purification apparatus
conpts si bysesuneg b sgwad knioTieaclpolt membednertay seeomdcatien exdhangst  conpart ment
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exchange nenbrane and the first anion - 3 -
having a second spacer disposed between the second anion exchange membrane and
the second cation exchange membrane. The method may also comprise forming a
20  third compartment by securing the first spacer assembly to the second spacer
assembly at a second portion of the periphery of the first cation exchange membrane
and at a portion of the periphery of the second anion exchange membrane to provide a
stack assembly having a spacer disposed between the first spacer assembly and the
second spacer assembly. Each of the first compartment and the second compartment
25  may be constructed and arranged to provide a direction of fluid flow in a direction
different from the direction of fluid flow in the third compartment.
Still other aspects of the disclosure may provide an electrical purification
apparatus comprising a cell stack. The cell stack may comprise a first compartment
comprising a first cation exchange membrane and a first anion exchange membrane.

30  The first compartment may be constructed and arranged to provide a direct flud flow

in a first direction between the first cation exchange membrane and the first anion



exchange nmenbrane. The cell stack nmay al so conprise a second conpartnment
conprising the first anion exchange nenbrane and a second cati on exchange
menbrane to provide a direct fluid flowin a second direction between the-
first anion exchange nenbrane and thg_second cation exchange nenbrane Each
of the first 5 conpartnent and the sécond conpartnment constructed and
arranged to provide a fluid contact of greater than 85% of the surface area
of the first cation exchange nenbrane, the first anion exchange nenbrane,
and t he sebaong reehbrone. eXloheatigadkendy dpecorgpriidela sstérsk comgaetotent of t he
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have an inlet and an outlet that provides a dilute fluid flowin a first
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stack. SUill GhiGihoraReat B Ak ARl ISkRL Solh Alusbgot i cal

purification appara he el ectrical purification apparatus conprises a
cel | st apliforatipn aspangu Ol'tad dedrstek inmgy donrproe laglumltyod mpembtienion and i on
concentrating conpartnents.. Each of the Ega‘l dﬁ' ut inrr:cpe i:o.rrpartments may be
const® uctelPtigfng fomeRpsentting cepPARMENtES, P 13RI FRIGINESt  direction Each

of the | Qi GRRCERHET hi\e MANRAEIIRIS 1A PRVERE S diufRtRAd aB¢ ia%r anged to
provide a fluid flowin a second direction that is different fromthe first

di r ect i ofirst Finectiohe Eachi efithe pur docemtatiog cappartmtnis magyhavo apmleiand ahj r st
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el ect r odghranpt thdeclbagdknd el ectrode.
Still other aspects of the disclosure relate to an electrical purification
apparatus. The electrical purification apparatus comprises a cell stack comprising
20  alternating ion diluting compartments and ion concentrating compartments. Each of
the ion diluting compartments may be constructed and arranged to provide a fluid
flow in a first direction. Each of the ion concentrating compartments may be
constructed and arranged to provide a fluid flow in a second direction that is different
from the first direction. The electrical purification apparatus may comprise a first
25  electrode adjacent an anion exchange membrane at a first end of the cell stack. The
electrical purification apparatus may also comprise a second electrode adjacent a
cathode exchange membrane at a second end of the cell stack. A blocking spacer may
be positioned in the cell stack and constructed and arranged to redirect at least one of
a dilute fluid flow and a concentrate fluid flow through the electrical purification

30  apparatus and to prevent a direct current path between the first electrode and the

second electrode.



- 4 - In still further aspects of the disclosure, a nethod of
providing a source of potable water is provided. The nethod may conprise
providing an electrical purification apparatus conprising a cell stack. The
cell stack may conprise alternating _ion diluting conpartnents and ion
concentrating conpartnents. Each of 5 the ion diluting conpartments may be
constructed and arranged to provide a fluid flowin a first direction. Each
of the ion concentrating conpartnments may be constructed and arranged to
provi de a f| ulngstil fyrheraspeceebihd discloserci amethediofipgovidipg asevrce bf om the fir st
directio ntratin npar t.nent s n diluting
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represented by a Iike nuneral. For purposes of rity, not every conponent
may be Iabep@‘umms magby coknsamphg aheh atriveged tapravisk: a fluid contebi®f gredte a

sche ti il pst t|o i on, of. an el ectr,i cal urlflca on appar at us
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in accordance with ohe or nore enbodi nents of the disclosure; FIG 3
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
20 FIGs. is represented by a like numeral. For purposes of clarity, not every component
may be labeled in every drawing.
In the drawings:
FIG. 1 is a schematic illustration of a portion of an electrical purification
apparatus in accordance with one or more embodiments of the disclosure;
25 FIG. 2 is a schematic illustration of a portion of an electrical purification
apparatus in accordance with one or more embodiments of the disclosure;
FIG. 3 is a schematic illustration of a portion of an electrical purification
apparatus in accordance with one or more embodiments of the disclosure;
FIG. 4 is a schematic illustration of a portion of an electrical purification

30  apparatus in accordance with one or more embodiments of the disclosure;



-5 - FIG 5 is a schematic illustration of a side view of a portion
of an el ectrodei oni zati on apparatus conprising a nenbrane cell stack
positioned in a housing in accordance with one or nore enbodi nents of the
disclosure; FIG 6 is a schematic illustration of a side view of a portion
of an 5el ectrodei oni zati on apparatus conprising a nenbrane cell stack
positioned in a housing in accordance with one or nore enbodi nents of the

di scl osure; FIG 7 is a schematic illustration of a side view of a
portion of anFIé} &éos a@d@inmhiicz‘]émsitnaﬁompbasidt uiwcwfrqxndrs'@mgfal menbr ane cel |
stack pogi ned. |E?a hou I n. accorda%ce W'tl olge O{i nor.e enbodi nent s of
t he discY 8‘% lon I@p@rar DRI TPEOT NG SEH SRFOROBFO R Phod of

securi n%@sﬁ%ﬂﬁh@&@deﬁﬁé withtchelor hibréeBoGihedtsi of acdisiéange W th one or nore
enmbodi nrents of the disclosure; FIG 9 is a schematlc illustration of

a rret hod of sBKubiing sehematisiBwseraien pf & side Kiemnofz prstien Aan n accor dance with
one Ecﬁro%gp)%gzaﬁgl% %%)&rityfls poqncﬂxs?r? l 2 %‘éﬁi%rr%l%lcgﬂ st]aglf k}gsjé eﬁgﬁ qat Ic

|IIustr 'on o i n a housing

i N accorhanig iwatddrduiec aithnoncer efdre embeditrentfof tiedisdlsairqsur e; FIG 11
is a schematic illustration of a nmethod of securing a nenbrane cell stack

in a housi ng FIP-ddé asehamaticuflesiration obs side visveofisoratHempkabf t he di scl osure;
FIG 12 éi%ctﬁod%ﬁ;‘ﬁ%&h GopardthSLs r@; %%ﬁw&b@fe%ﬂ sk ?gﬁg&ﬁé&%% menbrane cel |

stack in a housing In corda one or nore e Iments of the
di scl osuhasiiGk k& orddict svidh cﬁxeh)emdré embbdlins:htsaiﬁtlmﬂi@dlosmrefret hod of securing a

menbr ane cel | &#?.k inha hog ccor.d e with one or enbodi nent s
of tHE di scl olft-& is aschematic tipR o5 BRHIOAY FecUIng adReIPRENCalt & et hod of
securi ngstéc%%o%@i%g%?h&co?daﬁ%wﬁﬂ ofte BPHDF ¥ bIHiRAEHS b HAGEsMshik; one or nore
enbodi nents of i scl osure;

FIG. 9 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 10 is a schematic illustration of a method of securing a membrane cell
15  stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 11 is a schematic iilustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 12 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
20 FIG. 13 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 14 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 15 is a schematic illustration of a method of securing a membrane cell
25  stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 16 is a schematic illustration of a method of securing a membrane cell
stack in a housing in accordance with one or more embodiments of the disclosure;
FIG. 17 is a schematic illustration of a multiple-pass electrical purification
apparatus in accordance with one or more embodiments of the disclosure;
30 FIG. 18 is a schematic illustration of a blocking spacer in accordance with one

or more embodiments of the disclosure;



FIG 15 is a schematic illustration of a method of securing a nenbrane cell
25 stack in a housing in accordance with one or nore enbodi nents of the

di scl osure; FIG 16 is a schematic illustration of a method of
securing a nmenbrane cell stack in a using in accordance with one or nore
enbodi ments of the disclosure; ""FIG 17 is a schematic illustration of
a nultiple-pass electrical purification apparatus in accordance with one or
nore enbodi nents of the disclosure; 30FIG 18 is a schematic illustration
of a bl ocki ngFKpd®&ds a scheamtionistragompf $pacarasemblies endeabdkimespaenf t he

di scl osure; . - - FIG 19 is.a schematic illustration of spacer
assenbl i B Ha%&d%%?b&m%néﬁ%éqmsaeﬁ%ﬁéWﬁ&?lbﬁ%ﬂﬁaémfiﬂae accor dance with
one or n@k&ogfRodi nents of the disclosure; FIG 20 is a schematic
illustration of a portion of an electrical purification 5apparatus

conpri sing a EKFPI20ds asthepwsictilwiredon of aipertios iohep flactiedlarafidieetéonni t h one or
for € medi m%ntcso of 'st he dei SS?chUI’I%EO ed inahoFl 1%‘ it%%ci Sda%cé%i%%%%iog

i | ust r atRP8HGF 511%81&5%61 ?) T PRCQE I OENES TN DN YT P58

enbodi mepbse @hbdduests SEtHeMMctisufet G 22 is a schematic illustration of a
portion of an_electrical purification 10 apparatus conprising a cell stack
posi ti oned i nF¥3-Hdusp aehemaptis dbustighon af sblopkins spaser WolceOTdprsaViHeats of t he

di scl osuge: ore e bod!:rhgﬁ‘s ZRA R sGaB are schematic illustrations of a
portion of "an atectricar puriftication apparatus conprising a cell stack

posi tioned i NFHG.1RAUS & Beheintatiadltmrdane ef apodionpEamelcamical prnifioaiorent s of t he
di scl osure; .. - . .. .

10 apparatus comprising a cell stack positioned in a housing in accordance with one or
more embodiments of the disclosure;

FIGS. 23A and 23B are schematic illustrations of a portion of an electrical
purification apparatus comprising a cell stack positioned in a housing in accordance
with one or more embodiments of the disclosure;

15 FIGS. 24A and 24B are schematic illustrations of a portion of an electrical
purification apparatus comprising a first modular unit, a second modular unit, and a
blocking spacer positioned therebetween in accordance with one or more
embodiments of the disclosure;

FIG. 25 is a schematic illustration of a blocking spacer in accordance with one

20  or more embodiments of the disclosure;

FIG. 26 is a schematic illustration of a spacer assembly in accordance with one
or more embodiments of the disclosure;

FIG. 27 is a schematic illustration of a cell stack in accordance with one or
more embodiments of the disclosure;

25 FIG. 28 is a schematic illustration of a cell stack in accordance with one or
more embodiments of the disclosure;

FIG. 29 is a schematic illustration of a cell stack in accordance with one or
more embodiments of the disclosure;

FIG. 30 is a schematic illustration of a spacer in accordance with one or more

30 embodiments of the disclosure;



15FI GS. 24A and 24B are schematic illustrations of a portion of an

el ectrical purification apparatus conprising a first nodular unit, a second
nodul ar unit, and a bl ocki ng spacer positioned therebetween in accordance
with one or nore enbodinents of the djsclosure; FIG 25 is a schematic
illustration of a blocking spacer in ‘accordance with one 20 or nore

enbodi nents of the disclosure; FIG 26 is a schematic illustration of
a spacer assenbly in accordance with one or nore enbodi nents of the

di scl osure; FIG. 31H$ Gsclmatis ibustrahiemaf arcexpldded tviewt amghthofugh of el st ack in

accordance with one o e enbodi nents of, the di scl osur,e 5E 28 is
e homac | Soel o Dafelt ] mapbEngL ACe o i ey FaRE SRR SRR pare ©
enbodi megisgofret he di scl osure; FIG 29 is a schematic illustration of

a cell stack in accordance with one or nore enbodi nents of the disclosure;
FIG 30 is a EEhe?ds hechematistilestiabon of a erospspstion ivw“amldieémhdélw oh one or

nore 30 enb di sclosure: . 7 - a schematic
i |l ustrat P%‘ﬁ g¥ a%?ﬁmg%&c(g@é@c %cgﬁn?%‘ﬁ%ﬁﬁe et qmb %mﬁn]ts P F@Bacers and
menbr anegis¢lgs@e.cor dance with one or nore enbodi rrents of the disclosure;
FIG 32 is a schematlc illustration of a cross-section view and detail ed

view of 5 a pBH#i33Iip ¢ sehemaiisibestraton okpaseel anpssepbledisladeingceordane or nore
enbodi ma{?ﬁtﬁ 0% of Hx%réjérﬁ%cﬁlﬁgﬁtg of the disclosure;

FIG. 34 is a schematic illustration of an overmolded spacer in accordance with
10 one or more embodiments of the disclosure;

FIG. 35 is a schematic illustration of a section view of a cell stack in
accordance with one or more embodiments of the disclosure;

FIG. 36 is schematic illustration of a section view of a cell stack in accordance
with one or more embodiments of the disclosure;

15 FIG. 37 is a schematic illustration of a top view of a spacer in accordance with
one or more embodiments of the disclosure;

FIGs. 38A and 38B are schematic illustrations of a detail of a spacer in
accordance with one or more embodiments of the disclosure. FIG. 38B is a cross-
section of FIG. 38A along line B-B.

20 FIG. 39 is a schematic illustration of a stack of spacers and membranes in
accordance with one or more embodiments of the invention;

FIG. 40 is a schematic illustration of a stack of spacers and membranes in
accordance with one or more embodiments of the invention;

FIG. 41 is a schematic illustration of a stack of spacers and membranes in

25  accordance with one or more embodiments of the invention;

FIG. 42 is a schematic illustration of a stack of spacers and membranes in
accordance with one or more embodiments of the invention;

FIG. 43 is a schematic illustration of a stack of spacers and membranes in
accordance with one or more embodiments of the invention; and

30 FIG. 44 is a schematic illustration of a stack of spacers and membranes in

accordance with one or more embodiments of the invention



FIG 33 is a schematic illustration of part of an assenbled stack in

accordance with one or nore enbodi nents of the disclosure; FI G
34 is a schematic illustration of an overnol ded spacer in accordance with
10 one or nore enbodi ments of the digcl osure; FIG 35 is a schenatic
illustration of a section view of a cell stack in accordance with one or
nore enbodi nents of the discl osure; FIG 36 is schematic illustration
of a section view of a cell stack in accordance with one or nore

enmbodi nent s of the di sclosure; 15FIG 37 is a schematic illustration of a

top view of a,spacer I n rdance w nor e enbo ts of the

i Sl osure: AT RES DR b AR ANRRE RV doBiD AR iR PRI EPAPFONRABt o et ai |
of a spag@isingd iRpHAEHaNG@RMSIaloR hd ogseoﬁaefrecseszefemeSdmmmS@hbﬁcl osure.
FIG 38B.is a cross-section of FIG 38A along line B-B. 20FIG_ 39 is a

schemat i émjted tpsthesgtnagirulf canguetionsfand geemetsicanborrexamplen ths Hobsiag cor dance
with PNE Q f &fm?tgglﬁ ré%?nlngt O];uc%h[ﬁat \é%n%%)(%@ membrane cefl Qa soorI s a schematic

illustra | Z&t's and f anes accordance with one or

mor e em@ddetsqﬁaﬁMebm&mhth@n For example, the }Ehﬁng fhyite cglifdi@nat i c
illustration of a stack of spacers and menbranes in 25 accordance with one
or nore RHBEERksAAIC.Hr reqianguinye NYiflbregard to the pembrano cell stacks@md mat i ¢

LT ustr ati 8. Ofnif, @{fﬁhgaafe nt.on’% ﬁe&tmgpmﬂggsm& c%ﬁ%g.{%ﬂ%pce with one or

nore enbodi nents o I'sS a schenmatic
i |1 ust r ambdwaofniamsy ae keoufedstpalmae]nwsmgd Hoe axunayle thel merabanesdarspacerd t h one or
nor e enbodi nts of, the. i nve and 30FI G 44 is a schgmatlc

11 ubt r OPYHRC Bicapenlas mshgpe. s CEF hedRTIT 4EUSPR MRy BRRSETRR h one or
more enmbpgl SRSyt thd BemBMRBE R Spacers may be of any suitable geometry such

that the membranes and spacers may be secured within a cell stack. In certain
embodiments, a particular number of corners or vertices on the cell stack may be
desired. For example, three or more corners or vertices may be desired to secure the

15 cell stack to the housing. In certain embodiments, the geometry of any of the housing,
cell stack, membranes, and spacers may selected to accommodate operational
parameters of the electrical purification apparatus. For example, the spacers may be
asymmetrical to accommodate differences in flow rates between the dilute and
concentrate streams.

20

DETAILED DESCRIPTION

Devices for purifying fluids using electrical fields are commonly used to treat
water and other liquids containing dissolved ionic species. Two types of devices that
25  treat water in this way are electrodeionization and electrodialysis devices.
Electrodeionization (EDI) is a process that removes, or at least reduces, one or
more ionized or ionizable species from water using electrically active media and an
electric potential to influence ion transport. The electrically active media typically
serves to alternately collect and discharge ionic and/or ionizable species and, in some
30 cases, to facilitate the transport of ions, which may be continuously, by ionic or

electronic substitution mechanisms. EDI devices can comprise electrochemically



- 8 - At | east sone of the drawi ngs may depi ct nenbranes, spacers,
cell stacks, and housings in particular configurations and geonetries.
However, the disclosure is not limted to these particular configurations
and geonetries. For exanple, the houging 5 may be of any suitable geonetry
such that one or nore nenbrane cell Sstacks or nodular units may be secured
wi thin. For exanple, the housing may be cylindrical, polygonal, square, or
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el ectronic substitution nechani sns. EDI devices can conprise
el ects octiarhiecgntiguously purified without requiring chemical recharging of ion exchange
resin.
Electrodialysis (ED) devices operate on a similar principle as CEDI, except
that ED devices typically do not contain electroactive media between the membranes.
Because of the lack of electroactive media, the operation of ED may be hindered on
20 feed waters of low salinity because of elevated electrical resistance. Also, because the
operation of ED on high salinity feed waters can result in elevated electrical current
consumption, ED apparatus have heretofore been most effectively used on source
waters of intermediate salinity. In ED based systems, because there is no electroactive
media, splitting water is inefficient and operating in such a regime is generally
25  avoided.
In CEDI and ED devices, a plurality of adjacent cells or compartments are
typically separated by selectively permeable membranes that allow the passage of
either positively or negatively charged species, but typically not both. Dilution or
depletion compartments are typically interspaced with concentrating or concentration

30  compartments in such devices. As water flows through the depletion compartments,

ionic and other charged species are typically drawn into concentrating compartments



- 9 - active nedia of permanent or tenporary charge, and nmay be operated
batch-wi se, intermttently, continuously, and/or even in reversing polarity
nodes. EDI devices may be operated to pronote one or nore el ectrochem cal
reactions specifically designed to gg@i_eve or enhance performance. Further,
such el ectrochem cal devices 5 may conprise electrically active nmenbranes,
such as sem -perneabl e or selectively perneable i on exchange or bi pol ar
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el ect r oacwicoriratimgicampsiment, irappedecherged spdcmesfchn bt egmhoaddn epenceniralg i n such a
regine i st‘%ﬁ}neral | y 25avoi ded. In CEDI and ED devices, a plurality of
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end 20 initiate and/or facilitate the transfer of ions through the membranes and
compartments. The specific electrochemical reactions that occur at the
electrode/interfaces can be controlled to some extent by the concentration of salts in
the specialized compartments that house the electrode assemblies. For example, a feed
to the anode electrolyte compartments that is high in sodium chloride will tend to

25  generate chlorine gas and hydrogen ion, while such a feed to the cathode electrolyte

compartment will tend to generate hydrogen gas and hydroxide ion. Generally, the
hydrogen ion generated at the anode compartment will associate with a free anion,
such as chloride ion, to preserve charge neutrality and create hydrochloric acid
solution, and analogously, the hydroxide ion generated at the cathode compartment

30  will associate with a free cation, such as sodium, to preserve charge neutrality and

create sodium hydroxide solution. The reaction products of the electrode
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el ectrolyte conpartnents that are usually partially isolated fromfluid
comuni cation with the depletion and/or concentration conpartnments. Once in
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operation of the apparatus.
In some embodiments of the present disclosure, a method is provided for
securing or bonding ion exchange membranes and, optionally, spacers to produce a
20  membrane cell stack for an electrical purification apparatus. The method may provide
for securing of multiple anion exchange membranes and cation exchange membranes
for use in electrical purification apparatus such as a cross-flow electrodialysis (ED)
device.
In certain embodiments of the disclosure, a method of preparing a first cell
25  stack for an electrical purification apparatus is provided. The method may comprise
securing a first ion exchange membrane to a second ion exchange membrane. A
spacer may be positioned between the first ion exchange membrane and the second
ion exchange membrane to form a spacer assembly. When used in an electrical
purification apparatus, this spacer assembly defines a first compartment that may
30  allow fluid flow. A plurality of ion exchange membranes may be secured to one

another to provide a series of compartments. In certain embodiments, a plurality of



Pl at e-and-frane and spiral wound designs have been used for various types
of 5el ectrochem cal deionization devices including but not limted to

el ectrodi alysis (ED) and el ectrodei oni zation (ED ) devices. Conmercially
avai |l abl e ED devices are typically of, plate-and-frane design, while ED
devices are available in both plate and frame and spiral configurations.
The present invention relates to devices that may purify fluids
electrically that 10 may be contained within a housing, as well as nethods
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15  source of inefficiency. In some embodiments, such as those involving a cross-flow

design, the potential for current leakage may be addressed. Current efficiency may be
defined as the percentage of current that is effective in moving ions out of the dilute
stream into the concentrate stream. Various sources of current inefficiency may exist
in an electrochemical separation system or electrical purification apparatus. One

20  potential source of inefficiency may involve current that bypasses the cell pairs (pairs
of adjacent concentration and diluting compartments) by flowing through the dilute
and concentrate inlet and outlet manifolds. Open inlet and outlet manifolds may be in
direct fluid communication with flow compartments and may reduce pressure drop in
each flow path. Part of the electrical current from one electrode to the other may

25  bypass the stack of cell pairs by flowing through the open areas. The bypass current
reduces current efficiency and increases energy consumption. Another potential
source of inefficiency may involve jons that enter the dilute stream from the
concentrate due to imperfect permselectivity of ion exchange membranes. In some
embodiments, techniques associated with the sealing and potting of membranes and

30  screens within a device may facilitate reduction of current leakage.



spacer assenblies may be constructed and the spacer assenblies may be
secured to one another. A spacer may be positioned between each of the
spacer assenblies. In this way, a series of conpartnments for an el ectrical
purification apparatus is constructeﬁéto allow fluid flowin one or nore
directions in each of the conpartnents. 5The spacers that may be positioned
within the conpartnents nmay provide structure to and define the
conpartnments and, in certain exanples, may assist in directing fluid flow

t hrough t he clenp@ror mem¢ embbdinspace bgpayapathehnoaglea sthclpmiayreri ¢ materi al s or
other materials that allow for, a desired structure, and fluid flow wthin
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each flo ‘g th. Part of the_electrical currentffromo e ﬁle trode to the
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consunption. Another potential source of inefficiency may involve ions that

ent ets t hmagbk gowsticied and rranget e providearpredetermioed ewranhbyrasepath. In
pernseleq}ivitﬁmﬁf &pn exc gn%e qgnbg es.ol sone e odﬁnents, t echni ques
associ at 80 W T HOTREMSSAPIRY"S H“%b???ﬁﬁ“%? %ﬁ?ﬁﬁ%ﬂé@ 8" 30screens within a
devi ce nalctigihbmidaicparabidh @Hi@é\m@ﬁ facilith Rt dctiok d@eurrent IchRage. |1 abne or nore
enbodi ments, a bypasS path through a stack may be
least some non-limiting embodiments, blocking membranes or spacers may be
inserted between modular units to direct dilute and/or concentrate streams into
20  multiple-pass flow configurations for improved current efficiency. In some
embodiments, current efficiency of at least about 60% may be achieved. In other
embodiments, a current efficiency of at least about 70% may be achieved. In still
other embodiments, a current efficiency of at least about 80% may be achieved. In at
least some embodiments, a current efficiency of at least about 85% may be achieved.
25 The spacer may be constructed and arranged to redirect at least one of fluid
flow and electrical current to improve current efficiency. The spacer may also be
constructed and arranged to create multiple fluid flow stages in an electrical
purification apparatus. The spacer may comprise a solid portion to redirect fluid flow
in a particular direction. The solid portion may also redirect electrical current flow in

30  aparticular direction, and prevent a direct path between an anode and a cathode in an

electrical purification apparatus. A spacer comprising a solid portion may be referred



mani pul ated to pronote current flow along a direct path through a cell
stack so as to inprove current efficiency. In sonme enbodi nents, an

el ectrochem cal separation device or electrical purification apparatus nmay
be constructed and arranged such thai 5 one or nore bypass paths are nore
tortuous than a direct path through %e cell stack. In at least certain
enbodi nents, an el ectrochem cal separation device or electrical
purification apparatus may be constructed and arranged such that one or
nor e byp@ass agdedkengnpesen(lbh ibl;mkhlgrsesctes rwyde nohiainned dithiact ceﬂdamkt ¢ ough t he
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membrane, spacer, or spacer assembly may provide a boundary or border to direct
fluid flow in a predetermined direction.

In certain embodiments, a method of preparing a cell stack may comprise

25  securing a first anion exchange membrane to a first cation exchange membrane at a

first portion of a periphery of the first anion exchange membrane and the first cation
exchange membrane to form a first compartment having a first fluid flow path. The
method may further comprise securing a second anion exchange membrane to the first
cation exchange membrane at a second portion of the periphery of the first cation

30  exchange membrane and a first portion of a periphery of the second anion exchange



The geonetry of the nenbranes nay be of any suitable geonmetry such that the
menbranes may be secured within a cell stack. In certain enbodinents, a 10
particul ar nunber of corners or vertices on the cell stack may be desired
SO as to suitably secure the cell stack within a housing In certain

enbodi nents, particul ar nmenbranes may have different geonetries than ot her
menbranes in the cell stack. The geonetries of the nenbranes may be
selected to assist in at |east one of securing the nmenbranes to one

anot her ,mtmbsge tr formpacers] wimfartmenhbadeg & seoad Kluid foweethrir al5 nmenbr anes
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secure aIHEBER ﬁer%ﬁ@%ﬁ’&?gﬁéﬁdﬁe ﬁb stack to a housing, and to
secure a mModul@d fildPlhidifep eﬁh'ﬂﬁ&ﬁie%@cond fluid I6W&ERRY BB SScctSPAREr S, and
spacer assenblies may be secured at a portion of a periphery or edge of the

menbr anerovidpd be may ob thespraidens of shapasipheses of tb@mueenh@ge m@mrmu phery may
be a con L. nuous or e acer or spacer
s arbl yhattS Weupa (RS SRALLT 1205 e Pk M) b0 SellP R AR%rigf BREHle, Che

nMenbr anealosP@ 0T hxis,Qhe SdR3AE fluRISHRTBAY nivBYrul PN tidectﬁmbmaﬂpl angle gfeattpr der to
direct fluid flowin a predetermned directign. In certain enbodi nents, a

met hod ofaprepslesises ?Pdcléfﬁslth@! %K. hagersippmbednegtsafdhs diggJosrgithst  ani on

S port sl B AP by o 6P 00 b BE DS RAREAY By Pdiyfibly POTLT O O
exchangepaenr ether etndaofdﬁﬁmta the sesdndHoiddidavwrpath negvun gt a1$0°ramgleftb dhed 1 ow
PerbitncaEb NNk Ph. Lrnigher ERERRRS e b3 OO R PEBEBRPTPEREn of t he
per i pher ircefi6n bf 6 U TiRALL A fld SR TBERAAHRS: Ao 2arld! diBqPOr LT on of 2

peri phery o e secon I on exc rane to forma second

conpar t niwitl flvew patly mayecoming kii2®°f Aotwuphfiuid flow pdihrmeayt borndingfaér ent from
the firsg, fluid flow path. The first fluid flow path and the second
fluid flow path may be sel ected and provi ded by way of the portions of the
peripheries Offaubﬁohﬂno@éfdhaﬁg@meﬁﬁﬁhaﬁ@@ sehidl todh&cdPaiiked prévighe anot her.
Using the first fluid flow as a direction running along a 0 axis, the
secohd f additgorfal wmm‘tmﬁmmyh@rﬂmd flevepadhs ia ¢hdse additional gompaiteeris axer t han

zero deg s and | 0. tain n scl osure,
t he seco%% 5t OF &g%r %ﬁqﬁ‘ﬁ ﬁlrﬂﬁluéfﬁgwé’ﬁt Eﬁ@ﬁge 6 ltjgfelr&ﬁieft}\ﬁ ggﬂhar to the
first flm&rffahpammrhemb nh@ﬂhﬂrﬂcemaﬁlhmwal&)ftﬁer@ngﬁmmtsfdlmﬁtésl ow path may
run at a 180 angle to the 10 first flujid flow path. In another enbodi nment ,

1

the firsbetieen 8Dt Swidoew radyande seeidifigd ﬂﬁWaPaHl rkarexamplss th firsthe second
fluid flg th b
ruﬁlnl ng aw R%?pﬁaourt rk’tﬁ& %ﬁ%nﬁgeﬁ}éﬁﬁgﬂﬁiﬁg}b}g%%ﬁ%h#%rgoééwg‘&a yRe

20 second fluid flow path in the second compartment may be running in a direction of

90°, and the third fluid flow path in the third compartment may be running in a
direction of 0°. In certain examples, a first fluid flow path running in a first direction,
and a second fluid flow path running in a second direction may be referred to as cross-
flow electrical purification.

25 In other embodiments, the fluid flow path in each of the compartments
alternates sequentially between a first fluid flow path, a second fluid flow path, and a
third fluid flow path. For example, the first fluid flow path in the first compartment
may be running in a direction of 0°. The second fluid flow path in the second
compartment may be running at 30°, and the third fluid flow path in the third

30  compartment may be running at 90°. The fourth fluid flow path in the fourth

compartment may be running at 0°. In another embodiment, the first fluid flow path



| f additional ion exchange nenbranes are secured to the cell stack to
provide 15 additional conpartnents, the fluid flow paths in these

addi tional conpartnments may be the sanme or different fromthe first fluid
flow path and the second fluid flow path. In certain enbodinents, the fluid
flow path in each of the conpartneni$ alternates between a first fluid flow
path and a second fluid flow path. For exanple, the first fluid flow path
in the first conmpartnent may be running in a direction of 0. The 20 second
fluid fliowheétrd comparrecrs ey mompg it adivectivayfl08. Thasicngd ilnidaflavr ecti on of

90, and the.third fluid flow path in the Lo d I ni.may be running
'n a"a vk ioffeorend phvenRenlathafanae 2 g0 ApE BRRRG B5H afRBalh [ inni ng
in a firgtmhdiiRcdon@RrtnRAfmay 86 adishd dtubde. f TRWoRAh MuidAEWw PEtH iA tiee second

direction may be referred to as cross-flow electrical purification. 25In

ot her enfsodhreempsrimenfandy be dinhingwt fath in each of the conpartments

al terpates seguentially betweep,a first fluigd fl pat h ) fluid

fl ow g_;;at h, ant e qdfrﬂ?fﬁg PP%\?/%%%%WGF%’F ﬂe%fa%{% lél,a%%mé) ek resfl%i?1 uid fl ow
path i n phgljhdtéd redi@fipaed " RédirsREdRS pfdiidy geateicontadt 6Lk iflaid withfhe The
second fluid flow path in the second conpartnent may be running_at 30, and
the thi raembiang sprfergs pdthin the comparmenld 13y coBPBEMERERRY hagonsiustshni ng at 90.

The four i } n ;Brg%j ning at O.

I n anot h“tleﬂr21 er?glggtli {nowlsr%ws{?ﬁ%% #‘pﬁlg{&%{c {vgiiﬁéﬁﬁ? gw atliéﬁ%'- 1% - Paﬁn{lﬁg fi ?st
conpar t nigay haeyodsauctions] prgjections, giot@siohgflanges)or Fdffesthamay prowids o | ow pat h
pat il - SREMTR ¢ Bt o (P elans GmeEpent. Woeh wilkee FSERSFe 1 uid 11
pat h'd n [ _ ’ : _ uid flow
path in fl.\}sf‘ff)]elf Bu6Hh Itt?ﬁég&?lf Elﬁﬁgﬁinﬁlﬁﬁé, {18 oﬁé{ﬂf&'tiﬂﬂs,%}ojgctioﬁk,gpr%ﬁstiﬁisn enmbodi ment s

of the disclosure, ow W thin a conpartnment ‘nay be adj usted,
r edi st r i Hangesl, ordaffltes diayeetreftrted tpasow flde rgdistatbetor.cont act of the fluid with

t he nenbrane surf s within the co rt t. The c art nent may be
constructed a ?f’ha‘%& %@‘Eﬂparr%“‘?né%_g? F%ﬂitﬁcrﬁt_rf])ﬁ%??thﬁﬁq\rgj“fﬂﬁcﬁnilhe conpart nent .
The conpgy mBPYe BHSEuOBS bAdSHADRE to ProfiRG! prédiSerniIhed feiSn@ipe of f | anges,
or baffles that nay provide a 10structure to redistribute the flow through

t he tonpsurfaseatea onkieotbravd utilizetiefi for flogbepntagt.t Hides beandaund thatgreatar n

enbodi ments, the_ .abstructi.ons roj&ections [QLLUSIO fl , or baffles
oy be r BEEPFES peaionoy R erelbLiffishPgtm BE ShoHRO TG SRASER 0t T the
cel | st agl¢ificfioR BpRir@6.r AGvdntdpes bf hdhadvingNgrag@ameinbianerlyiliba&ionansgt r uct ed and
arranged to provide a predeterm ned percentage of 15surface area or

menbr aneingtudr ilovgri eaprey sensumntipne ghtlles dootprintpd sherpparatusy lgs PAFSES gr eat er

through the apparatus, and higher quality product water. In certain embodiments, the

20  membrane utilization that may be achieved is greater than 65%. In other
embodiments, the membrane utilization that may be achieved is greater than 75%. In
certain other embodiments, the membrane utilization that may be achieved may be
greater than 85%. The membrane utilization may be at least in part dependent on the
methods used to secure each of the membranes to one another, and the design of the

25  spacer. In order to obtain a predetermined membrane utilization, appropriate securing
techniques and components may be selected in order to achieve a reliable and secure
seal that allows optimal operation of the electrical purification apparatus, without
encountering leakage within the apparatus, while maintaining a large surface area of
membrane that may be used in the process.

30 Sealing may be accomplished by any suitable means for ensuring mating

between the membranes so as to provide the desired fluid flow path through



menbrane utilization provides greater efficiencies in the operation of the
el ectrical purification apparatus. Advantages of achieving greater nenbrane
utilization may include | ower energy consunption, snaller footprint of the
apparatus, |ess passes through the apparatus, and higher quality product
water. In certain enbodinents, the 20 nenbrane utilization that nmay be
achieved is greater than 65% I|n other enbodi nents, the nenbrane
utilization that may be achieved is greater than 75% In certain other
enbodi meermspartnentndatived be the membsneso nFarkeaampiry sdaingolay de @adcaveplisbed gr eat er

than 85% The nenbrane utilization may be .at ast. in part dependent on the
et hods. BeREReeduapal B bR o eRiEe 6 ' B o B8na the desi gn
of the 29aRRAE6Y intdrfdckihgeor XNt AisthganilE QHE Fndlt RetréRsPIGaRnUt i | i zat i on,

appropriate securing techni ques and conponents nay be selected in order to

achi eve membrangphnd/arfpaesss ulnecesianml cxemplesatol congirusp membrafisegedtstash, of t he

el ecty | oalufit L EoALLANARRN ah\iucitl HOHL bREAUILELINBCLERKAGS, W LN 0 (e

apparat us, ntalning a ace area O rane at nmay be

used in idiesipeogatied aBfvaahd sTahdTpatipherascfrbeppacsihsserhiyliecan Bpscsrd @6l € nmeans
for ensuring mati ng between the nenbranes so as to, praovide the desired
fluid flBRsitneH betyesngach of the spaceraspainllias searedbiogstBer- Ji cef@menbr anes. For

exanD! €, o fIid thoBYoc? GsRABAP IG5 BE oo ABIRE Lififier dr ARLHRIn A ng by | aser

or ultrasoni'c we g, for exanp y mating or rlocking, for
exanpl e, parihegy ofdach afitie spavat assémblies te pravidas phcdity ofrembpatmesitand/ or

spacers.. ln certain exa efLoes, Bo onstruct a nmenbrane cell stack, 5
mul ¢ 1l ehafie Srleast B BRdLows paihy, oF e P el 1R 5oCkr 8BBRUEUMSY PE ecur ed
t oget her sapifdd 13dheghoRS t@gﬂiv’i& fitst BRhSdrRcht ‘Hﬁvihgfﬁ fRE] 1PNh i@fa the spacer

assenblies. Spacers are positioned between each of the spacer assenblies
secur ed firsyydirbation ahd acevandicompremehidsvingreflsid dloav paik seatdcord may be secured

to one anot her at ortjon of .the nperiphery of each of the acer
hosentl | Beeth, B oReBStAdRvEy el usou R el o S lodcite BRSNS ¢wo
fluid flgaypatbst ofpRéviexaRRbpatthengpacer assenblies may be secured to one
another to provide a first conpartnent having a fluid flow path in a first

di re¢ti on andlmscseronpdioea et therdischswierymathpd fercprenasing geeh stagk forsecond
R L -
enbodi nepdEpatmédi enaditedbased gy @cilidiof ckoliange aRabrigs @ 68 dnoshicaek for
provide a first spacer assembly having a first spacer disposed between the ion
exchange membranes. For example, a first cation exchange membrane may be
20 secured to a first anion exchange membrane at a first portion of a periphery of the first
cation exchange membrane and the first anion exchange membrane to provide a first
spacer assembly having a first spacer disposed between the first cation exchange
membrane and the first anion exchange membrane.
A second compartment may be formed by securing ion exchange membranes
25 to one another to provide a second spacer assembly having a second spacer disposed
between the ion exchange membranes. For example, a second anion exchange
membrane may be secured to a second cation exchange membrane at a first portion of
a periphery of the second cation exchange membrane and the second anion exchange
membrane to provide a second spacer assembly having a second spacer disposed
30 between the second anion exchange membrane and the second cation exchange

membrane.



an electrical purification apparatus conprises formng conpartnents. A
first conpartnment may be formed by securing ion exchange nenbranes to one
another to provide a first spacer assenbly having a first spacer disposed
bet ween the ion exchange nenbranes._?gt exanple, a first cation exchange
menbrane may be 20 secured to a first ani on exchange nenbrane at a first
portion of a periphery of the first cation exchange nenbrane and the first
ani on exchange nenbrane to provide a first spacer assenbly having a first
spacer di sposédhlrdcompartintg may tst focmed betwesie therfget aveporteeet anddhe he fir st

ani on exchange nenbrane. A second.c art nent be fornmed by securing ion
exchange-HaRbFURRE e By SEHEmETRT HE ST T HE 18 ESeEmd aster assenbly
havi ng a,&esBRdasPRf BositiriRos gshcbehuRBaWEe Forxaxphanpaieiphtanes. For
exanpl e, a second ani on exchange nmenbrane may be sécured to a second cation

exchangeasyemblyaney b segurerrte thaseeardoypaestt agsepely pireeseporst partien gEdend cat i on
exchange nenbrane, apd. Lae, Secpnd Al on.exghanae, meaniane 49 1{3:{ Oyp de a
second sBa er -‘asse Fsy avi ng LS AETN spacer i spose 3B°ge en the

second aheGBcMGRRNGAChRIFE hdisbranhotfievide s endk aatinbly lexilpangacéenbr ane. -
18 - Athird conpartnent may be forned between the first conpartnment and

t he secohigressrbamesa the fixst spasenassrilnand thesecand spager asss@bbl-y to the second

spacer assenb LI oni For exanpl e, the

first spacer gé%he%ﬁiﬁﬁég&%&é@%ﬁ% g%ﬁ%egs%téﬁgd %"%@@Eﬁ@gﬁ easserrbl y at a

second peodiistracted find fxeartzed &0 polieia difectitveof fluid tflosathiioin déffetafgen tenbr ane and

at a portion of .the periphery of the second ani on exchange nenprane to

provi“ge é‘r%QEPfQ@eﬁWWW&J%HSC%H%%W- P Bléq{i!ég%of‘ﬁé‘t $rst spacer

assenbl yggaid, rtﬁtﬁ:ﬁprﬂgy B ﬁﬁﬁ%{gﬁﬁ%@ﬁgkﬁon of a 0° a)gécf‘hé)ﬁulﬁgﬁsﬁ f(lj'lrtﬁé
t he a an

conpartnment an second co rtment nmay be constructe arranged to
provi de firsticerepariroent efayfieuruonifif ot3Q°had the fhiid flewemthefsecomdt he 10 direction

of fluid flow in the third conpartnent. Fo | e, the idflowin the
hi r " coffaT RS TS peutinh A Hg SrHC el Potte bR BroarBeasetd b £ ui o 11 ow
in the fjifctherGAPRAGICHRE Y207 YnRBothEN bl Ath3Duid K pdiR irf dheifistl | ow i n the
second conpartnent nmay be running at the sane angle as the first

conpaT t nermpar@snt grayde rapgng ar a disetion of (& hThe fladlow path awthedhiréxanpl e, the
inthe first 1 e running in a direction

of "0 THETPREIER: P S At H TR AR T P TR pay PHEHE BB unni ng et 60,
and t he {drbpaitrhdidmapdieiuhming BE120eC anduid ARapithans forith dthpatitiRhn@ant 120. A
fluid flow path in a fourth conpartnent may be running at O.
be running at 0°.
The method may further comprise securing the assembled cell stack within a
20  housing.
In accordance with one or more embodiments, an electrochemical separation
system or electrical purification apparatus may be modular. Each modular unit may
generally function as a sub-block of an overall electrochemical separation system. A
modular unit may include any desired number of cell pairs. In some embodiments,
25  the number of cell pairs per modular unit may depend on the total number of cell pairs
and passes in the separation device. It may also depend on the number of cell pairs
that can be thermally bonded and potted in a frame with an acceptable failure rate
when tested for cross-leaks and other performance criteria. The number can be based
on statistical analysis of the manufacturing process and can be increased as process

30  controls improve. In some non-limiting embodiments, a modular unit may include

about 50 cell pairs. Modular units may be individually assembled and quality control



The nethod may further conprise securing the assenbled cell stack within a
20housi ng. In accordance with one or nore enbodi nents, an

el ectrochem cal separation systemor electrical purification apparatus nmay
be nodul ar. Each nodul ar unit may ggrpgr_ally function as a sub-block of an
overall el ectrochem cal separation syStem A nodular unit may include any
desired nunber of cell pairs. In sone enbodi nents, 25 the nunber of cell
pairs per nodular unit may depend on the total nunber of cell pairs and
passes i testddeswwbpafatleadnge evparationl perfonypardesnd gegseurd doap prive tabeiber of cel |
pairs that can be.thermal |y bonded and pot.ted in g frame wth an acceptable
Pai lure EOEAHENIES R oot dshoambodigs hedl pihiBhhr BetReft or o

The nunbgf , amels a BBt QRit MR tarShd ©akd afidpotilestRf AthganBufhasulsi ng
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stack may be nmounted in a frame as a nodular unit that can he tested

i ndependili¢ing.a tirgmadaler pyit er thedirst and seemdmeditar yets, 49¢ reRSERBI®d t oget her
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third nmodular unit on the first and second nogdul ar. units, and repeating to
SR T T LR R et i T

enbodi ”eﬂfoéking BEent SRBLY/ 0P bpdeBid ibkivilda m qRE hAlts BitRin RS dnitserted into
a pressure veSsel for 10 operation. Milti-pass flow configurations nmay be

possi bl e Annodnlatrepppiagl eray nnpofve mhanukichyabibiyoin deres ditigiesndsieaicer s bet ween

nodul ar uni.ts qQr within nodular..units, A nmodul ar .appfoach i nprove
oot et g Mgttty Bee AN et raniafte BERRRE s L T ol so
faci it aifeSosed, (1AL YeROANGRIRY I BOintiRAdiaNodhREBMIE. IndiviRkRt i ON,
renmoval and repl acenment of individual nodular units. |ndividual 15nodul ar

uni t $5 nagnoidnlet weits memintlidd inregifalddng ansflaw distritmtion systems todieilitase fmci l it at e
an el ectrochem cal alion pr I Vil |.arq Mnits may be in
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and ot hegomhmsheorawRE eh@hthet dshwelhasowith adrirad heifoldatemidoghersepar at i on
process. The cell stack may be _secured within a frane or support structure
conpr i si si§len aspedigiekwithaniorenal clasHodhisnyeal separplan Tefedst o provi de a nodul ar
unit. This m’ﬁﬂé &l Ml&m@% %&ﬁ&g%ﬂﬁﬁﬁ‘ﬁf WMshBbdde SnlaHs o riiﬁ% modul ar
unit may further conprise a bracket assenbly or corner suppoPt that may
secuz® t feiniadudnifoldmdtantautletw@atideld ito provAlesenothdammodiul Biis miotdolamanyit be

secured wi thin the housing. One. or re additional dular units may al so
be secur@&y&%wmeﬁe?%ﬁﬁﬁggﬁ %]Qqu_s}r}g- tl%?‘ﬁ‘?@ﬁ‘ﬁ‘&d’ﬂ | “OIOHEC S5 di scl osure,
a bl ocki B RRAGRMLIPY, REndAeHdrOBECBE SERBRhE Afodliek Shit RPHRIRBLsiHR! t and the

second nodul a
A second modular unit may be secured within the housing. One or more additional

modular units may also be secured within the housing. In certain embodiments of the
25  disclosure, a blocking spacer may be positioned between the first modular unit and the
second modular unit.

A flow redistributor may be present in one or more of the compartments of the
cell stack. In assembling the cell stack, a first portion of the periphery of an ion
exchange membrane in the cell stack may be constructed and arranged to interlock

30  with a first portion of a periphery of an adjacent ion exchange membrane. In certain

examples, a first portion of a periphery of a first spacer in the cell stack may be



A flow redistributor may be present in one or nore of the conpartnments of
the cell stack. In assenbling the cell stack, a first portion of the

peri phery of an ion exchange nenbrane in the cell stack may be constructed
and arranged to interlock 30 with aG%'rst portion of a periphery of an

adj acent ion exchange nenbrane. |In c&ftain exanples, a first portion of a
periphery of a first spacer in the cell stack may be - 20 - constructed
and arranged to interlock with a first portion of a periphery of an

adj acentcompiaeed and arranped wanerlecbedthmensisporfion dita phirphbgsairae,adgoem! ectri cal
purification apparatus conprising a cell stack is provided. The electri cal
puri fi catPPtil- apparatus may 5 conprise a first conpartment conprising ion
exchange nmenbinagdgR AMbdRMtDS! BE ARtlWaEesh Abdriadl panfedionQppiaiisde a direct
fluid flowin a first direction between the ion exchange inenbranes. The

el ect ri ceimpisingfa el stapk iapreaidetdud healecaicsbpwdieptivs epraralecwar conpart ment
conprj sing_ion change nenpranes.and may _be constructed and arranged to
o ovi‘de. S RE A PR YRR LR n ARG FRBR i s PR et 10
conpar t ngymktradied iﬂaear&ﬁgélﬂﬂ) ©60ida b idirest fhild Ylohan adhist diketi@tib&iderdtheanged to
provi de a predeterm ned percentage of surface area or menbrane utilization
for fluii@nesehanee membrangp.t dhercleptbiedlinapification spparpiisyRBhY sSUEIMPEEE on t hat
may be i i 1 % | i t menbr ane
e 11 2t an Filptef R S i by e charl i SERO AR Spahlifed B ) O

enbodi mesridsarranped weprbvida e ditkétl fluidilowrin seddndtdirayorh eE b if ewefikstray be
greater than 85% The nenbrane utilization nmay be at |east in part

depeHtentorapprinat A e decond campgriagpiipey Rasmsrctedandarraneshes to one
anot her ’px‘aoflél]eita e BSHnALd erc,teﬂl.edg@ BRGSEace hftak @feﬁ'lﬂrﬁleotml%ﬂé‘o@fo? rRfiet er m ned

menbr ane ut ation, appropridte securing techniques and conponents may be
sel ect edcdntactr bererthin cnchividéuentsy, thehiemblame aitizatenutha meabe adhitvedid ows opt i nal
operation of the ectrical 20.purjfjcation apparat.us i t hout encountering
Eakage BERFT (1% A5a ol GubouRIert. e mearrre G ianer Yl B Phce ar oa o
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purification apparatus conprising a cell stack may be provided. The

el ecty i cthbt may bé pdagvied maydpagreaterstham§5 %o e ingnbratd widizatiompay baeht

conpri si a first cation gxchange rane an first, anign exchange
rorbr anclesan pife Spnepdin 38 AR FE RN PTBMRroce S gh P SaaRs Py ovi do
direct fhadekrf dr@hé Bestorf dfithé sphcke Ohiofder RebWRRIM pridetérniifdd @dhbeexchange
menbrane and the first ani on exchange nenbrane. The apparatus may al so

conpri seviilizaenfRPIpRpiEsePHIHIE teadwistuies paycqmRoTeRisdRayde sshecteddnarlgd  menbr ane
o0 2SR BB PR oo el v
20  purification apparatus, without encountering leakage within the apparatus, while
maintaining a large surface area of membrane that may be used in the process.
For example an electrical purification apparatus comprising a cell stack may
be provided. The electrical purification apparatus may comprise a first compartment
comprising a first cation exchange membrane and a first anion exchange membrane,
25  the first compartment constructed and arranged to provide a direct fluid flow in a first
direction between the first cation exchange membrane and the first anion exchange
membrane. The apparatus may also comprise a second compartment comprising the
first anion exchange membrane and a second cation exchange membrane to provide a
direct fluid flow in a second direction between the first anion exchange membrane
30  and the second cation exchange membrane. Each of the first compartment and the

second compartment may be constructed and arranged to provide a predetermined



30 and the second cation exchange nenbrane. Each of the first conpartnent
and the second conpartnent may be constructed and arranged to provide a
predetermned -21 - nmenbrane utilization, for exanple, a fluid contact of
greater than 85% of the surface area%lof the first cation exchange nenbrane,
the first ani on exchange nenbrane antt t he second cati on exchange nenbrane.
At | east one of the first conpartnent and the second conpartnment nmay
conprise a spacer, which nay be a bl ocking spacer. 5The direct fluid flow
in the f:inembraﬂj: uelizztion, fon dxdrhple sefioiddoiactedigrenternthan $6 oéltecuddcand

rovi ded e construction and ran nt .of t t t Usi th
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degrees and | ess than 360. In certain enbodi nents of the disclosure, the

second diecent ¢apmpagtinent ma&l comipriesa ppaget evhigh aay bfng b@cblﬁlg%a@hgl e, or
per pendi cul ar ot her enbodlnents

d f fl
t he second leléec‘?lfe&ﬁﬁB ﬁqka%ghF?g%gd%gCt? L{h%?]ec%c‘{vdue ion In'r"lytkllle first

di rect i oglRicdfdndipioiie@by the caﬂsﬂhktl@fﬂ@:hd mﬁahgemeﬁtaﬁgl@e diﬁmfmrﬁm are secured
to the cell stack to provide additional conpartnents, the direction of

fluid fldemnghefirssdraston of Bnd lavorpaditertionsurige peng AQ° axisether different
f the fi 15t f fluid
[rom ¢ e LhLPARLRRE N By ARl ik 4 e IAchbnaprpedetaniion of 11

conpar t mhai 366, tIﬁrcEltamﬁs:rribeﬂmms ¢ the distloshire 3hé smnd)ﬂuédtmind)ffﬂum/v and a
second direction of fluid flow _For exaﬁgﬁ EJ rst di recfllﬁon of fluid
f I owlbraytlewimayrpeat an pgle PH RO Gangle, o RerPe & i Pedrtahireeonr oiffrd s | ow may
run at a0 angher erﬁﬂghlﬁelitg d;hg sé@oﬁ&%bamnqif ﬁuhdlﬂéwfnhag»%eda aft Sbhhfigﬂe
conpartnent ney run at a rection of O. | ectrical

purifi caﬂoltbﬂﬁmpnaetaimsﬁ(fhuq)ﬂom hitpdditoshl 1osteadlangametnhrart@earmnmdse a
housi ng ack, with at f a periphery of

the cell? %gﬁ ‘Fji %tg thg’ﬁg‘fe“léfl’? “Wllj%‘?‘ﬁ@mrﬁer’fté gﬁ%&lﬁ%ﬁ %Bli@lf?%}{’ed bet ween

the housipg fRatidnREcdhfldrinth@chay Be me%me & fiffesdnt TRAHIR Firstilectith dhe
housing. A flow redistributor 25 nay be present in one or nore of the

conpar t nfivitlfloof atdbe seslobd diregion odifluiidfew. dmeertsfin embodiorepy theent s may be
N A T A
purifi casf Miid MeRdAtakecdifd drRyiba 8ffluillTRve eFdr &bﬁwpl@ tRYfipr disdetlen af pl ural ity
of fluid flow may run in a direction of 0°. The second direction of fluid flow may run at
a 90° angle, and a third direction of fluid flow in a third compartment may run at a
20  direction of 0°.
The electrical purification apparatus comprising a cell stack may further
comprise a housing enclosing the cell stack, with at least a portion of a periphery of
the cell stack secured to the housing. A frame may be positioned between the housing
and the cell stack to provide first modular unit in the housing. A flow redistributor
25  may be present in one or more of the compartments of the cell stack. At least one of
the compartments may be constructed and arranged to provide flow reversal within
the compartment.
In some embodiments of the disclosure, a cell stack for an electrical
purification apparatus is provided. The cell stack may provide a plurality of

30  alternating ion depleting and ion concentrating compartments. Each of the ion

depleting compartments may have an inlet and an outlet that provides a dilute fluid



30 alternating ion depleting and ion concentrating conpartnents. Each of
the ion depleting conpartnents may have an inlet and an outl et that
provides a dilute fluid - 22 - flowin a first direction. Each of the ion
concentrating conpartments may have inlet and an outlet that provides a
concentrated fluid flowin a second @irection that is different fromthe
first direction. A spacer nmay be positioned in the cell stack. The spacer
may provide structure to and define the conpartnents and, in certain 5
exanpl esfloway a dssidgection. diackof ihegof boncdntratong dompacigientsmeayclmvpant nent . The

spacer nmy be. a bl ocki ng spacer which . canstructed and arrange to
ol ect 1 o B i S PrRE G oPeRnRied L PR B ACL R e IR IBLGN ¢ he cel |
stack. Agifdie Hoafde it QLMK ASpRPAREY bEBYsifiGIGE tH celllsB¢RNITKhel ectri cal
current inefficiencies in the electrical purification apparatus. 10In sone

enbodi nesnaserghay providie sohelvterie and delbnecthe comphripents fnd ar FotriBppar at us i s

provi ded. The appar.atus COIL | S€ cell .stack co is4ing alternating
Pon d urTe o ARa et Sere i BEn e R D FbaRBRRE IR SR e ot (he
ion di | Uinkf @e @ BIGRRITTEPAEE Widh MGy 6O B&istruciee dndatlareia Rgi@ct 0 I@kovi de a
fluid flowin a first direction. Each of the_ion concentrating conpartnments
may be cenfsefrfinig Hawand elesaicahenyemt thsowsiohe gell slagh. (hgdiseussed they second
directio j i ' i ' Nc I : jcal

pur 11 copohia ghibebby AL of Tk ScklchFhurifl EH il AR RLET
first iopuificaliangppatodirane at a first end of the cell stack, and a second

el ectrode adj acent a second i gn exchange nenbrane at. a.second end of the
cel I bt ack. EHGImsorpgipphs ot %ﬁﬁ%ﬂ}fﬂ@n@éelﬁ@ﬁlﬁﬁmﬁaﬁm%a@%ﬁd i on

exchangep i HRATSe bR Bty AonPALONc KGRI FRI Mfflhe Rrpal | on exchange

menbr ane. For exanple, t I on exc rane may be an anion
exchangedimgingr@npartardtstand isecomentiaing exaipartmentse Fachaofcgherson dbitiagcat i on

exchange nenbrane. The a rat ys further ¢ i. a bl ockj ng spacer
posi ti onEtTPURHES ey e Cotilcisl and Brreneetlds Bt vikal By ool A10%F edi oot at

| east ongjr&@ioft, EabldLtht hdh &nﬁérﬁiﬁtiﬁ@@oﬁp%ﬂ@ﬁmﬂa?tb@ cbhsthitcddl @9 25t hrough the
el ectrical purification apparatus and to prevent a direct current path

bet ween afangeil te progidect fluid Eloania atsaeondalitpationthet tsdiffferentAsomitheclinss ed above,

t he bl ocki ng. spager y be nstructed and arran tO.T | ectrical
current  HHGFiPTG o6 elegben A LRy 760 ROEB P ol aReE

The cel | agheekad Bfst idheexChipt mhehramikitiaf fire@dndVT tiRpdilr stdcltsaritby sdeendncl osed in
a 30 housing with at |east a portion of a periphery of the cell stack

secur ed ¢lcirors dinsentigecondivarrchange memberiert a sengendethercrl siekisi ng and
the cell Egélfagikthé B Eo%véxgﬁagﬁern%mbrane and the second ion exchange membrane

20  may be an anion exchange membrane or a cation exchange membrane. For example,
the first ion exchange membrane may be an anion exchange membrane, and the
second ion exchange membrane may be a cation exchange membrane. The apparatus
may further comprise a blocking spacer positioned in the cell stack and constructed
and arranged to redirect at least one of a dilute fluid flow and a concentrate fluid flow

25  through the electrical purification apparatus and to prevent a direct current path
between the first electrode and the second electrode. As discussed above, the
blocking spacer may be constructed and arranged to reduce electrical current
inefficiencies in the electrical purification apparatus.

The cell stack for the electrical purification apparatus may be enclosed in a

30  housing with at least a portion of a periphery of the cell stack secured to the housing.

A frame may be positioned between the housing and the cell stack to provide first



- 23 - nodular unit in the housing. A second nodular unit may al so be
secured within the housing. A blocking spacer may al so be positioned
between the first nodular unit and the second nodular unit. A flow

redi stributor may be present in one nore of the conpartnments of the cel
stack. At |east one of the conpartnents may be 5 constructed and arranged
to provide flow reversal wthin the conpartnent. A bracket assenbly nay be
positi oned between the frame and the housing to provide support to the

nodul ar mbdilagindt inahs beusirg. tAeedond uicmlulau niit nvﬁytaﬂﬂorbetsh&rb@ué&hgthe In
certain enbodi mepnts of the disc ure, tlon f t he ry of the
i on exchigWenghBlosking spaces pay §iaa§’s PQSIPF\“ t‘t‘f‘éqnlt %f&% Wﬂﬁﬁiﬁf Eﬁ%t reated or

coat ed %&dhh@séc%n&ra{o%ma@hﬁ%%vu RedNOMIGEmBN bE PRA&HE SonS&GHER dTond wi th

the securing material, such as an adhesive, and the conponents of the cel
st ack. AhseprmmmdnﬁaﬁﬂbeebsbwkdédkanXEm@fﬁwawanmﬂnwawbn%mbx or both to

provide a conti s _sur whi ch dh Si e applied,to join ion
exchangeCIPaiBr 5&%@%’# g’sprﬁﬁli 82103?{8"@5 P8 “éﬁ?hczgﬁﬁ’égf?gﬁﬁ ‘g:%aé:ke The seal
band mayaatHRlyRhAVBORSRIHAB bbtwictn iR R8s A BE Yod¥ind faeprddderiipoans. The seal
band may prevént ‘or mtigate adhesive wet-through or w cking of the

adhesi vethe pishubdsyiniglahdia sequicdbes madnlas priewitbdthe bpusikg ur i ng t he spacers and
D e on” D iy HIaRRals BAACRiRNLAL 2 BoG ORIt iiphly BERRIBH DY ane

utilization b ess a esive exanple t he
seal bangkchmypefeiaPiahésst thOspabers siptheeell chk Rja§ Geiteatedol doared w@thmpr essi on
nol di ng, coating, or the 20liKke. 1 shows a spacer assenbly 10

t hat 10 onaicsiaksoasty @WV&F&%@%WW@OE o 1thstb‘é§f@f““§8 matefiahy sHER 8h exchange
memnbr ane zgc@e§11;9,gagageec<f‘&mep§>%éqlﬁveef? tfetelTRcR® A% A8 IS ARG bvidERYn 8l | OW T OF

adhesi ve ranes nmay be sea ong two opposite
edges bythadpestsy ﬁ&mblrartey, dribetintal probddela ngnitrmohnsutaes ppérowhbedhesiiee, | aser,
vi brati on, gé ultrasonl c we A w de range of adgeswes an be used for

t he menbPahke appiied §%éﬂﬂl 1%’6*105%!}%?@“%@% S%ht%% aallqnﬁﬁ fftion PQ?& i phat i ¢
and afonﬁqﬂ%@@a NEh& 6}9@%@ ?ﬂsadldérsﬁ%mnm Pk oibcﬁedesc” bed in

nor e det al el ow. en a heS|ve bei ng applied to gI ue line of the
menbrsanemembtanei ffhﬂagal bandmag preveat orinfitighte adlisesi wes-through nswinkingar i | y on
t he gdhe5|ve may

Fun br Cds e SRSEFERE rieleadied R Rs St FE OF SastiRR o too hi g
spr eadi nﬂleﬁlfﬁﬁan%éiﬂ%éth\é@ TRYscRESR0E I[yfais'o%hﬁzbuteto%ﬂeater membrahd the spacer is
a screen, It may be encapsul ated within the adhesive which also bonds the
two adj a@tdmatlfm dipadess adheswe being used. In certain examples, the seal band may
be applied to the spacer by injection molding, compression molding, coating, or the
20 like.
FIG. 1 shows a spacer assembly 10 that comprises cation exchange membrane
100, spacer 104, and anion exchange membrane 102. The spacer 104, which may be
a screen spacer, may allow for adhesive 106 to be applied. The membranes may be
.sealed along two opposite edges by adhesives or by thermal bonding techniques, for
25  example, laser, vibration, or ultrasonic welding. A wide range of adhesives can be
used for the membrane side seam, including epoxies with aliphatic, cycloaliphatic and
aromatic amine curing agents and urethanes, as will be described in more detail
below. When adhesive is being applied to glue line of the membrane cell, it may be
beneficial if the adhesive remains primarily on the predetermined glue line. If

30 viscosity is too low, the adhesive may run or drip off from the glue line. If the

adhesive viscosity is too high, spreading the adhesive may become difficult.



FIG 2 shows spacer assenbly 20 conprising cation exchange nenbrane 200,
spacer 204, and ani on exchange nenbrane 202. Spacer 204 separates cation 5
exchange menbrane 200 and ani on exchange nenbrane 202, and may define the
fl ow conpartnent and enhance mi xing_gpd mass transfer as the |iquid stream
flows frominlet side 208 to outlet Side 210. FIG 3 shows first spacer
assenbly 30 and second spacer assenbly 32, separated by spacer 304. The two
assenbl i es are bonded together by adhesives 306 10 applied al ong two

paral | el edgel thtspacerrie apetepmitmaybaenaapsulated silasthe bdleestiy veldeh eldoi n t he
assenbl i Sids gﬁ&{a.Q% Egg%ﬁﬁcged between the two assenblies defines a flow
channel FOI°°a second Streamtnat is perpendicular in direction to the

streans fl| ow REG.tdyhougRpidesadsembBsHedbhirBing @fios BMAnEY meRBraae200s. The
resul ting nmenbrane cell stack when cog&zessed is showmn in FIG 4. As 15

shown, t fraces 304 andpren exehargegnemane A2.+ Praceengrapiss sptidlssenbl y 42 are

secured i L Hi e two spacer
cocerp | SRnEh ARALARE 200 B lo? BRASh imBORE DOB B PEP AT L et 45
may go i flow chimpattmentr aadteinbimcewhiking anbl endsk anngfatds thdiiquidktrédne floagpar t mnent

defined between th WO spacer senblies may go in a second direction, as
i ndi cat efoRyn ﬁé‘dﬁﬁpé)%oqtﬁ?t ?15?32?@. 20The fluid flowin the first direction

may be a dil ukigg s‘%ﬁ@@ﬂ%t%ﬁ?ce} h&einbl $h ddchil dpAGero8s gprection may be

a concentrating stream In certain enbodi nents, the flurd fl'owin the first

di r ect i osepastjeddey spacar&fite dhe twaassombber arabomdpdsbgabenbyradhediresst306i d fl ow i n

the second.di.rection ma e copverted to.,a di ing streamwi th.the use of

pol afd 1y L A TR P eteles T 4 PEmeBURERTo he Efer LSRR AR  hus

rever si Nghetab@nddiel.r SpH¥eF YNCIah@Riched betwelbitHel tRbo Qs SRAIRE dSBRRATJWES Separ at ed
by spacers may be secured together to forma stack of cell pairs, or a

menbr aneclsah¢! fot asgeond stream thakisgemsndicalar imdirdctipi & the stregsparlewing of t he
present disc e rther conpr.ise _a housing that encl oses the cell
stack. A ?uégﬁgév%%?ﬁ% "S> %hﬁgﬁrog)rt#lﬁﬁrer?v&of 30 the cell stack may be
secured to thghhadsling mefbriraiee]lGlack wWHedcbmphdstat s KBowith 116, posst | oned

bet ween t he housing and the cell stack to provide additional support to the

- 2515 cehowns thediest spaecrppgmblyd and g seeomgrspacer pyseablirkirte spaecilind out | et
o T
appar at uBowpdth throughichch dilthe gpaeert askarablies Woiahd datmayngcipaint disectiay, f urt her
conpris ewﬁilg ‘ﬁ't%o oqw gﬁg | g{lghut?lie tcor?lie)grlgrilgr?t ci/f\:nﬁtngé Betgvrf]:gn the two spacer
assemblies may go in a second direction, as indicated by the arrows in FIG. 4.
20 The fluid flow in the first direction may be a diluting stream and the fluid flow
in the second direction may be a concentrating stream. In certain embodiments, the
fluid flow in the first direction may be converted to a concentrating stream and the
fluid flow in the second direction may be converted to a diluting stream with the use
of polarity reversal where the applied electrical field is reversed thus reversing the
25  stream function.
Multiple spacer assemblies separated by spacers may be secured together to
form a stack of cell pairs, or a membrane cell stack.
The electrical purification apparatus of the present disclosure may further
comprise a housing that encloses the cell stack. At least a portion of the periphery of

30  the cell stack may be secured to the housing. A frame or support structure may be

positioned between the housing and the cell stack to provide additional support to the



5 housing. A spacer, for exanple, a blocking spacer, may be positioned
between the first nodular unit and the second nodular unit. A first

el ectrode nmay be positioned at an end of the first nodular unit that is
opposite an end in conmunication wth the second nodular unit. A second
el ectrode may be positioned at an end of the second nodul ar unit that is
opposite an end in comunication with the first nodular unit. 10A bracket
assenbly may be positioned between the frame and the housing of the first
nmodul ar ¢sili stackt Hée Smaendaynalsit@nprisg inlet manifatihandimglebmacifelds st enbl y may

provi de pport_to the.nmpdular upits,. and provide for .a secure attachnment
to the %M@g.ﬂw e e it el e e o™ o BERER, e

purifi _C%g&ﬁelarﬂ%ﬁﬁm& ARBYechoal PudSGE0R hpshritus BRIt Gt TWhaelo@fbaAane cel |
stack into a housing or vessel. Endplates nmay be provided at each end of

t he cel | pwifekon Aptastiymayfiytise capplisessceendsmatiular uniespsered wiin theén of t he
periphery of the cell .stack 1o e inside wall, of t | FIG 5 shows
one est“rb%‘?"ﬁ’é’lgt FPAEEh Forscf{g'@l?feﬂéﬂ)ldémgﬁg?cglé’en&a Yb‘iF Oght{sa?lﬁ(gg%?@&g% Endpl at es
512 are gfsemodbiagetinaid B kécohl enddales ubit4 A {Tiseelbardle nd wrmsitbatdited from
the fluid streans by non-netallic sleeves. A non-netallic endbl ock 520 may

be i nserawendsdithfirst medulapimit thahisioppasiteandnd ia pPramEnisagoWith ity end i f

endpl ate al L t I and

sl at e fany raatal TP o sbeqr SRR ey 6F pPUBBRL o bRENFLERLRRIRR, BN

sl ge?/es ﬁg%l&ﬁﬁiiﬁ%mﬁ'@@bp@sﬁtealnléhﬂ e ksmmafichyorDwitR therfimgaodatwiitnat i vel y,
endpl at e may be non-netallic, and separ at e, endbl ock, may then not be
nﬁce!;%ary. AsAIRkSt gsgerpply, may bwg}ogpgge@yen ﬁﬁ)ﬁfﬁ%e %Hdttg?:h%‘t‘ﬁ&b%/oéol ts or

t hr eaded,r i may be
attachetczlllthggﬁi gﬁéﬁdg@%%g%fl@x%&éﬁg\%ﬁi uﬁ%é%ﬁ'gﬁ)‘ﬁfﬁ{e&ga%g%%ﬁa@g e a%/t ached
by cl anpgrovids,suspehtoabe pdidac tizits, bod piovidgder scanesatiagiohentdothe enbodi nent s

of the djsc|losure, the tie-bars nmay be | ocated outside the housing. In sone
ot her e M¥ents of the disclosure, the endplates may be secured - 26 -

In one embodiment of the disclosure, the electrical purification apparatus may

15  be assembled by positioning a membrane cell stack into a housing or vessel.
Endplates may be provided at each end of the cell stack. Adhesive may be applied to
seal at least a portion of the periphery of the cell stack to the inside wall of the
housing.

FIG. 5 shows one embodiment of cell stack 516 is enclosed by housing 518.

20  Endplates 512 are drawn together with tie-bars 514. Tie-bars 514 are isolated from
the fluid streams by non-metallic sleeves. A non-metallic endblock 520 may be
inserted between the cell stack 516 and endplate 512 at each end if endplates 512 are
metallic. Endblocks 520 support the electrodes and isolate the liquid streams from the
endplates. The ends of the tie-bar sleeves are sealed against endblocks 520 by O-

25  rings. Alternatively, endplate 520 may be non-metallic, and a separate endblock may
then not be necessary. As shown in FIG. 5, endplates 520 may be attached by bolts or
threaded rod 522 and nuts 524. As shown in FIG. 6, endplates 620 may be attached
by flanges 649. As shown in FIG. 7, endplates 720 may be attached by clamps 728,
such as by Victaulic® type clamps.

30 In some embodiments of the disclosure, the tie-bars may be located outside the

housing. In some other embodiments of the disclosure, the endplates may be secured



in the housing by segnented or snap rings inserted into grooves at the ends
of the housing. The endplates may al so be bonded to the housing by

adhesi ves. A netallic endplate may be fabricated, for exanple, by
machi ning or casting. A non-netallic gndbl ock or endpl ate may be
fabricated, for exanple, by nachini 'n%; a 5block of plastic or by injection
nol di ng. Once the stack is positioned in the housing and the

endbl ocks/ endpl ates are secured to the housing, adhesive may be applied to
seal t heinshabéusing bhegheuidng seapdings insokdino ghevenitdbe emld ofthel et nmani f ol ds
for the two.streans.from eac t her ., The, housing is,fi.rst oriented with the
| ongi t ud (?Hﬂngaﬁ‘f eﬂgl?ll"“fﬁm%ah]so%ﬁ%“né?%@@%E%“Sﬂr?ggl?yu?d(hﬁgyesdet ai | bel ow,

adhesi ve propArhéiesickAdpla@ ety ROabReudE f RBRpRL BE kKnavhihfighbrich@ingousi ng may
be different fromthe adhesive properties for securing nenbranes to one
anot her Agohonetelliccailploek erdadphby mae be fabrgatad fenbraamde. dyaeachimnga housi ng,

t he hesi ve Vvi;SGosity .nmust be W. The acceptable viscosity could be

achi ged ffkgié%lﬁﬁbc e 6?Jie$/téondlinf)ilﬁignr%s into the m xed adhesive. The primary
15f uncti on of Oacelihk bk id gositonte dide hblisnyarslbs chdblocksehtiplates arke it easier

to compound, or to inprove application_ properties. Lower viscosity may al so
be i npor seghtedite hedimang righasizemay b erpligdds seal thestagkde the hoysinggad & eat er

penet 1 alfi8fkd B id HAGHE AHIRIEAP 1RGNS RLACAEbELATTRE noN. por ous

surf aces. uent co yCi yci dyl phenyl
di gl yci digduséighie firsapeicntd edith. the hsudirstiaxaimriecenttls f| ow conpart nents may be

about 0.33 mmtaq. 0. 46 thick and, in certain exanples, fhe pot may be air
voi d'¥ree. ThéSGWUSéF%g{%FFB?r_ %%@?Weﬁ %“ée_élprtoae’g’ég&‘é‘e?“ﬁ@gé]é#)l stack to
the housjjaghshRutAk Qﬁtfl]ﬁ‘ip{h%t}ﬁ.l%h%an{?g}%@ di et flfin BRAMUS CploPertiss Hire

menbranes to one anot her; be because the pot nust have enough
mechani csdcudhg ewrgibranes tawichmiothed ta foemweadet]istackf Far seenbngmeesthaaric. | n 25
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| ongi t udiiad be¥éiicvea byZaaing readikEdilBertd RS the R xeEidHesivel THRAMNArPg adhesi ve
806 to secure cell stack 8I6 within housing 818. Housing 818 may be rotated

so t hat fwngden phaedijuent isger¢duse He kisgasly t¢ pitherimpks diegepistioampovadraier 830, i s

at the bpttom.  Low.viscasity.adhesive. i.S.J0Le i . housi ng 818 and
21 1 oved R RbYe SRR AR TS TSR o S5 Fihorhlinca T o
achieving a suitable adhesive in that it allows greater penetration into a porous

substrate and allows for wetting of non-porous surfaces. The diluent could be
diglycidyl ether, diglycidyl phenyl diglycidyl ether and others.

20 The membrane cells flow compartments may be about 0.33 mm to 0.46 mm
thick and, in certain examples, the pot may be air void free. The pot elastomer
(adhesive) used to secure the cell stack to the housing should be more rigid than the
side seam used to secure membranes to one another; this may be because the pot must
have enough mechanical strength to withstand the weight of a membrane stack. In

25  certain embodiments, it may be desirable if the pot did not deform under feed flow
pressure.

The housing is first oriented with the longitudinal axis horizontal. FIG. 8
shows one method of applying adhesive 806 to secure cell stack 816 within housing
818. Housing 818 may be rotated so that a periphery of cell stack 816, in this
30  embodiment, corner 830, is at the bottom. Low viscosity adhesive 806 is injected into

housing 818 and allowed to pool at the bottom. Injections ports may be placed that



- 27 - coincide with a periphery of cell stack 816, which can be

i ncorporated into housing 818 to facilitate injection of adhesive 806 into
housi ng 818 to seal corners 830 of cell stack 816 to housing 818. After
adhesi ve 806 sets, housing 818 may b$7rot ated 90 until the next corner is
at the bottom The adhesi ve process fs repeated until all 5desired

peri pheries of cell stack 816 have been seal ed or secured. Surface
preparation to i nprove the sealing of the housing to the stack periphery
may i ncleodecidewithiaqeephdriaf cethstack &hﬁ,lpfﬂlidih@ni)ﬂlilﬁcm@randi intabeesdane t he

surface ea taq.enhance adhesive Eor urf ace

pr epar atﬁf‘n r#ﬁ SHliglnipiscden Bﬂfécﬁﬁe%‘?ﬁ‘? Qg‘ﬁﬁ’é%ﬂ?ﬁ Sl%épg%flrcp?ﬁfs 3§°f°ﬁ r mal
surface Qé&{p@r6QB'h9{331n§§'f§ C%rﬂ?:'r AdldsReS06 @@t@qg;usmg@ﬁ n’i@%e‘rﬂféltéddﬁ)“lo chem cal
etching or mechanical” roughing, for exanple. housi ng may be

f abri cat et thynext tomer iont ﬂab@nttmnarﬁhbeldhesmvemro&asdes rapegleinlrreltnl gllt hat assists
one or nore troughs

in secur . S|n exanpl.e

my be pHOUEL BRI S RS IeDats Been eSS o8 SO S oE hed | - a
defi ned t%rlﬁ"%r&f?: tﬁ@&%hi{goﬁtﬂé%ro'uﬁﬁgEd/th@fstaaaﬁelgﬁ{e!ryﬁl‘e tcluedtamrsi n FIG 9,
housi ng 15918 is provided that has scall ope troug S 932 to provide a

r eser voi thaf may dishws theesutde: andl iherepiedbesnrface area tp ankanee Adhesivabodi nent of t he

di scl os t hod adhesi ve | i ises slowy
ot at | no ittt himels. RS AR Srt B HE bl Mo B °o¢

adhesi veele@ritdl] Gth&ehal m@acegbeeﬁammn@d cﬂﬁanﬁaiims theeeo20ThBRAhAyMoluat y f 1 ows
towards the | owest point and forns successive thin |layers that may set to

formt sewmieal stphineormeccharirdlaovghing. der exgEwidusi ng. The thi ckness of the
ring can be i f{fﬁ%}%ﬁ%ﬁ%crﬁ%{s 6@1‘&5&1&&@%& Ce&'tr?ﬁof?fff)? ?Iﬁ:!lé/ &0 growdea I'n anot her

enbodi nent of ure a ng "adhesive i's provided that

conpri segeon@fdtycthit assisein sguiifgthe@el istagk tmther]neusing eBdri exampte, bee ar 25
controlled gquantity of adhesi ve |§|nj ected |nt§ t he housi ng at one or nore

poi nt's. MRE ERHEBS MAY ed by the O‘éﬁj’ég?% at the afbesVEOREDY cBee housi ng
by centr | f&%e&%{eﬁg ?e@ VR eh%&? o?t&e& SEchgﬁ@%hme?f?Fﬁ'j 9, housing 1he
S 0 e di sc a

enbodi nent osu provi e a method conpri si ng ro% ating a
housing 918118 providetethati lrae stallopedirotighsidip eéc piavidean eemvoio fdredhesroa it of
adhesi vet 208 ace?i to the housing are shown in FIG 10.
In another embodiment of the disclosure, a method of applying adhesive is
provided that comprises slowly rotating the housing in one direction while a
controlled quantity of adhesive is injected into the housing. The adhesive
20  continuously flows towards the lowest point and forms successive thin layers that may
set to form a seal ring around inside wall of the housing. The thickness of the ring
can be increased by further addition of adhesive.
In another embodiment of the disclosure a method of applying adhesive is
provided that comprises rapidly rotating the housing in one direction while a
25  controlled quantity of adhesive is injected into the housing at one or more points. The
adhesive may be forced against the inside wall of the housing by centrifugal force and
may forms a seal ring as it sets.
The embodiments of the disclosure that provide a method comprising rotating

a housing 1018 in one direction while injecting a controlled amount of adhesive 1006

30  to the housing are shown in FIG. 10.



- 28 - I n anot her enbodi nent of the disclosure, an electrical
purification apparatus may be assenbl ed by sealing a portion of the

peri phery of the cell stack with adhesive with the use of a nold. The cell
stack may be inserted into a housi ng, and then conpressed w th endpl ates at
each end of the cell stack. Adhesive 2%my t hen be 5applied to seal a
periphery of the cell stack to the inside wall of the housing. As
shown in FIG 11, a periphery of a cell stack, in this exanple, corner 1130
of cell st ackinlkbdter empodimennsishe digclosire, anpdlettidad purificdtion apparswsi t y
adhesive 1106 ma oured i nt rm 1134 and_.all o o.set, The stack is
Then' r orHiL e FoebblE RRuRpeTana! Op TEREGRer Biret) Shck SiBRAVE & 755,
wher ei n @R 148 o} 28014 STROW st ddahaPBE hsE@di8fo A RARIMRf aelhbn St ack 1216. In
certain exanples, the nold is fabricated froma material that the adhesive
may not edhsessed Mflth endplateast wbmd phthe|cell stegk. Adhesiwrmexthesbs with all four

corners se nserted 0 bet ween t he
adhes) ve™PP %@9 %eglflﬂgél?’he%? §%’128 ﬁ(ﬁ?ou%}nnldemgoggh&%g is filled with
addi tional adAeshot@sintFIGRe@a p@iﬂhe@tcmleem&i@m m tIhS ehmplen@rﬂ&na 3and prevent
cross-| eak between the flow manifold | n _anot her enbodl ment

i |1 ust r ableegllistack)1d16, may W@én@éﬁ‘lﬂds&l% kAﬂQWWW’?lIW whgeived [%senbl y or

ol i ng, e P B9k Ao WL T R B A B el e
corners athelqﬁirhonsst afthe petipheryldsashown e FIG.URp ohtsin ditesifa m@l)6li§4ﬁ9wn he n serve

as anchors to 20 attach the stack to shell 154 n
Vet hiftis #iFaeh perper 35502&61? ataglé Pﬁsrt%@ﬁ@?péﬁrﬁﬁ%mpgio %A@ahrwateéhen i ncl ude

plastic frBfnrHIBQtehﬁlctﬂﬁ‘t'tﬁé' tﬂhag%o%gﬁ@égpl c welding. Shell 1542 (and
1642) is in turn |nserte |nto sing 1618 as shown in FIG 16, thus

el imnating thsshmemiutﬂ(‘pdﬂ tehlstakdSko adthatloyr chrnqewfﬂredl@lmsqéed)ut er

housi ng A b acket of ner suppo al so be secure a
25 modal 810 bt b3 Leng s Bebnen e BRiie T Rfifndid EPad
di scl os urx&xsnﬁgﬂlﬁlse@aﬁal 1288 (DRI R bl Qo BAREIVS td SealscMiaied 3153 r educes
or prevents inefficiencies resulting fromgreater electrical power

cons ipt heusingThd 8eind previeniadrogselealf batweerohe é}@mamamﬁsld%f the present

di scl osure nma vide . f nf| reduce or
prevent curre ‘8’5’8}' rﬁg'fbf’ﬁlg?eélﬁgﬁgﬁatg‘%’ﬁn IQﬁulﬁt&‘i p?ﬂb ass. ?%1% ilzon ‘}’gur ation may
reduce t bichytReSmU ofdbrh@¥tpports 1440 which may be fabricated by extrusion or

injection molding, for example, are used as a mold for potting and sealing the corners
of cell stack 1416. The corner supports 1440 (and 1540) then serve as anchors to

20  attach the stack to shell 1542, as shown in FIG. 15. Methods that may be used to
secure the corner supports to the shell include plastic joining techniques such as
ultrasonic welding. Shell 1542 (and 1642) is in turn inserted into housing 1618 as
shown in FIG. 16, thus eliminating the need to pot the stack assembly directly to the
outer housing. A bracket assembly or corner support may aiso be used to secure a

25  modular unit to a housing.

In certain embodiments of the disclosure, an electrical purification apparatus is
provided that reduces or prevents inefficiencies resulting from greater electrical power
consumption. The electrical purification apparatus of the present disclosure may
provide for a multiple pass flow configuration to reduce or prevent current

30  inefficiencies. The multiple pass flow configuration may reduce the bypass of current



- 29 - through the flow manifolds, or |eakage of current, by elimnating or
reduci ng the direct current path between the anode and the cathode of the
el ectrical purification apparatus. As shown in FIG 17, electrical
purification apparatus 50 is provi deg9 conprising cathode 1744 and anode
1746. A plurality of alternating anioh exchange 5 menbranes 1748 and cation
exchange nenbranes 1750 resi de between cathode 1744 and anode 1746 to
provide a series of alternating ion diluting conpartnments 1752 and ion
concent rirdupd thoffpamiaiiolds, dr7lsdkagBlob clireng, tppaivenatips® mdycingethposi ti oned

Compar t nORECTE el hebterdbs S49¢EAg0 ROUMIG oL eretir ol Wi tgh

el ectri C%{)aﬁa%s@%é HoGatih PIGaPRARis] pRificdBos thy56 Rerevigens in FIG 17.
FIG 18 ows an exanple of a spacer that may be used as a bl ocking spacer

in an el enopristag cathadefli7dhandanaleddfat dplurpliey efipdiematinggnien msehiasge scr een

portion 1858, sol.l rti.on 1860, and,seali hand., 1862 i band 1862
oy bo. bRRECETED ! (ARt rvHhnsn PRLRAR | TESRe p Wil R PR RTG io
The seal j0.idaB U346 RYpravide HREMSShemanal iondlilehyeanpiaranhnats add spacer
by providing a flat surface for bonding. In certain exanples, the spacer

( . g
may be fbroonesnggting comparrenshl 7ad dilaekingreraseil 72§, mavnies pasitionsdpr essi on, or

rapi d prot.oiypi . . . i.ctent thickness so
t hat thewsstglrr%oglr? Q’%%%‘FF g%lorr}%ﬁglég %%ﬁﬁ%e t %&ﬁ%g@gﬁ%ﬂﬁnl arger than
that of gofigdresdhisprEdad reditecafltid Slovi ardnair2it flow elirongintlearieaidi st ance for the

bl ocki ng conpartnent may be | arger than that _jn the adjacent conpartnents,
resuld i anﬁFaﬁoﬁP@??é?tu%g‘é@ﬁﬁh%‘&’P Y@'&eiaé’foé(ﬁdé%mil: may be acceptabl e since

th nmb f [ [ L1 t
C nurber o1 PR 8, HRER e P e f e b R pegsoacer o

the solid portion may a o0 the Inside wa
housi ng. inSol dlettyical punficaB6@ppiratube Thp speeer may chrepdsef scieeh gattion 1858i d t o

25w t hstand the p sure di.fferentjal on.the t i des. ,Structural features
such as ?ﬁqﬂsp%?“ [)@Soaﬁ'éfgﬁ’al‘%g Eﬂ@n t.d(?ai &e?}b'r%h'?a&ﬂv@éf%fbé&?&d?cﬁ@% ¥iffness of
the mat epdiglent membraﬁbigmwe@, A lskowd th FIG.N1S! TIR36/Igdna& MRy 1964 and
second spacer assenbly 1966 are provi ded. Bl ocki ng_ spacer 1956 is

]

posi 15 onedproet theesnalngrtetwepanembrageeamd| spaced b paniddisg edlatiswfase dor assenbl y
éfg 6? 'he?’ogfl)n%inggo It Qé)ryg?n gx”an?p es? iens‘;%erlléer ?I{ay e f%ll)r?c%t[ercf b%?ilrge%{i'cr)ﬁ Mofcﬁﬁé,on apparatus
machining, thermal compression, or rapid prototyping.
A molded spacer may be of sufficient thickness so that the screen portion may
be molded. The thickness may be larger than that of a screen spacer. As a result the
20  inter-membrane distance for the blocking compartment may be larger than that in the
adjacent compartments, resulting in a higher electrical resistance which may be
acceptable since the number of blocking spacers is limited.
The edge of the spacer at the solid portion may be secured and sealed to the
inside wall of a housing. Solid portion 1860 of the spacer may be sufficiently rigid to
25  withstand the pressure differential on the two sides. Structural features such as ribs
may be added to the solid portion to increase the stiffness of the material.
As shown in FIG. 19, first spacer assembly 1964 and second spacer assembly
1966 are provided. Blocking spacer 1956 is positioned between first spacer assembly
1964 and second spacer assembly 1966.

30 FIG. 20 shows an embodiment of an electrical purification apparatus of the

present disclosure comprising a three-pass cross-flow electrodialysis device. Cell



present disclosure conprising a three-pass cross-flow el ectrodialysis
device. Cell -30- stack 2016 is secured w thin housing 2018. Bl ocki ng
spacers 2056 are positioned within cell stack 2016 to redirect flow of
fluid and current within the el ectrogjalysis device, as shown with the
arrows in FIG 20. In another enbodiﬁ@ht, a portion of the periphery of the
cell stack and a 5 periphery of the bl ocking spacers are secured with

adhesive to the inside surface of the housing. As shown in FIG 21,
bl ocki ngstsqﬂamﬂb iQa@ﬁrddswimmhbdéng\mrs d%lnckihgspacbm?ﬁi&ﬁrwﬁdsﬁimnéd)r nms a trough
f or adhesi n_s rted | hpusi The devi ce
may t hen% il Y(\gg %@p’?ﬁ %&’ f)‘ﬂffqnﬁ tlthfq ﬁ@ %CBP{l}glgIS]i Sty of cell

10 pai rsdgggeﬁam“m‘gmlquﬁ@@Zﬁ or spacers into housing 2218 and
then conpressing this assenbly with endpl ates and/or endbl ocks at both

ends. Adhesi v 2rR0Gr nmivoweapplnoef@bls@fdbépmpmnyoﬁ the aelbsimh mi of the

perlpher of th b ottln 2 iented with
t he a&l SPRIER tﬁ%@% ]FIIBéﬁ K" %ecﬂrﬁé wifh ?‘#‘els]iv %é’éﬂ e%l(ﬁ c‘f‘ 8frece| ve

adhesi vethe%uﬂq%vm in FIG 23B, adhesive 2306 is 15 applied to the troughs
formed by rins 2368 on blocklng@spacers 2356 to seal the spacers to housing

2318. The adhdsishewintlbe 2il npleeiting spaseioligih is praviderwilesirgiaraig Rée%r s
i nserted ?3{8:@138 %2&%’1 9 d%ﬁi&%w@@q()@ (zvhgﬁ'g%n?lcﬁs us‘;gEnsQB{@&TBkoe?{ ?us(l)ntg.o_ ring

certain e Ional as a gas

may be u$ﬂ&deﬁ¢&n@@ﬂiehib@ﬁ%trﬂﬂ@1m¢hbﬁﬁ IDFIG K2ty inpatieg aphn*ﬂ&g ioftell n
containing the 20 1iquid adhesive used to secure é?.‘ﬁiqgﬁaher to the housing.
I'n tHis E@ﬁfcﬁ% ﬁ@ﬁ@blqch@géﬂ%ﬁ%ﬁ OloTRaEETP fNtp heusing PFe the primary

seal . Q%M?Rmﬁéﬁlagaﬁéé B/%P@ﬁdﬂi&’d@%f‘ﬁitfl -ha@esfiegasket or

o-ri ng |s 5| g seal between the ng spacer and the
housi ng 226 may e apiﬂedlsua:e?si?@eﬁytmpmmdnafﬂm muphergm)fdf.e stdvk hyegitgpdgery of t he

cell stack may be u see FIG 22). This ma ul ar unit
osenl y by BanEhgS B SR e g e Srorial SudowRrin o PER ©he

bl ocki ngwHRGR! 2368 rfeilﬁ/ tB%b%NégldWéshVe aRls @RESINMBGTBE B dddbsive 2306 is| N anot her
enbodi nent, stacks of pairs with dilute and concentrate conpartnents

in singl @Hiad $o0 fhedwugbqurxgpad by riors2 388 enfhleckingssparare 2870 wersalitbeis of
Cbget her SH6ER ROBTEA g [CR4RBrEs i Bertieed HEovdh ilBbee pacs
conf i gur adthQ8s insBRe@thiraiage cfdpiitb afd/epPEidbash, fR¥x&fplehat the stacks may be
seal ed to the housing sections using
In certain embodiments an additional component, such as a gasket or o-ring,
may be used, and positioned around the blocking spacer to assist in containing the
20  liquid adhesive used to secure the spacer to the housing. In this embodiment, the
adhesive, once it has cured, may be the primary seal. In another embodiment, the
additional component such as a gasket or o-ring is designed to be the only seal
between the blocking spacer and the housing and only adhesive 2206 located at a
portion of the periphery of the cell stack may be used (see FIG. 22). This may
25  simplify modular unit assembly by reducing or eliminating the need to seal the rim of
the blocking spacer to the housing with an adhesive material.
In another embodiment, stacks of cell pairs with dilute and concentrate
compartments in single pass flow configurations are first sealed in sections of
cylindrical housings to form modular units. The units may then be joined together

30  with blocking spacers in between to form multiple pass configurations. An advantage

of this approach may be that the stacks may be sealed to the housing sections using



-31 - adhesives only at a portion of the periphery, such as the corners.
The bl ocki ng spacers do not have to be sealed to the inside wall of the
housi ng; they are instead positioned between the nodul ar units and seal ed
bet ween the ends. FIG 24A shows, fo$ exanple, a first nodular unit 2470
and second nodular 5 unit 2472 with 1énges 2474 at the ends and bl ocki ng
spacer 2456 positioned in between. In FIG 24B, first nodular unit 2470 and
second nodul ar unit 2472 are secured to one another. Flanges 2474 of first
modul ar mﬁkﬁv@ﬂiﬂyahmm@ﬁomnﬂﬂmudﬁphﬂyum&haQ&@ZGHﬁw-H&wiém&méd together. In
certain exanpl.es, flanges 2474 of first | ar unit 2470 .and second

modul ar SHAEE 997 TG OB B saTeia St paEh el o i terBe! wkfe AGder

embodi mepsitRfned bEvREK (M SMASAINit A BEhlCH@REEnRRE bA®N 2558, solid portion
2560, and seal i ng band 2562. The bl ocki ng spacer may be nolded with

circul ar franBl(@2#4 shhws, fosexpmpled fivst meglﬁaltlmé‘[ 3478rgd seeind inedilissi ves or
gasket s. nat, uel he, [.rame can d l.astic materi al
S0t ey WieEAVEh B s et b BF B TR 2 s pOSHIREES) o

f abri cat bat@edil. dKIIGY2 4P Auer Bodilhd ule247Bapp acnt nicluldnaal 242 bleed in the

art. Al ternatively, the nodular units can be connected together with
cl anps, %eCBCHAR §n§)@0(§1%eﬁeFl@éﬁ%mg?ftﬁéﬁﬁm%’éﬂiémﬂ‘?ﬁ@oG%Fe@ﬁn‘il)mofllﬁ T pl ocki ng
spacer g '1?&&8‘%‘1 uring

t echni qtr]@{t ?ﬁ]z@%f’%ﬁ%gﬁgﬁr@%@s&owg & drscl osﬂ?%l?gegb%fﬁ% FS¥ glfrad%%pari ng a
cel | st amit 24702M0dpeanddectiulak uhitr2472 spgyderbolisd egethyr.nay be prepared by

securing a fi i_on exchange rane _.to.a, second |on exchange .nenbrane at

ST ISt Cpor t 1 Bitk- 26 e perthg et 31 & Bk samer BRVSE SR RRHGE T on

exchan i h r hedery na
g%ﬁ@‘g?{}@rﬁﬂ*’%@?ﬁ%@?ﬂ%\bm By60N g @1 JERTHY PG nidYbeRRblapdery may

be folded to n spacer may be provi ded between the first
i on exchwityeircwabirame 2 S dthahie ssdabbatweemthe flehgasgeittegihesives engaskess.second

spacer assenb]. e prepared . .simlarly. The end.folds. of. the first
Pocer RUSHRNYIREY BEndeRIRGR] it 2 Rombon AP SRS Sp e BlicGs b o
assenbl y%a%ﬁetﬁ hatnd: Receefifly.f Olifds nthddb Sorsas@dfing BbeRNBpAGEs WEIBs ane are
secured to the end folds of an ion exchange nenbrane of the second spacer

assehbl yappfteat trilosegikdiedinyhadren be col | apsed, and a spacer nay be

posi ti oned be}\‘l,{gr%gti\;qu BERSENar units can be connected together with clamps, tie-

bars or other securing techniques. The design of the blocking spacer may be modified
accordingly to accommodate the selected securing technique.
In some embodiments of the disclosure, a method for preparing a cell stack is

20  provided. A first spacer assembly may be prepared by securing a first ion exchange
membrane to a second ion exchange membrane at a first portion of the periphery. At
a second portion of the first ion exchange membrane and the second ion exchange
membrane, the periphery may be folded to provide end folds. A spacer may be
provided between the first ion exchange membrane and the second ion exchange

25  membrane. A second spacer assembly may be prepared similarly. The end folds of
the first spacer assembly may be aligned with the end folds of the second spacer
assembly so that the end folds of the second ion exchange membrane are secured to
the end folds of an ion exchange membrane of the second spacer assembly. The end
folds may then be collapsed, and a spacer may be positioned between the spacer

30  assemblies. As the spacer assemblies are compressed, compartments are created to

provide for a fluid flow stream between the spacer assemblies in a direction different



30 assenblies. As the spacer assenblies are conpressed, conpartnents are
created to provide for a fluid fl ow stream between the spacer assenblies in
a direction different - 32 - than the fluid flow streamw thin each of the
first spacer assenbly and the second,spacer assenbly. As shown in FIG
26, a first spacer assenbly may be p% pared by securing first anion
exchange nenbrane 2602 to first cation exchange nenbrane 2600 at a first
S5portion of the periphery. In this exanple, the first portion of the

peri pherthah shesfhdd fled: saygamhethinmkadharfdh@BiE8spader @mseatdpnod fersecaodd of the first
ani on exchange nenbrane and the first cation exchange nenbrane, the

per i pherSPapelAsH@aly ded to provide end fol ds 2680. Spacer 2604 may be

pr ovi ded” bet wgeoy iyl AFIRNHAM: EXCHABGSSIRIRY ARE OB kBing Al On

exchange nenbrane 2600. 10A second spacer assénbly nmay be prepared
si mi | ar | gniorexchangumembiahG26(7to fanidcatioh dsciRAgOmembrane 2600 ta Byshicer assenbly

may be aligned_.and overlap wt nd. fol ds 27 of .t.he second,spacer
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spacer assenbly. The overl appi ng ggrtl on of the end folds may secured by 15
e

t her mal thedditrgtiomentvbangeanem periphsly may ha fdidessto pravidpedhiolds FI g 28,
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bet ween e spacer asse I'es are conpressed,

conpar t nal Srsféfiod leReiafbe iRmbrani2d00f or fluid flow stream 2986 between the
spacer assenblies in a direction different than fl ui %@f | ow i&rg_gm 2988
wi thith each of seprndiSppesr asseaIbSr ma¥ b Rippred sl AvHP™aEdAE: 46senbl y as

shown i n.fd 314s2%B8%¢ {ﬂéeﬁr?trs&g(}'@ assembly ?ﬁi b dtéﬁﬂrxﬁ%l R\QHQQWM dngchni ques

to prepare the ‘spacer asSefblies an resultant céll stack, a process is
pr ovi dedfdidet 784wy tied decomd spaceasendfly astettheynd &oids ofthe firseniden f or faster

overall assenbly tjne of an ele trig%l) gu 'fic.atioqlaﬁg aratus. The narrow
Uher mal  SEAREZSIPEUPEES FoPSa] e £ fpldh Sk ihe PEOR 2ty MEBEHE 9fn hi gher
25Menbr e sWididispall BemBly. O BRIk paioh bp 1RIhl GhIBN Gy QbcdrbiPbpVer al |

el ectrical puriffcation apparatus. 1'n certain enbodi ments utilizing thernal
bonding, thaddaltioodial, adhesnésoprereminicat techiqeds. Aspbbymin FIG.2k éreiead, for

cram o R KRN 1% S POLSHU A0 APk BESEA RS IETRRER (1
the nmenbrapesIiey. | A tht et ABNAbING A Eompressed, compartments are created to
provide for fluid flow stream 2986 between the spacer assemblies in a direction
different than fluid flow stream 2988 within cach of the first spacer assembly and
20  second spacer assembly as shown in FIG. 29 by the arrows.

By using thermal bonding techniques to prepare the spacer assemblies and the
resultant cell stack, a process is provided that may allow for ease of assembly, and
may provide for faster overall assembly time of an electrical purification apparatus.
The narrow thermal seals provide for larger flow channels that may result in higher

25  membrane utilization, which may increase the efficiency of the overall electrical
purification apparatus. In certain embodiments utilizing thermal bonding, additional
re-enforcement strips of a polymeric material, for example, polypropylene or
polyethylene, may be used to strengthen the thermal bonding areas and to provide a
more robust seal. By thermal bonding the membranes prior to collapsing and

30  compressing the membranes, may also assist in ease of assembly, as there may be

more room for the appropriate bonding equipment and devices to assist in the bonding



30 conpressing the nenbranes, may al so assist in ease of assenbly, as there
may be nore room for the appropriate bondi ng equi pnent and devices to
assist in the bonding - 33 - process. The thernmal bondi ng techni ques may
al so prevent |eaks in the menbrane sgack. This process may al so reduce the
conpressive force to nenbrane spacers to maintain the cell stack integrity,
resulting in a | ower pressure drop through the nodular unit. 5ln sonme
enbodi ments, adhesives may be used to secure the ion exchange nmenbranes and
spacers Piocesscdibe thermeakbondiigcdeshnigres mey alagyprvent ekyin themg ing a cell
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stack w tinmaiathesdetiGtack dabgry ickulciag ironlomwep preatuis dispubiongh thehese properties
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puri f i camecohbraepandiprsermirya bal stecku cathesiveethaninapbe dsefhlin pesparingaes epoxy or
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proper ti 31 bk cHMportnks QW thOI&M dQkPRInA\S I updHht 3B SadERthihnOf menbranes to
one another, and to cell stacks to housings. The epoxy or epoxy-based

mat er i al elpetyice pupiicaionappasius hansing  These pgopegisstmayTioclode tHeddhesiva’ sibl e

seal | hg t.0 the ranes.or tq the . housin the resin may..require 20
cros Gri pwis?"loﬁﬂyﬁr%‘fgbm& O3 f[fin?‘R?rr ey 6%5?0&%10&%@1{5?‘ c%’e??f’g@'lpg eacting the
resin w pldparties bt b hehdivel R GadBRRAfounkh@aCHe bBsd a82bth BEYedehsel ected from
the group consisting of aliphatic am nes, am ndoam ne, cycl oaliphatic

ami ne, amemBrasAatack aadihedousing mayberghansediand ey lepkages wthizethe i cul ar
properti agctl‘i&ttlitp%gﬁggt{b%s ¥%‘atds@34y% Iggucegg%f:ﬁﬁnaltécfn ted to, viscosity, pot

life, curing , penetration, “wettrng y, frechani cal 25strength, and
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of af i sRRIYHRINGRC-RRseA materinly mpy éﬁ gged? pbhis §1ay herfluerie ﬂ}%ﬁé ered of a catal yst.
e cechb g, 8 o BT 1) T HIPES IS O0  cocure
menbr anest mhembraacs to one another, and to cell stacks to housings.
The epoxy or epoxy-based material may comprise a resin and a curing agent.
To provide suitable sealing to the membranes or to the housing, the resin may require
20 crosslinking. This crosslinking may be achieved by chemically reacting the resin with
a suitable curing agent. The curing agent may be selected from the group consisting
of aliphatic amines, amindoamine, cycloaliphatic amine, and aromatic amine. The
curing agents may provide particular properties to the adhesive, including, but not
limited to, viscosity, pot life, curing time, penetration, wetting ability, mechanical
25  strength, and chemical resistance after curing.
The polyurethane or polyurethane-based materials may be produced by the
poly addition reaction of an isocyanine with a polyalcohol (polyol) in the presence of
a catalyst. The reaction may provide a polymer containing urethane linkage, -
RNHCOOR’-.
30 When an adhesive is desired that is suitable to use to secure membranes to one

another, in some embodiments, it may be desirable that the adhesive remain to a



anot her, in sone enbodinents, it nmay be desirable that the adhesive remain
toa - 34 - certain extent on a predetermned glue line or seal band. If,
for exanple, the viscosity of the adhesive is too | ow, the adhesive may run
or drip off fromthe glue line or segzie band. If the adhesive viscosity is
too viscous, spreading of the adhesive may becone too difficult. 5In
certain enbodinents, it may be desirable to use an adhesive that has a
simlar thermal expansion as the nmenbrane to secure the nenbranes to one
anot her . cefairsextay opragrateteronadeducknecorackihand. Wi farlekasplef tht Wescosity
rrenbraneé‘]aghe ive interface. In order to d t.ergg$e S itﬁble adhesi ve for
el ect ri cefi thpathesiveds oglovpips AdRasY AR B 4f FHRS! 8 ThecAIEe fES 8k 6B of | ani ne
curing agent PR affeslelBi®diy %o GradmR! @reaﬁ%@f‘tﬁ@@&ﬂeﬁv@?ﬂa?%e@@ﬁge a straight
car bon backbone chain, which may provide a high degree of flexibility for

t her mal ®rpaliisilon. Use of this type of curing agent may allow the side seam

to expand al ong wth the.nenbr.ane. cloaliphatic and aropatic am ne curing
agents have air%o fncen?l?oﬁbrgeriq% lka‘H@( pe %?gﬁ%géﬁgsecﬂja? ?S%f ER%%/ provi de
rigid el aglarBerRd CRBAsidh%s tHOMBmBRInE % focaffxe ia¥rancoto bk MmothiesCl Osur e,

adhesi ves that may be used to secure nenbranes to one another may have a
vi scosi t Yhis may prevegeor iedvseatsenks o1 poinkics abibe mrentgampaihepye fterfaesi ent

t enper at yur ] ﬁﬁ’!¥ r-QV| . g ange from about

15 m nutiefisoe%fléﬁéggﬁfrﬂ%g%rﬁuﬁ%gg @fﬁ%ﬁ@c&\@}%%ﬁ%ﬁ)}&%&@g‘pg S (E)re D hardness in

a range #pphigatalelihe 36ndeatratauds arfinaturiigigent mhyebpsalicaédr Bor e2Bibke, adhesi ve

may be applied by any suitable neans, ] be appl.ie glg an aut omat ed
1

and jt
or nthuadinhatic ayinedas ?ﬁ@alghta%ﬂ?%acﬂ’féleégﬁ‘@sw §¥1(§Wé’d?r§‘éldﬁﬁ ve a width in

a range ﬁt{! 25 t [ : ly hi ckness in a
range of 8%6%3 69%@&551?@@2—%%%? p%gﬂ)% I%S?%%k}gggﬁ)ﬁgg?%gﬁ%% E@a%ur ed by using
ul t ravi odletw theghde, seamntvd exypantl @hpgrvetiuthe meaduadee rGycbehlipbapemdtanomatior t he

| i ke. 25Adhesives that may be use for _securi a.nmenbrane cell stack to a
housi ng MRCRAVES B8O F SEsgRItEy neaAf (R HESK DOk VPSRV HY r eact | ve

di I uent sri'%ggtepasgdﬁger?}ﬁgiéqmsi ve. By adding a diluent, a |ower viscosity
adhesi ve y be obtained, and may all ow for easier application of the

adhesi ve. Theln @vein entsciovénty ofthys disdesups, edhasives thgt exy de usehiot ration into a
porous substrate and better ﬁetti nﬁ on a non-. 30 por eus urhadb%.t In certain
bxanpl esSeCEAnSTARS © A SpubGanar ey e inis g o about 06 to

about 45,000 cps at ambient temperature may be used. This may provide a gel time in

a range from about 15 minutes to about 30 minutes. The adhesive may have a shore
D hardness in a range from about 30 to about 70 at ambient temperature.

20 The adhesive may be applied by any suitable means, and it may be applied by
an automated or manual procedure. The seam that the adhesive creates may have a
width in a range of about 0.25 inches to about 1.5 inches, and a glue thickness ina
range of about 20 mils to about 50 mils. The adhesive may be cured by using
ultraviolet light, ambient temperature, accelerated temperature, or the like.

25 Adhesives that may be use for securing a membrane cell stack to a housing
may have a low viscosity, which may be achieved by adding reactive diluents into the
mixed adhesive. By adding a diluent, a lower viscosity adhesive may be obtained,
and may allow for easier application of the adhesive. The lower viscosity may also
provide a greater penetration into a porous substrate and better wetting on a non-

30 porous surface. In certain examples, the diluent may be selected from the group



- 35 - consisting of diglycidyl ether, diglycidyl phenyl diglycidyl ether,

and conbi nati ons t her eof The adhesive used to secure the cell stack
to the housing may be nore rigid than the adhesive used to secure the
menbr anes to one anot her. The adhesi used to 5 secure the cell stack to

t he housing may be formul ated to have enough mechanical strength to

w t hstand the wei ght of the nenbrane cell stack, and may not defor m under

fl ow pressure. In certain enbodi nents of this disclosure, the

adhesi vecansisting of diglyuidgl ¢ther, dallycidytl phénytl diglymd H @tsr rpdraynbhmviensa vi scosity
in the r@gge from about 300 cps to 2000 cps 10 at anbient tenperature. Ge

time of °Ldhesi ve may range from about 30 minutes to about 60 m nutes.

The adhesi ve TRYadhaMfe fseANOsEuR: 1 call 5RO BE hHRMME mdp bk 91(§9ri?fd anbi ent
tenperature The housing in which the nmenbrane cell stack is

posi t i oniddn thed:dbesive wdd tosqenmihe mentbeanss exomamiother.c dhe pdhesive vsed ton

apparat us _nmay, be de ,of, any l5suitable rial to allow for fluid flow
ana cur r SRPAPS oLtk R PRt GotoRmtaie Pyl heed BsPienl cur v ent
Wit hi n i direnE@Ito HIRLE the WegfThd SheRibradne el BEckayd ReyyaRnaéforat ed of

pol ysul f one, pol yvi nyl chl oride, polycarbonate or epoxy i npregnated

fi ber gl agtder fiw prgssetei al s used for the housing may produced from an
. it . . ol |
O O PL O Raipl UL &5 BB U o, Ve BLO6ER%, L d¥RLEA! LY

provi des a dense Structure gen eri1or. To enhance

t he adheghokerohBnkbusiioweSnhdvee ieusitya tAa chngh Eroredbiota R0 gsltb 200@eds, whi ch
may fail due_to forces of continuous fluid flow, a portign of the interior

surf Hte dranbient fomrarayreav{és dmar! theadhesive mayrmas suR aheyl S0aniseEsied is
treated gloBOLibGe T LRAEEPREPRAAI Abrd B ih IRERXSrLBG3BAb kO Of t he
t c ude tech

housing to e sta periphery y 1 nc niques that may disrupt the
sur f ace @bbandempembase t he surface area to enhance adhesi ve bondi ng. For

exanpl e, the surface prepar.atio y C ri se chemcal, chani cal ,
el ectrical, or thﬁ%ﬁo% ; f%@@“‘%‘rtgg%% CC ﬁéﬂcgé%‘?sl%qggﬁggt hereof This
may i ncl yder-ahefiRile e El@létﬂ&:h_@fnidi?ﬁﬁﬁﬁﬁaﬁ@h apPHS08 Rly bb HadS %R AR €.

In certain enbodi nents, adhesive injection ports in the housing are used to
ai d BDi nsuitablednitena ty albdw fotH{bsd dlewtandichoentdliw withor tha sppanatth@nthtusi ng i n

O O Mt SRS 5 cRLASK SNBSS RO e o
constructed of polysulfone, polyvinylchloride, polycarbonate or epoxy impregnated
fiberglass. The materials used for the housing may produced from an extrusion
process, injection molding, or other process that typically provides a dense structure

20  with a generally smooth interior. To enhance the adhesive bond between the housing
and the membrane cell stack, which may fail due to forces of continuous fluid flow, a
portion of the interior surface of the housing where the membrane cell stack may be
secured is treated or modified. Surface preparation to improve the sealing of the
housing to the stack periphery may include techniques that may disrupt the surface

25  and increase the surface area to enhance adhesive bonding. For example, the surface
preparation may comprise chemical, mechanical, electrical, or thermal surface
preparation, and combinations thereof. This may include chemical etching or
mechanical roughing, for example.

In certain embodiments, adhesive injection ports in the housing are used to aid

30 in the delivery of adhesive to the desired areas in the housing in order to secure the

membrane cell stack to the housing. One or more adhesive injection ports may be



used to introduce the adhesive to the housing. Mre than one adhesive port
may be utilized at each securing point in the housing. In certain

enbodi ments, three adhesive injection ports may be provided in a particular
arrangenment to distribute adhesive iRp_the appropriate marner to the
securing point. The adhesive injectidoh ports may be 5positioned in a
straight line, or may be scattered in a particular design or pattern to
achi eve the desired adhesive delivery. In exanples where a | ow viscosity
adhesi veuded toggduce theadhgsemdo that lmusmgo Mdre tlpinamaalkesofe pomemaehdr ane cel |

stack to _gnhgnce the bond between the nbrane cell. stack and, t he housi ng.
By 1 eCUHS AR FSL RGP FPTLLS R eBRney FLoULEO mRRaLiVBTHAE 1 o bel ng
used andinjdtiof pOkEBEIHE phRddeddt Aanic@thr B afentdietodiRebiadABYvdIa nmoni t or ed.
In certain enbodi nents of this disclosure, the nmenbranes may be secured to

one anot WerpRivgriels mapaerioghaschting ppiat. mElbadhee ve Biclion aexs By Pechani cal
seal i ng é&‘fﬁ?&ﬂe@‘i‘% Stre-iliglt% 1fn%g$r' Hg%ﬁ@é’c}a gﬁg%(rfm 'rl‘cﬁfa?ﬁesﬁ%a (%I&Z&tt%&rtgatl on of

ri dges or grooves on east e 0 anes a pacers used in
t he el ecidhis@lthpddsirtd adlidsive dbBvappad atanspleshhieere b dge 9isodsigradbvee: gn a first
menbrane or, spacer may mate with the ridges or grooves on a second nenbrane
or spacebsedyhaayingaekite e thsehannels of the membrangisel seck o apanrerthemy i nterl ock

Wi th theprd n . : anpl e, the
 pen oy RS LR SR S0 RIS 1By S SR RO ST
fitti ngsmahadr, thatmownt df atthesivd tiatas being gsal/asl thactdiberage ead gammdtedine or 20
spacer, ﬁ?i chdg%( be female.ridges or fittings. An ion exchange menbrane
suchlbs BY e SR AYEOREMSFane or an ani on exchange menbrane may be

posi tioned ang, &8GH EbEHWRE Bf tHiedikdibsike, IRAGEMbARES &Q?bé@@dﬁ%’i pacer. In
certain enbodi nents, once a series of spacers and 1 on exchange nenbranes

has beencusawtisr end toosphearsrmathpl the adambyansf cellstack by magcbainal sdilingt e f 1 ow

conpartnents, the,conmpartnents m fiJled wi.th a.resin, in the form of
2 Toal n Bt Tyeso e SETecto e reratpish e prpation of Hdedf P ogVes v an
exanpl e g aflBadt Bh&6f the McMHralRd bl e HasRaGRA B A1 ¢h] BLORYRDN3090 for
mating seals on both faces of spacer 3004. One end of each flow conpart nent

309211 s appssades. oflie niggeh ot gwowsscapt fishmsmbepewr AppeeBoy matmwithéieai n i on

h 1 eS] |4l fluid f . f
Spacer  SEUR S0 G en dbesn R B bt SRR ROr b0 IR P St

the end hendeaRMOIBAREEMARSiteridRiwitinibagidptabefooRseanGRadHdhembacer my be
constructed in the sane manner. - 37 - In certain exanples, the
concent r 8% ¥26¢7adeF cxamplpdhe Hdgrsar eropygs ema figst manbragpRrespagss aaYRE i n certain

enbodi mepfg, ricﬁg%g of gﬁﬁl%é‘h{a?h{%té WRNAHERARE of GOFLs SO sEddfia ThBYbrhfl GuIh the

dilute conpart
20  spacer, which may be female ridges or fittings. An ion exchange membrane such as a

cation exchange membrane or an anion exchange membrane may be positioned and
secured between the first spacer and the second spacer. In certain embodiments, once
a series of spacers and ion exchange membranes has been assembled to form a
plurality of concentrate and dilute flow compartments, the compartments may be

25 filled with a resin, in the form of a resin slurry or resin suspension, for example.

FIG. 30 shows an example of an injection molded dilute spacer 3004 with
grooves 3090 for mating seals on both faces of spacer 3004. One end of each flow
compartment 3092 is closed off with the exception of openings 3094 that retain ion
exchange resin beads, but may allow fluid flow. The other end 3096 of spacer 3004

30 may be open for resin filling. Slots 3098 may be present at the end to accommodate

resin retaining plates. A concentrate spacer may be constructed in the same manner.



FIG 31 shows a cross-sectional view through a stack of spacers 3104 and 5
cati on exchange nenbrane 3100 and ani on exchange nenbranes 3102 prior to
assenbly. Fenale features 3101 on first spacer 3104a nmay be nated with the
mal e features 3103 on second spacer_3104b. Male features 3103 on second
spacer 3104b may al so be nmated with e female features 3101 on third
spacer 3104c. To enhance the transfer of ions through the resin beads and
the menbranes, it 10 may be desirable to have the resin beads tightly
packed. mnfestainesxapplesathe cendeairaly spapenmeasde dhisngriharibe dilbigtspacsonpar t nent s in
ul trapur i I | {,. ha ound that there are many possible
ways to iﬁeg‘éﬁ%ﬁég&?zﬁlé e%%éé%gltsdéhﬁsﬁog ?/e%é%ré%vy(énr?glbg,efo‘y%rrs}ﬁ%thﬁg@“be soaked in
a concenihratghdhsdilite sohpit@ents.such as sodi um chl oride, and then slurried

into the conmpartnents. During operation of the electrical 15 purification
appar at us, t hElG-&dishews A crasersertionaleviey Hyangihe pleck alespacsied 104andt he dil ut e

oUream | suflkonks el pc e SRS SO eI 16 pacEntrat o ool

sol ution, such as“sodiumc ried. I'nS may then be
suspendeabsémblan Famalesteatemmn3ant oh fiest sbdcend1(04atmayt hematedpdtht thentate Duri ng

operatiop, the resins in both ilute and ncentrate conpartnments may
swel | aspe?Wéif%&Pg Oaﬁswgﬁap%%r?)i@fbd, g)ﬁée%ﬁeﬁéf‘?%gq PEORSRAGE ;OﬂEt e
conpar t gy lsWibk masiehlth (e LGl Bsuld810] bHE}ﬁrﬁ%@é‘@lO@c,de' oni zed. In
anot her exanpl e, the concentrate conpartnents y be tilled before the

di | ut e conpar Terenhance Hedraneliehofinesthrpugh the reain maddandothb ulegbranespitt he dil ut e

conpgy t nent and en the dilute c rtnents be filled. Expansion of
t he fdésilﬁlgy’%ﬁd?%@btﬁ%ﬁ?‘ée %85%%9 E’??éiﬁﬁggﬁ?ﬁ P%e(&)‘ng%ﬁagﬁaew_l Bonst r ai ned by
t he resinbarfapasikes tentimid é&q_faec&fegfstih@t@apu}&@a@papfpﬁe&ﬁ&@s T¥hs hB&L Packi ng
density. FIG 32 shows a section view of a@%art of an assenbl ed stack of

spacer s Bpod that therqrie mpns posuble 3293 k) ingredse3ho packingdensityrbFemes and a

det ai | ed_.vi . Lcal a i.nferl ocki ng. shpwn in the
det ai | edeﬁé;ng%,9%%1#3'2%3{@”%%%2%%%%%%&5%@4 ?aFtI Sggll%]\ffl‘?sf]iw@é%?cﬁgu%nce t he stack
W th t hecllexddd; ead thenokiriaf ineethk co@dptitmests 3DuARS aﬁéihtﬁdx ofAhskldétialof resin in

a fluid is,gpur_rped into the conpartnents. The resins may be retained in
openkhgsPEBGAtign apiREatps thegississ Iy the dHuigsampadments iy sevellips thedijuie - 38 -

carrier fildih sfdkﬂﬂﬁe&.h*fﬂé’%ins ?’hléoh& s%?lgaﬁ‘hta”c%ﬂ&@u%{e% shitkbnuigh ot ted plates
are slid into place to retainrésin in the conpartnents. e st’ack may then
be r ot at eshag sedidmtchivridic) arideheodaial; t Thentsingmyy denfbielshg@dniéd in ahesi n in a
simlar nner .. Fl 33.shows a part of menbr ane C%| | stack 3305 with
resin r et zwélt Fioblawn into the compartments. During operation, the resins 1n both
the dilute and concentrate compartments may swell as they are exposed to fluid, and
20  the resins in the dilute compartments will swell further as the dilute stream is
deionized. In another example, the concentrate compartments may be filled before
the dilute compartments. The membranes will be allowed to bulge into the dilute
compartments, and then the dilute compartments may be filled. Expansion of the
resins in the dilute compartment during operation may be constrained by the resins
25 packed into the concentrate, thereby increasing the packing density.
FIG. 32 shows a section view of a part of an assembled stack of spacers 3204,
including 3204a, 3204b, and 3204c, and membranes and a detailed view of the
mechanical seals interlocking. As shown in the detailed view, compartments 3292
may be filled with resins once the stack with the desired number of cell pairs is

30  assembled. A slurry of resin in a fluid is pumped into the compartments. The resins

may be retained in openings 3294 at the bottom of the compartments while the resin



5 3307 in place. Menbrane cell stack 3305 may be secured in a housing at
particul ar points along the periphery of cell stack 3305. For exanple, the
cell stack may be secured at one or nore corners 3330 of cell stack 3305.

I n anot her enbodi nent, the nenbranes gy be sealed to the spacers with
over nol ded thernDpIastlc r ubber (TF¢8 seals. After a stack of spacers and
10 nenbranes is assenbl ed and conpressed, the concentrate and dilute fl ow
conpartments are filled with resins. FIG 34 shows dilute spacer 3404 with
ri m 3407caanet fhué flows deduge aWhad (2. cofiiparioreetsmnd ﬂﬂdsk;&ed plawy atesslidr esent on

both faces of the s acer concentra cer na be co ruc

si mi | ar | {H° ﬁcectgrr? TeR eégmpﬁﬂ@e%ntcfgﬁ?‘%g]f gy rgjt#é) &8 st ruct ed
to be thﬂh@ﬂﬁﬁtetc'aﬁ{ﬂ)aﬁﬂl%nﬁ'nlxdﬂrtt% HRAGREh redfdn h3idIB% HfeLONPr i se over nol ded
seal s. is a Section view througﬁ part of a stack of spacers
and nenbr anesFIG ﬁéISh@hNﬁgpmnﬁemenmr@esapHe@ﬁk SQithemrqmlemsm@ct@r 3513.

d I
3593 a0 1h3 gk, Vet s BRART T FEGE e B BERRURTY Trg” T’

this parlsdlﬁtulaﬁfngen@ﬁawﬁemofcenrseukazosZOFdrlesrﬁmﬁﬁoﬁle@teﬂseblomay beut other rim
shapes can be used, such as rectangul ar, uare, or polygonal, so long as

the resuiceuisd abeiq orgners eores 1380 cell sinel §/ cured to the housing. In sone
enbodi nent s di al

over nol ded seéllﬁg@égg&%@%ggpﬁyrﬁ&hﬁq}lgﬁnﬁﬁgs&% tgéljr;llac%ﬁ{:ér}g?veﬁ?nl et/outl et
mani f ol dsveandlded eteehoplestil rubbardTER) fialy eXfidriacsmRiofkpacesander securing or

potting. 25 Before adding resin to ggqstack, the may be conpressed
to sHal MABLHBRLHISAFEE %Q\Wga rS-'é’E@F"sgS?c{a Goerentrais an b’ $HBO%cconpl i shed with,

for exanpfarth IR &FYed l\/?thli]@srlrfs G%@ s dilut spaEér%40§@v1thsﬁilﬁ 3ggLion view
show ng re Inretalning plates 3 7 In ace after resin ing dilute
conpar t nedteveBsdiBed 801 3 r'flei avesndldel] smhmy bt Ipeesemtaini bagh fagesonfeherol ded

seal s and the tﬂleC% Pé mal e features and fe I eratures élbe used

t oget her®Pfgp irdle SPoSEMaY B consis e %r I 'MSPERR SXFRB Prenbr anes may
be seal etﬁewnaehea@@ﬁ&ef fhabb on’[&@ﬂu@tearﬂéjbé ﬁm{eetﬁaa%@aﬁees kd, nd 2di al

overnol ded seals and the seals in the rimmay seal the dilute spacers to

t he Goncway neitcomppiae evesmoldedishals enbodi ment it may not be necessary to use

a housing or 1. 955 2 geac{i(s)n E’PGVVS ough he ot ta%f( ae ls(pfc;[c,‘(a)rs%m(ri1 ?n%?rllbrr]%ies,

including concentrate spacer 3511 and dilute spacer 3513. Openings 3594 retain

resin within compartments 3592, and openings or slots 3598 at the opposite end of
compartments 3592 allow for resin filling. In this particular embodiment, circular

20  rims 3507 are shown, but other rim shapes can be used, such as rectangular, square, or
polygonal, so long as the resultant cell stack may be adequately secured to the
housing. In some embodiments, rims 3507 may eliminate the need for a housing.
Radial overmolded seals 3509 may separate the dilute and concentrate inlet/outlet
manifolds and therefore eliminate the requirement for corner securing or potting.

25  Before adding resin to the stack, the stack may be compressed to seal the membranes
and spacers together. This may be accomplished with, for example, temporary tie
bars or clamps.

FIG. 36 is a section view showing resin retaining plates 3607 in place after
resin filling dilute compartments 3615.
30 In certain embodiments, the sealing by overmolded seals and the mating by

male features and female features may be used together to provide a secured



5In certain enbodi ments, an injection nolded spacer 3704 is provided that

i ncorporates screen area 3725 as shown in FIG 37. This Figure shows a
fluid flow direction 3727. Openings are provided in two opposite edges 3729
and 3731. The openi ngs nay be forned %y wires that are retracted prior to
ej ection of the part fromthe nol d. 10FI Gs. 38A and 38B show details of
openi ngs, for exanple at 3833, in edge 3829 as discussed regarding FIG 37.
FI Gs. 38A and 38B al so show nal e features 3803 which nay interlock with

f emal e fmwambraps c@ferack. The membomshmdy pastalethtolthaspacsrsstitvnaleandl G 38B. The

spacer e. ol ded, Wit h. one se f strangds above_.parting li.ne 3835 of the
nol d an?%}?%%@@%f‘”@ﬁ%&ﬁ OB%‘F@?%G%IQPP . ﬁegﬁén%%%?mfgée%lttﬁ%nds of the
Screen SHAREEpadsrs IO Mdtohferiafe spadids. NRMBisTABoaIn&H] i@fa hBEEe 8RE4hANS and the
two sets of strands are oriented ﬁer pendi cul ar to each other. The

cr 0ss- sel®tuse Adpuy g precornrr seals ia seahthasall Staelgtrembgusbie. t he strands may be
vari to pr te f£1ul.d.mxing and/or reduce a sure d . Ri bs or
%d Ofﬁoce?t‘rlﬁee#bﬁj)ﬁi%néeqtﬁgm Sll’rlj] gction rP%lglF: Spac xlpi R 15 growc{eg%éeﬁ

baf fl'es may be D acer orm T1ow channe d i nprove

fl ow di sincodpuiatesscre2®bitaGars as showvrbiadilGeRT.SThik Feour@kivandflfid ke f eat ures
are nolded on the top and bottom resggqc):tive!y of the edges that contain

inl et andTestion Y2 pRpemees asgprvider dn 589 apRastp edges 3dL 2 b3 7XlorThene spacer
q pr : e . g |
e copenfts iy Hoirhdd'y Bired nat dhe RtrERAffG: 0 Ufuldl & HERAPGBRC D)

| ess. Thieemmtléri al nay al so have the ability to be nolded 25with snall

hol es, prefer y th rder of _about 0.030 inches (0,.75. or less. The
mat etd al may ﬁ&{f‘eg’%é‘ﬁﬁl gglgpgm&da‘gql?e ?Rﬁnﬂgsagr W%@ﬁﬁb&q%{nggggﬁp er | ocki ng
of the nad® @%&@@&k@fﬁﬁ%ggﬁsﬁggﬁﬁ&w DRV e heg n&m@gthgeg' lity with

the fluid to be purifived. shows a portion of a stac spacers and
menbr ane$803Ashishva int@dockawish famtle featurddi®P1li nterl ock with femal e features
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one set of strands above parting line 3835 of the mold and one set of strands below

15 parting line 3835. The strands of the screen spacer as shown in FIG. 38B have semi-
circular cross-sections and the two sets of strands are oriented perpendicular to each
other. The cross-sectional shape, orientation and frequency of the strands may be
varied to promote fluid mixing and/or reduce a pressure drop. Ribs or baffles may be
molded into the spacer to form flow channels and improve flow distribution.

20 In certain embodiments, the male and female features are molded on the top
and bottom respectively of the edges that contain inlet and outlet openings 3833.

The selection of material for the spacer may depend on the ability for it to be
molded with thin walls and small dimensions, for example, on the order of about
0.060 inches (1.5 mm) or less. The material may also have the ability to be molded

25  with small holes, preferably on the order of about 0.030 inches (0.75 mm) or less.
The material may have a suitable elasticity to allow appropriate interlocking of the
male and female features, and may have chemical compatability with the fluid to be
purified.

FIG. 39 shows a portion of a stack of spacers and membranes. As shown,

30 male features 3903 interlock with female features 3901. Similarly, in FIG. 40, male
features 4003 interlock with female features 4001. Cation exchange membranes 4000



and ani on exchange nenbranes 4002 are secured between the spacers. Spacers
for a first stream 4037 seal the edges of the nenbranes bound for the
second stream while spacers for the second stream 4039 seal the edges of

t he menbranes bound for the first styeam 5In certain enbodi mrents of the

di sclosure the flow within a conpartfient may be adjusted, redistributed, or
redirected to provide greater contact of the fluid with the nenbrane
surfaces within the conpartnent. The conpartnment nmay be constructed and

ar r ange chrglanioedixsharigh nteenbirhngsd0DR aw sattrkd between demnpacdrsreBpacerfter £ onpar t ment
may have.obstructigns, projectjons, protrysions, flanges, or baffles that
TRy pr ovigestiraigiipy ged e phE Gistsates TOHE Froll SHPOLEH S W rpar  nont
The obstyphedrt R She REMPLGEARNFO3IREAUhYSISRE Bf tHel RO EnesHould kdltRs may be
formed as part of i1on exchange nenbranes, the spacer, or may be an

addi t i onfalst $wpax ate structure that is provided within the conpartnent. The
obstructions,, proj.ecti.ons rotrusions, fl es,..or baffles be forned
by provi di ng BReeRnERUROMsT o i disgade e PRE il e SBepr Bl e i on

ex changerdwijitad) eslishdb AOE of RiREled td PR viRaLEdterBdMtabEof AP FIBENAIISthew t h

t her mopl astic rubber to form protrusions that may be bonded w th adhesive
to adj acepmbipaeBiriaces witiinethe semperpnenit (Toe compaimpriynaebegspsiredied o t he
spacer : 0= een

ot 1 gt tRaRbarEeRGBHE AT AbbSL ERAARRLRR. "Ind AhARRARGE POL | Sons

shown i nmhy Eavedsbstriidtions, projectiomspiogasiors)flaags, dlaiflantatsegondvidea exchange
menbr ane 4153 are _shown with first spacer 4155 and second spacer 4157
posi 9 ond@chis oedistibhishe ﬁPW&“%Pé‘&rﬁOW%t-sﬁéﬁ/\%sgytfqnéw ng parallel to

the f lr g‘éﬁ)ﬁ{ecﬁﬁr&?ggpﬁgeibﬁﬁﬁaﬁ Lor Sl estlﬁa?ggpdgﬁeg gggﬁ‘ﬁ ofibn exPipbpg baffles

t hat stri ow frominlet 41 er 4157, around first
baf f| e 4héfmbmnds, dreoypackrsaanadb&ibaddifiemmall dparateasichcture thag ks ppavided 4169.

As shown in FIG 42, first. ion exchange.nenbrane 4251 and second ion
exchange% SffanpAsaacnL ih%ﬂlb%‘l‘cv\ﬁ"fshgrﬂ qelpng B%loﬂ%gg’“ﬁ?ﬁzl %econd spacer

4257 pospdrilanasy Beidmedby bRMinEhh Skteflib® A0hAROAhbSvS HaRaASedutOW ng
perpendi cul ar to the fl ow of second stream 4261, due to second spacer 4257

havi g bthe fidreexchimge mxOnldisstto obe trotbére Thieopader oray ibalimpregaged vfithspacer 4257,

around fjrst baffle.4265.and _around.secon af f.1 67, and .t hrough outl et
2266, - yhopt it rihecEl R Srl RIS RS R G E s B RN RR e s Wit ¢ he
conpar t ngficent MEmbhfied. WheSthér@@iPhastio fiBer By bBhpsliddan tiipdesd spacers. In
FIG 43, the flow path for second stream 4361 may be co-current or

count er - PrQegseet suelp as therpo-gpmprgasiarsgorotary sEeen prpfing. The compartments

may or may not contain ion exchange resin.

20 As shown in FIG. 41, first ion exchange membrane 4151 and second ion
exchange membrane 4153 are shown with first spacer 4155 and a second spacer 4157
positioned adjacent them. First stream 4159 is shown as flowing parallel to the flow
of second stream 4161, due to second spacer 4157 having baffles that redistribute the
flow from inlet 4163 of spacer 4157, around first baffle 4165 and around second

25  baftle 4167, and through outlet 4169.

As shown in FIG. 42, first ion exchange membrane 4251 and second ion
exchange membrane 4253 are shown with first spacer 4255 and second spacer 4257
positioned adjacent them. First stream 4259 is shown as flowing perpendicular to the
flow of second stream 4261, due to second spacer 4257 having baffles that

30  redistribute the flow from inlet 4263 of spacer 4257, around first baffle 4265 and
around second baffle 4267 and through outlet 4269.



the flow path for second stream 4461 may be perpendicular to first stream
4459. 5Sel ected solid portions of the spacers nmay be bonded to adj acent
menbranes with adhesives. Alternatively, the nmenbranes nay be thernally
bonded to the spacers, such as by ulfrasonic, vibration, or |aser welding.
As shown in these Figures, the dotted arrows indicate the flowin the inlet
and outlet manifolds for the second stream These manifolds are not
contingent to the inlet and the outlet to the flow conpartnent 10 for the
second st r eankfIGEhéB ahdré shawmeddidaha gerbodimeants widbthe dohvpartmenfsdbiiibebet ween

t he anode and the cathode is expgected to be duced. In so

bod: memeS TR i S8 Bietan TR R MRS Gt a1 B ARReB D ot a e
wat er i SstREAVAIE Gnay B @ehlrRhNofdtRAfkk-FBRES to ArdiBtr&sl 4959, fRAAIGL 44t i ng the
production of potable water from seawater is provi ded. The nethod may

conpr i sethg Sororatlforgecond sirern e hmap be ipripsadicdar wopsldicad 445Rpri sing a cel |
stack. T, h furt,her. comor.i se.fl uidl i awat er feed
ot rom t5edTEd A8 d0Rors WE WS GO RE) BE pbhdda XaBBORSRIMARA WRELE oF TReT

further gihegvesalfetatitddly, te Meatiraity niy Ruhéeiallgbohdsl ltecipatas)
purification apparatus to a potable point of use. Seawater or estuary water
may havesugh@p Ry shtesenie.onbrgtion, of faseryveldiay ¢t shopnds these Kighesy ifge of about

10, 000 n;@m%ﬁ%%wéﬁncﬁgaqe ﬁ%rﬁa& i t%? f& aﬂﬁ%@ﬁ&%ﬁﬁ/fol&s%f ﬁgg@g@@sﬁeﬁmﬁst uary

wat er ave a concentration tota I ssol ved so about 35, 000
ppm Thest manifokls ardxad icominigent thahecmldt asd dekountaytocherflowsemphttmenat i ng i on

diluting.conpartnents a iQn concepntratin 0 rtnen Each of the ion

di | utd ngfog P?I%%mnafbeﬁgoreoﬁsE%E&%ﬂ"%?ﬂhg%‘w&ﬁd%@léofﬁsﬁme&e a fluid

flow in gehhéddamd h@E%ﬁ&&eiiQpreEt%ﬁ% 8L rddaged ON concentrating conpartnents
an

may be constructe arranged to provide a fluid flowin a second
di rection t haln sosmedinitfodineerits 6f thendishlmstier s method@f proidings sdirseafsed above.

Further, each of the ign,concentrating conpartpment .and. the ion diluting
conpar t n%‘?ﬁ?@e Wrbsepr%%‘{l'r FPC eétﬁma%bqég?lsw_&é’pm?tgs%Pg%icﬂléatg’gpt};‘%det er ni ned
per cent ag@d@dtichWripdfBledkfdr Pom FBIMUSNS pividddZ athe dMethe mh¥ BbHpe@nt act to 30
each of the alternati 2‘3 ion diluting conpartnments and i on depleting

conpé t nprevislingan decstiea pudfiedsionappimius sempeising psethgaghathymethodr  nenbr ane
utilizat 1'11?130 AR Icglggrise fluidly connecting a scawater feed stream to an inlet of the

electrical purification apparatus. The method may further comprise fluidly
connecting an outlet of the electrical purification apparatus to a potable point of use.
Seawater or estuary water may have a concentration of total dissolved solidsina

20  range of about 10,000 to about 45,000 ppm. In certain examples, the seawater or
estuary water may have a concentration of total dissolved solids of about 35,000 ppm.

In this embodiment, the cell stack may comprise alternating ion diluting

compartments and ion concentrating compartments. Each of the ion diluting
compartments may be constructed and arranged to provide a fluid flow in a first

25  direction. Each of the ion concentrating compartments may be constructed and
arranged to provide a fluid flow in a second direction that is different from the first
direction, as discussed above. Further, each of the ion concentrating compartment
and the ion diluting compartments may be constructed and arranged to provide a
predetermined percentage of surface area or membrane utilization for fluid contact to

30  each of the alternating ion diluting compartments and ion depleting compartments.

As discussed above, it has been found that greater membrane utilization provides



- 42 - greater efficiencies in the operation of the electrical purification
apparatus. In certain enbodinents, the nenbrane utilization that may be
achieved is greater than 65% In other enbodi nents, the nenbrane
utilization that nmay be achieved is %zreater,than 75% 1In certain other
enbodi nents, the nmenbrane utilizatioffthat may be achieved 5 nmay be greater
t han 85% At | east one of the ion diluting conpartnents and ion
concentrating conpartnents nmay conprise a spacer. The spacer may be a

bl ocki nggrepaceificiehtiesinnthy opdrhidon gfaths elegiriohl fundicsidawgtparatisedad cetainugh

mul tiple stages or passes through the electrical purificati apparatus to
bt ovi fe. e SeR BB et T e it Dt B 1415 B H°6e T G 814 By a1 | ow
and the seoonghdinant ROmeibdndiudlibARN HRMAELSKhRGLETE ABfehayi ded by way
of the construction and arrangenment of the conpartnments. Using the first

di rect i o75%f I baxtagh dtheveralsodimeits,gbe imsmbranenitibigatidnahet mayobeschieved he second
direction of flujd,fl y run in a direction of any angle greater than
zero 5deg‘?’8%ge§¥?&{elrg?§%\lg/l%gﬁ 360. In certain enbodiments of the disclosure,

the 15 secong fehstiofle bf 0% iOREMutTRYcOMpAriRlents 298 idN@RentBitinper pendi cul ar to
the first fluid flow path. In other enbodinents, the second fluid flow path

MRy run eamMpArnSHtengy eompriseiesphears fThe spdcar map e palacking spacerThhispet hod nmay
faveh : eI Cui ol i b
't or ma TG B8 Bafsffl il RbRE cleathidulh b Liak SV pa i ufbudllBe o

One or 2fedmea patifitdifonCpppads & picvidealie baurcosfiotakdé edteand arranged to
redistribute or redirect the fluid flow. This may be fﬁgg%gpl i shed t hrough
use BF a part Thafiest diseeaion of Hpidfaw pughthesgeand fisertirsok WoBRY Rent t hat
may pro%e‘ijeect %Eyrbﬁﬁéﬁj Qzﬁ/ bPehk SHASICliO bk 4R E@Hh fihow, as descri bed
above. e electrical puritication apparatus ma& urther conprise a housing
encl osi ngpraSartnhdngs. dédihg gicdrkt. dirdttidreafSiuid flowr d4si aodirenfion hmnpwyral@ips §° of t he

cell stack y be secured t housi ng. The el ectrical ~purification
appar at u¥ gl $56PR e%w?ﬁg@@wa n adipgsbien SLeainel #eGEi t i oned

bet ween %ﬁﬁ‘ z&%%hfég? iﬁrﬂﬂle.&ﬂﬁaﬂ; 840°. Th @€dain TRBoliIANR JT8Ne BiScl18diraGROt to or

connected to the cell stack to provide a nodular unit. The electrical
puri 3 casecond fpidetcor path meay riat $H180° aghp o papendedaorid theoldst Bviddlow t hat may

w thin e A i bRl e fond RERRE RS PR G HEkE ARl BiS he f ot
nmodul ar gy ﬂujﬁﬂ@d%ﬁﬁent an ion exchange nenbrane of the second modul ar
unit. The net hod of providing a source of potable water nay conprise
redirecting afh¢ mathodemy forthen copnrise sadignbytingtfluich sithinatdedst one Wdbdween t he
first mglgérr?a{tin%%ltl il gngtcr(])%partments and ion concentrating compartments. One or
20  more of the compartments may be constructed and arranged to redistribute or redirect
the fluid flow. This may be accomplished through use of a particular spacer or
membrane that defines the compartment that may provide a configuration to
redistribute the fluid flow, as described above.
The electrical purification apparatus may further comprise a housing enclosing
25  the cell stack. At least a portion of the periphery of the cell stack may be secured to
the housing. The electrical purification apparatus may further comprise a frame or
support structure positioned between the housing and the cell stack. The frame may
be adjacent to or connected to the cell stack to provide 2 modular unit. The electrical

purification apparatus may further comprise a second modular unit that may be

30  secured within the housing. The second modular unit may be secured within the



5 second nodul ar unit. This may be acconplished, for exanple, by providing
a bl ocki ng spacer between the first nodular unit and the second nodul ar
unit. A bracket assenbly nay be positioned between the frane and the
housi ng to secure the nodular unit tg the housing. Qther types of feed

wat er conprising different concentrations of total 10 dissolved solids may
be treated or processed using the apparatus and nethods of the present

di scl osure. For exanple, brackish water, having a total dissolved solids
cont ent hausmgrsacigthatdn @ab@uthah@e hepybnartecfalxofitst hodi@Numpmadimygetient reated to

produce potahl e water. Brine, havjn tot.al dissolved solids content in a
range of'°B58 s%f,“ém?f%iﬁrﬂf@%? %B@lﬁ[mg@g?@%tppm may be treated to produce

pot abl e wat erThdme®Bg ot | oo ofPotdtie wﬁt%i"hﬁg c@m%ﬁ&@iedﬁé&ﬁ@' ved solids
content in a range of about , 000 ppmto about 150,000 ppm may "be treated
t o produddeast onet dreldetridahgursent enefluiddioat betivsewiheditsignddudar vodgrand the f or

pur pases_of di spgsal ... f.ar. exanple, taq. dy of er, such as an ocean.
Ot Do oo Rt s FSPe pisomitsBreb S el bE ety iifgal osed many 20
nodi fi cablbsiifg spudel BetRas, tha fickt deldal an% an@ihel8cdRdRodar@itn W t hout
departing fromthe spirit and scope of the disclosure and its equivalents,
as set forth fbradset gspemidyinay kel postiigned betweermmthgJemaagnd| thethoysingfe art woul d

readi |y appregl 1‘;%§ul it{oh[ﬁe }{gﬁsiir%:s parameters and configurations described

herei n are nean 0 be eXenplary “and that actual 25 paraneters and

confi gur at i onGthet tylpesleplead wate bothpsing difickdrt camehirgiins@fitdiglr whi ch t he
electri f@' ﬁ)uri fi,@%'%i on apparatus and net hods of the present disclosure are
used!® Thswadisplidympay, be Heatad er porgssedesiRhths appasptup andmethodyobibger t ai n

usi ng nopre&rn?gfsaaané.%ﬁ @ﬁm@ﬁ%%hﬁcﬁ%ﬁﬁttér%ﬁ %lt%‘a&ﬁtsﬁl%&ml%st o the

speci fic enbodi nents descri erein. For exanp ose skilled in the
art nmay combangim zmnphaf alidue 1 @ygmatashoua bél 00O poo npgyrentaatddie pemfuce accor di ng

to the pr nt disgl.osyre. may further conprise a.network .of systens or be a
conponentOUHe dalgs: Bring ravinecbiplab isshlved Slilngeniotja d apeciof about
50,000 ppm to about 150,000 ppm may be treated to produce potable water. In some

15 embodiments, brine, having a total dissolved solids content in a range of about 50,000
ppm to about 150,000 ppm may be treated to produce a water having a lower total
dissolved solids content for purposes of disposal, for example, to a body of water,
such as an ocean.

While exemplary embodiments of the disclosure have been disclosed many

20 modifications, additions, and deletions may be made therein without departing from
the spirit and scope of the disclosure and its equivalents, as set forth in the following
claims.

Those skilled in the art would readily appreciate that the various parameters
and configurations described herein are meant to be exemplary and that actual

25  parameters and configurations will depend upon the specific application for which the
electrical purification apparatus and methods of the present disclosure are used.

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments described
herein. For example, those skilled in the art may recognize that the apparatus, and

30 components thereof, according to the present disclosure may further comprise a

network of systems or be a component of a water purification or treatment system. It



- 44 - is, therefore, to be understood that the foregoing enbodi nents are
presented by way of exanple only and that, within the scope of the appended
cl aims and equival ents thereto, the disclosed electrical purification
apparatus and net hods may be practigf ot herwi se than as specifically
descri bed. The present apparatus and nhethods are 5directed to each

i ndi vidual feature or nethod described herein. In addition, any conbination
of two or nore such features, apparatus or nethods, if such features,

appar at us, tberefoe¢, o ts uadastnod thatithe dblegoing comeilistentst gre pesénted bdedy wi t hi n t he

scope of the present disclosure. For anpl e, . the .housi ng. be of any
Ui © bl & GOGHBIE BCe i ST D SFOPE T o BP RIS O8F FISTIERE or modul ar
units neyeds, BRGHESeWelcbirtal FRBIfi BN Rratt hd RSN ERYe PcEedi ndri cal ,
pol ygonal , square, or rectangular. Wth regard to the nenbrane cell stacks
and modutthervise than aseapyeifioaltyadsiseribpdo e pyesest apparpisabienctieodsery as the cel |
stack or Rl 8L, by BESESHEEHo! Ged Bl BUSH S aAQTiof SAVP! © Lhe
menbranes or 5%5% 8K Truéc?arﬁa P °Hg aep%. Fh2Cer %N enbodi nent s, a
15 housi qgnbiBatioRQF tRE of AL skl fealites, 3@ & Yr fletHolds, ifRdArfen@es,and spacers
T2 S il b b e ont Ao BRI ot o
secure : / nunber o
corners &Ese‘ﬁ?ﬁi&&lfiﬁﬁ?.pn the cell stack may be desired. For exanple, three or
nore corners or verfices may be desired to secure the cell stack to the
housi ng. | n ckorteaamplenhedionEng maytheaf gepnetable g20mefryamsh thht dderhousi ng,

cell stack, nenprane and spacers nmay se|ected to _accgomuodat e gperati onal
par alfet emeredﬁergﬁ@n%f@&tﬁq@&r rrmsi}lfar PRIS BN D pRsared vighin FEpr GXempl: &€ t he

spacers o] Bg‘@;}ﬁ i-cal j e I rates
bet ween %Iﬁﬁémgfﬁ?%fe ngafé%ﬁ’cpe&rlfgrogtggg tr%?tﬁgécgdéfﬁgtﬁﬁe?ﬁﬁﬁeg%}g ft(% g]wbe

appr eci amemibisar cellistacistand addumbes unity éing seitdbleogmmetnyds 2&ieptableseriem s wi | |
readily occur to those skilled in the art. Such .alterations,  nodifications,
ond i mor SVBREslt Sadee® ot vy b purt PR EO Pl Bind ar o

i nt endedmbRbRAcy\bl phbrs ﬂﬁﬁ%@'rédténfgﬁrﬁ@ iS4RABE Bf cctam hisudineMs e For exanple,
an existing facility my be nodified to utilize or incorporate any one or
nor elias peatsingohay tod bdirgpiited ulbe gmueiry ¢frthe membranse and spaeerapparketals and

et hods aq%y sulthbIe Ig}s/oeme (r)ynsnuecﬁttflaqghe membranes and spacers may be secured within a

cell stack. In certain embodiments, a particular number of corers or vertices on the
cell stack may be desired. For example, three or more corners or vertices may be
desired to secure the cell stack to the housing. In certain embodiments, the geometry
20  of any of the housing, cell stack, membranes, and spacers may selected to
accommodate operational parameters of the electrical purification apparatus. For
example, the spacers may be asymmetrical to accommodate differences in flow rates
between the dilute and concentrate streams.
Further, it is to be appreciated various alterations, modifications, and
25  improvements will readily occur to those skilled in the art. Such alterations,
modifications, and improvements are intended to be part of this disclosure, and are
intended to be within the spirit and scope of the disclosure. For example, an existing
facility may be modified to utilize or incorporate any one or more aspects of the
disclosure. Thus, in some cases, the apparatus and methods may involve connecting
30  or configuring an existing facility to comprise an electrical purification apparatus.

Accordingly, the foregoing description and drawings are by way of example only.



30or configuring an existing facility to conprise an el ectrical
purification apparatus. Accordingly, the foregoing description and draw ngs

are by way of exanple only. - 45 - Further, the depictions in the draw ngs
do not limt the disclosures to the particularly illustrated
representations. As used herein,"the term"plurality" refers to two or

nore itens or conponents. The terns "conprising,"” "including," "carrying,"
"having," 5"containing,” and "involving," whether in the witten

descri pt Forthay tht depichiaisns therdtawings Hp ket limit¢heopetlossdd theepardcularlye. | to nean
"i ncl udi gﬂ)tsbutt not Iin@ted to." Thus, the use of such terns is neant to
enconpasSSHRe {RRESCRAOY t hereafter, and equival ents thereof, as well as

addi tional it @R®isedIYrdint the tdrinPpBirhligNadfeRs BHES MBI drng of ' and
"consisting essentially of," are closed or sem -closed transitional

phr ases, componesise dihicvermg “copphsipgs puetuding,’t frangingi ndavinge of ordinal terns

such as .first. " . cond, ' "t hi qﬂ? L; i } | Al t.o nodify a
cl ai m el efEHt L HEes™ %oft?lvgl’yu}gf s‘g}j‘gt Eohnot & lg%béps r%ﬁ%éﬁ ‘wﬁ%?%@%%%‘rﬁiég‘? or order
-of one cliké, Mred@renticdicans,drQtb afead Fintludingdnpastdimogdior ThusMheleacts of a

met hod are perfornmed, but are used nerely as labels to distinguish one
cl ai m el ehiish teAGInEeantde pRePIPaERIbE Iems Misted dearealtes  adeavvalsnliayi ng a sane

nare (Dufpofdf sl adalifioRAdIAR Gty M dflsioRlipBALS RohliStifd 8 hg! ements.
“consisting essentially of,” are closed or semi-closed transitional phrases,
10  respectively, with respect to the claims. Use of ordinal terms such as “first,”
“second,” “third,” and the like in the claims to modify a claim element does not by
itself connote any priority, precedence, or order of one claim element over another or
the temporal order in which acts of a method are performed, but are used merely as
labels to distinguish one claim element having a certain name from another element

15 having a same name (but for use of the ordinal term) to distinguish the claim

elements.

What is claimed is:



1. A nethod of preparing a first cell stack for an electrical purification
apparatus conprising: 5securing a first anion exchange nenbrane to a first
cation exchange nenbrane at a first portion of a periphery of the first

ani on exchange nenbrane and the firsh cation exchange nenbrane to forma
first conpartment having a first fIUl@'fIOM/path; and securing a second

ani on exchange nenbrane to the first cation 10 exchange nenbrane at a
second portion of the periphery of the first cation exchange nmenbrane and a
first portion of a periphery of thE€LABdSnd ani on exchange nenbrane to form
a second conpartnent having a second fluid flow path in a direction
different fromthe first fluid flow path, each of the first conpartnent and

the second cogpart KerﬁEthG@Bﬁ}ere?&thda aRdcAPsial BRaedct e Ryindaich fluid
contact of greater than 85% of the surface area of each of the first cation

exchangeapmendnaoenprisoez:f i r st ani on exchange nenbrane and the second cation
exchange nenbr ane. . Ifz The t hod of .claim fur.t her .conpri sing:
20provi di ng a first8pgaed lr%élflb%@%&?%eme%btméentpg RN G rane and
the firshehkiit 86 PoBRNBTHYAPRsry ¥ the first anid GMhahdedmémbRGORH Spacer

bet ween t he second ani on exchange nenbrane and the first cation exchange

menbr anethef58t cRHen pechange wembraak o formihbrsbeampartniens bavinga fistt ik £ r st
spacer aﬂdwt Q&-%ﬁ&ond spacer is a blocking spacer. 4.The nmethod of claim1,
wherei n atI¥atf"One of the first conpartment and the second conpart nent
conprises a flow regufihg h bedodd anion exchange membrane to the first cation

10 exchange membrane at a second portion of the periphery of the first cation exchange
membrane and a first portion of a periphery of the second anion exchange membrane
to form a second compartment having a second fluid flow path in a direction different
from the first fluid flow path,

each of the first compartment and the second compartment constructed and

15  arranged to provide a fluid contact of greater than 85% of the surface area of each of

the first cation exchange membrane, the first anion exchange membrane and the

second cation exchange membrane.

2. The method of claim 1, further comprising:
20 providing a first spacer between the first anion exchange membrane and the

first cation exchange membrane; and
providing a second spacer between the second anion exchange membrane and

the first cation exchange membrane.

25 3. The method of claim 2, wherein at least one of the first spacer and the

second spacer is a blocking spacer.

4. The method of claim 1, wherein at least one of the first compartment
and the second compartment comprises a flow redistributor.

30



-47- 5. The nethod of claim1, wherein the first portion of the periphery
of the first anion exchange nenbrane is constructed and arranged to
interlock with the first portion of the periphery of the first cation
exchange nmenbrane. 56. The net hod of aim1l, further conprising securing
the first cell stack within a housing.” 7. The nethod of claim6, further
conprising securing a second cell stack within the housing. 10 8.
The nethod of claim 7, further conprising positioning a blocking spacer
bet ween the f5.rst T methbdokclaima 11 Whersimabairst pbitiogtodithe. periphery of ¢he The

nethod of claiml1, wherein the first fluid flow path .is 15perpendicular to
'he. Secon Fiiop axitpbsy Bphranc ts consied droteeh BaPRIPEARIY Bl 1 ot ack
for an ehsabf bk peHphdy 6RIHk FstARRM MlcUangeaiBhbahey: forming a first

conpartnent by securing a first cation exchange nenbrane to 20 a first
ani on exchange nenbrane at a first portion of a periphery of the first

cati on exchange ran nd the first anion.exchange rame 1.0 provide a
first spacer -ssm“gﬁ“ﬁ@\?&ﬁgdﬁmﬁh@(‘%%rp‘é"é‘%l%“séf}%sﬁ S ttl)l% lﬁgﬁﬁ]ftﬁ%kfi rst
cation exgh@and®us@gbrane and the first anion exchange nenbrane; forming a

second conpartnent by securing a second ani on exchange 25 nenbrane to a
second cation exchange nenbrane at a first portion of a periphery of the

second cati ony exchafog ABFRE A BMrth G Rli ABLAL £ACHANAH FRFPrane to

within the housing.
10
8. The method of claim 7, further comprising positioning a blocking

spacer between the first cell stack and the second cell stack.

9. The method of claim 1, wherein the first fluid flow path is

15 perpendicular to the second fluid flow path.

10. A method for preparing a cell stack for an electrical purification
apparatus comprising:
forming a first compartment by securing a first cation exchange membrane to
20  a first anion exchange membrane at a first portion of a periphery of the first cation
exchange membrane and the first anion exchange membrane to provide a first spacer
assembly having a first spacer disposed between the first cation exchange membrane
and the first anion exchange membrane;
forming a second compartment by securing a second anion exchange
25 membrane to a second cation exchange membrane at a first portion of a periphery of
the second cation exchange membrane and the second anion exchange membrane to
provide a second spacer assembly having a second spacer disposed between the
second anion exchange membrane and the second cation exchange membrane;
forming a third compartment by securing the first spacer assembly to the
30  second spacer assembly at a second portion of the periphery of the first cation

exchange membrane and at a portion of the periphery of the second anion exchange



provi de a second spacer assenbly having a second spacer disposed between

t he second ani on exchange nenbrane and the second cati on exchange nenbrane;
forming a third conpartnment by securing the first spacer assenbly to the 30
second spacer assenbly at a second ppytion of the periphery of the first
cation exchange nenbrane and at a portion of the periphery of the second

ani on exchange - 48 - nenbrane to provide a stack assenbly having a spacer
di sposed between the first spacer assenbly and the second spacer assenbly,
each of mhmbfane $¢ poeiiear tavkrsseantdy hirang e spaver dispgrad bateveen derlsstr uct ed and
arranged to provi flowin a direction different from

e a,directi.on of fl ui
the di r ePPFOFY yf'“il%% SF?O(S{%/SP?]CW ﬁ%ge'lf‘!‘:!? ¥d conpartnent. 11.The nethod of

claim 10, furéRpiraRmsi @ngﬁr@%ﬁﬂéﬂmegmng@bﬂnpmgﬂﬁ dohithicRedamousi ng.
1012. The nmet hod of claim 10, further conprising securing the cell stack in

a frame wmnged & prgvida ajditcetiomefiflyid flgwana dirgcden digieran fiomothd directipnovi de a

first, no ar uni.t . . 13. The nmethod of claim 12, further conprising
secur’ ng(J '%dPPFE ﬂ%ﬁ%&ﬂ§?“§%ﬁ%??tmﬁthin a housi ng. 14. The met hod

of claim 13, further conprising securing the nodular unit to the housing
with a bracket assenbly. 2015. The nethod of claim 13, further conprising
securing a setbnd Heuwedyed of claim 10, further comprising securing the cell stack

within a housing.

10 12.  The method of claim 10, further comprising securing the cell stack in a
frame comprising an inlet manifold and an outlet manifold to provide a first modular

unit,

13.  The method of claim 12, further comprising securing the first modular

15 unit within a housing.

14.  The method of claim 13, further comprising securing the modular unit

to the housing with a bracket assembly.

20 15.  The method of ¢laim 13, further comprising securing a second modular

unit within the housing.

16.  The method of claim 15, further comprising positioning a blocking
spacer between the first modular unit and the second modular unit.
25
17. The method of claim 10, wherein at least one of the first spacer, the

second spacer, and the third spacer is a blocking spacer.

18. The method of claim 10, wherein at least one of the first compartment,

30  the second compartment, and the third compartment comprises a flow redistributor.



unit within the housing. 16. The nethod of claim15, further conprising
positioning a bl ocking spacer between the first nodular unit and the second
nodul ar unit. 25 17. The method of claim 10, wherein at |east one of
the first spacer, the second spacer,4@ﬂd the third spacer is a bl ocking
spacer. 18. The nethod of “claim 10, wherein at |east one of the
first conpartnent, 30 the second conpartnent, and the third conpartnent
conprises a flow redistributor. -49- 19. The nethod of claim 10, wherein
the first pori9.on he mhthogef clamen(, whereinahd firssportini ohthexpehpheye ofenbr ane i s

constructed. and, arr ed to.interlock with the first.portion.of the
peri pher ‘j}‘.ecdﬁ‘rSttal%’n.quF 2¢ Q%qngﬁa‘ée)éé ﬁ%‘ﬁ&@cﬁé ﬁﬂ‘ﬁ a’iﬁ%‘?g_e%%w&‘%ffe“ké‘f‘ﬂbt of claim
10, wher gipbien %fﬂr%%hﬁﬁbr?bfmelﬂrﬁk dalioNekdhahdiembmbiinecompar t ment is
perpendi cular to the direction of fluid flowin the second conpartnent.
5 20.  The method of claim 10, wherein the direction of fluid flow in the first
compartment is perpendicular to the direction of fluid flow in the second

compartment.



