Bl POLAR ELECTRODE AND SUPERCAPACI TOR DESALI NATI ON DEVI CE, AND METHODS OF
MANUFACTURE. BACKGROUND OF THE DI SCLOSURE [ 00011The invention rel ates
gener al | ywoaodlmetosodes and supercapaci tor desal i nati onpdemisc@s/ossrng t he
el ectrodes, and nethods for making the el ectrodes arid supercapacitor
desalination (SCD) devices. Mire particularly, the invention on relates to
bi pol ar el ectrodes and supercapaci tor desalination deices using the

bi polar ec t rod es and nmethods for nmaking the bipolar electrodes and the

are ol oy ed PO ARSI HERDEAS SubLfRRERIOR BESA S TRRCBESRRRer b ackr on

waters to reduce the amuakpofirsabnStor a1 panrissikke Ivel for donestic and
i ndustrial use. Generally, a supercapacitor cell has a double |ayer
construction, Mwhich a pair of electrodes typically conprising particulate

activated cg&@g&wa&Nﬁgﬁﬁﬁ@%ﬁ%@ﬁgﬁﬁ§%proporous, el ectron-insul ati ng,

i on- conductive spacer I'Sing a uniformy-di spersed el ectrolyte
conponent. The structure of the typical supercapacitor cell further
conprises electrically conductive current collector elenents in intinmate
contact wi tiHe resﬂ}é/%tmwném elgtarop deaperaip 003 giRErodge randi HIPAISPIACEHL i ons,
Some super CARAhG &Rkl BiblSRd of-fodlesal akkOR AR ACkEd AR her Lo
forma SCD device, Since each of such supercapaci tor cells includes a pair
of el ect r odewerapacitpt gajahngfon é5el davicas | Yoranduelily.ahe vt rdokd ect or

el ements in.cont.act. Wit e. Lespect.ive. tndividual,. trodes.. kit 1S
conplex to tg g%n@“ﬁgﬂ%éﬂd Sillbgrélf:”)? ﬁQ«ercfc%:%;?:(ug%gk%’fﬁ%%%g%ﬁ %%&5]%%%%13}&%“ ng such
a SCl) deviod npaimdbéortmalyng 004 Teredwned thelbéedgvgea need for a new and

i nproved el ectrode and a supercapacitor desalination device using the

el ectrode, ﬁﬂ@;{}rmt hodgpf @&zic@?&xﬁ%n& h@feysQ}r%})erg:apacimrs that are emploved for
desalination of seawater or deiomzation of other brackish waters to reduce the amount
of salt to a permissible level for domestic and industrial wse.  Generally, a
suparcapacitor cell bas a double layver construction, in which a par of electrodes
tvpically compnsing particulate activated carbon are separated by a microporous,
electron-insuiating, ron-conductive spacer element, comprising a uniformiy-dispersed
electrolvie component.  The structure of the iypical supercapacitor cell Ruther
comprises electrically conductive current collector elements in inbimate contact with

the respective electrodes.

{0003 For certain applications, some supercapacitor cells uwsed for
desalination are stacked together to form a SCD device.  Since each of such
suparcapacitor cells includes a pair of electrodes and a pair of electrically conductive
current colfector elements in contact with the respective individuoal electrodes. it is
complex to assemble such a SCD device, and the cost for manufacturing such a SCD

device can be high,

{0004 Therefore, there is a need for a new and umproved electrode and a
supercapacitor desalination device using the electrode, and mathods for making the
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BRI EF DESCRI PTI ON OF THE DI SCLOSURE [ 00051A bi pol ar el ectrode is provided
i n accordance with one enbodi nent of the invention. The bipolar electrode
conpri seswanoimtesoaedi at e | ayer conprising one or nore earhsrowmssard al s.
The bi pol ar el ectrode further includes a first |layer and a second | ayer

di sposed on opposite surfaces of the internediate |ayer and configured to
act as an anode and a cathode. The first and second | ayers conprise at

| east one of one or nore electrically conductive carbon materials and one

or nore conductive, 0 capaci tor desalination device is

provi ded in&g@t?o[g%i%(r B&ﬁﬁ’f ﬁg"tg?&%le%g‘{r ment of the invention. The

super capaci tor desalination device conprises a first electrode, a second

el ectrode, and one or nore bipolar el ectrodes di sposed between the first

and second {@D@'ﬁtrodes\\biwier figcrrsde apdrskdondcetdenkenotesie ;amddivket @ne or nore

bi pol ar ele ar. I to r h tate and

desorb i ons% 11*991?[? nsclﬁlgr dau Qfgfé i? de CUEﬁg%% ml? H 1€1ﬂ§é=d Sa{&a @regagmgﬂ stugo She

desal i nati osr rd@\ﬂcmemn:mmmSesTharhepnbm a!mtredeeﬂuﬁbmnoﬂa@mwﬁ:&t kmg aand

ion-conducti,\(e ) § ] 'ﬁ L e ﬁ pai AL e ectrodes, a

first curreft ¢ Mé ’E’B%"“ib ‘FR%’F}”&‘ t“o""éﬁ’o t’}fé‘tr ﬂ‘é‘“f 1“#%%‘4‘ ‘|°8 tPBHe, and a

second curramhsmomkaehmfath&kgun&d\mamd@akadnmehams@@@ﬂﬂlekemﬁf@de

[ 00071A et hod for nuf agt uri a b| oI ar electrode is provided in

accor dance WICUH e TG CRMIBEN ERIOPORERES () &Rt bAoA Fod

conprises pE@uh&ing and stirring a mxture conprising a solvent and at

| east one of one or nore carbon materials and one or m)re conductive

pol ymers to h&{ma dIS er si on,, of ttﬂe at Iieast ﬁ? ne or .pore car bon

mat eri al s The oné BPBFE Yot &‘t‘i"%)‘e“p‘b‘l‘yﬁéw‘*s“ H‘f‘ﬁé‘*’é%}l\‘f‘eh‘t‘“ addi ng at

| east one bamdﬁf dofbb:@niche odnls@eﬁam@mtom w;ﬁxa;;mm%iu% AipstlonMixiagr e and

stirring the resultant glxture pr F eresult nt m%turgtoforma
h art §

plurality of°™8Yi&s:s HEb clehiEuksa seip Hedleh@E FRY Lyl

opposi te sugifpeasbedlcedthd Mihaeshad @eétﬁ}ﬂ@i Tl}%@l@@ﬂ(@é&@&ﬁﬂ@&ﬁ@ﬂs%a010/ 038129
100081These and ot her advant a%;es and features will be nore :understood from

the foil owPREG HEE BPIeIIPABSAFTRETSGHE BITgHER 1@ iSOl BT Bb® B HBUSAST t he
i nvention thatietctb RO AGhR LANRE CllAR, WekBpdhGaB6F QARANYbNGesllzaw ngs.

BRI EF DESCRI PTI ON OF THE DRAW NGS
comprises one or more electron-insulating and ion-conductive spacers disposed

between each pair of adjacent electrodes, a first current colisctor configured to contact
the first electrode. and a second current collector configured to contact the second

slectrode.

[0007] A method for nunalacluring a bipolar electrode ¢ provided in
accordance with vet another embodiment of the invention. The method comprises
providing and stitring a mixture comprising a solvert and at teast one of one or more
carbon materials and one or more conductive polymaers to form a dispersion of the at
least one of the one or more carbon materials and the one or more conductive
polymers in the solvent, adding at least one binder into the dispersion to provide a
resultant mixture and stirring the resultant mixture, processing the resultant mixture o
form a plurality of electrode sheets, and attaching the electrode sheets on opposite

surfaces of an miermediate layer



[00091FIG 1 is a schematic diagram of a supercapacitor desalination device
I n accordance wth one enbodi nent of the invention; 10010]FIG 2 is a
schemat i cwoi2agrean0ef a bi pol ar el ec rode in accordance WwcrhiSeme/oastbodi ment
of the invention; 100111FIG 3 is a flow chart schematically illustrating
preparation of the bipolar electrode in accordance one enbodi nent of the

I nvention; 100121FIG 4 is a schematic diagram of the supercapacitor

desal i nati on device in accordance wi th another enbodi nent of the invention;

and 100131F] 5 is g,schematic diagramof a supercapacitor in.accordance
With one ertiifilnent GRSEREY PHYGHE fBRe: BH AMCED AL AP P HIERPERT OB | NVENTI ON
[ 00141Pr ef et edicenhogiirRatss@bishel perseNbmbbEbasuf devhidnibetdescri bed

provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

{0009} FIG. 1 15 a schematic diagram of a supercapacilor desahination device

i accordance with ong embodiment of the invention;

{0010} FIG. 2 18 a schemabic diagram of a ipolar efectrode i accordance with

one ambodiment of the invention;

{0011 FIG. 3 1 a llow chart schematically iflustrating preparation of the

ipolar electrode i accordance one embodiment of the mvention;

{0012} F1G. 4 s a schematic diagram of the supercapacitor desalination device

i accordance wilh another embodimant of the invention: and

{0013} FIG. 3 15 a schematic diagram of a supercapacitor in accordance yeith

ohe aeibodiment of the invention,
DETAILED DESCRIPTION OF THE INVENTION

{0014} Preferred embodiments of the present disclosure will be desenbed
hereinbelow with reference o the accompanying drawings.  In the following
description, well-known functions or constructions are nof described in detail fo avoid

obscuring the disclosure in unnecessary detail.

{0015 FIG. 1 is a schematic diagram of a supercapacilor desalination (SUD)
device 10 m accordance with one embodiment of the invention. In embodiments of
the invention, the SCD device 10 18 emploved for desalination of seawater or de-
tonization of other brackish waters to reduce the anmount of salt {o a permissible level
for domestic and mdustrial use.  Additionally, the SCD device 10 may remove or
reduce other charged or tonic impurities from a liquid, such as wastewater or effluents

from agricaltural. mdustnal or municipal processes.
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herei nbel ow with reference to the acconpanying drawings. In the follow ng
description. welf-known functions or constructions are not described in
detail towvawvoidiewscuri ng the disclosure in ULMCCeSSal ) pPCTABOMBOBHIR 1 is a
schemati c di agram of a supercapaci tor desalination (SCD) device 10 in
accordance with one enbodinent of the ifiVell OD, In enbodinents of the
invention, the SCI) device O is enployed for desalination of seawater or
de-ioni zation of other bracki sh waters to reduce the anmount of salt to a

per m ssi bl e, I vel for. domestic and industrial d nal ly, the SCD
ot ce 30 e iliove "Er PeguEas A areRRt: ot 5o £ PrsbB R 1t om o
liquid, suckmasiseswasiewatea! cofecf {1 uaRt&dfhatagnigsi It Bad cleck@ust ri al or
nun|C|paI processeé WD 2011/ 016903PCT/ US2010/ 038129 [00161For t he exanpl e

ar r angenent | dépEeradlerirode 'd @ bipolapglediede devitge e oRpENsEs Weflitfst current

collector Il RcGRCAAGEH TR EOhlRtMme ZondethlifShe ahi@iCHiOdEnk3, a
second el ectrode 14, a bipolar electrode 15, and a pair of spacers 16. The

first and seEpdcBleaiess, bHé%d i3 %L‘l‘iﬁl‘are‘hﬁrplif’%iﬂ" dhatuede datactspwiadh t he

first and sgeond cu filrsfa‘ﬁ{d &&Lnldee%ugﬁcﬁ,s 13 ARds 13y (ESHRELE YLy db:[ hegbi pol ar
electrode 15 is dlsgose between the first and second el ectrodes 13 and 14.

The two spaedrenibe Hseclgiissode dn doneng: ift*ﬂ@“ﬁ‘m §t. sl detvegddeldp@dind t he
bi pol ar el egtkQde; 4§M1@$gkgﬁh%§§Pk;ngbﬁéggl el ectrode 15 and the second
001

el ectrode 14 respective I'n so odlnents t he current
collectors 1.1 and 12 nay be configured as a plate, a mesh, a foil, or a
sheet and fPREd froritasomst anbkmerat. alhe aMTey. cofigeioret alandray e igde

titani um p&aﬁ} lug}ls’@hs é}'l ey Uir@‘;esgr mp%ulnahe& 1wl ?&%Eﬂlfﬁmxxhﬁetﬂ%; aheigl | Oys may

i ncl ude stainléss ste for exanple I'n other enbodi nents, the current
col l ectors dﬁnaﬂaﬂrEVﬁﬁvﬂd@ﬁwkﬂgyugﬂaWHWUéi®m$amp@a§ﬂ®9mnﬁ¥@hwwve such as a

pol yol ef | . 1l JFBY: AckieR. BOLKeL DM 0% b o8 LAk, ARRLSA igns, the

pl astic current c ed w t h conductive carbon
bl acks or n@t@hﬂwﬁkpamﬂndmég”uomaghm@meaamhﬁrbemmaNQMQMenﬁ mmhda@t|V|ty.

[ 0018] For t_ w“r‘gﬁ”‘%h chy %Qq?ﬂg Poh Trlhxjtéﬂ]efs Ill’CEi qm ié]!)hc%ﬁm%nq} §9§ Srm of

el ectrodes &l eCt
pl at es t hat me cﬁbﬁls@ms ad dmarzainhebe hm\edamhl dmhﬁnﬁm\ t carbdr hnads st ackbd
structure. ertain electrodes 13, 14 and 15 may have

vari ed shap%gmgﬁﬁgﬁiﬁﬁeztgﬂgggA éﬁ Wg%ﬁ”nér a cylinder. Further, these

el ectrodes may be arranged. in varying configurations. For exanple, t he
first and s@8thid eIe&hwmdegmnandnhhbnﬁﬁpof%?1e%eékﬂ@dtwwuwEb&ﬂdmgposed

concentri CaIJ ¥!’ld\l\1-{ Pﬁéht.’pblpatﬂ" SLLgfog%C Ir;f:}ugﬁg%§ nn lﬂier g\?]i?}llﬁ?br?ﬁsgxooj-gll n

sone applicdations, t70des
parailel to each other to form a stacked structure. In certain embodinents, the

electrodes 13, 14 and 13 may have vaned shapes, such as a sheet, a block, or a
cvlinder. Further, these electrodes mayv be arranged in varving configurations.  For
example, the first and second electrodes, and the bipolar electrode mayv be disposed

concenirically with a spiral and continuous space therebetween.

{0019} In some applications, the first and second electrodes 13 and 14 may
mciude electnically conductive matentals, which mayv or may not be thermally
conductive, and may have particles with smaller sizes and large surface areas. In
some examples, the electrically conductive material may include one or more carbon
materials. Non-limiting exaniples of the carbon materials include activated carbon
particles, porous carbon particles, carbon fibers, carbon asrogels, porous mesocarbon

microbeads, or combinations thereof. In other examples, the electrically conductive



i nclude electrically conductive materials, which may or may not be
thermal |y conductive, and nay have particles with smaller sizes and | arge
surface aweasivdimwosone exanples, the electrically condueCirus2emossizcal may
i nclude one or nore carbon materials. Non-ihniting exanples of the carbon
materials include activated carbon particles, porous carbon particles,
carbon fibes, carbon a.erogels, porous nesocarbon m crobeads, or

conbi nations :thereof. In other exanples, the electrically conductive
materials may include a conductive conposite, such gs oxides of manganese,
or i ron, orMYGHAE ar MelR AGRIUSHYS SN ich o5 SSHPUTh TPAREE. GOt UngSt on.
O conbi nat yromsh.t hete@fies dinuGETR, erhodivienhadivthangliactdri @ablyiganduct i ve
materials of the electrodes 13 and 14 npy be deposited aon the current

col | ect ors $4¢aind® $Pb§RHPPEH: iy iRy RBKECTHEFEETIAN e ifiPefdes, such
as sputteri MandSIAra%! Rdepsb v aRtduN GRLBNIET b0 Dby BhplRiRGone or
100201Addi tional ly, the space n 16 may conprise any ton-perneabl e,

. el ect r oni CEPIVCHEHOBACHIETSY BICHEE BREETNS. SPRURY dPHTONERDEFBHES MY por ous
and nonporoygyrterials to separate the first electrode 13 and the bipol ar
.el ectrode 15, and the second .electrode 14 and the bipolar el ectrode 15.
In non-limting exanples, the spacers 16 nay have or thensel ves may be

spaces to fOPHIT | ow SHAWABIY. her BagE Wnitel SOPPHG 8 JPr-aeERrifat i on

passes bet wgeRohQ idoitondhiREt RRARGAL- BcRPGst BRLBIRY! alhg- gln%‘&i rede 15, and
the second el ectrode 14 and the bipolar electrode 15, 100211In certain

appl i cat i orROPESIYBPEEIEE SepRRe B [Irst eterieode ignd ddinpd slealradarifend

col lectors gl ands é}%m@lﬁ iQe‘mG%H"&E&&del%&oﬂ?@?ﬂ kn\’ﬁﬁ\aﬂgjﬂﬂggﬁ&ﬁﬂ%, frgr m nal s of
a power source (not shown), respectively. Since the first and second

el ect rodes sbacaandt Ty drge on heoweladst e bh spdses & o Tnd clwsadn dhreugbr ent

col | ect - or s, i, thﬂﬁ%iﬁg: 5&%1{1}1&? dsgz]mﬁmﬁ{a&ﬂ R, ﬁ:‘@ﬁ&&%@ §3 38 %qz}ﬂlg?rn?ﬁeam as

an anode and a ca respectiv Accordingly, one side 1
bi pol ar el edtatodel 3L 5ndtie asend cledradhéd fukd the bigblectieadadée 183 may function as a
cat hode and the other side 18 of the bipolar electrode 15 opposite to the

one side 170ah. adl agehnde bIR.SEEONIGIQEL LOIR: 1 B UAALLOMas an
anode. In certain exanples, e bl pol ar el'ectrode 15 may be é1ectr|cally
conduct i ve amgniprodvaes 1 omd LT monbpemmresitd lopositive and negative lerminals of a

power source (not shown), respectively. Since the first and second electrodes 13 and

14 are in contact with the first and second current colloctors 11 and 12, the first and

second electrodes 13 and 14 may act a8 an anode and a cathode, respectively.

Accordingly, one side 17 of the bipolar electrode 15 adjacent to the first electrode 13

may function as a cathode and the other side 1R of the bipolar elecirode 15 opposite 1o

the one side 17 and adjacent to the second electrode 14 may function as an anede. In

certain examples, the bipolar electrode 15 may be electrically conductive and prevent

tons from permeation.

{0022} Forther, m some arrangements, & liquid source (not shown) may be
emploved to provide an input hgquid (as ndicated by arrows 19 m FIG 1) for
desalination through the SCD device Y0, Accordingly, during a charging state, when
an mput liquid 19 from the hiqud source. such as a sodium chloride solution, having
charged species passes through between the first electrade 13 and the bipolar
efectrode 15, and the second electrode 14 and the bipolar electrode 13, cations move

towards the side 17 of the ipolar electrode 15 and the cathode 14, amons move



100221Further, in sone arrangenents, a liquid source (not shown) may be
enpl oyed to provide an input liquid (as indicated by arrows 19 in FIG 1)
for desalwoaviianetoBr ough t he SCD devi ce 10. Accordi ngl ypcaarseoig/oasiehar gi ng
state, when an input liquid 9 fromthe liquid source, such as a sodi um

Chl ori de solution, having charged speci es passes through between the first
el ectrode 13 and the bipolar electrode 15, and the second el ectrode 14 and
t he bi pol ar el ectrode 15, cations nove towards the side 17 of the bipolar

el ectrode 15 and the ca ho 0 v owar ds, t he anode_.13 and t he
o Ge 19 s OnaE e L Bt 0% T O e Boar e T 1A% e RRPR G Bcamal st on
inside the &Gk Q@Mi}t@@ttﬂtc}smta@ttﬁtﬂmtdbﬁké eanm( atstptnnﬂslteat{@duﬁmea rews 100 in
FIG 1), which is a dilute liquid cogtng out of t Ee SCD devi ce 10, has a

| ower conceRIPEEEH B0 Ehapilds & pbks bendeopaapurd e ST Aa et b quid. 1 n

certai n embRdbiBMshiralifie ofbluled dob@iti 4 FBYH:RE 1&8RI RpRURuRCt Bdect@in
de-ioni zati on by being fed through another SCD devi ce 100231During a

di schar gi ngemaitegtrasnts ﬁ@ HYSIHWENMRD B 8 s SRR 40 A ket Bupeac S of the
first and sgrRPEgheskEedRsi:d3 and 14, and the bipolar electrode 15. In
certain applications, in this state, the polarities of the first and second
el ectrodes 13 and 14 can be reversed, so that the adsorbed ions adsorbed in
t he char gi n§%tat e nﬁW@“@dMé%ﬁ?hF%weW§b‘%bﬂ@@ﬁF?é§”’é@“&”ﬁe§ﬁﬂt‘wthe out put

stream may Nav&sa¢ Hegharng aeanbibatoen vhdabaiaes: Spas snegpargd to the
i nput |iquid. 1002411 n other applications, the anions and the cations in

the char gedeespacireiscaiipsF. ethihaae- Baipel it of theshscridvscwtsbcreded3in a

di schar gi ng’tlﬁtiatcgnﬁﬁQ\ di S 0L 1nat Ge B&sﬁamgﬁ o< hESPRA G 8 tﬁla%% 4 Qﬁox' n a
charging state o |polar el ectrode 15. 100251It bufa noted t hat

the exenpl aoyals rgrgemealkriiies. Fat»c;l 1gsults ﬂmsmewi |‘»Nfiui$tfriét ihgee a hmbverre
appl i cati ong,, fhedd §ish zrﬁaﬂ m‘? -8 ¢ thgl %ﬁ th?(u gnd 14 may act as a

cat hode and an anod respect |ve Accor The side 17 of the bi pol ar
el ectrode 15 adjacent to the flrst el ectrode 13 may function as an anode
and the ot hi8fZH| de 18 oberdpeliistipel de @li’étﬁlﬁb‘hetﬁﬁ"l@w&éF}t‘%queptqtre side 17

and adj ace IR 9 At C
(0261 Gy ) Be SRGRATENA, RARELIOSRcshel Ty p MIRILAL R SURIRME,

accor dance it kthegpeedvbodiieies inof chbisang stvepitthobipolmodecthde Bxanpl e
arrangenment, the bipolar electrode 15 conprises an internedi ate | ayer 20,

and first a{@@%{‘ﬁecondltls‘mftﬁft%e%grle@ﬂfju $e e%n?;ﬁl&%%aﬁ%n%ﬁﬂ?ﬁ#t&e; sunigces (not

| abel ed) of the internediate |ayer ) a n sone di mrents, the
i nt er medi att@juttaiyefp hoomagpideatspadhy f@[nt md set.on electrodes 1'4 :md 14 may act as

a cathode and an anode, respectively.  Accordingly, the side 17 of the bipolar
electrode 15 adjacent to the first slectrode 13 mav function as an anode and the other
side 18 of the ipolar electrode 135 opposite to the side 17 and adjacent to the second

efectrode 14 may function as a cathode.

{0026} FI1G. 2 18 a schematic diagram of the bipolar electrode 15 m accordance
with one embodiment of the invention. For the example arrangement, the bipolar
electrode 15 comprises an intermediate laver 20, and first and second tavers 21 and 22

disposed on opposite surfaces (not labeled} of the imtermediate laver 20.

{0027} In some embodiments, the intermediate laver 20 may be electron
conductive and 100 non-conductive. In some examples, the intermediate laver 20 may
comprise one or more carbon materials, such as carbon black and graphite. In other

examples, the mtermediate layer 20 wav further comprise a polymer, such as

G



conductive and ion non-conductive. in sone exanples, the internedi ate | ayer
20 may conprise one or nore carbon materials, such as carbon black and

gr aphi t e.wOnoattheso3exanpl es, the internedi ate |ayer 20 may/useomwissi2eonpri se
a polynmer, such as .polyethylene terephthalate (PET), polythene (PE),

pol ypropyl ene (PP), poly(vinylidenechloride) (PVC), and conbi nations
-thereof to be interspersed with the one or nore carbon materials. 100281l n
sonme applications, the internedi ate Iayer 20 may be in the formof film It

shoul d be noted that the term"fj be sim.lar to th i.ng of

| ayer," " sh‘éo‘feg’“}’t‘m’ﬁl a'tabe,pmﬁlﬁlﬁte" sfllkclé " mﬁ PHay bt i %%%R‘gma p‘gﬂl cul ar

t hi ckness ofoidhiey nehedhi@ide) dpv (r)ofﬁuilmnmmnmsmwluesu intdR@elsid @rredi ate | ayer
20 may conprise a graphite film In certain exanple applications, the

i nt er medi at FEAPEFE BFRAPIESEpri se a conductive film sold under the
tradenane 3M 1704, by 3M of Saint Paul. Mnnesota. Alternatively, the

i nternedi atworsgyer 20 gy §RMNLSE i ifdchMdifoldeaund@sy bhg: b adaname

Intelicoat 2252, by Intelicoa ssachuset.ts, [00291I n
Sone. enbodi WEndLshNHES T Ly S B0 ey B Sd Gk Doy dBterhs an

el ect r onegatshaee " FR¥Lr odRdican 2/l 86 FARABIkd ¥ Sl QYL ihiSQedDf iR haali on as an
anode and a cat hode, respectively. Alternatively, the first and second

layers 21 afidopduiiie %\é’c"‘l’ﬁs iawriéqf@ewabbgi 1wy Foppsiee 3 gErrRYe Bk cly onegat i ve

so as to funehihORaf §1Laﬂ}§ﬁédhgﬂi~e 1R AR RROUL or BERRECHINBLYa cJ¥Bcdier St and
second Iayers 21 and é onprise the sane or different. materials. In

may C
non- | i mi ngtiekaiphl ewdert fie Fradegamg F¢! s’é?@&néi‘ | Byerd Sy BohpMizwsota
el ectricall Xlt&ﬁﬂg%t e i BLRHA Siybnebudhngglrileash n‘?n%l@fungé]et}@r nor €

carbon materials and one or nore conductive pol ymers. The one or nore
car bon mat efrddghanaiaieliconpiilse edicoate dovhit by p‘é%h@Nw% porous carbon
particles, carbon fibers, carbon aerogels, porous nesocarbon m crobeads, or

combi nat i onggzdjher eof, saTQQn%@m%u”mE%:u&@xﬂﬂé@&dd\’i% ROHYIRRS RMCANPr i se
pol yani | i ne, polypyrrole and conbinations thereof. In certain exanples,

the first aticelesgontedlivelpergndm dprropgsigylaen pq prep fenstipr tssa appdrendmat er i al s,

such as addj " N4y Btk iy, teg g et nal tu {ny ene
(PUT ). 100 %Jf?/ﬁ@c‘leﬂ%g:ﬁ%hexgrtr%w\&Q lﬁL mﬁ ﬁg :'QIIrCQn f@t‘%% oEje“&H ha Qqéurt her

conpri se a pabrlgformditesiayes dnape plecifomegatishpws)io otimms@ch ttaémsem anhe first

layer 21 a”%ofxé‘.g%s}p&éis&gg%é‘ﬁ f\olll L()I)}%llQ”i‘.C?sn'dL zkﬂ‘?:..%‘?ﬁo lp, dxﬁ%%% gnd the

i nternedi at'e attach the TiTs avers on the
i nt er redi at &ffbayema@Oalst abl yoanniieulg,nmmm%y;th het adthesmmé lkayemswymay not be
provided. In_sone an odlnent§ t he adhesi ayers

coniprises electrically conductive matenals ind udmtv AU dast one of one or more

carbon materials and one or more conductive polymers. The one or more carbon

materials may comprise activated carbon particles, porous carbon particles, carbon

fibers. carbon aerogels. porous mesocarbon microbeads, or combimations thereof. The

one or more conductive polymers may comprise polvamline, polvpyvirole, and

combinations thereof In certain examples, the first and second layers 21 and 22 may

further comprise other materials, such as additives including, bul not limited fo

polvietralteoroethviene (PTFE).

{0030} Iy certain examples, the bipolar electrode 15 may further conprise a
pair of adhesive layvers (not shown) disposed between the first laver 21 and the
mtermediate laver 20, and the second fayer 22 and the intermediate faver 20 so as to
atlach the first and second lavers on the intermediate laver 20 stably. Alternatively,

the adhesive lavers may not be provided. In some embodiments, the adbesive lavers



may conprise at |east one of graphite-based .polynmer filns, carbon bl ack
based polyner filnms, conductive 14raphite adhesives, and carbon bl ack
adhesi veswOTha/aadwesi ve | ayers may be di sposed on two oppodiSt@osssitaces
(not | abeled.) of the internediate | ayer 20 by enpl oyi ng one or nore
deposition techni ques, such as sputtering, spraying, or spin-coating.
100311For sone arrangenents, a pair of reinforcenent |ayers 23 nay be
provi ded to rei nforce nechani cal property of the bipolar electrode 15. The
reinforcenent |ayers 23 may be di spo qn ind/or mnthb ére first and
second | ayeld S9™MBHE “521‘?%? r?“ﬁdﬁ-%‘i‘ Pﬁj BORHBT lms. £Re bjagk dptednent

| ayers 23 ngyhviR@NliisS Coriieier g@pm@ mwmrand Rebudibhgk pahyeihy |l BRE
terephthal ate (PET), polythene (PE), -polypropylene .PP%. o

pol y(vi nyl i HEASEHIBEE d8YY e Wénal SOHIPPPAE | SNBSS HEPe BPelsheoPlEE | ayer s
may have nefffdedi@XUMLES008: ehPBling hARES mhiRd &PhLiRN 1 RRRLdSakiaNg, the PET
| ayers may al so he enployed in the first and second el ectrodes 13 and 14.
100321i n ceiPRBiHRapR tali DHsCo%ife SC!1) device 10 may further conpri se one
or nore ion selective materials (not shown), such as cation and anion

sel ective n@beni al s abt &Qﬁ@@!n&;ﬁ’eﬁa@ﬂf‘, 04 p@%hﬁﬂ@ﬁ@br&dﬁie@t ﬂﬂ@xsrﬁﬁﬁﬁctﬁeVe
el ectrodes 13, 14, and 15 to faC|I|tate transm ssion of theions. In

non- 1 i mit i nejoBsehyy S8nQreRe reeabardiyl gupneely | Ve ithéPF%J§“Wﬁ¢3éénpff§e an ani ne
group, a Pyflofhlirkii GLOUR3 ok 1SAMBLRALANF L RERIS e 65 FANB.BAAARIES, the,
anm ne group may conprise a prinmary am ne, secondary amne, tertiary am ne,
and/ or quat-&r #dl 32 driaElingtHg %:ﬁlF“B‘)r;\ dod e IrREnRREPT 2P SUWEPTEBITIese a sui t
033 Tr & T B D e of the
bi pol ar el ertyroeleleps (P, adeoratdeeipnds) (ﬂé }embmnﬁmw%w@ﬂh@h@f ifhgention. As
| east one of | RSl btdheAbFRxits PoBlohh® Bl cainibPlcaBBl ARPEAN
conduct i ve lpolrymay sisé be prpoededthahidst std recad! @@:tra@est, afibi4n a di spersi on of
the carbon panicles in the first solvent. In sone applications, the solvent
Stop 31 at et ong by acpriGHPRGR cCPLAFRY IONAF Rl FRh g SRl oent <. 10
non-fibril |ml@dOtPSEFEH’emnmsn@h(nus\immédizqim@ammwnd@nme spietvamstieaiot M xed to
i bri 11 at ed i 1 ul T tr b i oo R B el R s ep
32, the resmm$mn$mmnk®uﬂmslhnamdednmnWanhsebondms@Mm&nbnmaﬁab:mm form a.
T Pt S T AB TP o B, L8 o R AR ARy SRR o 1,
resul tant mesdimpiee thaastine gstug pnad kompyisenopribey ampleoyedydasontibatietike, m xed
e a3t H e BB B uHBean T s A BiOT REGEt P P50 ororar e or ode —
sheets w t hsutfesit bRty Giteesliats PRRpesate andp, bhensliganodierestheet s are pressed
on two opposite surfaces of an electron conductive filmto 1,b.r.rn the

bi polar el eifébg;ﬂde 15}3"!(}‘ 3 15 a low chart schematically iHustrating preparation of the
bipolar electrode 15 in accordance with one embodiment of the invention.  As
Hustrated in FIG. 2, in step 30, a mixture of a first solvent and at least one of the one
or more carbon materials and the one or more conductive polvmers 1s provided and
stirred so as to form a dispersion of the carbou particles i the fisst solvent. T some
applications, the solvent may comprise delonized water, ethanol, or any other suitable
solvents, In step 31, at least one binder including. but not imuted to a non-fibritlated

PTFE emulsion 15 added into the above mixture and mixed to provide a resultant



[ 0035j I n sone exanples, in step 31, vapor grown carbon fibers (VGCF) and/or
conductive carbon bl acks nmay be added into the m xture of the carbon

mat er i al swarrdit1e908i r st sol vent so as to i nprove the comdnaiSemiongsied t he
formed bipolar electrode 1.5. Altematively, the VGCF and the carbon

" bl acks may not be enployed. In one non-limting exanple, the conductive
carbon bl acks may conprise carbon bl acks, sold under trademark SUPER P. by
Tincal Graphite & Carbon, of Switzerland_ [00361lin step 32, one or nore

ore-formn a ent a o] ! orj de ers..nma e m.xed with the
it IV R T M R

of the sodi,umegm@miﬁgdﬂ&[e formng agent and the dried resultant m xture

to formthe m xed paste so as to inprove the -porosity of t he forned

bi pol ar el egtrgde 15 ertain exanp | oride por e- form ng

nont -y nOPeS adaluing S et ERGTRLRTS g8 EaT e FF a5 of vent

may be di f ferent nfﬁ;@mmrze t MgheSan®Rd aasthe Bacondesel vars .as hmm MO Neldi M ting
ers and/or the on ctive el

exanples, in ste th ? Heswe Igﬁ _ar .

el neflts meSpleee! d\%“&f@’d‘%%‘“ eiphghegt dB SPBRBNRHESt &e PYoES ‘Ph Hae Bepol ar

el ectrode 1fixed GR3IlntE Miei¥En %3P BSmat e bPemflel & Bb DG AGeRkedB¥eCONPri S
other materials, such as ammoni um chl ori de, potassium chlori de cal ci um

chl ori de, s‘ﬁdf‘%ﬁ‘i‘"’t‘,a’%&ﬁa@’ed”%t deedrironatisorat el Badie daskerst 8¢ amoni

carbonate. angmpabY Dﬂe@@hdhﬁﬁﬂ QQ@@H%&]N @RI dRX%h AR \wAh 080X kTS AT
conmbi nations thereof'. 9 WD 2011/ 016903PCT/ US2010/ 038129

100381Addi tihapral ¥y the gleglerde sheptsap Prassdi Bngo qrpestigsedieb deas pedt® may al so

be di sposed. Qp,&Re seMld gg]tl ﬁx‘é%h‘f"ﬁgﬁt%d@hand 12 respectively to formthe
first and second el ectrode 14 1003910ne non,limting exanple for

preparation of the bipolar electrode 15 is
[0035] In some examples. i step 31, vapor grown carbon fibers {(VGCF)

and/or conductive carbon blacks may be added into the mixtere of the carbon
materials and the frst solvent s0 as to improve the conductivity of the formed bipolar
glectrode 15, Alternatively, the VGCF and the carbon blacks mav not be employed.
in one non-limiting example, the conductive carbon blacks may comprise carbon
backs, sold onder wademark SUPER P, by Timecal Graphite & Carbon, of

Switzerland.

0036} In step 32, one or more pore-forming agents, such as sodium chioride
powders may be mixed with the dried resultant mixture, and then the second solvent
is added into mixture of the sodium chloride pore-forming agent and the dried
resultant muxture to form the mexed paste so as to improve the porosity of the formed
polar electrode 15, In certain examples, the sodium chloride pore-formung agent
mav not be added into the resultant mixture, and the first solvent mav be different
from or the same as the second solvent. In non-linuting examples, in step 33, the
adhesive lavers and/or the on selective elements may be provided with the electrode

sheets Lo form the bipolar efectrode 13

{0037} In some examples, the pore-forming agent may comprise other
materials, such as ammonium chioride. potassium chloride. calcium chioride. sodium
carbonate, polassitm carbonate, calorum  carbonate, anunoniwn  carbonate,
ammonium actd carbonate, ttanium oxide, zinc oxtde, or combimations thereof.

&



now descri bed. EXAMPLE 1 100401800g, of activated carbon particles, 16g of
VGCF, 40g of SUPER P conductive carbon bl acks, and 3500m of deionized

wat er ar ewoizreidiednd stirred for about 15 m nutes, so asPCO/USOI0I038129

di spersion of the active carbon particles in the deionized water. .53g of a
60% W w) PTFE | atex are added into 60mlL of deionized water for dilution to
forma non-Fibrillated RIFE enul sion, and then the non fibrillated PTFE
enul sion is added into the above m xture and stirred toget her for about 4
hours so as form resu i ant n1xturF§unt| of the

rt
PTEE hoe poehfl or 1 AdhEara S B el ook hest Avs 49 Hr1 od ot a

t enper at ur edigfos@bQube 308m: dARTiofsOrN @B QU tespBii@ R RARIAEhOAKE Sod Neadld, for easy
preparation, of the resultant mxture is weighed and m xed with

about 203
60g of the Lediodim SHp ?ﬂde powders and one liter of ethanol for about 5
mnutes to forma liquid mxture. The liquid mxture is dried at a
t enper at ur ejgofejabout (B0 'HEx-E@itae kanpie rMpRepiiakedoDas bigoedighiong 1 alout 6509.
[ 00421Next , th i.xed paste is calendered to forma catendered sheet. For
calenderlnd““ Qﬂ@ﬁder (not shown) with two rollers is enployed. A
di stance between the two rollers is set to about 4 mm the m xed paste is
put through the rollers to | onn a Whixprshaet, and then the thin sheet is
fol ded and reinserted into the cal endar for about 3to 5 times, After that,
in sone appﬂh tlons he. dlsta ce, bet yeen ¢ set at

O o y

about 3.5 E%&nﬁ%“f‘ thmfm%hF“C&i o %P L#é R to

cal ender th@mﬂ@mMesheatbmﬁa‘mhh&wmheoﬁaﬁemd£Wﬁﬂeﬁﬁeem\mbM<®nhméﬂ WO
2011/016903F{CT/ }JSZOl /03812 t0043 Subsequgr%l %/} thebcal endered_ sheet is

shaped i nt 0™§pl UPERTEy Sof & St HYEPIRELCE R 1N BedPPLaverse 8 4%d shapes,
ﬁn?f t Ee el e¢tgrode ’;SMEPSO ar e dri(eds )WTFTY h&:ﬂp@id Ed{kihd‘i eni@ﬁ»i)@bﬂuﬂméfgaﬁdf or dabout
a our. In s e plications, the electrode sheets not be drie

After that YVHE @f\ﬁ)‘%é‘:’s‘ﬁ@%t%“ ‘F‘ggﬂ ﬁWé‘r iéﬂhlﬁ‘ﬁlﬂélﬂﬁa%‘é‘ﬂ Waf'® for about
3 hours to gesRlMer@Ndeh@noy e hdied Sadimmicht onik@e: ffdomrihesgiiRetsode
sheets. Then, the electrode sheets are put into a ventilated oven (not

shown) at a*WEhRGuE 9 toformpderalan: ey ng b dgasi BRSsOlibe FEUS vt er

heen fibrillated.

{0041 Then, the resultant nuxture is dried at 8 temperature of about 100~
130°C for about more than 48 hours. Next, for easv preparation, about 200z of the
resyltant mixture is weighed and mixed with 60g of the sodium chlornde powders and
one liter of ethanol for about 5 minutes to form a bguid mixture. The hiquid mixture
is dried at a temperature of about 60°C so ag to form a nuxed paste weighing aboul

6508,

[0042] Next, the nuxed paste 15 calendered 1o form a calendered sheet. For
calendering, a calender {not shown} with two rollers 15 emploved. A distance between
the two rollers 1s set to about 4 mum, the mixed paste is pul through the rollers to form
a thin sheal, and then the than sheet is folded and reinserted into the calender for about
310 § times.  After that, in some applications, the distance between the two rollers
mav be set at about 3 Smm, 3.0mm, 2.5mm, 2.0mm, § Smm, | Omn, and 0 73mn in

turn {o calender the thin sheet, so that the calenderad sheet is formed.



100441Finally, the inconductive film the electrode sheets, and the PET

| ayers are pressed toether at a pressure of about 15 Moa for about 40
seconds twofRorwnis$ee bi pol ar el ectrode 15, as depicted i RCEIUS2018/034109
non-limting exanples, the el ectrode sheet may wei gh about 25-30 g, and
have a thickness of about 0,8 mm The bipolar electrode 15 nmay wei gh about
55-60g, and have a thickness of about 1.6 mm 100451l n certain exanples,

t he adhesive Iayers and/ or ion sel ecti ve materi al s are al so pressed within
t he bi pol ar ctrod l.ona |1y, for so enent

el ectrode slﬂgﬁﬁs mayglﬂ ‘?ﬂ)‘?egg"seﬁw dgﬁﬁ‘éﬂ%@? Ht % uzfé”B"F l%1b‘{}ut 15 Ma
for about 4feqeaondsst@hfREmdnRs hitSih: zgéadmﬁﬁﬁ@elauaide@ﬁd&oteedﬁ&i ard 14.
Alternatively, the first and second el ectrodes 13 and 14 may be forned with

ot her mat er PEPERF Aadory Shi-ter the! preparedy efae prggaiakelbt §1w1%461|t

shoul d be n@&ﬁ@'nﬁhﬂ& tnpicdepiret @, axarRliBdd SelBERlMnlckbyghd alibid The order
of the steps in the deglcted exanpl e may be changeable, for exanple, the

removal of YH& Soehouhs 'Pﬂfﬁﬁcif@@*‘r?&“}"dtﬁ'emﬁﬁﬂéﬁsoﬁbms wpidegrornibe glireter ed sheet

the pluralify.of T@LL:?C(Hsf edarsRest s A%k tdtQ rla\uzmatsﬁ Qan‘@n \%ﬁ)@@ﬁwhﬁ%!l ydi ng, but
not limted to the steps for adding and renoving the sodi um chloride, may

not be strikwbyramecdsbanys Cloodrincbyrdicnghye wderdepi cted in FIG |, an
exanpl e assenbling process for the SCD device 10 conprises providing the

first and sgeend el e¢tndege hlerdlfad CondRlOY I Geld LBbdcANE:S @6PNE current
collectors 13 and 14 to contact the respective el ectrodes 11 and 12,

di sposi ng t¥el b proprrresreddesasiss asrpEpiRet Al ES Mpader b 1oeptonds @l ect r odes
11 and 12, and i &B{R%' BQctJaB@JS%Q%;%wé@n et weep, xtlcl?\eluﬁl%o @@dsﬁﬁé‘s“%h

el ectrodes. In non: ting exa he order of e steps of the exanpl e
process na%le%@(ﬂi‘aﬂgéfab\he”léml %engr'@ééswmykmww@mco m skeot her

steps. 1o SYAERleLRieRSIcy BETJRYRLS, AR NG, i3t dhapoan ol ect T odes

Il and 12. sone arfangenent s vice nay conprise
nore than one blpolar el ectrode 15 an nay be in the formof a stack for
desal i nati of™¥ r el ati vl pamgles.dhandiesiye bhera apd'guion selfunee mptariglsy

schematic dizégl & LQ\fcd @.nﬁfnqﬁa tr EQQ »‘ﬁl&\{lj{.‘ el*«loAdthhf"\ ARANE LA ﬁﬁ*ﬁ%mhﬂs FIGS, 1

and 4 may indicate sim ment s. or the 1 fUStrate angenent t he
SCD devi ce @@nbmrtsﬂ@shtaeﬁ inpsbe pssednn Teolehlos tbe peisuraoisdeund Yo fent

col le..ct Ordb%?l}-@( s.,&:{% 0 f%!‘n?ﬁtagggem%ﬁ L&R&Q Ll{'\e}guol ‘515“1‘40%@& v ‘Rokil .ector 11,

a second el ec attac e current collector
bi pol ar el ettt ddescobd ccspos éd alubt veen bt frembd reb odwedmsecdnd mdeamr odes 13
and 14. and thl u & spagers 16 di sposed between each of the pairs of

Y.
adj acent el 8¢5 <‘§idtﬁbL{rL)

[0046] 1t should be noted that the depicted example 15 merely illustrative. The
order of the steps n the demcted example mav be changeable, for example, the
removal of the sodium chloside may be prior to shaping the calendered sheet the
plurality of electrode sheets.  Additionally, some sleps meluding, but not linuted to

the steps for adding and removing the sodium chlonde, may not be strictly necessary.

{0047] Accordingly, as depicted in FIG. 1. an example assembling process for
the SCD device 10 comprises providing the first and second electrodes 11 and 12,
providing first and second current collectors 13 and 14 1o contact the respective
electrodes 11 and 13, disposing the bipolar electrode 15 between the first and second
electrodes 11 and 12, and disposing the gpacers 16 between the two adjacent

electrodes. o pon-limiting examples, the oxder of the steps of the example process



[ 00491in certain exanple; applications, the SCD device 10 may be used as a
. supercapacitor for energy storage, FIG 5 is a schematic diagramof a
super capawDRori/M®on accordance wi th one enbodi ment of ®h@/UsSro10l0ss12AE
nunerals in FIGS. 1, 4 and 5 may indicate the simlar elenents. As depicted
in FIG 5, the illustrated arrangenent is simlar to the arrangenent in
FIG 1. The two arrangenents in "FIGS. 1 and .5 differ in that an

el ectrolyte 41, such as sodiumchloride is enclosed within the structure so

as to formthe su )c& am(gz or 30 for energ¥ storag@ 005Q1For the

i |'lustrat ed""%‘nB%& BETC'G AT Precesy MRy TS CUTRISs SEBh ARl YentMES! | ect or s
11 and 12 ngysshe reanpest @ohé OrstaPOnehd sRUEERs ( n@td shown) for charging the
supercapacitor 30. Duri fig discharge, the rel eased energy generated due to

di ssoci at i o% gg the adsorbed ions f_rgmi isurfﬁges_ of the r‘_espl)l}ectl ve

el ectrodes X3%14, afll PG PRV EFHFACP ST T BBEY BECUR¥8 148 drive an
el ectrical (de\lﬁiﬁﬁﬂ(dgﬁﬁrm&h(im)m\ S ehhaSoran dl‘lﬁagshik l&wdbs(ﬂiﬁ(litioheﬁﬁﬁ'ﬂ{\@i@ t f[l)gough
an ener recover evi suc ona -
convert oy RERIITAr § i SlGiel RekhpTa titet el artLSaRiret 150 nay
conprise a pldikahd hiymehisbhpokar ehertur agesnd@uathia: Rldtedlsi t yootheSpacers
16, as similar to the structure depicted in FIG, 4, [00511V\h|Ie t he

di scl osur e HESHEH T RIUEr E e’ Eérﬁ‘ﬁ“&“eé%‘?‘l’“b\éﬁ 3 st gurearossediingnts, it is

not i nt ended. 4@ BfedicoMdBd 2t PkhO-ARkAIY srRhdlihe SIRGEcHRELOYS o
nodi fications and substl tutions can be made w thout departing M any way

from t he spicEind @fctrpfie i pisbet ongibs cpgan cellecms igumplupfedt perelepsafssi cat i ons
and equi val ﬁnﬁép&l‘zd Rl §1%|19§tu’{1ﬁ Jé@({n%' é?ec@'nﬁe%l ps g WX’&HQQ%%;@;EQ gersons

skilled in the art using nmore than routine experinentation, and all such
nmodi fi cat i omgceanth @q@paﬂaneémeg e@m\ev Bl ey elchdicoeielepiradein t he spirit and
scope al' the disclosure as defined by -the following claim.z WAT IS

CLAIMED | S: 0&49?‘ bi pol gr u%aﬁ(‘ct\ﬁ:ﬁﬂg ﬁp;ﬁfam%ll: Shogeh Bich B %ﬁﬁ%@k@&i% ady er
conprising one or nore carbon naterials;
supercapacitor for energy storage. FIG. 51 a schematic diagram of a supercapacitor

44 in accordance with one embodiment of the invention. The same numerals in FIGS,
1, 4 and 5 may indicate the similar elements. As depicted in FIG. 3, the illustrated
arrangement is similar o the arrangement in FIG. 1. The two arrangements in FIGS.
1 and 3 differ in that an electrolvte 41, such as sodium chloride is enclosed within the

structure so as o form the supercapacitor 30 for energy storage.

[0050] For the illustrated embodiment in FIG. 3, the first and second current
collectors 11 and 12 may be connected to a power source {not shown) for charging the
supercapacitor 30, Duning discharge, the relessed energy geperated due to
drssoctation of the adsorbed ions from the surfaces of the respective electrodes 13, 14,
and 15 of the supercapacitor 30 may be used o drive an elecirical device (not shown),
such as a light bulb, or recovered through an energy recovery device {not shown),
such as a bi-directional DC-DC converter.  Additionally, in other examples, the
supercapacttor 30 may comprnise a plurality of bipolar electrodes 13 and a plurality of

spacers 16, as sinular to the structure depicted in FIG. 4.

[0051] While the disclosure has been iHustrated and described in typical
embodiments, it is not intended 1o be lHinited to the detmils shown, since various
modifications and subsiitulions can be made withowt departing in any wav from the

I")



and a first layer and a second | ayer disposed on opposite
surfaces of the internediate | ayer and configured to act as an anode and a
cat hode, wbepgimetoBe first and second | ayers conpri se aPrCrasse100ss29f one
or nore electrically conductive carbon .materials and one or nore
conductive polyners. 2. The bipolar electrode of claim11, further conprising
one OT nore cation selective materials disposed on the first |ayer and one
or nore anion selective materials disposed on the second |ayer.

The bi pol ar ele trode of .c a|n1 erein the one or ni on sel ective
mter Al PN SLHETBA IR Ee A5 (GURSOTrRG 6t P RS B, o
pyridi ni um gEdsipreanckic BEDbRAN0 RS k’t€§5&:§3ﬁm siher @it &rheiRMonBo@ieup
conprises one or nore of a ¥ @h secondary am ne, tertiary am ne,
and quat ernTéBF‘S}“%ﬁij‘rfém“éfW&nvﬁér‘gﬂ ShebyRed GOy ArtoHe SUicSEd IVE mmter i al s
are sel ect egiyfik QR LB RO URPE WNThS LisBInRE ad dStkliOR! TheHHOMPInG Qﬁﬁ;laoxyl ic
group, phosphate group, and conbi nati ons thereof . The

bi pol ar el ectrode of claim1l1l, wherein the internediate |ayer |s el ectron
conductive and ion non-conductive, and wherein the carbon materials formng
the internediate | ayer conprise one or nore of carbon black and graphite,
5. The bipolar electrode of claim1l, wherein the internediate | ayer further
conprises a polyner selected fromthe group consisting of polyethylene

t erepht hal ate, pol yt hene, pol ypropyl ene, poly (v invlidenechloride), and
conbi nati ons thereof. 6. The bipolar electrode of claim1l.,
wherein the first |ayer and the second | ayer conprise the sane one or nore
el ectrically conductive carbon materials. WD 2011/ 016903PCT/ US2010/ 038129
7, The bipolar electrode of claiml1l, wherein the one or nore electrically
conductive carbon materials formng the first and second | ayers are

sel ected fromthe group consisting of activated carbon particles, porous
carbon particles, carbon fibers, carbon aerogels, porous nmesocarbon

m cr obeads, carbon nanotubes, carbon cages, and conbi nations thereof, and
wherein one or nore of the conductive polyners are selected fromthe group
consi sting of .polyaniline, polypyrrole, and conbi nations thereof

8, The bipolar electrode of claim7, wherein the one or nore electrically
conductive carbon materials formng the first and second | ayers conprise
activated carbon particles, and wherein the first and second | ayers further
conpri se pol ytetrall uoroethyl ene,



9. The bi polar electrode of claiml1, ftirther conprising one or nore

rei nforcenent |ayers disposed on at | east one of the first and second

| ayers, wnereiwnitdse one or nore reinforcement |ayers ar @CsaiSeawos8iky om t he
group consi sting of polyethylene terephthal ate (PET), polythene (PE),

pol ypropyl ene (PP), poly(vinylidenechloride) (PVC), and conbi nations
thereof |f.)The bipolar electrode of claiml1, further conprising a
-plurality, of adhesive Ilyers disposed between the first |ayer and the

internediatgg*ggngL&ﬁgﬁgﬂbetmeen the second layer and the internediate

| ayer respe t he adhesive | ayers conprise at |east one of
graphi te-based polyner filns. carbon bl ack based pol yner filns, conductive
graphi te adhesives, and carbon bl ack adhesi V es, 11, A .supercapaci tor
desal i nati on devi ce, lconpaibgiohyg electaodei somtpriedngct r ode; a second el ectrode;

one or more bipolar electfp ﬂ&%n?dsﬁé’%%?rcogﬁ ;"V%?R‘néer}emmetfrk?x%%ﬁ%ond

el ectrodes:
i on- conductave spacers di sposed bet ween each pai r of adj acent el ectrodes; a
first cun-ent collector copf% ured,to co }a ct,.the first el } q and
anrst Raver and & second fayer d:spoxsgd on nppcssm S Tac S
the intermediate laver and configured o act as an anode and a cathode, wherein the
first and second lavers comprise at least one of one or more electrically conductive

carbon materials and one or more conductive polyvmers.

2. The bipolar elecirode of claim 1, further comprising one or
maore cation selective materials disposed on the first laver and one or more anion

selective matenals disposed on the second layer.

-

3 The bipolar electrode of claim 2, wherein the one or more anion
selective materials are selected from the group consisting of an amine group, a
pyridinium group and combinations thereof, wherein the amine group comprises ong
or more of a primary anune, secondary amine, tertiary anune, and quatemary anune,
and wherein the one or more anion selective materials are selected from the group
consisting of a sulfonic group, carboxvlic group, phosphate group, and combinations

thereofl

4. The bipolar electrode of claum 1, wherem the intermediate layer
is electron conductive and ion non-conductive, and wherein the carbon materials

fornung the imtermediate laver comprise one or more of carbon black and graphute.

5. The bipolar electrode of elainy 1, wherein the ntermediate layer
further comprises a polvmer selected from the group cousisting of polvethyiens
terephthalate, polvthene, polvpropylene, poly{vinvlidenechloside), and combinations

thereol

6. The bipolar electrode of claim 1, wherein the first laver and the

second laver comprise the same one or more electrically conductive carbon materials.



a second current collector configured to contact the second el ectrode.

1. 2. The supercapaci tor desalination device of. claimFt, wherein each of

t he firstwelzettemd, the second el ectrode, and. the bi peCarusediemssiode is
configured to adsorb ions in a Charging state and desorb ions in a

di scharging state. 13. The supercapacitor desalination device of claimH,
wherein each of the first el ectrode, the second el ectrode, and the bipolar
el ectrode is configured to adsorb ions in a discharging state and desorb

ions in a charging, state, 14The s apa |tor desal L|on devi ce of
clailn 11, wherein the b.H&iS‘ﬂ@f§g¥ G &’ OBt i's & mﬁW HtBFnEdiate | ayer

COM pri si Ngei@Gaflt FRHRHCALROB ﬁﬁtt@l’allﬂahﬁmuﬂ;ndmamgi & st@yena@ndagd second
| ayer di sposed on_two opposite surfages of the |nter§ed|ate | ayer and
confi gured FERELTYR B SE1PotBE AT RASFEINCHIRE PIREES. e 8edo | ayers

conpri ses afuh@astadne Mbrs0RRLH BRESS, ells;@@ﬁbr hx@%’dﬂ)ﬁorﬁ %%@&tweuﬁ%bon
materials and one or nore conductive poly The

super capaci "8 Ife SHPIMERFO AN EUTRBAGPS alﬁrem“ rmdt WhEIGEY @ierPripie @ﬁ@‘eor nor e

el ectri cal | y,,gQpdy ﬁdl\ (Rer€ %0 ORI ABLE o Shél Foyf leatigd.f 6O nﬂo@\hﬁjhgé oup
consi sting of a.cuvated carbon particles, porous car bon particles, carbon

fibers, carbdrpvaekoyelombpgrysmbaimiot ube, s, carbon cages, porous
e, socarbon m cr obeads, and conbi nati ons thereof and wherein the one or

more conductive pol yRers @gey,$8le elegoder QM LA 70 LR CARSISL irNgof
pol yaniline, polypyrrole, and conbinations t her eof 16. The

super capaci $esiieds apidva iecrwe s alsloaniag e st sk stcenh lay pe cpppsEe and
second | ayefs., fif Eﬂg(fn GOIRE 381 Rﬂ!a%ﬁxe{;qé @ ’f'%sp%,@b(& i §31zhe-1n3§mpme

supercapa. citor desalination device o ai m 14, wherein t
polvitetrafluoroethylene.

9 The bipolar electrode of claim 1, fasther comprising one or
miore refuforcement layers disposed on at least one of the Orst and second lavers,
wherein the one or more reinforcement lavers are selected from the group consisting
of polvethvlene terephthalate (PET) polvthene (PE). polvpropviene (PP),

poly(vinylidenechlonide} (PVC), and combinations thereof.

1k The bipolar electrode of claim 1, further comprising a plurality
ol adhesive lavers disposed between the first laver and the mitermediate laver, and
between the second laver and the mtermediate layer respectively, wherem the
adhesive tayers comprise at least one of graphite-based polymer filins, carboun black

based polvmer films, conductive graphute adhesives, and carbon black adhesives.

11 A supercapactlor desalination device comprising:

a first electrode:

a second elecirode:

one or more bipolar efectrodes disposed between the first and
second electrodes;

one or more electron-insulating and jon-conductive spacers
disposed between each pair of adjacent electrodes;

a [irst current coliector configured to contact the first electrode:

and
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bi pol ar el ectrode further conprises one or nore reinforcenment |ayers

di sposed on at |east one of the first and second | ayers, wherein the one or
nore rei mvoroamasdo3l ayers are selected .fromthe group eamdisgtioossiod

pol yet hyl ene terephthal ate (PET), polythene (PE), polypropyl ene (PP),

pol y(vi nylidenechl oride) (PVC), and conbi nations thereof, WO

2011/ 016903PCT/ US2010/ 038129 18, The supercapaci tor desal inati on device of
claim 14, wherein the bipolar electrode further conprises a plurality of
adhesive | ayers di sposed between the first nd the internediate

| ayer, and between the se%Sﬁ‘ﬁ’ngat}‘t‘ﬂifma??&i‘e’f'ﬂrec‘l"%’%éﬁe i Sepiacy By gjpoonc
respecti vel Mecti@apgl Wherei n the adhesive | ayers conprise at | east one of
car bon- based polyner filnms and carbon conductive adhesives, 19.The

super capaci tor desal i patl n device 14, where

and
Sobond Broct rodes: colpri sak Rt Semithal oV CehE Hor 002, bk, o
the first agdh SﬂCmﬁd}‘nkﬁ}é&f&ﬁ@dgzQth&oﬁﬂJpﬁﬁﬁ@@lﬁ@mdt o sesal kenakddenisdevi ce of

claim 14, further {éSII’]? a nore cation selective materials
di sposed onfPH&E] V’s QU IREF o ab‘%‘n‘& W HBk S YRTIGH s alRiEig St eri al s
di sposed on the second Iayer, 21. The supercapacitor

desal i nati on device of. cl ‘a&m@@rcaw&ﬁmeiid@amaemoﬂam{ ofToien anj ahersigl ective

oyr di i um b, el B RAET SHS “THBS ST TodhePel et REOAeE"GFolp

conprises Oﬂﬁhglr.wmﬂﬁs&ﬁ ichks P ﬂﬂl@;ﬁ)}{@@@aﬂ@a mﬁi@i@ﬁﬁﬁiﬁ)ﬁlyuﬁmhﬂﬁjmgts@ﬁ&| ary am ne,
and quaternary am ne, and wherein the one or nore anion selective materials

are selected fromthe group consisting of a sulfonic car hoxylic
or oup. phosphat o g oo bl worsi dee e fies dored o ih MRRSELIY 12, 1o
for manuf ackipsibngedroitRenboRalanah@ahddae Javbh eoriBishRdo oSS! dighon
providing and stirring a mxture conpris sol vent and | east one of
one or rmremﬁtﬁ‘r“%ﬂ“%? B [ RPrEng A §esoR gp%?‘ ‘{’@qﬁea]cf’ﬁﬁ‘ﬂﬁe??(\?’ée %B’ﬁa“?“r?é’ll ®%to forma
di sper si on @ferhéiRa@liaerasd coMRull Hhet AP IRKdRS SrCaAnBOR MBLRGI Alds and the
one or nore conductive polyners in the solvent;

second lavers comprises at least one of one or more electrically conductive carbon

materials and one or more conductive polvmers.

15, The supercapacilor desalination device of claim 14, wherein the
one or more electrivally conductive carbon materials are selected from the group
consisting of activated carbon particles, porous carben particles, carbon fibers, carbon
aerogels, carbon nanolubes, carbon cages, porous mesocarbon microbeads, and
combinations thereof, and wherein the one or wore condactive polvmers are selected

from the group consisting of polyamline, polypyrrole, and combinations thereof.

16, The supercapacitor desalination device of clain 14, wherein the

first and second {avers further comprise polytetrafluorcethylene.

17, The supercapacilor desalination device of elaim {4, wherein the
bipolar electrode further comprises one or more remforcement lavers disposed on at
least one of the first and second lavers. wherein the one or more reinforcement layvers
are selected from the group consisting of polyethylene terephthalate (PET), polvthene

(PE), polvpropviene (PP, polv(vinvlidenechlonde) (PVL), and combinations thereof.



addi ng at | east one binder into the dispersion to provide a resultant
m xture and stirring the result= m xture; processing the resultant- m xture
to form awpl2orialis4op of el ectrode sheets:, and attachi ngPCihaSediemssiogde

sheets on opposite surfaces of an internediate | ayer.

)

2011/ 016903PCT/ US2010/ 038129 23, The nethod of claim 2.2.,
functional electrode conprises a bipolar electrode, and wherein the hinder

conprises non-fibrillated polytetrall uoroet hyI ene.

met hod of cl aim 22, erein the m xture urth .conp
carbon fibers, condux\gl veh&%st“B‘BﬁapﬁF‘&)élge‘“L\ H‘“B ?‘B‘beno r‘frsiWBq%b

wher ei n

2

t he

4. The

one .or, nore of

égerem the

25. The nethpsdaoéledtioad ﬁ\l'g\%‘; coigised B phhﬁn\s@i Wa@hive ORI EgRsaidb@ieenet hanol ,

and conbi naél ons there

26. The nethod of claim ﬁ
YHofe-

processi ng t'hid' el mftc&ﬁt‘h%n%wéw&owbwr Sob bRisERh dheopsorst layer @

agents W t hip@ib @6 N ePRIebiRlRS afl CRSciARR L iveanhd @Rprisd XlsHeond t h
anot her solvent to forma nixéd paste and processing the m xed paste to

form t he el dcpbgardased ek ger films and carbon conductive adhesives.

19, The supercapacitor desalination device of claim 14, wherem the

first and second electrodes comprise the same electrically conductive materials as the

first and second layers.

2. The supercapacitor desalination device of claim 14, further

comprising one or more cation selective materials disposed on the first faver and one

or more aniton selective materials disposed on the second laver,

21 The supercapactior desalination device of claim 28, wherein the

ong o1 more anjon selective materials are selected from the group consisiing of an

amme group, a pyridiniom group and combinations thereof, wherein the anune group

comprises one or more of g primary anune, secondary amine, tertiary amine, and

quaternary anune, and wherein the one or more anion seleciive materials are selected

from the group consisting of a sulfonic group, carboxylic group, phosphate group, and

combinations thereof

22 A method for manalaclunng a functional electrode, the method

comprising:

providing and stirring a nmuxture comprising a solvent and at

least one of one or more carbon materials and one or more conduct

e

]Z)Oif)" mars W

formy a dispersion of the at least one of the one or more carbon materials and the one

or more conductive polymers in the solvent;

adding at least one binder into the dispersion to provide a

resultant mixtore and stirring the resultant mixture;

processing the resultant mixture to form a plurality of electrode

sheets: and

attaching the electrode sheets on opposite surfaces of an

intermediate layer.

wher ei n
t brm ng



27. The nethod of claim 26, wherein the one or nore pore-form ng agent are
sel ected fromthe group consisting of sodiumchloride, anmoni um chl ori de,
pot assi urwohhariie®®3 cal ci um chl ori de, sodi um carbonat e, PODIUBSGI0088129
car bonate, cal ci um carbonate, ammoni um carbonate, ammoni um aci d car bonat e,
titani um oxide, zinc oxide, and conbinations thereof 28. The
nmet hod of claim 26, wherein processing the m xed paste conprises
cal endering the m xed paste to forma cal endered sheet, i mersing the
cal endered sheet intq, deigni zed. r.tq.renove the one oy nore
pore-fornmi ng agents, 3%” yi ﬁ‘g‘f f’ﬁg‘oé\g‘gteﬁa‘é?? gd ShEs L BP““I’%’HL\?&%“&E t he one
or nore poremipekdl ReiggantiscirandashapbmRe tHaehisdl-endgried shesbrlianido the
el ectrode sheets after drying. The net hod of claim 22,
further conPy&riyoRebsers ng one or nore reinforcenent |ayers di sposed on
at | east one of the el ectrode sheets, vherein the one or nore reinforcenent
I(aye;s arfa Sﬁ| ected from “ll“}JSLemgh@Uzﬁ‘L@;@l(.ﬁlsf;iz)s{vhétg;x@ﬁe :ﬁi&i\y@ﬁhﬁshﬁm&mﬁgﬁapht halja'; e
PET), polythene (PE), .po ropylene (PP), .pol y(v . nyl i de n ec ori de
(VG| and SO et tPr GRS CRHERTe oD BHER R STaPEIroebs10/ 038126 0. The
met hod of claim 22, further conprising disposing one or nore anion
selective materials and olie: ehodokcigat i nmvhselreht kyMeemabapiiat sarn t he
respective .@{xect r(gge sheets, 31. The nmethod of claim 30, 'herein the one or
more ani on SEPEEAYRPTHEIEPIAPYYr e sel ected fromthe group consisting of an
am ne group, a pyridiniumgroup and conbi nati ons thereof, wherein the am ne
group conprises one @& nofie afettadpsil oiny 2amwheieis eoeadapythamen@mit ertiary
am ne, and guaternary am.ne, and wherein.the one or more anion. selective
.material s APEYESPERTEY FHBMOPhE GREUY EERETE 55 of iy ‘Eﬁ‘l""l’io‘?‘]f‘f" *Sgr oup,
car boxyl i c groupd phosphaiang@hi®yPith 8thet QabEMabi @S 4 eveaofasB2miihe nmet hod
of claim 22, wherein the one or re car{?og materials are selected fromthe
gr oup consi@P‘i‘eﬁﬁ“’%ﬁh@%ﬁd\)ﬁﬂ%}@anﬁr?ieﬁﬁ? S%6F4S, carbon aerogels., carbon
nanot ubes, carbon cages, carbon fibers, porous carbon particles, porous
mesocar bon mi crobeadsy. anthcasbidatdonse, vhesaaie onandmotgroed-forinlvg one or

more conductive polynmers are selected fromthe group consisti of

ool yani | e GBE SIS OTo8 ths SE VR SRR AR PO PhEPUEE. TSROTHE YDA of cf ai m
22, \r/]\her ei npaﬁf@;ﬁuin”}i:ﬁibﬂmﬁi aﬂagmmmm&prﬁﬁaiuaelc@mnm, msxrasl@ium c(ésﬂu][obaﬁﬂ blhack,
graphite, and a polymer, and wherein the polymer is selecte romthe group
consi sti ng GICHBIEFEPHA é’??@%‘é%‘p‘ﬁli‘ﬁé‘rﬁa‘f‘%@gﬁw%;?%‘Héﬁ%}mﬂﬁ‘o|‘%‘F‘6’b‘?}'f*‘ene,

pol y(vi rtyl jigfleneghhes dotdlnatiandh&a@nbi nat i ons t her eof

28, The method of claim 26, wherein processing the nuxed paste
comprises calendering the mixed paste to form a calendered sheet, immersing the
calendered sheet into deionized water fo remove the one or more pore-forming agents,
drving the calendered sheet aller removal of the one or more pore-forming agents. and

shaping the calendered sheet into the electrode sheets after diving.

22 The method of clmm 22, lurther comprising attaching one or
more reinforcement lavers disposed on at least one of the elecirode sheets, wherein
the one or more reinforcement lavers are selected from the group consisting of
polvethvlene  terephthalate  (PET), polvthene (PE), polypropylene  (PP),

poly{vinvlidenechloride) (PVC), and combinations thereof.
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30.  The method of claim 22, further conpuising disposing one or
more anion selective materials and one or more calion selective matenals on the

respective electrode sheets.

31 The method of claim 30, wherein the one or more anion
selective materials are selected from the group consisting of an amine group, a
pyridinium group and combinations thereof, wherain the aming group comprises one
or more of a primagy aming, secondary anune, fertiary amine, and guaternary amine,
and wherein the one or more anion selective matenials are selected from the group
consisting of a sullonic group, carboxylic group. phosphate group. and combinations

thereof.

32 The method of claim 22, wherein the one or more carbon
materials are selected from the group consisting of activated carbon particles, carbon
aerogels. carbon nanotubes, carbon cages, carbon fibers, porous carbon particles,
porous mesecarbon mucrobeads, and combinations thereof, and wherein the one or
more conductive polvmers are sefected from the group consisting of polvaniiine,

polypyrrole, and combinations thereot.

33, The method of caum 22, whersin the mlermediate laver
comprise one or more of carbon black, graphste, and a polvwmer, and wherein the
polvmer is selected from the group consisting of polvethviene terephthalate.

polvthene, polvpropylene, polv(vinyhidenechloride). and comibinations thereol



