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NOVEL PYRAZOLOPYRI M DI NES AS CYCLI N DEPENDENT Kl NASE
I NHI BI TORS Field of the Invention The present

WO pooensisen rel ates to pyrazolo[ 1l ,5-a] pyrim di PEI/US2008/004929

conmpounds useful as protein kinase inhibitors (such as
for exanple, the inhibitors of the cyclin-dependent

ki nases, mtogen-activated protein kinase (MAPK/ ERK),
gl ycogen synt hase ki nase 3(GSK3beta) and the |ike),
phar maceuti cal conpositions containing the conmpounds,
and nethods of treatnent using the conpounds and

[oF
b A 'lﬁflf SPPARATUS 3 aﬁ?ﬁc%ﬂSBﬁﬁna&%&*rWWﬁIZING

neurodegeneratlve di seases suc as zhei mer' s

di sease, cardi ovascul ar di seases, and fungal diseases.
Background of the Invention Protein ki nase inhibitors
i ncl ude ki nases such as, for exanple the inhibitors

dOGHd cyclEIEegendBmE KNVMENEEONCDKs), mitogen
activated protein kinase (MAPK/ ERK), glycogen synthase

ki nase 3 (GSK3beta), and the like. Protein kinase

iU It or s Wiks daseenbbon felaexanpkeerby 1M tidaltheetfield

al_in W02/22610 A 1 and. by Y, Mettey et al in J. Med.
rﬁelq3KRE§1Q% Q@Zl2@@1d$helEyEPFﬁ1§€B€ﬁdéﬁt“@ﬁﬁ&ées

gﬁﬁrlsﬁefdé@{&lﬂrt‘gr?ﬁnd tﬁ@i@hﬂzgt%ﬁes' M 'eCEP%rc%fE'?:%lly,

riving force e cell cycle an
i iderssn o nvent voduper COKhs, toueheasroCGeKbni zGDKN

CDK4 5. CDKi d. CDK7 , d t
T SR Phe Tor oo neERPds, Sk tsadtr ¢iE on
Fyhcambect ssi 11igdiastrrbligh Ghe SppakaGlMdphase
enz ¥nes Uncontrol l ed proliferation is a hallmrk of

@ﬁrQﬁﬂI@@Y%nﬁon@@hé@ﬂﬁa@ﬂéﬁeéﬁneDﬂeﬂﬁmﬁﬁﬁﬁiqkcurs
%%ié? é%k ency in many inportant solid tunors.

4 are of particular interest because their
activities are frequently msregulated in a w de
vg&iet% of human cancers CEKZ act%vbt is required

or e SRR P CrTE, SVENTSON ace of the cel
cycle and CDK2 is one of the key conponents of the G

1 checkpoi nt. Checkpoints serve to maintain the proper
Fepricedeiorbrat tgr| éERTENLS an@wal Howthiee agdl las @

t s
SR T crbio ke BBl et ShRHSES, ¥o2 dGndtlls <
Godh | dsitest éo, tuﬁbﬁgeQESCSrlEbe19D&2tﬂ&@hwwﬂ1a and an
i nfluences tunorgenesi s, at _the |eyvel of tunor
§Hﬁﬁ§£ﬁﬁwp?Eﬁ%F+%k te. gnf&BQHCQBlgﬁdtﬁéﬂFE%ﬁf
a&f | ¥BbELP: £8YEYT BB veVRRY i 5e RS iR 6 on

denonstr at ed
exchange materials and ion exchange membranes. In

general "ion exchange materials" denotes solid (perhaps
highly porous) materials that, when brought into
contact with a liquid, cause ions in the liquid to be
interchanged with ions in the exchange material. "Ion
exchange membrane" or "ion selective membrane®
generally denotes a membrane porous to some ions,
perhaps containing ion exchange sites, and useful for
controlling the flow of ions across the membrane,

typically permitting the passage of some types of ions
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that both the coactivator, cyclin E, and the
i nhibitor, p27, of CDK2 are either over - or

waneensospy essed, respectively, in breast, col oPCT/US2008/004929

nonsmal | cell lung, gastric, prostate, bl adder,

non- Hodgki n' s | ynphorma, ovarian, and ot her cancers.
Their altered expression has been shown to correl ate
with increased CDK2 activity2levels and poor overal
survival. This observation nakes CDK2 and its

megduleatdrocKiatdhvatyisexonpeihi ggneaaget $ohoexchange
developnent years, a nunber of adenosine

BemATASIRSs S {AP)Y oL Ft FU8 SRAPFPSFGafifc Some

IS ahdella asopepthdss, héﬁs Q?%B b8 bRk %%é n
the literature as COK inhibitors for the potenti al

mxx%aagﬂnoﬁﬁthﬁuhmﬁb ligSidecdtBy97g, tbel iohs. Ilﬁe 23-
col line cription of th

SR e o Ther s Do S SPPoRERPERRES, BRcoush gaspange

afa teaficels AKX dibi 988 BeEwkBAWEwWOFN c@XaibRles;,
flavopiridol (Formula |I) is a nonselective CDK

i (¥ Q(ﬁ+kiﬁﬂd|%a%@@¢@ntfy)uHE@?@oﬁnélﬁ@ﬁénQHrnﬁnéalDC)

t e / 8)

f%' téggﬁf%%%ﬂ? 6?n%?M6§éC§%ng ﬁé%ﬂgﬁ%hlb grs o%gg%
EDksc timicd utiee 1d ana e Xlaapappl dedmincaneoptinvesel wmaetnalr, or
Eur. .J. Bioche (1994) 224, 771-786) and raoscqvitine
MY W jaPEted in gy 15tepnoERERT, ME )y 2&gtion

Felemifle ﬁéé%rfhﬂ§7(§95cgg§8ﬁ'ﬁgﬁeggéﬁé'@or short) can
pyrazol o[ 3, 4-b] pyridi ne conpounds as CDK i nhi bitors.

Ae MS%tW@tI@@O‘C@r@@@hdlffﬁbm t:hergeds 1patsentsui®és ashe

Far Formula Il _K,

2By s, Lot on P Hh, BiPsTrase SoARt Y
ammtvmtazthdﬁ@mrp@undmcafs oZDHg ) nhbhlst or &nlon exchange
Pyrazo| o yr|n1d|nes are known. For
Wﬁrl WB%?@atm5}55§98 SVBME/ 4@4?85 be used to

2 | e o.US
5 602 136 5. 6! éi%ﬁﬁgﬁ gq%%ﬁl@ 8%%&1 ﬁgscagto%gtsé%go

(nmnnaEMarmalimml am@n99©}h4?s928eplacwm@ tBeamwi th

7 2 296, J (1976 9 517, and Chem
iﬁ% Jé%?% n%lge%‘e Bygﬁana%‘c%lée Pxggle tons may
1y gk Ngsit&ahes pybhi G;at.:te@n&oqfeddlte@ est
are: WO 03/101993 (publ i shed Decenber 11, 2003), WO

B OYIEELY puBlE shell REGEABEE Bat2rig)ls AREADE saturated
1022390, {auhhishedobecsieel bnc2003)L, BielRiln. &

for new conpounds ormulations, treatnents and
therapies tloetieatidi seGnee ahdsdi satederislassod at ed
\gféhl égnt{ylgénggggggggg high-purity liquid flowing
past them may acquire trace amounts of contaminant ions
by "displacement effects." In conventional
deionization, the saturated (or exhausted) ion exchange
media must be chemically recharged or regenerated
periodically with a strong acid (for cation materials)
or a strong base (for anion materials). The process of
regenerating the ion exchange media with concentrated

solutions of strong acids or strong bases presents
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an object of this invention to provide conpounds
useful in the treatnent or prevention or anelioration

wo@R00s031579i seases and di sorders. Summary of thBCT/US2008/004929

Invention In its many enbodi nents, the present

i nvention provides a novel class of pyrazolo[1l

, 5-a] pyri m di ne conpounds as inhibitors of cyclin
dependent ki nases, nethods oB preparing such
conmpounds, pharmaceutical conpositions conprising one
@onmirdersalele compoundsme reshddsyof apdepasitegdisposal
phar maceuti cal formnul ati ons conprising one or nore
it ompounds, and net hods of treatnent, prevention,
inhibition or anelioration of one or nore

di seasesassoci ated with the CDKs using such conpounds
drO QdHalr mac etrncaiuceapesectondeipnionsiavpd€ED I he @

present ication discloses_a.cQ und

R Pt T hols (SRR T RaR 1 BT P2LG Po. Bieehapasy ¢
eRiotnd. s séhdl LoONPexBHanaei fgmbRangenebald stifreettur e
shown in Forrmula I1l1: Formula Il wherein: Ris H,

AuHenty| Keny | MABRRYn§ P, 28r FPaFRPL1ngPPSAVK @@jonize
aj]y(i% ac?&y{r}}?Cé{ﬁéé?akéyla@pﬁ%ata' kamyhak yltl’o chemically

eterocyc heterocycly al ky
hetgrroaryt al kiyé i@ncéxdhaggﬁ-mmdde of Th& ¢ continuous”

el oY LT ShRT HCaT KDI thal (ERak ighy pRAL Sk (e

e o2t Kyl f1@?&%@9YEEYEFF§ﬁ@thbe"c%@V Yo th® in a

unsubstituted or optionally substituted with one or
rASTEE Wl @es dBapneE hwbahebpTroRucsard awl ddilfsf dedmg  each

TS be! nacindependeatly sebected Luom Lhe Afhuous

NSl St ing o al ogen aryl,” Cyc
|Eﬁ1ﬂﬁﬁ®@tybﬁlkﬁil1€E3C€¢EF%1eeNIod@BSySiNR5R&O
- C(R4AR5 P RI, -N( R%%Boc - (CR4R5) POR5, - %¥
eé(egg)* 1@@5);}@? 5 ée 13@9 trgﬁf@ort gr@g -*/:1es of

éé%ff@@@ a5%55£8ﬁ€@X§7areN@85h§b@H%én&n%eparatlon
-N(R5)C(C»N R10; R2 is selected fromthe group

qomsametey. of H, RO, al kyl, al kenyl, al kynyl, CF3,

het erocycl yl , heterocyclylalkyl, halogen, hanaIkyI,
aryl, arylal kyl, heteroarylal kyl, al kynyl al kyl,

cyeb @ml kyl , thetreoaDy! apphkplt usubstidsitred e tiigl- 6. RO
gr oups whi ch can be the sane or different and are

| FRIRPIRHRARF y1SBF eBL 8 2t o O UGS {16 IR% SR e dw,

RSS!0V 280 Bhaladyd MR T MndbS 101,
i iepehdeniby sebbehge fagmrpikdnyin the composite bed
depletion chamber 105, anion depletion chamber 103 and
cation depletion chamber 107 are regenerated by water
splitting in the composite bed depletion chamber 105.
Hydronium produced from water splitting migrates
towards the cathode passing though the cation exchange
membrane 106 of the composite bed depletion

chamber 105, into the cation depletion chamber 107 and
ultimately into the cathode chamber 109. Similarly,

hydroxide produced from water splitting migrates

towards the anode passing though the anion exchange



pyridyl, thiophenyl, furanyl and thiazolo groups, aryl

fused with an aryl or heteroaryl group, heteroaryl
wGaastasee ed with 1-3 aryl or heteroaryl groupBCTIEIN8/004929

can be the sane or different and are independently

sel ected from phenyl, pyridyl, thiophenyl, furanyl and

t hi azol o groups, heteroaryl fused wth an aryl or

l-(CH2)m N N-R 8 heteroaryl4group, V' (CH)p N-R 8 |

aryl NNR8 VNR 8 f and wherein one or nore of the

aeybramdy dr0doref athermre@mpdsibe befledepigkibn t he

above- not definitions for n_be unsubstit d or
SUBTGIR 15 A bet T4 K180 R 0B bPE HOPoCROTBEF ed VPO
cAR iR NS, Sa® arndidhsaentna®Beh Mphety being

i ndependently sel ected fromthe group consisting of

FalesgapchetN caldns, pr@izscedg(lmymlums( @RiNRSREesUltS
-NRBRE, - QAR 5 CF3, _al kyl and. QCE3;, R3 is
R BT s ahs e afole. SRiaRins
eN@ﬁ%&onéﬂﬁialﬁﬁ%iasCK&H%&ﬁ@E@)andabbntamah&hﬁybnions

cycl oal kyl , aryl, Ialg% het erocycl yl ,
H@ﬁé@&@d{%%% a%@%r @weéndsh@ﬂéﬁéé\w al kyl ,

d%@?{}f ﬁfé §Yhyat¥ghaal Kyhi & Ylesu1
terocy ?ug%eterocycby?alkyﬁc eﬁgpbgfyl
ahmmh@mawnﬂqueﬂi@m éﬁrw&ﬁeandttbheheaehodﬁclmblntalns
etles ose struct are sho i medi at el y above
R LAS0 Ut | PUTER oPRoBPRoRaT g inant 23%{5ns
mn@ﬁﬁﬁﬂﬂ%&hkytﬁﬂ@séétﬂéﬁé $hiRbeRE ONnMPhe BRekR%s
whi ch can be the sane or different, each nbiety being

iiAdaysirriind i B3t ell, f Fom ERredgratigrcoasiiaeissy st be

0
bl R "Bet s 1alPe B erorR:
ﬂﬂise(ﬁﬁéd&bfﬁﬁtleﬁﬂﬁf cSL R M6 as- SeOR)YNRSRG,rbonate
-N(R 5) S(Q2 R5 - N( RS RAR5) nN( R5R6
S0 SRS ARG T PHOTFrOGPSBa¥nSENG oA FIe
adi e éﬂhﬁbé&t&9@§ﬂnétaﬂ1QHcéeagke&%CH%VWcéW ng
carries a - ORS noiety; R4 is H, halo or alkyl; R5 is

Resddbancargn  ameirevaage, iar ghel bleCkmfe@)‘B@llr@al kyl

o0 ok el A0 5 SL0UR, CBIBRLDD 8 o B

capﬁamd&wé. Iwefmwﬁ:hg‘l thbeteeéatwi)él alilgle, first
heteroaryl and heteroaryl al kyl, wherein each_of said

AGAuarsie an9tal W@mbeycfia@ kjen férergdyshp cathode

chamber, the hardness problem may be reduced since the
anode electrode rinse is slightly acidic and thus will
help minimize precipitation of calcium carbonate and
magnesium hydroxide. Still, feed water with hardness
above several ppm (as CaC0O;) can cause problems in the
apparatus. Another potential problem with this
apparatus can occur in the anode chamber. Common
anions such as chloride and nitrate can be oxidized in
the anode chamber to form electrochemically active
species {(Cl0, and NO,, respectively). These

electrochemically active species can damage the ion
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het erocycl yl al kyl, heteroaryl, and heteroaryl al kyl can
be unsubstituted or optionally substituted with one or

wWoes/1807et i es whi ch can be the sane or differkCE/PSEagN4929

noi ety bei ng i ndependently sel ected fromthe group

consi sting of hal ogen, alkyl, aryl, cycloal kyl,

het erocycl yl al kyl, CF3, OCF3, CN, -OR5, -NR 5R10 ,

- C(R4R5) p-R9, -N(R5)Boc, -(CR 4R5)POR5, -C(2)R5,

C(O)R5 -C(ONR 5R10 , -S@BH, -SR10 , -S(X)R7,

ABRrIgRE RIdC e r :aN( REﬂS\‘.l@) Eﬁode NERBINGED) Résadding in
R5 ( s selected fromthe group
%ﬁ éa;iﬁéﬁ$1@ﬁk?g theyFDIofDPEFRYES -cycl oal kyl |
het erocycl yl, heterocyclyl al kyl, heteroaryl, and

heteroarylalkyl, wherein each of said aIkyI, aryl,
dl@ﬂ%ﬁ]kyl "Jaiwﬁoatth@re het ernegdl §br an EDI apparatus

t.e alk teroaryl d heteroar | kyl can
igeiepelal ol chelerganl.oardieLergaryl gyl cor
ralree- i dd | BsuWng ogaprbeipheasash ofr diefbgkerib, t@chon

noi ety bei ng i ndependent|ly selected fromthe rou%
@?@}aﬁ%gﬂ@fem%eﬂf BhRyelegEypdecyempariyent by

I:é%( R4%%%%%?é = Nj(}ﬁes% %éﬁ%gﬁéuc N%% %’delzers

WKﬂldW%aﬁﬁtalﬁiﬁgFééme SOB4] 1- SRS;heS@G&hREages of

TS R OF Lot F BP9 L CF J ORSCRAARES i n t he

nnlety -NR 5R10, or (ii) R5 and R6 in the noiety -NR
5R6, may be joined together to forma cycloal kyl or
iﬁﬁQﬁ%kyclyﬁlﬂnlbtylluﬁthaéaéha@fEQélép@?@ﬁéwﬁkﬁmadrmay

el §1 o8y C%%L ’“% Séi‘a?e%{lgpgggubi&qilgheﬂe%n%‘a't‘l%%g' Y The

I ndependen el Ng Su one or
gnnumsatiﬁ ¢@m§ﬁi§e£edhféennbhedgpmunlonn&hmmbaisﬁ 103,

| k C cIoaIk ryl, arylal kenyl, heteroar
0b
grQﬁy al¥§ %f‘es%rﬁaf:kypdehgbémasrﬂ'a| Reny 1 0%and
het sy f&%@éY${yF8§£eiBneéﬁﬁhQBg%ah@mﬁkbﬁbs ,cx@hoalikwl ,

het'er oaryl al aryl, heteroaryl and aryl al kyl can be
urndubsand ut @3- orTopsi onafliguradépendéhelry smpmqvm ed

th one or nore t i ch ca be .t.h
e ot e O o FERBBLEL LR PIY' RS ARGl 130 01
foenp 1 el gy oop €O886I sbrngppfllbalt@@ﬁ@ wailde thay yl,
cl oal kyl, CF3, OCF3, CN, -NR5R10, - CH2ORS5,
%ﬁ@}@tl@qmmemene( @FRﬁeiESR}Ge - S0 SRIG

a%% Eote) NR5R10 A 4 Qf%%?ﬂ%ryg%qu”e the

(Rxna@stn@eofeﬁﬁvalCﬁﬁ an¢bﬁ$NR5Rtetloﬁ$C2ﬁNR5Rhl both.
ﬁﬁ#gFis the caséan many fcgm of C 5 1%% eroc é@é
where a specific element or ion or a group of elements
or ions are of interest. For example, in ion
chromatography, either anions or cations are typically
analyzed using different chemistries. For anion
analysis by ion chromatography, the water used to
prepare eluent or dilute samples or standards should be
free of all anions as any anion in the water will
likely manifest itself and either affect calibration

(non-zero intercept) or compromise detection by
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-S(O2)R7; RO is selected fromthe group consisting of
hal ogen, -CN, -NR5R10, -SCN, -N®2, -C(OR 5, -C(2)Rs,

WO BOOIMRTER10, - OR6, -SR6, -S(O2)R7, - S(02) NRSRIDUS2008/004929

-N(R5) S(R) R7, -N(R5)C(O) R7and -N(R 5) C(O'NR5R10 ; m

iIs o 4, nis 1to4; and pis 1to 4, wth the
provi so that when R2 is phenyl, R3 is not alkyl,

al kynyl or hal ogen, and 5 (CPRS)n NR5R8 that when Ris
aryl, Ris not ? , and with the further proviso that
vilterr R d inqarhyd at ydyund heondayt het eyoar 9k heub eixiatpdets

on the aryl_of_said ar%lalkél gontains at Iea%t t hree
W&%Fﬂ&tfkﬁfrsf.e%ew%%o AYECBF EBFRUFACT FPESAIBE 1ons
usef Wi B Othdn ki 8Ase 0hibint 8ha13Rdreanrbenesefhidlte
in the treatment and prevention of proliferative
dinsdaszsy s fag ewaher bly caneér toi mphamput héghapyrity
arthriti They S e ef in_t treatment of
e oo cs wie wrabilalielZh RrohBrilfirY FRLMEertar
Giay dilaasghe af esldl SEAs€8, hilkr abndeaeaaes oasd ofurgal

di seases. Detail ed Description In one enbodi nent, the
FrEsleffte (v et | O /P_E| bReslpypasorepeibde levels,
a&y&}’irdamf% MG Upllgér‘é"hb&?-ﬁ'h&sm e%‘f”b‘@@ by
structural Formila I, of a pharnaceutically
aqeeptgixe-tsal 1l oon kol vairceheasgf pfwhbesien anlad yzers are

vari ous jeties are as described above. .l n _anather

ST S 1 [CORY CRRBYR. AROL Y518 CrRbin tRefarddmALe tO
HEHR D) doei @ioas Y n{yht h paird rheterearyvak@im@ource
substituted with an additional, sane or different,

Heeridae yanalyrerR GYArAetérocyBRYR ANt Rosgogmercially
' I . . . >

A S NPl RPILEL L RS o0l i race

anottheanehpoicaknins RPumenhal agansupbbly ENed owsgier with

al kyl , Ky] substituted with - , .al kynyl, aryl,,
Rt Lov Hoobr OEyCRPE. LPHeRo PRSI B R 1L oS -
ithdhetOMEl Bhkyb, 187 Y| neb@t e¢bRaRYLimg @, 0RlJeeffective
- NR5R6, wherein said al kyl, aryl, heteroaryl,

BRI aprarating thet hearr beydeybtets ot ar epecific

purpose.

[0008] SUMMARY OF THE INVENTION

[0009] Accordingly and advantageously the present
invention discloses methods and apparatuses that may
address one or more of the issues discussed above. In
some embodiments of the present invention, a composite
bed concentrate chamber is used to collect and remove
the contaminant ions from the liquid. The contaminant
ions are hindered from entering the electrode chamber,
thus reducing the electrode fouling associated with

conventional EDI apparatuses.
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shown i mmedi ately above for R3 are optionally
substituted with one or nore noieties which can be the

waa0ve/180579di f f erent, each noi ety bei ng i ndependeait/U§2008/004929

selected fromthe group consisting of hal ogen, CF3,
OCF3, lower alkyl, CN, -C(OR5, -S(Q2)R5, -C(=NH)-NH
2, -C(=CN)-NH 2 > hydroxyal kyl, al koxycar bonyl , - SR5,
and OR5, with the proviso thdt no carbon adjacent to a
nitrogen atomon a heterocyclyl ring carries a -OR5
N0 @Etyl | n Bmo¢hhereembddmmehtsRéfishH ordsever al kyl .

I n anot her nt, R5 is H__lower alky

e or
I THHISA ﬁ‘i € aHOR hEKCBABERI RERECIRTCY P& SPETHSF SN
adei LN BEROGEABBL s BohsexEﬁHBékan%@rlalguﬂgy be
S)n-heteroaryl. I'n an additional enbodi nent,
hetrdefared GFBthObhelbaeefatsybf ahlay\bﬂrs o aiJaders

b d.w | di
RS Ol Kongr Br B PR AR aaTrog reverials

ewep toaide R3qhsdsl wheneteahkybw 2bvlcentierdichssaid
aIkyI aryl and the heterocycl@gp noi eti es shown

|¢ﬁﬁﬁﬁ@&@ﬁ%tab%%% f ofNRICHEe eBPPPsAGNLy Sfbdhia xapent

r e; a
dTPEtet LR UIPLEELES, Mat iR ot iR SR ay e
frommdherge oup cbhbasapbpilhgdotlealkaden fi6ld. | awersome

al kyl , . hydroxyal kyl , al kox ?2).R5, and CN. In an
U bl pEeRat s iAVERELAR  adhd AitarEace
aofb &8N ¢ § BBeh & tla @EEy{naPzﬁlb@ pRkeYle1 BlRUtadp1ied

cycl opentyl or cycl o exyl an addi tiona

epbeeinent £i@Bdi s al kyl or hydroxyal kyl. In an

addi tional enmbodinment, nis 1. In an additiona

enbodinment, pis 1 or 2. In another enbodinent, Ris

H o011 anot hehesgbadineaherRAdvanitalegerd mdihel in

enbodi nent, R2 is thiophene, furan, pyridineg,

;ﬁﬁ%&%@%ﬂcﬁlW&FFhFBeoPr§?§PFhP€VeWﬁéP@|§%ﬁﬂﬂ$Qﬁ1Qﬁﬁcﬂn

ddkyli andeapgyl of R2 can independently be

unsubstituted or substituted as defined above. In

anot her enbodi nent, R2 i's thiophene, furan, pyridine
zol e an, am de

mL?@%ﬁﬁan pRR s ml defi ned

above. | n anot her enbodlnent R2 is an urea, which nmay

be unsubstituted or . .
[0013] To facilitate understanding, identical

reference numerals have been used, where possible, to
designate identical elements that are common to the
figures. The drawings are not to scale and the
relative dimensions of various elements in the drawings

are depicted schematically and not to scale.

[0014] In the configurations disclosed below, liquid
streams flow through the electrode chambers and
“concentrate” chambers. In the following
configurations, the electrode chambers may act as
concentrate chambers or as a source of hydronium and

hydroxide ions for regeneration of the ion exchange
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substituted as defi ned above- |In another enbodi nent,
R2 is an al kenyl. In another enbodinent, R2 is an

w@bkdogngdsz7o | n anot her enbodi ment, R3 is - NR5R6. PCTIUS2008/004929

anot her enbodinment, R4 is H |In another enbodi nent, R4
is unsubstituted | ower alkyl. In another enbodi nent,
R4 is alkyl substituted with -OR6. | n another

enbodi ment, R4 is halo. In afother enbodinent, R4 is
-F, -d or -Br. In another enbodi nment, both R2 and R4
&g ehdladgen. As1ennnémﬂr&néodhamhérsbotbnEﬁmanan4i@ms

halo and R i H. In another e nt, Ris. H.R2is
ﬁ?ﬁb%ﬁﬁ?WQ?ﬁiytﬂﬂ%ﬁ%&ﬁy+nt?nt ﬁo? BFLERBEJFREAPEIR i s

Hurfded $haland 58 &ﬁea&ﬂéllé@ éﬂ@&ﬁ%iceﬁﬁgﬂaﬁeﬁhd Ray
is H R2is halo and R3 is heterocyclyl. Another

&ebaineemd dizoh oses e]n@Ctm@at q:h@mbenpbunds lsh{@m |frlow

Tabl e 1, i ch_.exhi bi |to activit
LSt oo e el 248 e iiibek MR SEYLBSRE MRl OT
dsgrirdaad, lisd edu{écf@éﬂip@@aﬂ3§6eonv\@bﬁls§um§abbaty of the
111NOVEL "PYRAZOLOPYRI M DI NES AS CYCLI N DEPENDENT

RIS ISNH) BT (RS ¢ 6P de of hemeeT nt éREPoR EYRETMSr 88t
'&%%E@'@%&ép Pyﬁéé%ELéamé QLEVEU@ thgglu.ch as

conpoun use rotern kinase in Irtors
for exanple, the |nh|b|tors of the cyclin-dependent

é: s, mto lvated ES éeln ki nase, %NAPK/ERK)
PRdn oy R HR 1 AeES 3P BokBPEFSERY EHYSPITRER: may
plarfEceUty GahdELSPOSH  bPNEckeNEak thad thRe reaMRAUREs .
and net hods of treatnent using the conpounds and

ceiposiad oipsenintbar Hilseasaynstthnayithoithexanyl e,
f art hr .viral diseases,
Koachion! cpege‘\;r:ler@tlve dl[11 2 m Mlké a '

neur o eases suc s Al zheiner's

di sease, cardi ovascul ar di seases, and fungal diseases.
Back ound of the |nvention Protein kinase inhibitors

i i ki Fas@s Luth asSchePabxanpFBr eBREtANHE Odr & EDI
Aort K daggighdependent ki nases (CDKs), m togen
activated protein

[0017] FIG. 2 is a schematic representation of an
EDI configuration of one embodiment of the present

invention.

[0018] FIG. 3 is a schematic representation of an
EDI configuration of one embodiment of the present

invention.

[0019] FIG. 4A and FIG. 4B are schematic
representations of EDI configurations of embodiments of

the present invention.

{00201 FIG. 5A and FIG. 5B are schematic
representations of EDI configurations of embodiments of

the present invention.
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ki nase (MAPK/ ERK), gl ycogen synt hase ki nase 3
(GSK3beta), and the like. Protein kinase inhibitors

wae@sdasey i bed, for exanple, by M Hale et al PeI/US2008/004929

W002/ 2261 0 A 1 and by Y. Mettey et al in J. Med.
Chem, (2003) 46 222-236. The cyclin-dependent ki nases
are serlne/threonlne protei n ki nases, which are the
driving force behind the cel? cycle and cel
proliferation. Individual CDK s, such as, CDKl , CDK2,
CDK3, CDK4, CDK5, CDK6 and CDK7, CDK8 and the Iike
performdistinct roles in cell.cycle progression

7 Sppsed

dB0%d cl adsiFi B B3 Bi THRPMeLic & f\?laﬁﬁﬁge

Y RS £ 4\ 1ok 166 Hhol éﬁ@é@lﬂneﬁtl srachal b%%'én‘%f
cancer cel and m sregul ation of CDK function occurs

Wnﬂeﬂﬁkgnirequency in many inportant solid tunors.
CDK2 and CDK4 are of particular interest because their
activities are frequently msregulated in a w de
Vargxtly of garan cagcer sch&Keiactepirb¥ehsatedui o&Fd an
for progreSS|on through G1 to_the S phase of the cel
c%m EOTHHP IR 9 heCB® ERROREPEBENBENERES PEESERE G
[ nt. Checkpoints serve to maintain the proper
sequence of cell cycle events and allow the cell to
respond to insults or to proliferative signals, while

t he ss of oper. checkpoi nt control in cancer cells
AT e B TS GenseReRathg ERIesAF Ay On OF an
'Hﬂﬁl&ﬁﬁ%¥gﬁﬂ&@%ﬂ@”§§'énétekﬁédhﬁéﬁk ef twPbresent
suppressor function (e.g. p52, RB,and p27) and
otRyEHo™ct i vation (cyclin E). Many reports have
denonstrated that both the coactivator, cyclin E, and
the inhibitor, p27, of CDK2 are either over - or

uraEr £X pr eszsm:i 9 ebpeat syrepatin bepaskentaltddn of an
nonsmal | _cell |un astric, prostate, bl adder,

Mo et HOReORBVEIPaAINERE Sfh&he: RFEsEt
'@K%én@h&ﬁfed expressi on has been shown to correlate
With increased CDK2 activity |levels and poor overal
survival. This observation nakes CDK2 and its

my h S; cmmel targ ets faor . the

d@%g#ggnent a?@y n%n%g gta end ?rﬁgentatlon of an
Ept rctdm@ﬁgmlaéeléﬁw&i 6napeinbbiyRedfblf @hgapresent
nol ecul es as well as peptides have been reported in
tHE§1 %t ure as CDK inhibitors for the potenti al
treatnment of cancers. U S. 6,413,974, col. 1, line 23-
col. 15, line 10 offers a good description of the
VEFi2ak CDKBIGNndlt hesrar ethemenshi pepare\ssmwmsldrypﬁs an

A BT LB FPRUP B, P51 EnEoRBREBIFcOt JBocR =cent

it dnthat is currently undergoi ng human clini cal
trials, A M Sanderowicz et al, J. din. Oncol. (
1998) .16, 2986-2999. Formula |

[0027] FIG. 12 is a schematic representation of an
EDI configuration of one embodiment of the present

invention.

[0028] FIG. 13 is a schematic representation of an
EDI configuration of one embodiment of the present

invention.
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O her known inhibitors of the CDKs include, for
exanpl e, ol onoucine (J. Vesely et al, Eur. J.

w®e@shansry (1994) 224, 771-786) and roscoviti neCT/US2008/004929

Meijer et al, Eur. J. Biochem, (1997) 243, 527-536).
U S. 6,107, 305 describes certain pyrazol of 3, 4- b]
pyri di ne conmpounds as CDK inhibitors. An illustrative
compound fromthe ' 305 patertO has the Formul a
I1:Formula Il K S. Kimet al, J. Med. Chem 45 (2002)
3905- 3927 and WO 02/10162 disclose certain

ounds as_ CDK inhibitors

t.hi azqgl e, ca
APOZ3 opy I i b i SrBRHRTHOr T EREABRBtation of an
WER2/ L35, MEO25 Q0F Yon MO8 38 2980 £ VOR2£ #8485 esent
EP94304104. 6, EP0628559 (equivalent to US Patents
Bn&ﬁatmyﬁ- 5,602,137 and 5,571 ,813), U S. 6, 383, 790,
Chem Pharm Bull., (1999) 47 928, J. Med. Chem,
(1977) 20, 296, J. Med. Chem, (1976) 19 517 and Chem
Rivasm) Bul IE1G ( 19%52)s 10 $2Redasttosepyaseadation of an
é&ggzolf%yrln1dlnes Ot her publications of interest
FURo (phibPRe hedepateaBEr of1theopsesend
J%?g% (published November 6, 2003), and DE
102239 publ i shed Decenber 11, 2003). There is a
need for new conpounds, fornulations, treatnents and

ies t re di seases and, di sor der s assqci at ed
W e 'Whe] o8 fRrarorkenant Gof bt SopnERTgon of a
e M rn 0 PF Db def conposmesaumehtl ofnthie p&@%@l@ nt
or prevention or anelioration of such diseases and

dinssrdarant . Summary of the Invention In its many
enbodi nents, the present invention provides a novel
cl ass of pyrazolo[l , 5-a] pyri m di ne conpounds as
i3It or s ETAYCED NDESPRDHENONKORATHE, INWENTE®NOf
prepari ng such conpounds, pharnmaceutical compositions
conprising one or nore such conpounds, methods of
PrRPA ] Ny plskrecestisat fpamubathoesoaanprising one
or nore such conpounds, and nethods of treatnent,
prevention, inhibition or anelloratlon of one or nore
i esass@ciated - with th S|n h ¢
g: r macel |c% P%%%%% rSVl? lSﬁ é gfglpﬁelons
r@rﬁeiﬁecﬂrlpét@att on di scI oses a corrpound or
pharmaceutically acceptable salts or solvates of said
conmpound, sai d conpound having the general structure

sty N Fopal @ohtdvi R BH! @pbkl - electrodeionization:

[0036] The abbreviation “CEDI” = continuous

electrodeionization;

[0037] The abbreviation “IC” = ion chromatography;
[0038] The abbreviation “AM” = anion exchange
membrane;

[0039] The abbreviation “CM” = cation exchange

membrane;
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wherein: Ris H, alkyl, alkenyl, alkynyl, arylalkyl,
aryl al kenyl , cycl oal kyl, cycl oal kyl al kyl ,

wa@bdoengdszd kyl , al kynyl al kyl , het erocyclyi, PCT/US2008/004929

het erocycl yl al kyl , heteroaryl al kyl (including N oxide
of said heteroaryl), -(CHR 5 n-aryl, -(CHR5)nN-
heteroaryl, wherein each of said al kyl, alkenyl,

al kynyl, aryl, cycloal kyl, Héterocyclyi, and

het eroaryl can be unsubstituted or optionally
substituted with one or nore noieties which can be the

sane aor different, each npi ety being independently
8¢ ed f rdiR tHRFYr &Rpﬂg‘ﬁ‘gi é}?ﬁbrgF Eé? genlsal kyl
Ander RIPAIMe thed ePEYELVEAEKYL g EF35106F 3 ofNa
-OR5, -NR5R10 , -C(R4R5)P-R9, -N(R5)Boc, -(CR4R5)pOR5,
VOLOR)IRS ,apr(IQR I tweiD) NRe 5R10¢e - S@dHEheSRatbode
-S(R)R7,, - JNRSRIO ., -N(R5) S(R2)R7, -N(R5)C(OR 7
éf’r}f?%zll{i( ﬁé}%(%%@%’bawﬁz is selected fromthe group
consi sting of R9, alkyl, alkenyl, alkynyl, CF3,

het erocyclyi, heterocyclyl al kyl, hal ogen, hal oal kyl ,
di0A41]ar y| ik \HIGhet broat§i aF%?I angfiry fREPRY| has been
auflaaldds Meleioaryy gLiyl oubstituted with 16 Ro

groups whi ch can e sane of different and are
i ndependently selected fromthe |ist of RIshown bel ow,

ryl substituted with 1-3 ar or heteroaryl . groups
aﬂﬁ%ﬁﬁcan be! theSa 6r§@if¥%?eﬁ?t§ﬁ§eaFégmb%r W33 been
ngepeden | eselsgd edebroprehenyl, pyridyl,

t hi ophenyl, furanyl and thiazolo groups, aryl fused
with an aryl or heteroaryl group, heteroaryl

%&yftute | t - 3. £ _he ryl, gro .\Whi
canﬁé thquﬁ%én%%ndisééigg ognéﬁé§§e¥nd25e§%§ﬁgg§F%S a
staatiead fhmoughentyl ch pyhedprodtbophenyld, sfueany |f lamnsd

t hi azol o groups,. heteroaryl fused with an aryl ar

[t BRISe Rouple ahteRPePEi RNENBTEBFCREre &f SR S4ripn

e PN P HdOf £1 PEat NerREbRECBEYE hBmbB@neous volume
above-noted definitions for R2 can be unsubstituted or

oyt iagriain yexcirndge unetdewiah, ope er homogemsiostsi o lwhriec o £

c%gk.benth}g sgrgeeorﬁadi ffe;ent each i ety bei [1]1%
iTerdhder I S R eH FrontE né 8%5%% coNsiITG G <Gt
hdtegeinl - @Y a @Sped SBhionSeLRhREge fa@NBIR6 or a
-NR5R6, -C(O NR5R6, CF3, alkyl, aryl and OCF3; R3 is
SR]Y P F Y PRENYRBAPIRERST &L n§TofMaM, DRalcog@F ised of

'¢ﬂ§¥¥%if(3§’va§i@us'%%f9%$ﬁhﬁ E ma%%?&%&sqlkynyl’
cycloal kyl, aryl, arylalkyl, heterocyclyl,

het er ocycl yl al kyl, heteroaryl and heteroaryl al kyl,

[0044] The abbreviation “LDC” = layered depletion
chamber is a specific type of “depletion chamber” and
is defined as a chamber that comprises “layers” of
various ion exchange materials wherein the liquid to be
processed flows through the layers in a sequential

manner.

[0045] The term “concentrate chamber” is defined as
a chamber wherein the product liquid stream does not

flow. Typical examples of a concentrate chamber
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(R8)n- / and (R8 ) wherein each of said al kyl,
cycl oal kyl, aryl, arylal kyl, heterocyclyl,

whedwsnasyr! yl al kyl , heteroaryl and het eroaryl aP&yiUS$008/004929

R3 and the heterocyclyl novieties whose structures are
shown i mmedi atel y above for R3 can be unsubstituted or
optionally independently substituted with one or nore
noi eti es which can be the sdme or different, each

noi ety bei ng i ndependently sel ected fron1the group
dmmiuﬂﬁrﬁp(ﬁleaﬂxmﬂﬂlCQ¢Mber deytheryghodkkyplr, cGEBpde) ,

c%%R4Rq%E§€5 iﬁéﬁg%ﬁﬁNR5§g%mbgCR%E5égN§5R6
'aa( %5% £ R S &2 dmbe N R C6 O RFa8BE therefrom

-N(R5)C(CbNR 5R6, with the proviso that no carbon
&Y agenon @@hﬁw%g@@m@rwbn arhat epbbgdigl cpnggntrate

A gﬁg]gg e [ 0 Ik
ﬁ% gkfﬁi% ar or cy% 53 3I§dggcggtsgﬁegﬁed¥%Fgﬁlthe
@mambexnandHSQEaxﬁtéﬂatkgfefabhehylanaﬁyh eatybalgeyl| ,
aryl al kenyl, cycl oal k het er oc

|y 1 kc‘w CO%%%FB%F% cha%ﬁeﬁeﬁwhsaewawm

whsl @it each Hamidbd kkybe é&theﬁEykélgﬁlelectrode
cycl oal kyl, heterocyclyl, heterocyclyl al kyl

hﬁﬁm&maﬂylammnprmﬁhﬁnarylaypyta&an benuﬁsmbsemb@ﬁaments

tlonaII substituted eties
\ﬂﬂfl chicdn eos het %‘é%tjo?ndwﬁlgrsﬁg?cg 8@% géo)? “Sei ng
| rdependemdde sef ecdeflofiepm bhe gpeupicessi shichg ioh
halogen al kyl, aryl, cycloal kyl, heterocyclyl al kyl
G hoge mageriaRs, ANRGRESNLIErRARBYIRST MRYRDEBSE11ed

iR %‘5):@@5; 97%%%@%@(@ BétlﬁﬁR%gﬁa%Béomate?%H’

-axi( RB)CE(;@)d??amndn &k EHAAHE) MREBRIAL;, BRitOai slopeldected on
fromth ou sisting of H alkyl, aryl,

rpiﬂ q“% %’f fkyl , heterocycl yl,
heterocyclylalkyl heteroaryl, and heteroaryl al kyl,
wherei n each of sald al kyl, aryI aryl al kyl ,
A4Sl Kyl TheteeBry dnykedhipar esgbRposl Rgterial” is
*Efé]@frPéd YA 5'191)'9 @P{eogfyéﬁkgﬁ' aﬁé”cQ%lBHS%%H y& ed
or opti onal 'y subs or ore noie
\Mauﬁrxaﬂskmhéfmuﬁaﬁheoanﬂbﬁfekehbngeambt@mneuylhelng

i ndependent | y_sel ect ed m t he oup consi stin of
ﬁﬁ%ﬁf&rﬁﬁg}%yﬁora?wu c9e%oaﬁk§h hetelodpd Pr&
Q%%aé§§§3aﬂadthér§at15ﬁméﬁchange material is

responsible for about 50% of the total ion exchange

capacity. The term “mixed ion exchange material” also
refers to a chamber that contains a mixture of anion
and cation exchange materials wherein the anion
exchange material is responsible for a range of about
40% to about 60% of the total ion exchange capacity and
the cation exchange material is responsible for the
balance of the total ion exchange capacity. This
definition is meant to be consistent with the
conventional understanding of a “mixed bed” as

containing a 50/50 mixture of anion/cation ion exchange
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- C(R4R5) p- R9, - N(R5)Boc, - (CR4R5) POR5, - C((R) R5,
(O NR 4R5, -C(OR5, -SMBH, -SR5, -S(R)R7,

WO (082308 R5, - N(R5) S(O2) R7, -N(R5) C(O R 7 andPCT/US2008/004929

-N(R5) C(O NR 4R5; or optionally (i) R5 and R10 in the
noiety -NR 5R10 , or (ii) R5 and R6 in the nmoiety -NR
5R6, may be joined together to forma cycloal kyl or

het erocyclyl noiety, with edéh of said cycloal kyl or

het er ocycl yl noi ety being unsubstituted or optionally
mateperdentdsy vl hogas ussmall edangeh oppioaligr érBB ~40%

R7 el ect f th t f
HoyE0 e T SR, OBrbhe) RBAGP mREEGFBary !,

aryl al kyl , heteroarylalkyl het er oaryl al kenyl ,
andheterocyclyl wherein each of said al kyl,
dyod14oEl kyl Thﬂataécpl@mvi@tkgn “ACY[l, =hanedasar yzpn@@@trate

ERbainih Sn <t IREh dpch SheCBRtRaRe Khrmpex,

Wi jedrdran e tIHD@ &ed@®e oandl éépaeatedea@bmrmhet wnpgien Gy
i ndependently selected fromthe group consi sti ng of

1 dgﬁfh exghange dpgibrayet oalTReI ACEFBaYOEPBLagh & ORS,

O
HiR B Mhe o e L0 o R AR5 GO B &
rN(nR@)éi(@)ﬁOvcahntne !\I()R_5¢é:(:0)>NR§R¢DangR8mla$ecalaéct et a
f r.c;%rgﬁj he gr ou g&}g%{zggéir\ﬁ%{b - O§6§e_ig Og.NRSRlObl521 nge
hef s 0] Yo @r@ol?&éQ:a);an Bgchangél ﬁ@tt%&lfarlom trﬂms is
group consi sting of hal ogen, -CN, -NR5R10, -C(2)R6

YR OvheORED.  LIBREPTOSuCE) mqulg( SEYRRERUPES not
é\i(g?‘;) S(R)R7, -N(R5) C(O R7and -N(R 5) C(O) NR5R10; mis
04, nis 1tod4; and pis 1to 4, with the proviso
that when R2 is phenyl, R3 is not aIkyI al kynyl or
hal ogen, and that when R 2 is
WG fUFeReRF By a6 0at Chivn-ROPS TERIca g Contrate

thetsey el &hopE Yhesyhehl huent cBnche rafid Hlaniiid
aryl al kyl contains at |east three heteroatons. The

coipaceris oé Foenobbhpfe ead beraseftgld 4 opr dihe rathode

-QQQE 1gglgkéﬁéﬁge membrane. The CCC may contain a

homogeneous volume of anion exchange material, or a
homogeneous volume of cation exchange material, or a
mixed ion exchange material, or a doped anion exchange
material, or a doped cation exchange material. This is
a chamber wherein the product liquid stream does not

flow.

[0049] The abbreviation “ADC” = anion depletion
chamber is defined as a chamber that typically includes
therein a homogeneous volume of anion exchange
material. These chambers have been labeled as “anion

bed” in the legend of FIGs. 1-16 for brevity.
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and can be useful in the treatnent and prevention of
proliferative di seases, for exanple, cancer

WO pdoBasnsed i on and arthritis. They may al so be BSEUS1008/604929

the treatnment of neurodegenerative di seases such
Al zhei ner' s di sease, cardi ovascul ar di seases, vira

di seases and fungal diseases. Detailed Description In
one enbodi nent, the present lidwvention discl oses
pyrazol o[ 1 ,5- a]pyrimdine conpounds which are
ri@predslent edrtoy sttt ivial oror@nCa 1 tatdpnadepletion

phar ceutlc ceptable salt oy solvate ereo

e Geatndl 50 arrietirs Shafob¥Piced bosirdes

Qﬂﬁﬁﬂﬁﬁl%FQdeE%Heoﬁg'@ol&ﬁ@RéfnCQEYBn e&@HBn e
S)n-heteroaryl, -(CHR 5)n-heteroaryl (wth sai

rettearo gy tﬂ&ner@e stibamhens cdaviet hean adbelednals, “sard on
|ffer het er oary ( tero clyl
%vvld{jh Shi %e]tee?%%@c?élﬁ%%?hg% S Of:ug) d Wi th an

additional, same or different, heterocyclyl), or In
anot her enbodlnent R2 is halo en, CF3, CN, | ower
4108317 al kyThe RTevit 281 aRt hCEERE, =aFRyRPE1 tar ped

r cyc y t .
AR L eHEhSE AT YA bonp B 200 BEl ERRetyTrake RO
dmaﬁﬂhr\nmyebelSalhedIWyth armhxeﬂeuenoaxyhange

cIoaI and the heterocycl structures

P ae e Sl el el RhhE o Eaiedit fred

fﬂédﬁéhﬁﬁoﬁﬁﬁﬁbﬁ@héélﬁété@hém can be the sane or
ferent, each noiety being i ndependently sel ected

fron1the group consi sting of hal ogen, CF3, OCF3, | ower

) e AR PR T oo RGBT bor o o

(2 255 d%ﬂdéﬁ&fawéOdhambéhalsndeﬁahbdnaadkh@embMDmgite bed
nitrogen atomon a heterocyclyl r|ng carries a -

FARASP LI AnRHRPCEnBYdRABAT, tRALPE ANGAS GREY sgganated
| FARET 2850 A eRh, 1 BR é§cﬂanb@wﬁtem®&%w Of The ion

cycl oal kyl . I n anot her enbodi nent, nis 2. In an
aifthangea | nembozineenay Rei sn- eEHRS) A- é?MyI Th(eCHRBCC

5 et eroar vyl ddi onal odlnent

R R e T B ARy ma R P ek

Sruatlﬁéﬁiall £dom & hdoPR8. ahmoaneadﬂahg@nmbt@m@m Myt ,a R2

is lower alkyl, alkynyl or Br. In an additiona
rﬁ#ﬁlomﬁﬁ¥§hﬁpgﬁoméFe5FE}l aryl, wherein said

al kyl, aryl and the heterocyclyl noieties shown

innediately above

[0053] The abbreviation “CCBCC” = cathodic composite

bed concentrate chamber is defined as the composite bed
concentrate chamber adjacent to the cathode and
separated from the cathode by an ion exchange membrane.
The ion exchange membrane may be an AM or a CM. The
CCBCC chamber may be filled with a mixed ion exchange
material, a doped anion exchange material, or a doped

cation exchange material.

[0054] The abbreviation “ACBDC” = anodic composite

bed depletion chamber is defined as the composite bed
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for R3 are optionally substituted with one or nore
nmoi eti es which can be the sane or different, each

woreiostisoshei ng i ndependent|ly sel ected fromt he BCDUR2008/004929

consi sting of hal ogen, CF3, |ower alkyl, hydroxyal kyl,
al koxy, -S(O2)R5, and CN. In an additional enbodi nent,
R4 is H In an additional enbodinent, R5 is H ethyl,

cycl opropyl, cyclobutyl, cydi>opentyl or cyclohexyl. In
an additional enbodinent, R8 is al kyl or hydroxyal kyl .
Hepmeuﬂhﬁtdhnmﬁemnhmﬂaoent to tlelanbdfeaandddiepaaaalked

enbodi nent is 1 or 2. Another enbodj nent di scl oses
@ﬁ@ﬂuﬁhﬁn%Qéb%xP¥xﬁ$dﬁo%h%ﬁﬁh?ﬁg?a%?@bianﬁhucﬁ%e 1on

iR n%ér’i@'r@éf}%é! AL AMI Bi‘ 8f cabouin@. @eahcmM

to > about 5 mMM The assay nethods are described | ater
(heoherage 833 ohinkleld)withl @ mitdETHODSeANDaABRARATUS

FOR ELE ZATLON UTI LI ZI LAYER VBERS
FROGH L1 G YR \RNAT CRFBO0SE TRESTFAenDroR
R pE e PN adkyhdRgé heateei d1of dei oni zation of
liquids, in particular to water purification through

dei oni zation. Mre specifically, the present invention

ReYd=tins t 9&'@199&5 tiePphEM ) eaeagaws‘é%mg%%lte

vari ous neq%6%§£6¢ usi ng e sane, directin
lﬁudnﬁﬁpléunannnhamh6331snddfiﬁedeas mh¢scbmpashmev®ed

dj fferent d |zat n characterjstics 000
Sl G EAGTOR £ eEPRodeLBAZaRH SEEBrRted

|5 df AW 'éh&l'i@dé“l& aénaleﬁoéﬁéﬁaﬂ@écﬁeﬁ%gﬁh%s | @hlez8dn
species fromliqui such as water, using

é@aﬂ%lmmmawmdb@ andA¥nos| acEMi.c @bﬁeﬁ?ﬁﬁ&c to
gc(@{a{n%i%“f g%é r?fff&&tm%a"p}n%%eaf g'ne%t { @%a

rve me Conprise i on exchange mater ra i on

emﬂhangﬂJnﬁﬂm@¢@6 aniﬁngéﬁéhahg | patexehanger a doped
mat eri al s" denotes sol id_(perhaps highly porous) ,

fi erdmh S< T PRRIC RRRe Bt Blight i nt o

[0056] The abbreviation “CBDC” = composite bed
depletion chamber is defined as the composite bed
depletion chamber that is not adjacent to either the
cathode chamber or the anode chamber. The CBDC chamber
may be filled with a mixed ion exchange material, or a
doped anion exchange material, or a doped cation

exchange material.

[0057] The terms “dopant” and “doping agent” refer
to a material that is added to another material. 1In
EDI, a dopant typically includes materials such as an
inert material, an electrically active non-ion exchange
material, ion exchange materials, or mixtures thereof.
Typically, ion exchange material, such as anion
exchange materials or cation exchange materials is

added to a volume of the opposite ion exchange
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contact with a liquid, cause ions in the liquid to be
i nterchanged with ions in the exchange nmaterial. "lon

we@kasge menbr ane” or "ion sel ective nmenbranePCT/US2008/004929

general ly denotes a nenbrane porous to sone ions,

per haps containing i on exchange sites, and useful for
controlling the flow of ions across the nenbrane,
typically permtting the pas$age of sone types of

i onswhi | e bl ocking others. In general, ion exchange
mertderdreds sel ecijust ytipered écthiecal anspduttofisgne In

t ,of i d. not oth d al bl ock th
Sh8E, JES5PIRS bl G T £ rGITG-ERE TORST1ALS

GRFRINNALIRN tHe IR SR SEE | ¥ BBALEANRENANIoh8Nor may
exchange materials are sandw ched between two

Srestidsd o aredeRr (sB)1 bpdieat Wedeh (cyn) puadecea direct
rrent ). el ect.ri | el r ve iqgns fromthe

I(‘E'ﬁllé ﬁn:%.ra(ﬂ?ec 6 nesctﬁ%&fﬁgljé %gn%f@db@ggﬁg %é 3;i'n a

conti nuous manner or may be applied in an intermttent

manner.. Cation exchange materials (or_ cation materials

fl&05Hor ) Th BRFusedPRer erbver pedrhppeEryMakarged” 1s
IRy 35 &ﬁﬁﬁd%ﬂe NBgNgsi 4M aﬁ@db%migﬁngglgha e
t hem H 30+ or

ot hers, replacing w t h hydroni um H+
mertsr iAliso whexchiangeherat &t i ah sexchangeomaketeérilalis f or

short) c be useqht renove negatively, charged.ions,
2GS it i {758 b, “EPY T R0 EaRbnGR8: FOreL 1on
SRIRGHIY ddieie Wy ey df K demh0A8er e thrdierbamiand
hydr oxi de ions may subsequently be united to form
Wﬁ@&?ﬂﬁﬂ(ﬁﬁﬂ%ﬁ%tiw%%t%%$F§}p?h@di@M éXéﬁﬁn@éChaﬂge
'i?ﬁ.{teeff'%}ls. b St UL eﬂ'%é”c{n? coot Pt pant 11,00s .ang
becone 1ess effective at trea |ﬁg ?hggbqu|&& %hgg% on
tehedmnmgd efdtadsial e sTighs f defibhl yioant animeahedto
j.gh-purity |iquid f%omﬁn ast %hen1na acquire trace
AR T gh R R BeE bexohPpPaRB LR | SEFE: Ehe
b rrMedLNalnderstanding of a “mixed ion exchange
bed” (or material)”. That is, "mixed ion exchange
material (or bed)" is used herein to denote a bed
having approximately equal cation and anion ion
exchange capacities (typically equal to within about
+10%) while "doped cation exchange material" denotes an
ion exchange material in which cation exchange clearly
predominates and the anion exchange material is a
"dopant" or minority contributor. The doped cation
exchange material may be advantageous in that they can
be used to alter the conductivity through the EDI
apparatus and improve the performance of the EDI

apparatus.

[0059] The term “doped anion exchange material” is
defined in a complimentary manner to "doped cation

exchange material" described above. That is, "doped
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dei oni zation, the saturated (or exhausted) ion
exchange nedi a nust be chem cally recharged or

w0 ewensansad ed periodically with a strong acid (PCF/US2008/004929

cation materials) or a strong base (for anion
materials) . The process of regenerating the ion
exchange nedia with concentrated sol utions of strong
acids or strong bases preseﬁtscon5|derable cost, tine,
safety, and waste di sposal issues . [0004] Cbntlnuous
elnsciy coEilpnigamaref CED )is a cobpesioé &Pl anises aad

conhi nation of ion exch materi a and.i on exchange
T hat o e Ll it €Ly " FBrnanioD  sEcpgns
waﬂéﬂnamnag/ﬁ&gﬁwhgfbiéqﬂbﬁsa@nﬁeaéﬁoabeu%l56%n@Eethe
the need to chemcally regenerate the ion exchange

rsdied.  IThe e'mhﬂmmo@@paq:abm apfl CEBI rafapllndgrt@ft frde
it f dt
%%Q%l '%ﬂlwgﬁhﬁi h$£§££rlls ESn?r&EXFggp % e 0

e appar atus 1 h a4 i huotis™ anne

ldaiiicth iecdieiige pﬁ@ﬂelﬁféjl CEDhat ng¢sydeRephno&eaFes 1%uch
as continuous dejonization, filled cel
QQ&H@?&%%N%%l%PlQF %¥%@%¥%€|Q?E§Féal Th@hﬂénﬂ€flnltl°n

t%@%ﬁﬁﬁﬁi1R5Q£ﬁ£5ia§u9£heéecé6 Eé'éfbg%t%& 2 are

an inportant separation paranete & ED
ammammak:|ﬁﬂmmttmeedoﬁvgntionatonndaraaanduogsof a

th th | et i anb 103, . 107
R o he T edsethanbipe 4680165 onr pacrpnbe
SEANANGE SRS | 19 a@vaﬁ@agaaﬁgsmetﬁae dapheib®Nbe used

chamber 105, anion depletion chanber 103 and cation
ckﬁﬂq#qQ#l@M%n%@mdQQV1ﬁréyré@éﬁ@ghtébebﬁDWaa@paratus and

SPLHAD e SPBRSE Seoerelps; o s alpibe 105

t owar ds thg cat hode passi ng thoﬂgh t he cat?on exchange

[ 0 0 é’Oa]n © 1O’I§he0f téIhIES ¢ ‘(‘)}r;rgg Lt gngeghg%glﬁgtslsgn when used in
reference to water, indicates water that contains
concentrations (typically expressed in
parts-per-million, (ppm)) of various minerals, such as
calcium and magnesium carbonates, bicarbonates,
sulfates, or chlorides. The presence of such dissolved
minerals typically arises from prolonged contact with
rocky substrates and soils. Such hardness in water

tends to discolor, scale, and corrode materials.

[0061] The term “scale” refers to a solid deposit on
a surface in contact with a liquid in which the deposit
includes mineral compounds present in the liquid, e.g.,

calcium carbonate.

[0062] The term “water splitting” refers to the
hydrolysis of water to hydronium and hydroxide ions,

which occurs at the interface of anion exchange
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chanber 105, into the cation depletion chanber 107 and
ultimately into the cathode chanber 109. Simlarly,

why@soxisde produced fromwater splitting m gr aP@BUS2008/004929

towar ds t he anode passing though the anion
exchangenmenbrane 104 of the conposite bed depletion
chanber 105, into the anion depletion chanber 103 and
ultimately into the anode ch&rber 101.

El ectrochem cal ly produced hydroni um which results
facmrddldataneh cft var esxcltahde maanodejabai hhathe presence

el ectroneutrality as hydroxide. and contam nant ani ons
Rifg PRt &SR T %ﬁf&%ivaci]anb"é?%ss+%i RaF| ¢, true

Q1 Rl M i1l Yo REQRIS eda iy A OXEEBs PRbRNLhBSUl TS
fromthe reduction of water at the cathode, maintains
ellecttroietirsaldft watsehyalr o uel eptiredat ani hhat wateons
@ qﬁ%%g int()the cat@9§§ chagbgro. In %he aﬁgaratus
PRI AR AT AG BTNt PERECHEY eP T & dHeYs IRtist
hedress tduveatoibndt 2epact BoPesi i bEi Rateppprotages
CaCO 3), otherw se precipitation of calciumas cal cium
EBof@SeSor magnesi um as nagnesi um hydr oxi de may
occur in the cathode chanber causing an increase in
devi ce resistance or an increase in the backpressure,
dédtsdsed flilmy, teumks pébuwdnal @hdgyehgenn”t befer to a
apparatus. B ing_the el ectrode rinse first

| :
AT G HSBh e (TaRBer Sha PRRRTEhi iRt HePEatrele @
Ghyhelsidhadiiness £k okl em sRYpbecEgduced ahpaest :al%

anode el ectrode rinse is slightly acidic and thus w
[edlusnishiificdaids e P t X ¢ oo bf Léal epdntear Bonacédand a
Q%gggsiun1hydroxide. Still, feed water with hardness
above several ppm (as CaCO 3) can cause problens in
the apparatus . Another potential problemwth this

aﬁfaratus can occur Ln t he anode_chanber. Conmon
AR suchHBR CHIBr | kU BhaRni FRERESCAR BBSoRrarsed ©of
using an eluent to extract ions from a separation
column.

[0065] The term “eluate” refers to the product or

substance that is separated from a column in an elution

process.

[0066] After considering the following description,
those skilled in the art will clearly realize that the
teachings of the invention can be readily utilized in
liquid purification, specifically deionization, through
the use of various EDI apparatuses and methods in

various ways.

[0067] Two earlier patent applications are assigned
to the Assignee of the present invention and describe

five chambered EDI apparatuses. One is entitled “Method
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t he anode chanber to formelectrochem cally active
species (O O and NO2, respectively) . These

web®@stswechem cal |y active speci es can danage tPEI/US2008/004929

i onexchange material in the anode chanber resulting in
decreased lifetine of the ED apparatus. [0006] Thus,
there is a need for an ED apparatus which reduces or
overcones problens arising ffm el ectrode fouling by
preci pitation or damage to the ion exchange materials
@f (T alacdnadeycapipardhenéihyaekpetiathesdcal 1y
active conpounds (such as oxidizers) while nalntalnln

&Grodtomb 23 HePR R 53eYS 0 fShHﬁﬁﬂ ndBEBIiRALePRAl
S AP NI Cnbes 5731 P0G Bhisa 1 inkhl st tates an

EDI apparatus that may be used "general purpose”
1206 /D 286l 6 z at Tlom . o Ther appaeatislednpCheabetredee i on

| et hanb 103 107 d | ect
e P Son B te Bis gL FpaPBi SAR ey Changa
MRIAYaRES  ardd Me lilda dP6usand (ARB1 i FALS oaoBkirgdnaiugiber

of fers |g?roved dei oni zation capability but nmay add

aildd”4tq3on 4 @ﬁ@l@kﬂysmdc%tUsoﬁoﬁépﬁpﬁééﬁl@éﬁs wiéree
qildzeé Ochr?@éﬂt?% 5?%&5}?”%8&&8&1?%?@ Lyg. he?frebgzo

appl'ications e require urit
tﬂnrabﬁuu&ﬁe&eheﬁanmabyofeﬁerenSeoﬁncahedmsenmmkeuy
both. This is the case in many fornms of chem ca

anal ysis where a specific elenment or ion or a group of

qﬁﬁﬂﬁﬁ¢3 Orp i O0Fa 86 PhrbAtehpplicheiofX@Mmle in ion
romat ogr aphy, either anions or cations are typically

mwmeruslmgh@mwgtbn@ndheﬁtstﬁﬁés MMeghodsi éamld
t
AT g it SR SRR

b&;sfnrc_.ﬁﬁeé)foﬂ tth@npﬁé§eﬁﬁ anyeanion .i NThide endtiele \Wdntents
l'ikely manifest itself and either affect calibration
of this application are hereby incorporated herein by

reference in its entirety.

[0069] The types of ion exchange materials that are
typically of the most interest for the deionizations
described herein are strong acid cation exchange
materials and strong base anion exchange materials.

The strong acid cation exchange material advantageously
has a sulfonate-type ion exchange site (or functional
group) while the anion exchange material typically has
a quaternary amine ion exchange site (or functional
group). There are different types of cation and anion
exchange materials which are not inherently excluded
from use in connection with the deionizations described
herein, but one type of cation exchange material and
one type of anion exchange materiai as described are
typically found to provide adequate performance in

practice and are generally used.
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(non-zero intercept) or conprom se detection
byi ncreasi ng background conductivity. O her exanples

w0 eaisismy feed water sources free from speci fPCT/US2U88/004929

are silicate analyzers, sodium anal yzers or phosphate
anal yzers as typically used to nonitor high purity
water. In these applications, the primary requirenment
is that the feed water has &hcentrations of the
anal yte(s) at or near the | owest possible |evels,
typically sub-ppb (part-per-billion) or ppt

per-tr II|on ., Since nan these anal yzers

f
BT o 1ome ?vrmeaeraﬁ§|§§?sfatﬁpn.ea &¥131 are

dasidale dige hfé/senae&%w@oee sHbQE‘JaMtE’HM edubeed
water source for the analyzer. Currently, ere are no

cerrrmreiaald \arshvar | edtrange e¢a]p@|¢1f11§58 v\hneh igameferred

sily interfa £ h analy |caI nstr s and
g%ﬁg%e%P@ er ﬁi#ﬁﬁ ?%P F g g%nmﬂ
|dﬂﬂﬁéhﬂﬁoﬁdmé&ﬁ&éﬁéﬁam@ﬁﬁg.othFEﬁQkéd bbdreohse&change
need for. a sinple, cost-effective EDI ggaratus t hat

R 856 adev cﬁSedal% ol QR speehenge plippssdal] 6085 hasMVARY
Qoptds MR y e onQJé 1 ORCORM egu ﬁngxéﬁéﬁ%a%%g%%'&y

the present I scl oses
apEr ainss esypgdad £ rmyuanidmetsermae endm:)ne ofpehefi satiesn

di scussed ahqve. I n sone e s qf . the.present
e, b et benatRieael’ bt ioe Aused
1déd%3ﬂi%§cﬁﬁﬂbéQﬂ@&@riaﬁ ceppanhnapt ai eas i bhoElA@nge
l'iquid. The contam nant ions are hindered from

errﬂsern)nngfe &} 3R o ecEBBADBER, m@h§§lr‘iédd@i&/§gcﬁﬂéy an

A Oéi?cﬁ%éonxg?éf g%ﬁtgdrﬁ%ﬁg sQane ‘E”%eEQatlo

appar at uses er e |nen the presen
|anﬁﬂanxnn ékmham@eedapaogeleéfbﬁleheyfmhaahmﬁhQMSe are
|ncI i ng ho %Egeneous i on, exchange naterlﬁls may

PR oREFFFACE LhanBoeunl Ihagars feasible

to achleve precise equality but commonly the range of
anion capacity in the mixed bed can be about 40%-60%

with the remaining capacity as cation capacity.

[0071] The "composite bed" concept as used herein
relates to a composite as a mixture of a cation and an
anion exchange material without reference to the
proportions of each. That is, in a composite bed the
ion exchange capacity ratio could range from about 1%
to about 99% of either material and the balance
comprising the opposite material type. Generally,

three types of composite beds are considered:

1. A “mixed bed” where the ratio of anion to
cation capacity is approximately 1:1 with a
range of about 10% (that is, 40% - 60% of

either cation or anion capacity).
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i ncl udi ng conposite anion-cation ion exchange
materials to produce liquids with very | ow

w@esasisrat i ons of contam nant ions . I n sonme PCT/US2008/004929

enbodi nents of the present invention, the interface
bet ween adj acent | ayers may be transverse to the
applied electric field. In sone enbodi nents of the
present invention, the interdlace between adjacent

| ayers may be parallel to the applied electric field.
[ 0011]2 These mntdopéér “ aduhnhabed aheracltheved iiom
accordance with the resen%DEnventign as scriped in

ot ol | Dot ow e 5r ¥ it CRt DEGARE PRPBREOE D

[0013] To facidhidhenyndspstandi ng, chegphl. cal
reference nuneral s have been used, where possible, to
desi griat e | delt T dapedl eaphiont ket whereo cad iohe

figures . Thecég'gié%@gfié‘rgt”%aég 3gale and tﬁgl% the

relati ve di nensi ons varrous el"enents int

drawi ngs are depathedgselpasttgaliky aaidnnot to scal e.
[0014] In the configurations disclosed below, liquid
streans flow through the el ectrode chanbers and

"ﬁﬂﬁﬁfﬁtrat§£%§f$nﬁﬁfs-aéntﬁgepEBbEQ%ﬁBQ of cat'gn

configuration he el ectrode Chanbers may act a
cordaTngates téahdkr B. dim e 'scouuwsetof bagtir oai intaedsed

droxi.de io for regen tion of the ion,
St it o F o, 2hGTE oA Bt PacBoohargs Sixst the
GG NRE £ PHS SRYceMBhAtuakl el ghated Bt o 2d anion
el ectrode chanbers (under the force of the applied

et rier fRellgssaridiamyaheut ehdbed Aromirad epdit isde
ﬁ}géﬁge&’yfc?rl bq%{xdeafé ﬁ{%rga%fg)o 0e4 84 egﬁ&ogggghgg‘gﬁr

feans nay typically rected to was
sSpht c6@Yy, odndhe ddepedgsattibe ekdct fode Pchghbeter than

;%ggﬁ%fééeans and concentrate chanber rinse streans

own.

[0073] The EDI apparatus shown in FIG. 1 is an
example of an EDI apparatus, which comprises five
discreet membrane bound chambers in electrical
communication (although other embodiments can have more
than five chambers). The apparatus illustrated in

FIG. 1 comprises an anode chamber 101 separated from an
ADC 103 by a first AM 102. The anode chamber 101
includes an anode therein that typically is in
electrical contact with the first AM 102. The ADC 103
typically includes therein a homogeneous volume of
anion exchange material. A composite bed depletion
chamber (or simply CBDC) 105 may be placed on the
cathode-side of the ADC 103. The ADC 103 and the

CBDC 105 may be separated by a second AM 104. The

CBDC 105 may include therein a mixed ion exchange

material, or a doped anion exchange material, or a
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[ 0015] The techni ques of the present invention may be
readi | y understood by considering the follow ng

Wa@lea0ai13wsa descri ption in conjunction with the PCT/US2008/004929

acconpanyi ng drawings, in which: [0016] FIG 1 is a
schematic representation of a ED configuration .
[0017] FIG 2 is a schematic representation of an EDI
configuration of one embodi meht of the present
invention. [0018] FIG 3 is a schematic representation
@fopsd Ealtmnfé:gmﬂnamgermatemhelenb‘mtiémanpedf anhen

present invention E) Fl G  4A and EIG 4B
see?ﬁ?g}ﬁitqec narekht a ]Fo gPgf E‘E‘)Fleanﬁ‘ﬁ P&P?oﬁ@t&f’“al

dI:Fs!‘tr§a39fbé heaPs8E88EoLAVERL ERAL EBBY @ah BleGused
and FIG 5B are schematic representati ons of EDI

donfimprens onze ofordbotiviehys tbrougla phes ERT apparatus

invntion 1 6. is_a sch ntatio
AR My A SLfrafniRcl 88 TEHE LE: BBERRANAL! O
QIS EIG7 inAebe oflat8823h Eh&e cith&dé—%@ﬁ%ﬁatfl ¢he

representation of an EDI configurati on of one
SRS it GFhe HeBRE ea@At anfvERE! GRC LOG2IPYERE. 8 i s

eéﬂ]%‘@é L epr aki0 f a D60 g [
%n e oddfrbé%tgo?§t§ﬁ{é %frqegggt |‘£€§ntblr)gn%'70%%%%cgp&:?;9
iisucalmﬁentﬂwx:ernpaehembgehenuef vahuftBl oforbitgwmat i on

LM SRgigent of e BLEsehb IeBl) 0029 evon
%Hgléhﬁﬁﬁdéﬂbﬁﬁmﬁéﬁ eobodi,menteebntihempnesent the
cathode chamber 109 includes a cathode therein that is
advantageously in electrical contact with the second
CM 108. Wwhen additional (more than five) membrane
bound chambers are present, they may be typically
present in pairs of additional homogeneous anion and
cation depletion chambers, which may be added next to
existing like chambers, which are present between an
electrode and the CBDC 105. An electrical current runs
through the EDI apparatus transverse to the membranes,
conventionally from left to right for the apparatus
depicted in Fig. 1 as the direction of flow of positive

charges.

[0074] Each CDC may be bounded by two cation
exchange membranes and may contain a volume of
homogeneous cation exchange material. The cation
exchange material may comprise cation exchange resins,
cation exchange particles, cation exchange fibers,
cation exchange screens, cation exchange monoliths, and

combinations thereof. Typically, the cation exchange
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invention. [0026] FIG 11 is a schematic
representation of an EDI configuration of one

wersdsesent of the present invention. [0027] Re@@/us0$/604929

a schematic representation of an ED configuration of

one enbodi nent of the present invention. [0028] FIG

13 is a schematic representation of an ED

configuration of one embodi Ent of the present

invention.[0029] FIG 14 is a schematic representation

afataariEDl reonfbeur ato bumef o Hneomophedenrnt cat ibhe exchange

present invention. [003 0] FIG 15 is a schematic
‘entati on of an EDI configuration of one

enbodi nent of the present invention. [0031] FIG 16 is

a schematic representation of an ED configuration of

dritd "éntbodi e @BDE heabrb@ehvundeénbyoﬁ Cp0082] exchange

RSP et ot T F oo BOSATC PHECPoleBEAgS £rom

abbrana atdrahsclean deetb et t hepscaneafed hekeidnion0035]
The abbreviation "EDI" = el ectrodeionization; [003 6 ]
TEhmiFeWati ok CEpy "2 =deBRe| ABGER exchange material,

%re%t r(ﬁ%‘é&%é@f r?ne)f%lg%g%la Q@e QfLeV' @‘h‘eo'io ngchange

i on chromat ogr ap reV|at|on
WWUHrmmhhangeammmbxaeelon[éﬁ@ﬁ@n@berabbnsvlabmo&Xdﬂuhge

= ca% q% exchange nbran? %0040£ The t "appl i
13T Fi et TE° %%?s bBATfo HETt REC F‘B&er |S€rﬁeé1|5d
ardrsi -4y Gnonoliths, and combinations thereof.

[0076] Each ADC may be bounded by two anion exchange
membranes and may contain a volume of homogeneous anion
exchange material. The anion exchange material may
comprise anion exchange resins, anion exchange
particles, anion exchange fibers, anion exchange
screens, anion exchange monoliths, and combinations
thereof. Typically, the anion exchange material may be

a volume of homogeneous anion exchange resin.

[0077] The ion exchange membranes used in the CEDI
apparatuses to practice some embodiments of the present
invention work by passive transfer and not reactive
chemistry. They may contain functional site;, which
allow for the exchange of ions. The transfer of ions
through the ion exchange membrane is based upon the
charge of the ion. The ion exchange membranes may
readily admit small ions but resist the passage of bulk
liquid for example. Ion exchange membranes may be
anion exchange membranes (AM) or cation exchange

membranes (CM), wherein they are selective to anions or
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vol tage applied between the anode and the cathode
within the EDI apparatus . [0041] In FIGs. 1 - 16, the

wapwdadshanber has been | abel ed as "anode" f orP@I/E%1008/004929

[0042] In FIGs. 1 - 16, the cathode chanber has been
Iabeled as "cathode" for brevity. [0043] The term
"depl etion chanber” is defined as a chanber through
whi ch the product liquid strdamflows during one of
the steps of the process. A depletion chanber may be
'hddhamsmndspnuxiﬁebyhonm@eﬁéamsyvbr@nepoftaahépns

xchan terl or eneo vol une of cation
St At e M o R S

@hﬂk‘kﬂ&%idﬁﬂlf?dﬁ@ﬂﬁwﬁﬁ sméegiat, ofr tBedppRBreati @

exchange material, or may be conprised of "layers" of

e gton @&%n@@z rﬂalf@mm%t f@emqlsmbrough the
t
aRBES) fva' A on, LG e W&ﬁsd%gsg%ﬁkgoeh B ge;u%waof

specific'type o i on ined as
a.lefumi)e?rrdrhainé:cnﬁme ses thayeesbrahevaoi ahe bther. A
exchanqﬁ&naterlals wherein the liquid to be processed

PAIREL (ﬁRﬂWQ%et?éQ%FQ Fﬁpﬁssgﬁu@ﬁ?PEPnﬁﬁnﬁérthat they
m&@lbeT%ﬁﬁ& FONEE ”El'&é& elsﬁenirasp" mh §rdeb @%’:o%%ha the

chanber wherein the product liquid Stream does not
fﬂququhﬁngﬁ rexmipphes obwardentkbatrarespkarbee ncl ude
elect ode chanber (either anode or cathode) , an
Coritentrate chamber (a chamber |ocated adjacent
to the anode chanber and separated therefrom by an ion
exchange nenbr ane) or a cathodi c concentrate_ chanber
([apc}:?rﬁalnber Ay et helj Af b PB1PReCXSRABEE BREWBENSAE 2

AL S om0 Loy eI TRt ol
iﬁhaunhaﬁﬂbmmmtchboaomethylabdé and then the pendant -
CH,C1 groups that were introduced to the aromatic rings
were then quaternized with a tertiary amine R;R,;R;3N
where R;, R;, and R; represent organic groups and may
represent different organic groups or may represent the
same organic group. This results in a membrane which
may be a strong base anion exchanger. In some cases,
the anion exchange membrane may also contain a binder
polymer or an inert fabric. An example of an anion
exchange membrane that may be used in connection with
some embodiments of the present invention is the
AMI-7000S membrane (Membranes International, Glen Rock,
NJ). Other anion exchange membranes which provide a

strong base anion exchanger may also be used.

(0079] An example of a cation exchange membrane is a
microporous copolymer of styrene and divinylbenzene
that has undergone sulfonation, resulting in the

monosubstitution of -SO3H groups on the aromatic rings
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chanber), anong others. Typically, in some enbodi nents
of the present invention, the el ectrode chanbers

w@ edoshas7anode or cat hode) , are not filled w PET/US008/004929

exchange material. A concentrate chanber may be filled
with a m xture of anion and cation exchange materi al,
or a doped anion exchange material, or a doped catlon
exchange material. [004 6 ] 2fhe term"m xed ion
exchange material” is defined as a m xture of anion

afd det icop@Ekohenge Taterrasslubeini o heabaanenwhich may

xchan material is responsjble for about 50% of th
B & Tk e CaboR | TYCARBOERe caBi GRTExERARGe ¢

'Eﬁ‘@irdrﬁ'ex&dﬁ@%&@fﬁné%a§b99§305@%@51hh§ bahaler ON
exchange capacity. The term "m xed ion_exchange

e leme "ozalayb et sfalr i ehafbeexenRl ec Oht aj F&tdon
n t C e I ere

TG in S b eS8 gD BECNAE5: IRLERRRIY 1HICL

cs‘onaé)cnmbc&cw{nérotab@ﬂttﬁ@%ﬁéséhe Iiﬁtrahtu@n @xcC lrawege

acity and the cation exchange material is
r%@p b NSRRI PAPBRERNGF LRECEBRALCPEH efdfBnGOCk:

q\edqam e hdhi Sa dedh nékbﬂ&n{;é HE&\BEah%sb%h‘?L%@lsb%%‘l le a

h the conventional understanding of a "m xed
ﬂnmm aqi thcat bon 5exahanges véyasilen/ bet usedi. on
exchangematerials as well as a small range, typically
from-40%to -60%on either side of the 50/50 m xture

[ ] The whdreyh adk6RandelnaEeangdisCuseacent talke DI
chanmber which is defined as a concentrate chanber

RRRAEREUTRS the Hredelnddusefakat BYaFtaret BOMEnode by
Al QY RAEH OBRI0L 20 n {hEN 6 gﬁt%}ﬁ 9 “@aFlt

hormgeneous vol ume of ani on exchange mat

homgenemls vot ese whlchtabhowxﬁbanghen&kehamge @E daons.
M8 | 00 LXEhange MaLeri 8l 0L,g #pRed ani.gn gxghange
materials is based upon the charge of the ion. The ion
exchange materials may readily admit small ions and
molecules but resist the intrusion of species of even a
few hundred atomic mass units. Ion exchange materials
may be anion exchange materials or cation exchange
materials, wherein they are selective to anions or

cations respectively.

[0081] An example of an anion exchange resin is a
microporous copolymer of styrene and divinylbenzene
that has been chloromethylated and then the pendant -
CH,C1l groups that were introduced to the aromatic rings
were then quaternized with a tertiary amine R;R;R3N
where R;, R;, and Rj; represent organic groups and may
represent different organic groups or may represent the
same organic group. This results in a resin which may

be a strong base anion exchanger. There are several
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material, or a doped cation exchange material. This is
a chanber wherein the product liquid stream does not

WO b@$/13(50048] The abbrevi ation "CCC' = cat hodi BCT/US2008/004929
concentrate chanber which is defined as a concentrate
chanber adjacent to the cathode and separated fromthe
cat hode by an ion exchange nenbrane . The CCC nay
contai n a honogeneous vol ug® of ani on exchange
material, or a honpgeneous vol unme of cation exchange
cmamembabllqrawaﬁbehﬂé(resmm$am@etnh$etyBé opna doped
ani on exchange material , or a doped cation e changa F&

u

CHEIRA T P SO, CHATC vihes B ntRAE Br8abEL UP
Bl %wegcoqswnqteg‘llrp\rf:go DWW HAm iThe1 abbksxhat i ﬁmdléléz@

ani on depl etion cha i s defined as a chanber that
My pi edliloh icesitedess t%r@\nl@yhmgeneoeedv@sum ohe

h I
iPRel R o thier v eh i GhIE Grerie. iR or

pRlosMidey & (Fadnd hea eb vt éocha - magahled be used.
depl eti on chanber is defined as a chanber that

typically includes therein a honpbgeneous volune of

[6Rlglogn ex%'?f"@?arﬁi’r“ltfrd@' > tﬁf'S?CQQE?éSﬁ? églﬁe% a

Iabeled as "cation bed" egen 1-16
nﬁ@mdmumuua/cqﬁﬁmmmeﬂhefabbyeematand dEBEﬁylbenzene

t d te chanb te. bed
BT IR SEECHRAG© ey BT P11 GBGRE R Hon PedFon
OHRRUMER IRt dral o £ Ors@HIRRShNi S Exs Nan@Ra bBE eFiabs

or a doped cation exchange material . [0052] The
ogb ey icem agrymescBCT h ks aﬁ%%ﬁl%t%oh’poél respadwhich may be

LUENS 38 ENA0N | 5. ELhpeq asehbeccammosiie e
concen e ch acen ot anoae an
dﬁﬂﬁﬁﬁﬁﬁﬂiﬁy(Hndimahm@dﬁebynanofOﬁhexChgpge nemer ane.
The i_on

example of a cation exchange resin that may be used is
the Dowex 50Wx4 resin (Dow Chemical Company, Midland,
MI), which contains 4% divinylbenzene and is in the
ionic form H'. Other cation exchange resins which

provide a strong acid cation exchanger may also be

used.

[0083] The CBDC may serve two functions, among
others. First, when an electric field is applied,
water splitting occurs wherever anion and cation
exchange materials are in direct contact with one
another. Water splitting occurs where a cation and
anion exchange material contact one another, or where a
cation exchange material contacts an anion exchange
membrane, or where an anion exchange material contacts
a cation exchange membrane. Water splitting results in
the production of hydroxide and hydronium, which serve

to maintain the anion exchange material in the
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exchange nenbrane may be an AMor a CM The ACBCC
chanber may be filled with a m xed i on exchange

woraioens@ry or a doped ani on exchange materi al , POF/US2008/004929

doped cation exchange material. [0053] The
abbrevi ati on "CCBCC' = cat hodi c conposite bed
concentrate chanber is defined as the conposite bed
concentrate chanber adjacent2to the cat hode and
separated fromthe cathode by an ion exchange
mmdnuxﬁﬁe'ﬂurmc&n@x@hang&tﬂenbeﬁnhangy hatamiAWldn &he
The CCBCC chanber nmm fill m xeq
g%ﬂﬁ%ﬂﬁ?WnﬁQﬁqure%P%ﬁﬁ HeéxronA%XWﬁAhg@snﬁﬁsPﬁas the

%am%l%atdprtr?é(%@efﬁﬁi§rf@!}en&@ggéh TBBe hydroxide
abbreviation "ACBDC' = anodic conposite bed d yetlon

erahiherdronidet | feed ahethenposleECbeddepmetemnal/ion
cha er _adj ! ent to the anode apd p ed fromthe

e g, e P RgRE R c RSP abBh S kRnhet
@a&nﬂa;rlan;e Hygr el dd 94 otha &M 1§a§tA65@CAgbagbeénmay
be filled with a m xed i on exchange material, or a

FYSEP M rE % H € he@F F aPheof DG (8dped cat i on
exchange material . [0055] The abbreviation "CCBDC' =
cat hodi ¢ conposite bed depletion chanber is defined as
t[Hd &danposiA esdmohdlephmett bonchinbke adpacealy be tloe

cathode nd s fromthe cathode by.an io
e F oS0t DE e E RS AL B nE A AR oy 1o 28

A.Mlq;rnsa M AdeoF&EB0G, chrabgpc rTaMdb@hte' Eb@d reibRndng (if

m xed i on exchange material , a doped ani on exchange
rmnfe)rucmtlortﬁ @@olp%lﬂo’@ﬁ‘tilbﬁ BRehE@Rge maper tglansport in

005000 K 200L£VI 811 00.n LR 13 80TROSLLE el op woch

er 1S e conpaosi {e
maﬁeﬁ|spnxﬂﬁﬂm@ra$haéllSagoéladpacpnbré@1e|mhg&dﬂmbn of

cathode chanber. or. the anode_chanber. The CBDC chanber
he ion t rough the material. Water splitting may
displace contaminant ions from the ion exchange
material. These contaminant ions may be driven through
the composite ion exchange material bed of the CBDC
towards their respective electrode chambers. Thus,
contaminant cations may be driven through the CBDC,
through a CM, through the CDC(s), and through a CM, to
the cathode chamber. Likewise, contaminant anions may

be driven through the CBDC, through an AM, through the
ADC{(s), and through an AM, to the anode chamber.

[0085] Water splitting generates hydronium and
hydroxide ions which may be used to regenerate ion
exchange materials. Under the force of an applied
electric field, water splitting can occur at the
junction of anion and cation exchange materials. These
junctions occur in the CBDC, since this chamber

contains both anion and cation exchange materials and
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may be filled with a m xed ion exchange material, or a
doped ani on exchange material, or a doped cation

weekasge material . [0057] The terns "dopant "PEmTS2008/004929

"doping agent” refer to a material that is added to
another material . In ED, a dopant typically includes
materials such as an inert material, an electrically
active non-ion exchange mat &8 al, ion exchange
materials, or mxtures thereof. Typically, ion
evariraregee st dfydtonsue hf asmabhenCBREhaaye travedi &hg oargh

ti xchange terials is added.to vol une of the
I i 27 MGl othds oredeBelEtibs, Epd ket
ehe&HdrflmLontugT & VEbYnd | 9i8RIR . | NSLaBGESe , dORIARDxAlde

i on exchange materials facilitate the transport of
derrmarihfarfiBRO My r thaye pr Rrdeghofhea Pl topithe: AR

A Saf gy REIEID) SR BUCKABATART oy

matdrial " is defined as a conposite of anion and
cati on exchange materials wherein the cation exchange
material is responsible for at |east about 60% of the

tidde) ON exehan@e) SAPASI hYsaidstiba (el pde-rahd Ree

total 1on exchange capacity is contributed by anion
eorrirt mef e¥ors . tiThavghstheh€BRCxt uFeri $hpsi marily a
cation exchange naterial, This.definitian, ant_.t
ARG LS b8 ren e Ehgl HhRoERC R ginea
twhiec Ie oinre Nk ci@hgeingler s1 andsng ah axampied dfokuch ion
exchange bed"” (or material)"”. That is, "m xed ion
Rt @l ef ot NBLHReE en,eEFhREMLS S fenotf®r a

e L R o
s tanm hant dopedngati entbecrhapge mat eondlat tdendathe shan
| QL SXPANI S, IRE L8 oLl gh cabloR exghange gl earl
material particle in contact with a like ion exchange
membrane (cation material-cation membrane or anion
material-anion membrane). An ion that is in a material
particle and electrophoretically migrating through the
material can only move to the next like particle (anion
or cation exchange) if the two particles are in contact
with one another, or if the contaminant ion leaves the
ion exchange material particle as a result of watér
splitting. Since the CBDC contains a mixture of anion
and cation exchange materials, it is statistically
unlikely, for the typical densities of ion exchange
materials used in practice, that there will be a
continuous path of like ion exchange material particles
of any significant distance, thus, electrophoretic
migration in the chamber is advantageously accompanied

by displacement and retention (caused by water

splitting) for efficient ion removal. This is in
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predom nates and the ani on exchange material is a
"dopant™ or mnority contributor. The doped cation

weekasge mat eri al may be advant ageous in thatPETE§2008004929

be used to alter the conductivity through the ED
apparatus and i nprove the performance of the ED
apparatus . [0059] The term "doped ani on exchange
material" is defined in a c@¥linmentary manner to

"doped cation exchange material"™ descri bed above. That
con trdeme danitdre evetlaaryesmed £riah " réesowatomposhteAdt and
gnion and catioq}exchqgge materials wherein % e _ani on
RENSRGE SmétCeafi®l SR ekhbhiy bPEeCHb? 4811E5sE G66ut

edUlerishe dritagin | I exshanggpeapaci by aredhbige
remai nder of the total ion exchange capacity is
gaeriladtled By ttHee ARG orn@xeh@ngeontaeinant Thas pgy be

j I-S ' ' ' h terial.
e S S L L SR e
exchange meerdisdl Bedntd hengotNeotghnaheundar sikahdngg
of a "m xed jon exchaqge bed" . The doped ani on
&%ﬂ%ﬂ%ﬂ?rﬁﬁQH4¥ﬂ%W%%® Yetadvant a486HECMR Fﬁéﬂbﬁﬁey
can be used to alter the conductivity through the ED
apparatus and i nprove the performance of the ED
dpP&dt us Fqro8mihe, tehberifiar detandethbydtbes'anion

when used in reference to r, _indicates.water.that
SRARE Sk b Tor ety Gty Brp R SBACER BV Barer
BT tHelg M IThOMyd PPRIde bnYaFbeMEdTERBMAWS.LegUCh

as _cal ci um and nmagnesi um car bonat es, bi car bonat es,
sWlfdtedo gax losptree the ppeseneBant 3néRng df6rved

@ﬁé&‘[{ l$ ARl 63l tgfé “%fiér{ g&fﬁ%@@%&k&?{‘éf%m&‘ the
roc substrates and soll's. Suc ardness 1n water
todics itde dicseol it o ssal et iandwhereode dat epeiaked” with
g9061 The term”scale" refers to_a solid deposit on
vdronium ions from the water splitting reaction. The
contaminant C1l°~ (as hydrochloric acid, HCl) may now
move through the composite ion exchange material bed
where it may be retained again by anion exchange, where
the displacement-retention mechanisms continue to
occur. Eventually, the contaminant Cl  may come in
contact with an anion exchange material particle that
is in contact with the anion exchange membrane, and the
contaminant Cl~ ion may be passed through the AM into

the ADC.

[0088] The analogous situation occurs for a cation
contaminant. For example, sodium retained by the
cation exchange material of the CBDC may be displaced
by water splitting. The hydronium ions formed from
water splitting may displace the contaminant cations
(for example Na') from the cation exchange material and

the cation goes into solution where it is “paired” with



10

15

20

25

30

a surface in contact with a liquid in which the
deposit includes m neral conpounds present in the

wO p@sishs7e. g., cal ci um carbonate. [0062] The tBCT1US2008/004929

"water splitting"” refers to the hydrolysis of water to
hydr oni um and hydr oxi de i ons, which occurs at the
interface of anion exchangenmaterials and cation
exchange materials in the prisence of an electric
potential . This is not a true el ectrochem ca

pryaoess, deanidr ffeos fhenvaberebpticolingi seattuaner &the

BT dld gt st dRedromides isafiP nBY 2865°
AR i digh dfhded Shp®s pdECesnbekhngages ma tk@Q63] bERe

terms "eluant” and "eluent" refer to a substance used
theafd ddt mae kepagebaivadofdadnsbyr 6ataone pxchENgS

VT 1, B Gt el DR Ry FOATREERAR s R e o

[dHe4]. Thesdrequml BY pt tlee"” cortamsnkhatct iva’ pragessmef in
using an eluent to extract_ions froma separatiaqn
COUREE [DoEb]2 TR 1 @7 neXelgare" MRELERE Lt HafId Gheodiat

Qs SYPLANGE-£ R i 8132%%5@&% E&eﬁhﬁg%%*éﬂ?t%hﬂg%é}” and

elution process . | ] After consideéering
falusowig cestanprann, Nehosen gkay | lee passdé ahtoughl the

clearly realize that t t hi ngs of the invention
Gt A % R o ek nCBR S pur i i catf o
specifically deionization, through the use of various

EDlzggfaratuses and nethods in various ways . [0067]
TP | i erA peeen®dappri BarLORE 1AM C4SSitEREe 1108 iged 10N

ARSI ONEE QT ehde P &S EPhs Q%N AR A0dBLSE RS . 1
comprises first causing the liquid to be deionized to
flow through the CDC 107. The CDC 107 may be capable
of removing cations. The CDC 107 typically includes
therein cation exchange materials and may be effective
at removing the contaminant cations. The cations may
be allowed to pass through a second CM 108 and into the
cathode chamber 109. The contaminant cations may be
removed from the system in the cathode chamber 109.

The cations cannot travel toward the anode because of
the influence of the applied electric field.

Therefore, the cations may be effectively contained in
the cathode chamber 109 until they are flushed from the
system by the waste liquid stream that removes ions
from the cathode chamber 109. The anions are attracted
toward the anode under the influence of the applied
electric field but will not be allowed to pass through
a first CM 106 into the adjacent CBDC 105. Therefore,
the anions will be retained in the liquid. The liquid
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five chanbered EDI apparatuses. One is entitled
"Met hodof | on Chromat ography wherein a Specialized

wEb@stiswadei oni zati on Apparatus is Used" (Appl iPREL/US2008/004929

Serial Nunmber 11/403,737) and published as US

2006/ 0231404. The other is entitled "Chanbered

El ectrodei oni zati on Apparatus with Uni form Current
Density, and Method of Use" 3IApplication Serial Number
11/ 403, 734 and published as US 2006/ 0231403). The
enxtiitrienge dritee Mi3C oIO"bdhehs appredatednieureé bérebyions

i ncorporated herejn refe ence |nthe|r entirety.

[ 1VE & dt'a Jp%\t% 109G TR oREFPRBA concurrently
herewith and entitled "Methods and Apparatus for

El ectrodei oni zation" is assigned to the Assignee of
tiHd AlesentF e hvamtnoroaghegenthreugbnl 8y stoe dhimid is

I b d
FR die i RO Y VRS 0RS] RS GRE< T may be

@a@aﬁﬂ@ omtef fedsivdhy asmovypgcabhyanfinbhe edsbns from
nt erest for the deionizations described herein are
rilgl%blt%l T $Hh- ex'E]h%n@’élﬁﬁFeﬁFﬁl §t5ﬁéc§teldoﬁ@ &se

%ld?ié exrange, &8l £F { @bsce THE %héoagp@%@ %Qte' %Qlc field

exchange materi al advantageously has a sulf onate-type
iaordl enechareyea sl deed orofpassi bhabughoep)f iwsit! &M A2 and

ST S BRSR RLSKLEL 1P Coly ho5, 8BS e

afee xfgrﬁéxﬁi&nﬁr&ﬁ pese oéyg@émomnaeﬂeaah@aeewlam 101.
materials which are not inherently excluded from use

iThe e D ye t ROt hal Hevedi Eat PeRs daserdhed ﬁ@rcami
2}% QNE dype QlefALL Oehsxgggggggggg;a g'f and %E)%

ani on exchange mateérra are typi ca
fRenchrtiomps ovanieo adegaaee pewhodnehee clamhpki@cbe@:au&m of
are generally used.]0070].1f th ani on terial and

&g ot iRt o5 BRRi RRBL Rt RéeGLLifed iPati-0 of
st @l | yn&€adeions are effectively contained in the

anode chamber 101 until they are flushed from the
system by the waste liquid stream that removes ions
from the anode chamber 101. Any remaining cations are
largely unaffected while passing through the ADC 103.
The liquid exiting the ADC 103 may be largely free of

anionic contamination.

{0091] Following passage through 103, the liquid is
then flowed through the CBDC 105. The CBDC 105 may be
capable of effectively removing.any remaining cations
or anions from the liquid stream. The anions are
attracted to the anode under the influence of the
applied electric field and may be allowed to pass
through a second AM 104 and into the ADC 103. The
contaminant anions may be removed from the system in

the anode chamber 101. One benefit of this
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cation and ani on exchange capacities, this is referred
to as a "m xed" bed. This conports with the

w@eoovsasisronal under st andi ng of a "m xed bed i oPCT/US2008/004929

exchange material” as an ion exchange material that

has approxi mately equal anion and cati on exchange
capacity with one type of anion material and one type

of cation material. This is X3/pically achieved by

m xing a cation exchange material (typically a cation
@mﬂﬁmgyxa&&onnlsmtmaenthnsoprexehaagéon&ueglahd SCallng

caII e nge res in.a ratio
SR enadd e e F O dhare LB aRiner cedpPtl Heact
fWind JdAddH L BF ecsAHohhyoegyat. sbalﬂhgchb%%rlbﬂslql e.
usual Iy not feasible to achieve precise equality but

@@ﬁﬁ;nl ylgt RE)zang&cof -aniThe eapadist Fannatheraveld ttmard
h
G T L PRI ak PaE B IR R8s TR shba e

uslestt theirei il ¢18d at eBhépeBoconpoket anasna Ayt bee of a
cation and an ani on_exchange material w thout

f&dnice b E?T%O‘ﬁ?%pb?tF]BﬁsAB? e8éhorTRERtPdNEdy in the

GRIRAS | s 111 | @R E%Cl@ﬁ@geaE@p@%tsYleEiatfhc%mC ‘E%'ed
range from about 1% to about™ 99% of elther nateri al

&V tde hal dre evezobpr 1 sangdt Aerepposhee memeviesl ioyse.

ner al.l t hree type onp eds a
S S p S b aRERE Sl R 0P RRe: EafRERearts ot
t@ cta{e W GERBSi iydes oper oxkmakbaky dfl tWet Bpp1raEge
of about 10% (that is, 40%- 60% of either cation or
it ciepakield and, nay-Bepadlowsdi 6a séésm@pf@quea

U, IR A3 Pheb oo, SHELL90% 800 LA
cattiom< apaei by rsﬁGVeﬁeﬁsbmabhats@@%emndnthﬁe cathode
chamber 109. The cations cannot travel toward the
anode because of the influence of the applied electric
field. Therefore, the cations may be effectively
removed in the CDC 107 or contained in the cathode
chamber 109 until they are flushed from the system by
the waste ligquid stream that removes ions from the

cathode chamber 109.

[0092] Water splitting occurs in the CBDC 105 since
it may include therein a composite of anion and cation
exchange materials. The water splitting in the

CBDC 105 serves to regenerate the second AM 104 that
separates the CBDC 105 from the ADC 103 as well as the
first CM 106 that separates the CBDC 105 from the
adjacent CDC 107. Additionally, hydronium ions
generated by the water splitting are attracted to the
cathode and enter the adjacent CDC 107 where they may

be effective in regenerating the cation exchange
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remai ni ng capacity is anion. [0072] Sinply put, as the
proportion of cation exchange material Pc in a

WO cwspasie e bed” is increased from about 1% t OPEIDUS1008/004929

99% we encounter first the particular type of
conposite bed called a "doped anion bed" for Pc |ess

t han about 40% A "m xed bed" is produced for Pc
greater than about 40% and 13ss than about 60% and a
"doped cation bed" for Pc greater than about 60%

MR E3]1 allhec D a iapgpdr e erse ShownAddi ELGnallys &uydecarijplee

of an EDI apparatus,, which co ises five discreet
ST SRR BGUTP. aRArbEF "7 hoB) BoL1 FEANdcBRRUALEARTGRT to
@Hé'ﬁﬂaﬁb(Hﬁﬁﬁe&@@@dﬁﬁgnéé?S@EnEaXECWQOQ %ﬂ%%éfwﬁ%y may

chanbers). The apparatus ilTustrated in FIG
dened fet iare avodecgdaebeiinglthepanapad ekchangie ADC

103 hy. a first AM 10 The anode chanber 101 incl udes
g:£§%§§}t?ﬂﬁ%ﬁ%ﬁ%#a&h?§%f%alIy is in electrical
contact with the first AM 102. The ADC 103 typically

i ncl udes therein a honbgeneous vol une of anion

¥ Pahlge mEtEd™ale A conposite bed depl etion chanber
(or sinply CBDC) 105 may be placed on the cathode-side
of the ADC 103. The ADC 103 and the CBDC 105 may be
deyidlt ed AN EEREcdadi &® 494shde CBDEiIGOS5 Inwwasi ncl ude

t herei n i xed. i on _exchange. mafer.ial ., or a_.doped
TS T g 138 SPRSRINGH BUBPeHCRaLEdn PORYRETYE ene
TRiRiWAte - td Nee€9PedrBAI BNceXeBaBge ARIBHadles a@id ion
doped cati on exchange nmaterial versions nay be

REARRGROS M- t hBek they ewambéeusébet devimprov@s he
L G S D A R
iacad aon ¢des sagdotdiosi dethert BaagBECahdh crbas SBlo€ ions
]'aorse 4 edasE1 eleC,D%&é)?cg}fagu?gr was convenient for this
example. The internal flow dimensions of the ADC 103
were 1.27 cm in diameter and 3.81 cm in length. The
internal flow dimensions of the CBDC 105 were 1.27 cm
in diameter and 1.27 cm in length. The internal flow

dimensions of the CDC 107 were 1.27 cm in diameter and

3.81 cm in length.

[0095] The anode chamber 101, for this example,
contained platinum gauze electrodes (Unique Wire
Weaving Inc, Hillside, NJ). In contact with the anode
and separating the anode chamber from the ADC was an
anion exchange membrane 102 (AMI-7001S, a product of
Membranes International, Glen Rock, NJ). The ADC was
filled with an anion exchange resin (DOWEX™ 1X4 (200
mesh), a product of The Dow Chemical Company, Midland,
MI). An anion membrane 104 separated the ADC from the
CBDC 105. The CBDC contained a doped anion resin bed.
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separated by a first CM 106. The CDC 107 typically
i ncl udes therein a honbgeneous vol une of cation

wexobasige material . The CDC 107 nmay be separ at BOI/U82908/004929

t he cat hode chanber 109 by a second CM 108. The

cat hode chanber 109 includes a cathode therein that is
advant ageously in electrical contact with the second
CM 108. WWen additional (nor¥ than five) nmenbrane
bound chanbers are present, they may be typically

[Iites eldpad guaiors 0és adbédonahs hetedenéors campos iged of

catlon depl eti on chanmbers, whi ¢ dded next to
S T [ araar e ko TR G tsiten

el erduade, anghd heorBEen 0821 A0oRbEEY T | ﬁahlsﬂar eRfr ) “éli‘ﬁ a

through the EDI apparatus transverse to t he nenbranes
mmem iorehanged roesLef { DOWEK] giptOWdr (26D armﬁTa,t ¥z

e d | ction. of

BRI A g o o iR o Eat iy M aTBB N i pyri e
tar icat | eclexedangepaeirbyanasiand £y 1cant1@hn td ‘da|tlimili’1.
of honobgeneous_cation exchange material . The cation

S Hitfe W E ANHAY SOAPRNEE ESFIBA ERERange thesi ns,
GRfd,Uh £XE NANI e PAF bk £5ES £ o FRL] OPeEE‘éE%QQ‘él bers,

cation exchange screens, cation exchange nonol |ths
eﬂﬁanHﬂRHQHEMmsCDGeléﬁffr@mpthalCﬁDCthQSCwasoa cation

exchangenmat er.i al e of ho eneo ca
e g opSotel it ol ne BeoRtohaed BiFipranes
ca i ¥h £XChNpe oeshr apekf rama Chgeatdcaa@nifANled with
exchange menbr ane from an ADC, spd t he chanber may

e

Corftali ¥ erseangenrexéhanGeWRE eriliix4 G0 T@Rﬁi’éa)d a
AN, S eene RS LAk o oUOREY, LA GohANOE e
&Mﬂhamgm sesanstedofrexc hhrgeapaptiec chambean 16¥c ange
fé£§¥§5 &g Eégga?gg ?8&%99%00, a product of Membranes
International, Glen Rock, NJ). The cathode compartment
contained platinum gauze electrodes (Unique Wire
Weaving Inc, Hillside, NJ). The cathode was in direct
contact with the cation membrane separating the CDC and
cathode chamber. A pump (GP40, a product of Dionex,

Sunnyvale, CA) was used to deliver reverse osmosis (RO)

quality water (specific conductance 15.1 uS/cm, S =
Siemens) at a flow rate of 2.0 mL/min to the EDI device
shown in Fig. 1. A conductivity detector (CD20, a
product of Dionex, Sunnyvale, CA) with a flow cell was
used for the conductivity measurements. From the pump,
the RO water flow was directed to the CDC 107, then to
the ADC 103, then to the CBDC 105 and then to the
flow-through conductivity cell. A peristaltic pump
(MASTERFLEX LS, a product of the Cole-Parmer company,

Vernon Hills, IL) was used to deliver deionized water
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I on exchange nonoliths, and conbi nations thereof.
[0076] Each ADC may be bounded by two ani on exchange

woreoeBnanses and nmay contain a vol ume of honbgenPCUES2008/004929

ani on exchange material. The ani on exchange materi al
may conprise ani on exchange resins, ani on exchange
particles, anion exchange fibers, anion exchange

screens, ani on exchange nnnéﬂiths and conbi nati ons

t her eof . Typical ly, the anion exchange material may be

atva unevofrdioeroge N2 ol smka/mon EQchhagenodeinhah®@27hnd
he i1an e cha nbranes used_in. the

e 3, S5 R0 BN SR SR ohrRBnES Brsthe
present |nvent|on wor k by passive transfer and not
reactive chemstr They may contain functional sites,

\MﬂQﬂﬁkﬂIcwﬁﬁkﬁlQ%byexth@ng@ndﬂctén§e Pite theawafter of

i ons thraough the on exchang g nbrane i s based upon

e T %ﬁEQ%e BHHCC THRS | Bn>ellehGhge HSABPaRes nmay
W%%Bﬂéké¥yn§oﬁ@@Jéub$f§ b@ﬁ38§§h3t al BeoPRetagd® Agilent,

bul k 1'iquid for exa | on exchange nenbranes nmay be
aergra @d@‘mgecmermrtamstémm correati off élché@nges

th are sel ve to ani
T RE ot FOEF S RNl BRLAgNy t G Bsl¥tion
tvharsaltgchséfmemrmﬁ@@ﬁateyy themmerbr aneder aventcs thitkie
bulk flow of liquid fromone side of the nenbrane to

%’i Al eyt iahnBpekeredpfofonEncsigh tvthet the

but th nmbr ts the bulk flo
A e L AR A B PRE iR BB RSt port Bgur
RARRIA Y0 Eia L0 POL D, 4BES o0b SRR RRY %n%ﬁ]u'sf/ Jdhat ppe

ey mnust e conductive so t I 'ons may
tBEDDutgvide wan &kbhaegetnenpeaEEetcwamdﬁmdmyhy for 7

ective el ectrpdes. [0078]. An exanple of an anion .
é%@%ﬁng et thet PsT %bL?cIo%BPUﬁerS JiEfméPTofthe device
g reng. and divinyl benzene

[0097] Table 1. Conductance Measurements vs. Time
Hours Voltage Conductivity
(ULS/cm)
0.0 0.0 8.3
1 37 1.2
2 33 0.91
10 40 0.10
24 32 0.088
48 26 0.065
72 24 0.061
96 25 0.059
120 25 0.058
144 27 0.057
168 29 0.060
[0098] Another method (not shown) for performing

electrodeionization utilizing the apparatus as

illustrated in FIG. 1 comprises first causing the
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that has been chl oronet hyl ated and then the pendant -
CH d groups that were introduced to the aromatic

WO 2008830827 € t hen quaternized with a tertiary ap@TES2008/004929

Ri R2ZR N where R, R2, and R3 represent organic groups
and may represent different organic groups or nay
represent the sane organic group. This results in a
menbrane which nmay be a strgﬂb base ani on exchanger.
In some cases, the anion exchange nmenbrane may al so
&$QQﬂd1uDkbeuﬂei¢mdya®rtorfhowinbrbuﬁhbthe.AHﬂ 103.

aml f _.an ani.on exc e rane.t hat nmay be used
B, 0 Sy R e B hEcaf nERrECE VERY BRbedint
iR iGhrits 4ot £F/OR0BhaeIDEang &VRBBMANEShe anions
International, den Rock, NJ) . Oher anion exchange

[PETEh B TER GRS htcprblw dengdst vefgrbabe aniféneagehadgdhe
%}éﬁﬂ' &P éie . £0074 akdﬁﬂa?xﬁgpﬁl%e% cat p%%s

ane 'S a m croporous copo
&ﬁMKﬂnﬂlaﬂdfﬂhytnyMbEﬂzeﬁﬂdthﬁtoh&ﬁeuﬁd&ﬂ@OGBamber 101.
sul fonation, resultjng in the nonosubstitution of
é’@sﬁcﬁ}t&d‘kf&%}ﬁt t R AEDNBEY PRI h§BBVethé TOBpbpmsyStem
T eSS | thamPEADE g0 WhhehafBYHRE cBnSlitongaRGid

cation exchanger. In sone cases, the cation exchange
mmahmwaathmeoheaansa bEntbe polfymencer odn tiheer t

fab f h b h
P B L O Rorhbtfon W ERSGOAE. oRBBIPARTS. 64 he

wmﬂlvéwr&w@aiﬁe&ih@n%e?aﬁaserrenfam@@@ (LR miaigs
Internatlonal A en Rock, NJ) . Other cation exchange

reeaY e %h@%me%r6@@@ethesﬁyéﬁ§ma@th€§tM@ﬁt@xéH&WGé}

0 T o] X Il I
useég%n Eﬁ§tgiﬁg%%%%rg§%§eg§8# ERE égggguse %?bral%l'
mmyncanﬂQﬂﬂﬁﬁf@bbﬂfgéhYSunﬁfEbetpdewhnﬂe|@msmum@n may
cqnt ai nctj.o ites i,ch | ow f.or the exch e
i S AR o3 | Shnenlialid bR ciRe e i 103

%%ﬁh@ﬂQQargely free of anionic contamination.

[0099] Following passage through 103, the liguid is
then flowed through the CDC 107. The CDC 107 may be
capable of removing cations. The CDC 107 typically
includes therein cation exchange materials and may be
effective at removing the contaminant cations. The
cations may be allowed to pass through a second CM 108
and into the cathode chamber 109. The contaminant
cations may be removed from the system in the cathode
chamber 109. The cations cannot travel toward the
anode because of the influence of the applied electric
field. Therefore, the cations may be effectively
contained in the cathode chamber 109 until they are
flushed from the system by the waste liquid stream that
removes ions from the cathode chamber 109. The anions

are attracted toward the anode under the influence of
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materials is based upon the charge of the ion. The ion
exchange materials nmay readily admt small ions and

woriosasises but resist the intrusion of speci esPCI/US20081004929

a few hundred atom c mass units. |lon exchange
materi al s may be ani on exchange materials or cation
exchange materials, wherein they are selective to
anions or cations respectivél’y. [0081] An exanpl e of
an ani on exchange resin is a m croporous copol yner of
shyr eppldred dhaattienZzened tihat wakl been be allowed to

hi t hyl.at ed.and t . dant - .CH2Cl
BRse MRORE b iat (o HE SR et aaghtinr JERHER L0s.
qual iy Zed cMd M 4 th ATy 1981 Pec RLRR3MWerEe1 RyuiR.

, _and R3 represent organi c groups and may represent
Aihfef drismibrageiti ingridwpsCRE oy hepreaseaducnd sgwel of
U3 qgﬁ%%ié@“é%r é”%é—ég%fnéefigufglg@rggﬁ.be a
strong "base ani on exchanger . ere ar

several cormercially available resins of this type. One
exanpl e of an ani on exchange resin that na¥ be_used i s

(00 18 ex Bed Iusing Rirakient BaPUEBpaRy, Regidagid 1s
Mben wo%leéoeﬂ@%% f%@!c‘!éﬁd' bgnzengnangdebe 105t Rgy be

ionic formd . ani on exchange resins which
prepakdes Steier himsel wnr enoexedaager rengialisg betions

used. .[008 An exanpl e q% a_cation chan?e resinis
£ Spbt O%{i%? Fubt styrefie ahddPOFRYFLERTZene
tHdatr fasedinder gon e sedié omadépncheestkl iBgcenothehe

nmonosubstitution of -SO3H 3roups on the aromatic rings

sPnlHet plesgmerc Thekdrakd payi heaat éswadnwkPcRaf8y be
cl [ h e h era

LIRANP FT00 8, SEaReCtn TIRRE REE S8 O

excandme rodnta aat oroe exy haageemesed thatm thy bgstused ins

(. oust SQU Lol by ConpChent cal, companyy Medhand, o
the cathode because of the influence of the applied
electric field. Therefore, the anions may be
effectively removed in the ADC 103 or contained in the
anode chamber 101 until they are flushed from the
system by the waste liquid stream that removes ions
from the anode chamber 101. The cations are attracted
to the cathode under the influence of the applied
electric field and may be allowed to pass through a

first CM 106 and into the CDC 107. The contaminant

~cations may be removed from the system in the cathode

chamber 109. One benefit of this configuration is that
this prevents fouling and scaling of the cathode
chamber 109 since the cations cannot react with anions
to form insoluble scaling materials (i.e., CaCOs,
Mg(OH),, etc.). The cations cannot travel toward the
anode because of the influence of the applied electric

field. Therefore, the cations may be effectively



ionic formH+ . OQther cation exchange resins which
provide a strong acid cation exchanger nay al so be
wais@d/13(50983] The CBDC may serve two functi onsPCHIB2908/004929

others. First, when an electric field is applied,

water splitting occurs wherever anion and cation

exchange materials are in direct contact with one
another. Water splitting océd% s where a cation and

ani on exchange material contact one another, or where
aemabbdmi&x&h&ngmmnﬂ&ﬁiqﬁ mmmMaimedahnanhenCQXhhdﬁge

mo whe, mat t
AES ST Lt SRR Al el o e o
the Wa%@éctll 1Q5t é%&%'@@a@nﬂerm(@éémwﬂb whbghtser ve

to maintain e anion exchange material in
Ch@hyﬁknﬁhﬁ&ﬁ&ﬂrﬁ&ﬂm the cation exchange material in
the hydronium form respectively. As well as keeping
the materials of the CBDC fully regenerated, the

hydrnoxijde anc dyy dimi tim Aersecuas ihethencBrchangesince
material /ion exchange nmenbrane interfaces of the CBDC
dér Pet g N5 RR BX i /eCPBPOE hecaPt| 8BsPRoABIABEEION

ORI e e phcLensh o0 GRC obo

nctlon 0 be to renove
OBDO 1S feedramt B re@enéeateenhénSago@dfAMn9P4aﬁh@ms

t d d the f
SRR St n%n%é)%aa% FhEobntne BRE T opae el 3% kne
GaRasice el 4194 exehangec8BtRE| @Bncehoss fepmbehl

water splitting as well as electrsghoretlc m gration
gidiarentortRGrigh tA@dhbierpaly . WaYEroBpIMt £PRE may

%gt%ﬁfe&%%@% Long iiemg akgnggéggé@ga to the

ese con am n nt 1 on rrven
kﬁmmuﬁetdnﬂcmmmmmltbeiad;axehangecwﬁOQrwabrbedh@&-mh@
CBDC towards their respective eLectrode chanbers.
*ﬁh§efect1ve in regenerating the cation exchange
material contained therein. Additionally, hydroxide
ions generated by the water splitting are attracted to
the anode and enter the adjacent ADC 103 where they may
be effective in regenerating the anion exchange

material contained therein.

[00102] FIG. 2 illustrates one configuration of some
embodiments of the present invention that may be used
to produce ligquid with very low anion contamination and
reduced cation contamination. In the apparatus
illustrated in FIG. 2, a single ion depletion chamber
may be layered with an anion exchange material

layer 203 and a composite anion-cation exchange
material layer 204. 1In contrast to the structure of
FIG. 1, in a layered structure such as that of

FIGs. 2-16, no membranes or other structures are used

to separate ion exchange material layers that fill some
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contam nant cations may be driven through the CBDC,
through a CM through the CDC (s), and through a CM

wao eooshaoseat hode chanber. Li kewi se, cont am nant PGTUS2088/004929

may be driven through the CBDC, through an AM through
the ADC (s), and through an AM to the anode chanber.
[0085] Water splitting generates hydroni um and

hydr oxi de i ons which may be 3%sed to regenerate ion
exchange materials. Under the force of an applied
elfeailta cHdndek s iag Bitig Spetvéengthananodar cabmbke and the
Junctl on Qf anion and cation exchange materials. These

QB LIHERFT i n THe EBIRTS STA¥ePERiE ERRFBEHOUS
%Htaacrts Wb @i o0 pod éﬁ&h&ﬁgé’éﬁ%%ﬁgsngats%bh%%mg

andmenbranes . Hydronium from may travel
tthregugiTitie iGMamw eken@DE, of haslaggendr depagttiba chamber
materials_fou

O SRt B Sl o0y B Lt PP 1 BT R 2 04

e Wwdn dHuisaN epenesadi flet @ a0EoMnexelangewithout a
materials found within. [0086] The foll ow ng

AN rn dtheeseErpetvhe heteaent them of8ishdsugh

i ar. t . Con it v 6. acs
IR o £ 1185 ShPREShE thakinlt blial? 1 8RO HEBR LAY,
exany e cnf, sitmhotlwr exchasgehpathgchedubniellages ion

For a cont am ant n to be_renoved

?f%%f#an ! rrtggi?w“%?%’é corﬁ?%n%ﬂ’éﬁi‘ PR 1?1%§We§?“t &€ EoeT n

OB g hde & PLa T e§9§§£' ¥83 'TEHJQV aAe ebmPeshielkai ned by
an ion exchange material particle in contact with a

Iamnmﬁ@mwg@hmqbrmeetcaﬂu dayeut éﬂﬁamwaheon
r‘% rane or anl teil

T 2% e?l a?ppa?iil %Eéggn%qgn?eggggphor eti céﬂ y

régftedn iy Iﬁihf@rlgéll t heyeat 20BahagabBeopby ikBveedo drhehe
next |ike_particle (anion or cation_exchange) if the
t%ﬁP?ﬁu%%%?é%faF%elﬁhﬁﬁﬁ?ﬁc?nd may be separated from the

anode chamber 201 by an AM 202. The anion exchange
material layer 203 typically includes therein a
homogeneous volume of anion exchange material. The
composite anion-cation exchange material layer 204 may
be positioned on the cathode-side of the chamber and
may be separated from the cathode chamber 206 by a

CM 205. The composite anion-cation exchange material
layer 204 may include therein a mixed ion exchange
material, or a doped anion exchange material, or a
doped cation exchange material. The anion exchange
material layer 203 may serve to remove the anionic
contaminates and the composite anion-cation exchange
material layer 204 may serve to remove cationic
contaminants as well as anionic contaminants from the
liquid. The apparatus as illustrated in FIG. 2 may be

operated in continuous mode or in intermittent mode.
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wi th one another, or if the contam nant ion |eaves the
i on exchange material particle as a result of water

wa@piostisismy. Si nce the CBDC contains a mi xture PET/HS10081004929

and cation exchange materials, it is statistically
unlikely, for the typical densities of ion exchange
materials used in practice, that there will be a
continuous path of |ike ion4®&change materi al

particles of any significant distance, thus,
dl08dtonBdphorretmer mdyriadn qrer fotming habbetrodeionization

advant ageousl acconpani ed b) i spl acengent

Bt (0S HP AR &> op T4 T e oref P 8n
lcmpramal£i rtl cdiss idig oid asiqh Pt b6 BBCAaNLATEH to
ion renoval in the ADC and CDC where no water

$plow tihmpuste it (e excanghapdeesiabniayarorly -

%%% tl%%i%{ Kok ee.)ﬁfg]ﬁprgfz tleé ! &J:u)is dI Qot Pfo&z‘%%gggh
, C am nant i ons ey be Tenoved by

efhec tardpiin rediditang ¢ imad t i 4 hr Daugidr t @3 | ohrexchgngae
materi al bed tqg and through the ion exchange menbr ane
@It Fhe eI R ok ERAnBRPArpBB87] EBE

AT %xc‘g]{Ht d %E@E?&I‘eﬁa%{rt@@ %%ansxé?%@%ive at

mat er1 al e CBDC may be displaced by water
g@incvtiingg . arfilmshyitraxi dee | bhguidr nethér amionsenre

splittin di spl.ace th ont am nant . ani,on or,
el Tt e G R oaohas B BT ki Lene
dhleard de eesan idts SR PthONa Whekedi tol fashathedugh kthe
hydroniumions fromthe water splitting reaction. The
ddht2dh mafl 1OEQ dshaypednl SharbaEi 401 Hehpreafhaywnay be
U] WO dIG,LOMDOSLEEad: Ofls £4CPANEELIR! £RLALABAY
where it y be retained agai n by ani on exchange,
wheinddrhe displ acenerd -peteahtod Hechafil swingohhicbuehe

SR e AL LSO 130) TR care L
I8 ddtantacd1 M t hribec a0 ORs expBangeriBEBAARBwa2Ad the
Egihode and may enter the composite anion-cation
exchange material layer 204 directly. The cations may
be allowed to pass through the CM 205 and into the
cathode chamber 206 where they may be removed by the
waste stream used to flush the cathode chamber. Anions
are prevented from flowing into the cathode chamber 206

by both the CM 205 and the applied electric field.

[00104] Following the passage through 203, the liquid
is then flowed through the composite anion-cation
exchange material layer 204 where most of the cations
may be removed and any remaining anions may be removed.
The liquid is caused to flow through the composite
anion-cation exchange material layer 204 by the
placement of the output port on the apparatus. The

liquid exits the apparatus as product liquid having a
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contam nant C ion may be passed through the AMinto
the ADC. [0088] The anal ogous situation occurs for a

W@ a1080805¢oNt ami nant . For exanpl e, sodi um r et ai PeUR2008/004929

the cation exchange material of the CBDC nay be

di spl aced by water splitting. The hydroniumions
formed fromwater splitting may di spl ace the
cont ami nant cations (for exddple Na+) fromthe cation
exchange material and the cation goes into sol ution
wheehadd lesvelpad f exliions hdigdr cat lensonssfinam theswat er

splitting reaction. The c t nlnan Na+ (as sodi um
R O RGBS A MeaR MOy ot RO BGARCERE. SoRmGEIE

QS angse %m&l o@eelh@hsﬁﬁoht eﬁBMaﬁ@er phakRedl will
agai n by cation exchange, where the

diyapl eeclele rive rin ethé owname hénmgn@b@uht PAte tooabowur 30%

Ev, tuaII he cont am n in c tact
A e edeal "ok PRGN mbEEr TR, £8TEme WS e 8C kne
nganafér W tihé hepsat s ols eaﬁhamgehaan‘asameluawatt@ds in

t he contam nant Na+ ion may be gassed t hrough the
CHG or? dbrerEt ht Rt e @9@31’9 BBoFhAtnBRNoRTPYLde a

t he -a rat:
gﬁr&ﬁ[ustr @Lg&lieg nj,zad,i QQdHEbh' 16081508 £ gmo@utes

1 conprises first causing t
|laapiahire tieomei oni zed to fl ow t hrough the CDC 107
The CDC 107 nay be capabl e of renoving cations. The
CDC 107 typically includes therein cation exchange

nesEros] s ange Mypheaehbesti velabrramew g #1e. 2 may be
contam nant cations . The cations nmay be allowed to

pﬁaslstqkpﬂr%uw adetenhda tiPro8eaRECiALd Yt Ralen: Fegeval,

w 108 J@tf&{n‘{%gﬂ‘cg?ﬁgae@“ OR aﬁ@it&ge_ rﬁ@‘(ﬁ‘iomc

fron1 e sys emin chabe
catt r exixpt 1o ahhgphi i 86 avetl tdeawd tkelre thaadbabecarsd vafd t he

i nfl uence of the applied.electric field. Theref.ore,
LRV SERS GRnaiyS bl F F S FFERY. cORt RFAGT HFLoniZation

treatment among others. The apparatus as i1llustrated
in FIG. 2 may produce a liquid with very low
concentrations of anions and may be used for purifying
liquids for use in analytical techniques such as ion
chromatography, inductively coupled plasma mass
spectrometry, and atomic absorption spectroscopy, among

others.

(001061 FIG. 3 illustrates one configuration of the
present invention that may be used to produce liquid
with very low cation contamination and reduced anion
contamination. In the apparatus illustrated in FIG. 3,
a single ion depletion chamber is layered with a cation
exchange material layer 304 and a composite
anion-cation exchange material layer 303. This is an
example of a layered depletion chamber (LDC), in this

example, a dual layer LDC. The layers may be in
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t he cat hode chanber 109 until they are flushed from
the system by the waste |iquid streamthat renoves

wo 2008/18050I t he cat hode chanmber 109. The ani onsSPEX/ES2008/004929

attracted toward the anode under the influence of the
applied electric field but will not be allowed to pass
through a first CM 106 into the adjacent CBDC 105.
Therefore, the anions will B& retained in the |iquid.
The liquidexiting the CDC 107 has a reduced | evel of
@ﬂhuﬂgnduﬂzndnﬁﬁdm)wtmhémtcwnihgnléquhdngbrmambrane

009 FoIIo sage thr h t he quid is
SRR O G TR Y 1695 FRLVARE. £b hayopeite
%@ﬁaﬁi%aﬁlcﬁ{ feednmedy herdyiag QQ?E@”BO@”En@n'th@S cation
fromthe liquid stream The anions are attracted to
texshamse m&mlahelamr uébéemay bRetzuppbivedsel &ot the
fleld dt a hrough aflrst AM

gplrﬁe e anogggcha 8 é§6§os+ﬁg oAl ITRT til e

mmg@mi@fﬁpv@yéf OB 8 hﬁagyséeﬁbsmthbaean ofe the
chanber 101. The cations are not al]owed to pass

ERBIRIHE 1S R rfeh AM RO RatndeRpHe bt REPAERHGTe f4i0ge the

f%?hﬂ&? NL.ONgE\ C ot % t he
caf% de because 6?ebﬁéé$n§¥uggge o?hghgbg%% %
anmnnﬂqaﬁlancbxdh&mgéom@tethelahayas aﬂé mb&eana&ﬂ@e

nt ai ned in. th anode chanmber 101 unﬁ they .

ii?sﬁ?e‘dlf%‘}l&’f% YRt ST by P Re™REST &4 qOFd sPPé’ anion
téﬁﬂhdﬁﬁ@”ﬁﬁtéﬁi@lff@ﬂ1éh@oﬁ@@d@a%ﬁ@ﬁb@&chghgeNMéter1a1
remai ni ng cations are Iargeli unaf f ect ed whil e passing

[

tHrowAr 10 apdiange maeerigli dagrrt PR may RBC 103
?gc%’sllb@lér?écge&é( iné&e Qéhéﬁé ggﬁe‘:ﬁ@t l%IPE‘e”I% L0Bed WX hnay

OW Ng passage t Rt ou I's then
fHéWEEbdeEE@MEI&@ fE%KbéﬁEodéhehﬁBB@rlGBGWEW'beQM 305.

abl e of effectivel rean ny r inin tions
& O (T RHRIT | YA 67 SE AR SFha Vdni-aRe Cad Y

~includes therein a homogeneous volume of cation

exchange material. The cation exchange material

layer 304 may serve to remove the cationic contaminates
and the composite anion-cation exchange material

layer 303 may serve to remove anionic contaminants as
well as cationic contaminants from the liquid. The
apparatus as illustrated in 3 may be operated in

continuous mode or in intermittent mode.

[00107] A method for performing electrodeionization
utilizing the apparatus as illustrated in FIG. 3
comprises first causing the liquid to be deionized to
flow through the cation exchange material layer 304.
The liquid is caused to flow through the cation
exchange material layer 304 first by the placement of
the input port on the apparatus. The cation exchange

material layer 304 may be effective at removing cations
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attracted to the anode under the influence of the
applied electric field and may be allowed to pass

wa boosgis7a second AM 104 and into the ADC 103.PdEs2008/004929

cont am nant ani ons may be renmpoved fromthe systemin

t he anode chanber 101. One benefit of

thi sconfiguration is that th| s prevents fouling and
scaling of the anode chamber4301 since the anions
cannot react with cations to forminsol uble scaling
rfetaar itdle (iqwid. Caliee, cagiOrf aret at):rathedartiogmd the

il te%etc?%fet'l%%"wﬁf?ﬁd SRLERIF 2RRRHG” Thel spgions may

e 2 ensd ey s ef Ergbiya! }théeﬂand 5 anuhan/&IaCtlr@S
or contained in the anode chanber 101 until they are

fqaldHete fehpRede 306t whebg theywrdvebei germeved the
R@f&l td IVES | é‘éd{egn}riﬂgﬂaﬁﬁg ggﬁg@@ c%l%élhﬁ)e@ 06.

ons” are at rac e cat e und
izafilarencerofptdecappdi edorl étvwiagf ialkd aheé rayrhHaele

all owed to ss throu a first CM106 and|ntothe
SR S0 RebARnERe Elt PR ey ThE PORINEE FigRtTic

tdhes 5y st efpd mhhensakbads ehapbel %g%ard-nﬂ:?lec%tdd?fés and
cannot travel toward the anode because of the

|n|tﬁy uHeer ofhe h@naplpkcedleheexchengleeh@tem@rleﬂmr 303

ons be.effectiv n _the 10
WSRO PR 281 ShL PR BeY A1 TERUE0 skt g,
f&w@flza@l Jopnandeisyst eAebynbie wash®el guild wiHdr@amhey

that renoves ions fromthe cathode chanber 109. %092]
V%%Sérb%pﬁﬂt‘(?‘i’%% B¥cthe VAStResEBBEM USSS| fe fliushyyrhe

de- A pp el n3 g1 compgsi L 0L anko CAtd, Oy
exc angce mat er i a?s. nﬁe wat Sr gp |bt %lv%g%len flh Cé%(?Wlng
o serlvesathode egeasbare3Ohebgebontt AlMel@M S0t and the

a he. CBDC_105 fromthe ADC 103 as well as the
f‘?&g{ ?‘j‘f/lﬁ% Cthht Eéﬁgﬁat es the CBDC 105 fromthe

(001081 Following the passage through 304, the liquid
is then caused to flow through the composite
anion-cation exchange material layer 303 where most of
the anions may be removed and any remaining cations may
be removed. The liquid is next caused to flow through
the composite anion-cation exchange material layer 303
by the placement of the output port on the apparatus.
The liquid exits the apparatus as product ligquid having
a reduced level of anions and cations. Since this
apparatus may be particularly configured for cation
removal, the volume of the cation exchange material
will typically be in the range from about 50% to about
90% of the total ion exchange material volume within
the chamber. The apparatus and method as illustrated

in FIG. 3 result in an apparatus that may provide a
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adj acent CDC 107. Additionally, hydroniumions
generated by the water splitting are attracted to the

w@210808is78nd enter the adjacent CDC 107 wher e BECEYSI008/004929

be effective in regenerating the cation
exchangemat erial contained therein. Additionally,
hydr oxi de ions generated by the water splitting are
attracted to the anode and éfter the adjacent ADC 103
vvhere they may be effective in regenerating the anion

wolarage Inetuerd & tosart avihed mlheherﬁdu{:ed%]eveitanplfe 1
%009% EDI deV| ce as shown in Fig. 1 was

Hethtned hi gh density pol yethyl ene
hardware to ret ain the el ectrodes, nenbranes and ion
excha%%e resin. In this exanple, the device was
t i alThe c3PRawR el asnl Bhapbrared an FIG. 3 may be

sylstantd aldy &éf&ﬂ%tfﬁeﬁs %ggéagm QLhet shapgs,and
e,

Cross-sections are Teasl circul ar was

v ardvenitorfior dthirengxanpiguidie | Bkempaksf bdwlow ionic

dlnen5|ons of the ADC 103 were 1.27 c i amet er .an
Ghaa,

FEPGhI L 1BHH. "I eCPRREF AGI WAFEW PEn< S6E 11

g%y%fggsd§ﬁ5%ﬂ82Zﬂ§§Eilet§HEteBraBglerzaquleatlon
'ength. The internal flow di nensions of the CDC 107

Weres thneat cmThne damretuands 3181usmr|aﬁer1englt WIG[ 069512y

The node for IS exa ont ai
(f gau e‘ﬁ d\égrYUSnn qu80W %&Pﬁlgs Irg)%gl

ﬂddﬁbﬂ&iaﬂ@)may|BeC@Qé@Cfoﬂﬂbhr&hglﬁgodeq@ﬁds for use
separating the anode chanber fromthe ADC was an ani on
éa&fﬂﬂ@e\/w aFRCHBPIL AR S¥OD18S &Of)‘r sdgemagraraphy,

g ALY N Tt I ﬁﬁ%eﬂaggcEpe?%komg??%ﬁngﬁﬁs

ed w thH an ani on exchange resin 1X4
(a?cOﬁmrres;tt)sorlatmndsmecbfoﬁhepﬁbowa@bem oahe@snpany,
M dland, M) . An anion nenbrane 104 separated the ADC
fromthe

[00110] Example 2

[00111] The device of Fig. 3 was constructed using
machined high density polyethylene hardware to retain
the electrodes, membranes and resin. The LDC was 1.27
cm in diameter and 3.81 cm in length. The liquid flow
inlet was directed to the top of the cation resin
layer 304 close to the interface between the cation
resin 304 and the CM 305. The cation resin layer 304
was approximately 3 cm in length. The liquid flow
exited at the composite or doped anion-cation resin
layer 303 at the interface of the anion-cation resin
layer 303 and the AM 302. The composite or doped
anion-cation resin layer 303 was approximately 0.8 cm

in length.
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CBDC 105. The CBDC contai ned a doped anion resin
bed. The doped anion resin bed consisted of a conposite

wo@Rooan3@m on exchange resin (DONEX(tm 1x4 (20PCTESIN8/004929

a product of The Dow Chem cal Conpany, Mdland, M)
and a cation exchange resin (DONEX(tm) 50Ww4 (200
mesh) , a product of The Dow Chem cal Conpany,
Mdland, M) with an ion exd?ange capacity ratio of
3:1 anion to cation. The cation and ani on exchange
NeNLAR Iwer &hien atrmziehyccinambam 30d, hgdroxhile egample,

res ectiv Separ atin 07 fromthe CBDC 105
RS e BT e hh e o BRECTRor P RsHYG. Wy 2o
The@%%{g qfnd\/brrbﬂalr@fdé ntiggnat i pRatonEher ek, N anode

was filled with a cation exchange resin
@D@/\E)@(Haﬁat@m&T(Q PG shhanbar pg YuEronf thke LDOwWwWas

e, cal dl was separ at ed
g‘l‘o%@%@z de c(aﬂ’nb%rgi%gl %t 3Ec§?g§gaﬁ1§ﬁbr ane 108
GWer?ﬁQﬁormm,ra;nm mC}NEnraJaneSTh@t epgathoRalis Ex@fmple
Rock, . The cathode conpartnent contained platinum

g’é’&’zselsé’leéjctqfod_é’éo (AR o ?eaV@aWﬁganElng Bl-si g&e
N er The £atdipdss ves i‘é‘sghrﬁ%/ 0BHIC ¢ Wil EghB%mte

cation nmenbrane separating t and cath

dlearehe wasA goped ( GP4D, catpondUot anfiobi orprci8ynnyval e,
CA) was .used to deliver vVerse osnosi s éng) %uallt
BB RE S o CE hEeshosn R B P e T ans P03
Ancvehd 0w a at 2 ®fmas®) M4 MbRoliAct e £ EBhed®¥it enehawa 1
in Fig. 1. A conduct|V|ty detector (CD20, a product

Sompiaghex Misikanyd al 26T ) @z)ld\/vﬁt RakipPnoRKEBRNIRaE aFdad

[ Gloulhe CopANET ( YRy nIBAIUT SRR, X b Ui, ygp, the

wat er oW wWas |rec to "t he ; to the
AbEnliG3H 1 ttmmpdroy | hei £BERA 108Iand Thenskeohlde layer is a

rovv-thr hconduct|V|i ceIIt3 A erlstnf,altlc
ARTEOUSC & 5 LBULEYSF ¢he CHPHERar A Ebntang
\fﬁa@mn Iéllﬁls@dliéa &@STHéeﬂostCHshws& @%mgahgzedmdland
waterat a flow rate of .0 mL/mn to the anode
danmberThacation and anlon exchange resins were in the
hydronium and hydroxide forms, respectively. A cation
exchange membrane 305 (CMI-7000, a product of Membranes
International, Glen Rock, NJ) separated the LDC from
the cathode chamber 306. The cathode chamber 306
contained platinum gauze electrodes (Unique Wire
Weaving Inc, Hillside, NJ). The cathode was in direct
contact with the CM 305 separating the LDC and cathode
chamber 306. A pump (GP40, a product of Dionex,

Sunnyvale, CA) was used to deliver reverse osmosis (RO)

quality water (specific conductance 11.2 uS/cm) at a
flow rate of 2.0 mL/min to the EDI device shown in

Fig. 3. A conductivity detector (CD20, a product of
Dionex, Sunnyvale, CA) with a flow cell was used for
the conductivity measurements. From the pump, the RO

water flow was directed to the cation resin layer 304



then to the cathode chanber and then to waste. [0096]
Initially, the conductance of the water exiting the
wEDiosdassice was 8.3 nS/cm Using a | aboratory Ppomes2008/004929
supply, (E3612A, a product of Agilent, Santa d ara,
CA) a constant current of 40 mA was applied and the
initial voltage was 42V. Gas evol uti on was observed
i medi ately fromthe anode &f cathode chanbers . The
initial background conductivity of the product water
iorfc rtdees D@ r8h vl ved amd blveraaichnhoatiper redinhe
onduct t rease to. 1.2 nd/ devi ce
TR R R o e SRR e BT oS - of TITASPE. The
dIraidt ikaldye de Shovwshé esublswher di becdewi es eheFiagiodk
[0097] Table 1 . Conductance Measurenents vs . Tine

[@@merw%@n%wm thetcahbafy £bpmperf 8Pk Agd

% Sﬂ on utilizing the apparatus as
1Iust ated | G 1 conprises first causing
thelqu|d to be deionized to flow through the ADC 103

DC 103 e capable of effectively renoving
nantIHhFh%%PYro EheOPPRGFEnEer 8AmE %?h@aéﬁ Tons

ugder i nf e of the
K .eoéaﬁcﬁeeﬁé‘%r?féé o} s 2y B e d e A 30s
gt dr yf igSe AM IH21-and ( Easmmheaap@dauezlﬁam‘rfe AgiQknt,
The contam nant ani ons nay be renoved fromthe system

iSRRI G PAhbRrCa0gtatheCHAFERS ©4nAdt M XES)
tanarihd h&&at'élﬁ‘@dfn%?éys%%a&@ewh@f baenceqal hR1ution

applied electric field. Therefore, the anions are
eﬁasxnba&ﬂwe@onmae@edtehytﬁeomnoue ehaniee and0 Tagmtade

fl d, f h t t
e Povet ToheSrP b RECsbRE EhambeY T the
Aboatd Apse &f enh@fgségdueef%@chgdc}wgm B3} 891 pour
through the ADC 103. The liquid exiting the ADC 103

period the conductivity decreased to 1.1 uS/cm. The
EDI device was allowed to operate continuously for 6
days. The data in Table 2 shows results for the device

of Fig. 3.

[00114] Table 2. Conductance Measurements vs. Time

Hours Voltage Conductivity
(LS/cm)
0.0 0.0 2.6
1 20 1.1
2 33 0.87
10 40 0.36
24 32 0.11
48 26 0.078
72 24 0.064
96 25 0.060
120 25 0.058
144 27 0.061
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may be largely free of anionic contam nation. [0099]
Fol | owi ng passage through 103, the liquid is then

wo basashsthr ough the CDC 107. The CDC 107 may beCTHRZDS/@4929

of renoving cations. The CDC 107 typically includes
therein cation exchange materials and may be effective
at renoving the contam nant cations. The cations may
be allowed to pass through #7%econd CM 108 and into

t he cat hode chanber 109 . The contam nant cations nay
H@ Orlérﬁjved ﬁh’rcmhemeemlycscﬂ'ﬂnemn thethbat hodeechanbeentdon

cations cannot t he anqQde bec

YSH elrbe Z)‘;/\‘%)p‘l'mil dFﬁﬁgecf]‘Pl c &?‘éﬁ ehbodiment
thru%f&raaaeé hen %p@f@tlﬁ@)’wﬁﬁcﬁfESﬁiﬁ)tygbﬁ 6OBbA P@%Qt@"
t he cat hode chanber 109 until they are flushed from

tamosyslaémqyy ndeemazt elayveni 404t tham nhyt beeddeposed

WA O s, oot hode, harbes 109, The, a0l 98 ate o

rac owar e ano e un uence

ampimﬁﬂ et@tdndge Iﬁaieéfh@lltla\yéi: mos beTaklkowed aho thass
throu%&a first CM 106 into the adjacent CBDC 105.
et 3 Ia?ﬁon%nv\ﬂnrsb%x?’@?é?neé triphe tiey&ird LoC-

The ldmd exitd > ﬁté¥¥5101a9@§ @O@eQHGQQdE%V%%éyéln

cations relative e in-comng liquid stream
[a@amn]emam mop passage tAheughtio, etchbahlg@uMU&xlal

vt 0 e LRPS oIS rEhby Pab TRy SFeRarHen oL A drle

@h@rﬁ&ﬁﬁoii&f_fn dMEohl 8t doBt hgasyidhe1apkengoar @ ncludes
attracted to the anode under the influence of the

éﬁme@dﬂe@é&iw@ jor| exghanggympEesipdvnedrt 8 Ffepsd anion
%{%@ FecoPds AM 104 a&Q LAt a EFSnAQQc%&% Tpn%terlal
cont & )93

amhant anions may be r nove romthe systemi
tThe t@nicd eambendoen s ;LOﬂ.heThnaqamdons bandeti ohriaeel ntaqwajred

the cat hode_because of the _ influence of the applied
e 0 el M eFLFBFRE, dfﬁscsﬁpangepgy%ggp%pon the

liquid quality required. The anion exchange material
layer 403 may be separated from the anode chamber 401
by an AM 402. The cation exchange material layer 405
may be separated from the cathode chamber 407 by a

CM 406. The anion exchange material layer 403,
composite anion-cation material layer 404, and cation
exchange material layer 405 may be contiguous with one
another without separation by ion exchange membranes.
The interface between the composite anion-cation
exchange material layer 404 and the cation exchange
material layer 405 may be transverse to the applied
electric field. The interface between the composite
anion-cation exchange material layer 404 and the anion
exchange material layer 403 may be transverse to the
applied electric field. The apparatus as illustrated
in FIG. 4A and FIG. 4B may be operated in continuous

mode or in intermittent mode.
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effectively renoved in the ADC 103 or contained in the
anode chanber 101 until they are flushed fromthe

wWG@EymBamsby the waste |iquid streamthat renpveBCT/USR08/004929

fromthe anode chanber 101. The cations are attracted
to the cathode under the influence of the applied
electric field and nay be all owed to pass through a
first CM 106 and into the CBH3 107. The contami nant
cations may be renoved fromthe systemin the cathode
chanber 109. One benefit of this configuration is that

t hi events fauli and scaling of _.the cat hode .

(R Yo el o fnse e ifnort FEELBAR R 2a e

mlflqrﬁﬂ@%élbi@pssﬁ@tu@glgaiﬂugt%aebdem ®ad0 3a. 1f
etc.). The cations cannot travel toward the

efetswam@er@tf ihef PR fuekedust Lheuapgpiliosdis a@etidngc

ef ore h
P eovt L ERLARY TR Bisinrivditer o
o:atﬂmﬂbm citeerhest 169 erthéngybeyaseeitllushgerf no®.t hahe
system by the waste |iquid_streamthat renobves ions

o The t IR BRERHER L 169YST[ B8 20TRYVAEBLVEpMOST Rf
QRIS d bdder LBPG HO51 shncq . | tTHeycbe%ﬂgevmqr %eﬁ a

conposite of anion and cation exchange materials .
wa:tteﬂracstmd ttowayr d nthéec€BDEA20bYSs Eheesppd 1|eeigedercmra c

e.s AM 104 t hat separ ates CBDC 105 from,t
R ths o Ot Doy T BE ] AP bR o PasEnt reRn e
CBDQ d %A d ot becind] agenbaeDeEnifiberAddint dRald \they may

hydroni umions generated by the water splitting are
ae rRNeEed Y hehearasbe ahyeant aseghécadilacéntthepc

10 el & r%é}ﬁé!eﬁalo‘?e efx}x%hbv%ﬂ 5%9%%%‘3:%%%%% Rvara

cati1on exchange material contal ne there
Adte taromde | yy ttﬂyelr@ptpﬂjnaedoaiegemcalfeélbiy tmmOns

litting are attractedtot gnode and .enter .the
éﬁiaégﬁ% fa% BRASF e pﬁgyg § e composite anion-cation

exchange material layer 404, through the anion exchange
layer 403, through the AM 402 and into the anode

chamber 401 where they may be removed from the system.

[00117] Following its passage through layer 405, the
liquid may then pass through the composite anion-cation
exchange material layer 404 where both anions and
cations may be removed from the liquid. The cations
will be attracted toward the cathode by the applied
electric field. The cations may pass through the
cation exchange material layer 405, through the CM 406
and into the cathode chamber 407 where they may be
removed from the system. The anions will be attracted
toward the anode by the applied electric field. The
anions may pass through the anion exchange material
layer 403, through the AM 402 and into the anode
chamber 401 where they may be removed from the system.
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be effective in regenerating the anion exchange
materi al contained therein. [00102] FIG 2 illustrates

wo@p@sasns’e gur ati on of some enbodi nents of the PCEESUWS/004929

i nvention that nmay be used to produce liquid with very
| ow ani on contam nati on and reduced cation

contam nation. In the apparatus illustrated in FIG 2
, a single ion depletion chd&%er nmay be | ayered with
an. ani on exchange material |ayer 203 and a conposite
ani on-cation exchange material |ayer 204. In contrast

to the structure of FIG 1 , in a Jayered.structure
Qe ot Sete 1 2 mrssadnarniunal aAvernabss the
StilHGLH RS, ai}fﬁer’r‘%?éjsé O IsEPRGRL Enb0Ane¥ahaRa8 arakeri al

layers that fill sonmeo f the chanbers |ying between
ted eanicde lawehed0hnd The zatidndexchanper matikyilkdyer s

B e T L L

layeeriedndep) ettiodn ehbsherw{lDDe Stocactber € oaaed Whe
depl etion | ayers 203, 204 between the AM 202 and the
QuoRs b BIG apeld edott et hbfbfaRedor BRReAN4ORFC Mdve De

BELWGERDY theBaddl Shicudl EX8RUC46h QBdE@htgpQﬁrea%gl%de

havi ng dual T on depletion layers or, 1 n other wor
kdamizpra 4l wheyer tidepl vay ohechanbeed Plye thet ewrfsdce

bet ween t he_ani on. exchange nmaterial |ayer, .203 and t.he
i S R sl Rt e S ATl A PV R
eyt IS URT BE e dherappbdetdorheat the thehddells, ameon
exchange material |ayer 203 nay be positioned on the

andeled Rlegtrhe EhahBer GABCSNAY bEesEpARANEa S Cehions
h%ﬁé??%ﬁgp%ﬂgmggg%ggé pﬂr gﬁwkﬁgﬁggsE?ﬁé%%?%ngﬁﬁiﬁgggion

ayer yprca i nc rein
homigangousa ver Lk Dayani 604exchangeghmaher icalt ionlhe

QUBESISE PLVOP £8L! OPnEAEIA IR "B W02! A S e LT

cathode chamber 407 where they may be removed from the
system. The apparatus illustrated in Fig. 4A may
produce liquid with a reduced concentration of anions,
but may contain trace amines or ammonium from

degradation of the anion exchange material.

[00119] The homogeneous anion exchange material
layer 403 and homogeneous cation exchange material
layer 405 illustrated in FIG. 4A may be regenerated by
water splitting that occurs within the composite
anion-cation exchange material layer 404. Hydronium
ions will be attracted toward the cathode by the
applied electric field and may regenerate the
homogeneous cation exchange material layer 405 as they
travel toward the cathode. Hydroxide ions will be

attracted toward the anode by the applied electric
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be positioned on the cathode-side of the chanber and
may be separated fromthe cathode chanber 206 by a CM

WQQR®8/131329 conposi t e ani on-cati on exchange nat ePCHIUS2008/004929

| ayer 204 may include therein a m xed i on exchange
material, or a doped anion exchange material, or a

doped catlon exchange material. The anion exchange
material | ayer 203 may servéQo renove the anionic
contam nates and the conposite anion-cation exchange
rﬁﬂ&ﬁdzﬂndem&y ﬁE@enayaSethethomegemeouatb@ﬁb@ exchange

cont ani n| oni ¢ contam nants fromihe
FAR SR e I8 28Ry Dty T okOrR R Ghey R
operat ed in cont| nuous node or in intermttent

node. [ 00103] A method for performng
e[IQéHt?rQ)]de| de aavparatisi asnglinetappedatos FeI§ 4A may

SRS P 2 CODE b L SO enovan,

eshdnge imtieti atréayeh 20duidihe Ekgiod elso d¥e low ionic
deioni zed is caused to flow thr ou%h t he ani on exchange
PSRN | L@ 1993 RrLudepyatRE fhateRdst 6CNES nput

AU Je Uk LNEndPPET ahYSei1THe 18RI 0Bre¥¢hanae 1y E-Ef%rz'aéﬁl

l'ayer 203 may be' effective at renpoving ani ons om th
Iummeﬂme amongsobherat t r fbtedppowartdst ks dldds ttlyated

the ﬁ?electrl fleldl The _ani, nma eallowed
F BRE L8 ST o hetRpSn s L b S Y Ao 00 e hesber
%d@ﬁﬁﬁf@s nay heibaBoYad huyt be wasie f%trf SUPUSLthg

to flush the anode chanber. Cations are prevented from
f1igids i FoH e anoaeaéﬁﬁﬁﬁéil 2e£hpy dwesh stk AV 20

3PP I Cc

attral%t?ted téé\g’?d %E?ﬁfggg E%d g%tacél’r%t os
CXROST dree @ny O nandt aonmexc han gepm:ﬂber |s@>ledtay3@rc02ﬂ,4 among
directly. The cations nmay be allowed to pass through

tH'BWF 205 and into the cathode chamber 206 where they
may be renoved by the

[00121] Another method for performing
electrodeionization utilizing this apparatus is
illustrated in FIG. 4B. If the requirement is for a
product liguid low in cationic contamination, the
liquid may be initially directed through the anion
exchange material layer 403. The anion exchange
material layer 403 may remove most of the anions from
the liquid. The anions will be attracted toward the
anode by the applied electric field. The anions may be
allowed to pass through the AM 402 and into the anode
chamber 401 where they may be removed by the waste
stream used to flush the anode chamber 401. Cations
will be attracted toward the cathode by the applied
electric field. The cations may continue to pass
through the composite anion-cation exchange material

layer 404, through the cation exchange layer 405,
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waste streamused to flush the cathode chanber. Anions
are prevented fromflow ng into the cathode chanber

wQo®mshsoshot h t he CM 205 and the applied el ect rPCT/UEm081004929

[00104] Follow ng the passage through 203, the liquid
is then flowed through the conposite anion-cation
exchange material |ayer 204 where nost of the cations
may be renoved and any remaiodi ng ani ons may be
renoved. The liquid is caused to flow through the
thrpogitt e haniddn-48 iad ekctbhangee nedehodé thygmbe?04 0By

the placenent of the output_port on the apparatus .
e G oot 0% HETHHR afHen sEpr SUREET  qui d
havi ng areduced | evel of anions and cations. Since

this apparatus may be particularly configured for
dMi0d rlenovall lavieny adassaee threoaghohléxchhrgéiquid may

terial wll typically be in.the_range from ahbout 50%
THE et Dot e tar el b candBe Srab IPharR bR
wialthiri d1ha phanbrys Wiherappotat 88i end arBhedtasns may be
illustrated in FIG 2 may result in an apEarat us that

1

FEppreslifaem Prodieduid qui Bhet FREAPRPt W1tddhEegttracted
el @h@%{ﬁ&d&?ﬁ&% Z%'hlgﬁé’b_?faie%[ 09L0pLilN@ie14.  The

appar atus as ust may be suitable for
aei tdrirsatnagn , pasp echabhygh anhencaemonakxchengeowaitemial

t rengt i qui ds . anpl.es | ow i onic, strength
bl S ush ot hat AR5 PeeifBn FRberagnode
QHBHS M BlindAd | Oley OhaPr ber réRbOBHZ &bAN the @k ERRm .
anong ot hers. The apparatus as illustrated. in FIG 2
e produte il ges dawkrachedy tpuardofbenengdieoby ¢he

i.ons_an for rLfyi LOui f
WSS R hPEfaL OLTBY St b blBs Rhation
I Gdri Ml Yesechuph @l phasrbalmiayeped0Bonehrpugandthe
AN A2 P O 5P £ 92 WY i3 TPRY1OLRELE they may be

removed from the system.

[00123] Following passage through 404, the liquid may
then pass through the cation exchange material

layer 405. The cation exchange material layer 405 may
remove most of the remaining cations from the liquid.
The cations will be attracted toward the cathode by the
applied electric field. The cations may be allowed to
pass through the CM 406 and into the cathode

chamber 407 where they may be removed by the waste
stream used to flush the cathode chamber 407.

Remaining anions will be attracted toward the anode by
the applied electric field. Some of the remaining
anions may continue to pass through the composite
anion-cation exchange material layer 404, through the
anion exchange layer 403, through the AM 402 and into

the anode chamber 401 where they may be removed from
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[00106] FIG 3 illustrates one configuration of the
present invention that may be used to produce liquid

WORER/188ry | ow cati on contam nati on and reduceRPCHOBI08/004929

contami nation. In the apparatus illustrated in FIG 3

, a single ion depletion chanber is |layered with a
cation exchange material |ayer 304 and a conposite

ani on-cati on exchange materid |ayer 303. This is an
exanpl e of a |l ayered depletion chanber (LDC) , in this
shensive tem .dudthe appatdCis Thelhayeasedaynb&ig. 4B may
i ncont i guaus .contact wthout an ion exchange nbr ane
DESIIGET g THE TS 3 erresd BetvBRAL ARaSRoosi ¢
FN@RMEHAAN E@xclege wat ehapl cbaygin302aaadalbents of
cati on exchange material |ayer 304 may be transverse
sy lifgd s gptaedegrdat eor i ef dthaheatdapospsan bed.

ani on-cati on exchange material |ayer 303 may be
positioned on the anode-side of the chanber and may be

depdaratled fTroemidmogamosieus hammben dRd¢hbyganmAie3@21 The

onposi te ani pn-cati on exchange materjal |ayer 3Q3_may
ﬁ-ﬁéﬂeﬁdéo&éﬁlb‘? :}‘%{“?ﬁ‘?(%%io‘il%ncé tARnGEharer Bptegrad

deped- alyPn EXEERgEABI 8T FBE. 2B RafoPed redkh@Rated by
exchange material. The cation exchange material |ayer

Eﬁztr%msnieidtrroian i omed @mcuhﬁ ‘?lathbuﬁtQEdeﬁuﬁoshﬁenb
PR o S s Rl o L TR BE ABhr T AR

I%hd i ldaldy datetacesdt bewetrd anboraganaeudyVelheme of

cation exchange material . _The cation exchang}{eei
riedriad 9l S04t haydserdeney FERBUETERE &S onic

HRMABNAES i S0CLONRASLE £2801901C5LA0 Q%EhaIG ey

mat eri a ayer 303 may serve to renove anionic
cortvarti nawasr adstinel taglsodat i oHydrogmtianiipast sviflilofet he

| id. T 1 i,llustrated in.3 b .
Gt SR AS < Thetie' BY' FReS frelide Bletsde
field and may regenerate the homogeneous anion exchange

material layer 403 as they travel toward the anode.

[00125] The apparatus as illustrated in FIG. 4B may
be suitable for deionization, especially cation
removal, for low ionic strength liquids. Examples of
low ionic strength liquids include water that has
received reverse osmosis, distillation, or prior
deionization treatment, among others. The apparatus as
illustrated in FIG. 4B may produce a liquid with very
low concentrations of cations and may be used for
purifying liquids for use in analytical techniques such
as ion chromatography, inductively coupled plasma mass
spectrometry, and atomic absorption spectroscopy, among

others.
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[00107] A nethod for perform ng el ectrodei onization
utilizing the apparatus as illustrated in FIG 3

weovpnseses first causing the liquid to be dei oPCHES00$004929

fl ow through the cation exchange material |ayer 304.
The liquid is caused to flow through the cation
exchange material |ayer 304 first by the placenent of
the input port on the appara3us . The cation exchange
material |ayer 304 may be effective at renoving
danilangf r orartdtthdr rriobdithencad f ovlse apeeadht athedntion

toward the cathode by the applied electric field. The
08t oS R RA  RR (9P pasS R b} ShigRO! Hee CRPBOSABHS

11t & e (e heder ehanber 8065 WaRb&ai eyt My1h8trarBYedn

by the waste streamused to flush the cathode chamber
PParAtivenvhareh raventes 4rbhr$t ogdmgoshte aheon-cation

at hode .chanber bot h the 305 an he applied
GRradic iR SPP e ol 1Be otldRRed Pet sl Ra
andde axtHmgenietet el ankpor Cad3 oan@xghasgeofvkgEhahge

| ayer 303 directly. The anions may be allowed to_pass
MRCEIGIR 4t Heywr andT At dniPR ahelengRafpErr3nd

t : t e,s to
MPTaR e st Erar e gy e fetath i thinalLtaggs'e
fuodmanfd @l rgpion cetdimangedeachaiber 30hebyabdbh ekehAkige

302 and .t he appl.i electric field. [00108] Foll ow ng
e e gt ctih SURLCTheY| HEEFHaFS FRERecRuSed 1o
o QUM FdBukONPOSEL €1 8A1 BRcRahb@NmaxekaRde The
material |ayer 303 where nost of the anions may be

famste F AP Sy rabPi Ayt tani enshangebrwacerdaed. The
aud i ) or :
A A R RURSK | pL Ottt I gt b6y caTRASh e

plaacanedit, air tdhedopk@uinpont erohéhgeappaeat ad,. otha

ljquid exits the apparatus as product |iquid having a
réégl?@e&arte\@ Sf M ORsTARBT LAt onEOWSVREe THILS

embodiment comprises an additional, second, composite
anion-cation material layer 506 between the cation
exchange material layer 505 and the cathode

chamber 508. This is another example of a LDC, in the
example, a quad layer LDC. The second composite
anion-cation exchange material layer 506 may include
therein a mixed ion exchange material, or a doped anion
exchange material, or a doped cation exchange material.
The second composite anion-cation exchange material
layer 506 may be separated from the cathode chamber 508
by a CM 507. The anion exchange material layer 503 may
be separated from the anode chamber 501 by an aAM 502.
The anion exchange material layer 503, first composite
anion-cation exchange material layer 504, cation
exchangé material layer 505, and second composite
anion-cation material layer 506, are contiguous with

one another without separation by ion exchange
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apparatus may be particularly configured for cation
renoval , the volunme of the cation exchange materi al

wowdos/1s0spd cal |y be in the range from about 50%¢TDUSIH08004929

90% of the total ion exchange material volunme within
the chamber. The apparatus and nmethod as illustrated
in FIG 3 result in an apparatus that may provide
aproduct |iquid streamw th3fuch reduced | evel s of
cationic contam nation. [00109] The apparatus as
mdmhgamﬁwediﬂhéﬂiﬁtéﬁf&g@bbeSMéeabthefenion exchange

delon ti.on i al cat enoval

Je e e g ok Tt TRPes ik RLap A 23t on
|e'x‘ai¥ia‘i|fgé%t§é¥'ﬁlﬁl Seav@t €504 hatyhBS tegsEvedskeysr se
osnosis, distillation, or prior deionization

ﬁp@d{mtelem;srnapp%\mms aBhe| inserheee PRtEren 8heay
RLOCS g ML ey LOCONCEALY A0S a0"
I 'quirds for

cations a may be use use

uay&EMQﬂa(HﬂdtﬁﬂéwnammﬁnsexhhaﬁgeomacbrmamtmgyaphﬁQS
i nductively coupl ed plasma nass spectronetré and

HeyniRe IS0t s ctieseopylednBhgCbther S1efdo118he
Examd & e [ ddn Thee deyi £6n ofethsn?é Wasec@ast ructed

usi ng machi ned hi gh density polyethylene hardware to
rl@wam 30te aat@ctth@d@scom@n@@ape&aadanés'nncathenLDc

27 d 3.81 |
et ST R ey folls Snd7 5B b v g 8p 8% cne

Fa@ipqubd eslidtdayerf 388dcl osret gppheatibentace1bettweerd
the cation resin 304 and the CM 305. The cation resin

|iay€r1%o@wsad?ﬁ OXPHERERY 3N CAPRAINEAYEhMOTRe OFi 48 d

fil QW J&fe conmposite or doped anion-cation
resin ayerlgdg at the interface of the anion-cation

resin layer 303 and the AM 302. The conposite or doped
FYALFRLT O f 88 Da ! YT 308 188, 3PRY 2% 1BERL ¥ 108 ST
utilizing the apparatus is illustrated by the dashed
flow path in FIG. 5A. The liquid may be initially
directed through the anion exchange material layer 503.
The anion exchange material layer may remove most of
the anions from the liquid. The anions will be
attracted toward the anode by the applied electric
field. The anions may be allowed to pass through the
AM 502 and into the anode chamber 501 where they may be
removed by the waste stream used to flush the anode
chamber 501. Cations will be attracted toward the
cathode by the applied electric field. The cations may
continue to pass through the first composite
anion-cation exchange material layer 504, through the
cation exchange layer 505, through the second composite
anion-cation exchange material layer 506, through the
CM 507 and into the cathode chamber 508 where they may

be removed from the system.
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in length.[00112] The anode chamber 301, for this
exanpl e, contained pl atinum gauze el ectrodes (Uni que

waRe/1Ms20/i ng Inc, Hillside, NJ) . In contact RET/0S1008004929

anode and separating the anode chanber 301 fromthe
LDC was an AM 302 (AM -7001, a product of Menbranes
International, den Rock, NJ) . The LDCin this
exanpl e consisted of two layers 303 and 304 in Fig. 3
One layer is a conposite resin layer 303 (the
conposite | ayer was doped, 2:1 cation to anion

h
TR (haming §attReshitooanpP0auct st L Ry
Ehem %ﬁsscwmy n Mgéapgdrsim koﬁﬁgsateaah%new&a%e
resin (DONEX(tn) 50Wk4 (2 00 nes , a product of The

Boelangs ged t Qonphnlayer db aﬁdwhwm boufheage@@ﬁd amlyer

(St Sy B PR C P C UG W BT Cal ey O

Midllansk Myracbe eevapd 8hd aathbdexbhanpe a@@msed
were in the hydroni um and hydroxi de forns,

pcticvetie @xcaTh%nC%Réﬁﬁﬁg@aﬁeﬁﬁﬁ§n§h§9§9PCWPe 7
e eepati
R e R L EE T2 bm e ke P RodS cRadber S0g - on
Trenpsed ol earchambea t 306 emnhahgedmptarna&nﬂga@ze506
electr de Uni g Wre Wavi Inc, HillSsi )
o B 07 rh 5 E8nE e, S phEnE heTiRss 508

S@ﬂ@ﬁéﬂﬁﬂéytﬁ@yt553ﬁ@ﬂoﬁé&hﬁéémchﬁgbgys%@ﬁ AT MRinions
(GP40, a product of Dionex, Sunnyvale, CA) was used to

el i dpe r@%zf@@t@@n*é@wgr@Rg)deqaapdebeatt@e @@pé@efd C
:é?%%é? Cfléfd “@ﬁgnlnﬁbng RQ?“bééketEE gpivr y@ﬂlon

déevi ce own in condu
(hﬁahamge(miﬁ@rlalplaﬁactSOB DthmemghSmhewa SOZC@md
wth a flowc used for_ the c nductlv

ﬁégghr%m%n?%ogﬁrSﬁggﬁgrpé whggephey may' be’ removed

from the system.

[00129] Following passage through 504, the liquid may
then pass through the cation exchange material

layer 505. The cation exchange material layer 505 may
remove most of the remaining cations from the liquid.
The cations will be attracted toward the cathode by the
applied electric field. The cations may be allowed to
pass through the second composite anion-cation exchange
material layer 506, through the CM 507 and into the
cathode chamber 508 where they may be removed by the
waste stream used to flush the anode chamber. Anions
will be attracted toward the anode by the applied
electric field. The anions may continue to pass
through the first composite anion-cation exchange

material layer 504, through the anion exchange
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wo 200813308 to the conductivity cell

water flow was directed to the cation resin |ayer

3040f the LDC and exited at the anion-cation resin

From t he PCT/US2008/004929
conductivity cell, the flow was directed to the anode
chanber 301 and then the cathode chanber 306 and

finally to waste. [00113] Initially, the conductance

of the water exiting the EDIS&evice was 2.6 nS/cm

Using a | aboratory power supply, (E3612A, a product of
Agiyeant50 Santlar Ghaglt at h€AMaSepnatdnincar cbet aobdéd mA

oo G ok DAY | Tt dbat BFJOPFARTERD ARGOBVARED

cat hode chanbers. The initial background conductivity
of the product water increased to 53 nS/cm and over a
UL HOWAO Joer i Bl 1 dwieondaesaget Yhdevgbablld t 6he. 1imBAicmmay

. : v f
et Bade EEAGR Bhe HELAG, SRREBEE LDk BB ok
deicngd fagerial 180Pd14%0dabl ehd seConduebaposite

Measurenents vs. Tinme[00115]  Anot her enbadi nent of the
ﬁﬂ%ﬂﬁﬂCQF&@ﬂn$%ﬁP¢%g?Im®§?Féﬁéd1?MeFlép64ﬂa5n6empﬁe

Wosd s ebodi BNt s hé! USEY 8hESFABmAPART #t U3 1 W Chne
conpri ses a conposite anion-cation material [ayer 404
tdettiony el Hiksposedrbetedenowardnibr erthadgeby the

mat eri al | er 403_and.a cati on exchange teri

Bt e AR e LT oAb her TRRaRRESo8F AYLBE. AldopRd to
el ehrsudh | phe trysn7LDka Theoaphencaxebaerge

material |ayer 403 includes therein ani on exchange

ehather 209 hehenei BhekxBpdnge ReRevedl brafee agste
'aldges, doer el ”ff@ého{éhEXEQEﬂgaﬁgg}el%%%%- 508¢  Any

conposite ani on-catron materia r incl'udes
theemaei mi rag naxeongs omagxbbangeatmedr ial ther paodoped 1iquid.
ani on exchange material, or a doped cation exchange
material. In this apparatus, the liquid to be

ded ®m zed NBYoPEer method for performing
electrodeionization utilizing the apparatus is
illustrated by the solid flow path in FIG. 5A.. 1In
this case, the liquid may pass first through the second
composite anion-cation exchange material layer 506.

The second composite anion-cation exchange material
layer 506 may remove anions and cations from the
liquid. The cations will be attracted toward the
cathode by the applied electric field. The cations may
be allowed to pass through the CM 507 and into the
cathode chamber 508 where they may be removed by the
waste stream used to flush the cathode chamber 508.
Anions may be attracted toward the anode by the applied
electric field. The anions may continue to pass
through the cation exchange material layer 505, through
the first composite anion-cation exchange material

layer 504, through the anion exchange layer 503,
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caused to flow in either direction dependi ng upon the
liquid quality required. The ani on exchange materi al

wo 2008130508 nay be separated fromthe anode chaP@BEUS2008/004929

by an AM 402. The cation exchange material |ayer 405

may be separated fromthe cathode chanber 407 by a CM
406. The ani on exchange material |ayer 403, conposite
anion-cation material |ayer 404, and cation exchange
material | ayer 405 may be contiguous with one anot her
witirrouth separAd | 902 bynd oinexchhagenndebraneberTh®l where
interface between the_conposite ani on-cation exchange
TS iINRY 1RF SreMovednt PRet RSt PBRTERchange materi al

| ayer 405 may be transverse to the applied electric
field. The interface between the conposite

di@-Zlat | dreekehingepansegearhrayeh 204, atdet Re quiidomay
change t.erial. | aver 403 may_be transverse to the
I aa AT & | X AR Pol R b BRI RUR LSS a0 L 1

IrayEdGsSEA anth& | éat A6n meyxchengpematedibl CAReNBQES may
node or in intermttent pode.[00116] A nethod for
FEIFITRE ol @Et FoReT AR FRINSNCAEL PRSI A OPhéhgpgdinics

thd | ddS{dA 6Fi 1D be Gt ffactbal BEWbeAULERTRA oY Yy Ane

product Ti qui ow i n anionic contam nation,
ldppliicedregldetrnct faélg. di Thet edtibneughyt be @dtlicored to
exchange materi.al I%éer 405. The cati on exchan

RAGH | TG ChD5S S o FAUROIDEE BPLORG CeAtioonEXShamTe

tokee: d o R dla%@ﬁ 5@6 | oOPEr¥ubh bPReatir soedniioVRItS th
cat hode by the apglled electric field. The cations nmay
S

et edmwechambpass08 hvbagh theyaurgobeangmones fiye the
e 407 h re y ot

A S LB e A e UPPLEah Bl e TRY R QLIRS S

Amiosrss Wrd 11 bise aht tAst eddt ovaaddt heecanadecbpyt e

applied._electric fielgé_The ani ons may continye to
P

Y9} RAFCEREC cbirBOSt t e ThAI BRICREI BRY continue to

pass through the first composite anion-cation exchange
material layer 504, through the anion exchange
layer 503, through the AM 502 and into the anode

chamber 501 where they may be removed from the system.

[00133] Following passage through 505, the liquid may
then pass through the first composite anion-cation
exchange material layer 504 where both anions and
cations may be removed from the liquid. The anions
will be attracted toward the anode by the applied
electric field. The anions may pass through the anion
exchange material layer 503, through the aAM 502 and
into the anode chamber 501 where they may be removed
from the system. The cations will be attracted toward
the cathode by the applied electric field. The cations
may pass through the cation exchange material

layer 505, through the second anion-cation exchange
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exchange material |ayer 404, through the anion
exchange | ayer 403, through the AM 402 and into the

wanedasshanber 401 where they may be renoved fPONUS1v68/004929

system [00117] Follow ng its passage through I ayer
405, the liquid may then pass through the conposite
ani on-cati on exchange material |ayer 404 where both
ani ons and cations nay be ré&foved fromthe liquid. The
cations will be attracted toward the cathode by the
appldrad lellegtan G d6 el thrdingh cahe ot BBy padsihbovoupk

the cation exchange terial. |ayer 405, through_the
FOFTERE ST S SRR a0 TORNEPBOV ARGy KGR BES
&E\vgd fromthe system The anions will be attracted

toward the anode by the applied electric field. The
ani ons may pass through the ani on exchange nateri al

I r, 403, roough the AM 402 _and int he_anode .
DAY 20 F B R P Dot PEnBYRSPP ot ol Suid may
B tfam 1064 18] r o dDdVEMMEO LGS PRESafEoh heuBAnbayRaterial
404, the liquid may then pass through the_anion
&R 0 Tt Sl atigRrereRanIThBa hAr s lekegrgBay

4 ¢ =
anloﬁ}séjl f%ﬁ?t:%4$§EU|dF£TEe gn?%%én§dF%B@eEgg?Fg?pgg'
tIhearach itdres aniolde thy & therappeédetoeaedt the &Anedd. b¥héhe
ani ans be all owed. to pass through the AM 402 and
it St S chanbetS a0 1R PR PHEy My Dfe  eRHPEd CO
dha-masich stneamusesl 4eaf iHsh the anede ehamker 501
01l. Remaining cations wll be attracted toward the

cdeRsic Y thRY dppl FEROERACPY| Ehei wREteSEREean used to
rfelr@kp!t{% CALL0S, &E’”Egi“ﬂe Aﬂn%p§%ﬁaﬁgﬁgl§g?a&g§ns may

CONposi ani on- cati on exchange nmateri a
e ategtta iiried ciad i e exeb@nge Layet d405, through the CM
406 and into the cathode chanber 407 where they may be

renmoved fromthe system The apparatus illustrated in
Hdb13y MYrhe apparatus illustrated in Fig. S5A may

produce liquid with a reduced concentration of all
ions, but may contain trace sulfate ions from the

degradation of the cation exchange material layer.

[00136] The anion exchange material layer 503, cation
exchange material layer 505, AM 502, and CM 507
illustrated in FIG. 5A may be regenerated by water
splitting that occurs within the first composite
anion-cation exchange material layer 504 and second
composite anion-cation exchange material layers 506.
Hydronium ions will be attracted toward the cathode by
the applied electric field and may regenerate the
homogeneous cation exchange material layer 505 and CM
507 as they travel toward the cathode. Hydroxide ions
will be attracted toward the anode by the applied

electric field and may regenerate the homogeneous anion
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produce liquid with a reduced concentration of anions,

but may contain trace am nes or ammoni um from
waele@sasiare on of the ani on exchange material. [POWLS}008/004929

The honobgeneous ani on exchange material |ayer 403 and

honobgeneous cati on exchange nmaterial |ayer 405

illustrated in FIG 4A may be regenerated by water

splitting that occurs withi®%he conposite

ani on-cation exchange material |ayer 404. Hydronium

ieschanidd nzer eatitalacl syt ov@3 dathdieAMabbRdesbyhefetravel

applied electrigc field and may regenerate the
ﬁﬁWﬁﬁghégﬁ% ‘ﬁ%n exchange material |ayer 405 as they

travel toward the cathode. Hydroxide ions will be
attracted toward the anode by the applied
al0ddt37lcf | e mammm%g@mexhl@sm@thdrmgeﬁésus Sanivey

h (i 403 h d th
R S S S e e A B RS

Ryt hevs Uidrailt & faengheh oni gat aon, Eﬁ@ﬁpn@bl yfano@nionic
removal, for lowionic strength |iquids. Exanples of

ISSw ity lskaindft hL G HifeIswR het ublaaheF tREE1NSS
- RRERINEI JEYRISe Q3fDS| F) o 0] Shi '{% EQQ?EOBeEthrzatlon

ei oni zation treatnment, anong e apparatus as
|dﬂeﬂﬂmen&xiamoﬂa(thérmay ?hedappaaatuquad wilfllasyeayed

l.ow_concentrations gf ani0£s ang na% be used for

O T A (TR dE BCEsR T hIAS! Yt FRalSE¥chRiques
%&Hbéﬁ%ﬂéﬂhdﬂﬁCEE“&&{@@@YanﬁnﬂHQtbéeh¥e@0¥BEe§th%§E%g
mass igfctronetry and atom c_absorption spectroscopy,

Hea1s . u§0lrR 13nahyt heal n’éeﬁbalﬁgeSpérlf:@r gisng on

f%n R Madet PPttt e BRR M a5,
mpuhnﬁoméﬁmyxiémﬁwatbmﬁ¢iahsorpambanspatt@bscbb@, among

éél may be initially directed through the anion

[00138] Another embodiment of the present invention
is illustrated in FIG. 5B. Similar to the apparatus
illustrated in FIG. 4B, this embodiment illustrates an
apparatus which contains a second composite
anion-cation material layer 515 that may be disposed
between a cation exchange material layer 516 and an
anion exchange material layer 514. However, this
embodiment comprises an additional first composite
anion-cation material layer 513 between the anion
exchange material layer 514 and the anode chamber 511.
This is another example of a LDC, in the example, a
quad layer LDC. The anion exchange material layer 514
typically includes therein a homogeneous volume of
anion exchange material. The cation exchange material
layer 516 typically includes therein a homogeneous

volume of cation exchange material. The first
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wo b@shsgmd d. The anions wil |

exchange material |ayer 403 . The ani on exchange
material |ayer 403 may renove nost of the anions from

anode by the applied electric field. The anions may be
all owed to pass through the AM 402 and into the anode
chanber 401 where they may be renoved by the waste
streamused to flush the andde chanber 401. Cations

will be attracted toward the cathode by the applied
cloagtosiic o iaglichn -Idwet Teon | enshangecnateniielt bapass 513 may

LGl IR FRosT 20 B0 cBLL ena e hande T el
%@etd1 QL%h té}&tﬂﬁ%@%@eéﬂai 0 bheacabpadecahasher
e

where they ma removed fromthe system [00122]
[Sefelecyrieiss) “pﬁs%"a’g@}/ t hrBaghsqogndt femppgi e Anyorheation
S 0 £ .t nji on- [ e :
AR S TREPL B18rhal SRLI B HERRRHE goppined
Hen emmiathds amtdeidl gubd. a Thepedt aansnwekkchhage
attracted toward_the_cathode by the applied . electric

fiedisF 1 arhe Tatd dHEPFAYCHasS™ t AFBUGRIENBAESE G -  The
e4Ghange i ef i &l ah 8YRL c4PPont Q&eﬁsﬂﬁggﬁﬁa%ggﬁ and

into the cat hode chanber 407 where t e renoved
flegran Hel sysenve Thepanabad kb bbeattpdet etarmbsar $11

h th lied electric field., Th [
R Bha0F aurERe-ahioR Skchangs Rererian nayar 516
43 BrugHrd hed AM- 402t Radchbhedbhenhansde shanmper 401
where they may be renoved fromthe system [00123]

3 129wk ng PR shifesE heotgas 4be, anhenrrgtienngyrchrage

:hr-o tiQp:exc teci - I .
e e T
cfeddrel raome s hige cahionsct oomt hetkrdaildlayees &4t orsid

g%ﬁﬁéﬁaéu;ractgd tgmard tgg catggge b% tge ap%]ked
SHTRTWS THEEBRE FOnSaNEy BECal MBXedSt GontGuous
with one another without separation by ion exchange
membranes. The interface between the first composite
anion-cation exchange material layer 513 and the anion
exchange material layer 514 may be transverse to the
applied electric field. The interface between the
anion exchange material layer 514 and the second
composite anion-cation exchange material layer 515 may
be transverse to the applied electric field. The
interface between the second composite anion-cation
exchange material layer 515 and the cation exchange
material layer 516 may be transverse to the applied
electric field. The apparatus as illustrated in

FIG. 5B may be operated in continuous mode or in

intermittent mode.

[00139] A method for performing electrodeionization

utilizing the apparatus is illustrated by the dashed

be attracted towardr/U/km®08/004929



pass through the CM 406 and into the cathode chanber
407 where they may be renoved by the waste stream used

wa 200Bh185M t he cat hode chanber 407 . Remmi ni ng BET/08208/004929
will be attracted toward the anode by the applied
electric field. Sonme of the remaining ani ons nmay
continue to pass through the conposite anion-cation
exchange material |ayer 4046k hrough the anion
exchange | ayer 403, through the AM 402 and into the
dlode pettdntier PG ViRer e Theyl hayidemagnbeednficonfhs

t T tus illustrated in Fig, 4B
3 aehed il (1S, et EoheeRe A Tar
Q@RlaMNaNt caid QssidwteRBahe8t Bhbetiate]aounts 60hay

sulfate from degradation of the cation resin bed.
FeOPX4] MR Kohdgehedrust @ ofireRchfigéliaridr i alheayer

. genea ' g ' | ayer.,405
PSR aT R SR LD BESREOEn Tl Bhe B
splpltitddn g idwair iac cirsl 8V t et bet tonposatebe allowed to
ani on-cation exchange material |ayer 404. Hydronium

PETS BHOUSE dthe 4N ettt f R dLRhe ERBhEBENBHSt he

pRInRd &ectiisrd iahd, and, By regepenaby the waste
honogeneous cati on exchange material |ayer 405 as they

tsrtavesim tuset d-a hiel wshh hitde . céydodgi dbainbes BGiLBl. bénions
t.tracted t d th by th | i | i
G i T SR B e B BB gen BB Pgn PR 8
eXehange neiterd al Ty esn #63s asaiyheyntiavel thowakd t he

anode. [00125] The_apparatus as illustrated in FIG 4B
ray BOTs iR ecIvt eTpas i BRioBspatian ¢xcRanes

LEmMal 51 f i ©ONi reng I Lauids es of
I ow ?%nalllc 12&{3?%1‘;]’;‘3‘%1[1@1 |€%?%I%8ﬁn% Sdéﬂ\%ggere thﬁgtmjheas
regeiw ed 4 evenseugis noiseé sfids st cohpbedhe anipni-aation

dei i zati t t h T t
PTG Gt e b TR Ty Lot olHEEUER HhE: SRncie $oc
into the anode chamber 511 where they may be removed

from the system.

[00140] Following passage through 516, the liquid may
then pass through the second composite anion-cation
exchange material layer 515 where both anions and
cations may be removed from the liquid. The anions
will be attracted toward the anode by the applied
electric field. The anions may pass through the anion
exchange material layer 514, through the first
composite anion-cation exchange material layer 513,
through the AM 512 and into the anode chamber 511 where
they may be removed from the system. The cations will
be attracted toward the cathode by the applied electric
field. The cations may pass through the cation

exchange material layer 516, through the CM 517 and
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| ow concentrations of cations and may be used for
purifying liquids for use in analytical techniques

W@ owk/1308579 on chr omat ogr aphy, inductively couplBdI/phrgsren4929

mass spectronetry, and atom c absorption spectroscopy,
anong others.[ 0012 6 ] Another enbodi nent of the

present invention is illustrated in FIG 5A Simlar
to the apparatus illustrate®dn FIG 4A this
enbodi ment illustrates an apparatus which contains a

fitst tdenpodittedeandloamicat | Dh8 nehereathkaymay584 treaoved

be .di sposed between an ani on exchange materi al
1208 s R

ctation exchange material |ayer 505.
The ani on exchange material |ayer 503 typically
i ncl udes therein a honogeneous volunme of anion_
¥Hddde ndteriewing rssageohheetBngéSmtae ai quayemay

t ypj cal ' u [ g ol une of

A RSt 57 155 DRSS
driyar CHid on Exe hangen nakehangel ayeertd mayernalayde
therein a m xed ion exchange material, or a_dope

ped "
Y ©RAngeE nier T AR 1BING ABHERSCAFPBN CBLChARY -
el ondWENE e t A Sr£8PAdT EBRL-BOVRE SE3A@ by the

addi tional, second, conposite anion-cation materia
leaypelrl SO 6 et ek fheldat i Bheeavhangemant bei all lloaygekr to

505 a t he .cat.hode. chanber 508. This is.another )
Skt bt 00 e PORTREL of 0P Tin el ndRe Fhserial
The/semiml, camposyh echai AN- sabi aAdexahangaenmahedeal

| ayer 506 may include therein a m xed ion exchange

FEEISN 0 bk whempetdhavi BAY eRenaRBEVREL Bl dhe wiaske
doned, £atd of @&(Cﬁf‘ﬁgﬁ Qﬁéeghé}iel gﬁgmﬁg%o@%qogg%%ito%s

ani on-cation exchange materi a ayer 6 y
sefdr dedtfromctded cavhodetbhamhehoB8e8bly taeChlpplied

The anion exchange materjial |ayer 503 nmay be separated
5 §ﬁ§’éﬁﬁﬁg§chéﬂ%%rcg51oﬁ§ ﬁyAﬁPgﬁénﬁe to pass

through the second composite anion-cation exchange
material layer 515, through the cation exchange
layer 516, through the CM 517 and into the cathode

chamber 518 where they may be removed from the system.

[00142] Following passage through 514, the liquid may
then pass through the first composite anion-cation
exchange material layer 513 where both anions and
cations may be removed from the liquid. The anions
will be attracted toward the anode by the applied
electric field. The anions may pass through the AM 512
and into the anode chamber 511 where they may be
removed from the system. Any remaining cations may be

retained in the product liquid.

{00143] Another method for performing

electrodeionization utilizing the apparatus is
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The ani on exchange material |ayer 503, first conposite
ani on-cati on exchange material |ayer 504, cation

wezekasge mat eri al [ ayer 505, and second conmpoBRGCT/ES2008/004929

ani on-cation material |ayer 506, are contiguous with

one anot her w thout separation by ion

exchangenenbranes . The interface between the anion
exchange material |ayer 503 fhd the first conposite

ani on-cati on exchange material |ayer 504 may be
tindnstersseed doy hehappdl 2d élewtphchfﬁalEIGThéB In this

i nterfacge betmee t he £lrst co te a g t.ion
SeSiRn e T3y et 1504 BAGSt EBXOHERokEx EriRge

'Bﬁmﬂdéatéf%ﬁﬁoﬁﬁﬁé@?&nb@x&ﬁéﬂ%éeﬁé%e&@a&h§a§%9|EQ@
electric field. The interface between the cafion

eWtirendeo thatar i aiks | ayér cabbonn dmahebgec@m@vednﬁargm ghe
ni on- cat i gn exchange erial _laye 0

SO P R0 B b oer F PECE R B Mg the anoae

appaited Uopbi édl | ebécated ENeF8G 5Herfayilbﬁsoﬁ1@5/ab%@sl n

continuous node or in intermttent node. [00127]

ﬁféfwh ot op he ngne| é@?@oﬁ@?oﬁ?‘@ﬁﬁl SRATbEr| 25.149 where
o BRAL B Sy el S O Bl B e Eh R e

uid nma rall irected
tauungﬂtemet@manﬁ ehehaaghodatbyiahelap§ﬂ1§@3eléﬁuric

exgg nge nateri al ﬁr may renove .nost of the
T R s Thet BessnbBkarahs LhR FoaEn e
e 4 hel apeses by, tBﬁr@ﬁBh'@HeeE%%bhaCcB itkEhe

ani ons nmay be allowed to pass through the AM 502 and
iaftion teabhodecxplaghee Botenhaleloey Fay bébremghedhe

e t S he e
ot B0 FRILUREE Bl o8RG RSty BT By 517
tared appt ¢ echel esthodef chbtbetheleawhers Mmheycaalyi hide
to pass_through the first conposite anion-cation

PRrF3F $UFEF™504, through the

[00144] Following passage through 513, the liquid may
then pass through the anion exchange material

layer 514. The anion exchange material layer 514 may
remove most of the remaining anions from the liquid.
The anions will be attracted toward the anode by the
applied electric field. The anions may be allowed to
pass through the first anion-cation exchange material
layer 513, through the 2M 512 and into the anode
chamber 511 where they may be removed by the waste
stream used to flush the anode chamber 511. Cations
will be attracted toward the cathode by the applied
electric field. The cations may continue to pass
through the second composite anion-cation exchange
material layer 515, through the cation exchange

layer 516, through the CM 517 and into the cathode

chamber 518 where they may be removed from the system.
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cati on exchange | ayer 505, through the second
conposi te anion-cation exchange material |ayer 506,

wao koosadis7e he CM 507 and into the cathode chanbreT/BOR08/004929

where they may be renoved fromthe system[00128]
Fol I owi ng passage through 503, the liquid may then
pass through the first conposite anion-cation exchange
material |ayer 504 where bot&f ani ons and cations may
be renoved fromthe liquid. The cations will be
attracted tomard the cat hode by the applied electric

i The |ons ass t t cat

e e g e 2888 | PhPEER' DFa’obbBndiauid may
GHPOYd R A Bupat tes §é§8ﬁ&9@oﬂﬁb§&té' ahibﬁr c2@6.0n
through the CM 507 and into the cathode chanber 508

m@@myﬂmh@l rbaweedStbowihene by§heﬁmm§ amidons
a'é %ﬁ J%(?jée%lté’\‘ﬁ@&df}gﬁ eﬂgdflg{lﬁahe %Pl 8d ons
el%ectric el

€ ani ons ass rou e ani on
&Mdhaﬂgf<wEﬁEH¢Géd|6@®&r508hethﬁodghbyhehéNbﬁﬁalaﬁﬂ
into the anode_chanber 501 where they nmay be_ renoved

FGRTHE syt in [ Do 2911 ¢oF| awnaaﬁasgageuem &tigh anion
Qb nddiee IhHubg: Fay) L hep 9@&8 tﬂteugﬁ the ‘%%‘s‘%ﬂ

exchange material |ayer 505. The cafion exchange
mmmaqsﬂtezanaomﬁﬁahagnrenohengesmaQEruhé Aeysmisig ,

TRk gt oak oy B e R0ReR, FrefRedl g irere

Q:&Ié)ﬁﬁ@ame becrabvedetré@ pReSsi/BEengh trhe ecarths will
conposi te ani on-cati on exchange material |ayer 506,

1 g aHeeEM BeFranthenedthRdeckiyhsbe ep sd@ctric
MRl | ey, Bya PRSI DY st BR-WASHE AL faiuzed Lo

the "ano anber |ons W be attracted
texmhahgémmaﬂmmmabylaherabbBtedhebaghrmhefCM .1 7Theend

S DG BN L85 e renoves

from the system.

[00146] Following passage through 515, the liquid may
be finally directed through the cation exchange
material layer 516. The cation exchange material

layer 516 may remove most of the remaining cations from
the liquid. The cations will be attracted toward the
cathode by the applied electric field. The cations may
be allowed to pass through the CM 517 and into the
cathode chamber 518 where they may be removed by the
waste stream used to flush the cathode chamber 518.

Any remaining anions may be retained in the product

liquid.

[00147] The apparatus illustrated in Fig. 5B may
produce liquid with a reduced concentration of all

ions, but may contain trace cations (in the flow
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material |ayer 504, through the ani on exchangel ayer
503, through the AM 502 and into the anode chanber 501

wob@saeltsmey may be renoved fromthe system [ ORABUS20p8/004929

Fol | owi ng passage through 505, the liquid may then
pass through the second conposite anion-cation.
exchange material |ayer 506. The second conposite
ani on-cation exchange materi® |ayer 506 may renove
nost of the remaining cations fromthe liquid. The
chtrearsion |91 hec@tirhcamd toaaedathensaihodbeby lbke

plied electyic field. The cations may be allowed to
%ﬁ§§“§ﬁf§hgﬁt{ﬁﬁ)éiﬁ%b7 and into the cathode chanber
508 where they may be renoved by the waste stream used

to flush the cathode chanber 508. Amg remai ni ng ani ons
P I8 I et dire oo gerreprddart oni gurbanpeonatpriadt her

0 100, R e L oL RSl

t apparatus is [ ow path in
AlagebAl6, 1AM1313 axadecMt be7! iguudtpayefass FIGSt 5B may
t hrough the second conposite, anion-cation exchange

it SRR IR R9 506, Waher sBRbhAT EBAPEERF e ORRIEH- WathER
D angs; W&ﬁﬂ@éil&é‘yé?ﬁiéQﬁc%XOﬁegREEaﬁ?boﬁét%Qqal

cations fromthe liquid. The cations w be attracted
tleweerd Ghe aad hotleohy ¢bepappteednébreteicéohi ekdhafige

cat.i ons be wed__t ass_through.the, CM 507 and
i ¥t Lhanbdr P8R ie FESE ) L o B L SRS
oWl Wasd ec St iead Bgeehéoapbushdat Beceatrhede ichameiy
508. Anions may be attracted toward the anode by the

AP i TRP XN VA FS cthe eh@mOogTRBEeaRF oA LAY e¥FhPAgE Mgterial
. St |
PRAR W dnd N O8LY 085 ARG 08B O b 12X 2dnode.

I rst conposite anion-cation exchange
tdarazal dé ayers 5041 1t he oaghraheednicowaexc haegeanodygeby

503, t hraugh_.the AM 502 _and _intq the anode chanber 501
e i S 0 P02 S0 TR, RV BaERetATE The
homogeneous anion exchange material layer 514 and

AM 512 as they travel toward the anode.

[00149] The apparatus as illustrated in FIG. 5B is
thus capable of being used in a manner that renders it
suitable for deionization, especially cation removal,
for low ionic strength liquids. Examples of low ionic
strength liquids include water that has received
reverse osmosis, distillation, or prior deionization
treatment. The apparatus as illustrated in FIG. 5B is
thus capable of producing a liquid with very low
concentrations of cations and thus may be suitable for
purifying liquids for use in analytical techniques such
as ion chromatography, inductively coupled plasma mass
spectrometry, and atomic absorption spectroscopy, among

others.
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[00132] Fol |l owi ng passage through 506, the liquid may
then pass through the cation exchange nmaterial |ayer

wGR®S/131329 cat i on exchange material |ayer 505 nmegT/Ds2008/604929

nost of the remaining cations fromthe liquid. The
cations will be attracted toward the cathode by the
applied electric field. The cations may be allowed to
pass through the second com®®site anion-cation
exchange material |ayer 506, through the CM 507 and
i[04 5t0ne ¢ drtvodee  hemibet i OB whtr ehe hpyegaptbénvembied

365, LIS AT b Lt ot oY OB e hGanoUBohy SLRE. 17

a1 .i &d RIngatirdds farelaaod”@ecméﬁ sBy epaliLaEAgt @n
pass through the first conposite ani on-cation exchan%e

dhargigy. 504, dudk ol hécphebroBxEhanger| aper
Tkcddrpuand he, MIB0Z and ot oot he,gagdenaiamher 50

renove rom e SYyS

Ralyleow red) Jpassay endnrioeigin wﬁnti@EOhéquodtH&y thehout an
pass thr ough the first conposite anjon-catjon exchange

e AP ATE R (B e r e RRTAC BN o8 Hnd LAt FonS Ry
QBRI QFE 14 ARG Neid | Wi 1. oaTiagp 001 0BSakh! 189 er 1oc.

attracted toward the anode by the applied electric
fIihgl dinopiee Gramdrer eyl paizd the odgalt hayeni depérthange

terlal 503 thro t he int,o_th
ano e ec%arﬁ% BOL Rt e gké\} ﬁgﬂ g% g]& fflblﬁwtlt ﬁf@yer
slernioth e:rraaﬁb@manaw lbe b@orapfigéaed ft anakdibhe exchange

cat hode by t he 2‘?@7&' ed electric field. The_ cations nmay
|§§§sertliﬂf Uy 9t tPBntekchange Faderpal thgyshagsr and

DA . SErand o 05, o214 08 SXehabaEr o1l A4 on

508 \M&Il'mdet]eylcheayof)etlnenohmérom The aylsbanexp&ah@é]
%géé¥%gp Q%ﬁ%?%ﬁﬁr%?“@ﬁe58§a1tTgyékqﬁéglg%Xon chamber
typically includes therein a homogeneous volume of
anion exchange material. The anion exchange material
layer 603 of the dual layer depletion chamber and the
composite anion-cation exchange material layer 604 of
the dual layer depletion chamber may be in contact.

The interface between the composite anion-cation
exchange material layer 604 of the dual layer depletion
chamber and the anion exchange material layer 603 of
the dual layer depietion chamber may be transverse to
the applied electric field. The composite anion-cation
exchange material layer 604 of the dual layer depletion
chamber may include therein a mixed ion exchange
material, or a doped anion exchange material, or a
doped cation exchange material. A CDC 606 may be
placed on the cathode-side of the dual-layer chamber.
The CDC 606 and the dual-layer chamber may be separated
by a first CM 605. The CDC 606 typically includes
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be finally directed through the ani on exchange
material |ayer 503 . The ani on exchange material |ayer

woreopsnasove nost of the remai ni ng ani ons fr om PEEUS2008/004929

liquid. The anions will be attracted toward the anode
by the applied electric field. The anions may be

al l owed to pass through the AM 502 and into the anode
chanber 501 where they may B¢ renoved by the waste
streamused to flush the anode chanber 501. Any
tﬁ@meﬂnua(hnMGgénénusknblemaioédcéﬁlbheegchdngé
l'iquid. [00135] The aratus illustrated_in

ey i

SFriGduce T GiRF TBRY OB cREPRbALEHL FéPf“oﬁ SPtEPFie

'c‘?x'&%rbe*%u%d'@i ffod"tsaéébﬁci A&l §G'47f at '?hé08§tf158@ the
degradation of the cation exchange material |ayer.

chai®eir Bis am@m@a&h@r@@tmmer thereager %88, appeiretus
exch e mat.er I r M 502, apd.CM 507 ..

25 Hare e A T & e B BRer AP e R Rhpsinuous
fRldd tdma i hatt oaein Sent thbdlet he first conposite

ani on-cati on exchange material |ayer 504 and second

conmposite ani on-cation exchange material |ayers 506.

Mﬁ%w]um' eeﬂ&ﬁ Pﬁ§%£§8£ﬁ9n owggtwae%hg%%i%

plie ectric and regenerate t
MMnx¥zungﬁthHHAppafat@angs nﬁlestahtbayen F@& .add Chhhe
07 as. t hey .travel rd_t he cathode. gxlde |o%s

19Uk gt rléectlefalttjo ¥ fhecahodetByOrAR &PSI COF ©

ahReidnc 4d @'n@aﬁnlderﬂ@ye regspesat %héhéaBQHﬁge FEBHS the
ani onexchange material |ayer 503 and AM 502 as they

thigeld + oVidrel adel emedell] 0be3dartThetagparwayd abe
é£'¥§ﬂiat%ﬂ tﬁé Lé%l?é?ngyeggr§g %aghﬁ fo&‘he catlgns may

|on|zat|on ani on- renova f or

g eflgidwdd gt CLSas£XaHﬁJ>6§hOEhéOWeb©ﬁdC CHlt sengtmd into
i quids _include water that has received reverse
FGathefe 1§13ameebn® O®r WRer8r theyoRfyaProsemoved by

the waste stream used to flush the cathode chamber 608.
The anions will be attracted toward the anode by the
applied electric field. The anions may be retained in
the liquid since they will be prevented from passing

through the first CM 605.

[00152] Following passage through 606, the liquid
then flows through the dual layer depletion chamber.
The liquid is caused to flow through the anion exchange
material layer 603 first by the placement of the input
port on the apparatus. The anion exchange material
layer 603 may be effective at removing anions from the
liquid. The anions are attracted toward the anode by
the applied electric field. The anions may be allowed
to pass through the AM 602 and into the anode

chamber 601 where they may be removed by the waste
stream used to flush the anode chamber 601. The
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treatnment, anong others. The apparatus as illustrated
in FIG 5A may produce a liquid with very | ow

w@emsasisrat i ons of ani ons and may be used for PUF/US20081004929

liquids for use in analytical techniques such as ion
chromat ogr aphy, inductively coupled plasnma nmass
spectrometry, and atom c absorption spectroscopy,

anong others. [0013 8 ] Anotfer embodi nent of the
present invention is illustrated in FIG 5B. Simlar
tattlasappar sttrradtadtraradd | pthé&l GatdB8let and enter the

enbodlngpt |IIust t.es an qgﬁnratus mhlcg gontaigﬁ a
SCUBR* 15 TS RRt B FEF LRy e7YEE5°PAat
amtei&lq» SDQ&@ datigren I@a{%é Of1 B¥k8aNge pBESI kAkough
| ayer 516 and an ani on exchange material |ayer 514.

bR FOMPOsHite @vbicul TR L Qpnpr¢RRIANMABEFLRdNARYRKT 604,
COATRO & echae”'ﬂrksqftdr? ! et!ﬁ?%xiéﬁgﬁfé 5%§cb§b§‘ze@h%8gh

ani on éxchange materi a ayer e ano
chantsercdntil CME (7 | saredhoies elxanpk ehofleachBbeirn 60Be
exanpl e, a quad Iayer LDC. The ani on exchange nater.i al

WRFEe Shen mycd?q Y- STV €AY t He eWﬁsgehaﬁsgéﬂe&ﬁ§d to

al uhe ofe UG EX NS B¢@si al . The cation exchange
material |ayer 516 typically includes therein a

honogeneous vol unme of cation exchange nmaterial . The

fi t h I

e T A URSTHEY of o T Sed; b SHBRaRgq mifl: f4pid
Qs &r@peﬂim&m@wg@x@a&@@@blt@r afidapedtgahi on
exchange material. The second conposite anion-cation

ﬁ‘ﬁttéﬁleﬂl | le3peeT 5984 nelyer Achider BB AJa cations
rf&halﬂfﬂgnQHESHs aﬁ\hgl b%%'e%%%d.

mater aI or a ODEﬁatl on exc ge nateri
ﬁhns&emamnxngeanmnmslwalldbeeathaagEedatewhaﬂ icaper
Sa%lso({gi.y b[%ese nairoargsedmafq; ogz]:tég et ngghcg gb Sur'llon exchange
material layer 603, through the aM 602, and into the
anode chamber 601 where they may be removed by the
waste stream used to flush the anode chamber 601. Any
remaining cations may be allowed to pass through the
first CM 605, through the CDC 606, through the second
CM 607, and into the cathode chamber 608 where they may
be removed by the waste stream used to flush the
cathode chamber 608. The liquid is caused to flow
through the composite anion-cation exchange material
layer 604 last by the placement of the output port on
the apparatus. The liquid exits the apparatus as

product liquid having a reduced level of anions and

cations.

[00154] The apparatus as illustrated in FIG. 6 is
thus capable of being used in a manner that renders it

suitable for deionization, especially anion removal,
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by an AM 512. The cation exchange material |ayer 516
may be separated fromthe cathode chanber 518 by a CM

w®1008/131329 f i r st conposi te ani on-cati on exchangkCT/US2008/004929

material |ayer 513, anion exchange material |ayer 514,
second conposite anion-cation material |ayer 515, and
cation exchange nmaterial |ayer 516, nmay be conti guous
with one another without segdtation by ion exchange
menbranes. The interface between the first conposite
dion-aati o @xsteeget et eguafsl ayBradpleandft Rewaniood ¢

S T 1 fhadndaFRY PRab RS, seafiiRe ©
Y RXdEngs sat@lsal 11 ayesnblérapdibhe 3eee@ndation

conposi te ani on-cation exchange material |ayer 515 may
B eataver s€Th® aPRABEPpPIF edSeldétipitated dn TAE. 6 is

: ; : L :
IR S M R e e
radreyaeraird @y@tis 546 amyohe andnshassmalyobehegudpplbled for

electric field. The_apparatus as illuystrated in FIG

SRl I opETAt Y TR cBAEI Mlo@82AYdecs! fchniques such
'J¥ efdH téﬁf@mw&&aﬁﬁg,ﬂghd&mew t8LpReH YW@ mass

el ectrodei oni zati on Ilizing the apparatus is
iddestreneddrby aheé abshedf RbaopathonnspeGtrdBcoPys among
liéﬁgg may be initially directed through the cation

eXe aﬁbe materi al | ayer 516. The cati on exchange

material |ayer 516 may renove nost o f the cations
fromthe liquid. The cations will be attracted toward

t O hodeEE®g™®he applied electric field. The cations
may be allowed to pass through the CM 517 and into the
cat hode chanber 518 where they may be renpved by the

VEH 561 r earm UBRT devitashst baowat hodEighabbeas518
Q%%ﬁ%s V%éédbgsfﬁér%géﬁgng W%Eghtg%n%@%gep%&ng%ylene
hardware to retain the electrodes, membranes and resin.
The internal flow dimensions of the CDC 606 were 1.27
cm in diameter and 1.27 cm in length. The internal
flow dimensions of the LDC were 1.27 cm in diameter and

3.81 cm in length.

[00157] The anode chamber 601 contained platinum
gauze electrodes (Unique Wire Weaving Inc, Hillside,
NJ). In contact with the anode and separating the
anode chamber 601 from the LDC was an anion exchange
membrane 602 (AMI-7001, a product of Membranes
International, Glen Rock, NJ). The LDC contained a

3 cm layer of an anion exchange resin 603 (DOWEX™ 1x4
(200 mesh), a product of The Dow Chemical Company,
Midland, MI) in the hydroxide forms and a 0.8 cm layer
of a doped cation exchange resin 604 comprising cation

resin (DOWEX™ 50Wx4 (200 mesh), a product of The Dow
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electric field. The anions nmay continue to pass
t hrough the second conposite anion-cation exchange

woradosns@lo | ayer 515, through the ani on exchangeCT/Eymn8/004929

514, through the first conposite anion-cation exchange
material |ayer 513, through the AM 512 and into the
anode chanber 511 where they may be renoved fromthe
system [00140] Fol |l owi ng pa¥sage through 516, the
l'iquid may then pass through the second conposite
Sieori-cadt | Gmmxohaiged han@r i MI) | dgpedSubtirheneahabh

' d ' ub d f he liquid. T
R 1 R s ehnari0; e sioae By et of
apRl il elreaiidLl fd@hghanyhevani gng, nay) paS@hth@E@H

e

the anion exchange material |ayer 514, through t
fGartstore g1RFOST tla el ohl ¢ dradnaexeannyelaacer rakipapér 3:1,

L el ddie AMB12 andoiples b ARodB Chagher; a1l
ere they nmay be renbved dm t he system "The cations
wod di6 atdg act@d 6 @%alcMthe0ooat hadprbgutheocdppemdtdanes

electric field. The cations _nay pass through the .
&QHQﬁ?QS&ﬂﬂﬂ&ﬁaQ%ﬁ%r$%Fklav%f'51@?etﬁPSuéﬁ6tWéscﬁﬂéi?d
NEND dNe Gatdadeschanber iélfD@ﬂER@ ¥ 4TBY2 RE mesh) ,
renoved fromthe system [00141] Foll owi ng passage
ehafn &1 T tTHee | Powi chemycahedoprssyt hModghntheMI) in

)
ni on_exchanage teri | ayer.514, . Th ni xchange
TSP RINGT FRRT SobELiRGTenIEENERR, 2X80A198,
foanddie dhdubslk dhe was oascatlbnbexahbhget admbewakd 607

the anode by the applied electric field. The anions

méy oe’ 1 ove PEFpassot nielgRanAE TRESFNaRioRadat Cden
g%ﬁh@nqﬁ”nate ' mﬁaY§§4 13a’gigaﬂgghokh%iéNE§%2 and

into the anode chanber 511 whére they may be ténoved
Burtrheraiiaest eCa) reasn used to flelistierhBOanodé ithawbeer

511. Cations

(specific conductance 12.0 uS/cm) at a flow rate of 2.0

mL/min to the EDI device shown in Fig. 6. A
conductivity detector (CD20, a product of Dionex,
Sunnyvale, CA) with a flow cell was used for the
conductivity measurements. From the pump, the RO water
flow was directed to the CDC 606, then to the inlet of
the LDC. The inlet of the LDC directed the water flow
first through the anion exchange resin layer 603 and
then into the doped cation exchange resin layer 604 and
finally to the flow through conductivity cell. From
the conductivity cell, the flow was directed to the
anode chamber 601 and then the cathode chamber 608 and

finally to waste.

f00158] Initially, the conductance of the water
exiting the EDI device of Fig. 6 was 5.9 uS/cm. Using
a laboratory power supply, (E3612A, a product of

Agilent, Santa Clara, CA) a constant current of 40 mA
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will be attracted toward the cathode by the applied
electric field. The cations nmay continue to pass

wa boosdis7¢ he second conposite ani on-cati on excP@mnys2008/004929

material |ayer 515, through the cation exchange |ayer
516, through the CM 517 and into the cathode chanber
518 where they may be renoved fromthe system [00142]
Fol | owi ng passage through 574, the liquid may then
pass through the first conposite anion-cation exchange
meetse leipgl 1 ileay emd 1Shehien et bat hvabhtage wad 8avi.onSasay
be remaved fromthe liquid. The aniopns will| be
A AR PTTE SotBTeg L E RE K pbr PBd BFegRPPE 2nd
daibael B ONS. MeyhPassi t Da0UBAcLkEeo a5 E3nald tikti@y
t he anode chanber 511 where they may be renoved from
tfe thestparaddny water nimgreasednsomay pg/camt andedvier a 1
the product Iiquid. !00143] Anot her met hod for

peuromE PR Eee r oot rat tvndackeageAgteh - §ppasdcos
sl rated. by the lid.-flow path in FIG. 5B. Ln
T M R e RS FELoRGkd phe i nERuS Sor
CORRAS t € Bk aetationreythangehonterkbalilkayeor5te
where both ani ons and cations nmay be renoved fromthe
Ideyiice ofhe i dhs will be attracted toward the anode

by the applied electric field. The anions nmay pass
through the AM 512 and into the anode chanber 511

where they may be renoved fromthe system Cations

i attracted, toward.the cathode by the applied.
b S G P Rty Eptice "BRRstsRmeRe 2aisn Time
exchange material |ayer 514, through the second
conposite anion-cation exchange material |ayer 515

through the dmums exchang¥oddieas all | agendBesivity
through the CM 517 and ijnto the cathode chamdyeim)518
where ffhey may g renoved Trgmgihe gystem 5 g

1 28 0.86

2 25 0.63

10 22 0.23

24 19 0.098

48 19 0.073

72 22 0.071

96 23 0.066

120 24 0.057

[00160] The product water from the device of Fig. 6
was analyzed by ion chromatography. The product water
was directed to the sample valve of an ion
chromatograph (ICS-2000, a product of Dionex,
Sunnyvale, CA) that was configured for anion analysis.
A peristaltic pump (MASTERFLEX LS, a product of the
Cole-Parmer company, Vernon Hills, IL) was used to
deliver deionized water at a flow rate of 2.0 mL/min to
the anode chamber and then to the cathode chamber and
then to waste. The volume of product water sampled for

anion analysis was 10.0 mL. The data in Table 4 shows
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[00144] Fol |l owi ng passage through 513, the liquid may
then pass through the ani on exchange material |ayer

w®B1eh8/131329 ani on exchange material |ayer 514 naRCT/ER0E004929

nost of the remaining anions fromthe |liquid. The
anions wll be attracted toward the anode by the
applied electric field. The anions may be allowed to
pass through the first ani ont&ation exchange materi al
| ayer 513, through the AM 512 and into the anode
¢ireiBT Slalv e reenidregd nal/l behe eanvedsbyot helemsfleof
&%rea used to flush tfg.an de cﬂanber 511. Cations
REl TR 1ol 1 YhE @Bt hGEE by the applied
electric field. The cations may conti nue to pass
t hrough the second conposite anion-cation exchange
&Gl | Baplsis, tfhrab@@hcﬁh@e@éra‘éﬁoeﬁcﬁén@éogayzér
3%@“2 hrough the CM 517 and into the cat hode chanber
ere they may be renoved fromthe system [00145]
Fol | owi ng passage through 514, the |iquid mayt hen pass
t hr ough—the second conpgsite anLLuh4;n44nL49«ﬂ%y%ge
materi@l |ayerl315 wher d botiPrafi BHEHAR R ons| may
be renpved fromthe |iqui d. Kheowmareds (WglVL)be
attracted tpwaoditibe angde by the<appbsed el ectrjc
field.| The apngnsgeny pdass throughgpt bgoani on exchange
mat eri @l T ay@licolde through the fLRShHoEoNnposi te
ani on- catTor ange nmaterat ayer ~a9t3—through t he
AM 512 anAaBﬁﬁﬁm %é anode r¥§1965 may
be renpve ik Hem—TFhe—cation
attracted thode by tAB-8861 i ed elec ric
fiel d. [ The Bhaseiistemy pass through-PRE cation
exchange material |ayer 516, through the CM 517 and
into the cathode chanber 518 where they may be renoved
fromthe system [00146] Foll ow ng passage through
5Ad1ahe | izndtheRyembodiment of the present invention

Q will hao
~J vur T T L~ A3

is illustrated in FIG. 7. The apparatus illustrated in
FIG. 7 comprises an anode chamber 701 including an
anode therein. An ADC 703 may be placed on the
cathode-side of the anode chamber 701. The ADC 703 and
the anode chamber 701 may be separated by a first

AM 702. The ADC 703 typically includes therein a
homogeneous volume of anion exchange material. A dual
layer depletion chamber may be placed on the cathode
side of the ADC 703. The ADC 703 and the dual layer
depletion chamber may be separated by a second AM 704.
The dual layer depletion chamber may be comprised of a
composite anion-cation exchange material layer 705 on
the anode side of the chamber and a cation exchange
material layer 706 on the cathode side of the chamber.
This is an example of an LDC. The cation exchange
material layer 706 of the dual layer depletion chamber

and the composite anion-cation exchange material
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be finally directed through the cation exchange
material |ayer 516. The cation exchange material |ayer

WG 1®ss0s79 enove nost of the remai ning cati ons PEDOS100£004929

liquid. The cations will be attracted toward the

cat hode by the applied electric field. The cations nmay
be allowed to pass through the CM 517 and into the

cat hode chanber 518 where tHeéy may be renpved by the
waste streamused to flush the cathode chanber 518.

Amy el nioly e ohsahalaper réenl aetdonnchhmbprodast be in
liqui.d. [00147], The apparatus ilLlustyrated in _Fig. 5B
S TR w L FEOBE 60 SoREEHErRL o ot al I
icOMpodiie MY GOt Toh I 82€h&AGEONStEkNallheayer 705 of
flowdi rection 516 to 513 and trace anions in the flow

Gl ctian Bueey di@ll%?tiom oghaperhenfofbgeR@sdorani on
exchange m%%gﬁa.llga %rgiéé Qﬁf@%gngﬁgﬁcﬁﬁg%gndepletion

idHansdgratety ilve R fan&SBenay be tkgeappated by ewatrdrc
zﬂéﬁéin that occurs within the, first gonposite ,

IO catd Uh SXERATYES @t EPT af 2 F 4GB S5¢33058 Betstdal
el 115 a8 O & agh D ?é%@@né’l@pﬂét%habhbéb%ﬁ: b
Hydroniumions wll be attracted toward the cathode by
tineclaple i et et a i viked| Hoanexahgngegeaseatialther a

nogeneous cati.on exchange. material | r, 516 .and CM
P i (BTG R BT caPote TOESH: S22 ons
wdhdigyatid et 24l { owand theianodechynybemappldied
electric field and_nay regenerate the honbgeneous
A SAthapethat drahl Lp¥ger dspielpanarhsibess tymayrally

ti{rl?é’leddéso"‘@t‘i&'réﬂ‘? é”ﬁ&ﬁogéggéﬂg] vglﬂﬁm@pg?r aLus 28

ilTustrated in FIG 5B 15 us capabl e of being used
iethqnuﬂmmatégdalend@he duasulagblkedepl edeioonichatniben,
SRPUS A58 100 FEIRVE! tathode chamber 708 by a

CM 707. The cathode chamber 708 includes a cathode

therein. The apparatus as illustrated in FIG. 7 may be

operated in continuous mode or in intermittent mode.

[00163] A method for performing electrodeionization
utilizing the apparatus is illustrated by the flow path
in FIG. 7. The liquid to be deionized may be initially
directed through the ADC 703. The ADC 703 may remove
most of the anions from the liquid. The anions will be
attracted toward the anode by the applied electric
field. The anions may be allowed to pass through the
first AM 702 and into the anode chamber 701 where they
may be removed by the waste stream used to flush the
anode chamber 701. The cations will be attracted
toward the cathode by the applied electric field. The

cations may be retained in the liquid since they will
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for lowionic strength |liquids. Exanples of |low ionic
strength liquids include water that has received

WO ewen3s7osnosi s, distillation, or prior dei onP@HUSING/004929

treatnment. The apparatus as illustrated in FIG 5B is
t hus capable of producing a liquid with very | ow
concentrations of cations and thus may be suitable for
purifying liquids for use iﬁ4analytical t echni ques
such as ion chromatography, inductively coupled pl asma
Pes Preyesttasheingn rars Bgnilravghr pheoacspadt A¥sdOgy,

n thers..I0 r [ t
SRR AT i SO TELIE o ot PG 78 HiRgoer
apparatus illustrated in FIG 6 conprises an anode

chanmber 601 including an anode therein. A dual _| ayer

1&tdlon ditdniserineayPdes p¥ackBTorIRné08at hBGe 14Add dof
AR ANOAR, L NGRS hTtH?%'&MéiSﬁQér 884181y o€ chAmber .
cont i guous contact w thout an 1on exchange nenbrane
Séparldtdunigl tiremadded e fhoexhhpbegbf thelB&rion t hi s

le, a dual, | L he. anod nber 601 and
B Tre hafet b BYSh LRBnBbFS agY b BepkPLeRs iy OF
ahANRAA e dural tﬂl@)’zﬁgﬁxﬁgﬁﬁtﬁé | onTpRaphen ofR¥xRBange

conprised of an anion exc ange material |ayer 603 on
e exricde Is3yRr of 0 Heay Hagbeffarbidecapssmpging cations

i Qn- ion.excha j e t
SRS G R TELET bRk, LRLCh PR OB Mara. cne
reittradd Byayete 3o bf ed hel duakitageeldepl ehieoratiamzemay

typically includes therein a honmpgeneous vol une of

& G athnge PRt ®r FRFOUIHhENgNFEn 78X c RRAge et &Sl
|l aelo O3 intde Aygl whayer cdep! ﬁg.é/gﬂ_ec Q@fﬁg%da%g%ttgfe

conposi te anion-cation exchange material |ayer
s s ttearerusied| e i bhushanber catpobe chaoberadtos .

Sl e o T Epet R0f SRR 2 ERgCanSg Bnd” dncer the
deflid e anion-cation exchange material layer 705
directly. The anions may be allowed to pass through
the composite anion-cation exchange material layer 705,
through the second AM 704, through the ADC 703, through
the first AM 702, and into the anode chamber 701 where
they may be removed by the waste stream used to flush

the anode chamber 701.

{00165] Following passage through 706, the liquid is
then flowed through the composite anion-cation exchange
material layer 705 where any remaining cations may be
removed and any remaining anions may be removed. Any
remaining cations will be attracted toward the cathode.
The cations may pass through the cation exchange
material layer 706, through the CM 707, and into the
cathode chamber 708 where they may be removed by the

waste stream used to flush the cathode chamber 708.
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chanber and the ani on exchange nmaterial |ayer 603 of
the dual | ayer depletion chanber may be transverse to

wo b@sapid ed el ectric field. The conposite ani PCF/US1008/004929

exchange material |ayer 604 of the dual |ayer

depl eti on chanber may include therein a m xed ion
exchange material, or a doped anion exchange materi al,

or a doped cation exchange Méterial. A CDC 606 nay be

pl aced on the cathode-side of the dual-layer chanber.
Ty CROBOG randrtimnsiuedy | logenl thaeBeronpgsbethrough the

AR a0 SR Aol O oR* b ROkt First
exchange Jrd e @ . cHheaddNe 688aiByr beosepneabednblOmag

cat hode chanber 608 by a second CM 607. The cat hode
Efamsao BB hndihrliew st e a3 oernt weedi A0 Thushppheasnode

i trat ed 4,0 H 6 rated-i {.nuo
Ahag A O itk S S0, SFuBhEI POt bR, SHpl B the
oyt teg el eat +cel oni gathangat nhterhglt hayappadost dast
i.s illustrated in FIG_ 6 . The liquid may_be initially
B 6N PYIHRAIN (He 2% BBBOUFHROEBCOBOB RugPPERGES -

frd4 i r LOyLd atk nlsh 1
R T oara  ne A Ro e By pretacs i agneathebing
&l estchiaed ikl The aaidnnsandycdeiahbowed to pass

t hrough the second CM 607 and into the cat hode chanber
608 where they may be renoved by the waste stream used
tdlash thensaihsies chanber i 608stFheeaniansrw.l 7 he
attracted toward the anode by the applied electric

fihals . caprb i oh seedd besedt aRnddMpRNEKe thRGurgnsiegge 1t
they. wii pk eV, m L r 3 th IL St
ArEsle B N S 6 TSR e L B S e e
|fi i Ibw hison £¢ astsr ¢y oighi ¢rhéddual Ekayei edepifeflioan ionic
hAhet ey T L QU 05, 68U580eLOch bR HLD" Qa1

reverse osmosis, distillation, or prior deionization

treatment. The apparatus as illustrated in FIG. 7 1is
thus capable of producing a ligquid with very low
concentrations of cations and thus may be suitable for
purifying liquids for use in analytical techniques such
as ion chromatography, inductively coupled plasma mass

spectrometry, and atomic absorption spectroscopy, among

others.
(001671 In the apparatuses described in connection
with FIGs. 2 - 7, the contaminant ions may be drawn

into the electrode chambers and then removed by the
waste stream used to flush the electrode chambers. Two
configurations in which the contaminant ions are drawn
into a CBCC instead of the electrode chambers are

illustrated in FIG. 8 and FIG. 9.
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material |ayer 603 first by the placenent of the input
port on the apparatus . The ani on exchange materi al

wo 200813608 may be effective at renoving ani onsPET/UR00$1€04929

liquid. The anions are attracted toward the anode by
the applied electric field. The anions may be all owed
to pass through the AM 602 and into the anode chanber
601 where they may be remove® by the waste stream used
to flush the anode chanber 601. Thecations are
dtitoriactled tFoWar B tikl wsit haodes aad BRI eappheatuosposite

ani on-.cat i on exchang terial J]ayer 604 di t The
SRR TRe 5 Ao 5 bRt sCRAVSRER. « ReCEOpELPY o o
AN G e XFIENGen B4 eEd Bholidy €hafiBér BRDOUIRhEh@ wo
first CM 605, through the CDC 606, through the second

evssFrodhhakethe &t holk0 chandethg08BRRe B85t hdpve

er V. b . st e u h
RS S TR Yo 0BT S SrBRT S Pk Bl Eheh o
tdepdugledEd Rlie. |8 quandi ssélenof Ebued theoughtbh@nant
conposi te ani on-cation exchange material | ayer 604
WRESe THAM i ThafPeE® | onSRAagPBRIREHBY &d 1R rakpd 10
IR 1Y N QNSs NBY Do AENEMERbeANY 0 CTRLALAY nANLPNS
will be attracted toward the anode. The ani ons rfay
pasxslg Hiteggint he Artoh 2R3 hnagebanapéaceld bayé&hes03

R b beie monei o EnenBeRallE - of PERTcREed o, and
fdHes urdde anedoshagbermflbeAB¥pheaBial BY GalfiierRs My

be al |l owed to pass through the first CM 605, through
tHe &83C 6081e tHPOUYPS t HEP3eRbhY ENFbD7esafderfid ehe

TR € y r y the
wast € st%ean1Jgggggd&fl%gﬁigﬁeegg¥ﬁggg @%2%2299608%
TIBCA 816 dnay loauskaceéd dhowvhehrcaugbdehe idempdsithe

L ERT ofh exehangss mRLer LAl LaXer o804l 35h L dli%acea
by a second CM 804. The CBCC 805 may include therein a
mixed ion exchange material, or a doped anion exchange
material, or a doped cation exchange material. A dual
layer depletion chamber may be placed on the cathode
side of the CBCC 805. The layers 807, 808, may be in
contiguous contact without an ion exchange membrane
separating them. This is an example of an LDC. The
CBCC 805 and the dual layer depletion chamber may be
separated by an AM 806. The dual layer depletion
chamber may be comprised of an anion exchange material
layer 807 on the anode side of the chamber and
composite anion-cation exchange material layer 808 on
the cathode side of the chamber. The anion exchange
material layer 807 of the dual layer depletion chamber
and the composite anion-cation exchange material

layer 808 of the dual layer depletion chamber are in

contiguous contact. The interface between the
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the apparatus . The liquid exits the apparatus as
product liquid having a reduced | evel of anions and

W@ 2008080579 [ 00154] The apparatus as il |l ustrat eRCT/HSIDEA04929

6 is thus capable of being used in a manner that
renders it suitable for deionization, especially anion
renmoval ,for lowionic strength |iquids. Exanples of

l ow ionic strength liquids ifclude water that has

recei ved reverse osnosis, distillation, or prior
denprisddtd egmitoreatateitn dhehappar mbbtsrasli Lhyetr 808dof

in FIG 6.5 th ble of produci liquid wit
e, ish diesmident Shionr CaaRBRS &RA-FRBs Sy paxchange
siitleatla fioryaurddyiog thauads1f oayuseabplanabyt cdamber

techni ques such as ion chromatography, inductively
deup sl anae TR stepeleerapet 190 ahgchromi éield. The

t] t ers. 0 | e
PSR AR AGSEr R LO0R0 S0770E shiGinah Tam
cnsiaticire cchemingr naghl cU1hi ghclledskst yhpekyat byl ene
hardware to retain the el ectrodes, nenbranes and
MERAIErARIS RRFHEE Pf AP HPReREFBABIST MphETERE 6061

VRS oks idle Céﬁiéhﬁé@@}?&ﬁreﬁ?ﬂaﬂg@m&%&@ahe@%‘& Bo® of
internal flow di nensions of théeé LDC were 1.27 cmin
ditemetus] araly Sc 8lephet hoh engahbef 08457 inThedentsderein a

chanber. 601 gagtained ﬁlatéﬁun1?auzg elgptrodes

(ORIt N eI RGT hEE it T | 8F d@, IRBFY. P Ol ftsglpnoe
Wddedie anodes adshs@pas et bAdekbhaagedpatkarber 6@he
fromthe LDC was an ani on exchange nenbrane 602 (AM

Aoz lay 9 odRRYCBioneabrEhes MaYebPrasEpAzRteg dgom a
)ch L%g?c tai ng c ayer..af i_.on
Stinodidenartilfy 0950 BBk P 0. 300 rechy AR
pricoidr 1 Thendowd€heal cath@dapahgrein. The apparatus
as illustrated in FIG. 8 may be operated in continuous

mode or in intermittent mode.

[00169] A method for performing electrodeionization
utilizing the apparatus is illustrated in FIG. 8. The
liquid may be initially directed through the CDC 803.
The CDC 803 may remove most of the cations from the
liquid. The liquid may be caused to enter the CDC 803
close to the second CM 804 due to the placement of the
input to the CDC 803. The cations will be attracted
toward the cathode by the applied electric field. The
cations may be allowed to pass through the second

CM 804 and into the CBCC 805 where they may be removed
by the waste stream used to flush the CBCC 805 chamber.
Since the liquid stream enters the chamber close to the
second CM 804, the removal efficiency of the cations
may be enhanced. Additionally, the outlet of the

CDC 803 may be configured to be close to the first
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Mdland, M) in the hydroxide forns and a 0.8 cm | ayer
of a doped cation exchange resin 604 conprising cation

w0 e®BN3GBONEX(t M) 50Wk4 (200 nmesh) , a productP@f/UT1ve8/004929

DowCheni cal Conpany, M dland, M) doped with an anion
exchange resin (DONEX(tnm) 1x4 (200 nmesh, ) a product

of The Dow Chem cal Conpany, M dl and, NI) . The doped
cation resin |ayer 604 had a® eqU|vaIence rati o of

3:1, cation to anion resin. Separating the LDC from
Cive 80DC 6061 A sc en OME0St { @M mdP09erweptoduekinfize the

Menb | nt t. 606
L A P i LS A B EH ARG On b e BEVEREL fj 2014
QAWA th Qﬁéﬂﬁh)excl@arﬂé@%&ﬁeﬁiafhﬁnD@Wecbbm gd8k. This
Conpany, Mdland, M) in the hydroniumform

Sepyarfatr e W@m@@(stlﬁq: ommmabaeﬁé@@l@hsybélf cbe

ti C e
proc}'uccs’a q%%né?%ﬁ%g§l erna |%§gga&E?%nZ Ed ﬁ?f aane
iy HeCRAD 1 isedreteict r b Pl eb&x, ﬂienambﬁs ©BA) bas

used to deliver RO quality water (specific conductance
R ingtmn dihe ¥1ow datbnee dhey wilhi ket Brenentsd

%\an% i odm{ 't'fhfé@gh Gtne A 9999“@&' XbéytHSEe%%\s( @Q%

D onex, Sunnyval e,
@Qddam&;dﬂnnffthet¢@Cc&®Euchambey neasurenents From
the punp, the RO water flow was directed to the CDC
606, then to the inlet of the LDC. The inlet of the

LG diglect extb thewived epadsoyef thsbubhr gugh the anieAd
exchange resin layer 603 and then into the doped
ey afjeo @y Bhe agerl 6bayardiepPhgkipnt ghapber .

Ce(%Nltlt e'@hlé:o@g&'géavf:&yf JN' thEBQ t ﬁeC qué‘flt 'eééé:ix)énge

owvmsdweﬁe to't mma
amiaﬂuait%&yemt&@ﬁefnhanbby 688 pmdcémeatlpftmhwa&h@ut
t he conduct ance of t

0158 Iy,
S dr (e et e BePE ot ase. 205 the B Rheus: e

anion exchange material layer 807 may be effective at
removing anions from the liquid. The anions are
attracted toward the anode by the applied electric
field. The anions may be allowed to pass through the
AM 806 and into the CBCC 805 where they may be removed
by the waste stream used to flush the CBCC 805.
Remaining cations are attracted toward the cathode and
enter the composite anion-cation exchange material
layer 808 directly. The cations may be allowed to pass
through the composite anion-cation exchange material
layer 808, through the third CM 809, and into the
cathode chamber 810 where they may be removed by the

waste stream used to flush the cathode chamber 810.

[00171] Following passage through 807, the liquid is
then flowed through the composite anion-cation exchange

material layer 808 where any remaining cations may be
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worgwag3@ppl i ed and the initial

a |l aboratory power supply, (E3 612A, a product of

Agilent, Santa Clara, CA) a constant current of 40

vol t age was 31WCTAS2008/004929

evol uti on was observed i medi ately fromthe anode and

cat hode chanbers. The initial background conductivity

of the product water increased to 44 nS/cm and over a

1 hour period the conductivity decreased to 0.86

nS/cm The EDI device was all owed to operate

cantdvatbusid dmy Seraiysinghendaha mayThbl eeboskdws Any

results for the devjce of Fig. 6 . [00159]. Table 3 .
%@Mr%%t%evgtgr%ﬁ@d[ 69‘1’86}1 ’F%@ prodsct

‘ﬁﬁéﬂéﬁfdﬂgtﬁgycﬁa%§etﬂfoﬁ?ﬁ-tﬁem@ﬁiéﬂabﬁéﬁgn ¥ h@terial

chr omat ogr aphy. "The product water was directed to the

sayse 841 vetlofowgh | oine cA¥loffb ogaaghifkCSt2@00BCE 805

product_.of Dionex, Sunnyval t hat was_caonfi gur

PR o u ey s SRRy Y biRbe RRetaRaRd S0

& Nsdudie afpddes €| e- Bayneeme 9ARARY caVebnenmibiy o,

IL) was_used to deliver deionized water at a flow rate

Gl lowed {9 Rass otirreughobBec hBakEr C¥n§0Pherd dnitige the
CHARSL - 2 ot\bgaréotﬂ@gt gﬁXTBa Yol R gfbg the

product water sanpled for anio | ysi s was
s Watsc ream albed 4tshbletshetEBl cdéhpde chaobed &(110 .

o LMPatteirefiancts PLAR brtBirborPEncrbRosR
RITOIEL - It § é%%&e%atee&a@n@a%g&gbsgﬁoyt ?ﬁle
. e

present invention is illustrated in
aprenenrt | of ushe apelPilh FPGE Pncoher pPPEratusnoddhe

anbe 1 in dj 0 r.ein. ARC. 7 V.
%g' :ﬂ%é%g%%étﬁ%gc%?ﬁ%gg?ggdggogggggcgn% é@g%éﬁidgia
HHdudde AP 03f andibhe anddeachanier 701 may be
separated by a first AM 702. The ADC 703 typically

i ncludes therein a
[00172] The apparatus as illustrated in FIG. 8 is

thus capable of being used in a manner that renders it
suitable for deionization, especially anion removal,
for low ionic strength liquids. Examples of low ionic
strength liquids include water that has received
reverse osmosis, distillation, or prior deionization
treatment. The apparatus as illustrated in FIG. 8 is
thus capable of producing a liquid with very low
concentrations of anions and thus may be suitable for
purifying liquids for use in analytical techniques such
as ion chromatography, inductively coupled plasma mass
spectrometry, and atomic absorption spectroscopy, among
others. The apparatus as illustrated in FIG. 8 has the
added advantage in that the majority of the ions may be
removed in a CBCC and therefore exhibits reduced

electrode fouling as discussed previously.
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honbgeneous vol une of ani on exchange material . A dua
| ayer depl etion chanber nay be placed on the cathode

W@ @e/18057¢ he ADC 703. The ADC 703 and t he dual PCHYS£2008/004929

depl eti on chanber nmay be separated by a second AM 704.
The dual |ayer depletion chanber may be conprised of a
conposi te anion-cation exchange material |ayer 705 on
the anode side of the chanmbé® and a cation exchange
material 1ayer 706 on the cathode side of the chanber.
THi0d 739 an BExeample 4f an LDC. The cation exchange
material |ayer 706 of the dual |ayer depletion chanber
and the conposite anion-cation exchange nateriall ayer

1Qw10f4 1t he uatpt aysevidephet spswahanbeigmag kasi n
conti guous contact. The interface between the

@&wsﬁq@%|wr&tmwhm%®ahg@hnﬂtﬂ@snﬁv pay¥ethes ese

éxchange erH%§B+Z%%%n%ﬁgég?gﬁﬁgngﬂ%ﬁsféﬂéFognd resin.

dee ehimrnzkﬂanbbww ndymées { 6assyer sket ADChE03ppieired 1 .27
electrlc field. The copposite ani on- catloggexchange

& et larr%@te?rﬁSdo*? $heChual f8yeFdepl RteR&Rger

MRYow eI {dies e en81 XBE (i8Peexchangs HRL @libdleted and
a doped ani on exchange material, or a doped cation

exdHarmge imtkenath. Thee cantenne&cﬁényedm@su@m &ferthe
7 | ayer de Ie ign_c t ypi.cal
ég§QLﬂ§F?heTeln ﬁ%n@ %ﬁg 985 ggﬁgfcgaﬁpo&é%gth'

exchange material . The dual | ayer depl etion chanber
be separated from a cat hode chanber 708 by a CM
ﬂﬁb ﬁ%k cat R rIeGanbeembyos PRI GaBS2ANEE: Rdgs inum

o1 JHE- GROST RhHSAS WHHSWEQWH ' &n'c::',GHﬁl'Eghebe

operate&'ln Continuous mode or IR inte tent
D&QlﬁS]Id\¢mﬂtm@tfw1tpetheranngeehadtsepamamun@tmme

il PR sppaLis Ll lostiat by Lhe fon

i (iMi-atd00, a product of Membranes International, Glen
Rock, NJ). The CDC 803 contained a cation exchange
resin (DOWEX™ 50Wx4 (200 mesh), a product of The Dow
Chemical Company, Midland, MI) in the hydronium form.
Separating the CDC 803 from the CBDC 805 was a CM 804
(CMI-7000, a product of Membranes International, Glen
Rock, NJ). Separating the CBCC 805 from the LDC was an
AM 806 (AMI-7001, a product of Membranes International,
Glen Rock, NJ). The LDC contained a 3 cm layer 807 of
an anion exchange resin (DOWEX™ 1x4 (200 mesh), a
product of The Dow Chemical Company, Midland, MI) in
the hydroxide form and a 0.8 cm doped cation layer 808
comprised of a cation exchange resin (DOWEX™ 50wx4
(200 mesh), a product of The Dow Chemical Company,
Midland, MI) doped with an anion exchange resin
(DOWEX™ 1x4 (200 mesh), a product of The Dow Chemical

Company, Midland, MI). The doped cation resin layer
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directed through the ADC 703. The ADC 703 may renove
nost of the anions fromthe liquid. The anions will be

wa@rdosastsed toward the anode by the applied el er€T/U82008/004929

field. The anions may be all owed to pass through the
first AM 702 and into the anode chanber 701 where they
may be renoved by the waste streamused to flush the
anode chamber 701. The catidhs will be attracted
toward the cathode by the applied electric field. The
ems arpyi Vel greteii el ¢ nof he: 1i qat dosi hoeanhep. A

t=d

i) pr frompassing ough_the second_ AM
b, 8 I SR PSRRL £ ot WP R AR I8 0t Yonat
chambeocH 0QipA] Feddpnteg prssene EhbAughe703cnbhe
l'iquid then flows through the dual [ayer depletion

Rar SiHe | iTHhe -3 shedasedarber| BkOt APBGGRNERe
fita'tqrhu‘%&(cg‘éﬁﬁfiﬁ JBLELL Bk a¥§%i§g§ {g%%gt wQ)AV‘i%T%gc,

& acenent of the 1 nput port aratus .
cdtlilan daxchange Mhercathddgeis706 dhyebe ebheeatitveriath

gﬁgnvinggfations fromthe Iiguig. The. cati ons _are

_ & &t %cﬁ/%ﬁ%ri‘%n%a\?%d% by tRE 5PFI FEGReFECtri ¢
fdieltbe el Fat i ONSuBY (B2 8] | QWBHobAcPass bhbekgh the
CM 707 and into the cathode chanber 708 where they nmay

Farreiales) [BA X easwassedsteedal ived RO fluadhtivhwater
cat hode chanber 708. The apions are attracted toward

(R SHIIE ARG AN ERel foApbST FB) afFoft- EdPoRate of
XGRS | Ghe | BYPT aZDSCAl LRELHY inThe gankzons ytay

be allowed to pass through the conposite anion-cation
exuithngs Eterdat et ager (ZDB0, t Ar pughuthe ose ddwdeiM

704, throug he 70 t hrough the first AM 702,
S A St Ao S a pRst hes B

I etk Byl thandd@sh Lesbheam usedmt Ohtl gahpt he hanede water
chanmber 701. [00165 Follomﬁngagassa e through 706,

oW ivas discered FPoked FRF0BERA. t KBSBofPosee LDC with
%Ménkﬁfgﬂcgkeéﬁgagﬁfon ion exchange layer 807 and the

outlet at the doped cation ion exchange layer 808 and
then to the fldw through conductivity cell. A
peristaltic pump (MASTERFLEX LS, a product of the
Cole-Parmer company, Vernon Hills, IL) was used to
deliver deionized water at a flow rate of 2.0 mL/min to
the anode chamber 801 and then to the cathode

chamber 810 and then to waste.

[00176] Initially, the conductance of the water
exiting the EDI device was 5.1 uS/cm. Using a
laboratory power supply, (E3612A, a product of Agilent,
Santa Clara, CA) a constant current of 30 mA was
applied and the initial voltage was 35V. Gas evolution
was observed immediately from the anode and cathode

chambers. The initial background conductivity of the

product water increased to 41 uS/cm and over a 1 hour
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materi al |ayer 705 where any renaining cations may be
renoved and any renmi ning ani ons nay be renoved. Any
be attracted toward thBCT/US2008/004929
cat hode. The cations may pass through the cation
exchange material |ayer 706, through the CM 707, and
into the cathode chanber 708 where they may be renoved
by the waste stream used to &3 ush the cat hode chanber
708. Any remai ni ng ani ons may be allowed to pass
Herqugh trie st AM fPddethegueh £8e0ADE 83cm. The
through the first AM 702, and into the anode chanber
f@ﬂ wWeaticq nas rinlyl eed emv@@emte heonasnEOYE L ¥alPls &d
Ius 1%?%1 qh Cﬂﬁgﬂgr 7Qﬁ0wgh§e£h?95dfo§ %ﬂ%sggv1ce
A ow t r oug e conposite ani on-cation excha
ﬁﬁi@n@als.ayer 705 last by the placenent of the output
port on the apparatus. The liquid exits the apparatus

as product liquid having a reduced | evel of anions and
gﬁ‘id 1978 . [QQI66]5 Thec apRas @&Hée aﬁehéh&:‘éhéﬁ%%d visN PiGe
i's thus capable of being used in a manner that

renders it SU|tabIe for delonlzatlon espeC|aIIy
Catl or\ | t‘\\l\l H —enn Ao

Exanpl i%ni ¢ st|r engti9=qui ds ¢ﬂ%§ﬁ&&lwxr

Fa¥as alWEal I

e;C;FV%QWVH%MM c str;ngﬁaﬁlqu

that hlas received reversie osnpsis, dlstlllﬁkskﬂm

pri or

dei oni z&x.ilon treat

nent 0.Phe aj

ppar at us Sasl

illust

rated inlFIG 7 i9g

t hus3tapabl

e of prodasing a

li quid

wth very Tow con

centragi ons

of cati gngzand

t hus n

ay be Sthable Tor

purizying |

I qui S § QfgFISe 1N
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th as5 4O ct
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[00178]

was analyzed by ion chromatography.

hen r<poved

by the 0.055

The product water from the device of Fig.

was directed to the sample valve of an ion

chromatograph
Sunnyvale,
A peristaltic pump
Cole-Parmer company,
deliver deionized water at
the anode chamber and then
then to waste.
anion analysis was 10.0 mL.
the EDI device removed all

5 ng/L (parts-per-trillion)

CA)

(ICs-2000,

The volume

a product

(MASTERFLEX LS,

Vernon Hills,

of Dionex,

a product of the

IL) was used to

the anions to a level of

or less.

8

The product water

that was configured for anion analysis.

a flow rate of 2.0 mL/min to
to the cathode chamber and
of product water sampled for

The data in Table 6 shows
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waste streamused to flush the el ectrode chanbers. Two
configurations in which the contam nant ions are drawn

WO pi08/1305@BCC i nst ead of the el ectrode chamber SPEX/ES2008/004929

illustrated in FIG 8 and FIG 9 .[00168] FIG 8
illustrates an EDI apparatus conprising two ion
depl eti on chanbers, a CBCC 805, an anode chanber 801,
and a cat hode chanber 810. Th& two el ectrode chanbers,
801, 810, and the CBCC 805, have flows of waste stream
| { @l TP passTaigl & hé oughnt bancbnekendepicdoed iof Predudy
and used to flush the contam nant ions fromthe

rs. The apparatus illustrated in FIG 8
conpri ses an anode chanber 801 including an anode
therein. A CDC 803 may be placed on the cathode-side
of the| anode clamber 801 TheorCEOBO @ratide anpde
chanbey 801 nay be separata@ébbﬁbféast &a4§92 The
CDC 80 g
vol unefo i 865y be
pl acedren—the—<cathode——stde 63—TFhe-—CPC 803
and t hpe—GB *ﬂﬁ?ggv be epaLaLedfggggéyaunmLilA804.
The CBCC suvﬁﬁemld%rludp therein 50n008d i an exchange
materi pl, o™i ZRERd anilon exchang®-M&Berial . or|a
doped cati orfweikichiadge mat eri al . A<Qu&lo2l ayer depl etion
chanmbe| mayphissghaced on| t he cat hede 09izde of the| CBCC
805. The layers 807, 808, may be in contiguous contact
wi t hout an ion exchange nenbrane separating them This
is an exanple of an LDC. The CBCC 805 and the dua
I pl e n gh e.se a AM 806.
e e T S S L
mmmpnxsumgchmmgsonaﬂeplatlbayeha&béren bh@B&mndmnmahbde
of. the chanber and cogg 2 te.ani on-cation exchange

h

FEEIR S - 1 35dr2 8p3E 3R 8EPREde IPGe ¥R EHETHAr .
Theandn 05 £XEhaREECBCC have a flow of waste stream

ligquid (not depicted in Fig. 9) in order to flush the

contaminant ions from these chambers. The apparatus
illustrated in FIG. 9 comprises an anode chamber 901
including an anode therein. A dual layer depletion
chamber may be placed on the cathode side of the anode
chamber 901. The layers 903, 904 may be in contiguous
contact without an ion exchange membrane separating
them. This is an example of a LDC. The dual layer
depletion chamber and the anode chamber may be
separated by a first AM 902. The dual layer depletion
chamber may be comprised of a composite anion-cation
exchange material layer 903 on the anode side of the
chamber and a cation exchange material layer 904 on the
cathode side of the chamber. The cation exchange
material layer 904 of the dual layer depletion chamber
and the composite anion-cation exchange material

layer 903 of the dual layer depletion chamber may be in
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material |ayer 807 of the dual |ayer depletion chanber
and the conposite anion-cation exchange nmaterial |ayer

w@o@snsosthe dual |ayer depl etion chanber are iPCT/US2008/004929

conti guous contact. The interface between theconposite
ani on-cation exchange material |ayer 808 of the dua

| ayer depletion chanber and the ani on exchange
material |ayer.807 of the déf |ayer depletion chanber
may be transverse to the applied electric field. The
amrin. exolmngen et er | arhé ayeres8bdcef behwednakhkayer

depl eti.on chamber typicall i ncl udes therein a
B oo e T O PE DR aHG Lo aaey LAV Sr 904 Of
CHBQRIdE B ON- &@ﬁ%lé’&@ficbﬁaﬂﬁeﬂahﬁ@ ghel ayen o808 of
the dual |ayer depletion chanber may include therein a

B3R I@adz:ehlax@b haveri ap4 of éheoééalaﬁawﬁrefd@@é@g@on

a ed_catiaon_ex n r
gﬁlr&+5§é? eﬁ? |%%S%%r%%eFSngggbgggggéga gcfron1a
caitdiatle cltaerbesmBdi by anibhr daCvbf08xchhageamaedeial
chanber 810 includes a cathode therein. The_apparatus

é?X?qtﬁﬁ}eﬁ%dtmﬁ ¢pEl BaWAy HEPABELSPeGPPADESNIPAUOUS
We | theALEL M LHEAL 3D, ekgﬁéﬁgle fRae %‘i‘%‘i f o

per orm ng el ectrodeionization utilizing the apparatus
idopédLﬁniame@x¢haﬁgéim8terfhé IpquaddmaydbeamnDMIally
dqugted thro ? L The 803 aﬂg

oSt o19% HEa"c% t3ns f ﬁwFﬂ lPPqS?‘& aTRE MP ﬁrd y be
Cised 4 @4 ept eFhé h&uQPClggarC hepeet@ohhensasend toMi8RA 1y
due to the placenent of the input to the CDC 803. The
dat¢ brdesi thepeint ar henegensurdvehumgatfoda thynt he

Sée)\}gésﬂ%ﬂ?oug E%%gagggggdcgﬁ/l%gﬁkan |%t%%/)p*i %SB%F%?

wheett leo dd ey i dayo bethendueai myybhedn@3belstweﬁnmm&ﬁd t @he

ZAH%f t he CB 05, cha Si nc uid stream,
L ¥¥er gt thocaarbengnd the cadd 903 Y Mbe
separated by a CM 905. The CBCC 906 may include

therein a mixed ion exchange material, or a doped anion
exchange material, or a doped cation exchange material.
An ADC 908 may be placed on the cathode-side of the
CBCC 906. The CBCC 906 and the ADC 908 may be
separated by a second AM 907. The ADC 908 typically
includes therein a homogeneous volume of anion exchange
material. The ADC 908 may be separated from a cathode
chamber 910 by a third AM 909. The cathode chamber 910
includes a cathode therein. The apparatus as
illustrated in FIG. 9 may be operated in continuous

mode or in intermittent mode.

[00181] A method for performing electrodeionization
utilizing the apparatus is illustrated by the solid
flow path in FIG. 9. The liquid may be initially
directed through the ADC 908. The ADC 908 may remove
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second CM 804, the renoval efficiency of the cations
may be enhanced. Additionally, the outlet of the CDC

w@oBsHsp7be configured to be close to the firse@VUSAS/004929

This configuration may serve to maxi m ze the
interaction length and interaction tine of the liquid
wWith the cation exchange material in the CDC 803 .

This may further increase ti¥ renoval efficiency of

the cations . The anions will be attracted toward the
ancde dfy the appinedfedrcthecligeid. ThRbeadians dnmpybde

PO ha it oHeh 490 798 <t 8kpabe FRe, SPEFRE B, 207
Fede o sivle ©f addfe DG B0Bhehanpet. tb08hE0hDEOKIOBW NGhe

passage through 803, the liquid then flows through the
dusllonisyerl Hep ea floraehadbepwarfethpgana@des byaided to

fl tht o e ' exc g ri F
A LR oL ofaCrpRogIBher bl Ly a®ta o
apEy atlusough behel 9seoha@ AMed AWM 8A6. ifihe ahieolWBCC 906
exchange material |ayer 807 rméhbe ef fective at

e8I P2 ohPRAEeH BYii EReTHESERI Gits ©4fe used to

FHtJact ek teyes doh be-raaderby thgcapphied igh8e HtGeam
field. The anions may be all owed to pass through the
ANBO6s arhie | hhamlbée CBOS=8056 ther eerhayl Ay I .r disved

by the wastge. stream used. to_flush the 5.
F%%C?\ﬁ&f]h o %ﬁ%%%%c%r 8§ ag??aé%anﬁ oard gt%ﬁgnc (a%tnﬁéeéﬂ & and
@It idea COPPOshé eoani en- 6a@t the @pchange magt &yd al

| ayer 808 directly. The cations may be allowed tqo pass

RIS EOrPesFiesantenthst tBATExANadGE -natérisal
| . hir,ds _nt:g st
foics dﬁ§9§%%%§é3M§QOE§EVE Lpd; GM-80%¢ @Qdﬂd%ﬂ%ﬁﬂgiﬁ%$

cat ere they may be renoved
viast &r &¢ t bam leedthoahfiushtelhectabhode mehafbamhe8I0.quid

908 folh o na Bazasacs rouah 07 e 9l | Snie
SHPan@ether increase the removal efficiency of the
anions. The cations will be attracted toward the
cathode by the applied electric field. The cations may
be retained in the liquid since they will be prevented
from passing through the third AM 909 that forms the
cathode-side of the ADC 908 chamber.

[00182] Following passage through 908, the liquid
then flows through the dual layer depletion chamber.
The liquid is caused to flow through the cation
exchange material layer 904 first by the placement of
the input port on the apparatus to be close to the

CM 905. The cation exchange material layer 904 may be
effective at removing cations from the liquid. The
cations are attracted toward the cathode by the applied
electric field. The cations may be allowed to pass

through the CM 905 and into the CBCC 906 where they may
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WO 20084180509 ani ons w | |

materi al | ayer 808 where any remai ning cations may
berenoved and any renai ni ng ani ons may be renoved. Any
be attracted toward thePEIUS®N8/004929
The ani ons may pass through the ani on exchange

materi al | ayer 807, through the AM 806, and into the
CBCC 805 where they may be renoved by the waste stream
used to flush the CBCC 805.5¥%y remai ni ng cations nay
be allowed to pass through the third CM 809 and into
e reatdhote b}haﬁt@rwaa@e mmeamheyedayObéluehovb@ by

S0 FHE i PRt 4R e bRz ene Snode

GO Qerﬁféxortlﬁ»‘@t¢<§tﬁp@é§§h@n§ﬁlﬁﬁt—@ét§ibn| ayxehadg@ by
the placenent of the output port on the apparatus .
T 9higdi daxset 9 hedbppakhyus d8eppbdaes Mpyubg allowed

Vi n S
TS R R Ceofibolltanannil-Cak B0 exchiEr)
mbﬂamuuilﬁaybrrB@BnannEOughatheeﬁdess AM QOQtabh@xmmto
d ionlz espec anion renoval, for low] nic
e hartRes il vdrer nbk Tar becPraRyed BY the
'Wé&ﬂék%ﬂfgémmﬁé&@t€6 Eh@&hh@ﬁerSﬁéaée@hé%b%&s©01
osnosis, distillation, or prior deionization

treatnent. The apparatus as illustrated in FIG 8 is

HBEETEr Soklobla End¥ala’ Hitktal SBe" Sibendieny

Pitdrf Vi ngvd | ekt Sisglh ot heS€ompoanaky bihgah -tathving mhange
such as ion chronato raphy, inductively coupl ed plasm
ekt ket r 90 awlaeaia of'¥ AB¥BLPLFEN CeHEOEoSSIpPe

"’“g%“%ge }ﬁﬁé plfe: 8025 8hySaBSohb HSLY BECU kb B Bny

ded advantage 1nh that the majority of
|nﬂma1nqm¢n£amnmwsdw1hlabéB&Etaadteﬂememamd @hhlmauhode.

duced el ectrode foul ashd %
SR AT oy e e8 nhBr e SRnT bBe AR AR eI RaRTEe as
SROVEridl FigyeB 988, through the CM 905, and into the

CBCC 906 where they may be removed by the waste stream
used to flush the CBCC 906. Any remaining anions may
be allowed to pass through the first AM 902 and into
the anode chamber 901 where they may be removed by the
waste stream used to flush the anode chamber 901. The
liquid is finally caused to flow through the composite
anion-cation exchange material layer 903 last by the
placement of the output port on the apparatus. The
liquid exits the apparatus as product liquid having a

reduced level of anions and cations.

[00184] The apparatus as illustrated in FIG. 9 may be
suitable for deionization, especially cation removal,
for low ionic strength liquids. Examples of low ionic
strength liquids include water that has received

reverse osmosis, distillation, or prior deionization
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constructed using machi ned hi gh density pol yet hyl ene
hardware to retain the el ectrodes, menbranes and

w0 e®sn30sThe i nternal fl ow di nensi ons of the CDRUB0S2008/004929

were 1.27 cmin dianeter and 3.81 cmin |ength. The
internal flow dinensions of the LDC were 1.27 cmin
dianeter and 3.81 cmin length. The internal flow

di mensi ons of the CBCC were 3 27 cmin dianeter and
1.27 cmin length. [00175] The anode chanmber 801
dordegtinrage ,pleamd»rrgjmtglaetzs el ”éhéraﬂparétln'sqae Wilestrated

VWeavi Iéﬁ Hil | s % ﬁ] act with the anode
71 Tdparating RIRIEER 3051 ERbh YhEPaN6aY R¥nber 801
Wesh cerfM B2 M £ 78905 0ds PaREURLYObeMaBREARRS purifying
I nternational, Gen Rock, NJ) . The CDC 803 contai ne

a isatidm feoa h@fgelrp e@leD@\iE)(( taFhadwkes( l,*;u@@ s KT,
S AR o D EPL 7 s SRR e it e "

@@Ebéﬁﬁhéﬁﬁyﬁléﬁd8@éomfhﬂaBsGBﬁtlanpspétho@hopy, among

Menbranes | nternational, 4 en.Rock, . Separati ng
{HARECC 835‘3fﬁ‘%’f%’éuimsméél‘éﬁtﬁwg%1PAP?/IIG70(91 hag the

RIS 2 & a &@@éaﬂ%stﬂngﬁet‘,ﬂ@t el 'mtgl 8% RAEKi MY may be

The LDC contained a 3 cm | ayer an ani on
ek Iresi m%m@twemﬂote e8habdits reslusegduct

ofT I cal _ Conpan M.dl and,. M) in the
SR U T i 2 OTB N SOPeRe BhP U Wayer 508

conprlsed of a cation exchange resin (DOAEX(tm) 50Wk4

(200 nesh) , a product of The Dow Chemi cal Conpany,

M MBxampkd %ith an anl on exchange resin
(DOVEX(tm 1x4 (2 00 nmesh) , a product of The Dow
Chem cal Conpany, Mdland, M) . The doped cation
rexd¥8d hyerhadERD @guiwal eacshpahi anofFig:.19cataison to

09. (CM - 7000, duct of
et o R e et e h SR BE s St B Sy [5etin
the- sl hode, chaphen 838. cThereatibadenehdrele8Hhd resin.

cont ai ned
The internal flow dimensions of the ADC 908 were 1.27

cm in diameter and 3.81 cm in length. The internal
flow dimensions of the LDC were 1.27 cm in diameter and
3.81 cm in length. The internal flow dimensions of the

CBCC were 1.27 cm in diameter and 1.27 cm in length.

[00187] The anode chamber 901 contained platinum
gauze electrodes (Unique Wire Weaving Inc, Hillside,
NJ). 1In contact with the anode and separating the LDC
from the anode chamber 901 was an AM 902 (AMI-7001, a
product of Membranes International, Glen Rock, NJ).
The LDC contained a 0.8 cm doped anion exchange

layer 903 comprising an anion exchange resin (DOWEX™™
1x4 (200 mesh) a product of The Dow Chemical Company,
Midland, MI) doped with a cation exchange resin

(DOWEX™ 50Wx4 (200 mesh), a product of The Dow
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pl ati num gauze el ectrodes (Uni que Wre Waving Inc,
Hillside, NJ) . The cathode is in direct contact with

W0 b@syis309 separating the LDC fromthe cat hodeCTHs20h&004929

810. A punp (GP4 0 , a product of Dionex, Sunnyvale,

CA) was used to deliver RO quality water (specific
conductance 14.7 nS/cm) at a flowrate of 2.0 nL/mn

to the EDI device shown in B%. 8 . A conductivity
detector (CD20, a product of Dionex, Sunnyvale, CA)
Widmiacdl dwmpty wasidsandf oIt hendoaddctivilbyer 904 of

. ts.. F t he, th ter f
0 ot e 9o TRaRERS SALA2dd esiD”. o
idRiudt dheradi By i GRefXERANEBMbANS!, H9418Rd,tME) in

outlet at the doped cation ion exchange |ayer 808 and
tthen hiwdndrel ¥ ob@xthr oufhe cdppadt anipyp resin layer 903

eristaltic. TERFL S roduct of .the
BEA 4 e Pl S RIETE B b1 AnRRNEC Bl ibR®
delgacert e megech waher thé BDEI ewomatBeotB2C. O 0BLAvESN a

to the anode chanber 801 _and then to the cathode
Pamfer € ah0? hed PEORRASECL| YeMPERIPRI In&Iera tiip@al

e t he Lt E d e
P AAEe B MecBlEus ety LG EhecEBGIRVHE S
RO 8 ofasAginh eAll, OSGAn{ AaMTHapal , CA) paodorst anft Membranes

t_of 30 ' d initial volt
SR LGP T ofORs DBoer v ARSaEMY ey rFgmed
tdie Ansle abch&agdodes e§anpoREx™hed NiZd@Imesh) a

background conductivity of the product water increased
tRY QRUGiE/ @fn Bl BoWr Chenifalr perpanyt hMiddmadot ME)t yin

05 0. / C e I i s _al | t
oS8 St el SOnTe! Phb L0GoPd (RE-TRONSS Py o
homisr aresdl| Trst éomat hendeyi Geeaf RBel., 8J7) [c@phtatetahdhe

%uk:%ﬂﬂguggg%mghg@gggﬁgggngga%%érqu%. The cathode
chamber 910 contained platinum gauze eleétrodes (Unique
Wire Weaving Inc, Hillside, NJ). The cathode is in
direct contact with the AM 909 separating the ADC 908
from the cathode chamber 910. A pump (GP40, a product

of Dionex, Sunnyvale, CA) was used to deliver RO

quality water (specific conductance 12.7 uS/cm) at a
flow rate of 2.0 mL/min to the EDI device shown in

Fig. 9. A conductivity detector (CD20, a product of
Dionex, Sunnyvale, CA) with a flow cell was used for
the conductivity measurements. From the pump, the RO
water flow was directed to the ADC 908, then to the LDC
with the inlet at the cation layer 904 and the outlet
at the doped anion layer 903 and then to the flow
through conductivity cell. A peristaltic pump
(MASTERFLEX LS, a product of the Cole-Parmer company,

Vernon Hills, IL) was used to deliver deionized water
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[00178] The product water fromthe device of Fig. 8
was anal yzed by ion chromat ography. The product water

wor®sdsesert ed to the sanple valve of an ion  PCT/US2008/004929

chromat ograph (1 CS-2000, a product of D onex,

Sunnyval e, CA) that was configured for anion analysis.
A peristaltic punp (MASTERFLEX LS, a product of the

Col e- Parmer conpany, Vernon8fills, IL) was used to
deliver deionized water at a flowrate of 2 .0 nL/mn
at thdélanodetchanber. imdl Ariem to the saddedehainbabepO1
and then to ste. .The vol.u of duc ter sanpl ed
BB EEn o e thRae (rATRe: L0 Eg FReRapPavgste .
shows the EDI device renpoved all the anions to a | evel

of 5 ng/L (parts-per-trillion) or Iess.£00179] Table 6
[0RAIBSA Cordeerfirddiizonstlot rductanaeepi[ DD2BBREFFG 9

illustrates an EDl apparatus_c rising twp ion
B ST T o e et Bt RBUen o natborS And a
QQ%@@Q%demEH%ér'EﬁbﬁﬂP,elﬁ?éi@ﬁﬁigﬂéggéﬁétaeg hB@lgnt,

CBCC have"a fl ow of 'waste stream (not depicCte
iSanfiag C1l&ra i £Adr dercems famshctheegbnond Aanh wess

from.t hese nbers. .. The arat us i strated in .
PRI I6 B | S W GHbc ChaRger 601  Fiel ufiPRgesRIution
arededdierrid. innalliad t By ef rél@ Pt eE | @Ho6BaRREr cARYI0Be

pl aced on the cathode side of the anode chanber 901.

hambars-s o3, 11904l a3k 9RowBAt FeReustévatacet the
R, S GRS TR R PE R st P FBi2

. be_ sgpakra y a
%iéris}:tb%,;-\l\ﬁ‘iiggozé.&%&eg %ﬁ%@i‘%ﬁ%@% St ?8n86§gn‘%§?cnéy pes
anTprdesad-eofwas colpoged etancpareaei oonexnhangéy for 5
terial_|ayer 903 on %ﬂe ?node si de og t he cha
Eefi 5

er R
Sz cdttorfiase idh gk SPOVEyEFSEHESo OFhEE% device
of Fig. 9.
[00189] Table 7. Conductance Measurements vs. Time

Hours Voltage Conductivity
(US/cm)
0.0 0.0 8.2
1 32 0.63
2 28 0.10
10 26 0.081
24 23 0.074
48 19 0.055
72 20 0.056
96 20 0.055
120 22 0.056

[00190] The product water from the device of Fig. 9
was analyzed by ion chromatography. The product water
was directed to the sample valve of an ion

chromatograph (ICS-2000, a product of Dionex Sunnyvale,
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cat hode side of the chanber. The cation exchange
material |ayer 904 of the dual |ayer depletion chanber

w@pastisis7eonposi t e ani on-cati on exchange mat er PEI/USBYE004929

903 of the dual |ayer depletion chanber nmay be

i ncontiguous contact. The interface between the
conposi te anion-cation exchange material |ayer 903 of
the dual |ayer depletion chd&fber and the cation
exchange material |ayer 904 of the dual |ayer
ﬁﬁpl&ﬁaﬂwwﬂsuﬂnnfiaqme@ foansakier &nalfpeiappl Red

electrl ield. Th DOS| i on-cati.on _exch e
R el i arirgn s RS TREF 1S EPayBr SRS 6 Chanber
Ry d - ke thaiimy 2 VikXeeni 91 exchangewast asiedl tor
a doped ani on exchange material, or a doped cation

@»@iﬁaﬁﬁj:e dritaatized Weekadt od éi(@Waﬁg‘éenQ(feﬁl 8l migypamn to

04 Al ddie gl d 2vELq depLet |oncEhanBer UPLEaLEL: ana
herei onpbgéneous volurmne of F

@krelmngf waattes | al Thé\ @Dﬁné%fﬁﬁyobecpl aaeéroaahipaed for

cat hode side of the dual ﬁer depletlon chanmber. The

FFHL Ayt aept 2 tRH %‘P]a%b% and ?h@aéBCésn%“éb%ﬁy 8pshows
SHRAH LAY G QAGPea ThE: CBEC POBTRLLLACLYIS ng/r
therein m xed 1 on exchange material, or a doped
dmamtsaaﬂnﬁgﬁalﬁan)a¢r bessa. doped cation exchange
material. An ADC 908 may be placed on the cathode-
side of the CBCC 906. The CBCC 906 and the ADC 908 nay
brey caiepiay at erhidye a8 Secoadi dV 80hcenbeaAREn0d £t yRicerIdty
i ncl udes therein a honbgeneous vol une of anion

ge material. The ADC 908 nay be separated froma
cat hode chanber 910 by a third AM 909. The cat hode
chanber 910 includes a cathode therein. The apparatus
as illustratedom FIG mayL dre Gperaitech tvwont | nuous

mode or in intermttent imodegcoLBQL8Ll Ap@pLhod for

per f ormiTg §ﬂ§ﬁ&f feronrizatTon <0.001
Ammonium <0.002

Sodium - <0.001

Potassium <0.001

Calcium <0.002

Magnesium <0.002

[00192] The apparatuses in FIG. 8 and FIG. 9 may
offer the advantages of homogenous ion exchange
chambers or layers for enhanced ion removal, a
composite ion exchange layer for final polishing, and
reduced build up of contaminant ions in the electrode
chambers which may cause blockages, reduced liquid flow
through the electrode chambers, and high electrical

resistance of the apparatus.

[00193] FIG. 10 illustrates an EDI apparatus

comprising three ion depletion chambers, an anode
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utilizing the apparatus is illustrated by the solid
flowpath in FIG 9 . The liquid my be initially

walzoosaswesa t hr ough the ADC 908. The ADC 908 nayPCT/US2008/004929

renovenost of the anions fromthe liquid. The liquid
may be caused to enter the ADC 908 close to the second
AM 907 due to the placenent of the input to the ADC
908. The anions will be attr%kted toward the anode by
the applied electric field. The anions may be al |l owed
tahgrdsse t amoligh ¢dehc@de ondabke807 Thd cwboefllke tCBAE

906 th b d by th ste.stream used
RS (e SEb bOE ChaNBSFe SFREA™ Rediigursedt feam
Nt dihe CHRIn&hOSEoh8 EPBmSesendnAlb2e s, g@% shown

removal efficiency of the anions may be enhanced.
AddiRIGnally, The appireates iLhéuabcaged anyFBe. 10

C [.gure 0 0 h i M.909. _This
ccgcﬁ'érglgeaidi%% %g?/&%ecﬁl\%aé %}fi Egpgaégcg}ldﬁ%% %nzgntoﬁg'
itHearesiat J o exmt h1 @08l mayebacplapeti 6B @het ke thiodd ¢ide
Wi th the anion exchange nmaterial in the ADC 908. This

Rdy TR (HRROT RFAERET t hAOLenn¥AP 8P dPRcHTEr thife anode
ULRSer TG0 LAAPNS I LDobE Bl E3Ched: LOARY 1o The

cathode by the applied electric The cations may
FOT et A hedvphcahky| igalddssntberken wi hombgemesusnt ed

from passing through, the third AM 909 _that .fqorns the
ST 3 e e (RS s0RERnABLr  PoBI8d] TSR om ng
REGSEOE] il o dB8mat hBel pyHtddt Ban thkows thivaeugh dhe £
dual Alj?é/er depl etion chanber. The liquid is caused to

fahsy A obRYPS t heTkat oAl exekangeeraréipal chayberggad the
fAdst dys the, Pﬂ;é?%ﬁ%%égfﬁ@%ﬁ”%é&%%ﬁo.toﬁe. The

apparatus to be c e cation
ekdiangeyemt @ephétiagech8fibemaypapebef teabnieecdt of a

renovi ng cations fromthﬁ h’i 3uid e cations are
odé

I R TIIETS TARSEARROEYRY AR apH og inlet

portion of the dual layer chamber and a composite
anion-cation exchange material layer 1006 on the outlet
portion of the dual layer chamber. This is an example
of a LDC. The interface between the cation exchange
material layer 1005 and the composite anion-cation
exchange material layer 1006 may be parallel to the
applied electric field. The cation exchange material
layer 1005 typically includes therein a homogeneous

volume of cation exchange material.

[00194] The composite anion-cation exchange material
layer 1006 may include therein a mixed ion exchange
material, or a doped anion exchange material, or a
doped cation exchange material. A CDC 1008 may be
placed on the cathode side of the dual layer depletion
chamber. The dual layer depletion chamber and the

CDC 1008 may be separated by a first CM 1007. The
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electric field. The cations may be all owed to pass
through the CM 905 and into the CBCC 906 where they

woreaoba3esenoved by the waste stream used to fl uBtT/URE®08/004929

CBCC 906. The anions are attracted toward the anode
and may enter the conposite anion-cation exchange
material |ayer 903 directly. The anions may be all owed
to pass through the conposit®2 ani on-cati on exchange
material |ayer 903, through the first AM 902, and into
IRE dridtk weindel190inehedest hbgreap be homogesdtons t he

waste streamused to flush the anode chanb 9
s AT RchanEl P EaERasos MRoCPCad s may
fHémﬁéﬁéﬁéﬁéﬂlff@mC@H@OéétBoaei@HaﬁEbEOQOQ@Ch@n96second
mat eri al Igger 903 where agégrenalnlng cations may be

n

@AY and'@yca ehedai ggamhesns 0hly 1pelveesy éd casipde
Qgﬂﬁi i ng i o ] e att N

cat 6%%?’Tﬁ§6%a %%£%%§ %gsgiiﬁ%ggakgt égbggﬁbnlo fnay
éec hpeges teedl et atoth Byetio@84motibr oughint ha teMmd @t eranahode .
into the CBCC 906 where they may be renoved by the

waste streamused to flush the CBCC 906. Any remaini ng

Y (s TRy Dendthodeeot 0pRAES rhfihgueh bhe dddith 1AM Ak
and into the anode chanber 901 whére they may be

erioMiealihy tie spoeratusecam ddddstoatkedshint FEGandde The

hanber 901.. The ljiquid is.finally, caused to fl
CHRBUSH 48 egnbabt e b i erg) BRERER Pl do0e.
IByercHO3 destndy toRopbagesenbrothkheagulopid! MM e
the apparatus . The liquid exits the apparatus as

aied - | i TP CCRBYPRY ArPedhEEACEdeltOofthenicartdiosify by
Jald oot i 0Bl cNE 2pRRKAT USnaS Ll USLr Atr ddtdl G

9 may Dbe suita el oni zation, especi ally cation
ranovadh floe $eeondnCH¥ 30PBnghl Lngo dhe Eedmpldes of

B BT A e BT 18
G Zald OB I eaé MRat teamidiat Bekeaml R adPR@MMS dns
Iflllgn?ttrl'?é e<(:jathode chamber 1010. Anions will be
attracted to the anode. The anions will be retained in
the liquid because they will not pass through the first

CM 1007 that forms the anode side of the CDC 1008.

[00196] Following passage through 1008, liquid may
then flow through the ADC 1003. The ADC 1003 may
remove most of the anions from the liquid. The anions
are attracted to the anode by the applied electric
field. The anions may pass through the first AM 1002
and into the anode chamber 1001 where they may be
removed from the apparatus by the waste liquid stream
that removes ions from the anode chamber 1001.
Remaining cations will be attracted to the cathode.

The cations will be retained in the liquid because they
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in FIG 9 may produce a liquid with very | ow
concentrations of cations and may be used for

w@eoosfigismy | i quids for use in anal ytical technP@Qes2008/004929

such as ion chromat ography, inductively coupled plasma
mass spectrometry, and atomic absorption spectroscopy,
anong others. The apparatus as illustrated in FIG 9

has the added advantage in tHat the majority of the

ions may be renoved in a-CBCC and therefore exhibits
wﬂdﬂcefnbtelpe&ﬂsr oder dogih i bige asedosdusBed Ophethatslfprms the

8 Ie 5 00 ] EDI device as shown in
lga%]h%i ?ﬁ‘&%@@ machi ned hi gh density

pol yet hyl ene hardvvare to retain the el ectrodes,
menbranes and resin. The internal f]ow dinmensions of
t (e 1800 90§Q/Ue¥@~11n937p@ﬁ$@ﬁedtaﬁ@t1§h 4A833. 8hechiigunid

I The. j
108 hen 1ot e gh e Sa IR 1 A0R e 18 Whefier
imieerinagufd ove ddelE@édiOﬁG péshhehEBG@hmhe taZiogmin

dianeter and 1.27 cmin |engt [00187] The anode
S PETGHAA) b BF o DHANPGaGEE Bhad: deqes

(e 1aue N ren e ngy | BEacthll shdeiniidt pok@1€9ﬁkﬁp%he

w th the anode and separating the LDC fromthe anode
cliwmimr S0dowastlae A doR eﬁmaﬁcelmaaepn@dudlaycdr 1005.
nbranes | nter,nati ona The LDC

d k
o SR S tet Rl L ey Sk anghs 19%: T8gove

Cx@mrlrslr@ &4t B ONF e¥Mhengel1Lgaia. (D@AEX(M@) ak>é4 (2
00 nmesh) a product of The Dow Chem cal Conpan
Nt et e o delpedcarhadg bt £HR é@@ﬁ&ﬁéeerl@gtﬁrlc field.

YL, (090 PoEthen B0 SSE S I e
afhea @t |m08axcm&gtehreagh tDaVEXCbm BV O(92@1@1d'rasfﬁo
1% R TR D P RATPoF mk 0 FlevBGpEd SRRV offeve don A< b rom
the apparatus by the waste liquid stream that removes
ions from the cathode chamber 1010. The anions will be
attracted to the anode by the applied electric field.
Some of the anions may be allowed to pass through the
second AM 1004, through the ADC 1003, through the first
AM 1002 and into the anode chamber 1001 where they may
be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1001.

[00198] Following passage through 1005, the liquid is
then passed through the composite anion-cation exchange
material layer 1006 of the dual layer depletion chamber
by placing the outlet portion of the chamber below the
composite anion-cation exchange material layer 1006.

The composite anion-cation exchange material layer 1006
may be effective at removing both remaining anions and

cations. The remaining cations are attracted to the
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had an equi val ence ratio of 3:1 anion to cation
capacity. Separating the LDC fromthe CBCC 906 was a

W@ER009A%5(CM - 7000, a product of Menbranes PCT/US2008/004929

International, den Rock, NJ) . Separating the CBCC

906 fromthe ADC 908 was an AM 907 (AM -7001, a

product of Menbranes International, G en Rock, NJ)

The ADC 907 contai ned an ani%h exchange resign
(DOVEX(tm 1x4 (2 00 nmesh) a product of The Dow

Clrariicte IQonpgamygpd tkdneledt¥icnfibddhydTbri detfionm may

An AM 09 AM -.700 d f Menb
Bt ' ol R T N0 L ep R EpBHEY REeABBCo3808
farr@iﬂﬂm%@g?d hede shesherc@10003 hgngat hede cabapheho2t0

cont ai ned pl ati num gauze el ectrodes (Unique Wre
1L 0 whenre dehexpay baeremetviede imeI fhei r ect

t t e t from.
AL U0, L% AL809 $eqar A LRaLe ARE S0RCLAM, ons
Eﬁmmemhe&u'm;&vcadl@ cl%bmsmsed t'@thkemelinR@gqa&hbh)S
wat er eci fic conductance 12.7 nt/c at. a flowrate

F atd: IrRG §Q the ®rpdaebycehenshR LtRArpgecsrica
GORAUECT | iy éﬁ%@ﬁéOﬁa¥cggoal§oﬂé8d98tpQEFD%QQ%ﬁgh the

Sunnyvale, CA) wth a Tlow cell was used

oot AN tW%asmm@gm sthér anCt heOpunphrohghREGhwatferst
fl ected to the ADC he LDC with
2B 2 A4 “HES oo P dS o ReBaekndDP he BBt atTsy may
e Kiopege@nt fon | eyer afP3randst Bgmth@ e tkl awgliAagough
conductivity cell. A peristaltic MASTERFLEX LS,

& FrRUENDF FHROCDT el PAF nﬁFO@oﬁbﬁn?no er pbamker] 4001.
IL) was used to deliver deionized waterat a flow rate

of 2.0 nb/mn to the anode chanber 901 and then to
tIT&Omhod@Mﬂm@erméﬂDoénﬂothperforMsge. [ 00188]

tially,. th duct f the wat iting th
e dads Gaeea e Ehf Celhag he) ShBREALHS Buse-

s Ya dEBr Sl BaPhogHebugh AdEl 8Bbaratus (and not
depicted on Fig. 10). The liquid may be initially
directed through the ADC 1003. The ADC 1003 may remove
most of the anions from the liquid. The anions are
attracted to the anode by the applied electric field.
The anions may pass through the first AM 1002 and into
the anode chamber 1001 where they may be removed from
the apparatus by the waste liquid stream that removes
ions from the anode chamber 1001. Remaining cations
will be attracted to the cathode. The cations will be
retained in the liquid because they will not pass
through the second AM 1004 that forms the cathode side
of the ADC 1003.

(00200] Following passage through 1003, liquid may
then flow through the CDC 1008. The CDC 1008 may

remove most of the cations from the liquid. The
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Santa Clara, CA) a constant current of 30 mA was
applied and the initial voltage was 38V. Gas evol ution

wor®sobser ved | mmedi ately fromthe anode and cBECTIOS®08/004929

chanbers. The initial background conductivity of the
product water increased to 63 nS/cmand over a 1 hour
period the conductivity decreased to 0.63 nS/cm The
EDI device was allowed to optrate continuously for 5
days. The data in Table 7 shows results for the device
afatfigns Gare [D0UBI¢tddbte The Centodeabye tMeasppdnem s

vs. Tinme e product water from he devi
Slgecgjx/% tola?]‘;g‘gyzeﬂh%yc?'éﬁoeﬁr Bt B§-&p E’ ﬁ?ﬁduct
wal@sn ey di 6% 863t OntBerBaNBhenyakyenakidl 190 where
chromat ogr aph (1 CS-2000, a groduct of Di onex

Shew Ve e, @)retm@ve@/aér@@nﬁ gupPBatait usabiyo i henalagdiss.
: t L S f
QREIE | ALy PR (PRRTREEL EXOSe Bl ke oo dde

rmer - conp ernon was use
deldmnvssr died bhi zeAinwaherwanlabfel awttrace edf t2 @hd /andde.
to the anode chanber and.then .to the_cat hode chanber

AP tHPRD Wast LS ThEEFONGRE 18f CHPoddE i PSCaRRI Y
fe CaldOonpae@l yrSudRsSthd- @ik Ehe 1¢aka t'h%tTekar%sS the

shows the 'EDI device renoved cations to a | evel
reglad€ perds -erehei CDCohP08r | ess. [00191] Tabl e 8 :
Cation Concentrations of product Water [00192] The
apparatuses in FIG 8 and FIG 9 may offer the

atyeErd epes b1 howpggnpasshee exebagae 10@Thansnord may
| ayers for enhanced jon renoval, a conposite ion

SRIRRRST aYRFORSBR ERRafUBSI i alrHg deRiE tiemu CERRaY d
Uph Of1 & @{@qgaﬁgrbeastgugggg ehes "gﬁd%h%h%‘gft%f whi ch

may cau | ockages, liqui ow t hrough t he
ebachange cahaabeas, lapdrhiibSebdécthecalual layer
depletion chamber by placing the inlet portion of the
chamber above the cation exchange material layer 1005.
The cation exchange material layer 1005 may remove
remaining cations from the liquid. Cations are
attracted to the cathode by the applied electric field.
The cations may pass through the first CM 1006, through
the CDC 1008, and through the second CM 1009 and into
the cathode chamber 1010 where they may be removed from
the apparatus by the waste liquid stream that removes
ions from the cathode chamber 1010. The anions will be
attracted to the anode by the applied electric field.
Some of the anions may be allowed to pass through the
second AM 1004, through the ADC 1003, through the first
AM 1002 and into the anode chamber 1001 where they may
be removéd from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1001.
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resi stance of the apparatus. [00193] FIG 10
illustrates an EDI apparatus conprising three ion

wa@leBasison chanbers, an anodechanber, and a car¢DU82008/004929

chanber. The two el ectrode chanbers have a fl ow of
waste stream|liquid used to flush the contam nant ions
fromthe chanbers, not shown in FIG 10. The apparatus
illustrated in FIG 10 conpri%es an anode chanber 1001

i ncl udi ng an anode therein. An ADC 1003 may be pl aced
dOGHE cat e kidgeidfis hehanodessbdnmberoighl theéhe ADC
1003 aA%ithe anode chanber 1001 % be sg Erated gy a
FAHEROAN 4 T2 O He™ e 1888 EPBRCRPEG T AT da¥s™ D& T

aHwommgen yoaéme@ioﬁnbﬁamséghgpgg 18R1 @y Q:lhe Butlet
dual |ayer depletion chanmb aced on the

EEHodEl s9Hetlod ¢1h@mlﬁ@c bebgw ’qfh@ égalposa;t@r agépinetdadr on

Rt et B T adRE R 6c T oRTBGRBE S b

GOt sk 0dn aeﬁ@ma@@e emsh@ﬁgal makeeirall ology aayl @25 on
the inlet portion of the dual |ayer chanber and a
SIS 1 A oFCRAT 09 BRERaREBAHRLBLI anicage@nf06 on

the uid et fﬁ%t£QMaP£1ﬁ§ecQH§E Layer %Q@qg%EedTQ'SHH%

an exanpl e of a |nter ace between the cation
evadtiande bt Ene akpp hyed éméﬁtamd Eheldonpﬁ&mt@atlons may

SR o AP e bltc Bb7e FPept SR £tor 008

extdhaigeo udt efhal s bayed éﬁoiobypaﬁal Y tioh&hedeS thode
therein a honbgeneous vol une of cation exchange

retasieer 101Qoqnare Theey ompis Pee ramoyrdc 4xosn thechange

LA L A rtﬁg%‘ag@x %Qghgﬂeswsgﬁ' 28 MG jons
ange rra ra or a ani on EXC ange nat er

diran ddpedcathoda ekahbageloaeri ahe AeﬁB&nl&@BamEpnme

pl aced on the_cathode sid £ thg dual _l . ayer _depl etion

are attracted to the anode by the applied ele tric

field. The anions may be allowed to pass through the

second AM 1004, through the ADC 1003, through the first

AM 1002 and into the anode chamber 1001 where they may

be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1001.

[00203] Water splitting generates hydronium and
hydroxide ions which may be used to regenerate ion
exchange materials. Under the force of an applied
electric field, water splitting can occur at the
junction of anion and cation exchange materials. These
junctions occur in the composite anion-cation exchange
material lqyer 1006 of the dual layer depletion
chamber, since this chamber contains both anion and
cation exchange materials and AM and CM membranes,
1004, 1007. Hydronium from the composite anion-cation

exchange material layer 1006 may travel through the
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chanber. The dual |ayer depletion chanber and the CDC
1008 may be separated by a first CM 1007. TheCDC 1008

w0 2@Ba3lsry i ncl udes therein a honbgeneous vol UPET/U§2008/004929

cation exchange material. The CDC 1008 may be
separated fromthe cathode chanber 1010 by a second CM
1009. The cat hode chanber 1010 i ncl udes a cat hode
therein. The apparatus as i Plustrated in FIG 10 may
be operated in continuous node or in intermttent
rfdatst [COD 198)7 Atqremmd:m@rlw;‘otrhﬂrdmgregenerating the

ctrodelgplzatlo utjliﬁilg({c’]l]1 % aratUﬁ.#s .

dSf &EFFWHE 00 0 ﬂﬁl V'be THIEVAPFy
‘ﬂﬂy'iﬁ‘btxq@et g e Hd ec S 008 . ardhen (B 16A8eRBMahgBDVE

nmost of the cations fromthe liquid. The cations are
aetexdedd ltayathel Q4 Herle ByaYak Bppeued eheceprend

L5 B, UL RS T DS UL B pRgoR 100
@mnh&ﬂbémeﬁdﬂmarﬂnﬁnmm®8wbyhihe wast e Iqu|d stream

that renoves ions fromthe cathode chanber 1010.
Anions will be attracted to the anode. The anions wl |

Q%orzeeiz;q' nedrid), the 110ukdr-Decauss £H8Yapbhlabal pass
hrough the first CM 1007 that forns the anode side of

td@eflp@lj@lm&hlimlw]l @@ﬂ)l@Wﬁg phswhgest hpoughodeos,

| i.qui.d may_ t en fl.ow t he 1003. The A
R PRl TR CHERRT one (PP oR'CNE PEGA
-Eﬂﬁnﬂ:fér@&aﬁ\f@ atfrastetl vastbesanede byqthe apel ¢d
electric field. The anions may pass through the first

AMUST0 £ heh EIHE RN RN BnberRS c FaABeFhe0OeRRErE - 't ROy RERPWH
he, rEeved fromd hgpﬁzQPQE\?QUJS.lP%SEPQt%’g ﬁ‘a rrge;u' 97

streamthat renoves Tons fromthe ano 1001.
I&nmpnmsgp(Hniamsdﬂﬁ¢hambeat11attédcﬂuduhe eat hodee

T Onstile DR S pLeRel By bRl LU A beRRG . oso
fdffﬁhéthd&%rﬁﬁﬁmﬁéﬂelpbltheTHQCA@@0$103 and the anode
chamber 1101 may be separated by a first AM 1102. The
ADC 1103 typically includes therein a homogeneous
volume of anion exchange material. A dual layer
depletion chamber may be placed on the cathode side of
the ADC 1103. The layers may be in contiguous contact
without an ion exchange membrane separating them. This
is an example of a LDC. The dual layer depletion
chamber and the ADC 1103 may be separated by a second
AM 1104. The dual layer depletion chamber may contain
an anion exchange material layer 1105 on the inlet
portion of the dual layer chamber and a composite
anion-cation exchange material layer 1106 on the outlet
portion of the dual layer chamber. The interface
between the anion exchange material layer 1105 and the
composite anion-cation exchange material layer 1106 may

be substantially parallel to the applied electric
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[00197] Foll owi ng passage through 1003, the liquid may
then pass through the dual |ayer depletion chanber.

wab@shsgmd d is forced to pass through the catiPeCI/US2008/004929

exchange material |[ayer 1005 of the dual |ayer

depl eti on chanber by placing the inlet portion of the
chanber above the cation exchange material |ayer 1005.
The cation exchange material9% ayer 1005 may renpve
remai ning cations fromthe liquid. Cations are

dtitelatt ed’he® dameomat¢khodangy mheeapplli édyelredflidisc

field. The catjons ass through the first CM 1Q07,

CHEARA Dhel a0 hanaL EhPolgHOBRESOHE A LETL 680

afith drtdhen gt hgder chanbernd0E8mpbas e et BeY ofRY-aRe on

removed fromthe apfarat us by the waste |iquid stream
f

tenghangpvestephal f taverhél0at Rede lerdnter thereinTige

i wi | . -t he_ano pplLi
A 10 R AL AR P81, (B0 B0 L AP Binge
pesset i bughr t hedspedndaAlvbhOB4chthneugh tiche sADC 2003,
through the first AM 1002 and into_the anode chanber

B R Yihe Y268 BRotBE FREROORe Saffardt idigpyiual

t Wall) t ha e S1i I
B i LT TSR S Lol

lgesnbeheand qund CBCt héA8paeyethet bepagila tilde byo mp dslirtsa:

i an- cati on, ex n eri.al_.Layer 1006 of .t he .dual
A G | oPne R el bt a1 8 Shel MR iR Y
Hordwetdand eto beheVwo Ehea o BpOSkich addicOaG@iri@l . The
exchange material |ayer 1006. The conposite

£RGnt £QR i BRY eRehBABRTAEEEr TAPTY &f6r CeddedeayFhsgber 1110
gég %téélc‘?orlﬁé ERMYHHY DOLA LEMRILHNG AR S &eitrig) includes

i ons. e remaining cations are attracte
thecatihode bhetrbaenappifhedapbectritius fiselid.l uBteragcatd dns

ass, thro hthef%rt.CMlO 7, throu t he CDC
O¥8: Bh™eRr B8 gRPERE t68c 3id CERELEBE USndod% T HE
cat hwegi ehanbenod810 where they may b e renpoved from
t he

[00205] A method for performing electrodeionization
utilizing the apparatus is illustrated in FIG. 11. The
liquid may be initially directed through the CDC 1108.
The CDC 1108 may remove most of the cations from the
ligquid. The cations are attracted to the cathode by
the applied electric field. The cations may pass
through the second CM 1109 and into the cathode

chamber 1110 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1110. Anions will be
attracted to the anode. The anions will be retained in
the liquid because they will not pass through the first
CM 1107 that forms the anode side of the CDC 1108.
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apparatus by the waste |liquid streamthat renoves ions
fromthe cathode chanber 1010. The remai ni ng ani ons

ware@sastsract ed to the anode by the applied el er€T/U82008/004929

field. The anions may be all owed to pass through the
second AM 1004, through the ADC 1003, through the
first AM 1002 and into the anode chanmber 1001 where
they may b e renoved fromt B apparatus by the waste
liquid streamthat renoves ions fromthe anode chanber
1002.041001 9831 Janot the rpaes hod tbrOQthbﬂ.ﬁBngthe liquid

el ect rodei an t|on tiljzi ppa

Jeds fr‘f]Je aEh]b%Lf t P UYHC ﬂgo ppa g‘D?af’Igbgofnay

depisiethdt RH.tHO)anidRe Erami elhaaylaalam tirakl ¥nions
directed through the ADC 1003. The ADC 1003 may renove

PO adftnartethiohstiie ownofe Pyqtihg. apRéigHi eAsChrdc

| te e e h
TSR ot Sl Yy et AP B T a3
tdrel anode tdhwndesdd OfHamber el 1 beywhayebtheyenmyetbef r om
the a ratus by the waste |jquid streamthat ,renoves

SOV T G RPRHEABEF PH0TheRERAFRI hy LAl sheam

Wild b@en?é&ééci&@stf?r&ﬁetﬁét brdae rhemeati @agiwill b e
retained in the |liquid because they will not pass

tﬂmmﬂg*nmmeca;tezc@mj wM 1004 aharafbeastohéhearhsdedsi.de
t he ADC 10 00200 FoI | ow pass hr qu
Tt 4 0% ot R FrBERr llghiEhe Bbet BAGaUER, they

@mnm Bys ¢ etﬂm/@u@mth@f séb@n@aAMOm$ ofar efatth€orms the
uid., Thecations are attracted to the cathode by the
ﬁ?ﬂ?h%@? 32 rok Ehe| 4PCThéO3ati ons may pass through
t he second CM 1009 and into the cathode chanmber 1010
where they may be renoved fromthe apparatus by the
WeEI207] qui Kb klowanyt bassaeapubsoiighs 1i0dm tthe dahdde
A et O3 0s s AMLOS M LhePGugt t 185589 5E91408 A" per .
The liquid is passed through the anion exchange
material layer 1105 of the dual layer depletion chamber
by placing the inlet portion of the chamber above the
anion exchange material layer 1105. The anion exchange
material layer 1105 may remove remaining anions from
the liquid. Anions are attracted to the anode by the
applied electric field. The anions may pass through
the second AM 1104, through the ADC 1103, and through
the first AM 1102 and into the anode chamber 1101 where
they may be removed from the apparatus by the waste
liquid stream that removes ions from the anode
chamber 1101. The cations will be attracted to the
cathode by the applied electric field. Some of the
cations may be allowed to pass through the first
CM 1107, through the CDC 1108, through the second

CM 1109 and into the cathode chamber 1110 where they
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The anions will be retained in the liquid because they
wi Il not pass through the first CM 1007 that forns the

wanmdaessrde of the CDC 1008. [002 01] Fol | ow neCpESHagien4929

t hrough 1008, liquid may then pass through the dua

| ayer depl etion chanber. The liquid is forced to pass
t hrough the cation exchange naterlal | ayer 1005 of the
dual layer depletion chanbetOBy placing the inlet
portion of the chanber above the cation exchange
Meﬂdealrehraymd 10050 e @mamtexclhtangbermaeti's‘aﬂiquid

f
S BRT RVEE kP acrRo LB e he EaPHBdBR By OPRe 1110
applled electric field. The cations nay pass through

the first CM 1006, through the CDC 1008, and through
{0 298dond BNt 100G rep s $Ree t BBreughode08hakber 1igpad is

uhere ey gy, hg, enied-(ro0L L be 2RPBhatus By tifhange

I qui rea Ves Tons fromthe cathode
ohmﬁnmaﬂiﬂiyeﬂTmﬂ@ml@ﬁstmEIﬁuhb aayeacﬂeoleolbhechamber

anode e applied electric fi So

%ldgp H&%F%%otto%agentﬂ oEBﬁ Fﬂgmﬁs&ﬁolﬂm the
%y%ﬁoéfHénéﬁh6ﬁﬁké¥¥bﬁ09§chéﬁgguﬁgtéb?aﬁ'ﬂ%&eéwhl@gz
and into the anode chanmber 1001 where they may b

r‘Iéwmmhmsmte hen bppacat uen b?xchenwasm@twq aild latviegahl 06

r enop ons fromthe.ano hanber 1001. 10 2]
Y e aat et harkhattfPoigRR, RERaons0g patohhna
A OIoreal | mh@x]cémlgﬁlﬁgt eatabnkayee &eeﬁaofcetahaodltaale
| ayer depl etion chanber i@ pl acing the outlet portion

cﬁattl}féi%we RPRW EReCtBRBBFt E18AFon- dREi GRE1oNs may
ﬁrtﬁ% Fayer éﬁoﬁlo?hetﬁ%ﬂ 8 t®e cpc 1108,

ni on- catlon exchange material [ayer 06 may be
efifedthneuglt rleepyéogndoCH ﬂéﬁﬁlandglanponhean@thode

et oy (6 eEREr1 R Bev P PrEPRCuTRE Rartens may
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1110. The remaining anions
are attracted to the anode by the applied electric
field. The anions may be allowed to pass through the
second AM 1104, through the ADC 1103, through the first
AM 1102 and into the anode chamber 1101 where they may
be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1101.
[00209] Example 6

[(00210] An EDI device as shown in Fig. 11 was
constructed using machined high density polyethylene
hardware to retain the electrodes, membranes and resin.
The internal flow dimensions of the ADC 1103 were 1.27
cm in diameter and 3.81 cm in length. The internal

flow dimensions of the LDC were 1.27 cm in diameter and
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pass through the first CM 1007, through the CDC 1008,
and through the second CM 1009 and into the cathode
we b@shas79010 where they may be renoved from tPEI/US2008/004929
m t hat renoves ions
fromthe cathode chanber 1010. The renmi ni ng ani ons
are attracted to the anode bé the applied electric

apparatus by the waste liquid strea

field. The anions may be all
second AM 1004, through the ADC 100

ﬁJcﬁ%llrllo FiAld, o YBEET 7D %b&' {9oF a@oHES%eﬁt

I on exc ange nmateri

of "ani on and

wed to pass through the

3, through the

fli .25t oM ir0Oerzgich i nt Bhe hinheooal chhawedinensimher of the
t be renpv. fromthe a aratu y.the waste
I%Efu%% rEEnT ﬁaﬁr%’ﬁoﬂs ?‘?)Iﬂ ?Foﬁ?ahg 8hoG8 ¢Ranber
1QQ5tH 002 03] Water splitting generates hydronium and

hydr oxi de i ons which may be used to regenerate ion
exchange materials. Under the force of an applied

gr8%ipan

'gauzé(nEEGmeme$n mnEqﬁenwosetWeannng cati, oHiéxcHhalrge

naterlal er 1006. of the dual gr

nberIns? E@??ﬂ@lE%aﬁB%raﬁaﬂ?a?ﬂ

depl eti.on

BEPRTANIBA ARG

S exehsage 1§ et +ahScaBdaAM and3 Civhaeabr anes, o2

1004 1007. Hydroniumfromthe co

nposi te ani on-

cation

e()@dﬁan’g(bo hnt@rpmdllla'gleof 19esbnaypesr dveernatéoggal, Glen

ngﬁégﬁi%n eig% Ange” Lgf%ﬁ?g%%ogéﬁ%ﬁ

dFikFn

ene%agogg
LIE

ew se,

s gle (ponEtHe 1&aANMOI0t rem Qn-aCQiridmlcﬁ:XCchﬁinﬂGe Dow

materjal_ | ayer 1006 nai travel thro
A

18emien} Helmprny ooMid

Rghi/RE oxdiden

ugh the second AM
0e- r¥gendéhat

form

%}thﬂfﬂgfl@@t ARl $ohoung %%:BBhBt LeOradd EhGs 11

ustrates an EDI appara

us conprising three ion

(ﬂnﬁeﬁmaWu@m@hbe@SenaRoahodEJ¢ha&berataddthecamhbdéOB
Bage a flow of

anber wo_el e ode hanb rs
2R o) 1 opta ThE e sptaaeE &
exchange resin layer 1105 (DOWEX™

product of The Dow Chemical Compan

0.8 cm composite bed layer 1106.

cm anit

on

1x4 (200 mesh), a

vy, Midland,

The composi

MI) and a
te bed

layer 1106 contained a composite of a cation exchange

resin (DOWEX™ 50wWx4 (200 mesh), a product of The Dow

Chemical Company, Midland, MI)} and an anion exchange

resin (DOWEX™ 1x4 (200 mesh), a product of The Dow

Chemical Company, Midland, MI) with an equivalence

ratio of 1:1 anion to cation resin.

The cati

on and

anion exchange resins were in the hydronium and

hydroxide forms, respectively. Separating the CDC 1108

from the LDC was a CM 1107 (CMI-70

Membranes International, Glen Rock,

00, a product of

NJ). The CDC 1108

was filled with a cation exchange resin (DOWEX™ 50wx4

(200 mesh), a product of The Dow Chemical Company,

Midland, MI). The CDC 1108 was separated from the

cathode chamber 1110 by a CM 1109

(CMI-7000,

a product



10

15

20

25

30

flush the contam nant ions fromthe chanbers, not
shown in FIG 11. The apparatus illustrated in FIG 11

w@eoopnseses an anode chanber 1101 includi ng an BCDUS2008/004929

therein. An ADC 1103 nmay be placed on the cathode side
of the anode chanber 1101. The ADC 1103 and the anode
chanber 1101 nay be separated by a first AM 1102 . The
ADC 1103 typically includes 1PRerein a honogeneous

vol ume of ani on exchange material . A dual I|ayer
dhfpll"éftmkmamnmtemwb@nplac@élennRDhét citfNode Thiede of

Th yeL s, e e_in contl uous cont act
5¥éan ?%%e%xgkgﬁ e heh ¥§§e ge araf Zﬁenl Thi s

Iéléi:t’tx&)@é@| euef gae LmeTWeaduab lcayer H(iQmsQHeQn NJ)
chanber and the ADC 1103 may be separated by a second
/Sﬂ\%emmt iR Wl 1111a?b?eeepF@PFéﬁtcwa#Bert%F%éﬁtoaﬁ n

pom X KD %féé%nﬁaﬁgé %é@?o% ‘c’i’x%nh:@reﬁllo

ayer c er and a conp
dnimpme atGeh0 exzmhlangéuu‘at efi BtLoha;cer Smmﬁ@variet he:A) was

t f_the d nmb
el itk e draealtbn BYERanqePRaLEiFaE st ance
110 t
ayer MO8 e e, SuBEt Ba ap Py 2par AT AR 0 RE 03

mmnmaﬁish@wmrimfFegd 1The anbondemch&mge ARiteydtalr

I 1105 typi cally includes therein a honogeneous
%@ C%x%ﬁaﬁb%nﬁﬁteﬁPﬁpyv?ﬁé cGRpodittd & flow

aﬂasloln v&@é | Qe @x£HANGR MBLRALAL 1 LAYSr m&%ﬂ@%ﬂe&c' UG8 om
therein a m xed i on exchange nmaterial , or a doped

aheomrwuxehatige Rateatar, fbpwawdepeldreattuedn tex dimnge

ri 108 on _t he _cat_.hode
Qﬁ&f If%%al aye%h% Aﬁ??%g gh Thé Gu Pyegyéﬁ‘ﬂ$
diepl &t i ®h chanbec anﬁlotlba 6@@ a:a;ﬁ@oeaxebeeaeaewxecum

a first CM 1107. The CDC 1108 typically includes
(Her et afoHegRnEBUENGof hRY Bhreéﬂhoﬁoéﬁ@ﬁéﬁqéty cell.

MLRLE A ta1 dD€ pump (MASTERFLEX LS, a product of the
Cole-Parmer company, Vernon Hills, IL) was used to
deliver deionized water at a flow rate of 2.0 mL/min to
the anode chamber 1101 and then to the cathode

chamber 1110 and then to waste.

[00212] Initially, the conductance of the water
exiting the EDI device was 2.1 uS/cm. Using a
laboratory power supply, (E3612A, a product of Agilent,
Santa Clara, CA) a constant current of 40 mA was
applied and the initial voltage was 56V. Gas evolution
was observed immediately from the anode and cathode
chambers. The initial background conductivity of the

product water increased to 53 uS/cm and over a 1 hour

period the conductivity decreased to 0.34 uS/cm. The

EDI device was allowed to operate continuously for 7
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CDC 1108 may be separated fromthe cathode chanber
1110 by a second CM 1109. The cat hode chanmber 1110

WO pBasiE3Y a cat hode therein. The apparatus as PCT/US2008/004929

illustrated in FIG 11 may be operated in continuous
nmode or in intermttent node. [002 05] A nethod for
perform ng el ectrodeionizatjon utilizing the apparatus
is illustrated in FIG 11. Y& liquid may be initially
directed through the CDC 1108. The CDC 1108 nmay renove
Gegts .of Thee deetd dirs Talohe theshdwsi desThes cAbronbeadevice
attrFacte to the cathode by the applied electric
Pfefds THe cat i ons may pass through the second CM 1109
and into the cathode chanmber 1110 where they may be
renmoved fromthe apparatus by the waste |iquid stream
U2 Iednov & len P | r grendieceairpp déeepanpeents1gs . Time
Anions will be attracted to the anode. The anions w ||
be retained in the liquid because they will not pass

t hrough the tousts CM 1107 t/batabter nt t heondedeiside of
the COC 1108.[00206] Fol|l ow ng passage t hr wl&ﬂl%

t he | iquid ey, then—ftowth Uu%ll the
1103 nay rcrmvi' rost—ef—the—ai-ons—
The ani-@ns—ape—ai—t-r-acl—ee—t—o—a?%ano(
el ectriic_field2 The anians nﬁ¥3paqq ol
AM 1102 and int® the andde cibber 1101 whér-&8They nay
be renpved froddthe appdratusidy the waste 0.i0@di d
stream that rea®ves iong fromédhe apode chanoes 1101.
Remai nl ng catiops Wl e attzacted|{to the cagwode.
The cafions W gf De retgined 341 the|TTqui 0 heEaluse

t hey i HUll S lHrULghgiﬁngLUlu HNIL u$$guu
h

forns [the ball\ﬁc stae—-¢ %]?j""’\’ 116
F || . N Nnaccana t+ hr ot 11 thaoll
o o llw HM\J\J \"J LSLLLE"A Y] LBL) = S W LA 3 T
pass t yer depletion

[00214] Another method (not shown in FIG. 11) for

J

performing electrodeionization utilizing the apparatus
as illustrated in FIG. 11 is essentially a mirror-image
of the flow depicted by the solid flow path in Fig. 11.
The liquid may be initially directed through the

ADC 1103. The ADC 1103 may remove most of the anions
from the liquid. The anions are attracted to the anode
by the applied electric field. The anions may pass
through the first AM 1102 and into the anode

chamber 1101 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the anode chamber 1101. Remaining cations will be
attracted to the cathode. The cations will be retained
in the liquid because they will not pass through the
second AM 1104 that forms the cathode side of the

ADC 1103.
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The Iiquid is passed through the ani on exchange
material |ayer 1105 of the dual |ayer depletion

web@shas7dy pl acing the inlet portion of the cPerg2008/004929

above the ani on exchange material |ayer 1105. The

ani on exchange material |ayer 1105 nmay renove

remai ning anions fromthe liquid. Anions are attracted
to the anode by the appliedl@fectric field. The anions
may pass through the second AM 1104, through the ADC
1002 15%Nnd tRoldugiindepdssage Abhd08hahiiOBnt ohehe igmade

ToRartia T e rhe e sk FBm « Rae FRioda08: gay
frmdhenanodss chasrhest 1304 . rFhR €ati onguwdl.! bee

attracted to the cathode by the applied electric
fdadlipnssane git trrcteed | bpsthaycabhaffogdthe paypdied

a1 e S ond T T 50AR A A B PRe CERPRGHe the
Gwgdiel AM 110 vhesed t heyorayhdecsenodedchanpetrh@ 110 where

apparatus by the waste liquid streamthat renoves ions
oIS Y Rf HOEORRAnbEr™ 1819, apPADAENSFBY sienyaste

PATRAYE A OUIN HA OS5 chHoed | aYhe k?oﬁlhﬁﬂepéé%%@de_

through the conposite anion-cation exchange materi al
|chemberd A6l 10 - t Mentoas wayerbdepteraohedhambéhebpnode.

acing the o t portion of.the chanber _bel ow t he
B R AT b che PO eRirdnin FRBalar L AapEEoyas they
The comosid$s athedugRt tea exebangm MaLer icaht! &eins the
1106 may be effective at renoving both remaining

eI e ff igne CPGhklP8mai ning cations are
attracted to the cathode by the applied electric
field. The cations may pass through the first CM 1107,
t Hrafgh] t heF DO WNSG, passagar ohgbughe1368ondhéM1itad d

and into the cathode chanber 1110 where they.may be

PV 1 e S aghe BYAl noWaL: deplatiats cheaher -
thad TieoNesid ofssde@Mmhhsught hpdeaghanbekchhige The
'ﬁgﬁg;!;? fg;gpsllOS of the dual layer depletion chamber
by placing the inlet portion of the chamber above the
anion exchange material layer 1105. The anion exchange
material layer 1105 may remove remaining anions from
the liquid. Anions are attracted to the anode by the
applied electric field. The anions may pass through
the second AM 1104, through the ADC 1103, and through
the first AM 1102 and into the anode chamber 1101 where
they may be removed from the apparatus by the waste
liquid stream that removes ions from the anode

chamber 1101. The cations will be attracted to the
cathode by the applied electric field. Some of the
cations may be allowed to pass through the first

CM 1107, through the CDC 1108, through the second
CM 1109 and into the cathode chamber 1110 where they



are attracted to the anode by the applied electric

field. The anions may be allowed to pass through the
wG@e@menshsaM 1104, through the ADC 1103, t hroughrP@11€S2008/004929

first AM 1102 and into the anode chanber 1101 where

they may be renoved fromthe apparatus by the waste

liquid streamthat renoves ions fromthe anode chanber

1101. [002 09] Exanple 6 [05820] An EDI device as

shown in Fig. 11 was constructed using nmachi ned high

tenys iktey resiopechyi eore Hae depparabus ebyi nhehwaste liquid

electiodes, nenhrAnes; and peshnendngalabarnak tlow 1110,

and 3.81 cmin length. The internal flow dinensions of
the LDC were 1.27 cmin dianeter andl.27 cmin |l ength.
O 2 1ntler nﬁolrllcawreﬁf RHSFeS bRreughcbE02108hReddarisly is

g%%%g %L f%g% @ﬁecgﬁﬁﬂo%fegtinggogélhoﬁh%xcgange

contain at'num gauze el ectro
anuaﬂNk&yd%&Nl@@ ¢ﬁcthéhﬁhaldéayéﬂ)depﬂetaontamamber

i thth d L de,ch bite
Vot RO T G LS aRORK S2095( ANP. SbaDe %reéaa«ctthe
o r@‘%idﬁ%&@lbﬁ”@kch%ﬁa Ba%brléliﬁgmel %6,

1103 was filled with an ani on exchange
(I:beoo:cmmel te ampiopueat a;@nTﬁﬁcmrwgeh@mteau a¢o ﬁrpa{mr 1106

he, h Xk 0
R R e L A
R@Qﬁod‘é]) snp@r:eérs@mtnegﬂmtia;ﬁa brematheakbed the thaC
contai ned a 5 cm ani ogn exchange resin |ayer 1105

(R Y]5&@(%P@blﬁésﬁ}ectglﬁrga@&g CB&WONS may
93%% ayer&%ﬂgwe M gl angy Mb7angh§,oggﬁ %%C%aowo%

6. The conposite béd l'ayer 1106 contai ned
amsbrnpjosiugh dfha satond eMchiffeandsintODOVEXCamhode

(ﬁNggéézf%ﬁ6m§%gré €h8§o%g§tbg rgggngwfrom the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1110. The remaining anions
are attracted to the anode by the applied electric
field. The anions may be allowed to pass through the
second AM 1104, through the ADC 1103, through the first
AM 1102 and into the anode chamber 1101 where they may
be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1101.

[00218] FIG. 12 illustrates an EDI apparatus
comprising three ion depletion chambers, an anode
chamber, and a cathode chamber. The two electrode
chambers have a flow of waste stream liquid used to
flush the contaminant ions from the chambers, but not
depicted in Fig. 12. The apparatus illustrated in
FIG. 12 comprises an anode chamber 1201 including an

anode therein. An ADC 1203 may be placed on the
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Chem cal Conpany, Mdland, M) and an ani on exchange
resin (DONEX(tm 1x4 (2 00 nesh) , a product of The

wOowsasism cal Conpany, Mdland, M) with an eqeCTEb®0&en4929

ratio of 1:1 anion to cation resin. The cation and

ani on exchange resins were in the hydroni um and

hydr oxi de forns, respectively. Separating the CDC 1108
fromthe LDC was a CM 1107 1 -7000, a product of
Menbranes International, Gen Rock, NJ) . The CDC 1108
was Hodd ed de tdf s loatamrdexchangerr £80h. ( DUAEXADR) 1203

S 2 RS oo PAAE Bl 0SSO SIET 0 o i o
favomotgre C@tﬂwd@@mrtﬁﬂ@abwmm&é@@ ﬁﬁ%eiﬂoﬁ

a producto f Menbranes International, G en Rock, NJ)
chﬁr%ﬁm@ crakies q@l@mt@xﬁh@lngﬁamaﬁamg&uzeA

%h ﬁg%éleérlv-&&lyﬁe%y; r GC&COH act Q\% %)E' #EQE%% ?%%he

mparoaiei ngdéwa;ﬁ:[ﬁhélﬁ&c anzio3 he ththedéptharbheerl110.
punp .(GP4Q, e%roduct o f_Dionex, Sunnyvale, CA) was

@@@&%%MW GRfbat e yARat £ U8 spe¥i Pecseparated by

ORI ANGA 1l 0a M8/ 613 @t ﬁef iQ%’efaﬁgerftlgn /iR
to the EDI device shown in . A conductivity

d@nedleorcqn@mnsecé @fo@lu@@toom E}cohengeSmnnwalaé CA)

t cel | sed fo .t he copnduct.i vi
e AR ST a8 (ol Pl R EPRREC AL daver
%H&@tﬁi&d tan t&k@l&DCezldeﬁmgéhﬁatéh@aAD@aﬂlé9312UE ifAe the
anion layer 1105 inlet o f the LDC through the

CERGYT RO, aydrd 13 06°BRPF bECafllPReRAES OPhexChaRge
?£{S ghfxl 'f@éy & l%heA?QEEbﬁngEEEOHUgE the triple

RFLEX , a pro uct 0 e- Parmer conpany,

\leryean dfidmizer | L) Thvas uUseant exdepileepfdei abCzed That er
ow . r t he anode chanber

RS e Tet 1ERR e bR e RERBEBROE: T8 BRd Athan 1 o

WasSt&®: 1205 and the anion exchange material layer 1206
may be parallel to the applied electric field. The
interface between the anion exchange material

layer 1206 and the composite anion-cation exchange
material layer 1207 may be parallel to the applied
electric field. The cation exchange material

layer 1205 typically includes therein a homogeneous
volume of cation exchange material. The anion exchange
material layer 1206 typically includes therein a
homogeneous volume of anion exchange material. The
composite anion-cation exchange material layer 1207 may
include therein a mixed ion exchange material, or a
doped anion exchange material, or a doped cation
exchange material. A CDC 1209 may be placed on the
cathode side of the triple layer depletion chamber.

The triple layer depletion chamber and the CDC 1209 may
be separated by a first CM 1208. The CDC 1209



10

15

20

25

30

[00212] Initially, the conductance o f the water
exiting the EDI device was 2.1 nS/cm Using a

wo a098n3sey y power supply, (E3612A, a product oPET/US2008/004929

Agilent, Santa Clara, CA) a constant current of 4 0
iti Awas applied and the initial voltage was 56V. Gas
evol uti on was observed imedi ately fromthe anode and
cat hode chanbers. The initiaf@7background conductivity
o f the product water increased to 53 nS/cm and over a
Ttywiraply | boclhdesondeceini ey hdaogeasedst yolugke of

nS/.cm_ The EDI devi ce was al |.owe 0 rate

T anorerer Febselel,s HRERCPh 1 2BEL Mt ks
rRsid isc dQrfihe €eyi €2tBbAE ghahber| 00213byTablsedna
Conduct ance Measurenents vs. Tinme [00214] Anot her

B hedl § not TR oomt hade| champprf deldeinsdmiday a cathode
ei opj zat [.Li Zin rat.us

Ot rat ety s prepr s Bbod B PRRRPE 3% 12 may

dde tdm=rfad owd depi cordihyotibemsdei drf Lawipatdrmin terg: mode.

11. The liquid nmay be initially directed through the

ADC 1103. The ADC 1103 may renove nost of the anions

fresmide |iguﬁgthgheféﬂi?E%f@&%i%bt%@%@%%ddéﬂdﬂiéﬁ%%gh
by the applied electric field. The anions may pass

tie iolighi ndet hé r spPANRLEO2 18nd Lilnss reftedariodd Ishardfer The
1101 ere they.nmay.be.renoved, fromthe r at i
t¥%qu¥@ maYi%eianlg%gf%ytﬁgFngﬁgV%hrouﬁ%P%%e qﬁ§:1209.

e*waste U 5 a esions from

aneslecohanbey RdPlreRefrai mbee ot ic@Rs csidilore from the
attracted to the cathode. The cations will be retained

inred| i TG BREAARE BREy AKCFRCRED f&sShcaigipdamey
SE&EoN Zlé?olé:%%P@EiEmf%lﬁhe %h'éh%%%i%n%en%fy tNg ADC

1103. ow ng passage through 1103, "t he
| i lgged wolmayhe heacbhdwCMhia @d$h ankle iGDC THE8.caftimdeDC

S8Ry RTDVGIDs! (oL B epelamalis Ly o
appbafsltus by the waste liquid stream that removes ions
from the cathode chamber 1211. Anions will be
attracted to the anode. The anions will be retained in
the liquid because they will not pass through the first
CM 1208 that forms the anode side of the CDC 1209.

[00220] Following passage through 1209, the liquid
may then flow through the ADC 1203. The ADC 1203 may
remove most of the anions from the ligquid. The anions
are attracted to the anode by the applied electric
field. The anions may pass through the first AM 1202
and into the anode chamber 1201 where they may be
removed from the apparatus by the waste liquid stream
that removes ions from the anode chamber 1201.
Remaining cations will be attracted to the cathode.

The cations will be retained in the liquid because they
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electric field. The cations may pass through the
second CM 1109 and into the cathode chanber 1110 where

wao b@g/ 18y be renoved fromthe apparatus by theP@EES®™08/004929

liquid streamthat renoves ions fromthe cathode

chanmber 1110. Anions will be attracted to the anode.

The anions will be retained in the |iquid because they
wi Il not pass through the fLP8t CM 1107 that forms the
anode side of the CDC 1108. [00216] Fol |l owi ng passage
mﬁﬂdugNN1bm$st&hrémQMidhaagethad pHs320lr cbgh tfhems the

dual epl tion cha The liquid is passed
éﬁyt tQ&cﬁ%ﬂngfﬁgterial | ayer 1105 of the

dual | ayer depletlon chanber by pl acing the inlet
portion of the chanber above the anion exchange
n0&dldl | Heklawdso daesaae ohhmwanéé Ogmt @hieml ilcayiek

Rt Y Pt oPRcChRBRe hgVhhoBaphRtetn

elieetyd:c. fime. 1ﬂ@elani@n@aﬁaydpaﬁsohbhougb the isgcond
AM 1104, through the ADC 1103, and through the first
AACPRIE e ME T b2t hee¥pBde2eRafbeEne 16X LRAEr d2MREy may

Qfeﬂleéﬁvfg éﬂ%éf‘%ﬁpﬁf‘é?iﬂé Pﬁet Qﬁlggsb%r't'l‘&&ﬁ' df rhe

streamt renoves 1ons fromt ano chanber 1101.
'ﬂhamhﬂn(prwwI¢h®ecatioac&sdh&ngehmatathadelbyethé205.

| i | ect field. S
A e T g S A P RLaE ek SEn 2 DM TR BTN S he
GRmalikDGh g tdH oLghs t heomeenadl EM:1409 and ibnako gthe

cat hode chanber 1110 where theynmay be renoved fromthe

aparattird byo tHee veateofeghydtBer erplikat elerhrds ifaedld.

ﬁfﬁg“éggﬁéﬁg %& ﬁ%%gb?ﬁr&ﬁg 580%1?%tF%M'T@0§9 through
passage through 1 qui en passe
tdhenqﬂctt&ﬂ&pn@malthrangbnthatsenoeﬂchmngelmabaﬁ dinto

| ayer %?6 of the dua# & yer depl t|on chanber

ﬁﬁéﬁ ML FTRFBPSHot ¢ g WBPTEh& @NaWBEr%GeF@WQWﬁg from
the apparatus by the waste liquid stream that removes
ions from the cathode chamber 1211. The anions will be
attracted to the anode by the applied electric field.
Some of the anions may be allowed to pass through the
second AM 1204, through the ADC 1203, through the first
AM 1202 and into the anode chamber 1201 where they may
be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1201.

[00222] Following passage through 1205, the liquid is
then passed through the anion exchange material

layer 1206 of the triple layer depletion chamber. The
anion exchange material layer 1206 may remove remaining
anions from the liquid. Anions are attracted to the
anode by the applied electric field. The anions may
pass through the second AM 1204, through the ADC 1203,
and through the first AM 1202 and into the anode
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wAa 1@6/18my9 be ef fective at

conposite ani on-cation exchange material |ayer 1106.
The conposite anion-cation exchange material |ayer
renovi ng bot h renmai NPEILUS2008/004929
ani ons and cations . The renmining cations are
attracted to the cathode by the applied electric
field. The cations may pass through the first CM 1107,
t hrough the CDC 1108, and th?3ugh the second CM 1109
and into the cathode chanmber 1110 where they may be
céaoed 26 Wiemppdrey usayhybe heemased Frqui dhet r eam

that renoves igns from the cat hode chagﬁe 1110. The
PERATAGHS S G 125 o7 11 EEY e ToreHB GRoHeTBPOVRS Lons
Rk @theelLidd cHdbslr The1 ani oRS BSaYibasaliowedet 0

pass through the second AM 1104, through the ADC 1103,
aftgagrachd g ithg garhade bndthetapphiéednedectraghéield.
re t : r eV r e a y
PRS2 5he QR dhay TRR B E LGk TR BRI AL ERGY ce
dgiede chamas ,1itiroyd®2diBé EHEG 11@Q9| | tusbugheshan sedlond
a&garat us conpri si qg three ion dep] etion (iharrbers, an
GHode IohAREErinthd e (2R HieRe cRBRBRPT TheltWpere they
§la§C YL Jr AT & Sorhl av8e Bahb ok Ohis VBt enst aarel 1q¥d a
uséd to flush the contam nant ions fromthe chanbers,

Istrtr eeat tdegi ctampves Fons 1Promhehappathods cheoberatl@d .
in FIG 12 conprises an anode chanber 1201 i ncl udi ng
an anode therein. An ADC 1203 may be pl aced on

tloecathode rd deowing heasvage chashgnh 1204, The ADGQuid is
1203 and t he anode chanber 12 01 may be separated by a
fihest AV SERD XhnonoACkhe 209mP9pi EQl R)iPRcFada o™t iR ge

n io a hal. -
G L B A St s T
citamiter Sivdepldcime WDE 42t D8t Fbetionpbé tagechamber

| eti hanber, d the ADC 12 03 b t ed
FLOW G F A FREORT T 20T oS8 RBIFTRORT 1oL

qhad3er207. The composite anion-cation exchange
material layer 1207 may be effective at removing both
remaining anions and cations. The remaining cations
are attracted to the cathode by the applied electric
field. The cations may pass through the first CM 1208,
through the CDC 1209, and through the second CM 1210
and into the cathode chamber 1211 where they may be
removed from the apparatus by the waste liquid stream
that removes ions from the cathode chamber 1211. The
remaining anions are attracted to the anode by the
applied electric field. The anions may be allowed to
pass through the second AM 1204, through the ADC 1203,
through the first AM 1202 and into the anode

chamber 1201 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1201.
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may be conprised of a cation exchange material |ayer
12 05 on the inlet portion of the triple |ayer

wW@b@ahans79 an ani on exchange material |ayer 120BCT/DS100&004929

center portion, and a conposite anion-cation exchange
material |ayer 1207 on the outlet portion of the

triple layer chanber. This is an exanple of a LDC. The

i nterface between the cati ohl @xchange material |ayer

12 05 and the anion exchange material |ayer 12 06 may
H@OﬁéﬂdlIaAthhemeM§kh¢®d rbecshpenfiel 8HIGThe2) for

I nt E%Fe beﬁye (? ani on exchaggf.nater'gl Iaéer c
PoUE ARG h e (T T e hhF S Ot 1 oht b3 eRdnbBCnBPRAF AL YS
Ia@ye_ulll&ka@a b.lﬁ'l @l | e tomphesapphselgetret bpparatus
field. The cation exchange material |ayer 1205

Mg #asenticdiaes® Therer - HMagRobbAdoBatveranéren that
a;ﬂer %%I}@q;gleg tfr I e ]TD&]tlﬁ&I a4 eﬁghﬁ‘ﬁ%lgﬂ%r i al

typically |nc udes ereih a honbgenso
il neoe eaf uhnaugmmmhammﬁrﬁm@BlaIThéhBDCDMBOSlmay remove

ani on ti.on exchange nateri a 1207 may i ncl ude
s Sl et S din e hiFalin TRt Ankepagare

@m&%&wweﬂ@tﬁw&a b% tﬁedgﬁsﬂlgat L9Bcexchangery.
material. A CDC 12 e placed on the cat hode side

afhet r@éutqriqolr@y ag@ss d@@t@ﬂg]@nthﬁafrbéﬁt FMell ﬂBpIaed into

Separ <'alr*d°ed<(1)é eéﬂ :ﬁ) T @%@é hgﬂgﬁ?cdﬁ%:iz’ogﬁgf élﬁo?fgﬁ yrom

it laigﬁrtah&rsemsy ac e nugeneousqi 08 UBErebmc 8hh@Nremoves
exchange material._ The CDC 1209 may be separated from
feE S IR R ARG 127aMBGT 21 3REondRENRIDIDT FREIONS

Gathode. chamher d21do i figd U9§§h§déat h@ﬂ@ %QEEShE wifg pe

apparatus as |Ilustrated in FIG 12 e operated in
mmﬁaunﬁﬁﬁ;nnnhﬁcﬁlqmudﬁbecauseenhenDWell[ﬁOﬁlﬁpsA

TR O PSS D | S5 RSk oPLERL ALl e

of the ADC 1203.

[00225] Following passage through 1203, the liquid
may then flow through the CDC 1209. The CDC 1209 may
remove most of the cations from the liquid. The
cations are attracted to the cathode by the applied
electric field. The cations may pass through the
second CM 1210 and into the cathode chamber 1211 where
they may be removed from the apparatus by the waste
liquid stream that removes ions from the cathode
chamber 1211. Anions will be attracted to the anode.
The anions will be retained in the liquid because they
will not pass through the first CM 1208 that forms the
anode side of the CDC 1209.

[00226] Following passage through 1209, the liquid
may then pass through the triple layer depletion
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liquid may be initially directed through the CDC 1209.
The CDC 1209 may renove nost of the cations fromthe

wO p@eishs79The cations are attracted to the cat hpdEUR008/004929

the applied electric field. The cations may pass

t hrough the second CM 1210 and into the cathode
chanmber 1211 where they may be renoved fromthe
apparatus by the waste |iqul8lstreamthat renoves ions
fromthe cathode chanmber 1211. Anions will be
a:ﬂ'llammaxed tThe Hel qniatlel s Tm@saecﬂon]srmngh bber eb&iiped i n

the ui d because the ss t hr ough t he
Serd PE IR T LH0S Anbdbhe GE-BRSr RavERC

h%%aet[lw?@lanﬁ%f r@la@@ﬁﬁ@g@h@ahiﬁyeh 8Qanhh%f the

liquid may then fl owthrough t he ADC 120 The ADC

CIGTIRTy aRausy o stabion hexahioae MAbATERS [ayerd 1205 .
% U, WA QAL 2a] N220009826Y EIG, B8RS

electric ant ons nay rou irst
Ak iz qansh t idros t froranoe rhqaber 12aeionheaeet hey
may be renoved fromthe_apparatus by_the waste |iqui.d

SRR KRG SRR A RS [ Pnt B caBROUE S RAREEF L E261e1d.
PRI AR L | Do ALRT BRECE FOL! bR 490800¢nrough

The cations w | refained in the I'iquid because
ttﬂn@/\ﬂD(I Ii9 pwsdtmml@gmthheseeonddAﬁ?MlZZM gt into

r s sid 1203. 022
K G TP oo Fhe bbh BS68, CPRE TrRYLPE FEPopiRgh Erom
RARS atﬂi:[a%&fhé hey tEhdl wad apel i gepheteBaghanber refdsres
[ iqui d I's passed through the cation exchange nateri al

ligpsr Fows Hie 1prthedpl ehrmper - dephet pBACRRabal B
placidg dded el Dol opy ofyLhepchanher v i eng.

cation exchange nateri a ayer he cation
e;arrtmrtgﬁé thet eanadnd ayey 1081 rayedenoveasenthriongh the

cat i on ro iellqwd]% Cﬁtlon attracted to the

 THAL ST E8e, RBC; Ty’ thitush 'he Mrse
AM 1202 and into the anode chamber 1201 where they may
be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1201.

[00227] Following passage through 1205, the liquid is
then passed through the anion exchange material

layer 1206 of the triple layer depletion chamber. The
anion exchange material layer 1206 may remove remaining
anions from the liquid. Anions are attracted to the
anode by the applied electric field. The anions may
pass through the second AM 1204, through the ADC 1203,
and through the first AM 1202 and into the anode
chamber 1201 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the anode chamber 1201. The cations will be
attracted to the cathode by the applied electric field.

Some of the cations may be allowed to pass through the



The cations may pass through the first CM 1208,

t hrough the CDC 1209, and through the second CM 1210
wW@nasisise t he cat hode chanber 1211 where they P@EHUR®08/004929

renmoved fromthe apparatus by the waste |iquid stream

that renoves ions fromthe cathode chanber 1211. The

anions wll be attracted to the anode by the applied

electric field. Some of theld#ions nay be allowed to

pass through the second AM 1204, through the ADC 1203,

Eﬁm&mg@MﬂﬂQGSmsﬁh#@ﬂdﬁO@han@D@nlbOPhethnodghchhebeeeond

2 th b f t tus. b
Hr Lot E G T hoRe y choaer | D31 EPRARENEne
128/g%ec harsred 20 om [00222)p S04 Q¥ BY eaéwg@tteh&%q@d

the liquid is then passed through the anion
§)Cc¥1$@ﬁgetfm ardretvesayeong 2f6omf thaecarhptie thpamber 1211.
depl eti on chanber. The ani on exchange naterial |ayer
1206 may renove remai ning anions fromthe |iquid.

AioX?s Jar e ri1IAet s BAssige athtdeuly Lheecappheediquid is
electric field. The anions may pass through the second
A 02 s st ofJthGHfé e q?@@osaﬁa 2R B0gRatkenf erehange

’ﬁ‘!g!tje%q%lagld% Y 01%6‘? SPOdRE h@P’gﬁielgg}eWSE?1EQ§§nmy

be renove romthe apparatus by the waste T1qu
sthregdrant fat Hkﬂmmmg tlomsofit batt her anodeofhahkechadber
be attracted to the athode b

he cati,ons wl |
B e Gt fre en L S8t Eds Spy % Rah IR Rabrhad
aldyawed A7 passghd hkohigbst be fhish- @B/ti%ﬁSexbhéﬁkj;@h t he
CDC 12 09, through the second CM 1210 and into the

Stesda lcHantryr 12071 Per ket aEferbyvBeatersiioy ingokoth

|onsqgﬂﬁkffﬁg cé%h%§ %£§%£équ£§28tF§®gééF%§ol g%%%%

ass agec tdute@hcd 26be taehdbdqubg thet Bpplpasisedectric
through the conposite ani on-catjon egchﬁngﬁénaterim

| 120 PDICAHECRT i PRE Payer tBEpPE fs&r By 1208,
R Yh tke Qitid ef209! thRA ehrblignchaBbgecona cm 1210

and into the cathode chamber 1211 where they may be
removed from the apparatus by the waste liquid stream
that removes ions from the cathode chamber 1211. The
remaining anions are attracted to the anode by the
applied electric field. The anions may be allowed to
pass through the second 2M 1204, through the ADC 1203,
through the first AM 1202 and into the anode

chamber 1201 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1201.

[00229] FIG. 13 illustrates an EDI apparatus
comprising three ion depletion chambers, an anode
chamber, and a cathode chamber. The two electrode
chambers have a flow of waste stream liquid used to

flush the contaminant ions from the chambers which is
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bel ow t he conposite ani on-cati on exchange materi al
| ayer 1207. The conposite ani on-cation exchange

woraioenswro | ayer 1207 may be effective at renovP@mURmn$i004929

remai ni ng ani ons and cations . The remaining cations
are attracted to the cathode by the applied electric
field. The cations may pass through the first CM 1208,

t hrough the CDC 1209, and th#8ugh the second CM 1210
and into the cathode chanmber 1211 where they may be
merto\deb fotoed tie Bpparbd us Byet Appaastes! idgliud tshitedmin

i f th h - 1211. Th
R T e tress, & o de: ChORBr s dnodBtaying &n
apldedebecidi c Ah ehte ThHe3aph9nbeBYabedabhowaed to

pass through the second AM 1204, through the ADC 1203,
tangie thiede oSt tha) anode ghambaroldhe -andde éR&nBe03

f
O e AL 0 (DR LOTLLDS SRR Bl B coe
anodies hanbete 1203 . { 90224ypAval her inelbhdes( nbhkereiowa
in FIG 12) for_performng el ectrodei oni zation

RN eV 2P pRP aPBis3REON FHSPAREEITPRSERGL 122 dual

COIREH SBSp LSt N9 R ABRAT ALYSHW bhageserhl @hly Athode
mrror-inmage flow pattern fromthat depicted in Fig.

1L deTheef | {lomi ADEaY3 B2 . | nTheallbpldilpgetredepirsigh tdhember

PO EHe ARGt 6 THEY RPoRePErE Larl PiePog oo iEha rodd -
yhd heuappl dger eliesl et Cohl ehdmbéhemapi ®as cdayriassl of a

through the first AM 12 02 and into the anode chanber
me%ﬂuwem@ heyChaydgenprEfbrad LRYRTt Ad Oappar &hss By et

dode Thanber 1 201 Rk oo AReY oRBiF) ((oped CAtion

. g cations wll Dbe

attchkaiee hatéheatalhpde. 1706 oat ithes owitllle tb@oretisim et
NG NIRTENS R e, & WU
The interface between the doped anion exchange material
layver 1305 and the doped cation exchange material

layer 1306 may be parallel to the applied electric
field. The doped anion exchange material layer 1305
may include therein a composite of anion and cation
exchange materials wherein the anion exchange material
is responsible for at least about 60% of the total ion
exchange capacity and the remainder of the total ion
exchange capacity is contributed by the cation exchange
material. The doped cation exchange material

layer 1306 may include therein a composite of anion and
cation exchange materials wherein the cation exchange
material is responsible for at least about 60% of the
total ion exchange capacity and the remainder of the
total ion exchange capacity is contributed by anion
exchange material. A CDC 1308 may be-placed on the
cathode side of the dual layer depletion chamber. The
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of the ADC 1203 . [00225] Foll ow ng passage through
1203, the liquid may then flow through the CDC 1209.

wab@sCBE74209 may renove nost of the cations fPORNUS1068/004929

liquid. The cations are attracted to the cathode by
the applied electric field. The cations may pass
t hrough the second CM 1210 and into the cathode
chanber 1211 where they nmaylBé renoved fromthe
apparatus by the waste |iquid streamthat renoves ions
fdueh tley eatdeplke thanbehatBét. aAdi bhe GDCI 1868 may be
attracted t.o the_ano T ni o wi_ || retai ned .i.n
AGfRY PecaukEr %Eengﬁﬁpgnotggﬁsngh&ggéhtypécally
fﬂﬁéﬂud@é]éﬁgkéﬂ@tafﬁéﬂ§géﬂéoa80681§m€eoncb&&oGDC
1209. [00226] Follow ng passage through 1209, the

ISxfhangmyna el phss TheotBf LAESt mpyl bel ayz@arated from
‘%{’AI eéaltq{]occg 2Dl pdheq b gul, 535:%@%@8 thg%@h thee

on exchange material | ayer e triple
|dﬁﬁﬁod§ﬂﬁhﬁmhémChanbeinbyuﬁbacangathedbnkhbrﬁdmtIOWhe
of the chanber above the cation _exchange materi al

|PRRAT A5 Akl LAt FEACERc hBn§éCratér MY Pgyeperagsd in

EOh ST ES MRE@: ”nglﬁaEh%%mﬁ'&QEhEhﬁohbqU' d. Cations
are attracted to the cathode by the applied electric

field. The cations may pass through the first CM 1208,

LHEEE T T AEd ot B gl oS o, AL rR BERE by 2y Lon

nedwvesh ddg ofhé hgppapatatussby 1t hetwasta ling lm@ .stireamrhe
that renoves ions fromthe cathode chanber. The ani ons

widquist maY reet battbat by dasgethy theoxghl itde SDSC308 -
'¥roudﬁ§qﬁg gg%% dr%ﬁkgggwg§¥h?gughltheéﬁé%sp%%§m the
t%qumﬂlthﬁhélcatléwhlarQZaandaCMEd tthe taweo de thivaieh évy

e VQ%Q {q?ql ;%f%cg}raxcb%ig?g?ve%hfer %rartlttlrcl)%sa a?lr %tausss by
through the second CM 1309 and into the cathode
chamber 1310 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1310. Anions will be
attracted to the anode. The anions will be retained in
the liquid because they will not pass through the first
CM 1307 that forms the anode side of the CDC 1308.

{00231] Following passage through 1308, the liquid
may then flow through the ADC 1303. The ADC 1303 may
remove most of the anions from the liquid. The anions
are attracted to the anode by the applied electric
field. The anions may pass through the first AM 1302
and into the anode chamber 1301 where they may be
removed from the apparatus by the waste liquid stream
that removes ions from the anode chamber 1301.

Remaining cations will be attracted to the cathode.
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stream that renoves ions fromthe anode chanmber 1201
[ 00227] Fol | owi ng passage through 1205, the liquid is

wao bes/1pEssed t hrough the ani on exchange mnat er i BET/U820038/004929

1206 of the triple |layer depletion chanber. The anion
exchange material |ayer 12 06 may renove renai ni ng
anions fromthe liquid. Anions are attracted to the
anode by the applied electrié>field. The ani ons nay
pass through the second AM 12 04, through the ADC
1263 camdrhrnulgh bderétasneAM a20Reahdauntiobeheuaroddey
ch er 1201 where they may be r ve romthe

fials e et e pcab okt 1AL by £97mSnshe
fdamdde ainpdle £hewdespd2P3do3zThe cations will be
attracted to the cathode by the applied electric

field. Sone of the cations may be allowed to pass

t t hef | 12,09, : .
R | e L ese et e SO 10, fpdet iquia
atmndrer]l dds svhetieotidiieythaydbelr eapeeddepamctibea chamber.

apparat us, by the waste liquid streamthat renoves_ions
fﬁ%ﬁn%%@%t%o@a%%%ﬁb%m@?ﬂ. thgo99BPIFaPLoN FeFchange

Rassade t T augh 1288, ckhenbi gULd 18, bReRpaSI§dn chamber

t hrough t he ‘conposite ani on-cati on exchange materi al
Itay arl dQ0¥g ofhe hient et ppert agar ofephet cbambkanadoviey the

' th t | et ti f_t h b th
R e S e e Bk okt TRy BRn T35, oo g, Shea
e soeshdtg@nh®beeahil ONagsehangs makericalvicayemaliing

07 may be effective at renoving both renaini;%tanions
A | o . thpel t@whfni nfnéaPFoRS Caps LGS &0 ttdhe

t t y - ARpLi .ectri.g f i ekl ti
R S
Gy s anchtdugiigbhé heesendndMCIB 0210 tamduight ahteh@DC 1303,

CaLPoge Sharber 1241 here Loy Y e ] RHDved Lo

I Ebeom t he wréhadenebamber bt2itmolR@ from the
apparatus by the waste liquid stream that removes ions
from the anode chamber 1301. The cations will be
attracted to the cathode by the applied electric field.
Some of the cations may be retained by the cation ion
exchange material used as a dopant and may be allowed
to pass through the first CM 1307, through the

CDC 1308, through the second CM 1309 and into the
cathode chamber 1310 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the cathode chamber 1310.

[00233] Following passage through 1305, the liquid is
then passed through the doped cation exchange material
layer 1306 of the dual layer depletion chamber by
placing the outlet portion of the chamber below the

cation exchange material layer 1306. The doped cation
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remai ning anions are attracted to the anode by the

applied electric field. The anions may be allowed to
w@aws/15¢srough t he second AM 12 04, through theP@DES2008/004929

1203, through the first AM 12 02 and into the anode

chanber 1201 where they may be renoved fromthe

apparatus by the waste |liquid streamthat renoves ions

fromthe anode chamber 120111$00229] FIG 13

illustrates an EDI apparatus conprising three ion

eéeplhetriaen retaabisn s, 1 ayeanbdeé chanbeenouadremeanhode

hamber . The t trod mbers_h fl f
RARTE S (R S8R W GRER o T F LGPt RECCORERFRARL CPoiee

fdaamdde ksaham@raspgmé@ éiﬁ@@trﬂ@pfﬁéEd i nThkgcat3onkhaay
apparatus illustrated in FIG 13 conprises an anode

SRSl the| fddrey GM babde theepevh. the ADC 1308,

B R RE RS AP A S 8 SnlihEs BRI AEDRE
sepataied 30 avlerst tihdd 1daP2be ThembDEd18r0a thpi cal |y
i ncl udes therei.n a honbgeneous vol une of anion

Sreterih WARC@UR GRAGer LHBRFCENBh ERERNES Hays

he dH agRd Anidige cathnder-sideoof the é@?oﬁéo%ﬂlh%e
dual layer depletion chanber and the ADC 1303 may

seeqmammd byo atlzecomdd@Mpy 30de Fhpldedl elegeric fleld.
| chanber sed oped.ani on
e o e e Sy a0 EBE R TR R by £ e B B, 2B
té)&:l’f&iﬁje Ieyesr LhBbesdand a depedtcahiionagxekange owed
material |ayer 1306 on the outlet portion of the dual

|t @ashaiberudiThiRe | segandxapl 806 shrpaghTiRbe

[ rf a0 c g t @
f%%iﬁi%%?ogﬂgnd ?% P@ope %%tggnmégghgﬁgegﬁg?e h% anode
|ceheab 3 1030 Irayhdee pehay | Bayt bet hemapphi édoesl etler i C

field. The doped anion e Chan e nateriah | ayer 1305
ARPATRTIRILY herRi HeatBompdut eSBFeéﬁ‘i 5R2&nd SBQYiSSn Tons

from the anode chamber 1301.

[00234] Another method (not shown) for performing
electrodeionization utilizing the apparatus as
illustrated in FIG. 13 makes use of an alternate flow
pattern. The liquid may be initially directed through
the ADC 1303. The ADC 1303 may remove most of the
anions from the liquid. The anions are attracted to
the anode by the applied electric field. The anions
may pass through the first AM 1302 and into the anode
chamber 1301 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the anode chamber 1301. Remaining cations will be
attracted to the cathode. The cations will be retained
in the liquid because they will not pass through the
second AM 1304 that forms the cathode side of the

ADC 1304.
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exchange materials wherein the ani on exchange materi al
is responsible for at |east about 60% of the total ion

we@kasge capacity and the remai nder of the top@l/Ubmn8/004929

exchange capacity is contributed by the cation
exchange material. The doped cati on exchange materi al
| ayer 13 06 may include therein a conposite of anion
and cation exchange mat eri at$7wherein the cation
exchange material is responsible for at |east about
60% of the total ion exchange capacity and the
r inder the total ion exchange, c ity, 1S, .
TSR od S S Rnefarg e N e ars O CHES13 1G4
RY ko acedy ahidegeathedensi Ugoef theedupt hLayer may
depl eti on chanber. Thedual |ayer depletion _chanber and
fIRNCEEC M3UB Gyt crphens efL ey Bhei Figucw 136%7€ The
- [ I nel ude h i n :
S A P AR e e cEn EhBal BOTHIENERRG 1o,
led exeparatfeiceId om The cathbode naanbess18hOohyghatiecond

CM 1309. The cat hode, chanber 1310 i.ncl uydes a od
s o 68 a1 PATPRE | GaPRart chAtReg 1330 khere
%déép%faé}o g%i% | Pk QRLANELYS PRECaBPakALlLBt BYMhkeRbiste

_ A method for performng
dligntirdb o oram athan venpvesngonhefapparheusaityode

i .1 ustrat in Fl.G T L qui e.initial

A Tttt 1Somb 4k E- EBkeRSrs" s st
masd ofidhe will ops feoaihbe Lhquhd. 1Theidabieeasisar ehey
attracted to the cathode by the ag lied electric

figh 0. noth P2%% | BRsoWal) passitrFbugl LRE7s&8BNd tewmEsdde
%d@ﬁ&geogagggd@]g@h@g‘ggr_ 1310 where they may be

renove romthe apparatus by the waste liquid stream
that renoves ions fromthe cathode chanber 1310.

VORI b RLABCh et L e LR TGRSy s R OIS A
twughed NGadé rshrough the dual layer depletion chamber.
The liquid is passed through the doped anion exchange
material layer 1305 of the dual layer depletion chamber
by placing the inlet portion of the chamber above the
doped anion exchange material layer 1305. The doped
anion exchange material layer 1305 may remove remaining
anions from the liquid. Anions are attracted to the
anode by the applied electric field. The anions may
pass through the second AM 1304, through the ADC 1303,
and through the first AM 1302 and into the anode
chamber 1301 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the anode chamber 1301. The cations will be
attracted to the cathode by the applied electric field.
Some of the cations may be retained by the cation ion
exchange material used as a dopant and may be allowed

to pass through the first CM 1307, through the
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CM 1307 that forns the anode side of the CDC 1308.
[ 00231] Fol |l owi ng passage through 1308, the liquid nmay

wa b@s/18d50v t hr ough t he ADC 1303. The ADC 1303 P@&I/US2008/004929

renove nost of the anions fromthe |iquid. The anions
are attracted to the anode by the applied electric
field. The anions may pass through the first AM 13 02
and into the anode chamber 1381 where they may be
renmoved fromthe apparatus by the waste |iquid stream
gt U3drov éshriargh frloen sdeordodd thabbend13nge. the

Renai nj ng .cations wll be attracted to the_cathode. Th
St St rrtd b s HhEF Ryl Bepeenbled REp he
Widdar¥ttugPass tHy apd & hei gecansc Abbh30Rathabmbeels ions

t he cathode side of the ADC 1303. [00232] Foll ow ng

paesadde magdyra 3gmmere 1340 d nmay then pass through

t he dual |ayer depletion chanber. The liquid is passed

t hrough the doped ani on exchange material |ayer 1305

df0 023/ Jdual Fd lalyewi e ph st s e cbianbeghby3pbacichg flheuid is
inlet portion of the chanber gbove,the doEed anion
DRSS RE ortiEn gy ERe 1908ed THAC 48P B ARPOA o REETdA L

MRhei al3dayer dd 09u4RY14$8PVEeh BRI BhNGhaRbers nyf om
the liquid. Anions are attracted to the anode by the

appidiew dileztouttl ¢t agport Toe ahi bhe ahgmpassbelosughhe

t he .second ,AM 1304, t hrough_t he 130 and _t hr ough
R R D T TR o e he® aliote chaRberopsdpp it Lon
whetrtaride ymaer gl r eapeedl 3 0 omnberappaeatremabyithe
waste liquid streamthat renoves ions fromthe anode

Grdriars 130 the BhapbAs wrRFipBSaptradtégacsechdéo the
t i e [-€fi So of
Cccga:ti}}g%ge %}9 tg'ge ?aggt%ifg% %}SQ%E{:EC E?Egd_. Fhe cattq%ns may

al ne e catlon ion exchange
ety | rasgd @se af dopantMahdOay theoabhowbe COCPASDS,

Lprpuah s, (st QUATOE, Lbrguah.tbe, €O 1508, o,
chamber 1310 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1310. The anions will be
attracted to the anode by the applied electric field.
Some of the anions may be retained by the anion jion
exchange material used as a dopant and may be allowed
to pass through the second AM 1304, through the

ADC 1303, through the first AM 1302 and into the anode
chamber 1301 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1301.

[00238] Two additional methods for performing
electrodeionization {(not shown) on the apparatus as
illustrated in FIG. 13 may be realized by switching the
inlet and outlet of the dual layer depletion chamber.
In one additional method, the liquid may be initially
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cat hode chanber 1310 where they may be renoved from
the apparatus by the waste |liquid streamthat renoves

WO 2008/18050M t he cat hode chanber 1310. [00233] FedT/082008/004929

passage through 1305, the liquid is then passed

t hrough the doped cation exchange material |ayer 1306
of the dual |ayer depletion chanber by placing the
outlet portion of the chanbk}bel ow the cati on

exchange material |ayer 1306. The doped cati onexchange
deitreditad |EyErudi80thersGDe ehdV@. r ehlpenthg tadBomayf remove
the |i Cat.i.ons e attrac ed tQ the cathode by

TV Sl 131 GRS A2 P b i gat fono ey cpasens are
Hhrough ddhe d idid CMHSAE oy tthlﬁ@UélﬂSplbédC@@eé@rQ% faedd.
t hrough the second CM 1309 and into the cathode

Algnisert 1810 mgereashefhreydbethenpoedndr gth £R89 and

ppar S q S S

APER THE st et 100 HEPL 8L GAPTERCrRRYea
arioraaited dppddecunadsie tiye thesappligdial sckream thaltd.
Sone of the anions nmay be retained by the anion ion

SRNRYRSe TRiterizgm u%%%l GRtBOode pait™aRl ey lbe APLORSd
LA masse LYOuAl ddie; 56000t Ald S04t heaughst e 1ADEELS
t hrough the flrst AM 1302 and i nto the anode
ahanbenxiauonﬂwheketh®ybae§ube thepvedllir oott pass
aratus .by the e, 1iguj ean1t ves .i.ons
b S A S L1081 B0 SR nBenaR o RodR of
(0¥ Jwowrod or perform ng electrodelonlzatlon
utilizing the apparatus as illustrated in FIG 13
makes use of an alternate flow pattern. The liquid nay
djall j h é%X% 3. e ADRC.
qg%j nﬁ& r£$£2§§§%§q%%g%%ggaﬁﬁg§g ro%ﬁ?hetﬁgq&ﬁgsld
Ty attieanst owe thtoagh edhé oADOielafdde et RECapplOidechay

z%ﬁctrlc field The anj ons pay Pass &hrougﬁ t%% first

| LR A ANTR 1qui e arions
are attracted to the anode by the applied electric
field. The anions may pass through the first aM 1302
and into the anode chamber 1301 where they may be
removed from the apparatus by the waste liquid stream
that removes ions from the anode chamber 1301.
Remaining cations will be attracted to the cathode.

The cations will be retained in the liquid because they

will not pass through the second AM 1304 that forms the
cathode side of the ADC 1303.

[00240] Following passage through 1303, the liquid
may then pass through the dual layer depletion chamber.
The liquid is then passed through the doped cation
exchange material layer 1306 of the dual layer
depletion. The doped cation exchange material

layer 1306 may remove remaining cations from the

liquid. Cations are attracted to the cathode by the



10

15

20

25

30

chanber 1301 where they may be renoved fromthe
apparatus by the waste liquid streamthat renoves ions

wo c@si13d32 anode chanber 1301. Renmi ni ng cat i onBCIUE1008€04929

attracted to the cathode. The cations will be retained
in the liquid because they will not pass through the
second AM 1304 that forns the cathode side of the ADC
1304.[00235] Fol | owi ng pass&g® through 1303, the
liquid may then fl ow t hrough the CDC 1308. The CDC
B3Q8 iray ef]eenn/xeicrm&iebcﬂ t HBheatabhenér nayt baslsi gbirdugh

e B Rl al ST heToRe" hag8 abety Froayen
th% SRCHl @y 11309 aemidl Mheot bBeCahhRE8ChaRRBEr1330 0

where they may be renoved fromthe apparatus bi/) t he

wésme | ey dnast rkeemerhe‘fed efpoBsthenarpasattfe byathede
%’E"e 18t J& Psmz%%%affaﬁg g @h‘%h%”%%% ode
THe ahions W | e re ai ned ecause t

WHdmbwx 13sE. t hrioeigin i dves fwi 31 ©M aﬁefablneti fror ket he
anode si de of the CDC 1308. [00236%) Fol | ow n passage
P 308 IPRLIEGUEHERBT I EhénSpdss ?ﬁf’“@ug

t oug%xe(y %@'ﬁét&{h@aaﬁpeﬁhemﬁlbm%ﬁ bacaaaaed

t He doped ani on exchange material |ayer 1305
ofattdel duals¢edyas aepdpanbnavfanber by aplewiedg toheass

inlet portion of t h r ove the. do i~an
e%ﬁ%‘%e TRt esr?ca?m? @%rfﬁgs. %$ﬁ8uggp§8ea i gnqgQghange
eteiigh ¢ayefiAS: OAMMayop eghde i heBRichiengnadicons from
the liquid. Anions are attracted to the anode by the

Pkl el ¥Rt rikere eF]@IeYTﬁ@YaHIeoﬁ§mﬁH§?dp§§§mt ktSugh

:%%%A@M%ﬁ% gélo%tg%ugﬁe anod gﬂst an‘oerq‘f_)%}%r 1¥hs

vihesre e yamege behaxehevemf)ﬂ.om t he appar atus by the
waste |iquid streamthat renoves ions

[00241] The liquid is passed through the doped anion
exchange material layer 1305 of the dual layer
depletion. The doped anion exchange material

layer 1305 may remove remaining anions from the liquid.
Anions are attracted to the anode by the applied
electric field. The anions may pass through the second
AM 1304, through the ADC 1303, and through the first
AM 1302 and into the anode chamber 1301 where they may
be removed from the apparatus by the waste liquid
stream that removes ions from the anode chamber 1301.
The cations will be attracted to the cathode by the
applied electric field. Some of the cations may be
retained by the cation ion exchange material used as a
aopant and may be allowed to pass through the first

CM 1307, through the CDC 1308, through the second

CM 1309 and into the cathode chamber 1310 where they
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fromthe anode chanber 1301. The cations wll be
attracted to the cathode by the applied electric

wo c@Bd3058one of the cations may be retai ned byP€TES2008/004929

cation ion exchange material used as a dopant and may
be allowed to pass through the first CM 1307, through
t heCDC 1308, through the second CM 1309 and into the
cat hode chamber 1310 where tBéy may be renpved from

t he apparatus by the waste |iquid streamthat renoves
marys e arentdheed aff herd et lnd ambeard 8ws. biy00R87vaBekl dviaug d

Bt (. dopit eat 1 okERAnbEenaPLPPar FAFOPoFa 1940
of the dual |ayer depletion chanber by placing the

outl et portion of the chanber bel ow the cation
X dide nevEriher |ag@it1908l mREhadpdaosasihenn) for

BRI Sodtrodfon 2P OB WL ETDLE G TRE sl ararus
cat hade:rdnrdted afpl Fed. el @chakesf uekdofThe edtbeams thay

pass through the first CM 1307, through the CDC 13 08,
AP MBUFH T he St ohtTeM 185280P8n 41 Rt 6 L ilie e&ETSFE

Qhﬁﬁkﬁgl%%%)ﬂﬁ@rf3©??y fRY RBcr e9BYefal ¢0dRe most of

apparatus by the waste liquid streamthat renoves ions
fahmmarhieorcat fioete thanbeauil@l10. Thkeaanposs awd latheacted

d h de_by. lied el i ield..
e Thte e R osog i b7 RRBELEE LT Al ons
exshagss nEieshgh tisedrassa gmpaBhlanddmawdhe tald eurde

to pass through the second AM 13 04, through the ADC
Begoahrbiyh Wherei FieY AnpY3be agBOVALo fed &hsde

gg%gﬁﬁiu£§19} %ﬁgr@aéggylE&MaeesE?g3%GQh%EO@éH3%eS ions

ratus by the waste liquid streamthat renobves 1ons
firom tttee anoolde chiaarbleer 13001 . [ 0OB288Lniwy addiitonenalill be

(r%re#l{]q%gcs ta%g;tr(gte {ég ;énéggogle?a &‘gcele icgrtl.iizo%tsi qu l(ln %te Srheotvz\ﬂ)ned
in the liquid because they will not pass through the
second AM 1304 that forms the cathode side of the

ADC 1304.

[00243] Following passage through 1303, the liquid
may then flow through the CDC 1308. The CDC 1308 may
remove most of the cations from the liquid. The
cations are attracted to the cathode by the applied
electric field. The cations may pass through the
second CM 1309 and into the cathode chamber 1310 where
they may be removed from the apparatus by the waste
liquid stream that removes ions from the cathode
chamber 1310. Anions will be attracted to the anode.
The anions will be retained in the liquid because they
will not pass through the first CM 1307 that forms the
anode side of the CDC 1308.
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illustrated in FIG 13 may be realized by sw tching
the inlet and outlet of the dual |ayer depletion

w@b@shans79 | n one additional nmethod, the |iqui dPOEYS19E8/004929

initiallydirected through the CDC 1308. The CDC 1308
may renove nost of the cations fromthe liquid. The
cations are attracted to the cathode by the applied
electric field. The cationslfdy pass through the
second CM 13 09 and into the cathode chanber 1310
vildér2et 4 1hey Frehl dyel ne rpvesade onhtrbeghppaP 8t ushby likhmid
waste.liquid streamthat, regoves,ions fro he cat hode
SRS e Ao he iEREET T agRE (pB TP haonn dnatoer
e anifiiy Wd |chen red asa@dehhoh§B thagubadpbacadseohhey
w Il not pass through the first CM 1307 that forns the
srsdarngiglaagferinl Adxyan b306[ 0628be dsplohPH§rpassage

(eI h W
PR Ve 1 HhS SBMehBast ok PRaHER, bR
flregrart B 46 quayd. raevanrensiat egatataohed fromt hiaeanode

y. the applied electric field. The api ons Y. pass
icBilah | e 195 RF 19° BBSGRAT hooCDReCaRbaB L RS
%%ﬂ%&éﬁ“%fééﬁ%%bf@WbP@.re@HéeQaEEQHbFHSya?BQ%a%%§oﬁbh
the waste liquid streamthat renoves ions fromthe

aisdlef iotsnisdf 13001, tiRepadhi hjec@PFohs 0®i | Bnbe through

tract ed t hode, The._catio ill.be,retai,ned
Tuld Rind ok P68 ARAM o T0° A8 LARAGHE! LnBRobs! 30
secarsl A I that réesvedt beorathedappedatok the tALRC
1303. [.00240 Follomﬁngggassage t hrough 1303, the

WaRiel eyt ihettpeRB ERRBUFRTPHESIEANS| 4FeR ¢85 &atspde
st 1M | i apid éﬁi{nﬁ?”w@ﬁsgg *a*ﬂ??‘é@*&e he Jdepged
catl1 on exchange nateri a ayer 1306 of the dual |ayer
gepids ilmn. tHdeaplobedd cal eohréxcliardd . matemealo fl djer
1306 may renpve renaining cgkions.fron1the

anions ‘may be retalned DBy e anion ion éxchange
material used as a dopant and may be allowed to pass
through the second AM 1304, through the ADC 1303,
through the first AM 1302 and into the anode

chamber 1301 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1301.

[00245] Following passage through 1306, the liquid is
passed through the doped anion exchange material

layer 1305 of the dual layer depletion chamber. The
doped anion exchange material layer 1305 may remove
remaining anions from the liquid. Anions are attracted
to the anbde by the applied electric field. The anions
may pass through the second AM 1304, through the

ADC 1303, and through the first AM 1302 and into the
anode chamber 1301 where they may be removed from the

apparatus by the waste liquid stream that removes ions
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liquid. Cations are attracted to the cathode by
theapplied electric field. The cations nmay pass

wao boosads7e he first CM 1307, through the CDC 13B8r/Us2008/004929

t hrough the second CM 1309 and into the cathode
chanber 1310 where they may be renoved fromthe
apparatus by the waste liquid streamthat renoves ions
fromthe cathode chamber 13383 The anions will be
attracted to the anode by the applied electric field.
@mﬂm(ﬁhat&nQdQCﬂhammgrbb3®btaiﬁbe bgtthesamiidd ben

| d t d be,al.l,
BT ot SR By he baB T o kRS Re caba c1d.
SE,00 dﬂ"lrt_fhtgf'béiftﬁorﬁé, redy Ak 13.032ia8d bRt @hkheadnesde ion

chanber 13 01 where they may be renoved fromthe
HFends Wienhehassed| a9 u@ddépaéawﬁflﬁatnahfeméélu%@

faoogﬂe d;gehro &lﬁ hagoer; 1301-y[ 99841] tﬁk}sngh%

pas he doped” anion”exchange naterial |ayer
Iﬁx053ﬁ81rﬁhxbm¢hlamersdephétCmn13mBeaddpeﬁt@mUMe

exchan terial 1305 remove renmai nin
%H%%? r‘g‘?ﬁ‘%%f | mb@fdwh%?oﬁgaﬁr B3yt l\éﬁa&e@&"t@é %ﬁé’m the
éﬁhérﬁyaﬁﬁé'ﬁgsgéeﬁi&thfb%kgamT@%a%n&%&%v@%ylons
pass through the second AM 13 04, through the Al

1308 el edrlvedd chembersi3AW 13 02 and into the
anode chanber 13 01 where they may be renoved fromthe
apparatus by the waste |iquid streamthat renoves ions

froon4de anooe. chamberud 804 tefhancabiroappairaltuze
attracted to the cathode by the ag plied electric
fQQﬂRFl%%m% B?r?%el%%tﬂﬁﬁéeﬁﬁ9nb€ PEP&TSed 3By afpsle

0 C e ed p y
e SR CanogenIBE P Bhple e SRR LiRRTbILIEY,

tdhaMEEIQGﬁ&Wetarﬁbgh bhewsetend tCohin309 qand usted ttoe
U B oR e iase b TPaGI Gobl Sam FRATCFeTo el P
fd& dthed cah hode . chanberhd3iBparatus illustrated in

FIG. 14 comprises an anode chamber 1401 including an
anode therein. An ADC 1403 may be placed on the
cathode side of the anode chamber. The ADC 1403 and
the anode chamber 1401 may be separated by a first

AM 1402. The ADC 1403 typically includes therein a
homogeneous volume of anion exchange material. A dual
layer depletion chamber may be placed on the cathode
side of the ADC 1403. The dual layer depletion chamber
and the ADC 1403 may be separated by a second AM 1404.
The dual layer depletion chamber may be comprised of a
doped anion exchange material layer 1405 on the inlet
portion of the dual layer chamber and a composite
anion-cation exchange material layer 1406 on the outlet
portion of the dual layer chamber. This is an example
of a LDC. The interface between the doped anion

exchange material layer 1405 and the composite
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[00242] Anot her additional nmethod (not shown) for
perform ng el ectrodei oni zation utilizing the apparatus

w@gooshibasgi rated in FIG 13 nakes use of an al t BCTYHSZH08/004929

flow pattern. The liquid may be initially directed

t hrough the ADC 1303. The ADC 1303 may renove nost of
the anions fromthe |iquid. The anions are attracted
to the anode by the appliedléBectric field. The anions
may pass through the first AM 13 02 and into the anode
emardyercaltd @i evhehangheyatayibe ?Lapreredimﬁomayhbe

th | d st
ERBEAE A S ARt eq a1 e ke TR dan: MBS dhadhe
%triircﬁi?te%éi:ﬂ dé@%n&@éfi?&? 13bercalipgnmay Ilhch%d(eett@ﬂéi%qn

in the liquid because they will not pass through
Fe COMP PN U8 o thmnf@ndscaheonaencbenged@a@femﬁéSADC

ey ¢ I TR RGN ERG: CEL 13 5B=DPRsiehe £5

@& IMBda  t€ N TG0 % O £ hﬁecabtams ibhoexthenkie wagha ciie
cations are attracted to the cathode by the applied
arettthe FeeatndgnetatR8nEoray pa8sKRRGUGE F@acity is

wher e ttgd\ééé 9 and bQE?ohhéxEﬂgﬁggemgtggqg%rl 13

may” be renoved from thé apparatus by 't
wasmsmmu ahstmeaatibat ekeheugs mensrfirdmlialyerc at4l®c6dmay

charﬁﬁi 1@10 Ani ons. wi LI . be atthacted tg t he _anode.
nsie 1 bR PEFGAneaR F¥FREVPPqIPE Srdcdus @t Rey
Wddedn PasSekfhoNgh hheeti k3t M 33@6plkliatcsftardm the
anode side of the CDC 1308. 5‘00244] Fol | ow ng assa

BRI 3B ex kel | i gbi @DRay 4PBenapabs P

G s e 190 e e e
Iduecr 11806r oflep het doal chaybErdapkiethen Coartaers. mee be
LhsE FALL 90, eX°Pange M 8b3.  The cpc 1408 typically
includes therein a homogeneous volume of cation
exchange material. The CDC 1408 may be separated from
the cathode chamber 1410 by a second CM 1409. The
cathode chamber 1410 includes a cathode therein. The
apparatus as illustrated in FIG. 14 may be operated in

continuous mode or in intermittent mode.

[00247] A method for performing electrodeionization
utilizing the apparatus is illustrated in FIG. 14. The
liquid may be initially directed through the CDC 1408.
The CDC 1408 may remove most of the cations from the
liquid. The cations are attracted to the cathode by
the applied electric field. The cations may pass
through the second CM 1409 and into the cathode

chamber 1410 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the cathode chamber 1410. Anions will be
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| ayer 13 06 may renove remaining cations fromthe
liquid. Cations are attracted to the cathode by the

wappBiad7el ectric field. The cations may pass PEr/osyhs/004929

the first CM 1307, through the CDC 13 08, and through
the second CM 1309 and into the cathode chanber 1310
where they nmay be renoved fromthe apparatus by the
waste |iquid streamthat reh®%es ions fromthe cathode
chanber 1310. The anions will be attracted to the
atnddedoed e dappd iaembc&ectTlilez dnedns Bohk bé rheained in

ions na eretal d I anj on_i on_exchange .
Theoti gt Bt dfeptvihf Rt B8l rBreueRtpg it
R Quely tt'?ﬁtsm AN Zdde t §1 @HOBEt BB ABEC13408..
through the first AM 1302 and into the anode chanber

13 01 where they may be renoved fromthe apparatus by

t te | f
1SRt 3l PR FEPRIER 1208, 0T thtsign
396 tHere Alicquithrcugtasstes Abc ougd3 t heTHepaOCaNK0B may
exchange material |ayer 13 05 of the_dual _|ayer

dERIS JIPSchahberle TR Ytpeti Ui bRC ekeHane nﬁpgr pRions

lb3YL s H30R B (SIS L85@E Nb{10r RO Qﬁﬁlié@%&@%trlc
l1quid. Anions are attracted to the anode by t

ép@lhded dltec tariicorg enaly Odes ahhmlsghayhpaésrshr eMgEh402

Rt et Lo SR RE R S Sl A S

weeio ddher dray the dsaveeud regn the |apaeat uguby tsl&@eam
waste |iquid streamthat renoves ionsfromthe anode

Shafheremees s cfalchf@)n‘éhw anoge gheambered4fd -t he
SNade iy e APl et obeck it fatlehdeoSorte ofchiee.
e ret a| ned C

cations e cation 1on exchange
rmieerdaajlqmiedma]sl amlcmpatmlmed imythe alibowddbecapass they

ML SRRt 1300 Shabint AQT chat forme the

cathode side of the ADC 1403.

[00249] Following passage through 1403, the liquid
may then pass through the dual layer depletion chamber.
The liquid is passed through the doped anion exchange
material layer 1405 of the dual layer depletion chamber
by placing the inlet portion of the chamber above the
doped anion exchange material layer 1405. The doped
anion exchange material layer 1405 may remove remaining
anions from the liquid. Anions are attracted to the
anode by the applied electric field. The anions may
pass through the second AM 1404, through the ADC 1403,
and through the first AM 1402 and into the anode
chamber 1401 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the anode chamber 1401. The cations will be
attracted to the cathode by the applied electric field.
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cat hode chanber 1310 where they may be renoved from
the apparatus by the waste |liquid streamthat renoves

WO 2008/18050M t he cat hode chanber 1310. [00246] FPCI/US2008/004929

illustrates an EDl apparatus conprising three ion

depl eti on chanbers, an anode chanber, and a cat hode
chanber. The two el ectrode chanbers have a fl ow of
waste stream |liquid used tolBPush the contaninant ions
fromthe chanbers and not depicted in Fig. 14. The
Super atfusthe |estrenediay BeGretdinedpbysebeagasnoge ion

chanber 1401 i ncludi ng,an _anode therein. An ADC 03
T o e At et R 38 °EPaeriEl ShflraR he atlowea
dafeys thheowi ddO3fandtt br anode chapbeh tHQL may
be separated by a first AM 1402. The ADC 1403

G e Q8 i rhriasl thereproRdhEMDgEAB0aB Ay dNGRe Lo

' C i al er.d ian
G IR £L0 Aher f CHEY, KBV el EREVER fxgr the
HMidrathe dual thayess depl etuod shashsr cand tlegmoAesS ions
1403 may be %gﬁgrated bg a_second AM 1404. The dua

1 SRREt | At nehdErhay 4 b8 - conpri sed of a doped

ani on exchange material |ayer 1405 on the inlet
portion of the dual layer chanber and a conposite
Al &ht | oo Ekehangepaasegeakhraygh 1406 ,omhehdiquid is

tlet portion of the dual | ayer. chanber. Thi.s is an
SHart iR et udh e fiibohBUEl LaNIRRE, cH¥ R $s¥hange
afH 1y Bxcheanger N4 @61 8F tB¥edud40%a98e BRPletion chamber
conposi t eani on-cati on exchange material |ayer 1406 may

Ry grkading e piet bppl PedtéPRCPE| EhR ehambpre bedey the
Wb EXCDUILABLEE L 8h LAKELNLEORFBY 1LAChUGR, ! RO N

nposite of anion and catron exchange mateéerial's
WhHer etompdel aai @ni exchanfenmakehbabel satespaisillalyef drd06

at_ | east out . 60% of t he tota£ i on_exchange capacity
Ty (e SEnar e 6F TRESYS0H PPBA SRiAAAGEc: apdeny and
I&ations. The remaining cations are attracted to the
cathode by the applied electric field. The cations may
pass through the first CM 1407, through the CDC 1408,
and through the second CM 1409 and into the cathode
chamber 1410 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1410. The remaining anions
are attracted to the anode by the applied electric
field. The anions may be allowed to pass through the
second AM 1404, through the ADC 1403, through the first
AM 1402 and into the anode chamber 1401 where they may
be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1401.

(00251] Another method (not shown) for performing
electrodeionization utilizing the apparatus as

illustrated in FIG. 14 comprises a mirror-image flow
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contributed by the cation exchange material . The
conposi te anion-cation exchange material |ayer 1406

woreasitsisiude therein a m xed i on exchange nat ePCHIUS2008/004929

a doped ani on exchange material, or a doped cation
exchange material. A CDC 1408 may be placed on the

cat hode side of the dual |ayer depletion chanber. The
dual |ayer depletion chambet2and the CDC 1408 may be
separated by a first CM 1407. The CDC 1408 typically
ipaﬁuﬁkﬂ;ttﬁh@ﬂ1&@uh®nm@Enbeu$nvbiahéyoﬂicatted through

T R o) £ e ‘A3 o 89 2 QeCOBOCR TH06. OFnare

catitate ohanbeie 1AlQuiac! uders aneahbodeet a@&%b&teﬁh%
apparatus as illustrated in FIG 14 be og@rated in

derorapml i adeehPEEEAE ﬁ@@gd [ 082#7pnAONS

?ﬁaé’"%da%s?;fﬁri&.@{ T FLSRLL A 205780 onk! Bhode
mmaﬂnenrm4®fﬂwm9fbrenéydmhprbagbembeeGDﬁrbAO&héThe
CDC 1408 may renove nost_of the cations fromthe

mﬁﬁ@t%é% dtferesre hitnadt 8HTEE™ hBtatREYY S5y 1ons

& Rfld %@cﬁ@c&ﬁéxﬁbéfei@mTheR%ﬁ\Ehﬁ'ﬂﬁg”@étE%%% will be
t hrough the second CM 1409 and into the cathode

Gﬁanb%wtadjmbvwmﬁecahbgdﬁay_Eherenbvedﬁfwoﬁﬂthe retained
PP e LAt o dee e RinEerndY 1t ThnPBR AR CHER T n Ry

teddiel anodes 0 henani o68m¥i l:heb@atﬁbdlen gdden difh@ he
liquid because they will not pass through the first CM
fﬁ37 Hat- forms the anode side of the CDC 1408.

[ 00248] Fol |l owi ng passage through 1408, the liquid nay
then flow through the ADC 1403. The ADC 1403 may
rbhﬁﬂﬁzhDstF@ﬁl@hbngnpaasageonhtbaghiq&md Eh@ dnicansi

S IR ES e AERE L ha PP el RSty oy
remove most of the cations from the liquid. The
cations are attracted to the cathode by the applied
electric field. The cations may pass through the
second CM 1409 and into the cathode chamber 1410 where
they may be removed from the apparatus by the waste
liquid stream that removes ions from the cathode
chamber 1410. Anions will be attracted to the anode.
The anions will be retained in the liquid because they
will not pass through the first CM 1407 that forms the
anode side of the CDC 1408.

[00253] Following passage through 1408, the liquid
may then pass through the dual layer depletion chamber.
The liquid is passed through the doped anion exchange
material layer 1405 of the dual layer depletion chamber
by placing the inlet portion of the chamber above the

doped anion exchange material layer 1405. The doped
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and into the anode chanber 1401 where they may be
renmoved fromthe apparatus by the waste |iquid stream

w0 bas/18noves i ons fromthe anode chanber 1401PCT/US2008/004929

Rermai ning cations wll be attracted to the cathode.

The cations will be retained in the liquid because

they will not pass through the second AM 1404 t hat

forms the cathode side of th&8ADC 1403. [00249]

Fol | owi ng passage through 1403, the liquid nmay then
pasisnt lercigingen eflmidhybiyeiepl@®5 onaghaabeve Thmaining

d d .th d

AR ore T e AR Or O e PE T ey o < BEFREE AN ES che

ahdelee byby HY %g&pmglécheew&@h@%iém of thheasharbemay
e

above the dop ani on exchange material |ayer 1405.

Pﬁ@sd@@é”@twh drhenadrand Mt et 04l tlay@wglmebenﬁ?c 1403,
oA thrd ’Iﬁ};ﬂ Pﬂlsaé‘smfx 5“&4& td- Ao andaa’ =
a o e I e

racte anode by electrlc el d.
Thenisronst 0 ywheass ¢ Hnep ugly t e semomddAE/kmAOQhe
t hrough the ADC 1403, and, through the fhrst AM 1402

SRPATHDIS Y drifid ThHefbbt 714815 WheRE FRBy mEJONES ions

ey et J romdderapRaeat Ueo Py thgevagt eohsaykd 1sﬁorzeeam
that renoves 1ons fromthe anode chanber 1401. The

cdtirawsad [4o Behatcatioode by the smphodd B}ephélc field.

| t f d. Sone h .
R S U At e R SeranTeSohy o Re R edtn, dop
depaidn g dnddr el abd @cwegjst@ papanthapughaih®ef angowed

1407, through the CDC 1408, through the second CM 1409
ér@d Haf FIHOWGH R %h’a%eﬁ:Mlhi@ whERECLREY tR&y be

renoves i ons fron1t e cat er 1410. [002
&@khﬁﬂé(ﬁh&@b@@SB@@@ WhenaghhéﬁOﬁaytbe kbm@N@diirthemhe

dth h th te.ani ti h
At B8 e e er B Ret i S Pas R heR ot ES ions
& he cathode chamber 1410.

[00254] Following passage through 1405, the liquid is
then passed through the composite anion-cation exchange
material layer 1406 of the dual layer depletion chamber
by placing the outlet portion of the chamber below the
composite anion-cation exchange material layer 1406.
The composite anion-cation exchange material layer 1406
may be effective at removing both remaining anions and
cations. The remaining cations are attracted to the
cathode by the applied electric field. The cations may
pass through the first CM 1407, through the CDC 1408,
and through the second CM 1409 and into the cathode
chamber 1410 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1410. The remaining anions

are attracted to the anode by the applied electric
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by placing the outlet portion of the chanber bel ow the
conposi te anion-cation exchange material |ayer 1406.

wab@sasnsposi t e ani on-cati on exchange nateri al PEHEL£2008/004929

1406 may be effective at renoving both remaining

ani ons and cations . The remaining cations are
attracted to the cathode by the applied electric
field. The cations nay passl%%rough the first CM 1407,
t hrough the CDC 1408, and through the second CM 1409
&n¢lidnt o Thse a@atqrc&ién%mdmalhmwm@r@a@ﬁeyhmygbe the

Leme 4y opddie ARpaLal U Dyabbe, yaste gl ShLeat ..

et Fefbves |dns he cathode C

REIMAIAI2N Grrai 01t aﬂee adidsdet elathivet he4 anowgReby they may
applied electric field. The anions may be all owed to
ﬂ?@sgemv%rf&% e RPINR 1ED DY t FRBLHAS FRel ABE19403,

PRGN (R, MRl AN 402 BT RO LRBa8NEHEnERaRED:

ere they may be re on1t e apparatus b
the waste liquid streamthat renoves ions fron1the

IR Tr ar i Ak TS b TS T N o5 BORCAE MRS ng

thecanRalaldis At i bh Ushb @t Shoim) Fb& tA4 agﬁagaaag as
mrror-inmage flowpattern. The liquid may be initial

dildemtam et cuyFihe Wbanavoge Irﬁ@lAmdmmsswayChénsvéhe

of S [ S
rgbfgﬁy %Pd%%deﬂ% &gﬁg g%%gleégé} ?ﬁc ﬁP&?'
EEEGEB(Hﬁﬁjﬁm0¢ﬁ$sméhh®@ghthéeliq&$ﬁ A&ylbazlamdlbnﬂq
t he anode chanber 1401 where fh may be rempved f

e SERAT ARHOURP ¢ Hae gt oL £P8ui dT8ET SR AAGE Rewpgemove

iR fdomidean0ses CP@HHeEhé4QiquE@"H'@h@gcﬁéﬁbﬁﬁsare
wll be attracted to the cathode. The cations will be

raeltaqarcetded rtQ hehe¢ i cpitldo@echusehehepprhipfl mdéecpads field.
Lhrough, Lhe. sesondh AM 2408, Lhat LOLIE ohhech NBe L5ie
into the cathode chamber 1410 where they may be removed
fiom the apparatus by the waste liquid stream that
removes ions from the cathode chamber 1410. Anions
will be attracted to the anode. The anions will be
retained in the liquid because they will not pass
through the first CM 1407 that forms the anode side of
the CDC 1408.

[00256] Following passage through 1408, the liquid
may then flow through the ADC 1403. The ADC 1403 may
remove most of the anions from the liquid. The anions
are attracted to the anode by the applied electric
field. The anions may pass through the first AM 1402
and into the anode chamber 1401 where they may be
removed from the apparatus by the waste liquid stream
that removes ions from the anode chamber 1401.

Remaining cations will be attracted to the cathode.
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[00252] Fol | owi ng passage through 1403, the liquid may
then flow through the CDC 1408. The CDC 1408 may

w0 eowansosmpst of the cations fromthe |iquid. TPEI/US2008/004929

cations are attracted to the cathode by the applied
electric field. The cations may pass through the

second CM 1409 and into the cathode chanber 1410 where
they may be renpved from thé38pparatus by the waste
liquid streamthat renoves ions fromthe cathode
Ghreenieert 1oti) . widni dvs metdihedainr abeedittuitihbeanode. they

Th anl ns MA|| tained in t [ [ cause the
T A s oo (RS pelondyplr, 808 BRSR IR ke

@&d@&é d.cﬁd;é dﬁ&r@@ﬂé%wﬁ@wwl Fol I owi ng passage

t hrough 1408, the liquid may then pass through the

dual | ayer depletion chanber. The liquid is passed

t D a ek i I r .
SR DS B PR PG RS HBhE T u8p TS aRgRta 5
iteat guydedwtmﬁom@m chanbemnpabove theodepedian exchange
exchange material |ayer 1405. The_dopedani gn exchan%lhe

MR L | LReRT 1450 naf F%ﬁn@EaFeHﬁVﬁFnSegﬁﬁ6ﬁ§nfro
tJBhﬂdéﬂﬁéjaﬁ¥6ﬂu@h€{§haékéﬁﬁh8g hﬁtEQ@a@nqg?erlﬁ@% may

applied electric field. The anions may pass fhrough
tkh?e es%ﬁmmm almom-emw\mgghOtherAmmdog aandnsheodgh
10 140 %nand ntg & e_ang r h$ ereés%g h
rﬁney § PG EURCRFoRPEhE Sp&% S Pré&he
Vmﬂfbclé qwdtrsé reep) i 8at el egeyes iFea3df.r onhiehea2neode may
chanber 1401. The cations will be attracted to the

m%d@wqmetfa%pf }edt eF¥cLAPE  f FBIFE@UIB0 MBSO Dhd 408,
O{H"T S PenL el ako8d By EQ@nghgoﬁln'tgnt ECIE:%'E%%de
mat eria

used as a dopant an to pass
tdhamhﬁrtlﬁﬂ@|Wherémthé97mayhbeughmbhedCB@om4&&e

U 057 oI LA 408 L e SRl hote e s on
from the cathode chamber 1410. The remaining anions
are attracted to the anode by the applied electric
field. The anions may be allowed to pass through the
second AM 1404, through the ADC 1403, through the first
AM 1402 and into the anode chamber 1401 where they may
be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1401.

[00258] Following passage through 1406, the liquid
may then pass through the dual layer depletion chamber.
The liquid is passed through the doped anion exchange
material layer 1405 of the dual layer depletion
chamber. The doped anion exchange material layer 1405
may remove remaining anions from the liquid. Anions
are attracted to the anode by the applied electric
field. The anions may pass through the second aAM 1404,
through the ADC 1403, and through the first AM 1402 and
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apparatus by the waste |liquid streamthat renoves ions
fromthe cathode chanber 1410. [00254] Fol |l ow ng

w@awsass7e hr ough 1405, the liquid is then passedI/uS2008/004929

t hrough the conposite anion-cation exchange nateri al

| ayer 1406 of the dual |ayer depletion chanber by

pl acing the outlet portion of the chanber bel ow the
conposi te ani on-cation exchahye material |ayer 1406.

The conposite anion-cation exchange material |ayer
1n0e m@@kaﬁqﬁéeqhamhentl4@hvwhegebbhhyrmauihéngemoved
nlon and catiaons. .The remain catlgns are

&P GRSy PR Ta hode By e hES Hﬁ?é aFegep ghat

frle@iodJesTle)r@tﬂﬂﬁﬁ Y PS8t Bhewelrt el r stheM-349éns
t hrough the CDC 1408, and through t he second CM 1409

#id Li M atteaiedde chmberthade Wieret ABPliagd be
IR VB PORE o eRY, 15,805 Ral BY, £5L3A88 b

r enoves |ons e cat
m@mmoauupnumanwexnham@érmateﬂlab thedaasde Hypthe and

pplied electrjcfield. The anions nmay, be allowed_to
B@S’ Clhe FQ R A28k, t?ﬁrgaﬁﬁtt f¥ ABE71403,

tey: thife fdisty 494 1402-gnghi phe £bBeoaRoER ¢hardbanhg
1401 ere they may be renoved from the apparatus by

timg onddtee dathidk sthamiper hhé1Pewbers tbay hegnbeheemoved

d h nb ddi t hod
AP (o A DR 2ot dt R FERLLORR IR BRCY,

&mﬂw\xﬂyslc&ss lﬁircbmttﬂaéedatno&é&halﬂbaraylh@or eal i zed by
swtching the inlet and outlet of the dual I|ayer
depletion chanber. In one additional nethod, the

{he gg& 2y p@&‘o&mf'géayt%ﬁsﬁtggtﬁaawatatt he % }408.

408 may renove nost e cations ron1 t he
Ipepﬁqtmiﬂgae%&¢twmdelenazataonedtnblzhagcahbodpphyatus

o ST ST G4 SRR Bl o
¢hatam 14 haher @uideyaoyebenti EMBYEY directed through
the ADC 1403. The ADC 1403 may remove most of the
anions from the liquid. The anions are attracted to
the anode by the applied electric field. The anions
may pass through the first AM 1402 and into the anode
chamber 1401 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the anode chamber 1401. Remaining cations will be
attracted to the cathode. The cations will be retained
in the liquid because they will not pass through the
second AM 1404 that forms the cathode side of the
ADC 1403.

[00260] Following passage through 1403, the liquid
may then flow through the CDC 1408. The CDC 1408 may
remove most of the cations from the liquid. The

cations are attracted to the cathode by the applied
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fromthe apparatus by the waste |iquid streamthat
renoves ions fromthe cathode chanber 1410. Ani ons

waodos/1bs7attracted to the anode. The ani ons w PET/D82008/004929

retained in the |liquid because they will not pass
through the first CM 1407 that fornms the anode side of
the CDC 1408. [00256] Fol |l owi ng passage t hrough 1408,
the liquid may then flow thtddgh the ADC 1403. The ADC
1403 may renove nost of the anions fromthe |iquid.
Hedniions iarled at tTlaet edt t ons hwaunpdes byhrheghpphieed

RAcEise Sh 407 & the AHace EnaRboros 408 tneF e ALy “Aeye
hadhenmehd rnamdhed appahat e Byphheruesbe theuidste

stream that renoves ions fromthe anode chanber 1401.
Rerepi el - eeam oHa Wi Tempéeat 1pREt E8ORothReCaihREGe. The

j i Jdn be ' : e.LiLquj ecau t
S e T B TR L e g 0 PR B AR
thee catitode wille lo¢ thea eI 1403thp0D025d) dFbkekawseg they
passage through 1403, the liquid i

tHrldudiPtt R n’ﬂ'b’é‘?‘tl%haFI]P%n:f&E?Foﬂﬁeigﬁgngg‘gﬁg%&rf“él the

|l a¥de 1406 oo f tihe @val 1hager depletion. The conposite
ani on-cati on exchange material |[ayer 1406 may be

effective at renoving both remai ning ani ons and

catd T mai ning_cations, are attragted.to-t.he. . .
it thoha i che bl S S A S
s tdy s theolidhsthEMdAPRdsithr augbntbatCoa B4RBange
and thr oug}? the second CM 1409 and into the cathode
dititiera L shay et €00 hef FRy Sualeddved fepdetpen. The

B R R b = R
e afffeccied 40 témownndebbyht hemapplingd asliectsr iand

gl fndhe AN oS, IR RS 8LEOURd Lo.PaRe, LRauah fhe
cathode by the applied electric field. The cations may
pass through the first CM 1407, through the CDC 1408,
and through the second CM 1409 and into the cathode
chamber 1410 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1410. The remaining anions
are attracted to the anode by the applied electric
field. The anions may be allowed to pass through the
second AM 1404, through the ADC 1403, through the first
AM 1402 and into the anode chamber 1401 where they may
be removed from the apparatus by the waste liquid

stream that removes ions from the anode chamber 1401.

[00262] Following passage through 1406, the liquid
may then pass through the dual layer depletion chamber.
The liquid is passed through the doped anion exchange
material layer 1405 of the dual layer depletion
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second AM 1404, through the ADC 1403, through the
first AM 1402 and into the anode chamber 1401 where

wao b@g/ 18y be renoved fromthe apparatus by theP@EES®™08/004929

liquid streamthat renoves ions fromthe anode chanber
1401. [00258] Foll ow ng passage through 1406, the
l'iquid may then pass through the dual layer depletion
chamber. The liquid is pass&¥3through the doped ani on
exchange material |ayer 1405 of the dual |ayer
cdpimésteiron dﬁanhknxxihaxdmpe@xeman@eemahangeln&ayekaﬂ405

| ayer 1405 g%%nrennve renainlgg tons from,th

PP ui ™A ArE I ALY P SnbEEILS - thénlorls
&&@ldﬁiﬂﬁdﬂéd'&bfﬂﬁéchnabé @ﬂl@ﬁé &By1pagset browngh
t he second AM 1404, through the ADC 1403, and through

A5 -1 stThEV aio S iR it 22§ et Brodeh c hhabepcond] Alhaks4

RS hie. nRIOVeRy T OIG Nen ABRRE LS BYSLDeAIRILSS ana

tream rehoves 1rons from the anode ¢
lﬁ&h EHEEanﬁdéﬂﬁhambérbE4@1tWB@fedthéyth&yCBéhﬁémobﬁd
the applied electric field. Sone of the cations pay be

FEOR P RPRHAS R iBn Fo% BxehanhtInatefFaPalist83ss a

dRRRYe ANGARYE R a&ﬂ@wﬂoa@ PRSspEPr eueh t hept eatuGMs
1407, through the CDC 1408, through the second CM 140

andhlha)aﬂﬁrann¢®deochbabeatndde hMethethpylm3¢ be
moved from.dit ar at us t he. waste uid strea
R it S s PREE o hetBE: o o8R ks B2, T6Tor68Y bv

&Qﬂe /emilhﬁf iasidi &k SahgsBhAedr{ 80t ushaway kOBopant and

perforn1nggflectrodelonlzatlon utilizing the apparatus

a9y Ruslawas i /o mass 18heenphi SBs AxTakt EMnate 7| ow
tiaLl d
{%ggozf% 1}%&5_&%(3 A(E%H.\i%lggou htERL ¥eéb£8%ﬁ 1%@0%91'81

y renove nost
QMUNHIHQ(ﬂﬁtﬁﬁﬂéi@hﬁﬂbefhk4hﬁlwherarEhaytmaytbé tremoved

t de by th lectric,ti Th
AL FHRAIGRC EReY 2E ARF G0 NS ALoCERe SRbde

removes ions from the cathode chamber 1410.

[00263] FIG. 15 illustrates an EDI apparatus
comprising three ion depletion chambers, an anode
chamber, and a cathode chamber. The two electrode
chambers have a flow of waste stream ligquid used to
flush the contaminant ions from the chambers but not
depicted in Fig. 15. The apparatus illustrated in
FIG. 15 comprises an anode chamber 1501 including an
anode therein. An ADC 1503 may be placed on the
cathode side of the anode chamber 1501. The ADC 1503
and the anode chamber 1501 may be separated by a first
AM 1502. The ADC 1503 typically includes therein a
homogeneous volume of anion exchange material. A dual
layer depletion chamber may be placed on the cathode
side of the ADC 1503. The dual layer depletion chamber
and the ADC 1503 may be separated by a second AM 1504.
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chanber 1401 where they may be renoved fromthe
apparatus by the waste liquid streamthat renoves ions

wo c@si13d32 anode chanber 1401. Renmi ni ng cat i onBCIUE1008€04929

attracted to the cathode. The cations will be retained
in the liquid because they will not pass through the
second AM 1404 that forns the cathode side of the ADC
1403. [00260] Fol | owi ng passafie t hrough 1403, the
liquid may then fl ow t hrough the CDC 1408. The CDC

TGS dwmyl rlemere dastetnfon hehgmbeonsayrbe thapkigeddof a
The cations are attracted to.the. catho y th .
SR tocrt ST HIGE TRECEAEF ohSY Fhy T BASL O let
- tsieao sk GMd 409 pnda &t ochiebeat hadeachanpesit410
where they may be renoved from the apparatus by the
\Rasitan{qajui an stxeanyhararenbabslagas LP8M PRe thst kodd et

i il] b t .Q t
DS 1 Gn e L bengibiac odnlg (b angden .
wii la naic perss it enifdice heetwesh Cheld0petihattfiofins t he

anode side of the CDC 1408, %00261]él Fol | ow ng passage
OGP 4 et el | HPE +30Ph8RdphEsedorRPSEGR t he

GOIRAS] d £ B84 %k&ﬁéﬁ?é‘ fXcbange MRy BL akokaygry, 1406 of
the dual |ayer depletion. The conp0Osite anion-cation

eexttalngel nw ethal appyeed 14b6chuychéiefflect Mhe goped

Vi bat h i ni ' ti . Th .
A bt Ra el S BT 8PRs TS 0B s Padnsdits, threin
appddrasb £l et s £ Cahi &h dandheaeabhoaschBigRams tekiieugh

the first CM 1407, through the CDC 1408, and through
e ERgb R ENFA DN afichARget RetBAL Rdde ScREFPOR ST, for

e e Do TP AT e PRSP
Ghrairbsie ?ﬁéxﬁ)aiﬁcﬁler refrathengoaailonsnaepscabhgactegatcd ty is
tgg%égggﬁkég'égeagfgkiggcﬁggggrhgterial. The composite
anion-cation exchange material layer 1506 may include
therein a mixed ion exchange material, or a doped anion
exchange material, or a doped cation exchange material.
A CDC 1508 may be placed on the cathode side of the
dual layer depletion chamber. The dual layer depletion
chamber and the CDC 1508 may be separated by a first

CM 1507. The CDC 1508 typically includes therein a
homogeneous volume of cation exchange material. The
CDC 1508 may be separated from the cathode chamber 1510
by a second CM 1509. The cathode chamber 1510 includes
a cathode therein. The apparatus as illustrated in
FIG. 15 may be operated in continuous mode or in

intermittent mode.

[00264] A method for performing electrodeionization
utilizing the apparatus is illustrated in FIG. 15. The
liquid may be initially directed through the CDC 1508.
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field. The anions may be all owed to pass through the
second AM 1404, through the ADC 1403, through the

wo poost1308% 1402 and i nto the anode chanber 1401P@E8ZH08/004929

they may be renoved fromthe apparatus by the waste
liquid streamthat renoves ions fromthe anode chanber
1401. [00262] Fol |l ow ng passa e through 1406, the
liquid may then pass througﬁ he dual |ayer depletion
chanber. The liquid is passed through the doped ani on
ébmalfgé Jrﬁa@%rmay taycevelmostooft keedgatibagefrom the

ep et nber The dope anLo X han mat er.i al

i 405_ VP ehevR ?Eﬁa |ﬁacgﬁ§o% HFFE§Od% Dy
|tikﬁé“ébpﬂé&ﬂ§l@é@rﬁétfﬂé1@d tmhteheaam@ﬂ@ byt Bess
applied electric field. The anions may pass through

tHr qegonchansaaoad ¢¥r bbgh end A%Ol&b@ Ca#irod®r ough
vévgrgare t M mg&gnghégtﬁ?ghse ads ehamrher 14Q1

ey na € renov e apparatus by the
\Mpnaxiimnnmystmaawaﬁhat1mqnmdestream thamlthmmammdaons
chanmber. 1401.. The cati ons be_attracte t he

RO I By R HeOAB pF RRBPEF e FPC f PBLGRSSH) o % he

catd onsc daychecret 2h0gd . byrhBeagabhanwian ®Changlned in
materi al used as a dopant and may be al lowed to pass

ttheughaehe Pecsusehap7withr seghrekse Cbeolgd8 the first

ke 1afief o SRS by Rl Bt Bhogka RS Tha S0

apparatus by the waste |iquid streamthat reanes i ons
fromthe cathode chanber 1410 . [00263] FI G
i 1908 ht esFohlEPindpparatds EBFPMOY g %hr éélq griquid

drﬁz%reﬁh&@ f@xﬁbf?ﬁ?ug ggng@hqg‘@gr 3l areathofe o,y
tro

nber e two e e chanbers have a flow of
washevaetmesam of quhd asédnsofirbmstihiehd icwritdam Mo aroimns

(o0 e ShRdhers DAL DRLadoBlCLed Lollge Mredllie,
cheaber 1PRd hAcbHdi RdyaPass through the first AM 1502
and into the anode chamber 1501 where they may be
removed from the apparatus by the waste liquid stream
that removes ions from the anode chamber 1501.
Remaining cations will be attracted to the cathode.

The cations will be retained in the liquid because they
will not pass through the second AM 1504 that forms the
cathode side of the ADC 1503.

[00266] Following passage through 1503, the liquid
may then pass through the dual layer depletion chamber.
The liquid is passed through the doped cation exchange
material layer 1505 of the dual layer depletion chamber
by placing the inlet portion of the chamber above the
doped cation exchange material layer 1505. The doped
cation exchange material layer 1505 may remove

remaining cations from the liquid. Cations are
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anode therein. An ADC 1503 may be placed on the
cat hode side of the anode chanmber 1501. The ADC 1503

w@pastisis7anode chanber 1501 nay be separated bRCHUS1008004929

AM 1502. The ADC 1503 typically includes therein a
honbgeneous vol une of ani on exchange material . A dua

| ayer depl etion chanber nay be placed on the cathode
side of the ADC 1503. The didP |ayer depletion chanber
and the ADC 1503 may be separated by a second AM
BHi4ditedual thy eratdepiet bonthhaabet igdyebectonpr ifsedd.

f a doped cation exchange terialk.l ayer. 1 on_ .t he

T o Ty BaS dearordB e FhenEibar Gig1g07"" thiBuan
GOEQSid € S8 Onakdt t 9Roe¥Ehangessabaai el hayer ah308 new
the outlet portion of the dual |layer chanber. This is
dhecampiadefcanper Thel P nveeFacehgEt Regnbeh&eagyeq from

. ; =5 h .
14, TS ooVl e
pasred | ftort ccidecapipbdedckbmberi t510el dThéhendopedwill be

cati on exchange nateri al 150 ngy Lncl ude

| ayer . .
tQEQQQQF%g(ﬁﬁnﬁﬁﬁt%n%@eaHYOEhﬁnapE tPEnSdeChinge £1eld.

RIS | ¢ Scbes 8] Snd NRagabbobegX¢haRIByMRKR! b@li oS ion
responsi ble for at |east about 60% of the total ion

eettayze cupet 11 andedhasr andppdat efdt meyt dealalilowed
xchange capacity is contribute anion_exchange
ﬁﬁfé?f -t %P%%n%%%i?%cgﬂgo%&cgégéh 5x€ﬁ§ﬁ§et%§?erim
|zyer1 9696 tyouge! tle Ehesei AMalB0REENdOA nexC tdRg@node

material, or a doped anion exchange nmaterial, or a
dBpEbat 1 oWl ewlepaRgelhA¥t BAYaPe ASEpredsds ofay-Nise

t [ L ot I er i
R 05 0 £8P "PEE LR GEafial RErCUR o R e ke
15608n nelye bensépachamdeby180fi.rst CM 1507. The CDC 1508

typically includes therein a honbgeneous vol unme of
cati on exchange nmaterial . The CDC 1508 nmay be

sepeg et pd from bhengaphedagehankengh51805, the liquid is
then passed through the composite anion-cation exchange
material layer 1506 of the dual layer depletion chamber
by placing the outlet portion of the chamber below the
composite anion-cation exchange material layer 1506.
The composite anion-cation exchange material layer 1506
may be effective at removing both remaining anions and
cations. The remaining cations are attracted to the
cathode by the applied electric field. The cations may
pass through the first CM 1507, through the CDC 1508,
and through the second CM 1509 and into the cathode
chamber 1510 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1510. The remaining anions
are attracted to the anode by the applied electric
field. The anions may be allowed to pass through the
second AM 1504, through the ADC 1503, through the first
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by a second CM 1509. The cat hode chanber 1510 i ncl udes
a cat hode therein. The apparatus as illustrated in

wOo-2@@8/13B6799my be operated in continuous node orPECTUS2008/004929

intermttent node. [00264] A nethod for perform ng

el ectrodeioni zation utilizing the apparatus is
illustrated in FIG 15. The I|qU|d may be initially
directed through the CDC 15087 The CDC 1508 nmy renpve
nost of the cations fromthe liquid. The cations are
aM ladRednido it ddtchcdeody ¢hambepl 12l ew]eerei they may

i el d. Th t|o e ass,_through the_s d CM. 1509
5 SO S O 1t AR 50 CCRer 2 E REy T hEyFo
serRwad thiz@mrAdiR e ar e 41Sf Bym t Fige Wasb Qe tﬂamﬂest neam.

that renoves ions fromthe cat hode chanber 1510.
AnionS\MII be attracted to the anode. The ani ons WII

ABReT CheskbsE an S PREE FhoklY Rt ReBEbLRaE,
Eﬂ@c@B@dﬁﬂﬁhl4&Hﬂﬁﬁﬂuﬁ&ﬂizmm@gthasapgerhhneugh 1508,

the liquid may then f] ow t hrough the_ ADC 1503. The ADC
1308 SR teshove Fidst FHEOLHT SRS f F bRVt RBEFRERI d

Tae AHi0NS NG Al 1A% 20 184 hes apRge Bipt Beeapphi ed
electric fireld. The anions may pass through the first

AWg1.502 .andientlol quied amdebe hanbeialbpldihecsedhépromph

v om he S th S i gQui
e AR 0T omvie AP S 3on Y. FATCUE kRS 8F Sasy
Renwiny mroeatdiensl wnhid be ahéranieflst arehateabhedd to
The cations will be retained in the |iquid because

(e AGAE R R PR bR HoL RELEEE0RHCARN 15685 ARA OnS

h
SETRE SEIE SO oL PR, LRECh g

mhamhdncﬂ&ﬂitWhﬁxRuﬁhéﬁymaydbplEEmonedhéwbmrthéhe
g % R8P SaEk L oUIM 1108 JoRed SR LR CXENATAE ons
from the anode chamber 1501. Remaining cations will be
attracted to the cathode. The cations will be retained
in the liquid because they will not pass through the
second AM 1504 that forms the cathode side of the

ADC 1503.

[00269] Following passage through 1503, the ligquid
may then flow through the CDC 1508. The CDC 1508 may
remove most of the cations from the liquid. The
cations are attracted to the cathode by the applied
electric field. The cations may pass through the
second CM 1509 and into the cathode chamber 1510 where
they may be removed from the apparatus by the waste
liquid stream that removes ions from the cathode
chamber 1510. Anions will be attracted to the anode.

The anions will be retained in the liquid because they
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material |ayer 1505 of the dual |ayer depletion
chanber by placing the inlet portion of the chanber

w@bwsa3tshe doped cation exchange material | ayePClB8H08/004929

The doped cation exchange material |ayer 1505 may
renove remaining cations fromthe liquid. Cations
areattracted to the cathode b% the applied electric
field. The cations may passli#®rough the first CM 1507,
t hrough the CDC 1508, and through the second CM 1509
and 1j moa‘ Ma@s:almfclﬁm@efinﬁumm&@t hbgtméprivpe the
ved by the waste |iquid stream
ﬁlga ﬁ”lﬁg %ﬁ#@gtat hode chanmber 1510. The
ani ons WI|| be attracted to the anode by the applied
electric field. Sone of the anions rraﬁgbe retai ned by

IR0 24filon iFH lovEmth A seaee | Bhroweld 4808, dbpant igndd

I 0 t c 0
PRt R B HS ey | L8y BE Rl Fe i Shgmoer
iTinteO 1t1h;aenahadxa readRrtiS0dghhehe dbpygdmagthenr esxaheatdge
fromth arat y the waste_ |jquid streamthat

&E'-‘rsqfﬁ otk %%%E?Y%o P 6267 Chamber
%@I | ‘Md’lgw.goacsf?@glenﬁé‘ﬂf P 1695 £ t PRe ! EAHNECKSabBYR the
passed through the conposite anion-cation exchange
nﬂmp@d maumre&mqﬁ maeedual layer depbeti Bhe doped
rrber h t he. oyt 0 n_of the chanber

bR Mt O S0 Lah e BT A SRl FhR e
Ir@yr%rlnhwﬁ caTﬂnaaw@nm@mt €hanidgutat i ooaexehangee
material |ayer 1506 may_be effective_at renoving both

P& GRA & ol VLR CLR thenappeufnFh§CeEatrofdeld.
by, Lh | bgd
?Irh(% ?&tﬁ%ﬁ&%é}? };Sgbes C@ﬁP&ﬁ’&h ¥nk 1?%2 lf'_‘ﬁ 1%'02Mt 15%9’1.1gh

The cations may pass’ throug I rst
thireo WHT t 1D 8CDCrAd 08 r uaglh t hheughcohd SHCc ARG 9CHNE5GRto

d int t hod 1510, wh t
Bt 945 SRS o B DB BB <TaY) oy EbREa from
thad JppEneasud O$ the waste liquid stream that removes

ions from the cathode chamber 1510. The anions will be

attracted to the anode by the applied electric field.
Some of the anions may be retained by the anion ion
exchange material used as a dopant and may be allowed
to pass through the second aM 1504, through the

ADC 1503, through the first AM 1502 and into the anode
chamber 1501 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1501.

[00271] Following passage through 1505, the liquid is
then passed through the composite anion-cation exchange
material layer 1506 of the dual layer depletion chamber
by placing the outlet portion of the chamber below the
composite anion-cation exchange material layer 1506.

The composite anion-cation exchange material layer 1506
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fromthe cathode chanber 1510. The renmi ni ng ani ons
are attracted to the anode by the applied electric

w0 p@Bd305The ani ons may be all owed to pass thr oRgiU$1968/004929

second AM 1504, through the ADC 1503, through the

first AM 1502 and into the anode chanber 1501 where

they may be renoved fromthe apparatus by the waste
liquid streamthat renmoves £3%s from the anode chanber
1501. [00268] Another method (not shown) for

penf dramiaff exdtecte coei vencat nonboth| renagnihg appanat asnd

illustrated in FIG 15 tt
GRS | he TR 1™ Aot BF L RAP - QEbTAFEa% FOREge

Fachbi AUk mppbeed néiédttycdiretsied rheorakibhe may
ADC 1503. The ADC 1503 nmy renove nost of the anions
PeE® e quduitdre Thier sitpi Mslapé, athracgbdthe CRE ahd8e

B R TheE S0 G ol foo [HaRTheR0 BV cBERBa
Biahbahens ttheyhamy tieey en@yedef ramotba appar ahes by

the waste liquid streamthat renoves ions fromthe .
FRRFE ARy U Ve setrat Ry cREFBA% WRRF Kemoves ions

A GhRI d Hdtfe CMARGEr T §f| l‘Pat +RBS r¥inkl nBRg" %ht@:?gl%d

in the liquid because they w not pass throig

seco @t AN clissl tdath¢ oamede hey chhtodppiidd eflecheiADC

00 05 e o SRS BRI 0ol ene

S rmnM aesue, nastoedht feRecabconsoBr oghBaghi guled first
The cations are attracted to the cat hode by the

hINEE antiimteo filee janqfe eharbAs KA lpwssrehtsgyhmay
Hﬁr‘?‘?ﬁéﬁ W&E%é”&’%ﬁg}_?tﬁgeb%aEHQd%ag%”ﬁgE;u%lo

y may be renoved from the apparatus the
warstesnl | ttha ol emeaes t hahs r Enomesheoasofieonhbhbetatlib@de
chanmber 1510. Anions will be attracted to the anode.
[00272] Two additional methods for performing
electrodeionization (not shown) on the apparatus as
illustrated in FIG. 15 may be realized by switching the
inlet and outlet of the dual layer depletion chamber.
In one additional method, the liquid may be initially
directed through the CDC 1508. The CDC 1508 may remove
most of the cations f:om the liquid. The cations are
attracted to the cathode by the applied electric field.
The cations may pass through the second CM 1509 and
into the cathode chamber 1510 where they may be removed
from the apparatus by the waste liquid stream that
removes ions from the cathode chamber 1510. Anions
will be attracted to the anode. The anions will be
retained in the liquid because they will not pass
through the first CM 1507 that forms the anode side of
the CDC 1508.



10

15

20

25

30

The anions wll be retained in the |iquid because
theywi || not pass through the first CM 1507 that fornmns

wao h@sasisde si de of the CDC 1508. [00270] Fol | omETgsS2008/004929

passage through 1508, the liquid nmay then pass through
t he dual |ayer depletion chanber. The liquid is passed
t hrough the doped cation exchange material |ayer 1505
of the dual |ayer depletiont¢®anber by placing the
inlet portion of the chanber above the doped cation
éXORdRde nmEtcdrlicaliraymrs&DS. tiTheugdlopedO8at ktba liquid

b SRS e i e G AR LS e ER
gahdeee Myt RE aY ipdi hectrok thel digdha. cathensniBys

pass through the first CM 1507, through the CDC 1508,
ane efrtaggtrahdesddvhkmma s Bhe appbliefeedachsde

r 0 t By, b e I QE e
appar at us yéﬁ gﬁﬁ%st Iqu?d€%%§% n1?ﬂét??g%gvég 9883
Bhdmitte catd ede ddhattimibds 1050 Thehanhe obRewi hhybbe

attracted to the anode by the applied electric¢ field.
SEROVEL (O™ ileh SRRAF s P¥i HeB WyStRelafMaA Sream

SHERARYEJIRIL I GH s USESh 35h& £9p8Bt cRAfLERY 18812l | owed
to pass through the second AM 1504, through the ADC

Re0R intimoo gt itdres fwikt v a60raanddi hoothhecatbdde.

mber, .1501 h . f h
A ROt S TRl PR RS b T ER D S RiGause pbey
fiQm e awde haslhes d50lsefORA7AN Febhovwhhe Basmadehe

through 1505, the liquid is then passed through the
63@'(\"6@%% S8R Gt e gZFP%xJe%%?lge material |ayer 1506 of .

the dual |ayer depletion chanber by placing the outl et
portion of the chanber bel ow the conposite
difio@ri4dat i oo lexohiangeoast@ge athrayeh 1508, tThe liquid is

GBORLLE A o bl o e hange, Rt ert al, Laver 1300RY
eRltcdi®nl TR deNEE 68 NYE Calhd 0OASa Bl Badblr 8ebedtliont he
chamber. The composite anion-cation exchange material
layer 1506 may be effective at removing both remaining
anions and cations. The remaining cations are
attracted to the cathode by the applied electric field.
The cations may pass through the first CM 1507, through
the CDC 1508, and through the second CM 1509 and into
the cathode chamber 1510 where they may be removed from
the apparatus by the waste liquid stream that removes
ions from the cathode chamber 1510. The remaining
anions are attracted to the anode by the applied
electric field. The anions may be allowed to pass
through the second AM 1504, through the ADC 1503,
through the first AM 1502 and into the anode

chamber 1501 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1501.
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cat hode by the applied electric field. The cations nmay
pass through the first CM 1507, through the CDC 1508,

w@eastbnsough t he second CM 1509 and i nto the cBCTOS®08/004929

chanber 1510 where they may be renoved fromthe
apparatus by the waste |liquid streamthat renoves ions
fromthe cathode chanber 1510. The remai ni ng ani ons
are attracted to the anode b%lthe applied electric
field. The anions may be all owed to pass through the
second AM 1504, through the ADC 1503, through the

foiqr M1 and i nto the anode ch 15 ere.
itoerkapiw bt BT o ch T S B
maguitthest RAMD tdatougOyes dopedf canibheeanngdagehanber
1501. [00272] Two additional _nmethods for perform ng
fed@iicdei it e (9bt tRAoWRG L ohaYBE EBPAFAEQE -as The
[ r ' ealjzed swi.t chi

Aopt |t elfandd AEYePEal PRYZEN B oDRLL oD ve
clegnabering rcaomieoragldi toronahe nkigoild . t heakiqusdamay be

initiall directed thro t he CDC 1508.. The CDC 1508
ARF e S cq Teo e Py Ene  ORPLRES! FUGFGE Spndield.
qfd QNS i Hdy %A@I terbhgncahboderby thei1appli @through

electric field. e cations may pass through the
$&o PV SEDI andl throughetlkat hedendha@Moéb 095 20dniarte

gy AT be. TAmNEd. {1 O 16 BOPBLALUS DY NS HBY®: erom

ream that Tendbves | 0ns cat
araegipakElus Ay Oftse Wrhtbel dit actedebn thetamed@ves
The anions will be retained in the |iquid because they
WS Ao ddie 157 Jihe t FarPest 1 Z4f 1507 enan irgenyidde be

anqde, s Ie N oF . 2 | Qv
thr ougcisﬁdéligog %}E% [ qu%ggﬁa{flgtghé%ﬂ)%lfgév t@‘%’%ggéﬁ%fifg%%&

B8 othechab@ribess mgy reaovetansedobyt hbeanndws filoom
theldaul ¢ The; anionssare 2thiaghedata Hhe 22093 10ea
to pass through the second AM 1504, through the

ADC 1503, through the first AM 1502 and into the anode
chamber 1501 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1501.

[00276] Another additional method (not shown) for
performing electrodeionization utilizing the apparatus
as illustrated in FIG. 15 comprises an alternative flow
pattern. The liquid may be initially directed through
the ADC 1503. The ADC 1503 may remove most of the
anions from the liquid. The anions are attracted to
the anode by the applied electric field. The anions
may pass through the first AM 1502 and into the anode
chamber 1501 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1501. Remaining cations will be
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field. The anions may pass through the first AM 1502
and into the anode chanber 1501 where they nay be

wo 20masad7d rom t he apparatus by the waste |i qui BCHUS®A81004929

that renoves ions fromthe anode chanber 1501

Rermai ning cations wll be attracted to the cathode.
The cations will be retained in the liquid because
they will not pass through tAé second AM 1504 t hat
forns the cathode side of the ADC 1503. [00274]
ot trf pas st catlbodh. 1508e chtibhguivdliisbehgetained
passed t-hr ou t he conposite anion-cation change
Tt arto L1 AVET ASGRTET TheY dUArLl 396 PRgp! ShrsRon che
FxIEIR] . AM hEs GO Npiest t Eoans OBheath@Ro8%CBaage ofat-gki al

| ayer 1506 may be effective at renoving both remaining
2> &hd cations . The remmining cations are
attracted to the cathode by the applied electric
field. The cations nmay pass through the first CM 1507,
tiroraagh] t her OWHAS, pasdayhr ohgbuthe1s€6ondhéM1liniG d

and into the cathode ch er_1510 ere_.they may be
o By Yh%hﬁﬁﬁg?aaﬁg Gyctiéo§gst3hﬁiGﬁﬁdlép@egﬁﬁ
tﬂgﬁqJé”KBE%_éPn§hér@&tl@ﬁsC@EBﬁd%h%h§EE%&d15lQhéThe

remai ning anions are attracted to the anode by the
apdiians eeetattrd¢edd. tyhshancebboday bive thld emed itegl

pass .t hr ough e s n M. 1504, through,the 1503,
BRI T rer195 e “HiR 505 A8 Tavosrns aRsaesinator
Edonhere 19y #mg betoedhvedathodet bRaapRar AUD Mhere
the waste liquid streamthat renoves ions fromthe

eHandRr L IBYICE06295] thE| PEBRPRG CPEs PagéNenMEEde
508,14 @tzhégd't” éhgayré!aﬁ{}ee as8nkhEQUEh tt&]L%S cgggﬁ%ﬁeayer

cation exchange material |ayer 1505 of
depidtennl 5The dbpednsawidh brchatgectete ticaltheayerode.

105 mmmy. remoye, el ni0g,¢8t i 03, 97N UL tney
will not pass through the first CM 1507 that forms the
anode side of the CDC 1508.

[00278] Following passage through 1508, the liquid is
then passed through the composite anion-cation exchange
material layer 1506 of the dual layer depletion
chamber. The composite anion-cation exchange material
layer 1506 may be effective at removing both remaining
anions and cations. The remaining cations are
attracted to the cathode by the applied electric field.
The cations may pass through the first CM 1507, through
the CDC 1508, and through the second CM 1509 and into
the cathode chamber 1510 where they may be removed from
the apparatus by the waste liquid stream that removes
ions from the cathode chamber 1510. The remaining
anions are attracted to the anode by the applied

electric field. The anions may be allowed to pass
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attracted to the cathode by the applied electric
field. The cations may pass through the first CM 1507,

wo koosadis7e he CDC 1508, and through the second EM/LS98/004929

and into the cathode chanmber 1510 where they may be
renmoved fromthe apparatus by the waste |iquid stream
that renoves ions fromthe cathode chanber 1510. The
anions will be attracted tol#Be anode by the applied
electric field. Sone of the anions may be retained by
tthhe carglort s ecahanyge had4r i ehraosed abealAdcpahnt3and

be .al l.owed. t 0 pass ou the second AM 1504,
st i o Se 8T L To e, hate; FBR RnPe0s and
idﬂdmﬁéﬁiEH@@Q&Q%%ﬁKﬁe%5ﬂéymbérEehbeédnﬁYoQEth%ﬂDved
fromthe apparatus by the waste liquid streamthat

PERFMES Uiy fleen waetanbieutfafbepansghat] geppges ions
Aath e addlddonaladislfods ot shown) for perform ng
el ectroae

iontzation ufrl1zrng the apparatus as
illustrated in FIG 15 conprises an alternative flow

pattern. The liquid may be initially directed through
tHO A58 15070 1 B HP %@%gﬁa§hF8Hﬂéelﬁ19§t' &y pdauid

%@yﬂﬁhéﬂcﬁﬁéé“%ﬁf6ﬁ¢ﬂ-tﬂ@edé £@Ngadk Bnakki-aghed to
the anode by the applied electric field. The anions
metassl thaveghl3dz ¢6frsheAlhabo2ansd depd ethenanodde

chanber 1501 wher.e t hey be.renoved.tramt he

SRR Ao on | A 08 B B8 | TAREE L RDSTHle semoye,
frream irhin anegiei shanbesm 1604 . 1 Rgaaini nga¢abnensira | |
beattracted to the cathode. The cations wll be

At HeeRd nt @ hehe | grrlacBechysElehappiiled fdecsads field.
T
ﬁﬂﬁsxﬂmhel5®&uidn@ayhrheghfthW'sbcoughcthSODCabEO&nto
e D a08 IRYLEMPYE1 B05het LRSYCRE,OBR RBILE £rom
the apparatus by the waste liquid stream that removes
ions from the cathode chamber 1510. The anions will be
attracted to the anode by the applied electric field.
Some of the anions may be retained by the anion ion
exchange material used as a dopant and may be allowed
to pass through the second AM 1504, through the

ADC 1503, through the first AM 1502 and into the anode
chamber 1501 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1501.

{00280] FIG. 16 illustrates an EDI apparatus
comprising three ion depletion chambers, an anode
chamber, and a cathode chamber. The two electrode
chambers have a flow of waste stream liquid used to
flush the contaminant ions from the chambers not shown

in FIG. 16. The apparatus illustrated in FIG. 16
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cations are attracted to the cathode by the applied
electric field. The cations nmay pass through the

weeamdnshs@M 1509 and into the cat hode chanmber 1BADUSEVES/@04929

they may be renoved fromthe apparatus by the waste
liquid streamthat renoves ions fromthe cathode
chanber 1510. Anions will be attracted to the anode.
The anions will be retained#f the |iquid because they
wi Il not pass through the first CM 1507 that forns the
aogy isiek af amed€Dhdsb8r [60278hclodiog kg passhye

t hr ough 1508 j idis, the assed rough .t )

c ite az}ﬁo%&iai%’@ﬁ %§¥h8ﬁggrﬂﬁ§F§r P8 tt?ﬁy&%tﬁ)% side
tdre whidladsyerctepbet i opochampae. abhe 1603Pe%Id & he anode
ani on-cati on exchange material |ayer 1506 may be

effasew el &1 e vPags eehakefabii Ag famiséndMad$02. The

' The. i nj ' t t ta t
Bl o0 1, STy LA Rk PP RPREpG = ERERERADE T
pasiurid rofignide éxesangd 180érithr ough tirie16DA alai8,

and through the second CM 1509 and into the_cathode
1o 19N 3ieeE FA¥yPRaDIBESFeRBy 4 Cahadse side of

apRarates; oy3 t hepmasi g, biguindySheeam gl i/ RIPME S dritiie ¢
fromthe cathode chanber 15107 The renmi ni ng ani ons
ariechnut aan eton cexdbangeduehprehe spphired igledihere.  This

field. The ion e allowed.to passthr t he

Lttty Rirahs OF L otBhe: nebRhed 1bdsP 1R, Al ddon

fdHgibAM 2@ 2c radabot DehBemaode ebpaher elb®l, Whey® ond

t hey rmé be renoved fromthe apparatus by the waste
tre

1AM b &0 e t FEEDHBbI¥STi BRP1IRCIAN FEBERSTe Mhamser
S 00079) okl gungie-epibitagh ity Hher o0s
nat erhal ihbgerpdb0bonf of hehdudlalay ey edemheinbery:, Eheloped
dope, s Aa S8 nanee, 1ah e Lak ! 3%8% 1203 qmye
portion, and a composite anion-cation exchange material
layer 1607 on the outlet portion of the triple layer
chamber. The interface between the doped anion
exchange material layer 1605 and the doped cation
exchange material layer 1606 may be parallel to the
applied electric field. The interface between the
doped cation exchange material layer 1606 and the
composite anion-cation exchange material layer 1607 may
be parallel to the applied electric field. The doped
anion exchange material layer 1605 may include therein
a composite of anion and cation exchange materials
wherein the anion exchange material is responsible for
at least about 66% of the total ion exchange capacity
and the remainder of the total ion exchange capacity is
contributed by the cation exchange material. The doped

cation exchange material layer 1606 may include therein

a composite of anion and cation exchange materials
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remai ning cations fromthe liquid. Cations are
attracted to the cathode by the applied electric

w0 p@BMA305The cations may pass through the firstP@QVIUSH0%004929

t hrough the CDC 1508, and through the second CM 1509

and into the cathode chanber 1510 where they may be
renmoved fromthe apparatus by the waste |iquid stream
that renoves ions fromthe %gﬁhode chanmber 1510. The
anions w |l be attracted to the anode by the applied
elhegtadire tfhealccatnsmreemhame amabﬁsmhylberﬁépanﬁe@l@y for

the ani n i,Lon exg e used as n

eas Igﬁﬁd:t &gass ou%ﬁa éOEeE%ﬁ gégaglty
TahfdJliQhe thenaAXa b0t the otgbal heohi ést:hAM;éSQapa&dty is
into the anode chanber 1501 where they_may be renoved

BRI tash ahatant oy @%@%@?emﬁFaHFélst r 8Rf CREPOSite
fgﬁfq\ffsca{&fb?n fé)?éﬁéé%‘fe %9@&5'&@”?&%%5%0% B%?f‘@hc'ih@e

ustrates an apparatus conprising thfee ion
(hﬁﬁnﬁmnna(mmxmérsonaaxeh@dgecmanbeialandraacdbb@deanion
cha The two el ectrode chanbers have g flow o 1
\ﬁé%f?g‘%gﬁ W ST At o U%ed YOPFAUSRTERR EBR Qﬁﬁﬁaﬂ‘f"te&ﬁ?

A @Bd hes hanbese ol 2 888Wni BhE! GathbaeTBE qappar s
illustrated in FIG 1l6conprises an anode chanmber 1601

it nigp et adrerele then eghampar ADCTRe08 ramy ebé apleaced
e 3 hodsuside.0h Lhe efiodecohager pLO0L, The A5,

hé ano 1" my separa
fd ristr AMAG0R6 0F he ?E§2¢ﬁ©31699|cgbh¢anmgldﬁeauﬁhereln
a _honogeneous vol une of ani on exchange material . A

tHISH L &Y ROTRGPREP VR YAANBEr Ohaf2beOpl £XE83GFS he
Gl ade, 51 derl Ehe AP0 1893- b@hgebﬁhfﬁrt%d”%%o?he tihid

contiguous contact without an ion exchange nenbrane
snﬁnhqder@ﬁamhwm Tels by ansexanﬁl§M0ﬂ6éOLDCThFh@athode

\Gphe- L aver, depLetion ChRTPRbGRNErLleiAPC 160 IRkt us

as i1llustrated in FIG. 16 may be operated in continuous

mode or in intermittent mode.

[00281] A method for performing electrodeionization
utilizing the apparatus is illustrated in FIG. 16. The
liquid may be initially directed through the CDC 1609.
The CDC 1609 may remove most of the cations from the
ligquid. The cations are attracted to the cathode by
the applied electric field. The cations may pass
through the second CM 1610 and into the cathode

chamber 1611 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1611. Anions will be
attracted to the anode. The anions will be retained in
the liquid because they will not pass through the first
CM 1608 that forms the anode side of the CDC 1609.
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AM 1604. The triple |ayer depletion chanber may be
conprised of a doped anion exchange material |ayer

wAag®s/18037¢ he i nl et portion of the dual |ayer cPeri82008/604929

doped cati on exchange material |[ayer 1606 in the
center portion, and a conposite anion-cation exchange
material |ayer 1607 on the outlet portion of the
triple layer chamber. The iht@rface between the doped
ani on exchange material |ayer 1605 and the doped
d80282 lex c Farigeowmtemas sagy eth16@8h nh§0Be pheallfighitio

t he pli el ectric .field. e.Lpnterface t he
18 o Tt e 20r Hafar 1868 8RG"TRE:' ey
CRMRE Il sANICN-taA | O exs herge FRéelighibayerndb8Aions
may be parallel to the applied electric field. The

83 5e @ LaiasH ask dtfarigee rnede by | Bher apBbsefng L PAEFdde
EIRNGLD SO RO By ALO0 BROOGART PHloCEEDERIRM 1602
material s erein the oh exchange material 7i s
respdnsidlthd anaie | @astbabolis 0 60¢hetfet bhret/0tmaly ben

exchange capacity and the remai nder of the total ion
é)?&ﬁé{ﬁ%e fEé’ﬁ‘hdi*t% FRPIGHE LT oY ebByWeRESCcAL AYRd Stream

exchangeJRLricls fsm dopedaali ORnSXBBANgE oRBL er i al
| ayer 1606 may include therein a conposite of anion

Kethagariinen @xciaryevinal dpé akshaceed thetbet cemnhode.
change mater.i.al .is responsible r at | east about
DA I S 02 LEPRONSHOLE LRE THolEheRa08k chey
Ram adar Rfsd hthitdlgh tee exX68AQJBMCAPAELI tYaksS forms the
contri buted. by anion exchange material. The conposite

§ﬁ¢6ﬁx%hﬁﬂdk3é%%HHH@éMW%t%§8%P | ayer 1607 may i ncl ude

therein a m xed i on exchange material, or a doped
ani on exchange material, or a doped cation exchange
083l . AQDOWHEDY paysdeepthcedgbnlthd, cahkode gsiide

Ok 15, ke s ePLeLl o0, charber The el
eepaddred yhed 1idheid O 1688sedhentbheghbe8et ¥Bbeal byion
'é%gﬁgﬁgz material layer 1605 of the triple layer
depletion chamber by placing the inlet portion of the
chamber above the doped anion exchange material

layer 1605. The doped anion exchange material

layer 1605 may remove remaining anions from the liquid.
Anions are attracted to the anode by the applied
electric field. The anions may pass through the second
AM 1604, through the ADC 1603, and through the first
AM 1602 and into the anode chamber 1601 where they may
be removed from the apparatus by the waste liquid
stream that removes ions from the anode chamber 1601.
The cations will be attracted to the cathode by the
applied electric field. Some of the cations may be
retained by the cation ion exchange material used as a
dopant and may be allowed to pass through the first

CM 1608, through the CDC 1609, through the second



therein a honogeneous vol une of cation exchange
material. The CDC 1609 may be separated fromthe
w@ aiokosis7chanber 1611 by a second CM 1610. ThePCHUk®AI£004929
chanmber 1611 includes a cathode therein. The apparatus
as‘illustrated in FIG 16 may be operated in
conti nuous node or in intermttent node. [00281] A
met hod for performng el ect¥®dei oni zation utilizing
the apparatus is illustrated in FIG 16. The liquid
My U6d 0i wind diribe direatathede otiggmibére 0OCL 18DereThhey

CDC 1609 may r ve st of the cations fromthe,. .
MRFuTE. PIOVER (heR ATae AR B (871 ha° et Rodobyid
thecappldred ele@dvds f@d dirdheckat EQPBod@Ycha®ber 1611.
t hrough the second CM 1610 and into the cathode

chanber 1611 where they may be renoved fromthe

TORYRI.° BRI (s d 448 (oRnoeal 1085 1 PHRVESGLOB 1
ahtena plaatd dd ttheowriodehe Thepadi casion | éxbrangtamaedrinl

he liqui d becauyse they wi]l not _pass through the
APVSE GMOLoGE (iR TOrBAS t 1Ry ShodBb LrheoBf CHAEDERC  The

H6ped QQ382n Raldiomde Passape: t haeeghi 468%malheemove
liquid may then fl ow t hrough the ADC 1603. The ADC

160R inmeyng eredVieonmsirom tive hhinehd. f roatihes| agei d.

The _anj.ons .are.attracted t.o the anode. by the Lied
SR & SR LA U8 ORC 2085T1 8 ERECRERH Fipna.
AMel @R itk i gdies afiecleughanbher 168t whereoBheyhiayugh
be renoved fromthe apparatus by the waste liquid

St &R HAO T e @ sthoriadh r Baet fecanddelchaRBorngshRto
ReE b EAt R it |16 P GhLFECLRO ol NBCALABYR from
W e retal ne e

The cati1 ons Int [ 1qui d because
tthey apiddratots gasstharwaghe t hegsedostdrddinl 6D4tt hatmoves

(LT A0, Lo 5L of Lte G 1600, (002881 11 e
attracted to the anode by the applied electric field.
Some of the anions may be retained by the anion ion
exchange material used as a dopant and may be allowed
to pass through the second 2M 1604, through the

ADC 1603, through the first AM 1602 and into the anode
chamber 1601 where they may be removed from the
apparatué by the waste liquid stream that removes ions

from the anode chamber 1601.

[00285] Following passage through 1606, the liquid is
then passed through the composite anion-cation exchange
material layer 1607 of the triple layer depletion
chamber by placing the outlet portion of the chamber
below the composite anion-cation exchange material
layer 1607. The composite anion-cation exchange
material layer 1607 may be effective at removing both

remaining anions and cations. The remaining cations
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may then pass through the triple [ayer depletion
chanber. The liquid is passed through the doped anion

wexobasige material | ayer 1605 of the triple | ap&r/us2008/004929

depl etion chanber by placing the inlet portion of the
chanber above the doped ani on exchange material |ayer
1605. The doped ani on exchagge material |ayer 1605 may
remove renaining ani ons frokfBhe liquid. Anions are
attracted to the anode by the applied electric field.
e atitoresc ey tpastshe heatighde hey sebendppMi 88041l ectric

thr qugh the A 1603, and thro h th AM 1
TR e Bt s eS80t hRuTE Fhe; Eigh ot 1608,
e Rt furndmie 2HP) adng BNrbighWerkeskbigddcst neam
that renmoves ions fromthe anode chanber 1601. The

@ad g anitihe peatthedaceoampert heltavhede bjevhmay be
chr f e 0
i R e s R
mnunnremubéﬁna¢msait@medhé0caaBSdéhtnagbethe6ﬂunstTGM
1608,, t hrough, the CDC 1609, through the secondCM 1610

5&?3%&%?%tﬁ?%ﬁﬂ%o%%ec%%ﬁ%%?tﬁéliomhgﬁeapﬁé? Ry the
ra%ﬁz\aeéh fdp thec appat gt usThy éﬁ?oﬂ@% |b€“'a§l%%@la@o
that renoves 1ons fromthe cathode cha
FeEE84ihieldloviing passagerlrht 604h lﬁﬁéughh@hb|aDCdlﬁ@3
t.hen d through ped.cat | xchan e materi al
R R e AR a0 oA b S e RSB Rber . The
@Retbeatl A0 exedodgehaRt @ay abel Qéﬁbvé_@oﬁrﬁﬁy thenove
remai ni ng cations fromthe I|EU|d. Cations are _
a?tRRadQﬁté‘eF tRY tHRe i hbdel bfuifeshpppmelihate&epoyes ions

e cadd o p through the first CM 1608,
h @B@

roug the(%%xig%% gngééﬁrough the second CM 1610
and into the cathode chanber 1611 where they may be

r ved fr t he apparatus by the waste liquid stream
t1F4% oy &5 THALS ffon1the cat hode chamber 1611. The
anions wll be

[00287] An EDI device as shown in Fig. 16 was
constructed using machined high density polyethylene
hardware to retain the electrodes, membranes and resin.
The internal flow dimensions of the ADC were 1.27 cm in
diameter and 3.81 cm in length. The internal flow
dimensions of the LDC were 1.27 cm in diameter and 1.27
cm in length. The internal flow dimensions of the CDC

were 1.27 cm in diameter and 3.81 cm in length.

(00288] The anode chamber 1601 contained platinum
gauze electrodes (Unique Wire Weaving Inc, Hillside,
NJ). 1In contact with the anode and separating the
anode chamber 1601 from the ADC 1603 was an AM 1602
(AMI-7001, a product of Membranes International, Glen
Rock, NJ). The ADC 1603 was filled with an anion
exchange resin (DOWEX™ 1x4 (200 mesh), a product of
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attracted to the anode by the applied electric field.
Sone of the anions nmay be retained by the anion ion

we@kasge mat eri al used as a dopant and nmay beP@El/Us20081004929

to pass through the second AM 1604, through the ADC
1603, through the first AM 1602 and into the anode
chanber 1601 where they may be renoved fromthe
apparatus by the waste |iqui#i®streamthat renoves ions
fromthe anode chanber 1601. [00285] Fol | owi ng passage
{Tireo Ryptv 1B0AY1 adhle Corgoanly | sMidean@as¥éd ihr bhghhydzoxide

TREREE T e Mk OB R TR ROE R SR oBF OB R a6 MEMpRanes”
aHdeainA0Idrion, af1dhersdiabey) bebpur-bhedcerBoabte1603

ani on-cation exchange material |ayer 1607. The _
demibdihee IR on-T i PC exenbpiecdntef i 4l CRajepedsgnion

B R QL Ayt MBS MogE I L AT P80 tEnate
catshode( owRATE appl (20 0eheshni, ¢ af ipelodlucEhe fc atheo mowray

pass .t hrough the first. CM 1608 hroygh .t he CDC 1609,
T e CEHL R TG RPNy 81t Roac SEROR8

Ehaieigel 6ids wesowey BRYxae (RePREH),0m Yidduct of
apparatus by the waste |iquid streamthat renoves ions
fIemdve Gmnvockel chembany 16M1d1and, r ¥hi neng - 4nicansloped

attract.ed to the an by the.applied electric
Ao P [ehEthd e 10CAN0006 PUobie; 8RRy BeRESEN biehange
seaond A@dut, sttfikeugl obheeABC , 160 P rddicAUdT tTe: Dow
first. AM 1602 and into the anode _chanber 1601 where

TRBL HeOTRARY e dF ¢ bAEheMAppaPREds Whl Nt AEB REIEE

B 2aa Lol T Fodoa T AT ad e ae ehbnn
iThaipw hemsczbnéompaned MsdhgndacHinednhdi ghO0dénsit y
W§ﬁ§¥JQQ§%E%) composite bed ion exchange layer 1607
comprising a mixture of anion exchange resin (DOWEX™
1x4 (200 mesh), a product of The Dow Chemical Company,
Midland, MI) and cation exchange resin (DOWEX™ 50wWx4
(200 mesh), a product of The Dow Chemical Company,
Midland, MI). The doped anion exchange resin

layer 1605 had an equivalence ratio of 4:1, anion to
cation. The doped cation resin layer 1606 had an
equivalence ratio of 4:1, cation to anion. The
composite bed ion exchange layer 1607 contained a
composite with an equivalence ratio of 1:1 anion to
cation resin. The cation and anion exchange resins
were in the hydronium and hydroxide forms,
respectively. Separating the CDC 1609 from the LDC was
a CM 1608 (CMI-7000, a product of Membranes
International, Glen Rock, NJ). The CDC 1609 was filled
with a cation exchange resin (DOWEX™ 50wWx4 (200 mesh),

a product of The Dow Chemical Company, Midland, MI).
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hardware to retain the el ectrodes, nmenbranes and
resin. The internal flow dinensions of the ADC were

wa2@3/180579 n di anmeter and 3.81 cmin | ength. ThRCT/US2008/004929

internal flow dinensions of the LDC were 1.27 cmin
diameter and 1.27 cmin length. The internal flow

di mnensi ons of the CDC were 1.27 cmin dianeter and
3.81 cmin length. [00288] ¥RE anode chanber 1601

cont ai ned pl ati num gauze el ectrodes (Unique Wre

Wheey iGRE 1 Q9 Hid s ssefearaied. fromcoheacathode t he anode

and separ t he ry 1fromtheA
126;1112\ 2&?Af51§08§m ésgdugt pgf)dﬁé: nes

|Mﬁmﬁﬂ§ﬂésﬂﬁﬂteﬁiéﬁh6ﬁﬁk &en. RIBR, ARG) 160@hﬁﬁ%athode

filled with an anion exchange resin (DQ/\EX(tn) 1x4

Corhas o1l conptriredop AR DeW CABHECEIL SCHRPARY,
Ml g (M3 ek, Bydhoxi et ot ALAM 1808 cornoae

product ranes ternati onal
Reckin N rseparat esdlc t hei ADCch608Mf L 60t bepbbEtinghehe
LDC co t ai n(g a 0.4_cm doped anion exchange reS|4%

Rferl AR TPAG ShaBRPbnlexthanfePrEB; {GF

@%@E{é £ ok L0 %ﬁﬁ}valé péﬂvuwasotls‘éﬁe t@owellver
em cal Conmpany, M d M d wth a cation

EB)Q:@I@htﬁ%&téﬂﬂ/@fétﬂfl50&%ﬁdﬁaﬁﬁnﬂesh)2 3 aspradueit a
of  The Dow Cheni cal Conpany, Mdland, M), a.0.4 cm
o@ﬁ-’é’ﬂ & ot e&c%dﬁbé‘“%ﬁyé? 'EB%EE@nﬁ?V%icﬁg SROREY iidh

h
D act of TFhe o Chen Fal - Consaay | REdl andP M-t of

dojpetexn t$uramyanl @n @m:hmngh aeﬁiLQW( D@l\EX(Ntals) u:Bxa«ﬁ (E2G60

sh) roduct of The
W S PONGY e UERTEREr oxF haPel o0 AIE 1 e RO
lv&&t@ﬁ(cﬂmwaﬂégy@irééeédceapthél 0pCca1B0nt Uk@edf tadl on
excha e resin (DONEX(tnm) 1x4 (2 00 nesh) , a product
Gow enekiie aflorsdpanyonMlargrdl 60p) 1@%@% &b éhe

%Wa%éf% &%B@a?@%dflg%egol%%h%f’ the LDC,

pr oduct w Cheni ca Y,

and finally through the composite bed layer 1607 outlet
and then to the flow through conductivity cell. A
peristaltic pump (MASTERFLEX LS, a product of the
Cole-Parmer company, Vernon Hills, IL) was used to
deliver deionized water at a flow rate of 2.0 mL/min to
the anode chamber 1601 and then to the cathode

chamber 1611 and then to waste.

[00289] Initially, the conductance of the water

exiting the EDI device was 2.9 uS/cm. Using a
laboratory power supply, (E3612A, a product of Agilent,
Santa Clara, CA) a constant current of 40 mA was
applied and the initial voltage was 52V. Gas evolution
was observed immediately from the anode and cathode

chambers. The initial background conductivity of the

product water increased to 32 uS/cm and over a 1 hour
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Mdland, M) . The doped ani on exchange resin |ayer
1605 had an equival ence ratio of 4:1, anion to cation.

wah@sdased cation resin |ayer 1606 had an equiREl/E81968/004929

ratio of 4:1, cation to anion. The conposite bed ion
exchange | ayer 1607 contained a conposite with an

equi val ence ratio of 1:1 anion to cation resin. The
cation and ani on exchange ré8ins were in the hydroni um
and hydroxide forms, respectively. Separating the CDC
19 da and It&)ﬂciﬁbwmlay%&ﬁé8sé@lvto700@3 aspeaductThe
of Menbranes International, den Rock, NJ) . The CDC
80 ARIEL 99 11aR1 aw 19ed chPi ORCERERaRgBLLBYEPHSlY for 7

%E?al%npany,ﬁ%ﬂog? n%,hig/lfﬁ? ﬁgg%%&l%ogg\%agﬂ\g

Skparc exf fRiom the. cat hode chanber 1611 by a CM 1610
(CM -7000, a product of Menbranes International, den
Rock, NJ) . The cathode chanmber 1611 cont ai ned .
F’['(ﬁIZgUJ]m garsl € £6t r odssahphabe MEESuYEA¥hRE LAC, Time
HIlside, NJ) . The cathode is in direct contact with
the CM 1610 separating the CDC 1609 and cat hode
chanber—16t1-—Apunp—(GhR40 |JI othtGt

Sunnyvpl e, CACYHS used tov(?gl A9E o G?ﬁlﬁi EM?EV
(specific conductance 12.3 nS/cm) afl a fl oWS/HAW of 2
.0 n/pin to theéd EDI device $hdwn in Fig. 1&.9A
conducftivity detector (D20, 45prodlct of Dboléx,
Sunnyvgple, CA) omth a fljow cedd? was|used fop.8he
conducf Ivity nggsurement|s. Frggm t he [punp, tHe1RO wat er

an o

fl ow was olrecggo IO tThe CDC 3509, fren In%%lbu\j

t 0 t hefdoped—angonr—tayerr—1665rntetjof—the
P 43 J 26 357
t h 1+ Adandd ~at |l avpor- 106 laf + I"\n And
roug T T |C (Y| \¥ | \VA @ 4 B | Ul T yC2 [E RV AVAY) \WA | CITC TATIT
finall sitebed layer 1647 | et

[l
and then_tao t h&%f | ow t hr gh %%ndHPfIVIfVIQﬂq56 A

Qu
peristpltic pddP (MASTERFLEX 2%, a product &f0%he
144 27 0.056

168 29 0.055

[00291] Another method (not shown) for performing
electrodeionization utilizing the apparatus as
illustrated in FIG. 16 comprises directing the flow
through the apparatus in essentially a mirror image
flow pattern. The liquid may be initially directed
through the ADC 1603. The ADC 1603 may remove most of
the anions from the liquid. The anions are attracted
to the anode by the applied electric field. The anions
may pass through the first AM 1602 and into the anode
chamber 1601 where they may be removed from the
appraratus by the waste liquid stream that removes ions
from the anode chamber 1601. Remaining cations will be
attracted to the cathode. The cations will be retained

in the liquid because they will not pass through the
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Col e- Par mer conpany, Vernon Hills, IL) was used to
del i ver deionized water at a flowrate of 2 .0 nL/mn

wao eooshansanode chanber 1601 and then to the catbhoOEsS2008/004929

chanber 1611 and then to waste. [00289] Initially, the

conductance of the water exiting the ED device was

2.9 nS/cm Using a | aboratory power supply, (E3 612A,

a product of Agilent, Santalt®ara, CA) a constant

current of 40 mA was applied and the initial voltage

waEss ARV . AMGS By othe t ofomes thseczedodanedidat elfy theom

t he 3&0%3 and cat hode chanbers. The initial background
g ity of the product water increased to 32

nS/ cm and over a 1 hourperiod the conductivity

decreased to 0.63 nS/cm The EDI device was allowed to
dpdr 22 corﬁqlrﬂmmg/ pagsgodayBroggh 4403, fheabiguid

VLS L Kb 5, oL cenQl1ER. 1yl 029Gk oTable

ance T enent 5 Vs herY
rf&mmé (s SdﬂiDWIﬁefc%t;D@ﬁé Ofﬁbmgthéemﬁqaﬁiai onirnat i on
utilizing the apparatus as jllustrated in FIG 16

&ais@qrs%sam raefctiqu‘-f@t%etm BoPt ARbUgHSL R¥ &PFarRPdd oh

o e | AROEHE OMEPALEEEN tnTRGH @tied
e J'|aén| t]ié]Iany dr'lﬂlri%ct ed (t)hr oua %%e AE)C 1%83 % The
mmxwmm ms¢ vhet bethodenshbmbert A611 where

ui d. The ani ons r att ctedtoﬁ,& nog: by the
ik Gied e (e el e SR RS Fonataky S B0 SR bate
tiheyfid Sétr%\énlﬁ%@nﬂemd%@st henan QQ@mC haeber t16QL

where they nay be renoved fromthe apparatus by the
VERTRDS Y g ML st rAsakeRmari bnboestEAStRAo Ot KEcanseele .

I t t
CHAEL 0L FETBL VDB caLhond VAL 106,81 ERELEA ey
lviguli chdteqease timeyugh| thaofipassCHhié0gh thhes doend Ale

1a6noo4 thsaltdef o(ggstktlehecggt {188!8& de of the ADC 1603.

[00293] Following passage through 1609, the liquid
may then pass through the triple layer depletion
chamber. The liquid is passed through the doped anion
exchange material layer 1605 of the triple layer
dépletion chamber by placing the inlet portion of the
chamber above the doped anion exchange material

layer 1605. The doped anion exchange material layer
may remove remaining anions from the liquid. Anions
are attracted to the anode by the applied electric
field. The anions may pass through the second aM 1604,
through the ADC 1603, and through the first aM 1602 and
into the anode chamber 1601 where they may be removed
from the apparatus by the waste liquid stream that
removes ions from the anode chamber 1601. The cations
will be attracted to the cathode by the applied

electric field. Some of the cations may be retained by
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[00292] Fol |l owi ng passage through 1603, the liquid may
then flow through the CDC 1609. The CDC 1609 may

w0 eowansosmpst of the cations fromthe |iquid. TPEI/US2008/004929

cations are attracted to the cathode by the applied
electric field. The cations may pass through the
second CM 1610 and into the_ cathode chanber 1611 where
they may be renoved from thé>dpparatus by the waste
liquid streamthat renoves ions fromthe cathode
dhaﬂnatﬂﬁmjionMEXﬂhanmelm@eeaiaiacsed te ehdomaode and

The ani o Wi | be retaiped in,t ui C t he

TR i oted 08 RS BEFohdn' Bfie 688 SR AobR (o
amd g denofciidel £, 16AP00ufR02H3] sE@bh@Wcmg 18395 /R
t hrough 1609, the liquid i:‘%éthen pass through the

tirits Eheye@thegs ethaoncenakbel . WiREe| ﬁa@wdrmay Bas gegoved

R e A R i i

imrdnedvgroriomn fif orh hehe haabkodaeboiembke dﬁn&d ani on
exchange material |ayer 1605. The doped ani on exchange
material | ayer may renove renmi ni ng anions fromthe

| i o o ﬁm'ﬁ&@ié%fnétb£§§&§€ tarblgnangde byHdaiquid is
applied electric field. The anions may pass throug

ttieers m@mnﬁ@zn,ght hh@ugﬁpeﬂeCADq:omexchamet maomgﬁal

t-he fir M 6 he_a hanbe

S R g e PERLbIRC pUB AHABT ENBIOShagBRy,  The
wiRsdel | d i oh Séx caanbahat eprbues 1ages flkom ke aredsre
chanmber 1601. The cations wi |l be attracted to the

craﬁtmﬁﬂtfélrkg/ el ppl feamelBet Ligufifel dCasdmEsortehe
égggrﬂﬁyt@etﬂét@éeﬁgdéybpetﬁet5%511%ﬁ X! € field.

used as a dopant anhd to pass
tﬁh&nqﬁtidmsfma¥tp£$$16b$pughrohghfuhetCDM 160%,, through

royahs gssecend QUICIR ond LIt 13S0 o
the cathode chamber 1611 where they may be removed from
the apparatus by the waste liquid stream that removes
ions from the cathode chamber 1611. The anions will be
attracted to the anode by the applied electric field.
Some of the anions may be retained by the anion ion
exchange material used as a dopant and may be allowed
to pass through the second AM 1604, through the

ADC 1603, through the first AM 1602 and into the anode
chamber 1601 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1601.

[00295] Following passage through 1606,  the liquid is
then passed through the composite anion-cation exchange
material layer 1607 of the triple layer depletion
chamber by placing the outlet portion of the chamber

below the composite anion-cation exchange material
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fromthe apparatus by the waste |iquid streamthat
renoves ions fromthe cathode chanber 1611. [00294]

wo-20080%UsMy passage t hrough 1605, the |iquid i SPETIES2008/004929

passed through the doped cation exchange materi al

| ayer 1606 of the triple |ayer depletion chanber. The
doped cati on exchange nmaterial |ayer 1606 may renove
remai ni ng cations fromthe ﬂ?ﬁuid Cations are
attracted to the cathode by the applied electric
fhae/fecr 67 catTl'éﬁlsCCPmlyO@aég ahienghathenf exshagmel 608,

ot e S 1609, apcthLouah the seconl OMAI0 .,

wher é t

rz@mavmhrfg anides appar @ausohg .t heh\easteﬁahnqwnlgd celtiemy
that renoves ions fromthe cat hode chanber 1611. The

ORI &R tFhet eathedenbYahbieaBPlire giFGtadc
el eotd i c friel Gyt 4 byt sséntﬁ%ugﬁyth% etaicnegy gxos,

the anion ion exchange material used as a opant an
mmmmm@@ ol $2%s ahdouhbotbk sbeosecAkdlE04 1610

thr t ADC 160 t hr ough first AM 1602 an

i S Uit ot CHe0E%nbPo Lt KBS rny T6e MRy
fﬂé?tﬁB\IéHi BRI ehelSa afﬁ@u@ﬁégethbqwagt@ &Q@Imlﬁh@sttream
renmoves ions fromthe anode chanber 1601. [00295]

Ha1a oVl ST s skejes t hireghhe60sthodie chingiied iL1fhen The

Ry B arodeoy rRPRERFrg) §8) E0k MeREo RO Re

chapibiesd byl gt aci ogf t dedout ek pmibnenmafy blee adhameeY to
bel ow t he caonposite anlgn catign exchang

RATT i A 4o 75e5pRcBpbsPee 5HF8HQPaFP@hADC 1603,

tmd ef { Al ¢ | Aei 63604nABY NP ehkeahicve at
renmovi ng both remai ni ng ani ons and cations. The

r&malrengl @Gt i wrerar ehavt mayt b¢ rempiNedcdrieoodéhsy t he

AP & 1ofe MERPsubntend eRERaloSHaRg bR ons

t o ectofn dafddid 6dRamber 1601.

[00296] Two additional methods for performing
electrodeionization (not shown) on the apparatus as
illustrated in FIG. 16 may be realized by switching the
inlet and outlet of the triple layer depletion chamber.
In one additional method, the liquid may be initially
directed through the CDC 1609. The CDC 1609 may remove
most of the cations from the liquid. The cations are
attracted to the cathode by the applied electric field.
The cations may pass through the second CM 1610 and
into the cathode chamber 1611 where they may be removed
from the apparatus by the waste liquid stream that
removes ions from the cathode chamber 1611. Anions
will be attracted to the anode. The anions will be

retained in the liquid because they will not pass
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and into the cathode chanber 1611 where they may be
renmoved fromthe apparatus by the waste |iquid stream

w0 bas/18inoves i ons fromthe cat hode chanber 16RAT/UT1068/004929

remai ning anions are attracted to the anode by the
applied electric field. The anions may be allowed to
pass through the second AM 1604, through the ADC 1603,
through the first AM 1602 ah®%into the anode chanber
1601 where they may be renoved from the apparatus by
ttherowast eHd duins st at @hathaenboessi bhe anodet bede of

g&?gﬁ?\ﬁﬁg&g{ 1601. [00296] Two additional nethods for
3 ' ‘ect rodei oni zation (not shown) on the
apparatus as illustrated in FIG 16 may be realized by

switching the inlet and outlet of the triple |ayer
déd12&7lon drditsring roaseage dirongh ﬂré@ﬁodthtehélquld

Y [ y r e rou t 6

(A 36, a1l Al gL kit ouBnl RecCRciogs
lregfivivék mbyer caff i s atitorsd t fachedhéolibaidat hate byuons
the applied electric field. The cations may Eass

o G 1A b doh o e AB2%E 2Py rREoAPRILER ROGELTiC
ghasther 4 Weses they SBYs benrempMetntr enthe ay 1602

apparatus by the waste |1 quid streamthat renoves ions
famgimitrite d?étdwcﬁimcmmmbaﬁlmOAnwbasevvthleybmay be

attract totrﬁe anode, The gn h Eretﬁlngd in
S VG B AR SRS WEF | %o ﬁa‘ggf‘ Foagfyt NEI
aﬂaﬁ%rﬁdﬁts figres £:hemappdeasbde ehahberCPe0i609.

00297] Fol | owi ng passage through 1609, the liquid may

g t%@t&ﬂ*ﬁ twel JADee 18bBraFhedAbe B3 cRajode .
&@f@\@%ms nf&@ ufl% hféhle' gygg 1aTRR AN S hey

are attracte tot e ano eapp el ectric
fuiidlld nokheaas drisromyh palss shconghAMh%Dm shaAMEbGEH2 the

rHHeo stihcfe aggdtenchangek&?m where they may be

[00298] Following passage through 1603, the liquid is
then passed through the composite anion-cation exchange
material layer 1607 of the triple layer depletion. The
composite anion-cation exchange material layer 1607 may
be effective at removing both remaining anions and
cations. The remaining cations are attracted to the
cathode by the applied electric field. The cations may
pass through the first CM 1608, through the CDC 1609,
and through the second CM 1610 and into the cathode
chamber 1611 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1611. The remaining anions
are attracted to the anode by the applied electric
field. The anions may be allowed to pass through the
second AM 1604, through the ADC 1603, through the first
AM 1602 and into the anode chamber 1601 where they may
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removed fromthe apparatus by the waste |iquid stream
that renoves ions fromthe anode chanber 1601.

waRevai1815my cations will be attracted to the car¢Duis2008/004929

The cations will be retained in the Iiquid because
they will not pass through the second AM 1604 t hat
fornms the cathode side of the ADC 1603. [00298]
Fol | owi ng passage through 1888, the liquid is then
passed through the conposite anion-cati on exchange

et erdredvedyferon 6f7e odpphratuspbg kthgewadepl étiiqunid The

i te anion-cati terial | 16Q7
S ST TR GTS Lev | REOBoEHor GRAPRI FGPRRESns S

cations. The remaining cations are attracted to the
cathode by the applied electric field. The cations may
2 3 oudfrt Hewing spaenkae08hrongbudhOfhe topCcligndd is

Sk Iy i 5ESOTE ORABEA PROILRLS e Bt

dpparrat 0 dyo £ hehavast epl eqlagest dephethah ceBBYes: .| 0mhe
fromthe cathode chanber 1611. The remai ni hg ani ons
&Pt G WY EChrRIanBAESEy At hé2ySEI L4 Seedt Kegove

flgldinithe A 05Ss MByYoRecAL!l 9Wed 1O Pass jbkough the
secoanA 1604, t%rouah t he A%% igos, thﬁough t he
fartstaAid 602 Emed catboflhebmnotie ebepibed &8e@ttwher £€ield.

t he be renpved fromthe ratus St

TR P Y ave bbb EOSPBRERFr §itesho CHhddd tendaah
160 .co 0RO, FohdovhpgugBssageskhoadgdlml 6610 Rl into
l[iquid is then passed through t he doped cati on

Steh AR 96 erambery b li6BBesrR thevt Pyl be Fpsoved from
' : d-cat.i i
g8l ehlon shanbey . A0e, daped) SR AN e ENANIR I i es

renbveé renalning cations from
lians dir@at tlomscatkodét chambdrt a6tihe cahkoderilond hell be

applied electric field. The cations, ass t.hroug
e 13T ChP 1608, SPAPBUGK FRE BBLI660 S Lakd =it dudh S

tdns eePNEh M AB38s 2Ryl BEOretained by the anion ion
exchange material used as a dopant and may be allowed
to pass through the second AM 1604, through the

ADC 1603, through the first AM 1602 and into the anode
chamber 1601 where they may be removed from the
apparatus by the waste liquid stream that removes ions

from the anode chamber 1601.

{00300] Following passage through 1606, the liquid
may then pass through the doped anion exchange material
layer 1605 of the triple layer depletion chamber. The
doped anion exchange material layer may remove
remaining anions from the liquid. Anions are attracted
to the anode by the applied electric field. The anions
may pass through the second AM 1604, through the

ADC 1603, and through the first AM 1602 and into the
anode chamber 1601 where they may be removed from the
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t he cat hode chanber 1611 where they may be renoved
fromthe apparatus by the waste |iquid streamthat

WO 20ies79 ons from t he cat hode chanber 1611. TheT/HH10081604929

will be attracted to the anode by the applied electric
field. Sone of the anions nmay be retained by the anion

i on exchange material used as a dopant and nay be

all oned to pass through the 13écond AM 1604, t hr ough

the ADC 1603, through the first AM 1602 and into the
@m@éadhmﬁy t]la)lwaméqt el iaeydnayrbamr shevedefoymst Hons

s h te I d eam.that re es | ons
fron1 gaaﬁ%di %%qi %é%ofa oPP8MAng p §%age
tahtrtaugh b G tIH'@ ctatqmaienny th@napp$§eﬁhéQé@|ﬁrt1b:e field.

doped anlon exchange material layer 1605 of the triple
IS%WQ’ eping i AT LMY MReT@bPeBeEnPYntBRCRakgen ion

! f Lam.t
PR fble, R (BY (SERYE, | EMB0BAR0 AlOASY| BT Gued

appldaexss eleciuglc dhelﬂlrgheCMnléﬁS nahrpagh theough

the ecaond AM 16 t hrough the 603,. and through
R C P G RN WA TE R RIS

\M&%rrﬁ;déﬂ@hmelbewm&érér eALy heappapatdmoedt ff@_»om the

waste |iquid streamthat renoves ions fromthe anode

dmaratuss iy Ui mt@nélmlltﬁ pergamr sbeédregoves ions
Gpdndrliegoniadeterkiic fheld. Some of the

cat1ons may retaine € 'cation ion exchange
mat eri al used as a dopant and may be allowed to pass

t hrough the first CM 1608, through t he CDC 1609,
tﬁ%ﬁﬂ'ﬂ et < 1b1onandTPARET NECEaERaHE) or

r 0 h
el uﬁ %@iﬁoaéﬁanmt%n greved; hpomhe sparatus

waste liquid streamthat renoves 1ons
ﬁﬁomhﬂusunammﬁeumh&hﬁerliGQQmpkmeésoﬁ}rAnauhgrthe flow

AP RO oL RLBELEORIL A o corn

The liquid may be initially directed through the

ADC 1603. The ADC 1603 may remove most of the anions
from the ligquid. The anions are attracted to the anode
by the applied electric field. The anions may pass
through the first AM 1602 and into the anode

chamber 1601 where they may be removed from the
apparatus by the waste ligquid stream that removes ions
from the anode chamber 1601. Remaining cations will be
attracted to the cathode. The cations will be retained
in the liquid because they will not pass through the
second AM 1604 that forms the cathode side of the

ADC 1603.

[00302] Following passage through 1603, the liquid
may then flow through the CDC 1609. The CDC 1609 may
remove most of the cations from the liquid. The

cations are attracted to the cathode by the applied
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as illustrated in FIG 16 conprises directing the flow
through the apparatus in an alternate flow pattern.

wab@shsgomd d may be initially directed through PeEUSIDER/004929

1603. The ADC 1603 may renove nost of the anions from
the liquid. The anions are attracted to the anode by
the applied electric field._ The anions nmay pass
through the first AM 1602 ahd8into the anode chanber
1601 where they may be renoved fromthe apparatus by
tHeqiste figldd sthheapathansreagvessEofrpugh the

W S, TEEE CARDCAERLARS lebene 1odd s

ithdyhendy que dr divsaeis ef t by tel hppatrapassbi/hibeghakhe
second. AM 1604 that forns the cathode side of the ADC
1¢ FOS0A™ Folrd bwk AOPasS sagest Arelighhes6a there

sk By £ hen iﬁPMﬁéh&?ﬁghbéhgtggg?%gggtoTQ e gde.

| i
1609 may renove nost of the cations fromthe [iqu
THee catiors wai El ave reetainéd ihetbat hodeiby belteuse they

appljedelectric field, The cation ass through
ﬁﬁgjsé&ﬁup%iﬁl%EEO%gﬁ F ?ogfﬁﬁgcgwgggggcﬁgﬁﬁeﬁo %flthe
Wi tdeye ey bRer€pevedodrom the apparatus by the
waste |iquid streamthat renoves ions fromthe cathode

chanmber 1611. Anions will be attracted to the anode.

RS 81| Pend b aLasge) Dokl oS, DESRSa AR oo
attoge magsedf thheudDCcA608ompO6308] ahdbhewantd opassagange
t hrough 1609, the |liquid js then_passed throu%P_the

e HRYTh- tAYT ofif ekBRahgePhat eRYEF CFaperticedr offhe
thsnddd Ple 4.:av6r-dspl 6hi 8RchIhgeCRTPRSHEE aRkRR- GlgH0May

exchange naterial |ayer 1607 may be effective at
reaved iR hotd 2enpémeovignanbohb apnadatingnenidme and

réggﬁgﬂ@g qﬁﬁéopémg{gigétégggggstgrgh%ttracted to the
cathode by the applied electric field. The cations may
pass through the first CM 1608, through the CDC 1609,
and through the second CM 1610 and into the cathode
chamber 1611 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the cathode chamber 1611. The remaining anions
are attracted to the anode by the applied electric
field. The anions may be allowed to pass through the
second AM 1604, through the ADC 1603, through the first
AM 1602 and into the anode chamber 1601 where they may
be removed frdm the apparatus by the waste liquid

stream that removes ions from the anode chamber 1601.

[00304] Following passage through 1607, the liquid is
then passed through the doped cation exchange material
layer 1606 of the triple layer depletion chamber. The

doped cation exchange material layer 1606 may remove
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cat hode by the applied electric field. The cations nmay
pass through the first CM 1608, through the CDC 1609,

w@eastbnsough t he second CM 1610 and i nto the cRCTOS®08/004929

chanber 1611 where they may be renoved fromthe
apparatus by the waste |liquid streamthat renoves ions
fromthe cathode chanber 1611. The remai ni ng ani ons
are attracted to the anode by9the applied electric
field. The anions may be all owed to pass through the
segenctiANg 1804 ortshriough tie ADGI1603, Cahionghatke

iRy A IR ST (R Gbbar BE LAoHy SLAE et §1eld.

Pﬂh@ulc%tatdr%araaatw PadLMYESuGRNEHE! oM ERecRNQde 8Chamkefigh
1601. [00304] Foll ow ng passage through 1607, t he

lthguiCPG < &G%en %s@df@wlé)u@hetﬁ@cgaée@Mcéﬁﬂ@nand into
h |
Daehanas It gl Lavee 160600 Lhe, tpho! el BUghvca. erom

etion catron’ exchange ma al

Itageempw&&tma;/ e nitve redi@t @i hijga adi QﬁSefaanﬁ‘hfahe removes
gquid. Cations are attracted to the cathode by the

&15’;5191 & B 1S T2 FHAQ) CHMEP Rt 1 Bhs - rra’yphﬁa§§19ﬁ|so&’dilrl be

, 9
il 1 P i Supug 408 RS sl

Wearee atheyhareyn iymns enaw goe f renaihedappatheusnhypnt h@n
str mtht [ eno nsfromtg)ec hod

B rend S e A T SR T 98840 Raft B S

arodRadyy dHenappl dies §é@@ﬁdlmf16bd eareuch the
ani ons may be retained by the anion ion exchange

faCerliedl3 'usté*af%gka Hepaht rahdAta}cBe anfohegot §h§a§§0de
%;gﬁ_, t 1
t hroug tlhe ]Ti rst Am%gZ Bégggﬁ?(ﬁgaaﬁo én gﬁ nber

Hﬁﬁhnﬂuu&ahyughemwa$merbﬁ@ued stpeamhehapparabwesby ons
b e e COTEBbSbR L Fol | owi ng passage t hr ough
1606, the liquid

[00305] Following passage through 1606, the liquid
may then pass through the doped anion exchange material
layer 1605 of the triple layer depletion chamber. The
doped anion exchange material layer may remove
remaining anions from the liquid. Anions are attracted
to the anode by the applied electric field. The anions
may pass through the second AM 1604, through the

ADC 1603, and through the first AM 1602 and into the
anode chamber 1601 where they may be removed from the
apparatus by the waste liquid stream that removes ions
from the anode chamber 1601. The cations will be
attracted to the cathode by the applied electric field.
Some of the cations may be retained by the cation ion
exchange material used as a dopant and may be allowed
to pass through the first CM 1608, through the

CDC 1609, through the second CM 1610 and into the



may then pass through the doped ani on exchange

material |ayer 1605 of the triple |ayer depletion
w@eb@shans79 The doped ani on exchange material | aper/USmY8/004929

renove remai ning anions fromthe liquid. Anions are

attracted to the anode by the applied electric field.

The ani ons may pass through the second AM 1604,

t hrough the ADC 1603, and thPBugh the first AM 1602

and into the anode chanber 1601 where they may be

cartiete fotemidre Bpbhraiesebyhehiemagsbe keqoivedstfreamthe

t_hat f t hanb 1601.
GG 157 b (HFSET o 80+ Enat CAERoBBaby “EREVES ions

Il acheel @pindde féRhtbeSOMB10f the cations may be
retained by the cation ion exchange material used as a

dopant and may be allowed to pass through the first CM

gl i AP A e e Qo1

reedmcEidndriten ¢ hetlappar as st byntreat weat Bakieqibe@dnst r eam
t hat rennves ions fromthe cathode chamber 1611.
[FFEFBYCethet or U0 PgTBeSer Pht F bRESEF 2EX8RPPESY
rEQdi N sn Of Hhe, PEeseRb | EMEQBBQB Eevgeb%%austlve or
presented for the purpose of illustration and
dess clriinptt § ourhe Tm:egsame novenniended tbebprexhsesthiorsmsor
§p|lfgs ent inyention to t?e g&ecise forms
e et A oReT bobF Y ng Y bl P sR gReE”
Qii‘?&ﬁtdilﬁﬂﬁt‘;‘s amdvaaraaweﬁsaweppagis@b@ei Anl 19k tofo £
t he above teachlng What is clained is: 1 . An
dh& 13RS orF3ER 189 appar at us conprising: a . an anode
chanmber 201, including an anode therein; b . a cathode
chanber 206, including a cathode therein; i . wherein,
an electric fieldis forned as a
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result of a voltage applied between the anode and the
cathode; c¢ . an anion nenbrane 202 contiguous with the

wanmdaswshanber 201; d . a dual |ayer depl eti onPCiafives/004929

conprising; i . an anion exchange material |ayer 203
contiguous with the anion nmenbrane 202, the anion
exchange material |ayer including therein anion
exchange materials; ii. ac osite ani on-cation
exchange material l[ayer 204 contiguous with the anion
exchange material |ayer 203, the conposite

%ﬂéy*fgﬂéfghﬁ* hﬁgge material |ayer including therein
one of "a m Xed 1on exchange material, or a doped anion

exchange material, or a doped cation exchange
material; iii. wherein the interface between the anion
dxchafge SR HeI Y eF2 2D aREPRRR CEEnBEPréSing:

ani on-cati o, exchandensmberi b1l ayge1484nbSan anode
substantially transverse to the applied electric

field; andalomteion; nenbrane 205 contiguous with the
conposi te ani gn-.cati on exchan material..l ayer 204 aof
Che dusl | dyere JEpiec B SRanaer - ahacLonrgusus ah ere
the cat hode:rdhwsdzer 206. An el ectrodei oni zation

apparatus conprising: a . an anode chanber 301,
i ncl udi nd - aherRde tHerelactpic Alededhsde fonarters3@6,

inC|Uding‘%é@ﬂfﬁx%¥t3e58igége applied between the anode
and the cathode;
c. an anion membrane 202 contiguous with the
anode chamber 201;
d. a dual layer depletion chamber comprising;

i. an anion exchange material layer 203
contiguous with the anion membrane 202,
the anion exchange material layer
including therein anion exchange
materials;

ii. a composite anion-cation exchange
material layer 204 contiguous with the
anion exchange material layer 203, the
composite anion-cation exchange material
layer including therein one of a mixed
ion exchange material, or a doped anion
exchange material, or a doped cation
exchange material;

iii. wherein the interface between the anion
exchange material layer 203 and the
composite anion-cation exchange material
layer 204 is substantially transverse to

the applied electric field; and
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i . wherein, an electric field is fornmed as a result
of a voltage applied between the anode and the

W@ 260808879 ¢ . an ani on nenbrane 302 conti guousPEI/UR20D$IEN4929

anode chanber 301; d . a dual |ayer depletion chanber
conprising; i . a conposite anion-cation exchange
material |ayer 303 contiguous with the ani on nenbrane
302, the conposite anion-catPén exchange materi al

| ayer including therein one of a m xed i on exchange

mat er iaalGatorom mepedanai 3d5egohahguonsat wiitdl ther a

doped cation. exchange naterial; 1i. a cation_exchange

ot or | SHSETE FAL QOne P b LBl S PRIERe TRbFpaa T 4T et 204
ani on-gatiwd @xghanggervfiepiatibayehanbdr bhe e¢fitARuous
exchange material |ayer including therein cation
exchartfe- et | g shodej chambesi A06he i nterface bet ween

t he conposite anion-cation exchange material | ayer 303
and the cation exchange material |ayer 304 is

ubst e | @l eyt todabyri gatliont Appappltiued cempatisiiciy :

field; and e . a cation nbrane 305_cqntiguous with
the ciftion TXcHARGe RREEPFAI SPlyeinsoRdons e anace
| ayer depl et &P ghanber and contiguous with the

cat hode chanber 306. An el ectrodei oni zati on appar at us
conpr i®i ng:a acathpdanchambRanBee . 40ncliuddngdien gadmode
anode therein;

i. wherein, an electric field is formed as
a result of a voltage applied between
the anode and the cathode;

c. an anion membrane 302 contiguous with the

anode chamber 301;

d. a dual layer depletion chamber comprising;

i. a composite anion-cation exchange
material layer 303 contiguous with the
anion membrane 302, the composite
anion-cation exchange material layer
including therein one of a mixed ion
exchange material, or a doped anion
exchange material, or a doped cation
exchange material;

ii. a cation exchange material layer 304
contiguous with the composite
anion-cation exchange material layer
303, the cation exchange material layer
including therein cation exchange
materials;

iii. wherein the interface between the

composite anion-cation exchange material
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therein; b . a cathode chanber 407, including a
cat hode therein; i . wherein, an electric field is

w0 oooseshsas a result of a voltage applied betweRCI/Ukm®08/004929

anode and the cathode; c . an anion nenbrane 402
contiguous with the anode chanber 401; d . an anion
exchange material |ayer 403 contiguous with the anion
menbr ane 402, the ani on exch@dge naterial |ayer
including therein anion exchange materials; e . a
conposi te ani on-layreon @ caadgehencariah bayéaHQGA
contiguous with the ani excha materjal | ayer, -403,
the conposite aﬂﬁﬁ@%ﬁ?fo%a%ﬁfhgﬂg lﬁafgkﬁgﬁnﬁéﬁégy

i ncludi ng thereitroneyefs@ BbXeHel 8PpeXehaBgectric
material, or a doped anion exchange material, or a
doped catlon exchiedb@ n@®@rial; i . wherein t he

| nterface b é’@@{bry}ﬁex%fgﬂe %‘SBaBQStEgBSEEa 18y
403 and t heconposi anr on- catl on- exchange materi a

| ayer 404-|ea§mmmt@m¢hamgg maaGSYaESanertBe4apmlt@@
electric field; . a cation exchange nmaterial |ayer

405 contlgﬁ%ﬁﬁv&?Y@?h@eE%ﬁEbQPtEhéﬁpﬁﬁ eatli gantiguous
exchange ma{ari alhd aygEnd84. chhRneat 5gg . exchange
material |ayer including therein cation exchange
materials; i . wherein the interface between the
GoPo tg%aegc';‘tgﬁqoacggtaglnzsésggngspg%g [5akohBrsL gt and

an anode chamber 401, including an anode

therein;

b. a cathode chamber 407, including a cathode
therein;
i. wherein, an electric field is formed as

a result of a voltage applied between
the anode and the cathode;

C. an anion membrane 402 contiguous with the
anode chamber 401;

d. an anion exchange material layer 403
contiguous with the anion membrane 402, the
anion exchange material layer including
therein anion exchange materials;

e. a composite anion-cation exchange material
layer 404 contiguous with the anion exchange
material layer 403, the composite
anion-cation exchange material layer
including therein one of a mixed ion exchange
material, or a doped anion exchange material,
or a doped cation exchange material;

i. wherein the interface between the anion

exchange material layer 403 and the
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material |ayer 405 is substantially transverse to the
applied electric field; and g . a cation nenbrane 406

w@oouBigpseus with the cati on exchange materi al PEHES20496)4929

and contiguous with the cathode chanmber 407. An

el ectrodei oni zati on apparatus conprising: a . an anode
chanmber 511, including an anode therein; b . a cathode
chanber 518, including a cathbde therein; i . wherein,

an electric field is formed as a result of a voltage
appl i ed bet ween tdmpanbtde andonheatabhoegechangeamaterial
ani on nmenbrane 512 confjguous wth_the ode _chanber

511; d . a first}%%%%oépgelﬁnfﬁk§ gPF&ﬁ?gybﬁgﬁﬁgverse to
material |ayer S5dBecgpplogeausivcthritheianigon menbrane
512, the first conposite anion-cation exchange

mat er i & Ia?e@@hh@%d?ﬁ@h@ﬂgﬁemﬁtéﬁéaéf1QY#Fxg@5ion

exchange mal &l al, 9L %iQﬂpﬁﬂeaEbﬁgpéé%%a%%ﬁ&NWEQHf%n
or a doped cation exchange naterral;, € .  an ani on
exchange natechahgéayetebidlchayiegudod,withle tchae iforr st

conposite ani on-cation exchange material |ayer 513,,
t he ani on é%%ﬁ%%@%enﬁ?E?FéP?lg?@ﬁrcéﬁﬁﬂPéﬂﬁg dhegiein

exchange nmetgf{&hSexbhanybBengiBriRggi.nterface between
the first conposite anion-cation exchange materi al

| ayer 513 ahd thehanedn tkehangerfacer baltwesyerth®l4 is
substantial l'y composite anion-cation exchange material
layer 404 and the cation exchange
material layer 405 is substantially
transverse to the applied electric
field; and
g. a cation membrane 406 contiguous with the
cation exchange material layer 405 and

contiguous with the cathode chamber 407.

4. An electrodeionization apparatus comprising:
a. an anode chamber 511, including an anode
therein;
b. a cathode chamber 518, including a cathode
therein;
i. wherein, an electric field is formed as

a result of a voltage applied between
the anode and the cathode;
C. an anion membrane 512 contiguous with the
anode chamber 511;
d. a first composite anion-cation exchange
material layer 513 contiguous with the anion
membrane 512, the first composite

anion-cation exchange material layer
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transverse to the applied electric field; f . a second

conposi te anion-cation exchange material |ayer 515
w@emBilgpsous with the ani on exchange material | BYBEUSHA81004929

t he second conposite anion-cation exchange materia

| ayer including therein one of a m xed ion exchange

material, or a doped anion exchange material, or a

doped cati on exchange matert8P; i . wherein the

i nterface between the anion exchange material |ayer

514 and thelrsceherﬂmn@ohipesem aneonfcat m@ﬁeéxeﬁatn@ecchange

mat eri al é%er 515.is substantlall trans e%%%

Rge na

appl i ed el Freet ?}EI%r % dogega? ¢ha

| ayer 516 centa g@@plédmzcahlbheeﬁeﬁaﬁgecmap@mtae,

ani on-cation exchange nmaterial |ayer_ 515, thecation
excharfye mederdadop ag¥FARER UBRRET LA éabreasaﬁulén

exchange mgl&fial§,yd wﬂé‘ﬁel&ﬁé”fﬁ?gt BEQE‘EebetV\’ee”

t he second conposite anion-cation exc an materi a

| ayer 515 &ndl¢Mecaaibnneexhhaggemaﬁéedb&l1ba¢$r5536 the

is substantiall nsverse to g lied elecgtric
e g nnd HLOK ChENaHSroRar RACE 1 FoVER: FQOBES Shith

the cation §%§@@nggcﬁgﬁ§élﬁgtggygq5516 and conti guous
with the cathode chanmber 518. 5 .
eIectrodelohizatwhﬁr@ppatbﬁusn§©ﬁ§ﬁ9§lb@twgen &heardogst
chanmber 501 inclggkggs

terﬁal
eria

%geaggggn—cation exchange material
layer 513 and the anion exchange
material layer 514 is substantially
transverse to the applied electric
field;

f. a second composite anion-cation exchange
material layer 515 contiguous with the anion
exchange material layer 514, the second
composite anion-cation exchange material
layer including therein one of a mixed ion
exchange material, or a doped anion exchange
material, or a doped cation exchange
material;

i. wherein the interface between the anion
exchange material layer 514 and the
second composite anion-cation exchange
material layer 515 is substantially
transverse to the applied electric
field;

g. a cation exchange material layer 516
contiguous with the second composite

anion-cation exchange material layer 515, the
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therein; b . a cathode chanber 508, including a
cat hode therein; i . wherein, an electric field is

w0 oooseshsas a result of a voltage applied betweRCI/Ukm®08/004929

anode and the cathode; c . an anion nenbrane 502
contiguous with the anode chanber 501; d . an anion
exchange material |ayer 503 contiguous with the anion
menbr ane 502, the ani on exchffge material |ayer
including therein anion exchange materials; e . a

first conpostieomneorheaayeonaeerhahgéapatrennal udayer

504 contigq&gs wth the anion exchangg natzr[al | ayer
503, the fir&t TohpTRTT  ant GREEHTi BACEXERARGe

material |ayer ivagdtslingrhbeigtBren8e0bedwBere@neORecond
exchange material, or a doped anion exchangematerial,
or a doped cati cfPER@HDRGgeaRBPBRrfakion exghensenmaierial
interface betwe £ O X n TRt erl er

503 and the fir§$a%%ﬁp%£%t§n§n?§%-gg%?%h 8??%3h§e
material |ayer SfHtésislLbségeti Blbyitr anbeenseiba lyhe
applied electric field; f . a cation exchange nmateri al

| ayer 505 conti gtioRRSVRTRCt he FP?S?986H663F3§CtrlC

ani on-cation exchpagg. nghgrial layer 504, the cation
exchange material l[ayer 1 ncluding therein cation
excharnge net erdtien membwhreebh7t hentavephiac wilidt wien

the first . iion exchange material layer 516 and

contiguous with the cathode chamber 518.

5. An electrodeionization apparatus comprising:
a. an anode chamber 501 including an anode
therein;
b. a cathode chamber 508, including a cathode
therein;
i. wherein, an electric field is formed as

a result of a voltage applied between
the anode and the cathode;

c. an anion membrane 502 contiguous with the
anode chamber 501;

d. an anion exchange material layer 503
contiguous with the anion membrane 502, the
anion exchange material layer including
therein anion exchange materials;

e. a first composite anion-cation exchange
material layer 504 contiguous with the anion
exchange material layer 503, the first
composite anion-cation exchange material
layer including therein one of a mixed ion

exchange material, or a doped anion exchange
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conposite ani on-cation exchange material |ayer 504 and
the cation exchange material |ayer 505 is

waestznsre al |y transverse to the applied el ectP€TUS2008/004929

field; g . a second conposite anion-cation exchange
material | ayer 506 contiguous with the cation exchange
material |ayer 505, the second conposite anion-cation
exchange material |ayer inclt@lling therein one of a

m xed ion exchange material, or a doped ani on exchange
materi al , oat@rmeded axatd aivexd hamtgeomaeechahgei
wherein the interface between the cation exchange
material | §FS865 ‘and the second conposite

ani on-cati Qn exegs Al i BlcdoyLde 596tvSen the anion
substantiall ytransverse to the applied electric field,
and a cation mrﬂ?@?@%ﬂ%ﬁﬁﬁl@ﬁo@%tﬁ”h@n@eébﬁd

conmposi te ani on- |.0 cha teri e d
contiguous with f?%?%&%éﬁ%%%o@%}t%gg %ﬁgﬂgngg
el ect r odei oni zatmaewipparbdywsr CROWPrisi agbstantaalagode
chanmber 601, including an anode therein; .b . a cathode
chamber 608, indISFNFHELEEdihddee tHPe17rd plechhéfein,
an electric fielgdggformed as a result of a voltage

"~ appl i ed between the anode and the cathode; ¢ . an

ani on frenbrrarm@ GG coymhanmeisnaiehiahelaviedeS8hanber

601; contiguous with the first composite
anion-cation exchange material layer 504, the
cation exchange material layer including
therein cation exchange materials; ‘

i. wherein the interface between the first
composite anion-cation exchange material
layer 504 and the cation exchange
material layer 505 is substantially
transverse to the applied electric
field;

g. a second composite anion-cation exchange
material layer 506 contiguous with the cation
exchange material layer 505, the second
composite anion-cation exchange material
layer including therein one of a mixed ion
exchange material, or a doped anion exchange
material, or a doped cation exchange
material;

i. wherein the interface between the cation
exchange material layer 505 and the
second composite anion-cation exchange

material layer 506 is substantially
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d . a dual |ayer depletion chanber conprising; i . an
ani on exchange material |ayer 603 contiguous with the

wapiosndesenbr ane 602, the ani on exchange mnat er i BCT/U820838/004929

including therein anion exchange materials; ii. a
conposite ani on-cation exchange material |ayer 604
contiguous with the anion exchange material |ayer 6083,

t he conposite anion-cation e§§hange mat eri al | ayer
including therein one of a m xed ion exchange

material, or a dopr@semrem ExchhAgermaied allecsrig
doped catlon excp§$%§ Rl & rial; iii. wherein the

i nterface between e’ ani on exchange mat eri al | ayer

603 amjddﬁﬁmmnmemEEaﬁel507cabnamgemabawgehnah@ﬂgﬁcond
| ayer 604 is substantially transverse to the ap ed

el ect rGARPRE &L %nlo%‘??Fé?ncﬁ%‘FBﬁnH@nﬁ‘F‘éﬁélééS 1ayer 506

cont i guONS- Y ¢ ol Bi8s CRIPASELE éEtHBa%aEh%b%&C'%We
materi al | ayer 04 of the dual |ayer depletion chanber

f . a cation exchange mat eri al Iayer 606 contlguous
rst c rane_ 60 the cati

o f
charf’g% %ja?ce’ﬁ% e’r%’%Fa 8%8?8@%58%%@5&.8&&9

excharwe nederdidbde €hamBese60M¢ €At QA iMBTRNARS LY
contiguous with the cation exchange material |ayer 606
and conti gudMer9¥®h the cat hode chamber 608 An

el ectnodei oni zat}, 98 3PRABLYS668PEhE10%ing a cathode

therein;

i. wherein, an electric field is formed as
a result of a voltage applied between
the anode and the cathode;

c. an anion membrane 602 contiguous with the

anode chamber 601;

d. a dual layer depletion chamber comprising;

i. an anion exchange material layer 603
contiguous with the anion membrane 602,
the anion exchange material layer
including therein anion exchange
materials;

ii. a composite anion-cation exchange
material layer 604 contiguous with the
anion exchange material layer 603, the
composite anion-cation exchange material
layer including therein one of a mixed
ion exchange material, or a doped anion
exchange material, or a doped cation
exchange material;

iii. wherein the interface between the anion

exchange material layer 603 and the
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a . an anode chanber 701, including an anode therein;
b . a cathode chanber 708, including a cathode

WO besases79i . wherein, an electric field is foreBUSHES/@4929

result of a voltage applied between the anode and the
cathode; ¢ . a first anion nenbrane 702 conti guous

Wi th the anode chanber 701; d . an anion depletion
chanber 703 contiguous withlé%e first anion menbrane
702, the anion depletion chanber including therein

ani on exchange maimgrasltse aniom-satbod aercbangenbeépeial

704 contiguous with t ni on_depl etjon,chapber 703;f
. a dual [ayer ‘%iﬂ%ﬁfch%n%%Pg%%ﬂE??%?ngyﬁnsvgrse to
conposi te ani on-\at i P EXehaspec #at 8r fabi1hayer 705 '

contiguous with the second ani on nenbrane 704, the
conposi-te @ifdirtatGan @x chageanat 8PParongygpous with

i ncl udi ng ther ej : Lxed_ ] e :
mat eri al , (#héi%éhéﬁ?%ﬁ%cé&gé%hg%gggﬁa %Eﬁgﬁseopagerlal
doped cati dmyexche0weo fratiee i dbhali layarcdepbatésahange
mat eri al Igﬁ$r 706 contiguous with the conposite

ani on- cat i Sii'@RHHange naterial |ayer 705, the cation

eXChaﬁge'“H‘%&éﬂoﬂﬁ%&%héﬂ&éUﬁéﬁgrlﬁﬁrEE?eEaBb@n
exchange materials,- iii. wherein the interface
bet ween t heounppsiue whilbntibat Eonsexchangs mat eri al

membrane 605, the cation exchange material
layer including therein cation exchange
materials;

g. a second cation membrane 607 contiguous with
the cation exchange material layer 606 and

contiguous with the cathode chamber 608

7. An electrodeionization apparatus comprising:
a. an anode chamber 701, including an anode
therein;
b. a cathode chamber 708, including a cathode
therein;
i. wherein, an electric field is formed as

a result of a voltage applied between
the anode and the cathode;

C. a first anion membrane 702 contiguous with
the anode chamber 701;

d. an anion depletion chamber 703 contiguous
with the first anion membrane 702, the anion
depletion chamber including therein anion
exchange materials;

e. a second anion membrane 704 contiguous with

the anion depletion chamber 703;
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| ayer 705 and the cation exchange material |ayer 706
is substantially transverse to the applied electric

w0 p@Bd3052nd g . a cation nenbrane 707 conti guoRGT/WAE1008/004929

the cation exchange material |ayer 706 of the dua

| ayer depl etion chanber and contiguous with the

cat hode chanber 708. An el ectrodei oni zati on appar at us
conprising: a . an anode chahber 801, i ncl udi ng an
anode therein; b . a cathode chanber 810, including a
cat hode ther élugl lawéier@émlethor| ebamberf comprising;
formed as a resul t_ of 5%%%%tg$e gpglgegnbg& en the
anode and t'e cdt Hod& T e 2F1Pst “2at Pon Henbrdite 802
conti guous W t h ridteeiwiel &panbe05 dontagtalisowith the
depl eti on chanber 803_contiguous with the first cation
nmenbrane 802, tHEME ARHEDI BePBRERRakBEr FREI GEMRGSite

therein cation exg ri : . :QRd i.on
menbr ane 804 contlgagﬁgagféﬁ %ﬁéﬁ%% Foﬁggégﬁggi%% t
chanber 803; f .iraclhwitpogitieebeiinconeentr at aickdnien

805 contiguous with the second,%ﬁtion negbra e 804,
t he composite bt et i BAtChafber OF n@l HAPRG EREPS n

one of a m xed iQn-RxehandgERLLLI abr 8 gdpdered tarion
exchange material, or a doped cation exchange

material; g . arexfhargecndranea806 conti guous with

the ii. a cation exchange material layer 706

contiguous with the composite
anion-cation exchange material
layer 705, the cation exchange material
layver including therein cation exchange
materials; A
iii. wherein the interface between the
composite anion-cation exchange material
layer 705 and the cation exchange
material layer 706 is substantially
transverse to the applied electric
field; and
g. a cation membrane 707 contiguous with the
cation exchange material layer 706 of the
dual layer depletion chamber and contiguous

with the cathode chamber 708.

8. An electrodeionization apparatus comprising:
a. an anode chamber 801, including an anode
therein;
b. a cathode chamber 810, including a cathode

therein;
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conposite bed concentrate chanber 805; h . a dua
| ayer depletion chanber conprising; i . an anion

menbrane 806, the anion exchange material |ayer
including therein anion exchange materials; ii. a
conposi te ani on-cation exchange material |ayer 808
contiguous Wi th the anion ekéhange material |ayer 807,
t he conposite ani on-cati on exchange material |ayer

i ncl udi ng tiereivherneinf annekedtron éxehdnge formed as
material, or a doped i onexchan material, .0

doped cati on exéﬁdﬁﬁ?gﬂ%t%fi%IYO?E?gemﬁgpgﬁﬁdthg%ween
i nterface betweethd hendaeoan@xehangecrnateri al | ayer
807 and the conposite anion-cation exchange materi al,

| ayer B08 ix Suibst FRFaPNymeRaRaver 882 gonke Juppsi g th
electric fiéﬂétaﬁﬁﬁhichaﬂbéplrd cati on menbrane 809
contiguous W th the conpositée ani on-cation exchange

mat eridal | ayerat8dn oflephet doal chaykberd8pBetoan ignaniser
and contiguous wth ghe cat hode cha

uous. w rper g1, A0
el ect rodei oW ZAtFan GppaFataseBnBrRerage 802 afRenode
chanber 90154 ¢ 1164 UG Pe BOANEHEMbES! €hB1uBingd th@iRAde

chamber 910, including a cathode therein; i . wherein,
an el ectri ccdtiedn ¢xchangednasesipdésult of a voltage

appl i ed betyeen. the QQQQSnaHngQSngaEBngontiguous with

the cation depletion chamber 803;

f. a composite bed concentrate chamber 805
contiguous with the second cation

membrane 804, the composite bed depletion

chamber including therein one of a mixed ion

exchange material, or a doped anion exchange
material, or a doped cation exchange
material;

g. an anion membrane 806 contiguous with the

composite bed concentrate chamber 805;

h. a dual layer depletion chamber comprising;

i. an anion exchange material layer 807
contiguous with the anion membrane 806,
the anion exchange material layer
including therein anion exchange
materials;

ii. a composite anion-cation exchange
material layer 808 contiguous with the
anion exchange material layer 807, the
composite anion-cation exchange material
layer including therein one of a mixed

ion exchange material, or a doped anion

| ayer 807 contiguous w th tPEr/Esi00$1004929



38
39
40
41
42
43
44
45
46
47
48

O W 0 N o0 U W N R

N e e e e e e
O L N oL s W NP

c . a first anion nenbrane 902 contiguous with the
anode chanber; d . a dual |ayer depletion chanber

W@IWpN3®sINg; i . a conposite anion-cation exchegmyes2008/004929

material |ayer 903 contiguous with the first anion
menbrane 902, the conposite anion-cation exchange
material |ayer including therein one of a m xed ion
exchange material, or a dopéazanion exchange materi al,

or a doped cation exchange material;ii. a cation
exchange mat eri a¢x¢hgrygednatevntilguoys anidpbpecheation
conposite anion-qglﬂog ex%h?2?$agaterial | ayer 903,

the cation exchd%g% Waferia ayer including therein

cati on exchange wikesial shel ihtewiare bethednntcerd a6 on
bet ween the conposite anion-cation_exchange nateri al

| ayer 903 and t HeXEhRNOR BRERAAGE haveri 807 apsr tdvy

is substantially se tq t [ fri .
feid e a calioiPnerEe ata fps asaer, coRraRR, miterial
cati on exchange hayeri 808| agesubBtantibid ydualansayerse to

depl etion chanber; f . a.c site.bed.concentrate
chanber 906 con;?%%o%@paﬂ?angﬂ@CFFﬁ§t%&Eﬁ%dnaﬁﬁhbrane
905, tihe campesit@ bgdisAngenbiahe ebanbentikeldid RE th
therein one of a mixed ion exchange material, or a
doped ani ortls ctempes rhtepnabn-optaogopedheagicomaterial

exchange layer 808 of the dual layer depletion chamber

and contiguous with the cathode chamber 810.

9. An electrodeionization apparatus comprising:
a. an anode chamber 901, including an anode
therein; ‘
b. a cathode chamber 910, including a cathode
therein;

i. wherein, an electric field is formed as a
result of a voltage applied between the anode
and the cathode

c. a first anion membrane 902 contiguous with
the anode chamber;
d. a dual layer depletion chamber comprising;
i. a composite anion-cation exchange
material layer 903 contiguous with the
first anion membrane 902, the composite
anion-cation exchange material layer
including therein one of a mixed ion
exchange material, or a doped anion
exchange material, or a doped cation

exchange material;
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material; g . a second ani on nenbrane 907 conti guous
wWith the conposite bed depletion chanber 906; h . an

wapiosn3depl et i on chanber 908 conti guous w t h tPET/E82D0810D4929

ani on nmenbrane 907, the anion depl etion chanber
including therein anion exchange materials; and i . a
third ani on nenbrane 909 contiguous with the anion
depl eti on chanmber 908 and c%ﬁ?iguous wi th the cat hode
chanber 910.10. An el ectrodei oni zati on appar at us
conpri sing:lla . &arrapbele enahdegelvateripd| havey 4904
anode therein; b : hode. cha r .i_ncl uding a
cat hode therein;C?nei§£é?%iﬁ}ggngggeg%gﬁgsﬁFgld i's

formed as a resuwrhioh-@avbbhagechpabeenabetrdaen t he
anode and the cathode; _¢_.. a first anion nenbrane 1002
conti guous with }3éSEnd8R chBRbERtIOD1 SXghangr gRiteF1al

depl etion chanbef,J003; GONLEGHGUE WAL BY cfiihS e,
menbr ane 1002, tﬁg%gni%n deple?ign@%ﬁaﬁbg? ilncludinéi'%Ie
therei n ani on exchegeabhaterials; e . a second ani on

menbr ane 1004. conti guous. With the_ani o epl eti on
chanber 1009 { hePHET e dptageRRe BrtiRsRp e

cont 1 guous W4th é&mp§§§@€daﬁmbﬁpcHEHBha@&cHdMQéﬁﬁﬂterial
| ayer depletion chanber conprising; i . a cation

exchange mat eri alayeyeP03088ddirsgosadian enehomost of
the dual layer dgpletign ¢hgmberoat BE cabiRAnPIEhaArLe

transverse to the applied electric
field;

e. a cation membrane 905 contiguous with the
cation exchange material layer 904 of the
dual layer depletion chamber;

f. a composite bed concentrate chamber 906
contiguous with the first cation
membrane 905, the composite bed concentrate
chamber including therein one of a mixed ion
exchange material, or a doped anion exchange
material, or a doped cation exchange
material;

g. a second anion membrane 907 contiguous with
the composite bed depletion chamber 906;

h. an anion depletion chamber 908 contiguous
with the second anion membrane 907, the anion
depletion chamber including therein anion
exchange materials; and

i. a third anion membrane 909 contiguous with
the anion depletion chamber 908 and
contiguous with the cathode chamber 910.
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materi al |ayer including therein cation exchange
materials; ii. a conposite anion-cation exchange

woraioenswro | ayer 1006 di sposed at the outl et ofPeTESTHOED04929

| ayer depl etion chanber, the conposite anion-cation
exchange material l[ayer including therein one of a

m xed i on exchange material, _or a doped anion
exchangematerial, or a dopea7éation exchange materi al ;
iii. wherein the cation exchange nmaterial |ayer 1005
drfd t e colrgyesst ade g bre t AN oAPEREAENgecombEiLsahndl:ayer

1006 are in._contiguo ALk nal V. erein the

i nt er face 65%%%%ﬁggﬁga%a ?%nfég%haﬁaéﬁﬁg eri af* Fgfgf
1005 and t heneosposi te ani on-cati on exchange materi al
| ayer 1006 is substantially parallel to the applied

el ect ¢ fikleptRpde chapkerciPiBn ABrbrdhBI180Fathode

contiguous§M§J%{Qe dual | ayer depletion chanber; h .
an cation depl'efion chanber 1008 contiguous with the

first catiom.nenhmaneiﬂpoan eheccatcofidepl ési dormed as

chamber including therein cation_,exchange_materi al s;
and | . a second® CRTFBHC nRAbRaRELEAES EHRLTEE0RS IHHSR

the cation depl eth®na6838b8hq10A8 apdnheasti guous with
t he cat hode chanber 1010. 11. An el ectrodei oni zati on

appar & us conprist ngien, mgrbaasgel10@dnbentigopus with
including afy, angdesd NehghBer 1001;

d. an anion depletion chamber 1003 contiguous
with the first anion membrane 1002, the anion
depletion chamber including therein anion
exchange materials;

e. a second anion membrane 1004 contiguous with
the anion depletion chamber 1003;

f. a dual layer depletion chamber contiguous
with the second anion membrane, the dual
layer depletion chamber comprising;

i. a cation exchange material layer 1005
disposed at the inlet of the dual layer
depletion chamber, the cation exchange
material layer including therein cation
exchange materials;

ii. a composite anion-cation exchange
material layer 1006 disposed at the
outlet of the dual layer depletion
chamber, the composite anion-cation
exchange material layer including
therein one of a mixed ion exchange

material, or a doped anion exchange
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b . a cathode chanmber 1110, including a cathode
therein; i . wherein, an electric fieldis formed as a

wo e®ahsosed a vol tage applied between the anoderP@ntiS10h&004929

cathode; ¢ . a first anion nenbrane 1102 conti guous
wi th the anode chanber;d . an ani on depl etion chanber
1103 contiguous with the first anion nenbrane 1102,
the ani on depl etion chanberl7%cl uding therein anion
exchange nmaterials; e . a second ani on nmenbrane 1104
conti guous wi t hmateridlon dep edéoped chanben ¢toBange.
a dual | ayer depl%}ion chanber contiguous with the
second ani on nem&%ﬁﬁ%a%he dual | ayer depletion

chanber conpri SiwlErdin e afd©lo@XEReNgegEBhEEERLal
| ayer 1105 di sposed at the inlet of the dual |ayer
depl eti on chambdraYahel 4 AReéxerangerpasekeal | ayer

i ncl udi ng thereip .anj xghange, ri .Lb. a
conposite anionfgggﬁgﬁﬂﬁxc ange d%?%%i%?£§5§é¥ 1106
di sposed at the laydretl@i6 tamee dual coayegudepl ebnoact;

chanber, the conposite ani on-cati on exchange mat eri al

layer incldding %ith Pt MR dPFbriCeRchaRgeation
material, or a dgpakan GRk €XENANIEaYBECLDOE . aRA Rhe

doped cation exchange nmaterial; iii . wherein the

ani on exchange remdsite aaeion105tapm ehehengpospterial
layer 1006 is substantially parallel to
the applied electric field;

g. a first cation membrane 1007 contiguous with
the dual layer depletion chamber;

h. an cation depletion chamber 1008 contiguous
with the first cation membrane 1007, the
cation depletion chamber including therein
cation exchange materials; and

i. a second cation membrane 1009 contiguous with

the cation depletion chamber 1008 and
contiguous with the cathode chamber 1010.

11. An electrodeionization apparatus comprising:

a. an anode chamber 1101, including an anode
therein;

b. a cathode chamber 1110, including a cathode
therein;
i. wherein, an electric field is formed as

a result of a voltage applied between
the anode and the cathode;
C. a first anion membrane 1102 contiguous with

the anode chamber;



11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

ani on-cation exchange material |ayer 1106 are in
contiguous contact; iv. wherein the interface between

wao bh@sasisen exchange material |ayer 1105 and t heCT/US2008/004929

conposite ani on-cation exchange material |ayer 1106 is
substantially parallel to the applied electric field;g
a first cation nenbrane 1107 contiguous with the
dual |ayer depletion chanbet?®h . an cation depletion
chanber 1108 contiguous with the first cation nmenbrane
1107, d-he @a icovi ateplen ol @hagihanbeéncly@3 ngonhegupns
cation exchange terdals;_and i_, a seco at Lgn .
rerbr ane. 1109 TN QUGS EToR HeeRBr iR aBRer PR @nion

chanber 11Qfrandt icantdrgumsisr M Al tdengathedeighanben
1110. 12. An el ectrodeionjzati on apparatus conpri sing:
a . an ano®IdrEemaperialsic| udi ng an anode t herein;

b . a_athad %Qﬂﬂp . ' [ :
t her eien'; [ % 5 erel ﬁ%nl;@nr}év%ﬁﬁ%%%gf?g g ?gh?ggﬁgalsaglgh
result of aheoldraigen apgdledidet ebembéhelafdcde and t he

cat hode; c . first anion nprane, 1202 conti guous
with the aﬁo@ﬁw&hmr émfeeal@na_ﬁhaﬁ%ﬁ_ GepFesPghe
chamber 12Q3 \qpniHusisond tin 158 hbhBkaaBi ORnEERRLANE
1202, the anion depletion chanber including therein

ani on exchamyemeieniet son echambgecontipahbongnenbr ane

1204 contiguous with, {fi¢ anLoM,JEPLEELLDENRIDEY 1303
disposed at the inlet of the dual layer
depletion chamber, the anion exchange
material layer including therein anion
exchange materials;

ii. a composite anion-cation exchange
material layer 1106 disposed at the
outlet of the dual layer depletion
chamber, the composite anion-cation
exchange material layer including
therein one of a mixed ion exchange
material, or a doped anion exchange
material, or a doped cation exchange
material;

iii. wherein the anion exchange material
layer 1105 and the composite
anion-cation exchange material layer
1106 are in contiguous contact;

iv. wherein the interface between the anion
exchange material layer 1105 and the
composite anion-cation exchange material
layer 1106 is substantially parallel to
the applied electric field;
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f . atriple layer depletion chanber contiguous wth
the first cation nenbrane, the triple |ayer depletion

W@ b@sbars7conprising; i . a cation exchange mnatBCT/EE2008/004929

| ayer 1205 di sposed at the inlet of the triple layer
depl eti on chanber, the cati onexchange material |ayer

i ncluding therein cation exchange materials; ii. an

ani on exchange materi al Iay%771206 di sposed at the
center of the triple |ayer depletion chanber, the _
ani on Sexchande nfdt e¢a tal on ayemrbiaee ulilfg chvkebroaRl wath
exchange terials, 4ii._a;co sife _anign-cation
exchange maheeri é’rasjl aiy/aexféﬁz%%pg‘lggb%%e%ﬁ%]ing?ﬁé out | et of

t he t m.pl e drayart idepl @&ép et Chanbeambéheltospeshteguous
ani on-cati on exchange material layer including therein
one of a mW&&Pi?ﬁ?e&%ﬁ%%g%aﬁ%?%rmﬁm?répealaeaedt&ﬁion
exchange ial, e Lon: g :
ot Al T e A P e a e e SR NATAS  therein

| ayer 1205 caididihesxacth@angexchoagealmt eandl | ayer 1206
are in contiguous contact; v .. wherej he ani.on .
excharige. mft ITHTAT SR 45 ReRER R ol E8ApOS  Eeguous with
ani on- cat i ahexe i ge daedestabnl aMehbd2071188€ ahd
contiguous contact; v i . wherein the interface

bet ween t heQ@H} BiPeX chibblget hat epFapdpagbpmipegs 13449 -

t he

12. An electrodeionization apparatus comprising:

a. an anode chamber 1201; including an anode
therein;

b. a cathode chamber 1211, including a cathode
therein;
i. wherein, an electric field is formed as

a result of a voltage applied between
the anode and the cathode;

c. a first anion membrane 1202 contiguous with
the anode chamber 1201;

d. an anion depletion chamber 1203 contiguous
with the first anion membrane 1202, the anion
depletion chamber including therein anion
exchange materials;

e. a second anion membrane 1204 contiguous with
the anion depletion chamber 1203;

f. a triple layer depletion chamber contiguous
with the first cation membrane, the triple
layer depletion chamber comprising;

i. a cation exchange material layer 1205
disposed at the inlet of the triple
layer depletion chamber, the cation
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ani on exchange material |ayer 1206 is substantially
parallel to the applied electric field; vii. wherein

wao h@sisisey f ace bet ween the ani on exchange nat ePCHIS2008/004929

| ayer 1206 and the conposite anion-cation exchange
materi al l ayer 1207 is substantially parallel to the
applied electric field; g . a first cation nenbrane
1208 contiguous with the tripfe layer depletion
chanber; h . a cation depletion chanber 1209
cont i guous wit h edehdngstmeter bal nbabeanént208inghe

tion depl etion chanber including therein cati
exchange mat eri Al G F20 Q0 SERGRE" A5t TORHEALFdne

1210 conti guous am tanide sath@ngdepketiroalchaber 12269
and contiguous with the cathode chanber 1211. 13. An
el ectr odei oni zatde7Papprat usheofprFsrngf &he &wimAsde

chanber 1301, i in e i.n; . .
cat hode chanbern§%%%% ?%@F%g?ﬁg %ﬁgg%ggdet?ﬁeﬁgﬁﬁ?i
wherei n, an el ecdxcltadigel datsrial nbdyas ancésdhihgof a

vol tage applied hetween the anode and the cathode; c .

a first ani on nenHFERE? 1302°R0R¥FHREBEE MPLRTERESanode

chanber 1301;; d 5 &bnEds PPedgRl 8hLLALEBAMRRENLZ0R
contiguous with the first anion nenbrane 1302, the

ani on depl eti on rehaebeali heyedi hg07hdiebassadi e the

e e Tn o1& of BRECES:BILTaTRIPLRBT EERH
chamber, the composite anion-cation
exchange material layer including
therein one of a mixed ion exchange
material, or a doped anion exchange
material, or a doped cation exchange
material;

iv. wherein the cation exchange material
layer 1205 and the anion exchange
material layer 1206 are in contiguous
contact;

V. wherein the anion exchange material
layer 1206 and the composite
anion-cation exchange material
layer 1207 are in contiguous contact;

vi. wherein the interface between the cation
exchange material layer 1205 and the
anion exchange material layer 1206 is
substantially parallel to the applied
electric field;

vii. wherein the interface between the anion

exchange material layer 1206 and the

composite anion-cation exchange material
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t he ani on depletion chanber 1303; f . a dual |ayer
depl eti on chanber contiguous with the first cation

woreowbnznsey the dual |ayer depletion chamber coPEI/USI008/004929

i . a doped anion exchange material |ayer 1305

di sposed at the inlet of the dual |ayer depletion
chanber, the doped ani on exchange nmaterial |ayer
including therein a conposi%%9of ani on and cati on
exchange materials wherein the ani on exchange materi al

i s responsible fayer 12@3tiabsubstensdplinerpspallelono
exchange capacit n e _renyj £ of. .total ion
exchange capacit%h$§g%%2%?§b%?égggict égggfion

excharge nef efimdt d¢atiendepedraati bp08xcbandeguous with
materi al | ayer 1306 di sposed_at_the outlet of the dua

| ayer depl dthi®ntchahdel2YeredgBpeliert FBATEREange

mat er gl | gy &La d 16 UL B0 £ NEhCLAaRLECTROB! & otk 1 JRR
and cation exchange nmaterials wherein the cation
exchange nmetirh athé stiesponstbbre hembatnked208abdine

60% of the total ion exchange capacit nd.t he .
Fermi nder SISO (GTRF ST b CREAARGE. CHpAGrEpY fherein
contri but ed-dy; @i SRcEXEHaANgeBRE gNERl andi i. wherein

t he doped ani on exchange nmaterial |ayer 1305 and the:
doped icat i oh PR gea khPRr nanbraper 12306 cané ligmous with

conti guous GOt Act | o} Vae¥hEEELA LHEnbRLeaR3%e et ween
t he doped

contiguous with the cathode chamber 1211.

13. An electrodeionization apparatus comprising:

a. an anode chamber 1301, including an anode
therein;

b. a cathode chamber 1310, including a cathode
therein;
i. wherein, an electric field is formed as

a result of a voltage applied between
the anode and the cathode;

c. a first anion membrane 1302 contiguous with
the anode chamber 1301;

d. an anion depletion chamber 1303 contiguous
with the first anion membrane 1302, the anion
depletion chamber including therein anion
exchange materials;

e. a second anion membrane 1304 contiguous with
the anion depletion chamber 1303;

f. a dual layer depletion chamber contiguous
with the first cation membrane, the dual

layer depletion chamber comprising;
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ani on exchange material |ayer 1305 and the doped
cation exchange material |ayer 1306 is substantially

w@200al1bisro t o the applied electric field;g . a PCT/ES2008/004929

cation menbrane 1307 contiguous with the dual |ayer
depl etion chanber; h . an cation depletion chanber
1308 contiguous with the first cation nenbrane 1307,
the cation depletion chanbet8?Pncludi ng therein cation
exchange materials; and i . a second cation nmenbrane
1309 conti guous avddpedeanhon oexdepheei natehaaber 1308

and contiguous wth t t hode chanber 1310, .14.
el ectrodei oni zam%eﬁgg%@t%%s%ﬁ% i%Fnﬁﬁealplgﬁ S?S&Qe
chanber 1401, ingladi ngyan @8eUetibRr 8hBnbBr, &he doped

cat hode chanber 1410, including a cathode therein; i .
wherein, an el etien fextipngefprhedias davesuincdndang

vol t age appli ed h nd-t he. cat e; .
a first anion|ﬂ§ﬁ%€§ﬁﬂiaogoﬁgﬁgﬁégogg aﬁ%ﬁﬂtgggaﬁg e
chanber 1401; d exdtardgé onateplelsonhehamherhé4@3ion
contiguous with the first anion nepbrane 1402, the

ani on depl eti on THMRIS | PRI BB A tReFEFROBALBAS for at

exchange materi al&is€ ab8ute6089o2NtAA FBERAanNe,1404
contiguous with the anion depletion chanber 1403; f

a dual |ayer deptxthamgehaabacitwnangubbs wemhinder of
first cation nenfrange tfe.dual Iﬁger degletL n
al’i nge ¢

chanber conprising tOF on exc pacity is
contributed by the cation exchange
material;

ii. a doped cation exchange material
layer 1306 disposed at the outlet of the
dual layer depletion chamber, the doped
cation exchange material layer including
therein a composite of anion and cation
exchange materials wherein the cation
exchange material is responsible for at
least about 60% of the total ion
exchange capacity and the remainder of
the total ion exchange capacity is
contributed by anion exchange material;

iii. wherein the doped anion exchange
material layer 1305 and the doped cation
exchange material layer 1306 are in
contiguous contact;

iv. wherein the interface between the doped
anion exchange material layer 1305 and
the doped cation exchange material

layer 1306 is substantially parallel to
the applied electric field;
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i . a doped anion exchange material |ayer 1405
di sposed at the inlet of the dual |ayer depletion

web@shans79 t he dopedani on exchange materi al | ayRCT/US2008/004929

including therein a conposite of anion and cation
exchange materials wherein the ani on exchange materi al
is responsible for at |east_about 60%of the total ion
exchange capacity and the refdi nder of the total ion
exchange capacity is contributed by the cation .
exchartye e efizgt ¢ation wembvaneceldfiomopaipypus with
exchange i ayer_14 ] e e outlet of
t he dualiﬁ%ﬁg %k%}e¥$%%}c§§ﬁgé§?8§hgh§%%%%site

ani on-cat i am exxthangedepl etiah thgmbeirntBo8i pgntheueus
a m xed ion exchange_paterial, or a doped anion
exchange nmater? H1€ of 1 5SHopRELI Rt MERPERBRaKge? . the

material; idde; yheighlet N6ndoRSHLR QACEXERARI® herein
mat eri al | ayer 1405 and the conposite ani on-Cation
exchange nataricn ¢agleanddOBabeeibhsconnidguous
contact; iv, wherein tFe inte&%ace bggwﬁen t he doped  th
anionjéxché%d%e%ﬁﬁ r?%.l?ﬁy@? 485%a h8°88ﬁ€8§i i
ani on- cat i athexeédenge aepeetabnl ayamnod4068308 and
substantially parallel to the applied electric field;
g . a firstCREigrewentt Biethgaozatbateggbasbsirt A3ide
dual | ayer depletion chanmber; h . an cation depletion
chanber 1408 conti guous

14. An electrodeionization apparatus comprising:

a. an anode chamber 1401, including an anode
therein;

b. a cathode chamber 1410, including a cathode
therein;
i. wherein, an electric field is formed as

a result of a voltage applied between
the anode and the cathode;

c. a first anion membrane 1402 contiguous with
the anode chamber 1401;

d. an anion depletion chamber 1403 contiguous
with the first anion membrane 1402, the anion
depletion chamber including therein anion
exchange materials;

e. a second anion membrane 1404 contiguous with
the anion depletion chamber 1403;

f. a dual layer depletion chamber contiguous
with the first cation membrane, the dual
layer depletion chamber comprising;

i, a doped anion exchange material
layer 1405 disposed at the inlet of the
dual layer depletion chamber, the doped
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with the first cation nmenbrane 1407, the cation

depl eti on chanber including therein cation exchange
woraioens@rs; andi . a second cation nenbrane 14PCGI/US2008/004929

contiguous with the cation depletion chanber 1408 and

contiguous with the cathode chanber 1410. 15. An

el ectrodei oni zati on apparatus _conprising: a . an anode

chamber 1501, including an 48éde therein; b . a

cat hode chanber 1510, including a cathode therein; i .

wherein, an el ecinienféxthangef vehediad davesulincduding

vol tage applied between the anode, and_t he.catho

O B et & 0SoRBRe FrRo e ARiRR AR kst aon

chanber 1501; d excéifa@dé Ofateplalsonhekaihetht582ion
contiguous wth the first anion menbrane 1502, the
ani on depl eti on SFAh¥RYS| RRLABIAY LReFEFRORALSAE for at
exchange nmateri : e d_.ani a 1504
conti guous mﬁtha%%%sgn?%ﬁugegﬁgtPgntgﬁaggg?ﬂlgggj f .
a dual |ayer deptethamgehaabecicgnthdguobhs wetmhinkder of
first cation nenbrane, the, dual Igger depl eti,on
chanber conpri si g Y??a topeb™carrar € PREAGY 1S
material layer 190%:#isRee8dndt thBechRigh ekchRagdua
| ayer depl etion chanber, the doped cation exchange
material |ayer imetediay;therein a conposite of anion
and cation exchapge materjals _wherein.the cation
exchange meteriaf TE PREpbRSTBLenr GRCAPH exchafige
material layer 1406 disposed at the

outlet of the dual layer depletion
chamber, the composite anion-cation
exchange material layer including
therein a mixed ion exchange material,
or a doped anion exchange material, or a
doped cation exchange material;

iii. wherein the doped anion exchange
material layer 1405 and the composite
anion-cation exchange material
layer 1406 are in contiguous contact;

iv. wherein the interface between the doped
anion exchange material layer 1405 and
the composite anion-cation exchange
material layer 1406 is substantially
parallel to the applied electric field;

g. a first cation membrane 1407 contiguous with
the dual layer depletion chamber;

h. an cation depletion chamber 1408 contiguous
with the first cation membrane 1407, the
cation depletion chamber including therein

cation exchange materials; and
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| east about 60% of the total ion exchange capacity and
the remai nder ofthe total ion exchange capacity is

w@owsn3dsee ed by ani on exchange material; ii. apPCT/US2008/004929

conposite ani on-cation exchange material |ayer 1506

di sposed at the outlet of the dual [ayer depletion
chanber, the conposite anion-cation exchange materi al

| ayer including therein onel®? a nixed ion exchange
material, or a doped anion exchange material, or a _
doped icat i en seadtrahged weerrhembrane 14Qferenfigheus with

doped cati exchange ial | 0 d e
conposite g%eonc-a[:ka cquoncli@eéﬁ %1}1%% @ﬁ%@?%gl §f‘gyg/efi&l?SOG

are in contdguougu®ontacth the ®beheds thembetrenlaoe
bet ween t he doped cation exchange material |ayer 1505

and the conposite anion-cation exchange nmaterial |ayer
06 i \& byy; e LpgsapBhbedsghestric

%?EIdféb%w%?égéééqéaﬁ?%%féén%$%%€ 15%7 co%tiauogg

Wi th tehe dual drayde dephleer ohS@hanbeclufiingaacaeinode

depl eti on cganber 1508 contiguous with the first

cation ne 507, the cation depletion chanmber

i ncl ud ng therpinogat évameXehasge, nehenualisy andathod
second cation nenbrane 1509 contiguous with the cation
depl eti on cHethe¥n 1508 and contiguous with the cat hode

gga”b_er. 1510, 8,5 4 511e&iéﬁ@ﬁ%é?”kigﬁ&oﬁlsa@ﬁ?g%%“%s a

nprising: a . an anode chanbeér , I'ncl"uding an

anode result of a voltage applied between the anode
and the cathode;

c. a first anion membrane 1502 contiguous with
the anode chamber 1501;

d. an anion depletion chamber 1503 contiguous
with the first anion membrane 1502, the anion
depletiorn chamber including therein anion
exchange materials;

e. a second anion membrane 1504 contiguous with
the anion depletion chamber 1503;

f. a dual layer depletion chamber contiguous
with the first cation membrane, the dual
layer depletion chamber comprising;

i. a doped cation exchange material
layer 1505 disposed at the inlet of the
dual laver depletion chamber, the doped
cation exchange material layer including
therein a composite of anion and cation
exchange materials wherein the cation
exchange material is responsible for at
least about 60% of the total ion

exchange capacity and the remainder of
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therein; b . a cathode chanber 1611, including a
cat hode therein; i . wherein, an electric field is

w0 oooseshsas a result of a voltage applied betweRCI/Ukm®08/004929

anode and the cathode; c¢c . a first anion nenbrane 1602
contiguous with the anode chanber 1601; d . an anion
depl eti on chanber 1603 contiguous with the first anion
menbrane 1602, the ani on depféti on chanber i ncl udi ng

t herein ani on exchange materials; e . a second anion
nmenbrane 1604 comméguwualmi®n ehehangencdppbétyods

hanb 1603; . t le.l d ti h .
Cont i guous. wi t h SHETHPETEa BY o HeRb R ERB- BRCNPE P

llayer depl eti on £hashisss COPALSbAYcat iondedteBgdg@Ni ON
exchange materi al |l ayer 1605 dlsgosed at the inlet of

the triple | ayermafept b2l ohaxaanbaPs dhepafrdnaéxshange
mterial | ayer inelpdingetherein,a saypasiie;of sani on
a e ani on

and cation exchahgeé nateri erein

exchange mat eri athambéesponsi bbepbdsot tat aheasat-cakdwh
60% of the total ion exchange capacity and the
remai nder o f thRXERRYe| BACBKER né@yéépéEFﬂydﬂ§g

contributed by t efé{h08n8X8?39931§BEe£bﬁ|ekbhai e
doped cati on exchange material l[ayer 1606 di sposed at
the center of theaterphk, | ayea depkdt Annoohamodangehe
material, or a doped cation exchange
material;
1iii. wherein the doped cation exchange
material layer 1505 and the composite
anion-cation exchange material
layer 1506 are in contiguous contact;
iv. wherein the interface between the doped
cation exchange material layer 1505 and
the composite anion-cation exchange
material layer 1506 is substantially
parallel to the applied electric field;

g. a first cation membrane 1507 contiguous with
the dual layer depletion chamber;

h. a cation depletion chamber 1508 contiguous
with the first cation membrane 1507, the
cation depletion chamber including therein
cation exchange materials; and

i. a second cation membrane 1509 contiguous with
the cation depletion chamber 1508 and
contiguous with the cathode chamber 1510.
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cation exchange material |ayer including therein a
conposite of anion and cation exchange nmaterial s

wob@Be30374 he cati on exchange material is respoPSI/bEm®08/004929

for at |east about 60% of the total ion exchange
capacity and the remai nder of the total ion exchange
capacity is contributed by anion exchange materi al ;
iii. a conposite anion-cati6ﬁ5exchange mat eri al | ayer
1607 disposed at the outlet of the triple layer

depl eti on chanber, the conposite anion-cation exchange

Bt eri gl é?é{&&é 818&1995583" ggﬁaﬁ?ﬁ%u%f c%mgix)&%qfl N
exchange naterial, or a doped I'on "exchangé ma ial,
or a doped aatamodexchamger maboLi, aincludivwkerse mridie

doped ani on exchange material |ayer 1605 and the doped

cation exch SHaterial |ayer 1606 are in contiguous

contagh; VvV o MEREHE themAepededali QRAXNAPYS cathode
material |ayer 1606 and the conposite anion-cation

exchange nutleraintayer 1607 are in contiguous

contact; vi.. wherein.the_interface bet, .t he. dope

ani on exchahye Hg?%F?h?’I39e?$fggglgngl%ﬁgpdﬁbgfrﬁééjas
cation exchange getgsiat! ayen 1606age swpatiant ildween

parallel to the applied electric field; vii. wherein
the interface betheeanefie gvgeheacrsmogiechange

naterh@] |Q¥efi}§96a§fgn membrane 1602 contiguous with
the anode chamber 1601;

d. an anion depletion chamber 1603 contiguous
with the first anion membrane 1602, the anion
depletion chamber including therein anion
exchange materials;

e. a second anion membrane 1604 contiguous with
the anion depletion chamber 1603;

f. a triple layer depletion chamber contiguous
with the first cation membrane, the triple
layer depletion chamber comprising;

i. a doped anion exchange material
layer 1605 disposed at the inlet of the
triple layer depletion chamber, the
anion exchange material layer including
therein a composite of anion and cation
exchange materials wherein the anion
exchange material is responsible for at
least about 60% of the total ion
exchange capacity and the remainder of
the total ion exchange capacity is
contributed by the cation exchange

material;
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t he conposite anion-cation exchange material |ayer
1607 is substantially parallel to the applied electric
WO p@Bd305g0 . a first cation nmenbrane 1608 cont i BCOUS2008/004929

with the triple layer depletion chanber; h . a cation

depl eti on chanber 1609 contiguous with the first

cation nmenbrane 1608, the cation depletion chanber

i ncluding therein cation extéBlnge materials; and i . a

second cation nmenbrane 1610 contiguous with the cation

depl eti on chianbex d€09d andt tont egabasgei mhtehle adat hode

chamber 1611. layer 1606 disposed at the center of the
triple layer depletion chamber, the
cation exchange material layer including
therein a composite of anion and cation
exchange materials wherein the cation
exchange material is responsible for at
least about 60% of the total ion
exchange capacity and the remainder of
the total ion exchange capacity is
contributed by anion exchange material;

iii. a composite anion-cation exchange
material layer 1607 disposed at the
outlet of the triple layer depletion
chamber, the composite anion-cation
exchange material layer including
therein one of a mixed ion exchange
material, or a doped anion exchange
material, or a doped cation exchange
material;

iv. wherein the doped anion exchange
material layer 1605 and the doped cation
exchange material layer 1606 are in
contiguous contact;

V. wherein the doped cation exchange
material layer 1606 and the composite
anion-cation exchange material
layer 1607 are in contiguous contact;

vi. wherein the interface between the doped

anion exchange material layer 1605 and

the doped cation exchange material
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layer 1606 is substantially parallel to
the applied electric field;

vii. wherein the interface between the doped
cation exchange material layer 1606 and
the composite anion-cation exchange
material layer 1607 is substantially
parallel to the applied electric field;

g. a first cation membrane 1608 contiguous with
the triple layer depletion chamber;

h. a cation depletion chamber 1609 contiguous
with the first cation membrane 1608, the
cation depletion chamber including therein
cation exchange materials; and

i. a second cation membrane 1610 contiguous with
the cation depletion chamber 1609 and
contiguous with the cathode chamber 1611.



