SUPERCAPACI TOR DESALI NATI ON DEVI CE AND METHOD OF
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Teghnicalfigidng the feed streamto produce a dilute
output. During a discharging step, the ionic species
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the el ectrodes (hereafter referred to as simlarly
charged .ions) are present inside the pore vol une of

DiStss806¢Nt mat eri al of the el ectrodes. During the
charging step, once the voltage is applied sone of
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rePRfed Qo 84 sitliBRG charged ions) are present inside the pore volume of the porous
material of the electrodes. During the charging step, once the voltage is applied some
of these similarly charged ions may be expelled from the electrode and be added into
the feed stream. This undesired migration of the pore volume ions consumes extra
current and adds to the impurity of the feed stream. In such cases, purification of the
feed stream can only occur when an excess of feed ions, over and above ions that are
expelled from the pore volumes, are adsorbed by the electrodes. On the contrary,
during the discharging step, besides desorption of the oppositely charged ions from
the porous electrode to the feed stream, some of the similarly charged ions in the feed
stream may also be adsorbed into the pore volume. Although, the adsorption of the
similarly charged ions occurs at all concentrations but gets worse at higher

concentrations.



concentrations.[0004] It may be desirable to have a
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[0008] In accordance with one enbodi nent, a nethod of
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selectively permeable to charged ions.

[0007] In accordance with one embodiment, a method of making an electrode
assembly is provided. The method includes forming a mixture of an electrode
material and an ion exchange material, dispensing the mixture in a solvent to form a

paste, and molding the paste to form the electrode assembly.

[0008] In accordance with one embodiment, a method of making an electrode
assembly is provided. The method includes forming a mixture of an ion exchange

material and a binder, and coating the mixture on a porous electrode.

[0009] In accordance with one embodiment, a method of making an electrode
assembly is provided. The method includes forming a polymerizable material and
coating the polymerizable material on a surface of a porous electrode to form a

polymer coating.



assenbly is provided. The nmethod includes formng a
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schematic view of a supercapacitor desalination device
i n accordance with enbodi nents of the invention.
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supercapa0|tor desal i nati on device in accordance with
enbodi nents of the invention. [0013] FIG 4 is a
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DETAI LED DESCRI PTI ON [ 0016] Enbodi ments of the present
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solution. [0017] As used herein, the term "chargeabl e
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application of the voltage. As used herein, the term
"pore volune" refers to volunme or open spaces inside
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"charging step" refers to a step during the operation

[08i6]t heEr%B'&ﬁrrn%ﬁl a%l thg E)redsgé eclpnall&ue provide an electrode assembly for

use in supercapacitive desalination applications. Steps for making and using the
electrode assembly are provided, also. The electrode assembly includes a chargeable
electrode that can adsorb ions that are oppositely charged from the electrode; and
when the charge polarity of the electrode is reversed, the charged ions are repelled

from the electrode and back into solution.

[0017]  As used herein, the term “chargeable electrode” refers to an electrode that
can charge upon application of the voltage. As used herein, the term “pore volume”
refers to volume or open spaces inside the porous material. As used herein, the term
“charging step” refers to a step during the operation of the supercapacitor desalination
device in which the electrode assemblies, namely the positive electrode assembly and
the negative electrode assembly, employed in the device are configured to attract and

adsorb oppositely charged ions from the feed stream to produce a dilute output which



device in which the el ectrode assenblies, nanely the
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ch@t@d@é@tredfezstarmmwﬁ§le®tmde, g darged elatsrodbisamonbaered o adsorb
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Hel S HH Fon exchange material in contact with the
porous material of the charged el ectrode. The ion
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charged ions present in the feed stream In one
contact with the porous material of the charged electrode. The ion exchange material
is permeable to the oppositely charged ions present in the feed stream. In one
embodiment, the ion exchange material is at least partially impermeable to the
similarly charged ions. In other words, the ion exchange material prevents the
similarly charged ions from migrating into the pore volumes of the porous material
from the feed stream during the discharging step and also eliminates the chance for
the similarly charged ions to leave the eclectrode and escape into the feed stream
during the charging step. In one embodiment, only one of the positive electrode or
negative electrode may have the ion exchange material. In other embodiments, the

ion exchange material may be disposed on both the electrodes.
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material disposed at least on a portion of a surface of the electrode. The first and

second ion exchange materials may be same or different. In other embodiments, one
of the electrodes may have the ion exchange material disposed in the body of the
electrode, and the other electrode may have the ion exchange material disposed on the

surface of the electrode.

[0023] FIG. 1 is a schematic illustration of a supercapacitor desalination device 10
in a charging step. The device 10 includes negative and positive electrode assemblies
12 and 14, respectively. Each of the electrode assemblies 12 and 14 includes a
charged electrode and an ion exchange material. A feed stream 16, having ionic

species as one of the impurities, flows through the electrode assemblies 12 and 14.
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2401];avt1111gea porous material 26. The assembly 14 further includes an anion exchange
material 28 that is disposed within the body of the positive electrode 24. As used
herein, the term ‘“anion exchange material” refers to a material that is positively
charged and allows anions 32 to pass through, but at least partially blocks the
similarly charged ions, that is, cations 25 from passing through. Suitable materials for
the positive electrode 24 may include carbon, activated carbon, graphite, porous
carbon particles, carbon aero-gel, carbon nanotubes, carbon fabric, carbon fibers, or
combinations of two or more thereof. Examples of anions 32 may include but not

limited to chlorine, sulphate ion, carbonate ion, bicarbonate ion and hydroxide ion.

The anion exchange material 28 may be present partially on the surface of the positive



cation exchange material 22, at |east sone of the

anions 23 originally present in the negative el ectrode
wa0aaysbe prevented from being expel |l ed out oPCT/H82007/082346

negative el ectrode 18. The free positive ions pr esent

i on, exchan nmat er conf.i t 0 shond .
cltgtiok® 2, Ot SR S En T hisCrias 2 T sk, 4 Btk 230G beine
exipEIdd d12 @Y tHRGokitiec BRGAbIVEY @labithofpullBc idiie fiads. on

exchange material 22 al so adsorbs the cations 30 from

he feed stream 16. [0Q025] S|n1larl t.he 803|t|ve
m@?-@ot rdlikoughs dho| Rreseatly neqmigraglated p@@b@qllv@n |cBhodisg e theg ion

I t

o AneR 245 b pTBE RS TAYU IS RSy o

theclepiosdd 18iant 24, thh eaorb@athat[ge thiterig adsotrhasebepresdnt ﬂdﬁe 2drm of
use her t he ter anlan exchange nmat.eri

EPTP thegsuy aﬁa%m@ qhafgﬁ relgclrogeeyuech gt %@rgarlzg%alea%de 18 or

th@lpb@i‘ﬁ’%e AP §2 SObRASPIG hﬁpuﬁhthl@ Unb8dinlcBBShe ion exchange
partially blocks the simlarly charged ions, that is,

mefatidlongy @By ooh eagssenyint the badhof Be |eteatrbeesrﬂx$t adical2d. When
e el ectr.ode

er oy Al RS AR €, DS PRl ST BT SRIFE OF adaver. a

le&R ko Bp_?(%ﬁt@tyg@{argéziaﬂ@@tfbdé@%@&df@%%mec@ff ercatishy bed the anions
car bon bers, or conbinations of two or npre thereof.

prEseah i the festd sigpmpn &lcage, rrEYseaRt dRithergsorntien pf tictiens lityothe ion
eX%H%:}%L Ingaeterlaﬁ utjhg hcﬁlts%ek?ﬂ&te ﬁl@&pﬁqﬁg onI &Eha‘;&egﬁﬁﬁgﬁ?ﬁ %&8 ﬁéaa&i? the

roxide ion € ani oIr exchange
subﬁc@béSlﬁintespwtitvb ailécyrodas t e eSlﬂfEsﬁBCGhGOtfurfabe of the ion exchange
posi tiveel ectrode 24, ani on exchange mat eri al 28
myfeEdldiseamenyaglable é‘?fsth%mﬁ iptheperengingdpe 1tedMout of t he

positive el ectrode 24 due to the repul sive ionic
[0627'7 1€Swh{10Q8 &peAltibROHZNioni N RIS SR hE Y1 &RBHE TR 8l dimilarly

mbodi ment enbodi es’ the i on exchange materials 22 and
chz&edsas e ehgrghi ofpbs eldctaodd masbe pmetlecablllt;dwmt@ fionc fdnees. These

b of the e| ec rod s 18 d he i on exchan
repgfeh Py ‘i SPEECRARS pul R o ot i it SRS ey jpnic
cohB&ntmubh %?ﬁleclflluté‘&tgﬁla rgRdr&l i66S presia i teNo@8xdhafge material

negati ve el ectrode 18 or the positive el ectrode 24, or

coplehwitieitls simyilarlyncharged ienb ofiithee plectradse Whish asecinsdeyecpulsive
RS S B Y T S BB P Bl

cletdange material in the formof an outer coating or a
| ayer, at

[0028] Turning now to FIG. 2, an embodiment of a supercapacitor desalination
device 36 is illustrated. The supercapacitor desalination device 36 includes an
electrode assembly 38 that is configured to act as a negative electrode assembly in the
charging step of the device 36. The electrode assembly 38 includes an electrode 40
having a surface 42. The electrode 40 is negatively charged in the charging step of
the device 36. The assembly 38 also includes a cation exchange material in the form
of a cation exchange layer 44. As illustrated, such a cation exchange layer may be
disposed on a surface of the electrode 40, such as the surface 42 of the electrode 40.

In one embodiment, the cation exchange layer may be a single layer. In another
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i mil -k . ey,
AGHERUELY Yo PR 45 RS LB it B L BER HPhurfuce
50. off&c fahiom dxioRarge dadr ddeadsbrbsvnlidnst dtearide ediesdt rpaatialigngtevents
i,ncrgage the ionic concentration in the dilute output.
caigps ¢4 fam; legrdngths paptive pleetiRASi4$n exchange materi al
couple with the simlarly charged ions of the
[0629Ct rRUBindhh&R & E1aNAera RRYsSIneRal U&GEDT § NRp&RYpacitor
preventing these simlarly charged ions from being
desadprtipedleviet @f havieg elastododesenbo2 8 andr 6 nyilhowated. The
FIG 2, an enbodi .of super capaci tor. d [ inatiaon.
ey £1eBodeS SRRt Ao Bclu e b TERERRCSRREdePT BavihE'd lion
exdBRSle @bl odeNpsied 3@ thochistRs7208f BlabipdeclsqfRIBISY The
38 that is confi (g}yur ed to act as a negative el ectrode
cagign enehapee matertal dRangi hey femegd ifthe ey efiadayger armembrane.
.el. r . | 8 j S. . Vi N
Sy 8 poR5 ¢ TofCab AL Hi5mP laE SEbHIET oy AR A an
anli¢h éRBaglkangemg 7stdgposdd dmhesideickt 78 oBthe piRivasierdliey 788The
al so includes a cation exchange material in_the form
cletroges G849 Ek Bl 108yRchangc materipls & prg d, ons gl idgs. as
: S
KA A RS e A R SR
and| Ecdre alikpod@l. orl onlgrike eidbofitimesitgtradae 46 ahd dh thatchang®sed to
hI g%/ﬁr n%ﬁ be a single layer. In anotherenbodi nent, the
the JedsHC¥Rehange | ayer may be a conbi nation of two or
nmore layers of same or different ion exchange .
[o0B0)er i @l She dibddi@eht kiéséle@tREs, eBR Ak BRRIrodéshe0, ARy i68&und 74
36 further includes a positive el ectrode assenbly 46.
mah e porileyodaneitacked oictarss antsl sppasapasiion deslinatpmsievicee In
el ode 48 t..h n_ani | ave |
EEE et PARTEF R e B DRl A5det o ene
foani g@nisstadk. apgtiak, drefstlaamidyabd Yispssed &atvieen each of the pair of

electrodes. For the purpose of purification of a liquid by de-ionization, several of
such cells may be configured in the form of a stack that has provisions for water inlet
and outlet. In one embodiment, the feed liquid may be passed through the stack more
than one time, that is, more than one iteration may be used to de-ionize the liquid to
permissible or desirable levels of charged species. In one embodiment, a plurality of
pair of electrodes may be arranged in a stack such that the output of one pair of
electrodes may be treated as a feed liquid for the other cell. This way, the liquid may
be allowed to pass through the electrode pairs several times before coming out of the

outlet.



cations 60 fromleaving the positive el ectrode 48.

[0029] Referring nowto FIG 3, a cross-sectional view
W@R0os/1405per capaci t or desal i nati on devi ce 62 haR@TS2007/082346

el ectrode assenblies 64 and 66 is illustrated. The

ati rode asse ncl udes
OBFHCS e S EENEDRR 8 SR e S e g Raghof RERMpfon device
80di BiROES L@ ihblad&W HALef dect@dide tab\s%nfnﬁg@hmleg @h@gettlw@ dRctrode
68. The cation _exchange material 70 may be forned in

aspqyebly SPrangfa positiipedicsiods apshhaie. ThE mcgabeyelectngde assembly
8201?531111 ésv n%ﬁeanggt?oc%m %tloﬂ %k&%?ge ﬁlaPe?@Efn' K€ form of a

rode an ani on ange ma
meknBas 88, o the pcomn‘naxxﬁecﬁ&dem tulit&uc&@ aifokiviee eleeﬁbdea@t)ahamng an
The electrodes 68 an ave the i n exchan
angafy gxchanpgs mategplgin g PF a gpegplraney &2. o 4 B g ranetsr%%é and 92

arg )ﬁgﬁ%ﬁ%@ﬁ %uﬁa@p@ﬂoﬁ{s RbcHObthet @g lwgﬁgsaﬂ li‘l?sula%} 94. In one

materi als 44 and 52 on only the
enghadlemadt, thve calomot amblaalom]: anldn1¢8 off Hhe aaroel axbostmjl txchange

the fe rea ] one enbodi.
migdb o o2 ke Lovidlan uBasragion dndgituafi 73ubsgguently.
ap%ﬁy | @y¢ch 'té?n;%trz?fﬁf%eﬂla?tdu'f'@ttﬁbr Boly herg N&@rﬁl@%ﬁﬂct Plymer
desal i nati on device. |In stacked structures

co,gtegrsapamg@rs)mayﬁ@ Pepased afjasant o @l peear Set fmy pfow channel.
T%S q@é?eéhav?n aen e o renmglf,]t toaaC%eparfa’t%r sgacer-s?par%ator may%ea(flsposed

be@v@éﬁlt tvasl %EsctrE&Hs tbhi%rrﬁue( POIS &ffleddto faﬂsﬁ‘e@ibl@@ of heaprowsmn of
I|qU|d by de- |on|zat|on sever al of such cells na

afytﬂﬁq R mﬁ dylsdox ippereftange saserialy may swendifp eesemd ?(Sbn@cess
V{F{S Eﬁ'iod Gﬂtem QIS8LH1 ﬁ dri¥ef 1%1% %Fﬁ%d%lﬁﬁ'yhd g%ﬂ]?ﬁglnent of

|qU| e pass roug e st
the ntm ¢>4chm1getrhaatbr1alsfromﬁteeelednmde offke infceludtr idosigimenaybe coaédwtive
t.o de- |on|ze the liquid.to FGFH]SSIb|e or destrable

to iggrepssd sompRar P xdii: &8 CIcAlrotfe WROBATsERtY, bg manufactured
segéﬂdfe@ 's% eféfar@ AlfitePin a8l tARa1 R Q@ctﬁfd%? 'ﬁg@aﬁe grbf%oatlng

tac ch that "the output of one pair el ectr
methgddbendyr dat epplad, ssufleess |dipudodtifigr blade aznaheg, splaly . coating,

Thi s. , the e allowed to pass through
1WPH@%833%?W888fHﬁ%ﬁ§q§53§#g‘3%Pﬁ%s before com ng out of

the outlet.[0031] FIG 4 illustrates an enbodi ment of
[083FU P ER-Capirly tsQktefiE SdricAaRt iR Acce¥inee with this embodiment yielded

test results that indicate that the use of ion exchange materials result in improved
current efficiency and energy efficiency of the supercapacitor desalination devices. In
one embodiment, the electrical resistance of the ion exchange material disposed on
the electrode in the form of a layer is in a range of from 0.1 Ohm cm” to 50 Ohm cm”.
In one embodiment, there is no voltage applied to the ion exchange material during
the operation of the device. Further, improvements may be achieved by polymer
selection of the ion exchange material. For example, a combination of both cationic
and anionic ion exchange materials may yield a different result in comparison to
employing only one of the two anionic or cationic ion exchange materials. The

improvement in current and/or energy efficiency may also be achieved by selecting an



80. The device 80 includes a pair of electrode

assenbl i es having a negative el ectrode assenbly 82 and
W@2Eesitssve el ectrode assenbly 84. The negati VRCT/US2007/082346

el ectrode assenbly 82 includes a negative el ectrode 86

havi ng.gq cation _exchan material, in the. formof a D
oty ke SRR RHE it Proliigh ¥l urcgial in
thperttrodee el ectrode 90 havi ng an ani on exchange

material in the formof a nenbrane 92. The nenbranes

88 and 92 are physically insulated, fromeach other by .
[0833)1 oyiinnan crbedingnér tgq. cyeng n &Tisiesyi wénthe (gygercapacitor

de%éﬁrﬁ%h G 1@nh loa” iragmgg (Hsfléﬁrﬁrhy&[) gEJE@nta{bi 54 rg%{b\%? Aty Qbyrrent

exchange materi als ma coated o
cffejpacyatmay Dei qodiclatetutl thy . anfulns efjuentxohan@pmbteriagp@sent in the

certain tenperature cure t olymers. Next, the )
elrcrode BoPpRB: o oarealeL Py Egtffg%?t%‘e T dgsaubace with - this
erGldanentyid@ePtesPRGR s, WichAndiestBy that hOMELROREIhe althufit of an

modul e Having an arrangenent of a o '
catiepareltange spaaat cywpyredtio thaelycthiysledissydd e desoltdvee meragoe in

el ectrodes to forma ir,of electrode assenblies. Th
g G RO Sl Ry gt B SRS SRR s Tnifge on
theBt@itivalcfecifBie i thBlfdrhy o sebLY For ec@gsie, forfiehQfion tXdhange
nodul ar desi gn al so be convenient for the flush )
magfaeialy lopdias eiehd rag/ cmgaéhyq BHTEN chfagiecymst B pretty fom thp gation
r . .

b S N D )
catipf¢echanpy nheriabvafiagtofned mefar ahetytrens pERenSy a¢ 80 percent,
lighter and easier to hand] e than el ectrodes, a__ . .
an\‘ﬁafIgT Beyaien exsarngsgnaetiHderdinmyt Hemgspl iteicuresnt pifigiengy j 75

peggﬁjng, bl ade coating, spray coating, |amnation

ecause of the flexibility of the spacer. [0032]

Exenpl ary systens fabricated in accordance with this
[083dodi Sremlarlyi dérdposities telacedd,t wherthap amdi cackanghamatehel is

e of .ion exch e materials result in jnproved
enl&JIﬂP?(f‘éin{Hee?‘FFe)&(‘]% &ﬁ@@el}fﬁ(dlse%i PGLFeRS Y %a:%c‘gyh%? ap \r%énon exchange
matdRer ?sa@ﬁfpildy@ﬂ phesl iaRdthoRf dBVs GRS/cmP NtheN&urrent efficiency is

nt,

enbodi e the electrical resistance of the ion
appreskderh® Thpaeing whinsihe sawnorrchinge anatenial aglapnliedtin@n amount
rmof2a la & .in. a.r e of f cnP t
ST E fs BEhe i fcishofis ALARod: VAR Sk M il Rrrode
andfsitied detrobe cmplvyetke hangehamicemb@tiald uhd B@rent cfficiency may

be higher than the instances where only one of the electrodes employ an ion exchange

hfaor the

material. In one example, employing an anion exchange material of 37.5 mg/cm” on
the positive electrode, and employing the same amount of cation exchange material

on the negative electrode results in a current efficiency of more than 80 percent.

[0035] In one embodiment, one or more conducting polymers may be employed as
the ion exchange material. Non-limiting examples of such conducting polymers may
include polyaniline, polypyrrole, polythiophene, and combinations of two or more

thereof. The derivatives include the sulfonic, chloride, fluoride, alkyl, alkoxy, and
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the operation of the device. Further, inprovenents may

be achi eved by pol yner sel ection of the ion exchange
woreioeniese For exanple, a conbination of both REL/USINT082346

and anionic ion exchange materials nay yield a

otk RSPl hgFOTRE PRI B o RS Aoy Rafam of

cdﬁhﬁggdﬂxh@gsﬂﬁveekénda@rrent and/ or energy efficiency
nay al so be achieved by sel ecting anoptinum thi ckness

per cent age, . as the case may be, for the ion
W@%@h anigeCthel embagimerts; |98C & upico Bic-FUTEelng Rolypsrs may be

ng(gpf? | BE W ei&%g%slﬁfa%f{alsef N 'l‘ﬁﬂﬁﬂl Ofxahfpfes of ionic- c?nductlng

per capaci t or I nation devicecis 1h a range o
pdlyroonss 4dapendedd at borB@pgdemererd ranfbm Cd)pdiﬁntr ef fraft eopolymer

orrelated to the anount of io0 han
anﬁﬁqy é‘rbt?ﬁﬁ? ErReSERsT- i Thereaokymst a3 d aa%@g %} Eg’é g fgpic or
notYiShRMoAGHRES Cah&fhel dmiEREM2RECIoMtohdth& RBP AstIi®RNbne or
yielded test results, which indicated that an increase

more drienia meanement asanatmt @mhammat@glel miit enothér @mmcbylenlt, the
in the el ectrod ted in incre [ %

ioRig PRI Mg trﬁ%@e a? Y STONNETT A | mon tihange

me¥ERANDR bR eREHaRke ‘ﬂﬁﬁerﬁﬂ'ﬁia?%dl HBdid %ol}@ﬁ%’ﬂtdf ‘6ﬁe or more ionic
el ectrode in the formof a coating. For exanple, for

meEnerat Eapmples kb Agjenivenetandrs inshuic rgmppunissughy At pgphenates,
ph%)%}%lLoglﬁ{ge% rrgtltbgkﬁgfég,l 'bgr&f’e% p&r &ﬁg&gatfl n‘Ee[F/(I"?ZtO%: 81?9%6 tthereof

Eeinipled éheyioh® hbndigdrs eﬁtﬂudef Qilts tolﬁ@rlﬁﬁﬁ'y amiex césogdary amines,
mat eri al, | oading of 37.5 ng/cnR the current eff|C|ency
tegtiaryy o aB’é‘FQ?e NPl ZRATHRY hémwpﬂ’élhs e%%% Bumgt egyagidiniums,

f e NG -
p){gfél?rg{euﬁtg dt C8Z1%41{53%ﬁ§r}?€ %&F)l oy IrGQHére@E‘ Ndl- ﬁ&?ﬁ’n& Sarmles of non

or positive e
1omhe1mommammay enatindenstgromayt ecriyakesi meehqof}dzycesj achyiarmdes vinyl

Dyt e RS et nLRhT o ey, TR Ay htogpounds.

silbames BEGAKe, bhe c&rHBﬁlﬁmnseoffftWG bfhfoYe ihercdppPreci ated to
50 percent ‘when the ani on exchange material is

gflled in an anount 37.5 ng/cnR the current
[08377i mHm:yOmGsC(B@upfémg:@ﬁlym%@FﬂYbb@ K eles- h@g@t material.  In an

ex% t ; %%%oa{hg et ots%?m%de ﬁ(t)l %Flfggulf;c)ﬁlg celd ylg I%mployed as a

ge m e cur I Cl enc
catlon exchange material. The cross linked poly-styrene sulphonic acid may be

formed by reacting styrene sulfonate with N,N'-Methylene bisacrylamide in presence
of an initiator.  Non-limiting examples of initiators may include azo bis
isobutylonitrile and benzoyl peroxide. The reaction may be performed at a
temperature in a range of from 30degrees Celsius to 60 degrees Celsius.
Subsequently, a thin coating of the polymer acid may be applied on the electrode.
The coating layer may be further heated at a temperature in a range of from 30
degrees Celsius to 60 degrees Celsius. In another exemplary embodiment, a cross-
linked poly-dimethyl-aminoethyl-methacrylate is employed as an anion exchange
material. The cross-linked polydimethyl-aminoethyl-methacrylate may be formed by
reacting dimethyl-aminoethyl-methacrylate with N,N'-Methylene bisacrylamide in
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be hi gher than the instances where only one of the
el ectrodes enploy an ion exchange nmaterial. In one
W@ 2@AapIss6 enpl oyi ng an ani on exchange mat er i al POF/US2005082346
ng/ cn2 on the positive electrode and enploying t he
R SNE aeouintt' gfr 3131 roan 1eXCha%% 8 %at T, ﬁl a rapge of
PSS PVE BB o TrSEET 1Y% PY 8{}?%% 8‘?1??8 Lhi? Bpe
frémar® ddpadts 8&1H6y L0 degre&ﬁéélsﬂu@ FBscR bR, ABfRin cAfig @f the
nor e conductlng pol ymers may be enpl oyed as the ion
padyeeramge beapeliqdaen tlm%eqtmﬁﬁt iThg ﬂélfé a5 eE thef cogtipg may be in a
n I [ I
ro B OOl oHandr SAGARS: KFHe {8fne gy be sefeoted
baged en thedsotd clEbeicdiecdndattiwigsofi the liamdexchhgzesmbienall cAlso, it is
chlorld fluoride, alkyl | koxy, andpheny
destipfde fq hivesan r?ﬁéxel&ﬁl&a@ﬁtw?ﬁlﬁtté%w %Owebaéldéﬁﬁﬁablyéa both
acidic b bgﬁgﬁ%ﬁﬁmgoatlngs on the positive el ectrode.
[0036] In other enmbodi ments, one or nore
|on|c conducting polynmers may be enpl oyed as ion
[083&Ihangenrardodamhat, rmmgiamamimﬁgvvék am@p@sy ofd then quaternizing

d
thi S BRI REITRIRs T b SR 2R Bgpf bxctinge
m&eR Y bne EhboaRRALYIRRixARY id CortheR! B ufkingf4 @H1€OF percent
nore ionic or non-ionic nononers. |In one enbodlnent

trigthelang Hetearminn S RE T Adapd idnel 0680 dseceat craxy cacupgusnsodution. The

m%gg?h@c%is m?tﬁtai (ﬂg eﬁ&%aé‘g%hg%k%{rb&é is slugjeeg{éattg ®atin ‘téy for

nohomner
ex@aipl o) PlazingDMoITe b Senast 4 hﬁl}&mt@ﬂ& cefxmu)adt@eed@m&muﬁl Thikheep of
i gn exchange nmaterial nmay product polymer of one

plagingthednixBiie en fsrrdersiode a@( B?ﬁﬁllné éheo?lefatmds MRy bedRpRRsdsseveral
mhékcﬂb LUde rSP{H%%gH?iét SHERASexeH r@%%ﬁ&ﬁa 1ToRAARNER %ie%ﬁode In

car oxy ates orates, or co nations of two or
ottef@u‘t&miﬁmet&xaﬁmllestlmg tlxeaetlémdc atve onparsturanaf L(lﬂ)ed@aédssCelsms
' andary am nes, tertlar ﬁ%annne

fop 2T P ISP Ra i S URES! P QS TeAHET BUAASIE |

gr@ﬁ(ﬁs‘ dPnanué%mp‘Pefry %ﬁfﬂ%ﬂﬁﬁén‘t ORrtefniZa¥iBn Qfep MEEincRRAE @Bhlying an
Inltlng exanp es of nonioni ¢ nonomers may i ncl ude

etb}tlwceﬁa@ scdetropl bevaisg S ekt ofag pyteanteld-daypinoadd -detnedipmy pn the
ridine, vinylpyrtolidone xies, alde S :
el &F ea hOSHRARGri B St R WGP s uRERE B sy gation o
in86¢h e GUphBRLigdhH iafthd WA REhdipe endibredl € Sfibsequently, the reaction is
allowed to proceed for 30 minutes. Next, the electrode may be rinsed using de-

ionization water afterwards.

[0039] Referring to FIG. 5, a method of making a polymer coating of an ion
exchange material is illustrated. In the illustrated embodiment, the polymer coating is
formed by in-situ polymerization of the monomer on an eclectrode. At block 96, a
polymerizable material is formed or provided. The polymerizable material may
include ionic or non-ionic monomers, ionic or non-ionic oligomers, ionic or non-ionic
partially polymerized polymers, ionic or non-ionic completely polymerized polymers,
or combinations of two or more thereof. Optionally, when providing the

polymerizable material in the form of monomers, oligomers or partially polymerized
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[0037] The ionic-conducting polynmers may be a
cross-linked material. In an exenplary enbodi nent, a

W@ e@sa4dsstked pol y-styrene sulfonic acid i s enptDYSW0HBS2346
a cation exchange material. The cross |inked

I d i
pefipiah b Fofit ARl Ao B gRe 8 P OaRY ghEAT bR Prp an
xRS CemBfdidbnt], NrbViain@r theNeritibtof rhiy) GilRX aEdh®RS pefviding an

initiators g;%rlnclude azo bis |sobutylon|trlle and

infisfor yranper ichcrs, hepher pleviqlen(Uhaylight. per-§riing exangples of
suggﬁg%fcﬁg %etlfesrk 'ﬂla? g&g@eedlgfngi eﬁ%n%oagﬁl ﬁﬁeﬁ/le%léﬂe S%C&’l?[glde

egrees Ius: seque coat
N@olmﬂm[g acinthlesyf dugtablp phlltleﬁbmmap hiecled cegdor el ﬁobifﬂydbmtnle and
coating |l ayer may be further heated at a tenperature
bengoy] pe -of from 30 degrees Celsius to 60 degrees
Cel sius. In another exenplary enbodi nent, a

[Oﬁﬁ(ﬂs sIpRE R Plock UgTRl Ml qﬁﬂénzﬁﬁfehﬁ&t&b{éla&n@ dp¥ionally

enpl oyed as an ani on exchange mat'eri al
cregselgke! pmkerdnitiatoy di drmdhxdd-lamsnky@nmlfoma ﬂmam yThﬁ mixtase may

ORI, Ut RO D St Il e TR PAEn SR 1fents

mhyidchfeCle-ion¥8d @&t EBEndTRYr ESmBRLHds rﬂi“dw@ltor&nore thereof. In
tenperature in a range of from 30 degrees Celsius to

0@@@9@&%@& oatpigsof VBpiswgrsivniol may beremplexsdtas gobfent. The
%Eﬁ‘t Ea?loyJ;‘PE U@ﬁ ReuwaPRlGd 18%6%% %'oﬁlc% g&?c?ﬁg 90 percent.

ness o e coatl ng

AQdifoxllypaseo suchram oxhéen pﬂ&s@k e g Iﬁlfstetrh@ BORNMIVEd Th)@)bubbhng
sel ect ed based on the desired electrical conductivjt
infor gpgse Sueh 2 &@RAN G biskdOPathe pagte avas PFatF‘i‘,tOd@@l ifa® rhésqhétlon

of VY %of'é‘r%e'rﬁgtfle | néﬂ%ﬁtﬁ%"r@sﬁ'lﬁ‘keﬁ tht Snf@iQfdy iff Y %13‘3’023 The

and acidic an asi ¢ nmedi um
contuimgem daeini olok pastet may babtdtedyby dlspmlm@thm cohtaguer Hpm(g'il adat for

t hen er.ni zi ng the act | uct wwth a halid
neeBact Kol O Pk g BmE Y heBist dx EReyeetie in
rafgd 6f ik 76 Qie s erhadi e de?reég ELMRS s afﬁ&lﬁ&%f%e to 30

m xing 4 ni 5 percent triethylene tetram ne (TETA)

myytts4 Tk pod- ptzlt&)mpeza:t@ntls ppdxmed do awuenss dleutiscopity e paste to
Opkxture Is placed onto a dry el ectrode. The el ectrode

i ubj ected to heating by, for exanple, placing in an
oven at a tenperature of 100 degrees Celsius. This
[084HP Bubscquent to pre-polymerization, the paste may be transferred to another

container. At block 102, the pre-polymerized paste is coated on the electrode to form
a layer of the ion exchange material. The coating may be done by any known
conventional coating techniques, such as, casting, dip coating, or screen-printing. At
block 104, the paste is cured to form a coating of the ion exchange material on the
electrode. During or subsequent to curing the coating, a part of the coating may
infiltrate into the porous material of the electrode and form a composite electrode
where the coating of the ion exchange material is present on the surface of the
electrode and a portion of the ion exchange material is present within the electrode.
In one embodiment, the curing may be done by placing the electrode in an oven at a

temperature in a range of from 30 degrees Celsius to 40 degrees Celsius for a period
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placing the m xture on the electrode and heating the

el ectrode nay be repeated several tinmes to control the
W@rwans0sed cati on exchange material | oaded on PEEUS2007/082346

el ectrode. In one enbodinent after heating t he

ctro at a erat ur rees Cel.sius
ofgb AR s SHERRFSHL I SnptOlreER oS5 55 R HirehSiyin o
rahg @ﬂfﬂdrﬁ rsoldégretsdweelam Re7@ASHES.Cdlisluan exenpl ary
enbodi nment, quarternization step may include applying

an et]% acetate sol utian having 5 m of 5 percent
(0042 gi G follpstrtes a medard of eaking Heiog) cxehqngg énatqrpl coating on
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avhﬁ@cﬁgkatﬁﬁlf SLhif¥@ rE@ndh iRluR ARBIRAI9E IRRKINDEWEX 50 and

pol yner coating of an ion exchange material is
DIAIOR tSKatAed. EXIamptlehseOﬁ tarumerczl kydavarthleld i ameomt ¢xchhiege resing may

ok TBBERE b OS] 4 PG IR ey
beP pracemel z@bl@ubmtigs ipatticlss sfzer W tks®thfl 30 fedtomdRes. In one
poI%nerlzable mat eri al may include ionic or non-ionic

netts the ispincmay badubicefisd do &ailgaﬂhm& forj ppp@odpf 2 hours to
acﬂ{%gé oA r%d&gll}ﬁlkgti E%( iRR! iéerAFﬁlﬂ le‘i’ (]3/ 'Ee§u%§eﬂs{’o%' St HRE resin and

non- |on C €O y po yireri ze
deciofizicth atate@ s fdﬁlfned WA I tefnativgle, ddqﬁbﬁﬁg a sﬁmble Bell¢nt mayhferm the
provijding the polynerizable material in the form of
SUNRSRSBr s, ol i goners or partially pol ynerizedpol yners,
a Cross- Iinker and/or an initiator may al so be

[0848Vi degk fabbagke Qlt off e 3&iLXE ARL ;i YedSWRRAIBNY range of from

providing the“initfiator may al so i nclude providing an
1: il 10 tl |5at Abhlorﬂarh hara kindér @2 metitx matcubltis addel ®©tth¢ Whgpension to
SUI e cross, lin

fol g AP A lehF BERSBH a8 e bl faRe sty tefe e,
orhoIRahRYl RAE GeiorilieNPVDR) ITHe BXAETRhASbOhd&d thaPhéter emulsion

initiators may include azo bis isobutylonitrile and
foryan Fustherpthe axdiareof thowapht Fudeteith respeds kodk vogghtiofghe resin is

J [ terial a
1n£gr %lt%lgé ?)f? onp(l) Oy(gse{o lzlﬁ% N g?ne? t'hg Elg%?s%td‘loela tLor¥1 period of 5
mitagant] ot IﬁltfuCHsrfb dhopgtaize ﬁi’dammtuﬂeu r &t blayk 114, the homogenized
mixture is coated on the electrode. The coating may be done by employing processes,
such as spin coating, dip coating, blade coating, spray coating, lamination or screen-

printing. At block 116, the coating is cured to dry the coating.

[0044] In another embodiment, the clectrode material is mixed with the ion
exchange material to form the electrode, as illustrated in FIG. 7. The method includes
providing a resin powder (block 118). The resin powder may be commercially
available as noted above with regard to FIG. 6. At block 120, the resin powder may
be processed to reduce the particle size. At block 122, a binder and carbon source is

added to the resin powder to form a mixture. The binders may include any of the
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be di ssolved by sonification for a few m nutes.
Non-limting exanples of solvents may incl ude

wa@leeoso#iszed wat er, ethanol, or conbi nati ons of PEOSN7/082346
nore thereof. In one enbodi nent, a m xture of water

oips SBE" STl RS G I o SHBFaVEMy: of dipcfg 20 aading

ctR@Iot & the tnRix A PR eNpasteAdict faB8 Bl IWeigll aF @l Sikalireahd ethanol
oxygen present in the paste may be renoved by bubbling

isjihp gnggaddom $iUdR 1as Byighss, thapage doitimeddor ¢ Rerigrheft minutes
i Li . SS [ f . .
oA BR8Pk pgpiond pss i
colattidt anathercurment &dlestol wh if@im thEhded@ide aiTher coadng ngytiedone by
paste may be heated by di sposing the container in an |
en@i?aiPWBétPﬁOOF%ﬁes’h%‘ﬁ% G AT ORI, idiRy Coating ohlade ApnsiR neey, coating,

lafnf}RtiBADE ScrbBR phERIL I £ Atd-SAPEMBLURRNL Th@pdsBNESy B molded
from?70 degregs Cel'sius to 80 degrees Cel sPus fo¥ a

inpler ool adfthaoelecttode 3@t trlaekitl@s, thT biectpeds-ip olngrte diyathé olecirade.
perfornmed to increase the viscosity of the paste to

1003 a0 ek B Pndt arvteo itk R EBRYE haPobuge and

evalae. 108s cHB&IRI Ec@fRId¢ BMcAE6h PEB R by 260ah edTiNclehEically
el ectrode to forma |ayer of the ion exchan

e
conte@hiehl commpeice SRERPRs M B0 NoSre Jbg-Safy  Knukd-11 and 12-13
C I )

ARG oRER GROTE BB b e PHE B T3t RERL 1 3 B

ati chaiiiced Tiee fovalnolectodatsurfgecotres e 25@oméyehargeode. The flow
materjal on the electrode. During aor subsequent to.

thequeh rfged rRncepEttiongor lé?np‘érffo%f109@1_go o8%¢ PR métypulse width of 2

seb&gislig NRLE witht $h {nli]eervﬁ Wee 1844 &t l@g%ctoﬁgs.els%kré% fitance
and forma conposite electrode where the coating o

decteasdsowitle xbdrgingecunehiefchalgingsspeeds eAt3 8opertdne capacitaime dbp is

the el ectro and a_portion of the Lon.exch e
ot bl dror o OB B et S PR 108 eisrgie b b fdependent of
RO IR, cdlREntBionNIATRYs REsidaRe &YioRb 3ktoNsbrEd8f clectrode
electrode in an oven at a tenperature in a range of

activormauridegnaesage| disus Morcapordeyrlems r@ay dicusvailableafor ions

a er.'Odo{ ]WGQOH{W 4o s6 A UESWesut?aseigueﬂ“Xt’mt he case stack/cell
PURHEY &t 6T SPgEn PRy HEVPhEFEELE U A gEast

caba @M. R ustealr@eslcCoks] Msy boa gdagraest thebsiibising FORAI by a
FIG 6 illustrates a nmethod of maki ng an i on exchange

smpdlee cpgpntcgathiegpdopf a cycle.  Optionally, a” controller (not shown) may

provide a relatively larger current to the plurality of electrodes during an initial or first
mode of operation, and to provide a relatively smaller current to the plurality of

electrodes during a subsequent or second mode of operation.

[0046] In one embodiment, coating an active electrode material onto two portions
of the same surface of a current collector mesh will form a single-side electrode. The
single-side electrode may be folded at an active-material free zone located between
the two coated-portions, and over an ion-proof layer, to form a sandwich with the two
portions of the single-side electrode. The ion-proof layer may be, for example,

polyester, or the like, commercially available from such suppliers as 3M, Inc. Thus,
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an el ectrode with ion exchange resins powder. The

nmet hod i ncludes providing a resin powder (block 106).
wab@snessey powder may be commerci al |y avai | abl BCT/Uk2907/082346

particle size of the comercially avail able resin may

be.3-12 mm .Exa es . of ially.avail Ie ation
g Gintlit o Pogr KOV Ry e IR AR 4GB S e
i B AIrPtoSKposib el @soR llayeemaes b@dd VPl kel d
gﬂggn exc gngpbré3|ns ngﬁﬁ?népﬁde AﬁgERLfTE IRA-4OOgmels
interppsesl APIONCSA- hlmlawle%pé% rnd @mothemalegteagie sorthst qgeh clectrode
call! 90%?1‘?‘131? gatre Ow{tﬁ d[H& qhﬁﬁ] eﬂdgértfnloﬁgﬁ tﬁé Za%vfcg l ﬁ?%né he%‘oo%%nent,
nm cromnme n one enb
aleuiitiag tebettriode pairs arg élled:tﬂgalf}OEOIaleDtedIlﬁ)d;eﬂés zvlhkauuhs fluad flow
chi eve the predeterm ned particle size. bl ock 110,
paﬁ*%ﬁiﬁ%ﬁ@%gy i BRc 18P Péelil%malﬂﬂzft‘@%m drfiteodes Qeitneslcgteode pair arc
natively, enploying a suitable sol vent
“%H&%?g ﬁﬁ%ﬂg[suspen5|on [0043] The ratio by wei ght of
the resin to de-ionized water is in a range of from
[0047] t oW mil6 theAmnvpitmokhas IRen desiripdénn detad ingpnipoetion with some
eri s. added to he. s ensi.on X
ergpiipr s b PR & Sb i ROEE UBry R fodh oRAfS: e
1n€é1ﬁ!ﬁ6he&ﬁl P ThBdific®@rtoPRlcdporYd iad@ Neunbad06fi deridtiBMBF)iterations,
The binder may be added in a water enul sion form
supgfitutiens, dergativat obrequivalene awenggmentsi pefehergiofare rdesgiehed, but

W 18]6 P)% %\ﬁfn%{%l agé VJI'E tthé %5’6 (#1 th%n Q&\t%aﬁlgtglggdg[tlonﬁgw \?/hlle some

erﬂﬁfdluﬁéht@ﬁf hermhnditios htoe B&nrﬂe@ctﬁt&a 03 f(’bdimgﬁlbtsi’c&)dtthﬁ aspects
xture. At block 114, the honngenlzed m xture

Oféa%lt@anw A% nglusderqnby somerpipthe Sataribgd rEpOBE AN eAwrdlngly,
th€ meﬂﬁbﬁ] Q% P5toﬁ)e§e°‘ §&n AUGHRIES by RhO £ &gg&h? Qs Bon but 1s only

coati ng ade coating, spray’ coatin am nat 1 on
msnﬂbbmﬂmmmﬁmn@kh&Mqhh@ﬁkﬂ&ﬁﬁ the coating is cured to
dry the coating. [0044] In another enbodi nent, the
el ectrode material is mxed with the ion exchange
material to formthe electrode, as illustrated in FIG
7. The nethod includes providing a resin powder (bl ock
118). The resin powder may be commercially avail able
as noted above with regard to FIG 6. At bl ock 120,
the resin powder nay
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be processed to reduce the particle size. At block
122, a binder and carbon source is added to the resin
w@oda40ss®© forma mi xture. The binders may i ncPCES20Y082346
of thebinders |isted above with regard to FIG 6.
Cﬁ%ﬁ@ﬁquently, at bl ock 124, adding ethanol to the
Fe fornms a paste. The ratio by weight of the
m xture and ethanol is in a range of from1l:1 to 1:5.
Further, the paste is stirred for a period of 5
m nul.es tAn tRctiodetsesntily, dvorpaan: ze the m xture. At
bl ock 126 the honogeni zed paste is coated on the
curre tor to f | ectrode atln .
may b aggibloy %je 109F Son @Hﬁi ade Oprganﬂygga@ﬁ jons. Wherein
th@ EREH O cothRiseLAhbds mblAde af@at i ng, spray coating,
lam nation or screen-printing. In an alternate
enbodi ment, the paste may be nolded in the formof the
el ecaried @XChQng%n@tdma_h.msconmewethém pardes ingtegigh efdht: @hfag@ﬂble
elé d ! eﬁéregldteﬁ [)19 % an terlai g}lrm algis ch§r 3d a8 the %ﬁa geable
aving 14°%1°8¢ %des S re are Ad eval‘lated:
elérdme)def et tWHéfbuehE@ tisrodectdinpe riﬁateﬁul i$ q)eeﬂﬁbdaye 26 thnoppbstely
electrlcall conductivel y connect ed eIectrode(Palrs
charged gy, and & %eaﬁt prtiagly zmpgugablego thersimiarly oharged igns
constant voltage (7V) DC power is applied between the
1st and the 14th el ectrodes at charging. The total
el ectrode surface area is 250 cnR per el ectrode. The
flow through feed concentration of ion is from21000 to
5002.ppm ThE gedteaewsstniblybf glaged ondisreinstha se exdhiahgamaterial

interva ul se 0 secon ack
copReY § aeeT HEera Bt as iR R GRRENR STHRR  char gi no

speed). A 38 percent capacitance drop is observable

from 100 mA to 500 mA. El ectrode resistivity may be

i ndependent of current and feed concentration. Access

resi stance of ions intq pores. of electrode active

mat eti al s!lfa§/edEnds @stmbdy olslaEn goPdcies) tMclHhgys g%the layer is
1n%¥§h<ﬁ§ﬁﬁnﬂ@%0b?ﬂﬁnﬂpﬁﬁﬁﬂt'On at | ower charging speed.

charging current may increase stack/cel
capaC|ty A useful profile, then, may be a |arge
current at the beginning follomed by a smaller current
at the end of a cycle. Cptionally a controller (not

Sho‘%‘) na]}(%e;) erlgc%ﬂrogllg ag%er ¥ Vl% l ar eernll g}lllj ' felc{}%caf T¢, Pls{a]mce of

plurdlity K irs

theeger Rfin @ Paipatdf Gldm @md)un@cm? cwswlehﬂl dngl atively snaller
current to the plurality of

5. The clectrode assembly of claim 2, wherein the layer comprises a

binder and a resin.

6. The electrode assembly of claim 5, wherein the resin comprises
Amberlite IR-120, Dowex 50, Diaion SK-IA, Amberlite IRA-400, Diaion SA-10A, or

combinations of two or more thereof.
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el ectrodes during a subsequent or second node of
operation. [0046] In one enbodi nent, coating an active
WeLb@sti#s8e material onto two portions of the SBEBUS2007/082346
surface of a current collector mesh will forma
singl e-side el ectrode. The single-side el ectrode may
be fol ded at an active-material free zone | ocated
bet ween the two coated-portions, and over an ion-proof
| ayeT., toTricoglsatids andmbin oMelatin Shehtisth homindensomprisddgoly
singl e-si de el ectrode. The ion-proof |ayer may be, for
tetsx Hrpyoesthydency elywinylidggnetiyeride.as any daseties thergpt.
avai |l abl e from such suppliers as 3M Inc. Thus,the
bi pol ar el ectrode nmay have two distinct outwardly
facing active surfaces with an interposed ion-proof,
possi bly water-proof, |ayer. A spacer or fluid-channe
gui d& i s Thet depusledsisatbieehclaimil, pbrwm tkeen cxthengmuaterial
anot her, el .ectrode so that each el ectrode can
“ ?Eg@g:mﬁth the fluid flow through the device. In
one enbodi nent, alternating electrode pairs are
el ectrically connected in series, while the fluid flow
pat hs defined by the space, gap or channel between
el ectrodes of an electrode pair are connected in .
par al'l el .Tf[@oslﬁvt]roctemwérﬂgijeOP (AR B0l hRtgE Bfeeegmder is at least
i | RAstal Ly Hon with sone
P e R e 1 ted to such
di scl osed enbodi nents. Rather, the invention can be
nodi fied to incorporate any nunber of variations,
alterations, substitutions, derivative, or equival ent
arr apge ts not heretofore.described, .but which a .
cormBheur MooRrtpt hECBRELEr SERf e ik hg ol 3Fhe ion
cxBbgligeirnadidlfs it irdrge SPFRNE MadiiTeRt@nolo Tecigh patbem v the
have been described, it is to be understood that
totad et olgn ¢lp@rqdaveaietiadbn may i ncl ude only some of the
descri bed enbodi nents. Accordingly, the invention is
not to be seen as |imted by the foregoing
description, but is only limted by the scope of the
appended cl ai ms. CLAIMS: 1. An el ectrode assenbly,
conpkli. si nbphe deatvalc gesenibdy ef eleim ddwhewnf thguew dxthenge material

co?r&%%%srb @%Et?c esslp E}%}ﬁ% qug{iz%re ?15: a.f) Q%%V\ASF rﬁ?oinrl] (551 em?clrgr%te e?sd %o 10

micrometers.

12. The electrode assembly of claim 1, wherein the assembly is employed

in a supercapacitor desalination device.

13.  The electrode assembly of claim 1, wherein a current efficiency of the

device is in a range of from 40 percent to 99 percent.
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an ion exchange material in contact with the porous

materi al of the chargeable el ectrode, wherein the ion
Wexwhangss material is simlarly charged as thePCT/US2007/082346

chargeable el ectrode, and wherein the ion exchange

and 1 ol SRR AR TR BN S G OB apf o e

iof Bﬂﬂﬁﬁge mafsial durinkBe ep@stidrosiehagsesd! y of claim 1,
wherein the ion exchange material conprises a |ayer

di sposed on a surface of the chargeable el ectrode. 3.
The el ectrode assenbly of claim2, wherein a thickness
of the layer is in a range of fromO0.0001 mMmto 1 mm
4. The el ﬁ?éél@éiﬁ)d@%%my opélaﬁ‘ﬂ A hZeinWIELIRIFeaBl} electrode is
el ectrical resistance the layer i1s in a range of
a hegﬂtmve eledt]tvde cang Wiersif ﬁarmn rrﬁcheﬁn.ge Thecedlesta oaleon exchange

R Ranetigtied t A Tt atOSHE by b i Trr S SRBIE Fof tye ore
vodum¥Re Rl BlebthRic! 88d HheRIP Eﬁes%oﬁ\rétiﬁlﬁa{née endtétial 3@ cotBNRXd to
50, Di ai on SK—IA Amberlite | RA-400 aion SA-10A or

allopntsitions foanss Broughdhoionrmaekangharastal 7. The el ect rode
assenbly of claim5, wherein the binder conprises poly
tetra fluoro ethylene, polyvinylidene fluoride, or any
derivaties thereof. 8. The el ectrode assenbly of claim
1, wherein the ion exchange material conprises a
bi ndey.. 9T'heThieceddec hssonidlyaoé editmy 1 Hf whb@inmti&, cativer exahange

the binder is at |east partially disposed within the
matgHal fegprisessd E@?P‘&d’@fynf‘go FHRENIG RIS assenbl y of

claim1, wherein the anmount of the ion exchange
material is in a range of from1l weight percent to 70
wei ght percent of the total weight of an el ectrode
material. 11. The el ectrode assenbly of claim]1],

wher €i-n tHee plopiredectrapiglynedt eleinal16c orhisrdis dbe gaioniccmegomer
co \HSQSgaIﬁof?lC %Srnpgur?d 5@@&1%190%@ g'&lQszhoHAtg r Ogﬂ%gx %ate 9 I}OQate

or combinations of two or more thereof.

18.  The electrode assembly of claim 15, wherein the cation exchange
material comprises a sulphonate, a phosphonate, a carboxylate or a borate of a product

polymer from non-ionic monomers, or combinations of two or more thereof.

19. The electrode assembly of claim 18, wherein the non-ionic monomer
comprises a monomer of a styrene, an acrylate, a methacrylate, a acrylamide, a vinyl
pyridine, a vinylpyrrolidone, an epoxy, a siloxane, a urcthane, or combinations of two

or more thereof.
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m croneters. 12. The el ectrode assenbly of claiml,

wherein the assenbly is enployed in a supercapacitor
wa@le®ali#sss i on device. 13. The el ectrode assenbPgr/v§2007/082346

claim1, wherein a current efficiency of the device is

el ot el e PR EEin! odierB G lageyactfuroce i

a ppftivedickRoddend Wheeie M Gsh BRIHAKE@IMmatal NG ah hiion exchange
operatiagn of the device. 15. The el ectrode assenbly of

meferalngonfiguged rteish laaplepas i bgpighend catienst fremecspaping from the pore
Vorllﬁ?@to!f\fﬁe gl'e@t%c{eo qu %%r S Ehitoh I&cﬂa‘ﬂge %‘Ec{@aﬁ 9€ configured to
material I's a cation exchange materiaF con |guredn%%
allwby dré@sitto pagstth@lukly tharier exdhaags magribk. om escapi ng from
the pore volune of the el ectrode, and wherein the
cation exchange material is configured to allow
cations to pass through the ion exchange material. 16.
The el ectrode assenbly of claim15, wherein the cation
exchange MR 8lck@bd<C Q8RMLBE DS & 1AMPAUC twhRRY MBE s@fon exchange
ani oni ¢ nononers. 17. The el ectrode assenbly of claim
matgrialgeneises ¢aienigMobMES.nonoMer conpri ses ani oni ¢
conmpound of a sul phonate, a phosphonate, a
carboxyl ate, a borate, or conbinations of two or nore
thereof. 18. The el ectrode assenbly of claim 15,
wherein the cation exchange naterial conprises a
sul gionatBye alepinedp hsombly, ofa ctadm bdix yWindreinothe acaioniat golymer
of a gr?du t polymer from npn-ionic nmononers, or
COLYMBP MR H G PTHFY FBIGS $FEPUIAHBPEH. ICHETY $REIcs) Pcqurgagary
arRRSEIRY irffdasd 1R L8aniMA&IEY, DHykmina8- drOMRLiIARIATESF two or
conprises a nononer of a styréne, an acrylate, a
mometthercofyl at e, a acrylamide, a vinyl pyridine, a
vi nyl pyrrolidone, an epoxy, a siloxane, a urethane, or
conbi nati ons of two or nore thereof.20. The el ectrode
assenbly of claim 1, wherein the chargeabl e el ectrode
IS a positive electrode and wherein the ion exchange
mat €73.al Tl akcasdoasembdhangelaat 0] athetomfthguhaoh techange

at |least partially prevent cations fromescaping from,
m@tﬁ@almrlses the quafternized reaction product of a material contdining tertiary

amine groups.

24. The electrode assembly of claim 20, wherein the anion exchange

material comprises poly-dimethyl-aminoethyl-methacrylate.

25.  The electrode assembly of claim 20, wherein the anion exchange

material comprises a conducting polymer material.
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vol unme of the electrode, and wherein the anion

exchange material is configured to allow anions to
wpa®s/14tssough the i on exchange material. 21. TPE@I/US2007/082346

el ectrode assenbly of claim 20, wherein the anion

exc ge terial, conprise at i.Qni ol yners.. 22. The

ol ect odel e ggrifids SIS O cih' S ahaRin Dy il golSmer
meHYIN&mp P hbasilina! pclyBfirrdlé, i dErpolpiiopenc, HEcoMBaIaYions of

am nes, tertiary am nes, or quarternary anmoni uns,
twiorardeere thaieaf, guani di ni uns, pyri di niuns, or

conbi nations of two or nore thereof. 23. The el ectrode

assenbly of claim20, wherein the ani on exchange

mat eri al conprises the quarterni zed reaction product

of a material containing tertiary am ne groups. 24.

The 2. ect A cugercaps eibdyldgsadinatdradeni @) compesieg:n t he ani on

exchange material conprises

pol y-di.net hyl - am noet hyl - met hacryl ate. .25  The :

o1 evit PUEET oshll JRG eTRh 8 M iiBincit ERh SR g opposicly
cha¥ged et eroi® €miscs @6 Sahafg ALl thadisPRIIREly permeable

mat eri al . 26. The el ectrode assenbly of clai m 25,
tohaiged ipnshe conducting pol ymer material conprises

pol yani | i ne, polypyrrole, and pol ythi ophene, or

conbi nations of two or nore thereof. 27. A

supercapaci tor desalination device, conprising: a pair

of oppositely charged el ectrodes, wherein at |east one

of t2te opPwsistgdryapabitorgdesabh@onr ddese adnplains €37, awhémem the

exchange material that is selectivel er neabl e .
SUBHPEEHoF Qe nasgn dPHE® SHBRRLS JHEICY GIOraBEE ThBRPpY Y charged
cl8leNIdELarPingedl # aTitddked WORAiQirktidMe Super capaci t or

desal i nation device conprises two or nore pairs of

oppositely charged el ectrodes arranged in a stacked
configuration. 29. The supercapacitor desalination
device of claim 27, further conprising

29. The supercapacitor desalination device of claim 27, further comprising
an insulating spacer disposed between the oppositely charged electrodes and

configured to electrically isolate one electrode from the other.

30. A method of making an electrode assembly, comprising:
forming a mixture of an electrode material and an ion exchange material;
dispensing the mixture in a solvent to form a paste; and

molding the paste to form the electrode assembly.
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an insul ating spacer disposed between the oppositely
charged el ectrodes and configured to electrically

W0 s@Basssone el ectrode fromthe other. 30. A neChos2001/082346
naking an electrode assenbly, conprising forning a

m xt an terial an

e et o BB O SisPin TS Qb dE 4P ERR R prises
caﬂodha%h@vatéﬁl darH@rh dgrﬁﬁhlfeh PoRAS tarboa ﬁ@ﬁﬂbi harthesdrég@decarbon

assenbl 31. The nethod of claim 30, wherein the
NagpBPEY; @l@omtm BATbQIL PATH S SOMBIIBEANS AfctiVoA e HeFasén,

graphite, porous carbon particles, carbon aeroge

car bon nanot ubes, carbon fabric, carbon fibers, or

conbi nations of two or nore thereof. 32. A nethod of

maki ng an el ectrode assenbly, conprising: formng a

m xtik e oA nathddoof reddciamye cctaiderassimbdyn dompbisinger ; and

coating the m xture on a surface of a porous el ectrode

rma coa further
e TRRbE Ry i 5 Tl an 8RB0 hod of

naklng an el ectrode assenbly, conprising: formng a

pol yomatihg telreixtirt 6h halifacend agoadusiicctibée ofoyrardoaiaiy. e

material on a surface of a porous electrode to forma

pol ymer coating. 35. The nethod of claim 34, wherein

the pol ynerizable material conprises ionic or

non-i oni ¢ nmononers, ionic or non-ionic oligoners,

i onig or NQNyLRBH 6f Bdint B@l ﬂlﬁhé}%ﬁ%@iné%goﬁ Qinléﬁﬁrtﬁe mixture.

i onic or non-ionic conpletely polynerized pol yrers, or

conbi nations of two or nore thereof. 36. The nethod of

claim 34, wherein the polynerizable material further

conprises an initiator, or an initiation manner. 37.

Irgss Ilﬁgﬂ%ﬂQ4é?¢%§%'ai&r§g§&$%§%ﬁ%¥hoggo?mgla|n134

further conprising a quarternization process after the
pol yioeningatpobymereabtei roaterid9andThe met hod of cl ai m 34,
further conprising a sul phonation process

coating the polymerizable material on a surface of a porous electrode to form a

polymer coating.

35. The method of claim 34, wherein the polymerizable material comprises
ionic or non-iohic monomers, ionic or non-ionic oligomers, ionic or non-ionic
partially polymerized polymers, ionic or non-ionic completely polymerized polymers,

or combinations of two or more thereof.

36.  The method of claim 34, wherein the polymerizable material further

comprises an initiator, or an initiation manner.
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after the polynerization reaction. 40. The nethod of
claim 34, wherein the polyner coating is partially

WO pdosl1#058¢ es i nto t he porous el ectrode to for nPEI/US2007/082346
conposite electrode. 41. A system conprising: a

plurg)ity.of electraode [ each el ectrode, of the.
i 1 bei RS pEAE, B2 dhers PRt SaerAPs g b
fluid can flow, and alternating electrode pairs are
electrically connected in series, and the gap or
channel is fluidically connected in parallel to

42. The system as defined in

anot her p or channel. .

cl aith 41%}%@?%@5 02 Gﬁ%ﬁ“i X Agther comPFigNg dr W3HeTgstIan Pgocess
afRY B Sy AeriAligh ta4glidn. | arger current to the plurality
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el'ectrodes during an initial or first node of
operation, and to provide a relatively snmaller current
to the plurality of electrodes during a subsequent or
second node of operation. 43. The systemas defined in
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after the polymerization reaction.

40. The method of claim 34, wherein the polymer coating is partially

infiltrates into the porous electrode to form a composite electrode.

41. A system, comprising:

a plurality of electrode pairs, each electrode of the pair being separated by a
gap or channel through which fluid can flow, and alternating electrode pairs are
electrically connected in series, and the gap or channel is fluidically connected in

parallel to another gap or channel.

42. The system as defined in claim 41, further comprising a controller
operable to provide a relatively larger current to the plurality of electrodes during an
initial or first mode of operation, and to provide a relatively smaller current to the

plurality of electrodes during a subsequent or second mode of operation.

43. The system as defined in claim 41, wherein at least one of the electrode

pairs is a bi-polar electrode.
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