| ON- EXCHANGE DEVI CE AND REGENERATI ON METHOD OF | ON- EXCHANGE MATERI AL
THEREOF BACKGROUND 100011Enbodi nents of the invention generally relate to

t he i on ewoharge744echnol ogy, and nore particularly.. toPam/usesmpsshar ne
device utilizing ion-exchange materials and a regeneration nethod of the

i on exchange materials. 100021i on exchange materials are used to .renove or
repl ace di ssolved solids, ions or other charged species in solutions, for
exanpl e, for producing high purity water, for deionization of waste water,

for water softening. lon. X%gh" ) rials..typ a+ V.G i ses two types,
nanely cation- Q%ﬁ%ﬂdgggﬁﬁ qﬂgﬁfggé ?‘Wégﬁﬁﬁﬁiﬁlﬁgﬁﬂ8%§§gé general ly
bei ng solids or gels whi chExgonmaneseviATerk.&c ealpikgorons, or which chemically
react with :specific ions in the solution, 100031Wen the ion exchange
materials are saturated with ions extracted fromthe source solution, the
i on exchange materials can not performion exchanging any nore, or results
in a low effhckemey b |1 on exchangi ng. Accordingly, ion exchange materials
need to he regenerated to renove the extracted ions fromthe ion exchange
mat eri al s. m‘;corﬂnmtiinwmsr epenenatchte nethat odlabon exchangahmmferials is
a chem cal nqt od whi.c st ep, usi aci di ¢ sol utions or

i nsi n
concent r at €§° ?QF%‘§Hﬂd??8ﬁm§fﬂm£a€%Fgﬁﬁﬁﬁ§%ﬁbﬁ Ut YHEES WHRIROMER) for

cat i on- exchanagaaidel kgdneansh RAGLE oSBE hicefBniOhai@iloNn- exchange material to
replace the extracted ions. However, in order to have a conplete

regener at i opogf] t hé £QRuLXGhAMGR s tAeoyd Heegaiediigoed sHikonssand basic
sol utions usually inc|lude excessive jons, ﬁglch result in a waste acid or a

wast e base, Oivm'i‘f*éw PEECHRERHBY P8 o Aav Rk S Tohse Bor iy aRies

addi tional {f e@lARRlonbEf Qhfe ditEhar 88 {Qed tb@fte@mw QR MR M anc ARQERI
conventional regeneration nethod of ion exchange materials is an

el ect r ochen® BEHDONRGSSIHP dHPes glamel GREPEPNIHIS apH 1Ay O OBEsdBReBE cur rent

and then reggnernat béﬁgf‘ﬁmmxgQozﬁ%gqm@@%mt &!f;ﬁ;ﬁ‘ S réiBXm& A6 ot apdafdg . Simlar
to that dlscussed W t h respect he chem cal nmethod, in order to have a

conpl ete re@@ﬁ%ﬁélﬁ@ﬁ*@ﬂ“@h@h@@ﬁS@%bhaﬁg@nnaterlals, t he produced H+ and
OH are generally excessive, and result in a waste acid or a waste base. In
addi tion, tHBOX| edYheylheion exwangs: Baicwy e bitirglop Mo ady astiriinieyn e

\‘;\gtnz 'r dg;f‘?'t%u}c@ A8, 8R40 GlchahedUBickiQs LRnd QWEH L6 L&RGYu R arklggh r Ochem cal
or results in a low efficiency of 1on exchanging. Accordingly, 1on exchange materials

need to be regeneraled o remove the extracied ions from the 1on exchange materials.
One convention regeneration method of ron exchange materials s a chemical method
which has a ninsing step using acidic solutions or concentrated salt solution (e.g
saturated sodium chioride solution) for cation-exchange material and basic solutions
for anion-axchange matenal to replace the exiracted 1ons. However, m order to have
a complete regeneration of the 1on exchange materials, the acidic solutions and basic
solutions usually include excessive wons, which result in a waste acid or g waste base,
which is considered {0 be hazardous waste and requires additional treatment before
discharge to the environment.  Another conventional regengration melhod of ion
exchange matertals is an electrochemical method which splits water into H+ and OH-
under DC current and then regenerating the ton exchange mateniagls by the H+ and
OH-. Simular to that discussed with respect o the chemical method, in order to have a
complete regenaration of the ion exchange malenials, the produced H+ and OH- are

ecenerally excessive, and result 10 a waste acid or a waste base. In addition, the



[0004j I n a word, the conventional ion exchange resin regeneration nethods
are not efficient and costly. It may be desirable to have an ion exchange
devi ce amdoaoroagensr ati on nmet hod that differs from t hosectarse@ansonal
assenbl i es and net hods. BRI EF DESCRI PTI ON 10005] One aspect of the invention
di scl oses an el ectrochem cal device. The el ectrochem cal device conprises
an el ectrochemcal cell. The eltx:trochem cal cell conprises a conposite
cation-exchange nenber including a conductive base and a cation-exchange
material in_. physical contact with the conductjve, hase, osite

ani on- exchafiEORSEaN TohTI A RE o COMBIEE e aBE  dnge BROHAoRISRchange

mat eri al i npphysifaabn@antRetocMbhRatRigerepndagict i ve base; and a conpartnent
bet ween the conposite cation-ex.change and ani on- exchange nenbers. The
compart rrent{t}cmqprihsamam thelcedyef@inal hreduebag:sa tf&_@@ﬁmﬁtnﬁ aRModand an outl et
for exiting of _an out @rean1o t of the conpart The

el ect r ochenf€ 1R PR L%ﬁhp ngghe 6%?7511ﬁévﬁd@‘é ‘ﬂ“ﬁd#é&edﬁdﬁransnlt an

el ectrical @by MRbAMLLANBRFichEhealdhbAmEXRNARGRN R ErERbAREeXCchange
menbers at a regeneration stage in a manner that the conducfive base OR t he

conposite cation-exchange nenber | oses el ectrons and the conductive base on
t he conposite ani on-exchange nenber gains el ectrons. [0006j Anot her aspect
of the inmengror sEsatipsasvan el ectrochem cal assenbly. The el ectrochemn cal
assenbly conprises a casing, and a plurality of conposite ion-exchange

menbers arr@oggd iohepabah |l thé mkhon asiiogs ﬂihgg,@ow@h@ WeGke COMmposi te
i on- exchange nenbers defines a pIurallty of ﬁonpartne ?etmeen every two
adj cent corfﬁ’dé‘lot“'@‘ql%ﬂll dEEh Ry SHetfb B PEochig o Sitbr iTse &legrogaast! GHe bi pol ar

conposi te ELSbEEM@&Hné WRIBRRANETROESer ihA8diRE RAARGIBID B4 GRIRS | Ses at
| east one con jucti ve base, a cation-exchange material on one side, and an

ani on- exchafjen FEargeanatei tih hstark Fondcl &1 e COIduEtE Reffe i (CAICHEs enbl y

further conpfidS&Shhs€ LB inBaYhEE GRALH U arkiOnt: ﬁ\ﬁ‘ﬂsﬁlﬁ\m@e FUEHS nt at a
regeneration stage in a nanner that the conductive base on"

cat i on- exchisngfe sgildeongict t‘H@‘ Biepetraicienprosi ! ﬁe@@mﬂnﬁ@@eém\@me&w ons and
t he conduct iy, Nl N aT-W=Ts changens! dg. heIprQ couposite
do ng?es%n@t \[(,0.8’1 91 i lesfg a aﬁng m%u L nﬂjrirl Q;HD

menber gai ns €l ectrons. anot aspect of ention
di scl oses aconggissrematicichs mithethuof fegthstream, and an outlet for emmg of an outpul

stream out of the compartment  The electrochemical device comprises a control
device configured to transmit an electrical current to the composite cation-exchange
and anion-exchange members at a regeneration stage in a manner that the conductive
base on the composite cation-exchange member loses electrons and the conductive

base on the composite anion-exchange member gaing electrons.

[0006]  Another aspect of the mvention discloses an electrochemical assembly.
The electrochenncal assembly comprises a casing, and a plurality of composite 1on~
exchange members arranged i parallel in the casing, The plurality of composite 1on-
exchange members defines a plurality of compartments between every two adjcent
composiie 1on-exchange members, and comprises at least one bipolar composite
member between two compartments.  The bipoar member comprises at least one
conductive hagse, a cation-exchange material on one side, and an anign-exchange
material on the other side. The electrochenucal assembly further comprises a control
device confizured {0 fransmil a curreni at & regeneration stage in a manner that the

conductive base on the cation-exchange side of the bipolar composite member {oses
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i on exchange material which is positively or negatively charged and have
absorbed negative or positive species. The regeneration nethod conprises
bondi ng twe 2omm7ewshange material material to a hi gh- suPCaas2@0m6e4397
conductive base, and exerting an electrical current to the

hi gh- surface-area conductive base to drive electrons to flowto or fromthe
hi gh- surface-area conductive base to expel absorbed species fromthe

i on-exchange material into a solution,. [00081Still another aspect of the
i nvention d%scloses n eHectrgcheana rocess. .The el ecHrochenlcaI process
conprises atPBHIYART GRICTNG 85 A0 e PEGENEFEET B TigPoleHE e Sni zat i on

st age conprmsaberighihk @duenng a feed streaminto a conpartnent, absorbing
di ssol ved cations or anions on an ion-exchange naterial, and exiting a

di lute stremopqut Safi dhh&ﬁemﬁﬁabf ﬁiﬁmﬁx-‘-enﬂ_:hﬁii&e@e@@E@Lﬁa@ﬁlio&ttﬁ@ﬁx&ﬂ@ri ses
Physi cal Iy cont cting % on- exchan%e naterlq go a conduct | ase, and
exerting an BIRSPERIMEH PEHE" PPaEBhdt ersEch 4suEehiy Rats ‘ﬁg"“ﬁ
conductive Ras@et@ J0SiCe )REEr OMS ERNEXRAG] mARLOISMARSOHBRGOM:tife

i on- exchange material, or causing the conductjve base to gain electrons to

expel cat i onsbuBE ke B bgh- s%ﬁe@s@éwan%uh%wﬁ.w exeHRAW RIES$900911 n t he

acconpanyi n&;@ﬁﬁ%ﬁ&%wi‘x L%‘%@-Ql%a%&&cﬁ[l% BB 8SBRL eleLt!f&st@%xﬁ b BF gughout the
drawi ngs, wherein: | ustrates an el ectrochem cal device

accordi ng t@~dhé“@ﬁ@admﬁ%ﬁ@ﬂﬁﬁ“t%émmﬂVEﬁ%Wénm“ﬁb@hiﬂ¢W%3”@mlh?ugtrates an
enl arged vigw,of.c AaRALLLEN H@fn t he el ectrocheni cal device in FIG 1 at a
de-ioni zation st'age according to one enbodi nent of the invention.

[0008]  Sull another aspect of the ivention discloses an electrochemical process.
The electrochenucal process comprises a detonizalion stage and a regeneration siage.
The detonization stage comprises mtroducing a feed stream imto a compartment,
absorbing dissolved cations or anions on an on-exchange material, and exiting a
dilige stream out of the compartment.  The regeneration stage comprises phvsically
contacting the ion-exchange material 1o a conduetive base, and exerling an
electical current 1o a conductive bage, and causing the conductive base 1o lose
electrons to expel anions absorbed on the ion-exchange materigl, or causing the
conductive base 1o gain electrons to expel cations absorbed on the ion exchange

material,

DRAWINGS

{00091  In the accompanyving drawings like characters represent like parts
throughout the drawings, wheren:

{0010] FIG. 1 illustrates an electrochenucal device according to one embodiment
of the nvention.

{0011}  FIG. 2 illustrates an enlarged view of a portion A of the electrochemical
device in FIG. 1 at a deionization stage according to one embodiment of the invention.

{0012  FIG 3illustrates the enlarged view of the portion A of the electrochemical

devicg in FIG. | at a regeneration stage according to one embodiment of the invention.
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[0012JFIG 3 illustrates the enlarged view of the portion A of the

el ectrochem cal device in FIG | at a regeneration stage according to one
enbodi nerwoabiotiies4Bnvent i on. WO 2010/ 077448PCT/ US2009/ 6238200006337 FI G 4
illustrates an exenplary configuration for regeneration of a catio exchange
material. [001411FIG 5 illustrates an el ectrochem cal device according to
one enbodi nent of the .invention, 10015]FIG 6 illustrates an

el ectrochem cal device according to another enbodi mrent of the My enti on.

[0013]  FIG 4 #Hustrates an exemplary confipuration for regeneration of a cation-

exchange material.

[0014]  FIG. 5 idlustrates an electrochemical device according to one embodiment

of the ivention.

{0015]  FIG. 6 illustrates an  electrochenucal device according to  another

embodiment of the mvention.

{0016] FIG. 7 ilustrates an enlarged view of a bipolar composite mentber

according {0 one embodiment of the invention.

DETAILED DESCRIPTION

{0017}  The invention includes embodiments that relate to an electrochemical
devicg and an electrochamical device utilizing ion exchange materials. The invention
includes embodiments that relaies (o a regeneration method for ion exchange
materials,

[0018]  Referning to FIG 1. an electrochemical device 10 according to one
embodiment of the mvention comprises an electrochenucal cell 11, The
electrochemical cell 11 comprises a composite cation-exchange member 12, a
composite amon-exchange membaer 14, and a compartiment 16 between the composite
cation-exchange and amon-exchange members 12 and 14 The electrochemical
device 10 comprises a contrel device 17 comprising a power source 18 operable to
transimit current o the composite cation-exchange and anton-exchange merbers 12
and 14, In one embodiment, the compartment 16 includes an miet 20 for imtroducing
a feed stream 22 containing ton species into the compartment 16, and an outlet 24 for
exiting an output stream 26 out of the compartment 16, In certain embodiments, the
output stremm 26 13 a dilute stream at a deionization stage and is a concentrated
solution at a regeneration slage, which will be discussed i detail later. In certain
embodiments, the control device 17 further comprises a switch or refay 28 which is. in
one embodiment, a bidirectional switch for controlling connection and disconnection
of the composite cation-exchange and anton-gxchange members 12 and 14 with the

power source I8,



100161FIG 7 illustrates an enl arged view of a bipolar conposite nenber
according to one enbodi nent of the invention. DETAI LED DESCRI PTI ON

[ 0017] ThewOrosnt7r4as i ncl udes enbodi nents that rel ate toPam/usk@ows43ehem ca
device and an el ectrochem cal device utilizing ion exchange materials. The
i nvention includes enbodi nents that relates to a regenerati on nethod for

i on exchange materials. 10018] Referring to FIG 1. an el ectrochem cal
device 10 according to one enbodi ment of the invention conprises an

el ectrochen] cell 11. The el ectrochem cal cell 11 c rlse a conposite
PRl TR R S A U A it A e

conpar t ment md@bdetivesd thearCPaRESi e aGalid GMRIGRANIRe abshpaik aatexchange
menbers 12 and 14, The el ectrochem cal device 10 conp a control device

| Se
17 conpri sifi§ hipep oty WL SHEPRBI &2t §d FAndHi fﬂ@&m@nt Alothene

conposite CRLRAUEKCRANIR: athodil SloSXSaRaCHIBNRAL& Hedo@Rdmbds hn one
enbodi ment, the conpartnment 16 includes rn inlet 20 for introducing a feed

stream 22 c%’ﬁt i Aiegichnelaggeeite syt © a prsitiys Aparehint 2 1@atghigaiRslout | et 24

for exiting,@me tRHLoSEE §8M 26 1}%“%&%;&@@ SREP At B kg ekt ai n
enbodi nents, the output stream 26 is a luté stream at a dei oni zation

stage and |dsenesshiclntioserdowed 4t ik de fanwgéh@watmbwamca@él ayipii-ch will be
di scussed ip fel.ai Haler. 1*%(@% !d”(_.agghaﬁ:gﬁ%imtt RRWGRANEE %a\:{l&% {.ce 17

further conprisés a swtchor re ay in one enb
bi di r ect i onaliosakdigtpefod ass@n-ten@imenfgembﬂméitmnfohl aldb i sobndiesni dm of t he

oversour AT GE OB BRI BU e BOBR RS Py Bhe dnboar ment
t he conposi a-txeh:m@b irgmebex ¢ b and ebamndoramichmpexodelnge4 with a resistor or other

glectrical methods.

{0020  FIGs. 2 and 3 are respectively enlarged views of a portion A of the
electrochemical device 10 in FIG. 1 for betfer illustration of the composite cation-
exchange and amon-exchange members 12 and 14 respectively at the detonization
stage and the regeneration stage, according to one embodiment of the inveation. The
exemplary composite cation-exchange member 12 includes a conductive base 30
operable connected to a positive terminal of the power source 18 and a cation-
exchange material 32 physically contacts with the conductive base 30. In certain
embodiments, the exemplary composite amon-exchange member 14 includes a
conductive base 34 operable connected to a negative ternunal of the power source 18

and an anion-exchange material 36 physically contacted with the conductive base 34.

{0021]  In certain embodiments, each of the conductive bases 30 and 34 has a high
surface area, and in one embodiment, 18 a porous electrode. In certain embodiments.
the high-surface-area electrodes 30 and 34 each conywise a conductive substrate 38,
and 3 conductive high-surface-area portion 44 on the conductive substrate 38. The
conductive substrate 38 mav be formed of any switable metallic structure, such as, for
example, a plate, a mesh, a foil, or a sheel. Farthermore, the conductive substrate 38
may be Tormed of suitable conductive materials, such as, for example, stainless steel,
graphite, titamium, platnum, iridiem, rhodium, or conductive polymer conductive

oxides or conductive polvmer/carbon composite.  In addition, the metals mav be
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menbers 12 and 14 are planar. In another enbodi nent, the conposite cation-
exchange and ani on-exchange nenbers 12 and 14 are cylindrical.At the
regener atwonrosxEgas t he conposite cation-exchange and amcgrisesw/oé39and 14
respectively electrically couple to a positive termnal and a negative
term nal of the power source 18. At the deionization stage, the
bidirectional switch 28 di sconnects the power source 18 with the conposite
cation. - exchange and ani onexcb. ange nenbers 12 and 14 and causes a short

circuit between the co Ssite cation-exc e and. ani on-ex ge,_nmenbers
1 5 e LA B PR DS ARG Aoih RS T Parte ri

control | ed dethih, smiGAMRGE, lbO@r bhge Ctidiety palweembhs: ¢ablooal exahange
menber 1:2 and the ani on-exchange nenber 14 mnth a ,resistor or other

el ectrical THOH¥S 5“%66‘2@!\/&\0"21“3%‘1‘6” YT RsPER PR B‘FS‘/“ pRISPgR AW ews of a
portion A ohcitilfte ghiegliiniRCheM gatoidevibEtidferd) BAE cdmbifiidRet iRkeof
illustration of t e coqf05|te cat i on- exchange and ani on- exchange menbei s 12
and 14 respEetivgs| §f apnqupdvedORERT 2ati spetagdanbdasd wegeier dfPon st age,
accordi ng tgang: %H‘Q»fadhne&t;d@fz »\tl“h? b elmn'uf?irhn_&h@d EXRTRLALY genpRsite
cation-exchange nenb i ncludes a conductlve base 30 operabl e connected
to a positisebodipant. d&# tﬂmﬁwﬂhé spistiele 38auk o apd. dneder embsdimgihe materi al
32 physi cal by £ORLACHS; WM tRinide L0 lqys(!:&t Idvgf‘ohq@cc!ﬁ 5%%11‘1} chf] 5@ finebodi ment s.
t he exenpl ary conposite anion- exchange menb 4 1'nc a conductive base
34 oper abl egregninadttied: t!dliaumgima vie merembnéllmeof ﬂtehem@mmeqa hgburdecel8 and an
ani on- excha e 6 AT t [ thve base
34. 10021 1Iﬁg§ gﬁgn -{( 1?1;1\ I?@ {opin f«if zﬂ‘l Xrﬁﬁgﬂ %%ﬁ&%s\/\{g mt\g“x.\l;}ﬁbbwgg@gﬁ and 34
has a high SmeBGEIardﬁgnmhd{ﬁnmdmem$ﬂbbdeBh¢gnmhmmwpbmhusﬂgkenmrode, In

certai n enbodi e-are el ectr, des 30 each
conprise a Condi E(% RI7L ud% dqb‘}s]‘tir h}rg{m?,éar% h GRS R g “ﬁh{:’é}h‘aﬁé‘u ShE8- ar ea

portion 40 ﬁmhibahcmnﬂmﬁmlvmaﬂmbsmname 88. @&hﬁkcamdﬂcbmwﬂ sudest fat e 38 may
be forned ojqané gltab e get ¢ strrcture such aﬁ for ex ng
plate, a meSHYPE fgepiprige Stiet B b e opd Y B BB GtlcPTvE Dibstrate 38

may be forngdvef suitable conductive materials, such as, for exanple,
stainless steel, graphite, titanium platinum iridium rhodium or
conducti ve pot3jinenn &Qﬂ&ﬂlued»du‘viemoxiudie& 0l shoan Gt idvevipgl yeesaiaciben
conposite. In gdltlon the new be uncpated or coated., One such

example is i REste 6‘” ﬁ‘éﬂlwfe’é?as}jfl%@?e{ %“HGTSW‘@BYF’E'&?’WU@WOdl ment s,

one or m)rem@t@snadbt@}tilsﬁguwhﬁw§sdifﬁMmﬁeweﬂSﬁhQ}&@Qoﬁ@xcﬁm}1@ﬁ@dﬁ%@Ialéﬁe
substrate 38. Non-limting exanples of such conductlng pol ymers may i ncl ude

pol yani | MeROTBBFy Ry P ore ‘3‘%6‘#“91551‘?} d%é‘ﬁ’é‘“‘%ﬁd‘&‘% ﬁéﬁ?’?lﬁh?‘ PREFSSS |

Exanpl es ofd;rslemw‘éame:mmcﬂy%s ofMBYn RIPLCREs) MHE m&%eﬁmtuﬂ oxitdg (1 TO,
anti nony-doped tin oxide (ATO, and al um nium doped zinc oxide. In one

enbodi ment , m@ckedt@é% thadpgtylest é‘lﬂfé‘?‘i“&ﬁ'ebo%mﬁa @f na‘mftme% Briomprird satrehrelot her

embodi ment s, %Bxﬂiss kﬁ%%ﬂﬁﬁtiﬁe %1&'(:@%:3?\3% Et‘i‘lenxj l@i’?@uesstir@ﬁhh ”’&%ﬁmu%s mium Iy
pol yolefinl,,,, .. hité conposite f a graphite plate, or titani um

plate. In oﬁ@rléhﬁw S Ao !@fﬁé!k@dﬁmm heﬁé thegiter Suir¥asncder AV eds bwem Bn 40 may
be formed 0{@&%&9@@@%&9 ve L%Fi%!!’}?‘kl%hbﬁg GOIRRSL RS n"‘h&ﬁa ﬁwt}{ga&hn xurface

area. Exanples of such matérials fof the conductive hi gh- sUr ace-ar ea
portion 40 @m@hudeoacﬁpvémnhﬂbbmv!uaﬂbdhwnammeube$n&gm@mhﬁtemhwatbon fiber,

car bon 6l Ot e £2L0ANASLANE i LU R! LIS RANIGLS, (0N RARIR! Bl glegl et al

oxi des, for ex FUt Reni um oxi m xt ur es
of any of tmmdmmmveamm[&QZQalm,anmhhemnémwmdMneht anhmh.ugmnom shomn in

the draw n onduct.i v . :
gpa’lmn 1G5 G o;k Ufthout additional conductive substrate.

{0023]  In certain embodiments, the cation-exchange and anion-exchange materials
32, 36 are soluds, powders, {ibers, gels contaming tons which will absorb, or which

will react with jonic species in the feed streamy, so as to de-ionize the feed stream 22
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bases 30, 34 conprises, for exanple, nano-patterned or nano-structured
conductive material and includes mcro protrusions to formthe conductive
hi gh- sur fwioeesvEasporti ons 40. I n one enbodynent™ the ceaaostewecdisases 30,
34 conprises patterned arrays of carbon nanow res or nanotubes (CNTs). The
patterned array of CNTs is nade due to the fact that the chem cal bonding
of nanotubes is conposed entirely of SP2 bonds, providing the nol ecul es

wi th their unique strength. Nanotubes naturally align thensel ves into
rope-like form hel d t, ether Van r Waal s forces. .In anot
erbodyment , M8 G HAGETHEGR. bESuCEY TAdndP SHEE EBR Tg g EHeL her and
exchange soffsPhQBcdsdak r8RdciieRdsive bUS GicNdndg chiteinpesaiibist by of
produci ng strong unl i mted- Ien th wires. I n one enbodjnent t he _nanot ubes
grow on a COHBUGE vA&TEHEEEFEbE Bas py 19fh SY AR e RNt HBYh 8 ro- t ubes
grow in a patd@fp which can work without additional conductive substrate.
100231l n certai n enbodi nents the cati on-exchange and ani on- exchange

materials 390246 ak enSOhbdinenRINERTiBn-cEdhBRlcSna@RlSI CORlpakNkNeh« @RS Whi ch
wi |l absorb,. or which will react with ionic species in the feed stream so

as to de-i offi Zacde apidsralip-gwhinee MyFin oad éhSI‘*B’t‘éé‘ JEifSRHON-EY AR
de'on'Zat'Oﬁmééﬁgeﬂu:@eﬁﬁfééh@(ﬁﬂﬁpgxﬂﬁﬂﬁﬁnm&ﬂﬁ1@@&H9&w%h&@r%ﬁm99 exchange
materi als respectively have an 1 on exchange capaci of a least 0.1

mequi vi g. MORETPY efapnatty Weakhagcl |1@w¥exéwang’edea%aci>& ywask Iﬂi—*éher t han
0.5 mequi1QRddhkily 20 gﬁ@@%%%% hORAGAL! ORaEAENARASITB! BEd Bl c32
conprise at |east one a weakly acidic catlon-exchange nate ial and a
strongly ac@ﬂﬂ@meail@nﬁ@kchaﬁg@ﬁWﬁtewh@Pelﬂﬁ@rﬁeaﬁﬁwDQQMﬁ¢®l@a@hmn exchange
material is Qr., N Kl.y,aci di ¢

fonct i onal | m&z@%xl I}R\%@R f{m \M%\ duﬁ%“%‘fum%ﬁ tl%g%%ﬁ&”iﬂ‘ krﬁx?ﬁxr }ﬁ‘@@s Sy vl i c
functlonal|mmnmh@naﬂeu¢UmcmnmhukIBme%~hh@smh0r|h}@ﬂhﬁ@p@nehunyimStrongly
acidic catign exchange e r.ga a terials
conpri ses Slg?rgﬁazr e\\g{gxln n;%l rlljancgm %e m{nh?ﬁg fg{]ﬁx%p as {9@: q mﬁ’gc?dﬁ C group
conpri ses s“m&xf@adw Cﬂkmnmdnmgeomuaud andt y @mmﬂulphﬁtanhmmeﬁhmgal ity .

I n one enbodi re |on ex han mat er e _conbi ned,

For Cexanmpl eMEE? SOMIMALT! 8h i a B USRI T GLTUTE: UL h Bk oh e rmt e | i

and a Sth@dl;;dn@ﬁih&h,gQ:ﬁﬁéﬂa@n exchange mat erial a conbi nati on of an

i norgani ¢ cation-exchange material and an organi c cation-exchange ateri a]

. [00251in mnhaenb@dﬁwﬁﬁ@KMh@ﬁtﬁﬂNﬁ@b&%ﬁh@ﬁ@&WﬁﬂlEﬁhﬁhmﬁﬁsﬂ@ﬂ@fm&es at

| east one of, a %ﬁ@ g basi.c anj on- exchan naterls and a stéﬁ | y basic
% ch

ani on- exchatigt " I°. AHHENRERF yBEY ¢ ‘Qrﬁ OfPERC Aattg 8 HEFE MR i s t he

i norgani ¢ Ofa@igamhe wakier bl S0t atdne weakilyishasiiCorfanc bl onahict y.
Exanpl es of weakly basic functiognality conprlses primary, ﬁﬁcondary

tertiary - aNUREA T GHEMTEEalMCEYY afly nfvBERERIY UNFRagRsE adl nivefilor Y484 i di ni um

functional i gMeiichRAy StEHANGLY Rasde aRlQBreXahiange dmdeerildliohdint hggdl nor gani ¢
or organic material containing strongly basic functionality. 'Exanples of

strongly ba§tiéwpipet pengineg Fompriyey yugtoep Har;}hewmfudsﬁeaﬁet%na| ity.

In certain Sﬁﬁ&ﬁbﬁ@ﬂi§ﬁ;QQE,thﬁﬁmemc&ﬂQHSHﬁﬂgmehMH%h§ ﬁﬁ%oﬁehﬁﬁp|0yed as
t he ani on exchange mat eri al , hbn-llnltlng exanpl es of Such ¢onduct i ng

pol ymers menetinsiliie Mempieni o rEongol Wi fetcsonghisi yeonipsptiegalerard combi nat i

ons -t her eofmmonium functionality.  In certain embodiments, one or more conducting polymers

may be emploved as the anion exchange matenal. Non-limiting examples of such
conducting polvmers may nclude polvaniine, polvpyrrole, polyihiophene, and

combinations thereof,

[0026]  Io one embodiment, a method of producing the composite cation~exchange

and anion-exchange members 12, 14 comprises producing a high-surface-area

glectrode 30, 34 A nethod of producing the high-surface-area electrodes are
7



1. 00261l n one enbodi nent, a method of producing the conposite

cati on-exchange and ani on-exchange nenbers 12, 14 conprises producing a

hi gh- sur fwioeesviEas4el ect rode 30, 34. A nethod of produci RGTIUSR009/064397

hi gh-surface-area electrodes are 7 described and illustrated in U S. Pat.
Application Pub, No. 2.008/ 0057398 and pendi ng Application Serial No.
11/947328 both to the conmopn assignee herewith, the entire discl osures of
whi ch are incorporated herein by reference. In certain enbodi nents, the

ol Ur al Tty G BOFRE TR IEhodranb iAol QR PakBYap Sk g and prgdine 1 ©

hi gh- surfacsp;aﬁ@campwd; ®O. BBograys behi iR danRge RfigalktitewlB0nafguto about
5000 nRig ? nmeasur e ni trogen adsorp é n BET met hod. In g specific
enmbodi rrent “%‘Ill‘é“‘%ﬁr"f z&@&‘a’i“e"‘&f’mﬁ CdieES by f‘é‘éé“‘ér dB SHHFR FORCEBIE i n a

ranv; e of a{lﬁ@ﬁhxsﬁéﬂnm*surh& Qs ARAHIdBROhIHRY Gspebilch NBLE SPaslil &
enbodlnent the surface are of the high-surface-aréa portion 38 is in a

range of abiues 1500¢ PRPPHTEY. BB SWHace 30 ohplreghich-prrBReEABOdPIERMYZi n

average di ageleh Qe HEaRAK 9% i R greabslt {aNm%: NANQIBLES by %QQ&?,]IQThe met hod
of formng a conposite cation-exchange or anion exchange menbers 12 and 14

conpri ses f@$W$W@‘&féaﬁwﬁwie}%haﬁ@éhéﬁﬂﬁﬁmﬁhﬂbﬂ%haﬁéébﬁﬁtéﬁﬁ@ﬁ“@? on/in the
formed hi gtr}r“rt?'aciﬁ&?le@{]&@%ell\%ﬁ (;19%?013@0@1“1‘10%14 1;9 B8 HM‘%Q@' : H%Q tact with

t he hi gh-s e-area portions 40. |In one enbodi nent e’ nmet i ncl udes
form ng a nipetilic embddizmenti Ba %@k@hmgé tongranfacaaen osoh Bhken aantdiea proper

i48i Li ator, c‘?}‘h‘ﬂoﬂ' ﬁﬂ(‘% Lﬂg &&‘?ﬂ%d‘&“{eh%{ &xéoﬁ%t‘éﬁk% ¢1§"1[1€]:s:a(%§m§£ e& portions
y, for coatin ng, or

spin coatin@;p@xawghesxdﬁnammmmn$x ch aft e NDllorner |nclude 2 (D
met hyl am no)ethy nethacry late, 4-Vinyl ben zy trinmethyl anmoni um chloride
and al | oth@ﬂfﬁuaﬂépnaHW%h@ﬁﬁimmW anhmmn@wgﬂ@ﬂ@@ﬁﬁ&@ﬂbmgﬁwanMEms Exanpl es

of cation e NONE) 2 Y sul fonic
acid, 4- St’xgnesuﬁ%gﬁ%gtagf S&fgn““ a&ﬁ@“e\g 'Fﬁﬂgmgyl oﬁg%nqr car boxyl
group conta&hamglmmm@nedﬁndﬁammﬁﬂﬁ&sdémmﬁegsﬂhdnﬁenbenm{udﬁ\NﬂmmJ

Net hyl enebj t hyl th
oo unci Nl (B P EBRELH GGl 61 o S DUl ROl R EHGHRl .

Exanpl es of folh@g iamhikived @Yani e bueten tﬁZﬂhhbSlL!S aRuifsytiokdr tiid & gropbepziayt, per oxi de
and all other, azo or peroxide chenlcals 100281l n ogngnb dlnent a cont act

interface ofdtHWersH BRIUNERANGR B MShPuRceRER Agen Vi BF &880l 4 36 wi t h
t he hi gh- sugk@eedaneg, Nt sy 4ekSp@ieal @ splrn@iud® Examples of anion

exchange monomer include 2-(Dimethyviaminolethyvl methaorvlate, 4-Vinvibeneyl
trimethylanwmonium chlonde and all other qualernaryAertiary amine group containing
monomers.  Examples of catton exchange monomer include 2-Acrylamido-2-
methyipropanesulfonic acid, 4-Styrenssullfonic acid sodium salt and all other sulfonic
or carboxyl group containing monomars.  Examples of cross-linker include N, N-
methyvlenebisacrvlanude, ethylene glveol dimethacrvlate and all other mono-funcional
or mutifunctional dibond group containing chemicals. Examples of the imtiator
melude  azobisisobutvronurile, benzovi peroxtde and all other azo or perovide

chenucals.

{0028]  In one embodiment, a conlact interface of the cation-exchange or amon

exchange materials 32 and 36 with the high-surface-area portions 40 15 greater than 10
percent of the swrface area of the high-surface-area portions 40, In one specific

embodiment, a contact interface of the cation-exchange or anton exchange materials

N



percent of the surface area of the high-surface-area portions 40. In one
speci fic enbodi nent, a contact interface of the cation-exchange or anion
exchange watervealies 32 and 36 with the high-surface-ar e®Cparsteoe4340 i s
greater than 40 percent of the surface area of the high-surface-area
portions 40. In a nore specific enbodi nent, a contact interface of the
cati on-exchange or anion exchange materials 32 and 36 with the

hi gh-surface-area portions 40 is greater than 70 percent of the surface
area of the high: surtE‘ e-a ea ortlons 40, 100291Refer .G 2, at a
dei oni zat i oft E’%a%fe“‘ HEe B |'15§"?a*?£‘”§‘\i{ﬁst‘*8tf\ 2ol et eE 'se“t Re "Bower

source . 18 Wit ax&emcmam;&tshﬂmathqmﬁm hiange aande aftconR-@xolange amenbers 12
and 14, and the circuit get ween the conposi te cation-exchange and
ani on- excha‘r?@é‘%ﬁéﬁ"b‘éi*s“f SHEP PACRBESHOTHBESRBEET BHETRP PO &8 W t he feed

stream 22 agg habsefReArQhd-ilHis a8t QBEXERNANTErERE 8F hidkudRe aRd odlizons X-
ionized in the Teed stream 22 are absorbed on the ani on-exchange material s

36, ther eby &S ER-21eA§OF A Feed stream 22 to produce a dilute stream 26
exiting the corrpartrrent 16 _t hrough the outlet 24. 100301Referrjn g to FIG
3, at a reg@f¥tat FsretalelG ne Brdit@erlighafssipt eRTEIBIEERES the power

source 18 Wildnide & WB‘R%% L&Al k Qﬂ e NRRGR AN EhiAR0BmRL han Qﬁoﬂm nbers 12
and 14 and respectively charges the conposite cation-exchange and

ani on- exchatgeange meawbers 12 aph & Imd 85 rRet prosean ey siregiiei-vechersect r odes.
Under the e'ln%%mn%l:hﬁ% Eﬁﬁ%m t;h%&@@qtug‘tg h¥e @%ﬁﬁs QfL phiAde GETRASi te

cation exchange menb | oses el ectrons, and the electrons transmits in a
direction adrepmdidoe éﬁt‘l&’yd tﬁh@leamtl@weﬂmtghemmtaihﬁbmd menstXd iphesdcionduct i ve

base 34 of %?Fﬁ:& m%%' ifaz@”ib?&ﬁ&?‘&ﬁ‘%% ;%%ﬁ&w%‘}ndt O“cd' FQLM g@nions X

absor bed on ani o ges mate 0 the solution

in the conp@nvmenm.&61%anmIPhepadvmonehm%%abgdﬁbedmg@mﬁmameWmdﬁexchange

materials 3; _%ép .,gd into the solution in the conpartment 16. The
rouE h 1?

out put stream € regeneration stage is a concentrated solution with

a rel ati vel yojon R%fﬁll%?nt%a{ .90 P PBSiLPOTAT L QR SIRACI TRy the pover

source 18 i ntr erenti al e conposite
cation- exchtamgm»arct& amamcemhamgemmrd)emmp(ibﬁe cam)‘t a»z&hatr@ebm;lm&m—o to 10V,

in one specif]j n e di ff er ent € he conposite
cat | on- owcHBRYEEENAT T on b R GE PrEnER s Bt M R B R "o 5w i n
one nore sped ddie-erhede nentberd In:e addt filieweit ipabitivohtdhgepdied weemodshe

Under the elecirical corrent, the conductive base 34 of the conypostle cation exchange

member 12 loses elecirons, and the alectrons transmits in a direction as indicated by

the arrow of the phantom line to the conductive base 34 of the composite anion-

exchange member 14, Accordingly, anions X- absorbed on the anion-exchanges

materials 36 are expelied to the solution n the compartment {6, and the cations M+

absorbed on the cation-exchange materials 32 are expelied into the solution in the

compartment 16, The output stream 26 al the regeneration stage 1s a concentrated

solution with a relatively high concentration of ions.

[0031]  In one embodiment. the power source 18 is comtrolled that a differential
voliage between the composite calion-exchange and anion-exchange members 12 and
14 is betyeen 010 10V, In one specific embodiment, the differential vollage batween
the composite cation~exchange and anjon-exchange members 12 and 14 i3 between O

to 3V in one more specilic embodiment, the differential voltage between the

9



conposite cation-exchange and ani on- exchange nenbers 12 and 14 is between 0O
to 2V. [0032jin one enbodi nent, when the bidirectional switch 28

di sconnecw® 20tva7paser source 18 with the conposite cati enTasetngsIand

ani on- exchange nenbers 12 and 14, and shorts the circuit between the
conposite cation-exchange and ani onex: ch. ange nenbers 12 and 14, the

el ectrochem cal device I () returns 'back to the deionization. stage. A
current caused by the differential -voltage flows fromthe conposite

c, ation- exchan e nenber(%Z to the conposite a;: Mon hange nmenper 14,
electronS'HWﬂﬁfqe%ﬁW%é‘ 3&§&§P@@ﬂ5#¥#ﬁ%&@ﬁ@ﬁﬁ%1néW§§%b S HE conposite
cation-exchange, nenber 12. Accordingly, nore positi-vely charged groups on
conposite ani on-exchange nenber 14 is released to absorb anion species in
the feed stwesn 22y @B:miMAm&nNegain el Mdehange dwgeoupsdigrnhdtes aenposite
cation-exchange nenber 8 re rel eased to absorb cation 100331The
regener at i oFPYRBERBES o Sl 8B E0ABE: CHON RSN P 5RAGE ¥ REEh ' bot h

conposi te, pakddon: axe hang gheal@uh BBWRYC MANGRHITIREE S -hehaRd addtadsn-wor ki ng
pair or pairs, in one enbodinent, a regeneration nethod of a separate

cati on- exch"a‘ﬁ@%"‘%r‘m‘é‘me&nl Rechangtbe rﬁéﬁcgf"f}‘ﬁfn“é‘b#ﬁ)‘r*?% &4 THEe ek ¥ on

exchange maj&Ldialiot QtaQ@ PRYakRalabseaoRt 8t aivbiRu A xl?)hg%&s A %ﬁr Heea
conductive base, and transmitting a power energy to t hi gh- surf ace- area

conduct i ve $aBeSiterapi-pehEsdrerdns L1 & By SpEPASHE Prpheohangs tdveber 14,
hi gh- surfacgsaiga ﬂ%QnﬁHxﬁtﬂ1¥eﬁ~c» §&ie! %&%&%ﬂmﬁpmﬁ%ﬁ 1'4%81@ r&’aﬂ?p%%@% c

cation- exchange or anl on-excha ge triaterial”. 1nto a solution
i || ustrat escaginc-exanpieamymbont ¥.guiatironelf ormrfegewe\re&t ichwgesf geoups on

cation- eXCh@ﬂ%u%%?&n-%ah{?13%8@&1‘31%@ cgm% cPQaﬂ%u %@g ;ke%!es %?meéaonded to a

hlgh-s:urface area Ive ba
r egener at i ostreaht h@mtattmconm@xwﬂan@eg@dnavew @t 1}1832)11);@\1;@0&%0:%3@:!1@@ 18

transmts a Nt _t n base 30 and pull electrons fromthe
conductlve %%H&ﬁqum’%ﬁ%gg i%&ggg&éﬁg W + absorbed on the cation-exchange

mierial S2g5cq. sypelled Mo e SPHSLO R KON BRLEL N 8,1 © . an

electroche acco 0 anot her he i nventi on
conpri ses auﬁhsmngxﬂécuamghdragwnmiameﬁUﬁﬁLﬁﬁ@hﬁmﬁﬂd&kﬁcbﬂ#sw&lﬂeach
conprising a.co xchang and nber 12 and

RS PURER o P B SRE A R s Rl A o R eS AR

exchange or anton-exchange material comprises bonding the ion exchange matenal to
be physically contact with a high-surface-area conductive base, and transmitting a
power energy to the high-surface-area conductive base to drive electrons to fransmit
from or to the high-surface-area conductive base to expel absorbed tons from the
cation-exchange or anion-exchange matenal into a solution.  FIG, 4 illustrates an
exemplary configuration for regeneration of a cation-exchange material 32, The
cation-exchange material 32 is bonded to a high-surface-area portion 40 of a
conductive base 30, During regeneration of the cation-exchange material 32, a power
source 18 transmits a current to the conductive base 30 and pull electrons from the
conductive base. Accordingly, cations M+ absorbed on the cation-exchange matenal

32 are expelied into the solution.

[0034]  Releming to FEG. 5. an electrochamical device 42 according to another

embodiment of the wnvention comprises a casing 44, a plurality of electrochemical

cells 11 each comprising a composite cation-exchange and an amon-exchange

member 12 and 14 and a compartment 16 therebetween, and a control device 17. In
10



10 the illustrated enbodi nent, the cation-exchange nenbers 12 of different
cells 11 are connected in parallel, and the ani on-exchange nenbers 14 of

di f f er entwoeblo71448ar e connected M parall el The control Pdewise@9DF430DNPri Ses
a power source operable to transmt a commto each cell 11 and thus
cation-exchange nmenbers 12 having a higher potential than the corresponding
ani on- exchange nenbers 14 at the regeneration stage. in the illustrated
enbodi ment, the eIectrochenicaI device 42 further conprises a plurality of
insulative ach betwe acent cel . [0035]FIG 6

T ustr at esi M ae] PORHRR dre GO o B0 SREERa (o §eel TS bie:

enbodi ment @hnddi@ ipaamtl. @il mEhaislae: ﬁ)%h@ﬁ%@@i%dﬁ\dxfﬂ}@uﬁQdmﬂ w@es a stack
of conposite ion-exchan e menber s 2, 14 and 54 supported M a ca3|ng 52, a

plurality o?mﬁﬁﬁﬁaPtﬁeﬂ Fls Bty arpl “béﬁ%ﬁgﬁ“eVe%W“¥%émadj%%eﬁi @onposlte
I on- exchangg@hesdreh?io ddh a0l 134ndans @uibRWRIhaSQURLE8HE8 12 BaGhy gonposi te
i on-exchange menber 12, 14 and 54 is planar and is arranged substantlally
paral | el toMeie BoietRErthaTHEe opsFcndny utByhpshage Brehghget nénBers, whi ch
are near est . f Qofdfi6n GAZE NGn %h&g%ius@ﬁ@d Q%Q{@ﬁﬁﬁt"%dd@&ﬁ@ﬂ%&ﬁ &aklkon- exchange
and ani on- exthange menbers 12 and which are simlar to those descri bed
in the el ecrtbeivempast agbyilgeotipsul Jﬂhe Lo dp exhtbetveat omdicetianlel land
anion-exchange menbers 12 and 14 are respectively operably connected to
positive an@«ﬁégaﬁTQeﬁﬂ@Hﬂwai§‘dkﬂﬁheﬂﬁeﬂeﬁ‘séd@de&¥®ﬂ”1®@®$3Neﬁérr|ng to
FIG 7, 1n OR&qGRAGAL ME etﬁf?\ﬁh ARMRAT LGl Q& gr@%qea&a%me{mc@ pbet ween

t wo conpartnents I's a bipolar conposite nme . The bi polar conposite
menber 54 iaeipgdEsioatdharstmanerc bhddend §é %mmglhedsiﬂréﬁ%eex &2.eapiyasls 62, and
cation-exchan ien teri ! i ely on
opposite si &ﬁ’n )?nﬂlﬁﬁo & ‘f‘%ﬁgp %%l%gmgg\n ué"tqll \Siﬂgg)Q %ﬁ“gﬁg‘é‘g‘?“f‘*%’g) g‘?&‘gy%a se 62.
The cati on- mmuhangé hameiﬁalenﬂzlueuadwameh$ ﬂbmhcomnwapnnmnnﬁaﬁwrelatlvely
close to th s | exchange
materi al s B(éena“?egq gdu % mlﬁps %a%réquggamgeﬂﬂ m oseﬂ}%e t he
conposite CEWQnmemeh@ﬁg@oﬂﬁmﬁe&hﬁﬁgnhnmememmmbmdnmmmﬁtoﬂhﬂmbn@aﬂar
conposi te nenber §4lf uf f conpr i %H a pnduct ve andl;o ng rneable
menber 64 b WEBFHOFY \Xk"%‘ﬁ?‘h“* HE"CD Ve R gR--STlEF AE8Y ﬁ‘r“ { B 62.
-10n-i rrperxxma]blue sinhier & @Gicﬂﬁkdn)bg%ﬂﬁs clopaichesibl eletice HEI Tmﬁﬁmipoﬁﬁz nor
water". In one odi me t he conductive and .ion-i a nber 64
conpri ses a€$8ﬁﬁ Wﬁ@*? Fﬁﬁﬁﬁ“ﬁﬁw %P@?ﬁﬁsa g riEohE £ pem%ebﬁ%m@'"odinent,

t he bi pol arceapasb besii wWRnb asyafd: lebnifals OMPOSHLE se@iPanent to have one
conductive and ion-inperneable nenber 64 tightly sandw ched between

cation-exchpogyg amdfantOr 8XENANGeoFEIlREEent. Neadll calnbeiBabh-vehedpodi nent .

t he bi polar co OSIte menber 54 is integrally made. 100371l n the

i |l ustrat ed™ el ﬁéﬁ?*“ﬁﬁé‘%%%ﬁWb”BZ“ﬁ HPUHé@“@”BTHF&]F&y”Bﬂ”WHFets 56 and
a plurali tycdafmatétlhewe, 58 incdiRe PR LMNRELARREve 1980 -YurMRE are@bade b 4l et's 56

i ntroduces a feed stream 22 to one of the conpartnents 60, and the

conpar t nent Slgueshagenidr wsHrackwge imtiesialabnal fhasricheely i WPOB8 of one
conpart mentS]&Q 0@%’@'@! @é»ﬁ%@%ﬁéﬂf&n{ Oh@h- x&@c@%eﬁﬂﬁ@eﬂ@r ﬁ%ﬁ&ﬁ BRRInRO N
series, so that the feed stream 22 passes over each conpartnent 60. Only
one of the Wuerdt 32 &8 adineeni W RGP G rdetivelmlee Kv\ilﬁie‘lf’ini’isﬁa'ﬂdi“?*ute stream
at the deiog E%}Qﬂuﬁ @9?4 a«gﬂ Fie CONGE K\%é’r& £0nR0liHL 1NAL By lBORNGM at 1 on

st age. Accord ng stream 22 cafl have a very clean & oni zation

t hrough t heCLptnaﬂmbmltfvy rdﬁm@bnqmﬁttmtzsmﬁ@ne mmwomdamwdoeemw 18né @ebodi ment ,
used to progu P an r.n e ent .. st he casing
52 |ncIudesqa ppmgnl H%O%yL( ?ﬁbgngi mg nﬁf gﬁ*%ﬁ% HQ%Q@ O d%ﬁng feed
streanms 22 mesmenhm$ﬁ¢ymmhﬂdﬁd@nmﬁspowdmngmammbathm@manﬁevmwabamalIeI and
a pIurallty.pf C is a

i Pute st roim 10 b8 GeablEn b5 e Pl i B o R e B Y ibon 2t o
regeneratlommsﬁa@ﬁmnhm amomhﬂﬂueﬁb@ﬂlmmnmpahhdﬂehemmmedhemnmabasysten150
can be configur ed on way o escribed parallel and
Corioe modetoTRed Gk ORiE S SRoEEL e B S E e TR G

dei oni zat i on efficiency. 1



100381Referring to FIGs, 6 and 7, at a deionization stage of the

el ectrochem cal system 50, one or nore teed streans 22 flow through the
conpar t rew0008077448e cati on-exchange material s 32 absor pCratsea®cdd®7i n t he
sol ution, and ani on-exchange materials 36 absorb anions X- in the solution
The feed stream 22 is de-ionized and exiting the co npartnens as a dilute
stream 26, 100391At a regeneration stage, the switch 28 controls the power
source 18 to transmt a current to the outnpbst conposite cation-exchange

and ani on- exchg e nmenbers .12 and 14 VYI{ th the %ongom te cation- %xchange
nmember 12 aSYRE f*Hb&é“‘éﬂH%P“Fr?@mB?ﬂ?Bb? 25° AT OHIBRCHANG SOTEHEETY as an

anode. As dihsabgses wiih a«elfdama@emmﬁl Gutiodroxtiddles dnbeagbestdhgal current,
t he conposite catlon excP menber %% | oses el ectrons and the
conposi te afFBhExcHafyé! e ér”T%ﬁaﬁﬁﬁs‘“I@E@Woh@“mﬁ&tdWﬂWﬁbrv Scat i ons
absorbed onibeicanpesi te cation-exchange nenber 12 and ani ons X- absorbed
on the conposite ani on-exchange nenber 1.4 are expelled into the solution.

At the sameghie, i be i6RNGUE bW liRkGhhS biface -1 eRs BRRRIB2o@hlelshe side of
cation exchange material 32 |oses electrons Wile the conductive

hi gh- sur f acid- i WAt eSS 3 1o hee SbRpmLam el SARgE Wt sss 36 gai ns

el ectrons. Byedihipgaki mtcpfm& Bﬁ'ﬁ&ea&ﬁ’mﬁhﬁhﬁ'@uh;@%él@(%ﬁan%{eﬁﬁt(fd gal field,
cations and anions in the bipolar. conposite nmenber are expelled into

the sol uti o‘ﬁ[bf%@%&f@dlfﬁglWd‘“’bfofélhl BReiEH 806 ﬁmg&@nfawéimah'iﬁbﬁn@wh%@e
materials 3g.and %%%ﬁ%ﬁ&:ﬁ%ﬂ%ﬁf &z?mbéeBQA %!3 uﬁ%%e; e@é‘n&rne::! g&g&er ated. At

t he dei oni zati on stage t he ‘conducti ve |g h-surt hce-area bas
recover ed f@\@‘ﬁ?ﬁf»«he«i}@llnwig@“ 8- dindt pichritthoutbis 31 eximer g eneplatiicon 26t age, with

el ectron ”x@ﬂﬁl‘{"]st R'dﬁ?te J[r?ﬂﬁ ﬁﬂ 1Ok d%%‘x%h&{‘%‘?oeskrﬁiea E&u%%&i”ao%ﬁ;ﬁas?%e side. By

t hi s neans oSl terial 36 and
negatively mgawgsedn gitsgaps Aunordasg,l\onh«exgd@anwm@tjemnahm&z aaraey ré¢pased to

absorb ani 0 %@r}%ﬁgm qpn’ouﬂa 'the p?u%:ﬂ; ct 'f compartments 60, which can be. in one

embodiment, used to produce high purily water, In an alternative embodiment, the

casing 32 wncludes a plurahity of infets 36 for simuliansously mtroducing feed streams

22 vespectively into corresponding compartments 60 in paraliel. and a plorality of

outlets 58 for exiting of output streams 26 which 15 a ditute stream at the detonization

slage and a concenirated solution at a regeneration stage. In another embodiment, the
electrochemical system 30 can be configared 1n a combination wav of the above

described parallel and series mode. Accordingly. the electrochenucal system 50 has a

high detonization efficiency.

{0038]  Refernng to FIGs. 6 and 7, at a detonization stage of the electrochemucal
svstam 30, one or more feed streams 22 flow through the compariments 60, the
cation-exchange materials 32 absorb cations M+ in the solution, and anion-exchange
materials 36 absorb anions X+ in the solution. The feed stream 22 15 de-ionized and

exiting the compartments as a dilute stream 26.

[0039] At a regeneration stage, the switch 28 controls the power source 18 {o
transiit a cusrent {o the outmost composite cation-exchange and anion-exchange
members 12 and 14 with the composite cation-exchange member 12 as a cathode and
the composite anton-exchange member 14 as an anode.  As discussed with reference
to FIG. 2, under the electrical current, the composite cation-exchange member 12
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[ 00401The singular foms "e, "an" and "the" include plural referents unless
the context clearly dictates otherw se. Approxi mati ng | anguage, as used
her ei n t wougtiar448he specification and clai ns, nay be appliseaotes3ppdi fy
any quantitative representation that could perm ssibly vaiy w thout
resulting in a change in the basic function to which it is related.
Accordingly. a value nodified by a termor terns, such as -about” is not
limted to the precise value specified. |lit sone instances, the

approxi mating | gnguage r correspond to the precision of an instrunent for
moasuri ng. tHEVARTEN Sl Harqaypo Ry SdonRisyas” NSRS 0t GOt REVTSh w th a
term and mMaycotdh@dlHdH@R NINabRELADE Rl compiPRIcati B echa0e nRIMUNISandwhi | e
still being considered free of the nodified term [0041] The enbodi nents
descri bed HEHEP - aFE LMY EPS ISP I0RI 108y BPBRE A PTedREtH S8e (ei i ng
el ements cofn@SRORAIRGMO thite 1Rl @ABRLSe afohlsh@adenYRNGAOR2 REG:tQR dn the
clains. This written description enables those of ordipary skill in the art
to make and*dige cuipbi WalRtY Haprrgleioey white G cepdisiig Bishutariaean se
correspond Q. 06 SRSk &BGmLAKGRELON, L8 hEdrbd BlGhChal®: The
scope of the invention thus includes articles, systens and nethods that do
not differ ¢hatsh erstibutepaindeardvhiel drid Hatows| aidmshioandd flbw tihigrtari ncl udes
other art! clfigusity 3biE AN TBLNOME infh L. Laasuths! abtdghedl Ligr@nges from the
literal |anguage of the clalns. 1 l'e only certain features and enbodi nents
have been i#khmr atkahiandchiese niavedsHérned ARG ohemly crroptisfié bigtlaomsmbind changes
may occur tg, one, of ardinany skill.in.the.relevant art. . JThe a nded cl ai s
cover all s"ﬁicﬁggreﬁg{l?i E{gt ?ﬁ% %ﬁ%‘%‘ﬁ%ﬁ%&e’% ’, th‘“gﬁﬂ{'ﬁ)@:i ]%‘_’LIF M’B\’;rll&uéfl%g{g %(‘)"c heni cal
devi ce, confY issisagieredafroml detabeghemidesatbuet Ibudonpragsiangion stage. with

electron transmutting from anion exchange side to cation exchange side By this

means, the positively charged groups in anjon exchange matenial 36 and negatively

charged groups in cation exchange material 32 are released to absorb anions and

cations, respectively,

w,. bt

a*, "an'

[0040]  The singular forms and "the" include plural referents ualess the
context clearly  dictates otherwise.  Approxamating language, as used herein
throughout the specification and claims, may bhe applied to modify anv guantitative
representation that could permissibly vary withowt resulting i a change n the basic
function to whach it 1s refated.  Accordingly, a value modified by a termy or terms,
such as “about”™ is not imited 1o the precise value specified. In some mstances, the
approximating language may correspond o the precision of an mstrument for
measuring the value. Sinularly, “free” may be used v combination with a term, and
may nclude an insubstantial pumber, or trace amounis, while still being considered

free of the modified term.

[0041]  The embodiments described herein are examples of articles, svstems and
methods having elements corresponding to the elements of the ivention recited in the
clarms. This written deseniption enables those of ordinary skill in the art to make and
use embodiments having alternative elements that likewise correspond to the elements
of the mvention recited in the clasms.  The scope of the invention thus includes

asticles, svslems and methods that do not differ from the bteral langeage of the
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a conposite cation-exchange nenber including a conductive base and a

cati on-exchange material in physical contact with the conductive base.,

a conposiwe 2arvon4exchange nenber includi ng a conducti veChaseomai3an

ani on-exchange material in physical contact with the conductive base; and

a conpartnment between the conposite cation-exchange and anbnexchange
menbers, the conpartnent conprising an inlet for introducing a feed stream_
and an outlet for exiting of an output stream out of the conpartnent; and

a control device configured to transmt an electical, current to.the

conposi te c‘@?ﬁng'&@ﬁhﬁdgdﬁﬁﬁ‘ﬁﬁ?dﬁmﬁ?cﬁﬁﬁﬁﬁ‘ﬁédﬁ@ﬁ%ﬁéTmh“Wgﬁgﬁgwation
stage in a dEBEeks Ra hbt hter@anduetd MahbasEn0MVbie oS0 PesH fRingat 4@n- exchange
menber | oses el ectrons and the conductive bgge‘on t he conposite

ani on- exchafiRROdHRIFeP g aieRs Hbpsaeed gRS descrbed hergin, piay é‘f‘%’gﬁrﬁbféﬁefmdcal devi ce
of claim 1, Hhes il dche 6t bobarlen k8l hshOoRRK ARl tcAbsshal 88inkhe
conposi te canoh-exchange and ani on-exchange nenbers at a dei onizati on

st age. covey allppeh @P%E??“-@%@Tﬁ@é‘?geﬁevi ce of claim1, wherein the
cation-exchange material conprises a weakly acidic cation exchange
material, a strongly acidic cation exchange material or conbination

t her eof . 4. The el ectrochem cal device of claim1l1l, wherein the
ani on-exchange material conprises a weakly basic anion exchange nmaterial, a
strongly basic anion exchange material or conbi nation thereof 5. The

el ectrochem cal device of claim1l. wherein the ani on-exchange materi al
conpri ses conducting polyners including poly aniline, poly pynole

pol yt hi ophene, or any conbi nation thereof 6. The el ectrochem cal
device of claiml, wherein the conductive base conprises a conductive
substrate and a conductive hi gh-surface-area portion, 7. The
el ectrochem cal device of claim®6, wherein the conductive substrate
conprises any of or an.y conbination of stainless steel, graphite,
titanium platinum iridium rhodium conducting oxides, conductive
pol ymer, and carbon conposite,

14



8. The el ectrochem cal device of claim®6, wherein the conductive

hi ghsurface-area portion conprises any of or any conbi nation of carbon,

car bon nawmototvay744gr aphi te, carbon fiber, carbon cl ot h, Pcanisendaetogel ,
active carbon, netallic powders, and netal oxides, 9. The

el ectrochem cal device of claim®6 wherein the conductive high-surfacearea
portion has a surface area of 100 to 5000 m Ag as neasured by nitrogen
adsor pti on BET net hod. 10. The el ectrochem cal device of claim?9
wherein a afn%ﬁﬁp interface of the cation-exchange or ani on-exchange
materials wWtA e conductive hi gh-surface-area portions is greater than
10% of the surfaceg area of the conductive high-surface-area portions.

11. The el ectroché '“ﬂ%@@&@“g?w8ﬁ§PWV§?gmherein a contact interface of

t he cation-exchan% vor%anipn;ﬁxchan e materials wth the conductive

hi gh- surf ace- ar é4 E%VTVSW%dV§ gr'88Y8T t han 40% of the surface area of the
conductive high-surface-area orLL‘qsw,_ e éz._The el ect rrochem cal
device of claime6, wHEPEPH'E H&'m&—)ﬁﬁgﬁj&’? PERT RS Pag SREL 8t P8ns

conpri ses a pl uradalidryexnfiape mesriabnghwhel emcarimiercagricihebms.er of the
pores is greater than 1 nanoneter, 13. The el ectrochem cal device of
claiml, wherein theacomgottiavenkasangonpnbg esclinimos patdtalreesomd

nano- structured conduct[ve‘nategialwand_qanris s, mcro DI trusions to form
hi gh- sur f ace- ar 64 JPEPERGRBYe Material in B!&:"“’“‘t“ﬂ‘é‘f“é‘i‘@é?“‘r GLAH 'Eg‘i‘sed%\?i ce of
claim1, wherein the current transnit%ed to the conposite cation-exchange
and ani on- exchange nﬂﬁﬁ@“@n?ﬁmc%ﬂ??ﬁlWSdeWQ?wa“WP??ﬁi@ﬁFi@glmvgrtage

bet ween the conpgsiashg: GRMHHER- X hapgenan dodphany axcitanye merbens ai S bet ween
0 to 1.0V at the regeneration stage, .. 15, The el ectrochem cal device
of claim1 furtHe&x SHipri¥Hng é’“@‘gsf“‘ﬁg‘i‘%‘% BUAPOMH R IERE ¥ et Péchenti al

cel |. 16.colBgupechgochem cal device of claim 15 further conprising
at |east two el ectrochem cal cells each defining a conpartnment within the
casi ng. alcbntrdin@v Rk ek i 0eheid eabmE ey ieRuaf cehrai M 48 dobibhier

conprising at | east one spacer between adjacent two el ectrochem cal cells.
cation-exchange and anion-exchangs members af a regenevation stage i a manner that

the conductive base on the composite cation-exchange member loses electrons and the

conductive base on the composite anion-exchange member gains electrons.

2. The clectrochemical device of claim 1, wherein the control device is
operable to discharge the composiie cation-exchange and anion-exchange members at

a deionization stage.

3 The electrochemucal device of clasm 1, wherein the cation-exchange
matenial comprises a weakly acidic cation exchange material, a strongly acidic cation

exchange matenial or combination thergof

4. The electrochemical device of claim 1, whereins the anion-exchange material
comprises a weakly basic anion exchange matenal, a strongly basie anion exchange

material or combination thereof

3. The electrochenucal device of claim 1, wherein the anion-exchange materigl
comprises conducting polviners including polyaniline, pelvpyrrole, polvihiophene, or
any combination thereof

6. The electrochemical device of claim 1, whergin the conductive base

comprises a conductive substrate and & conductive high-surface-area portion.
15



18. An el ectrochem cal assenbly, conpri sing: a casing including at

| east one inlet for inducing a feed streamto be de-ionized and at | east
one out | evof2oro/exi48i ng of a dilute stream during a dei oRCTAIS2@N/0643a7€;

a plurality of conposite ion-exchange nenbers arranged in parallel in the
casing. and defining a plurality of conpartnents between every two adjcent
conposite ion-exchange nenbers, the plurality of conposite ion-exchange
menbers conprising at | east one bi polar conposite nenber between two
conpartnents, the_bi ppar menber conprjsing at |east one conductive base, a
cati on- exchangerl]nd?%reﬁeﬁ\m‘i?ﬁ“"k?ﬁ{ed‘?’i"ﬁ‘eﬁf HE VTR A SUAYAYE SHEY'8®i al on the
ot her side;caffises any of @ @@NERMindiON iof €GaRS kgl @dptie, ikaasphudxcurrent at
a regeneration stage in a manner that the conductive base on the

cat i on- exch&EHE: SidampFordyali PilearcorBIB YT P EN el AP EERPEIect rons and
the conductive base on the 'ani‘?n-e‘x\cha‘n‘ge si.de of the bi Bo[ ar co}rrposi te
menber gains el dct fgngectrochemical idgvicg il ApEe fr SOREH &5 CH8VEE BEdcl ai m 18,
wher ei n t hesublRodrad RAIMROSHHRisBEHRET ofC oMl SESntR:EON AYC kdrh@, aebon
ion-inmperneable filmbetween the cation and ani on-exchaill2e material s.

20, The el etPPEEHemBAIe-devPXe 8P Qadiom 910, coihar eiePsthe b vhdtiéPve and

i on-i nper me@bh@c bl APhbaES@sconposite filmof polyolefin and graphite.
21. 'The el ectrochem cal device of claim 18, wherein the plurality of
conposi te ion- exchange:FRIRELS J6QRPS S CORRISL MResI LR GaliiAxg¥&hange
menber connected to a postive termnal of the power source at the

regener at i o Pagen Wad anfase st dUAne SRV e Hamy eaverpe Y coHpREt ed to a
negative tefu - #..qower source at the regeneration stage. 22.
The el ect ro{cdﬁ&ér?nﬁqg% ' Egel%?)gg of claim 21, wherein the ani on-exchange materi al

of the bi pol ar oapASLLERRINEN dRoCbOSSH §.ayicit: & QURASHfIB1LELT k- exchange

menber than to the conposite anion-exchange nmenber, and the cation-exchange
mat eri al of catipeepibhpiticatr Wowprshanes mekper Wigh teoseductive high-seidipasiat e

ani on- exchangeTEbeh,.! AR 150, &G GRRBOSI:: &1 GRIAREXC RRRYGIBHRET

23. A regeneration“nmethod of an ion exchange material, the ion exchange

mat eri al ispgposisti vely or negatively charged and has absorbed negative or
positive species, conprising: bonding the ion-exchange naterial to a

hi gh-sur f ace- ar éa. thndegtochendahdeicearidlaim 9, wherein a contact mterface of the

cation-exchange or anion-exchange materials with the conductive high-surface-area
portions 18 greater than 40% of the surface area of the conductive high~-surface-area
portions.

12, The electrochemical device of claim 6, wheremn the conductive high-
surlace-area portions comprises a plurailly of pores, and wherein an average diameter

of the pores is greater than 1 nanometer.

13, The electrochemical device of claim 1, wheremn the conductive base
comprises nano-patterned or nano-structured conductive matenal and comprises
micro protrusions to form high-surface-area portions.

14, The electrochemical device of claim 1, wherein the current transmitied to
the composite cation-exchange and anion-exchange members 15 controlled that a
differentical voltage between the composite cation-exchange and anion-exchange

members is between ¢ to 10V at the regeneration stage.
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exerting an electrical current to the high-surface-area conductive base to
drive electrons to flowto or fromthe high-surface-area conductive base to
expel abswobkew/wpasi es fromthe ion-exchange material | RCO/USB2600l06430DN.

24. The regeneration nethod of claim 23, wherein bonding the ion exchange
material to a high-surface-area conductive base conprises bonding the

i on-exchange material to a high-surface-area portion of the conductive
base" and wherein the highsurface-area portion has a surface area of 100 to
5000 nfg. 25, The regeneration method aof .claim 24, wherein bonding
Che | on-exchangd it FaAENE g sl Faliie! APUET SOPPIEH BRAtNe onduct | ve
base conpri&gsorienthacktmghbhgalican- exchange material with the

hi gh-surface-area portion, and a contact interface of the ion-exchange

mat eri al and t hashirgheRtiFdcBsacalr ®icp A tel0A lsSfugh@adoapritinant 1% wh t he
surface are Qf‘phe\h[ﬁg-s#rggcefapea ortion.. 26. An el ectrochem cal
process conpfieringied cdisiear ehping s coprgE RO PHE ¢ nt r oduci ng a f eed
streaminto a. cqQnpartpent; absorbing dissolved cations or anions on an

i on- Ad- | ane mat e‘(r%lng 18 e&%@“@?’(‘?“??‘ﬂ%‘&‘“‘d}lIckaiﬁ'f]e] OslrBeRogprsisg of ﬁ?‘“c@ﬁpart nent ;
and a regepgicaticfites hg@nEXMIdciba@mi@hyskcal |y contacting the ion-exchange
material to a conductive base: and

18, An electrochenucal assembly, comprising:
a casing including at least one inlet for inducing a feed stream to be de-tonized

and at least one outlet for exiting of a dilute stream during a deionization stage:

a plurality of composite ion-exchange members arranged w parallel in the
casing. and defining a plurality of compariments between everv two  adjcent
composite ion-exchange members, the plurality of composiie ion-gxchange members
comprising al least one bipolar composite member between two compartments, tha
hipoar member comprising at least one conductive base, a cation-exchange matenal

on one side, and an anion-exchange material on the other side; and

a control device configured o transmit a current at a regeneralion stage in a
manner that the conductive base on the cation-exchange side of the bipolar composite
member loses electrons and the conductive base on the anion-exchange side of the

bipolar coraposite member gains elecirons.

19. The electrochemical device of claim 18, wherain the bipolar composite
member comprises a conductive and ion-impermeable film between the cation and

amon-exchange materials.

20, The electrochenucal device of claim 19, wherein the condactive and ion-

impermeable fitm comprises a composite filin of polyolefin and graphite.

21, The electrochenucal device of claim 18, wherein the plurality of compostte
1on-exchange members comprises one composite cation-exchange mamber connected
to a postive terminal of the power source at the regenaration stage, and an composite
anion-exchange member connected to a negative lerminal of the power source at the

regenergtion stage.
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exerting an electical current to a conductive base, and causing the
conductive base to | ose electrons to expel anions absorbed on the

I on- exchawgeomatresBal , or causi ng the conductive base t ®CHAISR000/0643HT ONS
expel cations absorbed on the ion exchange material . 27. The

el ectrochemni cal

process of claim 26, wherein the deionization stage and

regeneration stage repeated periodically and alternately.

material of the bipolar composite member is closer to the composite cation-exchange

22, The electrochemical device of claim 21, whersin the anion-exchange

o

member than to the composife anion-exchange member, and the cation-exchange

material of the bipolar composite member 15 closer o the composite anton-exchange

member than to the composite cation-exchange member.

23. A regeneration method of an ion exchange material, the 1on exchange

matertal 15 positively or negatively charged and has absorbad negative or positive

species, Comprising:

honding the 1on-exchange material to a high-surface-area conductive base; and

exerting an electrical current to the high-surface~area conductive base to drive

electrons to flow 10 or from the high-swrface-area conductive base to expel absorbed

species from the yon-exchange material into a solution.

24. The regeneralion method of claim 23, wherein bonding the 1on exchange

material to a high-surface-area conductive base comprises bonding the 1on~exchange

material 1o a high-surface-area portion of the conductive base, and wherein the high-

surface-area portion has a surface area of 100 to SO0 m'/g.

25, The regeneration method of clatm 24, wherein bonding the 1on-exchange

material to a high-surface~-area portion of the conductive base comprises contacting

the ton-exchange material with the high-surface~-ares portion, and a contact interface

of the jon-exchange matenal and the high-surface-area portion 1s greater than 1096 of

the surface area of the high-surface-area portion.

26. An electrochemical process comprising:

a delonizallon stage comprising:
introducing a feed stream info a compartment;
absorbmg dissolved cations or anions on an ion-exchange material: and
exiting a dilute stream out of the compartinent; and

18
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3 regenaration stage CoMprising:

physically contacting the ton-exchange matenal 1o a conductive base;

and

exarting an alectical current to a conductive base, and causing the
conductive base to lose electrons to expel amions absorbed on the ion-
exchange material, or causing the conductive hase {0 gain electrons to expel

cations absorbed on the 1on exchange material.

27. The electrochemical process of claim 26, wherain the deionization stage

and regeneration stage vepeated periodically and alternately.
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