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[0002] A supercapacitor desalination device employs a pair of electrodes of
reverse polarity relative to each other. During a charging step, a feed stream is
allowed to flow through the supercépacitor desalination device. The ionic species in
the feed stream are adsorbed on the surface of the oppositely chargéd electrodes,
thereby de-ionizing the feed stream to produce a dilute output. During a discharging
step, the ionic species are desorbed from the surface of the electrodes .and imnto the

feed stream to produce a concentrate output.

[0003]  Further, ions having the same charge as that of the clectrodes (hereafier
referred to as similarly 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 cascs, purification of the
feed stream can only occur when an cxcess 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
strecam 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.
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wherein the chargeable electrode is a negative electrode and wherein theion exchange material is
a cation exchange material configured to at least partially prevent anions from escaping from the
pore volume of the electrode, and wherein the cation exchange material is configured to allow

cations to pass through the ion exchange material.

[0004b] In a second aspect, there is provided an electrode assembly, comprising:

a chargeable electrode configured to adsorb oppositely charged ions, wherein the el ectrode

comprises a porous material; and

an ion exchange material in contact with the porous material of the chargeable electrode, wherein

the ion exchange material is similarfy charged as the chargeable electrode, and wherein the ion

exchange material is permeable to the oppositely charged ions and at least partially impermeable.

to similarly charged ions,

wherein the chargeable electrode is a positive electrode and wherein the ion exchange material is
an anion exchange material confi gured to at least partially prevent cations from escaping from the

pore volume of the electrode, and wherein the anion exchange material is configured to allow

anions to pass through the ion exchange material.
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paste, and molding the paste to form the electrode assembly.

[0008] In accordance with one embodiment, a methed of making an electrode

assembly is provided. The method includes forming a mixture of an ion exchange

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

[0609] 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,.
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[ 0005] In accordance with one enbodi nent, an
el ectrode assenbly is provided. The assenbly incl udes
a chargeabl e el ectrode configured to adsorb
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DETAILED DESCRIPTION

- {0016] Embodiments of the present technique 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 opcration of the supercapacitor desalination
device in which the electrode assemblies, namely the positive electrode assembly and
the negative electrode assembly, employed m th;e device are configured to attract and

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



coating the polynerizable material on a surface of a
porous electrode to forma polyner coating. [0010]

These and ot her features and enbodi ments are better
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read with reference to the acconpanying draw ngs.
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are configured to desorb the ionic species that were adsorbed by the electrode
assembly in the charging step. As used herein, the term “permeable” refers to a
property of a material that allows the ionic species to pass through a layer or a coating
to reach the surface of the electrode underlying the material. As used herein, the term

“cation exchange matcrial” refers to a material that is negatively charged and allows

cations to pass through, but at least partially blocks anions from passing through.

[0018] The electrode is made of a porous material that may include similarly
charged ionic species, that is, the ionic species that have the same charge as that of the
electrode in the charging step of the supercapacitor desalination device. For example,
in case of a negative electrode, negatively charged ionic species are present in the
pore volume of the negative electrode. The similarly charged ionic species may be
disposed in pore volumes of the porous material that forms the charged electrode. In
the charging step of the device a feed stream having ionic impurities is allowed to
flow between a pair of charged electrodes. The charged electrodes are configured to
adsorb oppositely charged ions from the feed by ionic interaction. For example, if the
charged electrode is a positive electrode, the charged electrode is configured to adsorb

anions on. the surface.

[0019] The clectrode assembly further includes an ion exchange material in
contact with the porous material of the charged electrode. The ion exchange material
is permeable to the oppositely charged ions present m 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 strcam during the discharging step and also eliminates the chance for
the similarly charged ions to leave the electrode and escape into the feed stream
during the charging step. In one embodiment, only one of the positive clectrode or
negative electrode may have the ion exchange material. In other embodiments, the

jon exchange material may be disposed on both the electrodes.



i n accordance with enbodi nents of the invention.
[O013]FIG 4 is a cross-sectional view of a
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size may be desirable when the ion exchange material is disposed within the

electrode.

[0021] The ion exchange material may be present on the entire circumferential
arca of the clectrode. In other embodiments, the ion exchange material may be
present only in a portion of the circumferential arca of the clectrode. In one
embodiment, the ion exchange material may be present in the form of one or more
layers. The onc or more layers of the ion exchange material may be directly deposited
on the electrode. Alternatively, the one or more layers of the ion exchange material
may be formed separately.and subsequently coupled to the electrode. Additionally,

the one or more layers may have same or different ion exchange materials.

[0022] In one embodiment, the electrode may have a first ion exchange material at
least partially disposed within the electrode and a layer of a second ion exchange
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 elecirodes 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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[0024] Suitable materials for the negative el ectrode
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& dink aF biffeedhaicgastchmas matdtials. iIs thedltiseasd 2mbpdiesentheidavice
t he negative el ectrode 18 experience repul sive forces
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Hyr The enioh cxphange el ¥ adsases pdens Xgandsyt lagsbpieially orevents
. h Q0 j 22, at |east sone of
%ﬁgﬁgﬁ?%ﬁ%1%%“%?%%@%%ﬁ?gﬁ%$é§§%ﬁ in the negative

el ectrode 18 may be prevented from bei ng expelled out
9929]1he Refepaing vaovelteckiCodd 4 Scrosphectionale visws iof | a/ supiegiapacitor
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1Bighines el23rdde cavsdralay i Gig inchelen agedgptne  elk@otde offe haBng Thation
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SSh] AR RT3 PR Ry 1o LRI, The
PEsh kMRngd BelHal?0 asgyetbioymddtin thelfoighe 8 @ 19@8 ot b \eembrane.
el ectrode 24 having a porous material 26. The
Staslary) he pasiiv ¢lpgFode 3e3cbbs 6@ Hichidrbh PestdYRsigrrode 74 and an
AR ELcRing? St 76 QisHb38 88 & duMhdear G oYY cRbirdd@&4. The
positive el ectrode 24. As used herein, the term
¢lentiiodes 6% ehdridehavattbe iien txehehgr watepaly MWatnsk Valontdlasides, as
i s it Vel . j . .
i BE5k el R AR o UF A IR Ex i Rprials 44
aldai2ged disposd onhally the, sideadfi the sle2ttodes dbnapdi 48 ithag) are exposed to
éhro gh. Suitable materials for the positive '
taf W24 may include carbon, activated carbon,
graphite, porous carbon particles, carbon aero-gel,
[0a3d]0Nn Inamnotcuivedimenar the Rlccabddse such as ivatrbddsells 48068 and 74
co inat%gn .of two or nore. thereof ExanHIeF of o 1
TR B STROYREY SREFTIRTISHECG ® A ERF P S gopglevice. Tn
B 8@ 0ired) a Flahlenat e peiRs oPiRAREAGLE N bdishosed in the
hydr oxi de i on. The ani on exchange materi al 28}cgy be .
the pair of

fore oEmtstasky tHuathpy ag Anguldorsigpy he disppsce Hetvysen ekg

d ' : - AT Il < Y .
SLERLED 820, T %y 0ol it o, 48 BUA Bk o
sools p¢llsveayebewnfigurd 24 thefern of o kack hpihas ipyayisiensifer water inlet

farces. .[0026 .1 hough, .~ t he L.y et
ufsuirdh T rmpalibeR Al okl FRTHE blGOR PR SRl e
“tB&h ase ek nfatds,sposahlamnbnd eastionpast baldey tovdevnizet the liquid to

body of the el ectrodes 18 d 24, the ion exchan .
I O AP 6 O PR PO b S oBseng. A pyrality of
A h@estidtaeRyObe hitghpehan Gestadd akhrBaahe SUNt 36 ohdBair of
_‘negative electrode 18 or the positive el ectrode 24,

drctigdesmpyrpagreargd as) yiced liguid fproide gibst celle plids way, the liquid may
ERA0A00% FES B TRMLRg o g8 TR Ykl out of e
duttlet.i on exchange material in the formof an outer
coating or a layer, at |east the oppositely charged

el ectrodes adsorb sone of the cations and the ani ons
present in the feed stream Hence, subsequent to the
adsorption of the ions by the ion exchange nmateri al,

the ions perneate through the ion exchange materi al

and reach the surface of the respective el ectrodes.

As a result, the surface of the ion exchange materi al
becones available for the ions in the upcom ng feed
stream [0027]Wiile in operation, the ionic species

in the electrode that are simlarly



charged as the charge of the el ectrode may be

repelled out due to ionic forces. These repelled ions
fromthe electrode mix with the feed stream and
wmensassset he ionic concentration in the dil utRET/US2007/082346
output. The free ions present in the ion exchange
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Ambesls a2, 88 mae Heotsntal oa wal beparators adigeiuhlay erSubdequently,
As illustrated, such a cation exchange hgxer nqy.be !
PPLRgs 8 FEHRINACERPREES T FHE thy S8R A6*E diie o polymer

doBRASEpSABR iy BE disBEsel! RfcERAE addpacdrM40meform a flow chamnel.
enbodi nment, the cation exchange | ayer nay be a sin

le
Thiy ewodulprhazing Bh arrangamsatiphi APATATSPREY SHITEXCHAN e dhsposed
leRYEh (R el?%ro%leg b Rk ')g%ﬁ & eIEUR 4O as SR Rict. ANBE Sr&ision of
sane or different ion exchange materials. In the
- halvingst septrett reodndolforiort ¢xchimgedeatinizds ®8y Finplifie pssembly process.

incl udes a si,tive. el ectrode S I .

it 58 nReBEF Pt uEUERL b S RREl e Yo M reptacement of
18 @Bt dx0bkhgd Snatdinal fibmasthasleaden T chainbe dedyremalp Be wordacive
a surface 50. Th%_a jon .exchan | ayer 52 adsorbs d
(G riPeTRASCE CORAICAL LIPRARIY et AP SHUVBARRE THA, Domentlaeture

depB Rl e AT atd GRS basRer @ BAIAIOEEN d8ctrodes, a variety of coating
[0029]Referring nowto FIG 3, a cross-sectional view.

w¢thedss uper bapupliedr Serds 8F | Hat sBHngeblade @atingyFHgy coating,
- Hes; Ls illustrated. The

%@g%@?@gﬁgﬁ§§§¢%é§g§§§§%§ﬂ§° 4Cincludes a negative

el ectrode 68 having a cation exchange materi al

70
[803H 0 dekeomlarn eyssums fabroarel igfaceqrdanse gathi Yis corbedinesdgiclded
68. Th t. i f .
s e
@osht éfficcadyant] rodgy affedmoy pf B6 siprrtapdenr degabsitionvdgvices. In

el ectrode 74 an n ani on_exchanage nmat.erial 76., ,.
St &8 SRRl BlsR ShARIEn FRiGhbE maffiet gigposed on
hd elediiicah @Rt oAH 85 6Fetith 7 danpavefibind). | Ohmenehang©hm cm’.
materials 70 and 76 on all i%fe , as .opposed to th%d,'
Tn| qng smbedaeens herai ihBn voltecHPR1e2 1o iF Pt Sxqpangcopaterial during

16 g)g@xaﬂsn BRUSS ha)i&. 48uARY, ReprBtanditShRs e’k RRicoad By tpdmer
SI of the electrodes 40 and 48 that are exposed to |
schetidreefiths tipreexpha OO dive cEsBRIG hregmbingtiga of both cationic
aglldeé:ntlgrﬁg fon ez?éﬁ%li] & a%laxﬁﬁt ﬁl%}d?%kf’ Q, diﬁ@ren@ﬁ:sﬁ'l@% 7cﬁm_ son to
e enployed 1Tn stacked structures in a supercapacitor
agslaying ahlyoond ef iteetwd anshciredatdhicuion urebsnga materials. The

plurality of the irs of such electrodes . nma e .
gt o OSSR MR R RS T a BT seecting un
i nsul ator may be di sposed between each of the pair of
el ectrodes. For the purpose of purification of a
liquid by de-ionization, several of such cells may be
configured in the formof actack that has provisions
for water inlet and outlet. In one enbodi nent, the
feed liquid may be passed through the stack nore than
one tinme, that is, nore than one iteration nay be
used to de-ionize the liquid to perm ssible or
desirabl e |l evel s of charged species. In one
enbodi nent, a plurality of pair of electrodes may be
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illustrates an enbodi nent of a supercapacitor

desal i nati on device 80. The device 80 includes a pair

vob 2@keaisscode assenbl i es having a negative el SIVigden7/082346

assenbly 82 and a positive el ectrode assenbly 84. The
ati electrode S &
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desi gn may be conducive to increased conponent
ridgfar thie lcptiqn exichange netasial jogdiag ohRAmEFAE dhe grapntrificiency is 75
@Q actured separately, spacers are lighter and

asier to handl e than el ectrodes, a variety of
coati ng net hods nay be appli ed, such as di p coating,
B03dle comilarg, fosppaifiveoetitmgs, Whe et poen csekeage anas¢rial is
the fle biIit C I
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gﬁ(ﬂﬁaﬁb tcﬂfrelﬁ%‘fﬁélbﬁb@hk 60 peR¥NC EWher Both ik nega’ave electrode
enbo i ment, the electrical resistance of the

wddostige clestreds amplay disolon g ehpngqmaterialst %Eié’fqﬂh %ﬁency may
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[ 0033] I n one enbodi nent, the current efficiency of

t he supercapacitor
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desal i nation device is in a range of from 40 percent

to 99 percent. The current efficiency nmay be

correlated to the amount of ion exchange materi al

wo ememdossan t he el ectrode assenbly Exenpl ary mEysysamg /082346
fabricated in accordance with this enbodi nment yielded
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nore ronlc or non-i1oni c nononers n one enbhodi nent,
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i ncl ude conpounds such as sul phonat es, phosphonates
carboxyl ates, borates, or conbinations of two or nore
t her eof Exanpl es of cationi ¢ nononers include salts
of primary am nes, secondary am nes, tertiary an nes,
or quartemary ammoni uns, i m dazoliuns, guanidi ni uns,
pyridi niuns, or conbinations of two or nore thereof
Non-limting exanples of nonionic nonomers may

i nclude styrene, acrylates, nethacryl ates,
acryl am des, vinyl pyridine, vinylpyrrolidone,



exenpl ary enbodi nent, a cross-Ilinked poly-styrene
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1bmzﬁﬁmhmn@wﬁﬁamadnunt of cation exchange nateri al
| oaded on the electrode. In one enbodi nent, after
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cross-linker and/or initiator is dissolved in a

solvent to forma paste. The m xture may be di ssol ved

by sonification for a few mnutes. Non-limting
veo a0wphiesseof sol vents may include de-ioni zed VRAIT&IS2007/082346
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wei ght of the resin to de-igmized water is in a range

of from1:1 to 1:5. At block 112, a binder or a

matrix material is added to the suspension to foun a

m xture. Exanples of binders may include poly tetra

fluor ethylene (PTFE), or polyvinylidene pluoride

(PVDF). The binder may be added in a water enul sion

form Further, the ration of the weight binder with



bi nders |isted above with regard to FIG 6.
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[0047] Wile the invention has been described in

detail in connection with sone enbodi nents, the
invention is not limted to such discl osed

vanboglisweswt S. Rat her, the invention can be nod@CHIUS00FE82346
[ ncorporate any nunber of variations, alterations,
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nperneabl e to SI arly ch
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ANELSIHR t MGici 181 SHEAGRIKABE 8Fchab 25@ o’ a3t beftrode. The flow

exchandge material configured to at |east partially.

througle fitcdagsinesnsratipn of det Bpiterny K008 e 'RE0 pone 4 dlsRevigh of 2
stegc%dgll? GLdOH8h a ?r}ﬂtewﬁ 'b@t'vJ%ellti hGisCabt o sEXRNANGRck capacitance

i's configured to al 'ow cations to pass
debreasey hvvatlhdlar@ng emmm@rgmg epded). . A 38 peTevat edpaeitanegdrop 1s

?rgglﬁ ¢ [%Bgﬁ 30¥\h gy& clacécrpgg P stﬁ)%g%gq?ee 1ndepePdent of
chh%ntCﬁlﬁl’ %ahioﬁcc&itﬁﬂ(bﬂ od:cess resistance of ions into pores of clectrode
active materials may cause this. More pore volume may be available for ions
absorption at lower charging speed. Lower charging current may increase stack/cell
capacity. A useful profile, then, may be a large current at the beginning followed by a
smaller current at the end of 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

clectrodes during a subsequent or second mode of operation.

[0046] In one embodiment, coating an active clectrode material onto two portions
~ of the same surface of a current collector mesh will form a single-side clectrode. 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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3. The el ectrode assenbly of claim2, wherein a

t hi ckness of the layer is in a range from about

0.0001 mmto about 1 mm 4. The el ectrode assenbly

vob 2B/ad08362, wherei n an el ectrical resi st ance PSII/{RY7/082346
layer is in a range fromabout 0.1 Chm cn2to about 50

SR o 05 P, g 7 sy

ere conpri ses a a resin.
ihepmtEvhrods, pesibifoivytenproof, diyer.5A spaesrair fluidrehapadignide 1s

conprises Anberlite IR 120, 5 Di,ai K: |
RO B PrRas BB SRS G0 apt Rotor octigg o8 ar St Yectrode
(Elf\iﬂeé(ﬁﬁf]_ uni%ate gﬁ&d dleeflbidofler asseph|the akvict.ai i boe embodiment,
erein the binder conprjses poly tetra.fluorto .
AFBA leciefe BAIRITT GERECR LGSR gF SSiks JBHF i flaid flow
%ﬂ?src%ﬂfled lﬁ)gth_e -Eﬁﬁse,eé G rcﬁéjrﬁleﬁs?e%\_ﬁg@ﬂ éled&f)dé‘é Faelectrode pair are
erein thHe ion exchange material conprises a binder.
@mndies inpeatlelode assenbly of claim8, wherein the
binder is at least partially disposed within the

©02f19€3Phifk Bl &HuATE has been described in detail in connection with some
embodiments, the invention is not limited to such disclosed embodiments. Rather, the -
invention can be modified to incorporatc any number of variations, alterations,
substitutions, derivative, or equivalent arrangements not heretofore described, but
which are commensurate with the scope of the invention. Additionally, while some
embodiments of the invention have been described, it is to be understood that aspects
of the invention may include only some of the described embodiments. Accordingly,
the invention is not to be seen as limited by the foregoing description, but is only

limited by the scope of the appended claims.
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10. The el ectrode assenbly of claim1, wherein the
anount of the ion exchange material is in a range
from about 1 weight percent to about 70 wei ght
percent of the total weight of an electrode naterial.
11. The el ectrode assenbly of claiml, wherein the
i on exchange material conprises particles having a
size in a range fromabout 0.1 mcrons to about 10
'éyons. 12. The el ectrode assenbly of claim1l,
CLAMer ein the assenbly is enployed in a supercapacitor
desal i nati on device. 13. The el ectrode assenbly of

[. Arcdiadtrod? asseelvecampriging:rent ef fici ency of the device
is in a range from about 40 percent to about 99
percent. 14. The el ectrode assenbly of claim1,

a chaméblé|e}p<:ﬁ@dwnﬁg§r§d s adgprh enpasitely %h@égelddWSe%ﬁawgée
dea&ﬁgggmg%&ggé Fﬁﬁﬂ%pgﬁgtlon of the device. 15. The
ctr y 0

el e aim1, wherein the cation
exchange material conprises a product polyner of
an ioABkdiahge MmamoaEn sontad Gvithfthe peloes tiardel @sisertiatagalgt clectrode,

claj m 15, wherein .the anjoni r co
wher§in 0B SkeBEL e S SD |t e S R ARBl i g roge, and
wherGRROMM lcRERn s AmBRFiALIS perdfcaBRAY EH&Q?lpp@sﬂfélytdh@fg@@ions 3rdd at
The el ectrode assenbﬁ%%of claim1, wherein the cation

least psrsiRtv epermeds Wl simd#br sheegeddomul phonat e, a
phosphonate, a carboxylate or a borate of a product

wherB tﬁenq{argeagle e{é%{%oée 15 a%egatlve electrode and wherein the ion exchange
material is a cation exchange material configured to at least partially prevent anions from
escaping from the pore volume of the electrode, and wherein the cation exchange

material is configured to aliow cations to pass through the ion exchange material.

2. The electrode assembly of claim 1, wherein the ion exchange material comprises a

layer disposed on a surface of the chargeable electrode.

3. The electrode assembiy of claim 2, wherein a thickness of the layer is in a range from

about (.0001 mm to about 1 mumn.

4. The electrode assembly of claim 2, wherein an eiectrical resistance of the layeris in a

range from about 0.1 Ohm cm” to about 50 Ohm em’.
5. The electrode 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 5-0, Diaion SK-TA, Amberlite IRA-400, Diaion SA-10A, or combinations thereof.

7. The electrode assembly of claim 5, wherein the binder comprises poly tetra fluoro

ethylene, polyvinylidene fluoride, or any derivaties thereof.
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nmononers, or conbinations thereof. 18. The el ectrode
assenbly of claim 17, wherein the non-ionic nononer
conprises a nononer of a styrene, an acrylate, a

net hacryl ate, a acrylam de, a vinyl pyridine, a

vi nyl pyrrolidone, an epoxy, a siloxane, a urethane,

or conbi nations thereof 19. An el ectrode assenbly,
conprising: a chargeable electrode configured to

o RS RCBRL SR 9 Wy b L s

bindd¥aterial in contact with the porous material of the
chargeabl e el ectrode, wherein the ion exchange
material is simlarly charged as the chargeable

9. ThE le?e%{rB%d%setngﬂ? oMGHE & NwiEm QN bifXE ReR IS sTRE Sl yalispoSed

per nea he oppositely charged ions and at [ east
withipdlret ¢latdegbic efpetrodzabl e to similarly charged ions,

wherein the chargeable el ectrode is a positive

el ectrode and wherein the ion exchange material is an
10. TABERBir&XChRenGay GR¢Iek Al wikedih tigumednt of tAt idneasiiange material

tiall [
s 10§ GGREOBT Lo BP bl PTG R RFRSEh B D S of

an el&XSRana&xmt erial is configured to allow anions to
pass through the ion exchange material. 20. The

el ectrode assenbly of claim 19, wherein the anion
11. Tha CILE09% ag?etm rﬂz gi‘ oIS ,r\{fl’?e?gin GRLbLe Qﬁ(&]agéél ﬁ{gfgtriﬁ'comprises

particles having a size in a range from about 0.1 microns to about 10 microns.

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 isin a

range from about 40 percent to about 99 percent.

14. The electrode assembly of claim 1, wherein no voltage is applied to the ion exchange

material during the operation of the device.

15. The electrode assembly of claim 1, wherein the cation exchange material comprises &

product polymer of anionic monomers.

16. The electrode assembly of claim 15, wherein the anionic monomer comprises anionic
compound of a sulphonate, a phosphonate, a carboxylate, a borate, or combinations

thereof.

17. The electrode assembly of claim 1, wherein the cation exchange material comprises a

sulphonate, a phosphonate, a carboxylate or a borate of a product polymer {rom non-ionic
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21. The el ectrode assenbly of claim20, wherein the
cationic polyner conprises salts of primary am nes,
secondary amines, tertiary am nes, or quarternary
amoni uns, i m dazoliuns, guanidiniunms, pyridiniums,
or conbinations thereof 22. The el ectrode assenbly
of claim 19, wherein the anion exchange nateri al
conprises the quarterni zed reaction product of a

mat eri al onta|n$n tertiary am ne groups. 23. The

mongipEEt Y SYBORALTRITY DVt clai m 19, wherein the anion

exchange materi al conprises

di met hyl - am noet hyl - net h yl at 24. The .
15, Thr elbe rostassbedind oot | AT G0 s ROBHBETAATBFSeS 2

mon%&@ﬁgﬁrrémt %f écﬁrjlat%oé'%Hhﬁgﬁia‘?e 9%&@%&1&@% il }S?ﬁdlze a

nmateria e el ectrode assenbly of claim

viny iwireolélone tanepoxn dusdoxang, pakires, orpanabinaions diepitses
pol yani l'ine, polypyrrole, and polythiophene, or
conbi nations thereof 26. The el ectrode assenbly of

19. A8 @bdiod asswhBletdingrhehd: on exchange naterial conpri ses
a |l ayer disposed on a surface of the chargeabl e
el ectrode. 27. The el ectrode assenbly of claim 26,

a changrablsiefeciodanasigened LoprdspHeonPayiEy ?}sargqci 1905y gﬁ@‘@“‘ftﬁ%m

eiectr%%g %mgns,%gg:bomﬁ]s tﬂ&t@@ﬁﬁ Yhql mm

an ion exchange material in contact with the porous material of the chargeable electrode,
wherein the ion exchange material is similarly charged as the chargeable electrode, and
wherein the ion exchange material is permeable to the oppositely charged ions and at

Jeast paitially impermeable to similarly charged ions,

wherein the chargeable electrode is a positive electrode and wherein the ion exchange
material is an anion exchange material configured to at least partially prevent cations
from escaping from the pore volume of the electrode, and wherein the anion exchange

material is configured to allow anions to pass through the ion exchange material.

20. The electrode assembly of claim 19, wherein the anion exchange material comprises

cationic polymers.

21. The electrode assembly of claim 20, wherein the cationic polymer comprises salts of
primary amines, secondary amines, tertiary amines, or quarternary ammoniums,

imidazoliums, guanidiniums, pyridiniums, or combinations thereof.

22. The electrode assembly of claim 19, wherein the anion exchange material comprises

the quarternized reaction product of a material containing tertiary amine groups.
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28. The el ectrode assenbly of claim26, wherein an

el ectrical resistance of the layer is in a range from
about 0.1 ChmcnRto about 50 ChmcnR. 29. The

el ectrode assenbly of claim 26, wherein the |ayer
conprises a binder and a resin. 30. The el ectrode
assenbly of claim29, wherein the resin conprises
Anberlite I R-120, Dowex 50, Diaion SK-1A Anberlite

23. ’l‘[ﬁ%’lé&@r%de %sgﬂnggjss %9/}’90‘]85%1‘9%:{% %851'1 %gﬁ%@ﬁﬁ@xfial cgﬂapnses

e electro
poWhhmﬂéwlemnpmmsbswﬂ@hykmatra fl uor ethyl ene,
pol yvi nyl i dene fluoride, or any derivatives thereof

2. The el ectrod SS I | ai.m 19, wherein .t
24. s ieora RSB AT 1SoMprredte 0 Rebpes ey pRprises o
amd&jﬁéﬁ&?ﬁeﬁﬁﬁgﬂm[y of claim 32, wherein the binder is
| east partially disposed within the chargeabl e

el ectrode. 34. The el ectrode assenbly of claim 19,
25. erd@itmd@ hescablyuniiclagh Qﬁh@hmm thx ednalnefengrpmtl ymgramateraal | n
Quft
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percé
naterlw
26. The electrode assembly of claim 19, wherein the ion exchange material comprises a

layer disposed on a surface of the chargeable electrode.

27. The electrode assembly of claim 26, wherein a thickness of the layer is in a range

from about 0.0001 mm to about 1 mm.

28. The electrode assembly of claim 26, wherein an electrical resistance of the layer is in

a range from about 0.1 Ohm cm® to about 50 Chm cm”.
29. The electrode assembly of claim 26, wherein the layer comprises a binder and a resin.

30. The electrode assembly of claim 29, wherein the resin comprises Amberlite TR-120,

Dowex 50, Diaion SK-IA, Amberlite IRA-400, Diaion SA-10A, or combinations thereof.

31. The electrode assembly of claim 29, wherein the binder comprises poly tetra fluoro

ethylene, polyvinylidene fluoride, or any derivatives thereof.

32. The electrode assembly of claim 19, wherein the ion exchange material comprises a

binder.

33. The electrode assembly of claim 32, wherein the binder is at least partially disposed

within the chargeable electrode.

34. The electrode assembly of claim 19, wherein the amount of the ion exchange material
is in a range from about 1 weight percent to about 70 weight percent of the total weight of

an electrode material.
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35. The el ectrode assenbly of claim 19, wherein the
i on exchange material conprises particles having a
size in a range fromabout 0.1 mcrons to about 10
m crons. 36. The el ectrode assenbly of claim 19,
wherein the assenbly is enployed in a supercapacitor
desal i nati on device. 37. The el ectrode assenbly of
claim19, wherein a current efficiency of the device

is in a ran fr b - DRI . .
5. 118l SR R BRI by RECG o i o
partioMIHaRIng A¥zev atrage ft@n alpgit Dadnictont eabonn | @xidramg e

mat eri al during the operation of the device.

36. The clectrode assembly of claim 19, wherein the assembly is employed in a

supercapacitor desalination device.

37. The electrode assembly of claim 19, wherein a current efficiency of the deviceisina

range from about 40 percent to about 99 percent.

38. The electrode assembly of claim 19, wherein no voltage is applied to the ion

exchange material during the operation of the device.
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