WO 2006/ 135411 PCT/ US2005/ 031362 ELECTRODE FOR USE I N A DEI ONI ZATI ON
APPARATUS AND METHOD OF MAKI NG SAME Technical Field The present invention

rel ates genergbhasiRs@n el ectrochem cal separation el egtrade for renoving
i ons, holding, oxidizing and reducing contamnants and inpurities from

wat er, fluids and ot her aqueous process streans and for placing the renoved
ions back into a solution during a regeneration operation. The invention
further relates to a nmethod of naking the sane. Background There are a
nunber of different systens for the separation of ions and inpurities from
water effluents or the like. For exanple, conventional processes include

-~ but are not limted to ion exchange, reverse osnosis, electrodialysis,

el ectrodeposition and filtering. Over the years, a nunber of apparatuses

have been proposed dierTRBRERINBAINIERREILIRN ABARNBSEGNEN! T egener ation
or e

of water effluents, etc. One proposed apparatus el oni zation and

purification of water effluenBrasp@rSEhRERIsANEY- S- patent No. 6, 309, 532.
The separation apparatus uses a process that can be referred to as a

capacitive deionization (CDI) and in contrast to other conventional ion
exchange processes, this process does not require chem cals, whether acids,
bases or sal tTeshlidit Figas for the regeneration of the system but rather, this
system 1 WO 2006/ 135411 PCT[ U52005/ 031362 wuses electricity. A stream of

el ectrolyte to be procsedent GOBktRdLTHINGS MAbhDEH ANEASHRRARl $HlrkRAS

el ectric dipoles, and/or suspended particles, is passed through a stack of
electrode for removing ions, holding, oxidizing and reducing contaminants and impurities
from water, fluids and other aqueous process streams and for placing the removed ions

back into a solution during a regeneration operation. The invention further relates to a

method of making the same.

Background

There are a number of different systems for the separation of ions and
impurities from water effluents or the like. For example, conventional processes include
but are not limited to ion exchange, reverse osmosis, electrodialysis, electrodeposition
and filtering. Over the years, a number of apparamses have been proposed for
performing deionization and subsequent regeneration of water effluents, etc.

One proposed apparatus for the deionization and purification of water
effluents is disclosed in U.S. patent No. 6,309,532. The separation apparatus uses a
process that can be referred to as a capacitive deionization (CDI) and in contrast to other
conventional ion exchange processes, this process does not require chemicals, whether

acids, bases or salt solutions for the regeneration of the system; but rather, this system



el ectrochem cal capacitive deionization cells during a deionization
(purification) cycle. Such electrode in the cells attracts particles or
ions of the appembinsagharge, thereby renoving them fropsedbdsh9Rs2 Thus, the
systemis configured to performdeionization and purification of water
influents and effluents. For exanple, one type of systemincludes a tank
having a plurality of deionization cells that is forned of non-sacrificial
el ectrodes of two different types. One type of electrode is formed froma

car bon based [ fehloufal bRNGRL b} dodubielio pe Hlech! SAEAISLEAITNES, ARD retal ns

ions from an aqueous sol ution e electrical current 1s applied. The

other type of.gheCtl0He dipfofEE,nm/ofrrs%Heﬁdeﬁ%méﬁg,iMepaﬁﬁetfuiogéh’ %%%g ofNOL renove
and t her

or renoves fewer 1ons when an electric current Is applie efore is

classified asgQebdgmANaRRQE REib¥Eatibn BARdLGM aehe?&ﬁzragap@ﬁﬁczﬁm cpigperty is
common to electrodes forned fromcarbon cloth, graphite, titanium platinum

and ot her congidg tele¥@ode TRURT btk SiHaltRbraliBle O iodEF 86 Qphakith Rl kL C Tield in
an aqueous solutions. The non-1CM carbon electrode 1s forned as a dual

el ectrode in thading theth@Smaol@@nl of conductive surfaces that are
electrically isolated fromone another. Accordingly, in one enbodi nent, the

apparatus includes a rhid)ete sgfiem GeBAlibatcl WEperBRidSREAidH Mt plrifh@mtogrodes each
inthe formof a flat plate, that together in opposite charge pairs forma

dei oni zat i on wadrlinfluehts haigfipets.aFoRamle, \vot typge spadme fciudds d tsnk HRsHaL! | shed
between a pair of adjacent electrodes. This is acconplished by connecting
one | ead of ahwdlty afydei@oetioneeclisohs fefonfedtofigonchaifichhbdesodn df anvatitkeent| ead i s
attached to the 2 WD 2006/135411 PCTI US2005/ 031362 el ectrodes that are
adj acent to tthees.oBee tpect dlotiedesio famged Homr odbaebasedvindrit @agen potrar{GM).
t her ebet ween.

This electrode removes and retains ions from an aqueous solution when an electrical

current is applied. The other type of electrode, formed from a conductive material, does

not remove or removes fewer ions when an electric current is applied and therefore is

classified as being non-absorptive (“non-ICM electrode”). This property is common to

electrodes formed from carbon cloth, graphite, titanium, platinum and other conductive

materials that do not degrade in the electric field in an aqueous solutions. The non-ICM

carbon electrode is formed as a dual electrode in that it has a pair of conductive surfaces

that are elecirically isolated from one another.

Accordingly, in one embodiment, the apparatus includes a mumber of
conductive, non-sacrificial electrodes each in the form of a flat plate, that together in
opposite charge pairs form a deionization cell. During operation, a voltage potential is

established between a pair of adjacent electrodes. This is accomplished by connecting

one lead of a voltage source to one of the electrodes and another lead is attached to the



In order to construct a stable, robust ICMelectrode, a reinforcer is used
to strengthen the high surface area absorptive material. Typically, the
rei nforcer isyd#sodf¥841formof a carbon source, such as f@rnpbg&sé)ﬁggz granul ar
carbon or carbon fiber; however, it <can also be in the formo
carbon/cellul ose or carbon silica m xture. The carbon source is used as
reinforcenent in the formation of the electrode and while it can cone in

di fferent fornms, is inmportant that the carbon reinforcenent be
electrically e?e%ﬁl(gdéﬂﬂa\’%e ANenD o h%%ﬂygﬁc&o*ag s&LEH Hocﬁx%é a%ﬂ%:éggﬁ?eﬂﬁa? of the
el ectrode. A carbon source' T1s se ecte ermt el ect e to have the
necessary coqﬁa g, properties and nust also be fully dispersed in the
other materials that formthe I CM el ectrode, nanely a resorcinol -

formal dehyde Iiquor, Wi & REREREE Stab1O)f olﬁ?tﬁcﬁméé&&ieaal%infﬂréeﬁs ARt ity of
the liquor in. a matrix and then set. The non-honogeneity of the prior art

el ectrodes t hatx PR }ﬁ%l/fbhxﬁ%e ardaCbinHvE QORI afybRAlyS mk LkenBRE0E B ive and

el ectrical properties. re specifically, the use of carbon fibers as a

carbon rei nf gpePERMNYartRh BakAEmcH SWBboRElAG IR tarbn e Sarf AMLEOASW AR t he
el ectrode also tends to be |ess bal ance in the removal of positive and

negative i ONsan al{dSin tetfornBSofd@arbéAdHiflodcr PirbEiIRa AiAGEDDRNAUE: SuREt r 0de that
is robust and has increased reinforcenent characteristics w thout the use

of convent i onghsddi Hatinfoedetria ageRtmatioDAMR! JecAGd20dnd Iwigle iDc@AN@®maspect , t he
present invention is generally directed to a systemor apparatus for the
dei oni zat i on daiifilend torink,| ic Btimpdrtaof thatrikd esetivhSeioforcehédt be BeGricaliyebhdagive 3 WO
2006/ 135411 PCT/ US2005/ 031362 process water and waste water effluents: and
nor e parti culaad hytreduse idtle electtie@biconductneear theskciradt Sicaboredoect isgeect@alzowel | as a
met hod of making the sanme. The el ectrodes of the

permit the electrode fo have the necessary conductive properties and must also be fully

dispersed in the other materials that form the ICM electrode, namely a resorcinol-

formaldehyde liquor, which then sets, or can absorb a similar quantity of the liquor in a

matrix and then set.

The non-homogeneity of the prior art electrodes that contain fiber

reinforcement affects its absorptive and electrical properties. More specifically, the use

of carbon fibers as a carbon reinforcement provides fewer attachment sites for ions and

the electrode also tends to be less balanced in the removal of positive and negative ions.

Thus, it is desirable to produce a homogenous electrode that is robust and has increased

reinforcement characteristics without the use of conventional fiber reinforcement.

According to one aspect, the present invention is generally directed to a

system or apparatus for the deionization and purification of influents or effluents, such as



invention, which enploy a particulate reinforcement (which is preferably a
particulate reinforcenent material that is the same chem cal conposition as
the el ectrodeydbw@lstdiidoes not require a carbon-fiber Ras@dosiiBd0r cement .
The el ectrode used in the present deionization apparatus is generally
produced by first introducing a granular conductive carbon material to a

| i quor which is fornmed of a solvent and a pol yneri zing agent. The
reinforcing material is solidified and carbonized and then is preferably

machi ned i ntgothey el &J%@tewate%ﬁ%m 364 h6re PREAAB IR hiddcled SDRAL Ment , the
process for making the electrode includes the steps of (1) making a first

l'i quor i ncl udifghiAblcdtRass vAl&s a Rty BH thaAaliiQNaHB NERRlctfidssaneed in a first
crosslinker (crosslinking agent), (2) wetting a granular conductive carbon

material W tfvéuisQWneRtmalofa biriGlatd defiERdem@hOivhicis plefkabBddiaR@uide S€CONd
crosslinker to the first |1quor, solvent, conductlve carbon materi al

m xture, (4)rcinftdieai hdtaDl thites thé sebridlcRerkion] c@npositibd St HeckdéddRsa)doadt a
sufficient tenperature until the mxture polynerizes into a solid and (5)

car boni zi ng tdiecqsed 4 @rtopmibar bassll tditfbresrhent.i Me and at a sufficient tenperature
such that the solid carbonizes into an electrically conductive substrate.
The granul ar conduct i Vie elvatr@lk usdd itéa pleentdeinmizaitinabpayatysus gehaslyd or it can be
formed by (1) dissolving at | east one material selected formthe group

consi sti ng ofrodaediysdirebintroldedipengsuladcdmhdtioxgartva ptatveibl eneBquot whiklyidr oxy
benzenes and tri hydroxy mapthal enes and m xtures thereof, in a second
crossl i nker foonddnt psdveantodngolyinguang agéi) Thereinfor@igmatgiat heolddicdmdl | i quor for
a sufficient time and at a sufficient tenperature until 4 WD 2006/ 135411
PCT/ 1JS2005/ ¢813&d and ien ssarederably maehdred i thaeledtreds into a sol i d (blank), (3)

firing the blank at a sufficient
According to one exemplary embodiment, the process for making the

electrode includes the steps of (1) making a first liquor including at least one
polymerization monomer dissolved in a first crosslinker (crosslinking agent), (2) wetting
a granular conductive carbon material with a solvent and first liquor mixture, (3) adding a
second crosslinker to the first liquor, solvent, conductive carbon material mixture, (4)
maintaining the fixture for a sufficient time and at a sufficient temperature until the
mixture polymerizes into a solid and (5) carbonizing the solid for a sufficient time and at
a sufficient temperature such that the solid carbonizes into an electrically conductive
substrate.

The gramular conductive material can be commercially purchased or it can
be formed by (1) dissolving at least one material selected form the group consisting of
dihydroxy benzenes, dihydroxy mapﬂlalene;s, trihydroxy benzenes and trihydroxy
mapthalenes and mixtures thereof, in a second crosslinker to form a second liquor, (2)

maintaining the second liquor for a sufficient time and at a sufficient temperature until



tenperature and for a sufficient tinme such that the blank carbonizes into an
electrically conductive nenber and (4) processing the blank, after the

bl ank cool s, w@:@s1dsp1break up the carboni zed bl ank i npeptd6s@saRul ar
conductive carbon material. One specific exenplary process tor formng the
present granular conductive carbon material reinforced el ectrode includes
the steps of (1) dissolving at |ease one material fromthe group consisting
of di bydroxy benzenes, di hydroxy napthal enes, trihydroxybenzenes and

L yr oY o Nab 2R B X! WSRO DBLAR! o) Ml oiafl P SIKALET (©- 0

f ormal dehyde (37% tormalin solution mali1quor (pre-react), (2)

m xing the regubdant ald GUPLIRERT EAAGE, Wit @&9&&&#@&' e'he@&%ug( 37%

formalin solution) for a sufficient tine and at a su cient tenperature

until the |i qu@ducR ¥ %1@%4)ipfbtc5)ssi§% th blasi, éﬁ(? ktle®idnl lc?rfléf Lo as(tc?’?)re{k: u:g:ang the

first block at a sufficient tenperature an or a suffrcient such t hat

the first bl ogkcARnREIHIZRSnt B Qradilabifbdve Cabdymaanguct i ve member, (4)
processing the first block, after the first block cools, so as to break up

the carbonized first dueGpdificRk@nplariiproéeny 10} BFAREINd hres@PgGEA- Ve carbon
material, (5) dissolving at |east one material formthe group consisting of

di hydr oxy bensadesye caibby sl radftdicd@f@is inclutlés thy/dépd ¥y(1p@ReRaRS: and
tri hydroxy napt hal enes and m xtures thereof, with a crosslinker (e.g.,
f or mal dehyde €87 ébcfnouanial fram Ge kot amyidting of dibydroxg beeemsdillydepmer ( second
pre-react), (6) wetting the processed granul ar conductive carbon materi al
wi t h a sol vemapthgeesmihydiokyheorefseodinitlydds-nambddngs and A)ixtaaslihagofawiii nal
crosslinker (37%fornmalin solution) to the second liquor, solvent, and
processed gr amesslinkerdag-bormaidehylei(3% forrdlusautam)) tofocmndighanprareastyiif)i ci ent tinme
and at a sufficient tenperature until the m xture polynerizes into a second
sol i d (bl ock)mixig thefgyltant liquorpre-frect seih o netols] aesklinker (324 erfuficsobmibn)t | e and at
a sufficient 5 WD 2006/ 135411 PCT/ US2005/ 031362
: for a sufficient time and at a sufficient temperature until the liquor polymerizes into a

first solid (block), (3) firing the first block at a sufficient temperature and for a sufficient

time such that the first block carbonizes into an electrically conductive member, (4)

processing the first block, after the first block cools, so as to break up the carbonized first

block into a uniform granular conductive carbon material, (5) dissolving at least one

material form the group consisting of dihydroxy benzenes, dihydroxy napthalenes,

trihydroxy benzenes and trihydroxy napthaleneé and mixtures thereof, with a crosslinker

(e.g., formaldehyde (37% formalin solution)) to form a second liquor(second pre-react),

(6) wetting the processed granular conductive carbon material with a solvent, second

liquor(second pre-react), (7) adding a final crosslinker (37% formalin solution) to the

second liquor, solvent, and processed granular carbon material mixture and mixing for a

sufficient time and at a sufficient temperature until the mixture polymerizes into a second

solid (block), and (8) firing the second block for a sufficient time and at a sufficient



tenperature such that the second bl ock carbonizes into an electrically
conductive structure that is a uniform honogeneous carbon material. There
are a nunber wé :@elyapiages to having a nore honpgenous ge6d6RM%36:2S 1S
realized in the present invention. For exanple, production of a honpbgenous
el ectrode is inportant to optim zing operation of the device, ion renoval,
strength, porosity, flow characteristics, head | oss and physical integrity
of the electrode. In contrast, the present invention has nore ion capacity

conpar ed 0 t{8pihoncha B SELAAHES cabbltkes G A6 QR L N o cement

Wil e the conventional process used car I ber as a material, the

new process dingehR@ueeishQhSbdh HABSnRRL citif dud il | €F material and therefore
has | ess raw i ngredi ents. Moreover, the use of carbon fiber as a filler

material in prior artTiRlasd £ QRS Jradesss tNRvaFPHB 1ok £has t.adQ. ar ea

(surface area) that is functionally active during the separation process.

I n ot her wor dsis tdiRecaiResbitBentfoh] F&lkxantphd ﬁ%h@hoﬂ@%ﬁbﬁiog@ﬁ&ﬁ as dead space
within the electrode. In addition, one of the disadvantages to using fiber

r ei nf or cementeldcgodel@impioftar @EStiARAnGHGhRN BT thb BevikiMElHMERE sk@gmabsor b ions
fromsolution so its addition would reduce the active sites for renpval of

i ons. The pr gpentty, dbechirateistussicedioBsnd pigsieal ditgadwinagamdaned defici enci es.
There are a nunber of advantages that are realized in having a nore
honpgeneous elostrast, td@resdnningartivh baslngvke iod Epadit@ Sobitateditd He piva a bieGiotdsc al
di stribution throughout the electrode are nore uniformwhen the el ectrode
(plate) is hohasgermusabdoneinfubdintit.oWhild thecqpresient pretessaisédad®on iR ¢ONES a
nunber of deficiencies of the prior art electrodes and they do solve a
probl em i n t Hiler mifenal,fakuewi proqessiisilosed htrein goa dotose afilehingterialaml f supporti ve
electrode that is all nmade of the same carbon material. The present
el ectrodes altefpiebeles ray meredicny Uddreayer, Bgsemd esbandivenaa k fillatetdial  bot h
positive and 6 .

in prior art electrodes reduces the amount of electrode area (surface area) that is

functionally active during the separation process. In other words, the carbon fiber filler

material merely acts as dead space within the electrode. In addition, one of the

disadvantages to using fiber reinforcement is that it does not contain the structures to

absorb ions from solution so its addition would reduce the active sites for removal éf

ions. The present electrode overcomes these disadvantages and deficiencies.

There are a number of advantages that are realized in having a more

homogeneous electrode. In particular, the resistivity and electrical distribution

throughout the electrode are more uniform when the electrode (plate) is homogenous. In

addition, the present electrode overcomes a number of deficiencies of the prior art

electrodes and they do solve a problem in that they make it possible to produce a thick

self supportive electrode that is all made of the same carbon material. The present

electrodes also produce a more equal or balances removal rate for both positive and



WD 2006/ 135411 PCT/ US2005/ 031362 negative ions. Mreover, the el ectrode
manuf acture according to the present nethod provides a uniform and

conti nuous may@kdoatssishat i s capabl e of renoving chargedydBtSEEdsddize2( 1 ONS)
fromwater. Since the el ectrode does not contain inert filler or reinforcer,
all of the material in the electrode possesses this characteristic. The
process al so reduces the chance that the manufacturing process will result
in an excessive exotherm c reaction. Since the polynerization reaction is
split intot\/\ggg‘grtio%. , re i.on_and.final reactiqn, the anount
of heat generated at eac Jé%’é?)ea?l%&ﬁ{er% %e%.mrﬁ“ ﬁcgr%lé\géooﬁ?%rﬁsﬁgtégeﬁoﬁe risk to

t hose perfor m,RgqdRenirEachl ORuARds Ak i ' omplexity of the

equi pnent usgla for manufacture of ?tgeéegﬂygagémﬁ%%%o ﬁ}éarrgefdéjglatteﬁlra]es and

advant ages of G{Rerdk KREN tSiﬂchﬁg Blebtfie Web hot BEAPRAL ﬁﬂér or Je{ngﬂgt}e} N f@L! ow ng

detail ed description when read in conjunction wth the 6w ng draw ngs.
Bir i ef Descri phiaihi ofnd deaRIAMAGFh o URRTe, TR/ FYRLNG G ORDer features of

the present invention w be nore readily apparent fromthe follow ng

det ai | ed descCétapteiiRnthe BEm@icaMing 8 cRf willlrbsH® i Alek eSsive® LIeOLS0f the
invention in which: Fig. 1 is a perspective view of an el ectrocheni cal

separ ation el siadeliRgRlynRELAbEHAGioh @ splithits Slo pRAN AAhdRE B brefibAtiordmb nsChemat i ¢
illustrating a blank or electrode material being inserted into a heating
devi ce that isadiod, iRtmdfintbNeeat @héraed DedcBStep Filighited THSs MoRGLSRAGIEVeE Vi ew of
an electrode with an electrical connection to a conductor according to a
first enbodi memiose pérforming the reaction and also reducing the complexity of the equipment used

for manufacture of these electrodes.
Other features and advantages of the present invention will be apparent

from the following detailed description when read in conjunction with the following

drawings.

Brief Description of the Drawing Figures

The foregoing and other features of the present invention will be more
readily apparent from the following detailed description and drawings of illustrative
embodiments of the invention in which:

Fig. 1 is a perspective view of an electrochemical separation electrode
according to a first embodiment

Fig. 2 is schematic illustrating a blank or electrode material being inserted
into a heating device that is formed of two refractories;

Fig. 3 is a perspective view of an electrode with an electrical connection to

a conductor according to a first embodiment;



WO 2006/ 135411 PCT/ US20051031362 Fig. 4 is a cross-sectional view taken
along the line 4-4 of Fig. 3; Fig. 5 is a perspective view of an el ectrode
w th an el ectwoe@bampnection to a conductor accordi ngp¢pPusedERsesd
enbodinent; Fig. 6 is a cross-sectional view taken along the line 6-6 of
Fig. 5, Fig. 7 is a perspective view of an electrode with an el ectrical
connection to a conductor according to a third enbodinent; Fig. 8 is a
cross-sectional view taken along the line 8-8 of Fig. 7; and Fig. 9 is a

graph showi ng the resuid §;Qfcrafsk@tordi Jibw B&In Qg (EBRY 4.2RAKYS): s  performed on
el ectrode materials nmade in accordance with the present invention conpared

to conventional el ect s ismicRpicalSvievtlaicle@EbdPRSE ki bR AsmcBRhes above,
the present invention is directed to an el ectrode and water deionization
devi ces enpl aybitlctbhcorthg ity sodad edlbhiginghgct r ode of the invention has
superior strength, conductance, and absorption characteristics conpared to
prior electrodes for Figt &ra ceb-eiicial vientakddeldagps liase-kapaEtsant |y, the

manuf acturing process is sinple and in certain enbodi ments enpl oys readily
avai | abl e starting nmafFeg 7 &lapersgdeties, vievt éfan eloaedé whbatl@alchtoh@eiohid at es

devel opment of cost-effective water deionization devices for industrial,
comer ci al , ardwdegs ademdingto adecmibadimastt i on uses. Non-Sacrificial Electrode
The present invention generally refers to an el ectrochem cal separation

el ectrode 100 (Fig. 1¥ig ¥ acenvpsactapalohen gled ajpag the tihes 3 of By, adont am nant s
and inpurities fromwater, fluids and ot her aqueous or polar liquid process
streans and its suit albiged & a graph showing the results of X-ray diffraction (XRD) analysis

performed on electrode materials made in accordance with the present invention

compared to conventional electrode materials.

Detailed Description

As noted above, the present invention is directed to an electrode and water
deionization devices employing this electrode. The electrode of the invention has
superior strength, conductance, and absorption characteristics compared to prior
electrodes for water dejonization. Perhéps as importantly, the manufacturing process is
simple and in certain embodiments employs readily available starting materials. Thus,
the invention greatly facilitates development of cost-effective water deionization devices
for industrial, commercial, and residential decontamination uses.

Non-Sacrificial Electrode

The present invention generally refers to an electrochemical separation
electrode 100 (Fig. 1) for removing charged particles, ions, contaminants and impurities

from water, fluids and other aqueous or polar liquid process streams and its suitable



WO 2006/ 135411 PCT/ US2005/ 031362 applications. For exanple and according to
one exenpl ary enbodi nent, the present electrode 100 is particularly suited
for use in aweb@pizzahi on apparatus that includes a nu 26508852l | e
arranged, upstanding el ectrodes 100. As di scussed bel ow, the apparatus can
include a single type of electrode or the apparatus can be forned of nore
than one type of electrode arranged in an alternating pattern within the
apparatus. For exanple and according to one deionization schene, a single
type el ectr og@litaliobts &dr exaiple aid RRGAREL 16 0nd Hdinplad]ab6Rheat] BOiELMes are
oppositely charged for attracting particles of opposite charge. It wll be
under st ood aslectdRPIRGE pdrafllatii alitc@PPase af AdeidiRh@Inyappdritbksthdt #lcR8es sONe use of the
present el ectrode and there are a great nunber of other uses for the

el ectrode, i nahHsflofii@raliblaetingdd npdtindiaf tledtroaqs1o.cas dians-dteldekdle as ot her types
of applications. The el ectrode 100 can be used in a flowthrough, flow by,

or batch systmanatus cafibduidcatsingla typo of diatrodefoe the bptiarhthe @i Betfbdvied 6f m@ore har ged
surface area for attracting oppositely charged ions, particle, etc. A frane
30 can be di posedymrod tadrotih@ragged it matten@dg paterrpwithia the aphmatuet Bral support
around the perineter of the electrode 20. The apparatus can be constructed
in a nunber efanglefahércsprdingérore dsomzationt sakemeptd sugle yoedectads ibesedandanged i n any
nunber of different patterns within the apparatus. For .exanple, U S

pat ent Nos. Hr@aH spIat adiacen plegnoges ag: PUGitgs Bhar®d (Y612 HE paticdesf096, 179,

whi ch are hereby incorporated by reference in their entirety, disclose

sui t abl e conemrpetitechses kol brimdaypierdrad pprogigted thaiyppiratassmerely illistratesar r angenent s
for the el ectrodes  contained therein. As stated above, in one enbodi nent,

t he appar at ugteiuseeiirayesantslsrinde andgheresn g grettingsber gbeibes gess farithei al el ect r odes
that each is in the farmof a flat plate-like nenber that together forma
dei oni zat i on®lgefle Mg gthgisisionization apphicaligng ag gell poiths s of prplicgidpsapbl i shed

i ) is. i i shed by connecti ng one
between a set of adj a’f‘l?ene ectercl) 601165 gadn g usel ]l;lll asﬂolws—tb%%gh? gg\lv by, or atchysystem g

configuration so that the fluid can utilize a charged surface area for attracting oppositely
charged ions, particle, etc. A frame 30 can be disposed around the electrode 20 to
provide structural support around the perimeter of the electrode 20.
The apparatus can be constructed in a number of different manners and the
electrodes can be arranged in any number of different patterns within the apparatus. For
-example, U.S. patent Nos. 5,925,230; 5,977,015; 6,045,685; 6,090,259; and 6,096,179,
which are hereby incorporated by reference in their entirety, disclose suitable
constructions for the apparatus 10 as well as suitable arrangements for the electrodes
contained therein. As stated above, in one embodiment, the apparatus includes a number
of conductive, non-sacrificial electrodes that each is in the form of a flat plate-like

member that together form a deionization cell. During operation, a voltage potential is

established between a set of adjacent electrodes. This is accomplished by connecting one



9 WD 2006/ 135411 PCT/ US2005/ 031362 |ead of a voltage source to one of the
el ectrodes and another lead is attached to the electrodes that are adjacent
to the one ehestoekes130 as to produce a vol tage potentigdruhhishabat ween.
This can result in adjacent el ectrodes being charged oppositely. However,

it is to be understood that the above-described plate enbodinent is nerely
exenplary in nature and not limting of the present invention since the
present invention can be manufactured to have a nunber of designs besides a
pl at e confi guk@sfiaGRltagtReur&l 16 6hd e clOPbded andhtothy: BaeRbttdchsdantkon is general ly
formed in a series of steps that includes introducing a granul ar conductive
car bon mat er tladtrotdattigyt are REheARd thelohgjtledirodd soasmhratices: yoltdgy FeEdtiaRt | On nNononmer
and a crosslinker) to cast a blank, carbonizing the blank, and then,

usual | y machihaiebgwédn e Thia cdnareduit éxdladidcan kledtmdésdreing thuesed eprecitetyodiewevds, descri bed
below in detail, the granul ar conductive nmaterial can be either prepared
foll owi ng a nintbes wudbrsppdtheshs abgvesdeepdedidatn gmbaingmt iabsretyhvatmmgoy irespond t o
the electrode manufacturing process or can be obtai ned conmercially.
Preferably, tdtgeagrmhiihiging citheipretentvinventitnemcathe preseptiavepkidintcedbeand de- ai r ed
before the polynmer solid is fornmed. In the instance where the granul ar
conducti ve caripdrstte hivale tigbeyoégrsigechesides apdatq copfigurdien-el ect r ode

manuf acturing process, a polynerized bl ank, which can be free of granular
reinforcing material ke dqch elﬁﬁé@ﬂ%ﬁ“@‘@ﬂ%ﬁ%@ﬁ%@ﬂ@@e@@@d to form
the granular conductive carbon material used in the final el ectrode. The
present el ectisraethptgnclydss pedusime e gerpulprcopiysldveserbon myjeriat Btoapelymse of a fi ber

reinforcer, which is tly pically in the formof_a carbon source such as
carbon fel t, igupdprmegp %R"b@i‘eﬂé?“oén%?%‘?%ﬁ‘}dc*’e‘fri’séli‘“&%ré“’rﬁa%taﬁlra%k’ The el ectrode
bl ank and thgartl))olmai:ll’]nléﬂ];eobl rehr{l uaﬁlyma ranu g' EarbomzeeJ lglz?'nlkto orm the

electrode. As described below in detail, the granular conductive material can be either
prepared following a number of processing steps using materials that correspond to the
elecirode manufacturing process or can be obtained commercially. Preferably, the
granular conductive material is pre-wetted and de-aired before the polymer solid is
formed.

In the instance where the granular conductive carbon material is prepared
as part of the electrode manufacturing process, a polymerized blank, which can be free of
granular reinforcing material is first made, then carbonized and processed to form the
granular conductive carbon material used in the final electrode. The present electrode is
formed so that it does not require the use of a fiber reinforcer, which is typically in the
form of a carbon source such as carbon felt, paper, or fiber or a carbon/cellulose mixture.

The electrode blank and the blank for prepariﬁg the granular material are

generally formed from the polymer liquor, which is formed of a number of ingredients
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generally fornmed fromthe polyner liquor, which is forned of a nunber of
ingredients 10 WD 2006/ 135411 PCTNS2005/031362 i ncl uding the

pol ymeri zat i afp fle6)38RE, the crosslinker, an optional cagalysssfizacti vator
and inert ingredients, such as water, alcohol, etc., as described belowin
greater detail. Polyner Liquor Accordingly, the polymer liquor refers to a
m xture that includes a polynerization nononer as well as a crosslinker
that is capable of dissolving the polynerization nononer as to suspend the

pol ymeri zat i gRiuiREe¥R6lyBria8bdthbher, 1 Srosdlfitey B bptonflUhly&dPacRA&, cont ai n
inert ingredients, such as water, alcohols, etc. It can” accommpdate

addi tion of andiabyRpediéal, neh aERdta] MsdholQste. 6 Ubstale@belbRat orbAdda@s or

accel erates the polynerization process. Polynerization noner The

pol ymeri zati on nmononer should be (i) capable of crosslinking with other
nononers to forma polynmer which in turn (ii) can be carbonized to form an
el ectrically conducti veymatiequoal . |1 n one enbodi nent, preferred pol ynerizing
agents are in the formof poly-hydroxy aryl groups, especially, di and tri
hydr oxyl benzene and Anapditdhgttemelymér IBpeaeffis @ dintayt thatyndhdazene for use in
the invention is resorcinol. In a specific enbodi nent, the nononer is

sel ect ed fr opolyheimgtiouponomersis sell agp adsslplieriipt js cafable bfidissolvadgalghol , di hydr oxy
benzenes, di hydroxy napthal enes, trihydroxy benzenes and tri hydroxy

napt hal enes aplgmerizatiapmeonkes eofispeRbb opdinmrolzativo mesemar imwinyiodi Tieer ent  gr ades
and can be obtained froma nunber of suppliers in pellets, flakes, and

ot her convenipelrerlignorsan fegrcopiia sl tangredicpis.sreh a3 giatef, plcgholspeten B ernt abl e f or

organi ¢ chem cal formnul ati ons, conmercially avail able
accommodate addition of a polymerization catalyst or activator that induces or

accelerates the polymerization process.

Polymerization Monomer

The polymerization monomer should be (i) capable of crosslinking with
other monomers to form a polymer which in turn (ii) can be carbonized to form an
electrically conductive material. In one embodiment, preferred polymerizing agents are
in the form of poly-hydroxy aryl groups, especially, di and tri hydroxyl benzene and
naphthalene. A specific dihydroxy benzene for use in the invention is resorcinol. In a
specific embodiment, the monomer is selected from the group consisting of phenol,
turfural alcohol, dihydroxy benzenes, dihydroxy napthalenes, trihydroxy benzenes and
trihydroxy napthalenes and mixtures thereof.

Resorcinol comes in many different grades and can be obtained from a
number of suppliers in pellets, flakes, and other convenient forms. For example,
resorcinol in a form suitable for organic chemical formulations, commercially available

from the Hoechst Celanese Company, can be used to make the present electrode.
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fromthe Hoechst Cel anese Conpany, can be used to nake the present

el ectrode. 11 WO 2006/ 135411 PCTI US2005/ 031362 As nentioned, one preferred
material is neseeiRph catal yzed with a base. The resul p@ptsfRlysBr nMust be
capabl e of being carbonized and result in a highly- conductive naterial.
Thus, if the material is to hold a shape, it nust forma char as opposed to
formng a liquid phase during any part of the carbonization. As a result, it
is believed that the ring structure available in certain natural materials,

such as coconut shell & mmﬁﬂ;,i&gg,rgfgp&dgaéﬁgissfgsroggrgyga@a%zg 8. cel lul ose
structures, which can forma conductive carbon, which 'may be used.

Crosslinker  Thees pilym@fmistt cRbK Ebeidsicl¥Oizel Sind ¥RiiGaL in'gxfiy.n the formof a
bi -reactive nolecule or cross-linking agent that can dissolve the

pol yneri zi ng agéwtivd Batérol. MHubef th@htyTERTs td hdlDshapcOR SR @bd Lbhak! y preferred
solvent is formalin. However, other crosslinkers can be used including

gl ut er al dehydepposed & Bolingl Bt phese@hrifMhpdredmedarbofisbbh. A% Bakafer mal dehyde
and Met henam ne and hexanet hyl ene tetraam ne. Fornal dehyde is " avail abl e
from a vari et §eliofed uapthé figr smctan dvalbisioincermsnaial diafefigs, endh .9tRE88s and forns.
For exanple and according to one enbodi nent, the fornmal dehyde can be in the
form of for ndElsnhpossehiesthe basicstridhabd ie the telllipesstrustansd, Wbich B foindd 0gi cal
preservation, fromthe Georgia- Pacific Resin, Spectrum Chenical Conpany.

Cat al yst  Thecoadichtoraton avhishatagde vded pol yneri zation rate. By varying the
type of catalyst, the porosity and strength of the final product can be
altered. Any nunber of catemssiskes can be used so long as they serve to

initiate or accelerate_crosslinking. For
The solvent of the polymer liquor is typically in the form of a bj-reactive

molecule or cross-linking agent that can dissolve the polymerizing agent to form the
polymer liquor. One particularly preferred solvent is formalin. However, other
crosslinkers can be used including gluteraldehyde or a solid source of formaldehyde, such
as paraformaldehyde and Methenamine and hexamethylene tetraamine. Formaldehyde is
available from a variety of suppliers, and also comes in different grades and forms. For
example and according to one embodiment, the formaldehyde can be in the form of
formalin, which is suitable for dyes, resins and biological preservation, from the Georgia-
Pacific Resin, Spectrum Chemical Company.
Catalyst

The catalyst regulates the polymerization rate. By varying the type of
catalyst, the porosity and strength of the final product can be altered. Any number of
catalysts can be used so long as they serve to initiate or accelerate crosslinking. For
example, for resorcinol-formaldehyde type polymers, a caustic or base catalyst can be

used and in particular, sodium carbonate, sodinm hydroxide or potassium hydroxide or
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exanpl e, for resorcinol-fornal dehyde type polyners, a caustic or base

catal yst can be wused and in particular, sodiumcarbonate, sodium hydroxi de
or potassi umyiysioidssilg or 12 WO 2006/ 135411 PCT/ USZOOE’/%J\R%@%S/OQE«%}' base
catal ysts are suitable for use in the present invention en net hyl ol
conpounds are used, a base catalyst can initiate such a reaction. Also, it
is desirable to wuse a catalyst that will introduce the |east anount of
contam nation into the m xture. Pre-prepared Liquors Wile preferred

starting 'n%ﬁnglﬂb%tcataf gm%@ﬁtaah%}lﬁsaﬂdleﬁeeeﬁimﬂﬁoﬂ NG hylHl xed

resorcinol/formal dehyde Iiquor, there are alternatives to m xing these
reactants.  CommRkdGiaRldsd, AVAE LA B o IHCuh AOAb6E BUES & iddelitdle@S Of
resorcinol and fornal dehyde are avail able under the generic cat egories of
resol es and pQVaaks: thde il in@édutd S Rast RERME tntinSnatioflingd Hé Rixfre.r €s0r ci nol and
formal dehyde and catalyst that is not reacted in nolar ratios that wll
result in a solid. These alternatives permt a custom manufactured m xture
to be provided that can be tailored to the desired nolar and viscosity

rati os of catalyst, forneephydel Ligneg resorci nol. Ganular Conductive
Carbon Material As described belowin nore detail and as used herein, the
term"granul ar condu®ihile erefearbantineibgedials forrtled ok ahdelectpde in¢ledel at e mat t er
that can be ground carbonized blank material or it can be another

car bon- bas ed npgdtrésotainall forncabivblyde tiwoe, thead @ dlginativePloahizing dusegeagianisar conduct i ve
carbon materials are those which are materials that will neither sacrifice
in an el ect r iCoaimefdially dvaflgrie podwts|aydreioipdwattares of pgsojcmgkand fymaldehydappl i cat i ons,
the granul ar conductive carbon can also be in the formof carbon nanotubes.
Whi | e in one asrAveibiblerander the Benerie epingprigs ofretelss 8adinpeelelsr Berkt offiewsr i al is

products is a mixture of resorcinol and formaldehyde and catalyst that is not reacted in

molar ratios that will result in a solid. These alternatives permit a custom manufactured
mixture to be provided that can be tailored to the desired molar and viscosity ratios of
catalyst, formaldehyde, and resorcinol.

Gramiar Conduciive Carbon Material

As described below in more detail and as used herein, the term “granular
conductive carbon material” refers to a particulate matter that can be ground carbonized
blank material or it can be another carbon-based particulate conductive material.
Preferred granular conductive carbon materials are those which are materials that will
neither sacrifice in an electrical field nor dissolve in water. At least in some applications,
the granular conductive carbon can also be in the form of carbon nanotubes.

While in one embodiment, the granular conductive carbon material is
formed by first creating the carbonized blank and then processing it so that it is broken

into smaller particles, it will be understood that in another embodiment, the granular
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formed by first creating the carbonized bl ank and then processing it so that
it is broken into smaller particles, it will be understood that in another
enbodi ment, twe20g8aedhar 13 WO 2006/ 135411 PCT/ US2005/ R3chd8edsnfisggaduct i ve
carbon material can be commercially purchased and then used. The granul ar
conductive carbon material adds structural strength and reinforcenent and
therefore, any material that strengthens and allows the material to remain
conductive and performion renoval is suitable for use in manufacturing the
el ectrodes ofcobdi€tiRIcabeithattihl Eddlbe @BmmASiaBy pur€Esed bud €81 dséil. Mhaglhiat ed car bons
and even gl assy carbon structures can produce satisfactory results in

certai n appl ieaduc®nrsarbolPhaess sddk efuckil firdhgthtahd®remfeaidemdiad hbefogpaly of maki ng
the electrode is to produce a flat, electrically conductive, honobgenous,
por ous car bormadrialihitytrengtha@tand eitocisitigBataial @ Renstis@h{ictiveand gériah foade i1 n a

dei oni zation device that is constructed to renove ions froma |iquid when
an el ectri c cuneweh siitgbla fip hisedo mafifecturig tfeabt todendf terpesas savémion.f &yan ng t he

el ectrode generally includes the steps of polynerizing a |iquor (blank

mat eri al ), caedolyvedimertivited caphohsamd rvencthsyl carbkn strmetives camlpradn¢eo a gr anul ar
conductive carbon material, polynerizing a second liquor wwth the granular
conduct i ve cantirftorsrestis fl coradnlerlicationt and firing or carboni zing the second
reinforced material to forn1an el ectrode. It can then be nmachined as
desired. Pol ymeri zi ng Prosessgiprdiatming the Ficimadet o one exenpl ary manuf act uri ng
process, the polynerlzatlon nmononer and crosslinker are measured out in
appropri ate amounts t dhe &eakphmakingdhslestrode is lqupendugersdlat ielsettiendy to form a

pre-blank partial reaction and m xed. After the first
conductive, homogenous, porous carbon structure that functions as an absorptive

electrode in a deioﬁization device that is constructed to remove ions from a liquid when
an electric current is applied.

The manufacturing process for forming the electrode generally includes
the steps of polymerizing a liquor (blank material), carbonizing that polymerized blank
material into a granular conductive carbon material, polymerizing a second liquor with
the granular conductive carbon material added to it and firing or carbonizing the second
reinforced material to form an electrode. It can then be machined as desired. |

Polymerizing the Blank

According to one exemplary manufacturing process, the polymerization
monomer and crosslinker are measured out in appropriate amounts to form the polymer
Liquor that is used to form a pre-blank partial reaction and mixed. After the first
polymerization reaction has finished the pre-blank polymer is mixed with additional
crosslinker to form a blank with the desired physical characteristics. All mixtures are

stirred until homogenous. A polymer initiator (catalyst) can be added to speed up the
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pol ynmeri zation reaction has finished the pre-blank polymer is mxed with
additional crosslinker to forma blank with the desired physi cal
characteri st iwgaoédisaii Xtures are stirred until honogepEmss200R0R9dY Mer
initiator (catalyst) can be added to speed up the 14 WD 2006/ 135411

PCT/ U52005/ 031362 reaction however, it is possible for the polynerization
process to proceed without the use of an initiator and in this case,

pol ymeri zation occurs as a result of the passage of tinme. The pol yner

liquor is di SpeRseehwedd:Oit B pPRILE tHh:&hGpolynRBzRBE Brot QP pPicBdNEmeR hat is
preferably kept at aeccfngrcl))l | ed terr%pe@ry;?ure. %ﬁe ?g#g%gégﬁgrgaﬁputs e nold can

be mai ntai neg a@initidd @&d ih@fs LSIPRYALHR BSdulihs 8 PTG assBde SaRYENt | Onal
techni ques, including the use of a heating el enment or the use of a bath or
the Iike whi ChhcipSly@maiiapbeis ofpentbaidid 2inbld (e, ASpeDbs foihint RB1dg8S1i§ €d
tenperature. After letting t%e formed solid sit for a sufficient tine
period, the @Eﬁ@ﬂ?ﬁeﬁ@ﬂd@n&&eﬂ%ﬂ?&&&ef TR hRathie beihaRdideat oni zed. The
process of form ng the blank reinforcenent material thus begins with

form ng a pol yaBhindd W assired ehpanud pREDKly Tabe ¥f @ndentiofd] ©ctnuds, 0 Mol ar rati o
of the crosslinker to polynerization nonomer. For exanple, a batch of 7500
grans of r esiecledifghe o lof ghdagngriitied: dr the 2561 a Yuth pBthofikd variehak édpatgodrut i on (37%
formal dehyde with 11% nethanol). After the first reaction has finished and
cool ed a fi nahaigniomg thicmiodd at thealesingd teinperaitid e d fitdettiletharfoxhedrselid ¢l 4 i Ng i n a
nolar ratio of approximately 1.2 - 1.8 to | crosslinker to polynerization
mononer . For wmifwivpl tane reriod detibidensd bolid $sA8mgyed fiwmahe méld pmviedarbanigad! ut i on (37%
formal dehyde with 11% nmethanol) is added to the m xture in this specific
exanple. It will be urderzcesd omns hhdakiyeplrdeinstt gdtegeldmtsibegimsvitr e nerel y
exenplary in nature and that these quantities can be scaled linearly,

ei t her upwar digrngng mﬁwr with an approximately 0.4 - 0.6 to 1.0 molar ratio of the ’

crosslinker to polymerization monomer. For example, a batch of 7500 grams of
resorcinol solid is added to 2765 grams of formalin solution (37% formaldehyde with
11% methanol). After the first reaction has finished and cooled a final crosslinker
volume is added to the mixture resulting in a molar ratio of approximately 1.2 -~ 1.8 to 1
crosslinker to polymerization monomer. For example, an additional 4975 grams of

* formalin solution (37% formaldehyde with 11% methanol) is added to the mixture in this
specific example.

It will be understood that the above listed quantities are merely exemplary
in nature and that these quantities can be scaled linearly, either upwards or downwards, to
make different total quantities of the initial mixture that is used to form the blank.

The rate at which the polymerization monomer dissolves in the crosslinker
depends on a number of factors, including the molar ratio between the two materials.

' Mixing or stirring the combination can aid the process and conversely, raising the
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make different total quantities of the initial mxture that is used to form
the bl ank. The rate at which the polynerization monomer dissolves in the

crosslinker ylgppRpesa@n a number of factors, including jEgudiRsasiséati o
between the two materials. Mxing or stirring the conbination can aid the

process and conversely, raising the 15 WO 2006/ 135411 PCT/ US2005/ 031362
tenperature can result in the process being sped up. As is commonly known,
when it cones to dissolving one naterial in another material, time can be

traded for teppRrAlbER resaldth thd@bREVeRy sﬁeﬂﬂ%%ﬁﬁ EondndtlBRwn Ofhedlitf f er ent
ranges of tenperatures and tines that can be used to dissolve the

pol ynmeri zat i ajamdPid ARBIlvihgbnk ARteEkIAS Slothakdteriall He Pl b ARdedIfbrdét@ferdnge t hen
permtted to polynerize by placing the polynmer liquor in suitable

condi ti ons t hatl tatcfpavticRargxoluierdf AdiieartaRed esmeiatirdy hACHAE thafcancat al yst can
al so be used to facilitate polynerization of the polyner. The pol ynerization
time and cat a@eysdd tadickolvh éhethelfpetation aomer Rotaraslinked, Wi th the tenperature
preferably being held between about 70 F and 125" F. In view of the

foregoi ng, the opti nmalThwaylyhe lignaksethénhpernbitteandk pdlgndrige bypltdingg thd he t enper at ure
during polynerization to produce a solid wuniformstructure. The Mol d The
mol d that is peledr liquof ipsyitable odglitmnkthd alovhthw polemenizative progéss ¢ fréeed nt
configurations and can be formed of a nunmber of different materials. For
exanpl e, the cafibstrngsabsherddaficiiatepoymaiiztiesy thepelmef Shemohgnepasionsuch a 304
stainless, that is Sﬁuare shaped. However, it will be appreciated that the
mol d can be fimevad caslysbenddhe tempezatira prs contrellpdhwifisthe iemreraiinPERfetallY ast | cs t hat
specifically don't have any bondi ngzchar acteristics_ with the polyne

liquid. One tirpehed b?fWS@taP?}H fhdtand 425 i Iappveofihsrionsgaing, frecpénalyryto s
make the blank is to control the temperature during polymerization to produce a solid
uniform structure. |

The Mold

The mold that is used to form the blank can have a number of different
configurations and can be formed of a number of different materials. For example, the
forming mold can be a stainless steel forming pan, such a 304 stainless, that is square
shaped. However, it will be appreciated that the mold can be formed of other materials,
such as aluminum and plastics that specifically don’t have any bonding characteristics
with tﬁe polymer Equid. One type of plastic that is suitable for making the mold is
polyethylene; however, other plastics can be used to form the mold.

The mold is preferably prepared to receive the polymer liquor. More
specifically, if the mold has a texture that will stick to the work piece, then a mold release
agent is used to facilitate the removal of the solid that is subsequently formed in the

mold. One exemplary mold release agent is carnauba wax that is spread on the surfaces
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pol yet hyl ene; however, other plastics can be used to formthe nold. The nold
is preferably prepared to receive the polyner |iquor. Mre specifically, if

the nol d has v i@yizene that will stick to the work piecgriidh®9oasdol d
rel ease agent is used to facilitate the renoval of the solid that is

subsequently fornmed in the nold. One exenplary nold rel ease agent is
carnauba wax that is spread on the surfaces 16 WO 20061135411
PCTI US2005/ 031362 of the nold prior to addition of the polynmer liquor. It

will be appreagi@ine privato ddbigsLordiiedolyaiehfuoM will bekPasheddRiths. Ldat can be
used with the nold. If a nold rel ease agent is not wused, then a liner can

be directly ictepmpldfrétadagents tat ALbIMERIHMRE EBloldFOTa n@XPRRES agent BAbty €t hyl ene

| iner can be directly incorporated into a steel nold and this elimnates the
need for the wakthed a Kier egpbleideettly al@patte@p®ihe mdl0WRUE For éxampe bl be under st ood
that the nmold I|iner can also be nade out of other nmaterials, such a craft
paper or any polyhtaylemedinerdaabe diteatly instirdokateddtito bitad moldtand trelipalagpme. Wil e t he
nol d can be any shape or geonetry that the polynmer |iquor can be poured, it
al so can be awed fny tbetseohamapplitd réleasé ageltn Homeven it wilhpewidereoddittheinittd udes t wo
conpl ementary portions that mate to forman enclosure. One or both of the
conpl ement ar yingreeet plemks nade puted piedrarkiripls, saeh acrifigiapdr br @y gthenhitahl thite pol yner
liquidis introduced and the injection nold is further provided with a
vent . | nj ect ivohnetdindivatedhe polvaree at a wi de range of pressures, depending on
the type of injection_nolding techniques used, the viscosity of the
injectant, and ot her fYledheguold ¢pnibpanyshansengepingtey thattisdolyent iquprcannol d is a
container with a |id. However, it will be appreciated that the nold

al t er nat i vel y© Pt f alse eag)be gn miggliqnpmalt i is knopRey ipesion melddnciudestep s of its
tenperature. For. exanple, the nold can be imersed into a

t enper at ur e- CORRFBFIEEPHHE tehmtte odprnan enelosusn Opgpr hofhof the

complementary portions is provided with an inlet through which the polymer liquid is
introduced and the injection mold is further provided with a vent. Injection can take
place at a wide range of pressures, depending on the type of injection molding techniques
used, the viscosity of the injectant, and other factors. In the alternative embodiment the
mold is a container with a lid. However, it will be appreciated that the mold alternatively
can be sealed cavity that is then regulated in terms of its temperature. For example, the
mold can be immersed into a temperature-controlled bath that serves to control the
temperature of the mold itself. However, the mold can have a solid state of flow-through
temperature regulator that serves to control the temperature of the mold.
Curing the Blank

In one embodiment, the mold containing the polymer liquor mixture is

introdiced to convection type heaﬁng between about 70° F to 145° F for a time period of

about 24 to 72 hours. Other heating sources may be used. During this curing stage the
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tenperature of the nold itself However, the nold can have a solid state of
flowthrough tenperature regulator that serves to control the tenperature
of the nold. Waisdh&shihe Bl ank In one enbodi ment, the no}d,contaH,ng the

pol ymer liquor mxture is introduced to convection type heating between
about 70 F to 145 F for a tinme period of about 24 to 72 hours. O her
heating sources may be used. During this curing stage the 17 WO 2006/135411
PCT/ US2005/ 031362 in-nold cured bl ocks are hard, and danp with sone

unreact ed f ormBldiEhydsiRROr8hAd, 184 &b WihabhyuhaRrg ARAMELH ¥ Emd a€ pur pose of
this in-nold heating is to accelerate the hardening and shrinkage so that

the bl ock cancbeickiBriyeendudtive DhemiBYsélof tEHR-ROH KeMBAd & @PackdiGMOmei S at this
time anber, glassy appearing polynerized solid that is typically referred
to as a xer ogekdeniAf frelrshiikl@od0l il BE bloblekat be RadvedIBinm @AFholqur ned to a solid and
is removed or released formthe nold. Carbonization of the Blank After the
non- conductive bl ank ufhepelymbtued Hghopilayihie timb asbdiegastappegingand it is renoved
formthe nold the blank is placed in an oven so as to fire and carbonize it
into the gramelsarerizdrdlittthatvetypicaly ocferred teedsiaabrogdPr afiariadoyymet hofiRk boni zat i on
process is undertaken in an oven and is heated by any nunber of neans,

i ncl udi ng butset andturjedrig ¢ wdidaod ibemvyedre ad@skd fyrmghewdldi ci ty, natural gas,

ultraviolet or infrared energy, etc. In one enbodinent illustrated
generally by Fig. 2, the heabpmzptieefitredBlank an i nfrared heater, generally

i ndi cated at 200. The present applicants have di scovered that the use of an
i nfrared heater yi el dsAfter themoerondfctiie blpnkaintreinfoed polsmgershas beea lowrdd Ng a

and it is removed form the mold the blank is placed in an oven so as to fire and
carbonize it into the granular conductive carbon material. Preferably, tﬁe carbonization
process is undertaken in an oven and is heated by any number of means, including but
not limited to being heated by electricity, natural gas, ultraviolet or infrared energy,
etc.

In one embodiment illustrated generally by Fig. 2, the heating device is
an infrared heater, generally indicated at 200. The present applicants have discovered
that the use of an infrared heater yields a number of desirable advantages, including a
significant time savings in the preparation process. More specifically, carbonization
process took generally from 1 to 4 hours in a conventional furnace, while, the
carbonization process has been cut down to between about 10 minutes to about 30
minutes. This results in not only a significant time savings but also a cost savings since
the production time is significantly reduced. In addition, the use of an infrared oven
offers a number of other benefits/advantages, including the ability to have instant real-

time control of the temperature. More particularly, conventional ovens have slow

18



significant time savings in the preparation process. Mre specifically,
carboni zation process took generally from1l to 4 hours in a conventional
furnace, whi kgp 2dobifssqigar boni zati on process has been cutP@WMﬁmg@Mgﬁtween
about 10 mnutes to about 30 mnutes. This results in not only a
significant time savings but also a cost savings since the production tine
is significantly reduced. In addition, the use of an infrared oven offers a
nunber of other benefits/advantages, including the ability to have instant
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refractory a

SPBC%IC application.

Advantageously, the construction of the oven can lead to an improved
manner of introducing heat to the blank that is placed in the oven for the purpose of
carbonization thereof. In one embodiment, the oven includes two heated components
210, 220, which can be in the form of two infrared heater panels when the oven 200 is
an infrared oven. In another embodiment, the oven includes a first refractory and a
second refractory and according to one embodiment, the first refractory is a hearth
refractory and the second refractory is a Jtlovable refractory. The movable refractory is
disposed within the oven such that it represents the upper refractoty of the two
refractories; however, it will be appreciated that the lower refractory can be configured
so that it is the movable refractory as opposed to the upper refractory. The refraciory
has a dual purpose but when it is used in the carbonization process with the blanks, the

purpose of the refractory is to get the correct degree minutes per gram of heating so
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second refractory and according to one enbodi nent, the first refractory is a
hearth refractory and the second refractory is a novable refractory. The
novabl e refr agd oy13ss1 di sposed within the oven such thﬁtT,‘ystzoog,@ggﬁsents t he
upper refractory of the two refractories; however, it will be appreciated
that the lower refractory can be conflgured SO that it |s t he novabl e
refractory as opposed to the upper refractory. The refractory has a dual
pur pose but when it is used in the carbonization process with the bl anks,

the purpose @ﬁttﬁé‘tﬁaﬂk@ﬁa‘t@ﬁii@ﬁﬁbﬂu Pisg®lo o &e&ﬁﬁﬁ&ﬁé Segheerp nutes per gram
of heating so 19 WO 2006/ 135411 IUSZOO 031362 that the blank materi al

i's thoroughl yesh@hisee tx@m@mmreﬂeth@mtagéentpeqm%&tvweﬁaboﬁptoo exaimbe, the bl ank
material is heated to a tenperature between about 700 C to 1000 C. Anot her

parameter to @bserve is the atnosphere of the oven. In the present process,
t he at nosphere of the oven is not controlled with inert gas but rather, the

at nosphere is control l%ﬂgﬁ ztrﬂﬁs;[téil‘?éb‘tﬂ&vé’{s tﬁe%nc%l?e?e of YR S pﬁlCleI cally, the
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presence and constructl on of % he upper an owe ractories. However, it
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the oven can be controlled using both inert gas and by design of the oven. In other
words, an inert gas, such as nitrogen, can be used to control the atmosphere of the
oven as opposed to using exhausted gases to accomplish this feature.

According to one embodiment, the material is in an oxygen-starved
environment because the refractories prevent oxygen form penetrating. The oven is
purged of atmosphere through the combustion gasses created in the initial first minutes
of carbonization. After these initial minutes, there is no air brought into the oven and
therefore, the material is in a reduced oxygen environment.

It will be appreciated that the purpose of firing the blank material is to
convert it from a phenolic polymer or plastic into a carbon material. In other words,
the firing process is a carbonization process. A suitable temperature range for the oven
is between about 700" C to about 1000° C. Temperatures that are not suitable are those

temperatures at which the physical characteristics of the blank material become
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of carbonization. After these initial mnutes, there is no air brought into
the oven and therefore, the material is in a reduced oxygen environnent. It
wi Il be appreggd shoBshihat the purpose of firing the bl ankabRshAbsl S tO
convert it froma phenolic polynmer or plastic into a carbon material. In
other words, the firing process is a carbonization process. A suitable
tenperature range for the oven is between about 700 C to about 1000 C
Tenperatures that are not suitable are those tenperatures at which the
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for a predetermned ti ri.o carboni zat i rocess and
it has been det erni nedgTE%BJfIl ﬂi’?q)lafngma%n?l éhﬁta}goﬁateaﬁaraﬁﬁee Ca'fsesr‘?ﬁ‘g?e ture of
heating toget on the t of..t he upheat ed. bl ank.. The heating
protocol is s%alﬁ(fag ?ngae{lﬁs O%f Of ?eﬁgretg%p e%rég mgredienit erial . A

t her nocoupl e ca e t o rrate i, used to conpare
the material fle:%’ggsa &8‘1 etefl %racﬁfgdﬁpf[@ﬂ% Pﬁ? to\ﬁf”f‘ tFIIH? t enperat ure of
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heating protocol is significantly influenced by the thickness of the material.

A thermocouple can be used on the top of the material and is used to
compare the material temperature to the oven temperature, with the temperature of the
material lagging the oven temperature. Bulk resistivity is one of the primary checks to
see if it has been converted into a usable carbon form. The carbonization of the blank
material involves taking the plastic material and converting it to carbon.

After the blank material is completely fired and carbonized, the oven is
opened and the carbonized blank material has an orange glow due to the temperature of
the material. The blank material will be fractured and in pieces as a result of the
carbonization process. The blanks can be fired in a container, such as a stainless steel
pan, to prevent the loss of material. The pan retains the broken and fractured material
so that recovery from the oven is complete. While the stainless steel may be suitable in

some applications, stainless steel does not have to be the selected material of the
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After the blank material is conpletely fired and carbonized, the oven is
opened and the carboni zed bl ank material has an orange gl ow due to the
tenperature Gfodob)Bsyypterial. The blank material wll bﬁcﬁn{(s%%)dﬁ? and in
pieces as a result of the carbonization process. The blanks can be fired in
a container, such as a stainless steel pan, to prevent the | oss of
material. The pan retains the broken and fractured naterial so that
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quickly. Once the temperature of the blank reaches a predetermined temperature, such

as 200° C, the carbonized blank can be removed from an oxygen reduced environment
created by the snuffing block.
Formation of Granular Conductive Material

Once the blank is cooled to room temperature, the blank is then further
processed. More specifically, the room-temperature blank is introduced to a process
that is configured to break up the blank into smaller pieces. In one exemplary
embodiment, the blank is run through a crushing hammer mill process that is
constructed to break up the blank into particles that are of a known size and
distribution. Any number of different methods can be used to break up the material
in’;o smaller particles. One preferred method for breaking up the blanks is to run the
carbonized blank material through a jet mill. The jet mill requires a pre-crushing stage
due to the fact that the jet mill cannot handle feed particles larger than 1/8 inch

diameter. This pre-stage can be any means that will provide appropriately sized feed
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that is configured to break up the blank into smaller pieces. In one

exenpl ary enbodi nent, the blank is run through a crushing hanmer m ||
process that ructed to break up the blank int i that are
of a known sﬁgzmgﬁggé&istribution. Any nunber of diffeﬁgﬁ?%%ggkgﬁg can be
used to break up the material into smaller particles. One preferred nethod
for breaking up the blanks is to rimthe carbonized blank material through
ajet mll. The jet mll requires a pre-crushing stage due to the fact that
the jet mll _cannat handl e feed particles | [ an. 1/8 in di aneter.
Thi s pre-staﬂ?%gaﬁmﬂgegg§ﬁhea %H$ A “V?ﬁ?n%f%%? éﬂgﬁﬁ?% %?gﬁée§ si zed feed
22 WD 2006/ 135411 PCT/ US2005/ 031362 ..material for the jet mll. This
material is 8@5{"%1%%'? Iﬁﬁﬁf]%gtfoﬁlsd ib\(?é:onégiﬁilerae‘if'i %’?ﬂ‘&g?gbﬁné IB%?%! ‘ﬁféenor equal Iy
hard material .should be considered as the crushing material when wusing
hamer mi || s "gPe Emmer sy § FUPSFRs, it will be appreciated that any
nunber of conventiona& nil%bgﬂ #orocea es aﬁgm%ec ni ques %a,,be used to form
the granul ar conduct i vB8®cHMBbR® ARELER Y fat any B AT ERS™ fosed herein
are nerely exenplary, and not limting_ of the esent _invention in any way.
Accor di ng toPHﬁ?“@ﬁﬁ%@ﬁﬁ%ﬁFYmPﬁ%“ﬁ?ﬁg?mgpﬁéﬁygﬁ{8”@%@W?W@mBFﬁ§HQr to crush
the big chunks and for _exanple, the crusher reduces, the hig chunks of the
bl anks to a B¢ EehRiweeisrigedieain g merehpexempigry and geflimitinecof g OFFSEnh sj ze prior
to the subsequent step of using the jet m || device. This first device is
therefore a PpFEMORIHEYY® ool or device (lunp breaker or a crusher) that is
used prior to the jet mll step. The 1/8 inch material is then taken form
the |unp breaker or crGeREPE forfng eppdimen, thy firpt stepitoysifip el i device i s

configured with the correct hanmers, .
crush the big chunks and for example, the crusher reduces the big chunks of the blanks

to a predetermined smaller size, e.g., about 1/8 inch in size prior to the subsequent step
of using the jet mill device. This first device is therefore a preliminary tool or device
(lump breaker or a crusher) that is used prior to the jet mill step. The 1/8 inch material
is then taken form the lump breaker or crusher into the jet mill.

The hammer mill device is configured with the correct hammers,
clearances and RPMs (all of which are variables) to produce the particle distribution
size that is desired. Yet another function that can be controlled is the feed rate of the
broken-up blank material into the hammer mill. It will be appreciated that there are -
other devices that can be used to grind or reduce the blank material to a smaller particle
size. Thus, the use of the hammer mill is not critical to the present process and instead,
a pin mill, a ball mill, a roller mill, etc., can be used.

After the broken-up blank material passes through the mill, the resulting

particles of blank material size have a size that falls substantially within the range from
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cl earances and RPMs (all of which are variables) to produce the particle
distribution size that is desired. Yet another function that can be
controlled isw%{b@ﬁ,ﬁgzﬁg rate of the broken-up bl ank matgrial Latoothe hammrer
mll. It will be appreciated that there are other devices {hat can be used
to grind or reduce the blank material to a smaller particle size. Thus, the
use of the hammer mll is not critical to the present process and instead,
apinmll, aball mll, aroller mll, etc., can be used. After the
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di nensions of the resylti. r ushed rticles, th ui pnent._(e.g., the
crusher and tfﬁ%ﬁ}?éﬁ&’r@?egﬁﬁﬂfq?& ﬁq%%elggq'%tﬁgmgﬁﬁaérﬁ%?&@&r%mﬁnto produce
particles of given, desired dinensions. The purpose.of forn ng a blank

PRel Ui ng. ¢ bt AR THoPoQRs BT S PR EREPLOIe g | or m a
conductive carbon material and_then thﬁﬁl?ri n‘ﬁjijngl thereof is to convert the
| arge carboni zed mat eriPGPPAESE g aPlapk orlnding 115 ermg St ek e parti cl es.
This material can alsqQ be referred to as being a granular carbon materi al
and can al scbeuratpR feregl i & fqem a gondugsive carhpn ripteriab andithen themwndipa nce in ter ns
of it being a granular sand-like nmaterial (smal] particles) and its bl ack
col or. This dRrlisHP conpb 8 larpmeashopized maisiab wiamellerpicrop sized Gogdusteer i al t hat
is used to reinforce the el ectrode; however,. it is different than the

convent i onal RREsHILES Prisriaf canalsp be zpfpred s3s beige p grapiar @rhog pisgal afayi ng

i mproved el ectrical performance characteristics. | .
can also be referred to as “black sand” due to its appearance in terms of it being a

granular sand-like material (small particles) and its black color. This granular carbon
material represents the starting material that is used to reinforce the elecirode; however,
it is different than the conventional carbon fiber fillers and results in the electrode
having improved electrical performance characteristics.

Processing of the Granular Conductive Material to form an

Electrode

The graﬁular carbon material is typically a very porous, very dry
material, particularly if it is prepared from a polymer blank as described above.
Accordingly, prior to adding the polymer liquor, the granular material is first wet with
a wetting fluid in a maml.er to produce a wetted de-aired granular carbon material.
Suitable wetting fluids include formaldehyde solutions, water, lower molecular weight
alcohols, and any liquid that will not interrupt or change bolymerization process.

Suitable alcohols include methanol, ethanol, n-propanol, I-propanol, n-butanol, I-
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Processing of the G anular Conductive Material to forman Electrode The
granul ar carbon material is typically a very porous, very dry material,
particul arly yé2deé135&: Prepared froma pol ynmer bl ank as g@ﬁﬁggogﬁqg’&bove.
Accordingly, prior to adding the polynmer |iquor, the granular material is
first wet with a wetting fluid in a manner to produce a wetted de-aired
granul ar carbon material. Suitable wetting fluids include forml dehyde
solutions, water, |ower nolecular weight alcohols, and any liquid that wll
not interrupt change .Ro! i [ 0 o SUI e al cohol s include
met hanol , et hbélﬁ%?l’, Qﬁ pr opgﬁo e Z%%S%g&hagpr ﬁ%-ﬁﬁlt%%lc?é?%oﬂ&%“ﬁrﬁﬁl 135411
PCTI US2005103,1.362 ~.and mxtures of these. The alcohal or al cohol
m xture can a gogl(ﬂls raf% :Hﬁ%%gmegﬁg age,&f‘(sclz) Sﬁgﬁestﬁ) A nc]leerg iv?lg%\le’eaﬂ%lf\g?vte iaﬁ‘bw agents

because they are inert, .volatile, and.have a | surface .tension, which
facilitates psgrr%:fsf[egflf’%rﬁhé f%gf'%tgsjﬁeﬁeqaﬂ%n Oélpgrr?ﬁfngg\é %“kﬂnﬁﬁei”alpe-Ai ring of the
Vetted G anul ar Conducti V?De'\fg- terloﬁﬁle%ge%r tutpgcrr?ugthfgigaﬁeo.a{l rst wet the
granul ar carbon material i —drive off all of

the air, whichis tr aQPg%f We }egisorllns %oki‘lerstr%s(/)eli nglsg'rﬁglggrtec%%}g%pgtﬁ%qqls?tog%}?r%%fls can

therefore be called a d& airi Ng process mat eri al
gors the ettt HOCH B YhES APl % e PO FHe] e e PP car bon
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he granul ar n.material wth .
the granula \nge%g%mdn&o a.ﬁ the pores }nmde the granular carbon material before the polymer

solidifies. This is desirable and important so that bonding results to these reinforcing
particles (the granular carbon material) in order to achieve the physical and electrical
characteristics that are needed for the electrode.

Thus, the de-airing and the wetting of the granular carbon material with
the wetting fluid are important steps to insure that the end result be a usable robust
electrode. During this process, the granular conductive carbon material is slowly
introduced to a polymer liquor and wetting fluid mixture with molar ratios of about 0.4-
0.6 to 1.0 crosslinker to polymerization monomer with a wetting fluid which is about
20% to 30% of volume of the granular conductive material by means of mixing at
temperatures under 100° F. During this time visible air bubbles are coming out of the
mixture. Preferably, this procedure is undertaken in a sealed tank environment that is
or can be connected to a vacuum and includes some type of stirring mechanism in the
tank to ensure that the mixture is stirred. Such a vessel can be referred to as a de-

airing vacuum tank or a de-airing stirring tank.
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the wetting fluid are inportant steps to insure that the end result be a
usabl e robust electrode. During this process, the granul ar conductive
carbon nat eriwb 200613410WM y i ntroduced to a pol yner |i quesredehsisbéi ng fluid
m xture with nolar ratios of about 0.4- 0.6 to 1.0 crosslinker to
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controllably stirring the wetted material. Wen the tank i's operatively
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is first filled wth granul ar carbon mat vacuumis
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the liquid displaces the gas inside the tank. The gas is thus vented as it is displaced out

of the tank and the liquid is allowed to fill the spaces inside the vacuum reduced
granular carbon material. The vacuum is not reduced or relieved until the granular
material inside the tank has been covered with the liquid.

It will be appreciated that any of the aforementioned.polymer liquors can
be used in the de-airing process.

Thel de-airing of the material also results in the formation of a better
electrode in that the de-airing process affects density of the electrode as well as other
physical properties.

After the wetted granular carbon material is de-aired, the next steps in
the process of forming the electrode are té add the final amount of crosslinker and to
polymerize the material at a proper predetermined temperature.

Polvmerization of the Wetted Granular Carbon Material
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granul ar carbon material. The vacuumis not reduced or relieved until the
granular material inside the tank has been covered with the liquid. It wll
be appr eci at &go t@issany of the aforenentioned pol yner |j&uU@hssaat. be used
in the de-airing process. The de-airing of the material also results in the
formation of a better electrode in that the de-airing process affects
density of the electrode as well as other physical properties. After the
wetted granul ar carbon material is de-aired, the next steps in the process

of forning the el ectrade:abftQ R rdifradiddt maBRdke Qh 65R%S] | nker and to
polymerize the material™ at "a ‘pfoper predeterm ned tenperature.

Pol ynmeri zat i f I r i 61135411
PCT/U52005/0%{%115#6:%:2111&t n?Mﬁ%%ggﬁﬁ%%??fﬁg?ﬂ?hgﬁﬂgﬁ%%g%]%%gsggwﬁﬁ%gg ectrode can

result i 2. 48k lbpGadRabu i e PRKGeAGnTRE Sk iitRAR) e pTRGE oSNt

appl i cants have observe erature control” int ol yneri zation

step is nore ApofLant fr'gﬂtﬁefg? a?gﬂﬁ(gqrﬂ%}eriaﬁ)z dodfed & tﬁ&%{]nﬁ’aﬁ’?mﬁa% of e granul ar
carbon material conpared to e actua ormati-on o e granular carbon
material. There t, | . r i N s in.the

pol yneri zat i glr‘f.gr %1{]% ?%%°&§1%?e§?a?ﬁg‘%%r%%ag?a§%tﬁ?%l lﬁé%’?%%ﬁss}lreastuérl al wll settle
if it is not étitr d ri.n rization, pr,oces a&%.as a result,

i he. paol ym
. . merization. Une 1ssie 1S (hat 813 arl carbon materjal settle 1S 10t
stirring of R granul ar ‘carbon mater &1 St Régded ™ Ao 4EM 1% keep the

material in suspepnsion. The stirring can_ be cconpl i shed using. any nunber
or G rer ot RSRRAL B pdiRaBhbd IO AR af Creg S SRR S EpltR B | e
m xer, sinilar(; .aqmaéggu%ggg t%p ﬁgp.ﬁe Hg%g.gpd“}hls.mouhg i nvol ve
control Iing CRETAAT YT SO ¢ PHEASH R SHRFEPE- « HE SHERE G s t hi ck

enough so t h%&co;[ngl?shed using any number of different types of devices as previously disclosed.

Static in-line mixer, similar to an extrusion tipv, can be used and this would involve
controlling the polymerization to the point where the mixture is thick enough so that the
particles do not settle once they have been extruded into the mold. In addition, the
material should be polymerized at a temperature and rate that does not result in boiling
or lumps and the stirring of the material should continue until the material can be
dispensed into the mold without settling.

An aiternative to forming the polymer liquor from the polymerization
monomer, crosslinker, etc., is to use a commercially available mix that reduces some of
the preparation time. However, even when a commerci;ctlly available mix is used, it is
important to combine the appropriate molar ratios, no matter what the source of
formalin and resorcinol with the de-aired granular carbon material. The polymer liquor
and the granular carbon material is mixed under a selected, controlled temperature that

is preferably below 125° F, with the surface area thereof being exposed to the mass
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particles do not settle once they have been extruded into the nold. In
addition, the material should be polynerized at a tenperature and rate that
does not resuyddobiBHil ing or lunps and the stirring ofciii8oi3Bi8d al shoul d
continue until the material can be dispensed into the nold wthout

settling. An alternative to formng the polyner |liquor fromthe

pol yneri zati on nononer, crosslinker, etc., is to use a commercially
avai l able m x that reduces sonme of the preparation tine. However, even when
a commer ci al | heateatiahgdh) EhdTantouhSorBRRg tat is r&uirkd RPGkARon b QumBIFRENE t he
appropriate nolar ratios, no matter what the source of formalin and

resorcinol  wifablors fiaciGtBngb et dr SEAMN, ARCALBR IBLE! is@{;inng@@ Re! ymer | quor
and the granul ar carbon material s mxed under a selected, controlled

tenperature thafiouslySncRA®EE s8Rk YuilGlk oM A8 ade it e %Agesr i 2agudy ©2 ther eof
bei ng exposed to the mass 27 WO 2006/ 135411 PCT/ U52005/ ci heat

exchanger. Thenammin; biudtiykiokAG ot fdSAM! LEGHEAEAMS. Upen, @ number of
factors, including whether a catalyst, such as a base ca dlysf, i s being
used. As  preyd.agdiy, e Ntt: 958 dr s AFE lefath ekl Glyde but are not
limted to sodi um cgrbona$e 1M sxm?%ﬁ%ﬁya#g%ﬁﬁéﬁk%%géggﬁﬁﬁgﬁfﬁroxide;

cal ci um car bagabginnGab 6Ll iGARANAYE rarBhly o5 ERRL, Bt e M Xi ng

operation is to produce a materia I's as onogeno possible as it
thi ckens to id§uRAta6Rethishik ' | he. gr | ar, carbon
material is ééeferably substa§¥%g P§&§$gﬁ (3%2 r$%%?%ﬁ?&53FWw rtically
and hori zont ghj Yorizbiat. | | @l so be appreciated that the polymerization
process can be conducted under pressure since this permts several process

related paraneters tophgy .08 e For exanple. if the ld is placed in
a pressure vessel and then ?s ﬁgg%?%gﬂmp&epéwgBEMKmp“m“sCMIe

conducted under pressure since this permits several process related parameters to be

controlled. For example, if the mold is placed in a pressure vessel and then is reacted
to polymerize the material contained therein, the pressure can be increased; the time
needed for polymerization of the product can be shortened; and the polymerﬁaﬁon
temperature can be controlled. This is also true when the polymer liquor is
polymerized to form the blank that is used to form the granular conductive carbon
material.

After the stirring of the mixture is stopped and the mixture has obtained
the proper consistency, the material is placed into the mold. In one embodiment, the
mold containing the polymer liquor mixture is introduced to convection type heating
between about 70° F to 145 ° F for a time period of about 24 to 72 hours. Other
heating sources may be used to maintain the desired temperature. During this curing

stage, the in-mold cured blocks are hard and damp with some unreacted formaldehyde
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to polynerize the material contained therein, the pressure can be increased;
the time needed for polynerization of the product can be shortened; and the
pol yneri zat i afp 2do@ERAE at ure can be controlled. This is ghs@&d&pes0hen the
polynmer liquor is polynerized to formthe blank that is used to formthe
granul ar conductive carbon material. After the stirring of the mxture is
st opped and the m xture has obtained the proper .consistency, the materi al
is placed into the nold. In one enbodi nent, the nold containing the pol yner
li quor mi xt urandias elaotricalijueceoh@cG@N\BE bindhse oy B iReRId REinlglveen about 70' F
to 145 ' F for a tinme period of about 24 to 72 hours. Qther heating sources
may be used tompRicnkcgolynichieatide sid Mew haaRBzahe R ik ' b0y stage,
the in-nold cured bl ocks are hard and danﬁaﬁﬁth sonebgﬁﬁ%gg@gﬁﬂ§g€naldehyde
28 WO 2006/ 13%4dE Ralihbed05/ 031362 and are electrically non- conductive.
One purpose of this in-nold heating is to conplete the polynerization and

al | ow hardeni ng and shri nkegbon$Qtdchathe BREdAIL kigaN be renove formthe
nol d. Carboni zation of the Electrode Material After the el ectrode has cured

for a sufficient peri Qdiedthetiesfode hds cingd t8 BurrbiB UGS Jeuail & Renai rti ght
curing environnent and is then placed into a firing environnment where it

wi |l undergo re@svadRo@akd Mifight Lty @GYdnk@R AR Med pla¥dd ifidla k0 the formof an
oven (furnace) or the like and preferably, the oven 1s conStructed in the

sanme manner dasithnb@hhBRIOHMRBIRELabolitiibe! PLeBRS: | zation of
the blank material. In other mo%ds, the oven is 8%%?#%3¥§%h%%§&?ncludes a

fixed refractiomyorandven (cuiivgk e fiRE £AGHAbly, HCoveh REbARAR. A 3R! f- Wi thout a
nold pan, is inserted into the oven

same manner described hereinbefore with reference to the polymerization of the blank

material. In other words, the oven is configured and includes a fixed refractory and a
movable refractory. The electrode itself, without a mold pan, is inserted into the oven
and the movable refractory is lowered into place over the electrode and then the door of
the oven is closed.

During the firing process, it is important that the electrode achieves a
temperature of between about 900 -975° C from edge to edge. In other words, the
polymer electrode is heated such that the electrode material is heated to this temperature
completely through the electrode in a homogenous manner.

After the electrode is held at this temperature for a predetermined period
of time, the elecirode is then removed from the oven and it will likely begin to flame
when it comes into contact in an oxygen environment. The electrode fs plac—ed into a
souffbox or the like where, once again, a reduced oxygen environment is maintained

until the electrode cools to about 200° C. As soon as the electrode. reaches this cooled
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and the novable refractory is lowered into place over the el ectrode and then
the door of the oven is closed. During the firing process, it is inportant

that the el egigeosaghi eves a tenperature of between 29983975 C from
edge to edge. In other words, the polyner electrode is heat eo( such that the

el ectrode material is heated to this tenperature conpletely through the
el ectrode in a honobgenous manner. After the electrode is held at this
tenperature for a predeterm ned period of tinme, the electrode is then

removed from ghiferMtenaftbobie Wirkhokh KEkind\itHdx b WSl lonCOMTES i Nt o
contact in an ogeygen envi r onment .OT%e el éect‘}tro ’égﬁ%slf“‘;%lﬁ’gv%%é? ?Oﬁl[]%r%?msnuffbox
or the |ike wagpe,m@nce again, a reduced oxygen environment is naintained
until the electrode cools to about 200° C. As soon as the el ectrode. reaches

this cool ed 29 VO 2006413%411RCHMIS2005/ 031382 hemResature. the el ectrode
is renoved formthe snu oX and IS a tenperature.
Particle Size of the Grapular Iis Oy 1Bk et El ectrode Wth
respect to the particle si ZI% t&%?ﬁ%%f%??@b%ﬂ’on gl?n?t}ﬁ%eppag} 9% si ze,
variabilityq{l‘gapig@ﬁ?,g e i.nfluence at |east four
characteristics  of hg{hei gctroﬁges.acgﬂger]ésgé%g%é ?Cgﬁ‘{lf@sfgﬁ%‘a‘faﬁ sties
characteristigs, ) LSk Vot Vi friability which is a neasure of
whet her the mat g%lieg?(gd%éll\{ogéﬁmﬂrﬂ%h Sat %ll)csh a(%tﬁ%%gsd'fr emf)eﬂlétﬂv“yg&? nded, or

ot herw se ha : . i.cal .ength of. t mat er.i.al - the material needs
to have suff :Hg%@%{ v%ﬁ%sf&{%%‘m%? P feﬁ%etﬂﬁr ?lﬁ mg%r B 1S part R Rt 08D be sawed,
sanded, carr] | ed. .etc.: an 4) the _ability of the

el ectrode to %@g’eg f %I&V\%%[vgge ha%e&le?%)l Dt%y%%a% Stbeg%tﬁ Og%é@%%a& Prmrteridl aseds he

el ectrode is t(f) Mvg@&ﬁm&t gh}gicglsg'g‘ﬁg%{ l%lo?dser g‘o%%% material to be sawed, sanded,

carried, grooved, soldered, etc.; and (4) the ability of the electrode to absorb water

t he

well. It has been observed that when the electrode is formed with big particles (200
microns or larger), the resulting elecirode has very good flow characteristics but haé
very poor physical strength and poor friability and resistivity. Conversely, when the
ground carbon material is in the form of a dust, having a size that is below a tenth of a
micron, the strength of the electrode goes up. Increasing the concentration of small
particles also causes the electrode to have inc'reasca'd hardness and less flow through

. porosity. Accordingly, by controlling particle size and particle distribution, one can
control, with a select range, the physical, hydraulic and possibly electrical
characteristics of the electrode. In one embodiment, the gramular material is formed of
particles where at least 75% of the particles have a particle size between about 20

microns and 100 microns.

Machining/Finishing of the Electrode
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m crons or larger), the resulting el ectrode has very good fl ow
characteristics but has very poor physical strength and poor friability and
resistivity. @mnegisaky, when the ground carbon materigydssoossitdie form of
a dust, having a size that is below a tenth of a mcron, the strength of
the el ectrode goes up. Increasing the concentration of small particles also
causes the electrode to have increased hardness and | ess flow through
porosity. Accordingly, by controlling particle size and particle

di stribution, one can offtERirod¥dod t@ro%ﬁ't&?ﬁeraﬁ@é‘%ele&?b%eHﬂ)&é'fﬂ?' hydraulic
and possibly electrical characteristics of the electrode. In one

enbodi ment,  tdend 204l B phBl Bk biddiroliScah B8 IBREI® FromPRIdviCind ScIWeRA G At | east 75%
of the partl cl es have a particle size between about 20 mcrons and 100

m crons. MachueRfiobdsithSdiicREtrdat fiki dg%@gamw@nbsﬁlmo&@&@/s&@ééll
PCT/ U52005/ 031362 Once the electro cools to roomtenperature, the

el ectrode hasahdif htdmsihg@agth and at this point, the el ectrode can be
handl ed fromthe oven and delivered to a further processing or el ectrode
fini shing area, which Igafel¥@rdspaftehihe élestimiol cavl@iavoos), tempanté /@ i@ad tri nm ng
area. In other words, after the electrode is cooled to roomtenperature and
is at full stllerggth,thddetrededchacbiied orvthrrdit dstiedin politrea\dingked | Ni shed to
produce a finished electrode. One exenplary first finishing step is to trim
t he edges of ddegode] ot expohplaryThe fipishing septisvw tap ehreztiges nbtht dadirotkaviheteo be
performed on the electrode. The first is that the electrode has to be
trimed and seimecedersivds hifdavesaheedoteedan freettetwenTivddstdgbittied  t hi ckness.
The electrode is thus flat and true conpletely across all surfaces and thus,
this oper at isiredshagie be efered aed saparedsand dhen pindgl to hereddtamineddeiredne exenpl ary

el ectrode is in the
thickness. The electrode is thus flat and true completely across all surfaces and thus, this

operation can be referred to as squaring the electrode. One exemplary electrode is in the
form of a 24 inch square that has a thickness of from about 3/16 inch to about 3/8 inch.
The second step is attaching an electrical connection to the electrode that will allow the -
electrode to be introduced to a power source. Material selection is critical considering
the electrical connection may be submersed in a water/electric field type environment.

Regardless of the exact specifics of the electrode plate, when it is used in a
deionization apparatus, it must be supplied with a voltage. This can be done with a rod or
wire, such as formed from copper or other conductor. However, if the rod or wire is
exposed to the liquid being deionized, the rod or wire will be damaged (by being
sacrificed). Therefore, a dry connection between the rod or wire and the plate is
preferably established.

Figs. 3-4 illustrate how such a dry connection can be made between the

electrode (electrode plate) 100 and a conductor 110, preferably an insulated copper wire
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formof a 24 inch square that has a thickness of fromabout 3/16 inch to
about 3/8 inch. The second step is attaching an electrical connection to

the el ectrodeyd bwanr3¢i:h! allow the electrode to be intrQauassshRz@ power
source. Material selection is critical considering the electrical

connecti on maybe subnersed in a water/electric field type environnent.
Regardl ess of the exact specifics of the electrode plate, when it is used in
a deionization apparatus, it nmust be supplied with a voltage. This can be

done Wi th a rigveer 8-18ANWES, abbl6lRedBickiREsePdin b QaH.CTHREInGon BétHEd dONdUCt OF .
However, if the rod or wire is -exposed to the liquid being deionized, the

rod or wre Vohductorl dan@ge elettyle PRieN1Q0 isSatkd by &BEhe. a chi@kIRl @beve 130 dry
connection between the rod or wire and the plate is preferably established.
Figs. 3-4 il linsticalae domes @ideligeahdéof Tiaasappéd dAdeaniinds REdRo begmean t he

el ectrode (el ectrode plate) 100 and a conductor 110, preferably an insul ated
copper wre 120s0DtR0064id3nd bl thPETk LiSHIO bitOFIRGRay Hheh we elRctdbdd RatAWS, al so

ot her thicknesses can be used. The connecti on between the conductor 110 and
t he el ect r odel0pfaelectii@dcingedtion tveble fmyvedsonick.i Tig saipphiaondikiont10grthave 120 into
the plate across one edge thereof. The stripped conductor 110 is laid into
the groove Ise@redyatiacted at conhrstefl tasthe elpairodd pleth €00tiyraey mxattenafsomyeattivaald| y away
fromthe el ectrode plate 100 for electrical connection to the power source.
The stri pped mewpdivciiding the 0sq of aseider matpgiel B Ip oxdet wokrventonrteciomect ed to t he

el ectrode plate 100 by any nunber of conventional rmeans, including the use
of a sol der rfeackipg ad bisabing fleyipthelelectiic] goppspion; a pratcalfvefcpasing 140dachi ng and
breaki ng down_the el ectrical connection, a protective coating 140 is

di sposed acr ¢iosehaeress therleginde plater1d0 toebfestiyelyepcasarthc declicalrerpsalionhe

el ectrical. nnection. For exanp|le, the electrode plate 110 can be
saturated wi " EAREPE; tﬁ%@%ﬁ“&%ﬁﬁﬁ%ﬁ@ﬁ%ﬂﬁﬁamed with a marine grade nonconductive

epoxy, such as 2-part epoxy resin #2, from Fibre Glass Evercoat, of Cincinnati, OH. The
nonconductive epoxy 140 seals the region around the copper wire 110, while not
disturbing the preexisting electrical connection between the exposed wire 110 and the
plate (electrode) 100. It will be appreciated that the protective coating is not limited to
the above-mentioned material but rather can.be any number of different materials so long
as the material can soak into the carbon electrode plate 100 and not be sacrificial during
the operation of the electrode plate 100. In addition, once the protective coating is
applied to the carbon, the protective coating can not change its shape since this could lead
to and cause a change of shape of the electrode plate 100, thereby diminishing the
integrity of the electrode plate 100.

In another embodiment shown in Figs. 5-6, the electrical connection to the
electrode plate 100 is formed by drilling a bore 150 directly into the electrode plate 100

along one edge thereof and preferably close to one of the corners of the electrode plate
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epoxy, such as 2-part epoxy resin #2, fromFibre G ass Evercoat, of

Ci ncinnati, OH The nonconductive epoxy 140 seals the region around the
copper wre HihoodhBide not disturbing the preexisting pelraSid/esads2 cONNEct i on
bet ween the exposed wire 110 and the plate (electrode) 100. It will be
appreciated that the protective coating is not limted to the
above-nentioned nmaterial but rather can be any nunber of different nmaterials
so long as the material can soak into the carbon el ectrode plate 100 and
not be sacri ficim@ihe diubttQ embSBmEHERAkOI30 & drillbEin@ ieaipadegeplfdlee 100. I n
addition, once the protective coating is applied to the carbon, the
protective cegadiodgpl@anional thehangdd: ksrid hapie dBpoaaiovithi the barell W soead to and
cause a change of shape of the electrode plate 100, thereby dimnishing the
integrity of edshgiag} Arthé bde1 ol A @ndBfdr 1d0rs heibdeeed ietoltiedilied hre $5oand i n Fi gs.
5-6, the electrical connection to the electrode plate 100 is forned by -
drilling a barfgctibblydi medbdiyally atamtdideé thetetns witlodlesobleamater]f) Dein@dispogedone edge

t hereof and preferably close to one of the coners of the electrode plate 32
WO 2006/ 1354 hdwRG T JS2NO6Y 58 136 Re clé@de plate L ¢ Thérk issi benddgtvesabthdi nent, t he
bore 150 is drilled into the upper edge of the electrode plate 100 and then
a sol der nuat eddeamattsd spdtheliashpoobthe wietttoinpleth &00dwt wthasthersds meelyd essential |y
fill the bore 150. A conductor 160 is then inserted into the filled bore 150
and is fri ctiednaicalyit derehpvdsanTheabndpcinnl 69tca hrarithe frapef mthreafiadiboltge sol der
materi al being disposed between the conductor 160 and the el ectrode plate
100. There i $edibe bariefrisdanalise intp the ided bpes I hgich el sapyrebrel e HiBn of t he

el ectrode plate 100 but rather, there is nerely mechani cal fit

t her ebet ween 2ndg9e eeddfige g bt 70 PE e copugier 109 profrde: fﬁ'ﬁﬁi“&‘fdséuw Y bolt or

the like that is frictionally fit into.t filled. har O such that it is
securely hel g clegipde Bt 18‘51&1“1’(%51“%8}%‘?1%?}“']%‘?61%13 gﬁ%fgﬁcc?ﬁ'&‘?ﬁﬁ?lbr 160
protrudes an(tjo ﬂene):( Igoe\xggs?ougzlél %SVS@,I’agL ectfn{:a? g;.ble or the like that is attached to the free end of

the conductor 160. Alternatively, the free end of the conductor 160 can be threaded such
that it is threadingly mated with a complementary threaded conductor, such as a threaded
connector or bolt member so as to permit this second conductor to be threadingly mated
1o the conductor 160 to establish an electrical connection to the power source.

Tt should be noted here that the sealed electrical connection can also be
made by first saturating the plate with the nonconductive epoxy, drilling the hole, and
inserting the stripped coppeit wire and then applying additional epoxy to form the seal.
Other variations can include forming a channel, rather than simply a hole, in the edge of
the plate, and then inserting a wire strip of an electrical connector before sealing with the
epoxy. The basic principal is to form an electrical connection in a region of the plate and
then seal the area surrounding-the connection with a material that preferably does not

affect the electrical properties of the plate (electrode).
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the edge of the electrode plate 100. This end of the conductor 160 is free
for connection to the power source as by an electrical cable or the |like

that is attaghgshel/psipe free end of the conductor 160.,Atsk9adkMel y, the
free end of the conductor 160 can be threaded such thaﬁ (t %g f readi ngly

mated with a conpl enentary threaded conductor, such as a threaded connector
or bolt nenber so as to permt this second conductor to be threadingly nmated
to the conductor 160 to establish an electrical connection to the power

source. It should be n@hRrhiekgodatio tR@iRRA §5ks 6F BLlL HGdxyaeMRECt i ON can
al so be made by first saturating the plate wth tthe nonconductive epoxy,

drilling the habdive &afng JvaSBE SonMititdWeireb NdnRREMe GRRPE prodckife RREheliIEN appl yi ng
addi tional epoxy to formthe seal. Qher variations can |ncIu§e formng a

channel , rat h@pablct@BoaBinEBp 14 tRe dM2h&ie ahdlorokien @8R Eion thEprBeAi@ wattRd t hen
inserting a wwre strip of an electrical connector before sealing with the

epoxy. The bakiifig {fetafi6i Péth cdractink thodoledd @le@6ipet Wid beCAMBSIWIDN 1 N a region
of the plate and then seal the area surrounding the connection with a

mat eri al t hatsagifieé éurabbyerdivesnter watlf, éetulishecetheao widkab thpeleprat i es of the
plate (electrode). 33 WD 2006/ 135411 PCT/ U52005/ 031362 However, it is
possi bl e t 0 uméegthfefiemaint outsido esthaft afidcting the clatricgipoudacitxsty birbwifioat ect i ve
coating over the conductive wire so |long as the epoxy or protective coating
i s capabl e ofsubtakihe gpldepdiconettoneligcdvathgesaf thisemtiag arghat hegregornect i on and
preventing water during operation fromcontacting the solder and the copper
Wi re because thérdsetrigpl donnegtipmrand it meked érah pagy olpericat ¢oomectidnn ot her words, the
substance has to wick into the el ectrode and encase it on the outside

wi t hout affecting the Tepioger srehedimentntha elegisdat gpnagsdonip theolgetrodé issul ati ng t he
sol dered connection. The advantages of this nmethod are that it preserves
the el ectri cdPrmed gt fagms sarging eonfaglidsrosition tephnigys thap eeseribcilipstigisthivect i on

Figs. 7-8. In this embodiment, a channel or groove 180 is formed (e.g., as by machining)
along one edge of the electrode plate 100 and then a conductive material 190 is flame
sprayed onto and along the one edge of the electrode plate 100 so as to form and define a
conductive pathway or electrical contact for the electrode plate 100. By flame spraying
the conductive material, the contact can be easily formed along the electrode 180 and can
easily be formed to have any number of shapes. For example, the channel 180 that
receives the conductive material does not have to be simply linear in nature but rather it
can include one or more bends or curves formed therein for any number of reasons,
including mounting and application considerations.

After disposing the conductive material 190 into the channel 180 to form
the conductive pathway, the structure is sealed using the techniques described above. For
exaniple, the conductive material 190 can be coated with a sealing material 192, such as

one of the above thermoplastic materials so as to preserve the integrity of the electrical
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I n anot her enbodi nent, the electrical connection to the electrode is forned
using a flame spraying contact deposition technique that is generally
illustrated iWo k%8411 7-8- I n this enbodi nent, a channe%c]%SZ Qy,? 180 is
formed (e.g., as by machining) along one edge of the electrode plate 100
and then a conductive material 190 is flame sprayed onto and al ong the one
edge of the electrode plate 100 so as to formand define a conductive

pat hway or electrical contact for the electrode plate 100. By flanme spraying

the conducti vgRE&! fofthed bhfiBer bé;éofa&&cu ttéo?ﬁlh PAShd ¥e Ea?&%%@th@ egalg)ﬁé e

el ectrode 180 and can easily or e ave any nunber o apes. For

exampl e, the ghaage! 180 that receives the conductive material does not
have to be sinply linear in nature but rather it can include one or nore

bends or curves for medrichek&i shpliehtsdivk dMeRRA aaf th RSP RSnularlinUdi Ng.
mounting and application considerations. After disposing the conductive

material 190 infbl tdier 65 aRARk tiSBatti foh BrardhhR b a&%%&ityﬁe@%i}wy, the .
structure is sealed using the techni ques described above. For exanple, the

conducti ve medn@tdiA)l thd BulG@ytldRodzQad B indtchfdd dedfal dngudiitemiale 192, such as
one of the above thernoplastic materials so as to preserve the integrity of
t he el ectri cagraddar WhaaGMkrid b bicef B bleknd 06 The spkdifidatiosOsTRRCAdc@dile flou ned
bet ween the conductive material 190 and the carbon of the electrode plate
100. The pr eswiiltvagpippandianten igvwepltitaphosred ckémailary Hectiode 100 hgeanul ar car bon
material (either by creating this material fromscratch or by starting with
pre-prepar ed degsityerf dtwhf)0.5 ¢/tre3 oebeit 25 gGmdl ect r ode 100 has i ncreased
el ectrical conductivity and the granular carbon material reinforces the
el ectrode. The speci f ildawhysisel dhensiors i theclestnde 100G vaiylflomvaaplicaitependi ng upon
t he application; however, exenplary electrodes 100 have a

appflcatlon; however, according to one exemplary embodiment, the electrode 100 has a

thickness of from about 3/16 inch to about 3/8 inch; a height from about 10 inches to

about 24 inches and a width from about 10 inches to about 24 inches. While the

exemplary electrode described above has been described and illustrated as having a

square shape, it will be understood that the electrode can have a number of other shapes.

For example, the electrode can have a rectangular shape or triangular shape or any other

type of shape, including regular and irregular shapes, to take advantage of flow and

mechanical characteristics of those shapes. In other words and according to one

particular application, the electrodes are arranged in the deionization apparatus such that

the electrodes provide parallel absorptive surfaces defined by a geometric shape having a

thickness between them. For example, the geometric shape can be either a regular shape

or an irregular shape and more particularly, the geometric shape can be in the form of a

square, rectangle, trapezoid, circle, ellipse, cylinder, etc.

Example
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density of about 0.5 glcnB to about 2.5 g/cnB. The physical dinmensions of
the el ectrode 100 will vary from application to application; however,
accordi ng tophsediep! ary enbodi nent, the el ectrode 1qgnﬁ%§ % (Qlckness of
fromabout 3/16 inch to about 3/8 |nch a height froma InChes to
about 24 inches and a width from about 10 inches to about 24 inches. Wile
the exenplary el ectrode descri bed above has been described and il lustrated
as having a square shape, it will be understood that the el ectrode can have

a number of other shapgselectb@wRXAMRh ured &@or%?fﬁttﬁ%m&@ps*ﬁ)ﬁﬁab% [ect angul ar

shape or triangul ar shape or any other type of shape,“inc ng regular and
irregul ar shagpese Sl wilpeopativadhhAseridits FiroWeARdd iBFa G, sghar acteri stics
of those shapes. In other words and according to one partlcular
appl i cati on, fbhevied Bbles:0des are arranged in the deionization apparatus such
that the electrodes provide parallel absorptive surfaces defined by a
geonetric shape having a thickness beipween them For exanple, the geonetric
shape can be_either a regular shape or an irregular shape and nore

particul arly, the geonePwp@iyshape can be 1 n the RisR0WRe SQUAr e,
rectangl e, tjrapezoid, circle, ellipse, ¢ylinder, etc. Exanple 35 WD
2006/ 135411 |PCT/ US20®HTeaIs63rea An el ect f ode was manmfﬁpﬁgged according to
the principlles set forth above and the followi ng properties/characteristics
were neasured and akagmsef sifideddieai N t he | fol [ ow ng4il'@gbslqe§jg AREA Proper
Measured Vallue BET surface area 481.41/sqg. nig

Single point surface area at P/Po 0.1027 478.483 sq. m/g

BJH cumulative adsorption surface area of 21.6927 sq- m/g

pores between 17.0000 and 3000.0000 A

diameter
Micropore area 419.5970 sq. m/g
VOLUME
Property Measured Value
Single point total pore volume of pores less 0.198113

than 812.7211 A diameter at P/Po 0.9756

BJH cumulative adsorption pore volume of 0.032289 cc/g
pores between 17.0000 and 3000.0000 A

diameter

Micropore volume 0.166676 cc/g

PORE SIZE
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Langmuir surface area 541.89 sq. nmig Single point surface area at P/ Po
0.1027 478.483 sq. mig BJH cunul ative adsorption surface area of 21.6927

sq, mg por%ﬁ?g}%é%?ﬁ 17. 0000 and 3000. 0000 A di anEterPCTmsg‘i"g/?%f‘

419. 5970 sq.

vol ume of pores |less 0.198113

ME Pro e Measured Val ue
than 812. 7211 A di aneter at P/ Po O.

Si ngl e poi

area
pore
9756 BJH

cunul ative adsorption pore volune of 0.032289 cc/g pores between 17.0000

and 3000. 0000 A di anet er
‘PC”I‘/‘US?ﬂOﬁfIQ?‘I.BZ Pro e M

2006/ 135411

(4VIA) by 14.6238 A LanEnU|r BJH adsor|pti on ave
apove EXangligadgS, MET ey eXe

(4AVIA) 1t wi

illustrative and Is™n

t he above

M cropore volunme 0.166676 cc/g PORE SIZE 36 WO

O

<4

asur et VE AYTLEYE PorE

rage pore di anmeter

h anet er

59. 5384A

Langmuir

Mg, %ﬁﬁ&e@ AR pyt e

Imtrng of thg present

i nvention. |In othe

pl ary and
r words,

BJH adsorption average pore diameter

(4V/A)

59.5384 A

It will be appreciated that the above Example is merely exemplary and

illustrative and is not limiting of the present invention. In other words, the above

properties and measured values are merely illustrative of data obtained for a particular

electrode of the present invention and therefore, electrodes made in accordance with the

present invention can be outside of the above measured values.

In addition, the electrodes made in accordance with the present invention

underwent further quantitative analysis and the results were compared to results obtained

from conventional electrodes under the same test conditions. More specifically, the

present electrode materials were subjected to X-ray diffraction (XRD) analysis. Asis

well know, XRD analysis characterizes the crystalline, or amorphous, nature of a

typically although not necessarily a solid material. During the experiment, the samples of

the present electrodes produced by the methods described above and having the

characteristics described above, including those listed in the above Example, were

pulverized and placed in a suitable sample holder and then exposed to an incident beam

of x-rays. The same was done for other commercially available carbonaceous materials

in order to compare the XRD analysis (inaterial fingerprint so to speak) of the present
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properties and neasured values are nerely illustrative of data obtained for
a particular electrode of the present invention and therefore, electrodes
made in acconganeiih the present invention can be %%&%%5/951342“ above
measured values. In addition, the electrodes nmade in accordance wth the
present invention underwent further quantitative analysis and the results
were conpared to results obtained fromconventional el ectrodes under the
sanme test conditions. Mdrre specifically, the present electrode materials
wer e subj ect eghterifls ¥nd @¥vetiibdal A& kbdinaeXmE) an@ B Bhisr, acfbel based WREoakNOW, XRD
anal ysis characterizes the crystalline, or anorphous, nature of a typically
al t hough not (agcaagerech Yerdgd)) i d material. During the experinment, the
sanpl es of the present el ectrodes produced by the nethods described above
and having the char atheparsddsesredes thin PAnRH M enicrbRFhuee.NB aih@se |isted in

t he above Exanple, were pulverized and placed in a suitable sanple hol der
and t hen exposetiut malgss indgésdegindibadithat e pxrticlesyiere PpPRxBSARY wasma@Ae f or ot her
comerci ally avail abl e carbonaceous naterials in order to conpare the XRD
anal ysi s ( natlerdiat, tiey mgermot fodbr gge-tike. speak) of the present 37 WO 2006/ 135411
PCT/ U52005/ 031362 materials and conventional electrode materials, and in
particul ar, aerogel babepiletiesipowessmpl¢screye sxpddad toc’beopdn KAghagel s). The
particles were |l ess than 200 nesh (74 mcrons) in size. In addition,

previ ous anavpgdlengthnefliation pidigers seetinedibiete inpident bdam querran jandubss rangy « 20
approximately uniformand therefore, they were not rod or plate-like. The
pul veri zed p&deggeriyithdiffiasted ipiepsiy mdastigd Tatspeet 02 eaicssh £rystaline] engt h

radi ati on and were scanned by the incident beam over an angul ar range of 20

to 30 degr eeSHUFHVii the spowmdcts photva Aad indicaisd by ppakelinjthe diffiegied infendty2 degr ees.
Crystalline

plots, which are unique to crystalline chemical structures or morphologies. In
carbonaceous materials, graphite has a unique crystal structure and thus, an identifiable
XRD set of peaks. Fig. 9 is a graph showing an exemplary sample XRD analysis of both
an electrode made in accordance with the present invention, which is indicated by curve
300, and a conventional electrode made from an Aerogel material, generally indicated by
curve 310. The results in Fig. 9 illustrate curves that reflect a compilation of data and a
number of resulting curves such that curve 300 is illustrative of a curve that has been
calculated when XRD analysis is performed on the electrode materials of the present and
similarly, the curve 310 is illustrative of a curve that has been calculated when XRD
analysis is performed on conventional electrode materials and in particular on electrodes
made from Aerogel materials.

In the electrode materials of the present invention, one of the graphitic
peaks was present at approximately 25 degrees on the horizontal axis. This peak is

superimposed on a very broad, essentially amorphous, peak extending from 15 to 35
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structure within the sanple is shown and indicated by peaks in the
diffracted intensity plots, which are unique to crystalline chem cal
structures okydRhdNRel9i €s. In carbonaceous material s, pgh@phkhgsddas a

uni que crystal structure and thus, an identifiable XRD set of peaks. Fig. 9
is a graph show ng an exenplary sanple XRD anal ysis of both an electrode
made i n accordance with the present invention, which is indicated by curve
300, and a conventional electrode nade froman Aerogel material, generally

i ndi cated by ;. curve, 310 hi%%%eeglﬁ %ﬁlﬁéig&ﬁhﬁ%@&n d%edild HSH AL EaGHEYLES that

reflect a corrp%rfaatl on-o er of resulting curves such that

curve 300 1S dbhlShidtd ooy Y Bieh A i 3RsBER0endbR ittlulpesl when XRD

anal ysis is perfornmed on t ectrode materials of the present and

simlarly, tRe UG¥eacid hdnSin)) by glﬁgmlyﬁonpgne%lelswdlg?na&hatm RRmelegn cal cul at ed

when XRD analysis Is pertforimed on conventional electrode materials and in

particul ar on,gkechd-adeshdiH¥Rd such hOMA6T A08hs STBAISY, b8! Sifferht HbliBg @leCt T Ode

materials of the present invention, one of the graphitic peaks was present

at approxi matRliyds 2y8eahRARAN Ak B& H3QEh Z0MNE 3| thaXirSe 31D MabreR@Rhd S
superinposed on a very broad, essentially anorphous, peak extending from 15

to 35 38 WO R@REka%Id-RRT/iUBR0G: Q3R Rve SREk grshiid B nghaphidti ¢ peak at
this |l ocation has been detected in all of the electrode sanples nade in
accor dance Widpprokib@teiEs egdecdbn tha@ofottalerts. Sinwedy iigraphitic bedklvas peak  hei ght
(diffracted intensity) varying slightly fromone electrode material to

anot her due tlikewlMadbgénnth theotesmted 0mblint’ consercisutierials sehijdcfed tethe salveat | ng
profiles, e.qg., different heating tine periods and/or tenperatures. As can
be seen i n FiXRD ShalysheTiowy thecoddditiodabtlectredel neerigls tprear to bnleckitgitinal  Aer ogel
based el ectrodes does not have such a graphitic peak in the area of

appr oxi mat el ypasuldegybitis sortrde theodldcizasies efltheaxdsent inSpntioh sindeythe XIWPs gr aphitic
eak was

P analysis of these materials regularly shows an absence of a graphitic peak in the area of

25 degrees on the horizontal axis. Applicants believe that the present of this graphitic
peak in the XRD analysis of the present electrodes indicates that the present electrodes
have a different crystal étructure compared to the conventional electrodes which used
carbon filler materials and that this different crystalline structure results in the electrodes
of the present invention baving improved ion capacity as well as the other improved

properties and characteristics described hereinbefore.
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| i kew se absent in three "activated carbon” commercial materials subjected
to the sanme XRD anal ysis. Thus, the conventional electrode materials appear
to be I|ackingyd Rgsspaiticul ar graphitic structure of tkyﬁﬁﬁéﬁgﬁﬂ s of the
present invention since the XRD analysis of these materials regularly shows
an absence of a graphitic peak in the area of 25 degrees on the horizontal
axis. Applicants believe that the present of this graphitic peak in the XRD
anal ysis of the present electrodes indicates that the present el ectrodes
have a di ffergnitisehisliagl: structure conpared to the conventional electrodes
whi ch used carbon filler materials and that this different crystalline
structure results in the electrodes of the present invention having

i nproved ion capacity as well as the other inproved properties and
characteristics descriibed Agiodsseianig a38eiCicdR0BfiskdiHd teptoff/ US2005/ 031362
What is claimed is: 1. A process for form ng an el ectrode conprising the
steps of: wetting a gkaingh gendarehdattive Cabarhadianmites valingidd) a wetting
fluid, solvent, and first crosslinker to forma first mxture; mXxing the
first m xtur eolwnt, hndfiisecahkanofah i fikemjxtngi nt ai ning the first mxture for a
sufficient time and at a sufficient tenperature until the fast m xture

pol ynmeri zes into a bl odking thefstfmixiuregvithheesedind closdialter;a sufficient tinme and at
a sufficient tenperature such that the block carbonizes into an

el ectrically conduct i weingutyssthefiret miRture Torer spiigivaiginechd aflagifficitnt wher ei n t he
pol ymeri zati on nononer is selected fromthe group consisting of dihydroxy
benzenes, di lgpberieye wabthp istnitire polypierisad indx g bibdnandnes and tri hydr oxy

napt hal enes and m xtures thereof. )
firing the block for a sufficient time and at a sufficient temperature such

that the block carbonizes into an electrically conductive substrate.

2. The process of claim 1, wherein the polymerization monomer is
selected from the group consisting of dihydroxy benzenes, dihydroxy napthalenes,

triiydroxy benzenes and trihydroxy napthalenes and mixtures thereof.

3. The process of claim 1, wherein the first crosslinker and the second

crosslinker are formaldehyde.

4. The process of claim 1, wherein the granular conductive carbon
material is formed by:
dissolving at least one material selected from the group consisting of

dihydroxy benzenes, dihydroxy napthalenes, trihydroxy benzenes and trihydroxy
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3. The process of claim1, wherein the first crosslinker and the second
crosslinker are fornmal dehyde. 4. The process of claim1l, wherein the
gr anul ar coanf%gy sfqprbon material is formed by: di sspl; Xtﬂﬁy&ﬁmkeaSt one
mat eri al sel ecte romthe group consisting of dihydroxy benzenes,
di hydr oxy napt hal enes, trihydroxy benzenes and trihydroxy 40 WD 2006/ 135411
PCT/ US20051031362 napt hal enes and m xtures thereof, in the first
crosslinker to forma partially reacted mxture; mxing the partially
reacted mixty amnmng%;t&%magofqmme&meptoff&m&mag%%gh m xt ur e;
mai nt ai ni ng t second mxture for a sufficient tinme and at a sufficient
tenperature ypidk. the second m xture polynerizes into a blank; firing the
bl ank at a su flClent tenperature and for a sufficient tine such that the
bl ank car boni zes i nt 0 @nLheFAHANGabikd £ORHLGIT WE sIBAREsi1infB% REREESSI NG the
bl ank, after the blank cools, so as to break up the carbonized blank into
t he granularS&@ﬁggﬁﬁﬁye carbon material. 5. The process of claim4, wherein
the first and second crosslinkers are f ormal dehyde and the first and second
mxtures are the sanemabiaidtiethPsc0s@SSxtfe fodaabficidnt WRQLEIA siffgedti rst and
second m xtures conprise a mxture of formal dehyde and resorcinol. 7. The
process of cleaipeiathire wtiethe kddodl mik@eelolyfleliaes intd Midarkt anul ar conductive carbon
mat erial conprises particles having a particle size between about 20

firing the blank at a sufficient temperature and for a sufficient time such

ﬁw_"_o

that the blank carbonizes into an electrically conductive member; and
processing the blank, after the blank cools, so as to break up the

carbonized blank into the granular conductive carbon material.

5. The process of claim 4, wherein the first and second crosslinkers

are formaldehyde and the first and second mixtures are the same.

6. The process of claim 4, wherein the first and second mixtures

comprise a mixture of formaldehyde and resorcinol.
7. The process of claim 1, wherein at least 75% of the granular
conductive carbon material comprises particles having a particle size between about 20

microns and about 100 microns.

8. A process for forming an electrode comprising the steps oft
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m crons and about 100 microns. 8. A process for formng an el ectrode
conprising the steps of: 41 WO 2006/ 135411 PCT[ US2005/ 031362 di ssol ving at
| east one polwgshi&alhon mononer in a first crosslinkerpt 0 f9hiad first
liquor; maintaining the first liquor for a sufficient tine nd at a
sufficient tenperature until the first liquor forns a partially reacted

| iquor; mxing the partially reacted liquor with a second crosslinker to
forma mxed first liquor and maintaining the mxed first liquor for a
sufficient tine and alygigih ool eGP SaeBld otk ge 11t

| i quor pol ynerizes into a rring the first solid blank at
a sufficient g ELakhse and for a sufficient time such that the first
solid blank carbonizes into an electrically conductive nenber; processing

the first solid bl ank1ma§1ftz¥n§ﬁg&@ﬁrs{ﬁqﬁgfoﬁlsgﬁl&eﬁ’cqﬁﬂesand§thsﬁﬁcfeﬁ’c br eak up the
carboni zed blank into a granular carbon nmaterial; wetting the granul ar

car bon naterHg&m%ﬁ&@mﬁﬂm@%&kngm;ﬁ*&§ygaﬁak”k§m@hqm*ture of the first |iquor
and a wetting solvent; mxing the wetted granular carbon material for a tine

and at a sufficient tﬁﬁﬁ@ﬂh@b#ﬁ@ly&&ct@&lﬁubﬁvﬁm dedond @rogdlibkdr REfo@s @nul ar car bon
materi al ; adding a second crosslinker to the granular carbon materi al,
sol vent and hixétirstliigeid@id Maixthiding tHe @nife fifg BoedONshifidiedt thihe ndrsgh Nt ai ni ng t he
second m xture at a sufficient tenperature and for a sufficient tine until
t he second msxffidlett tROdeyHRs wrikie the nitted fisst B@oQtyneakds thidh Arksolidiblank; fi ri ng t he
second solid blank for a sufficient time and at a sufficient

firing the first solid blank at a sufficient temperature and for a sufficient

time such that the first solid blank carbonizes into an electrically conductive member;

processing the first solid blank, after the first block cools, so as to break up
the carbonized blank into a granular carbon material;

wetting the granular carbon material with a wetting fluid that is a mixture
of the first liquor and a wetting solvent;

mixing the wetted granular carbon material for a time and at a sufficient

| temperature to sufficiently de-air the granular carbon material;

adding a second crosslinker to the granular carbon material, solvent and
first liquor mixture to form a second mixture;

maintaining the second mixture at a sufficient temperature and for a
sufficient time until the second mixture polymerizes into a second solid blank; and

firing the second solid blank for a sufficient time and at a sufficient
temperature such that the second solid blank carbonizes into an electrically conductive

substrate.
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tenperature such that the second solid blank carbonizes into an electrically
conductive substrate. 42 WO 2006/ 135411 PCTI US2005/ 031362 9. The process
of claim 8, j e tenperature of the first |iquori Lht ained at
bet ween 120'w@§éﬁ%ﬁiﬁg' F during polynerization. 10. TH%“%F%@%@%ﬁ%f claim 8,
wherein the first solid blank is fired at a tenperature of at |east 900" C.
11. The process of claim8, wherein the at |east one nononer is resorcinol
and one or nore of the first and second crosslinkers conprise fornal dehyde.
12. The process of clagim wherein.the f.irst I ' ed for nore
than 18 hours betmeena70' MhE %%2m%gﬁw$?éfﬁsg#ﬁgﬁg%§€%§§%8%Mé1ain18,
wherein the step.of firin fi R i k. includes the step of:
provi di ng anmﬁﬁé?qﬁ%ﬁ?%W%%EgﬁFf#iﬁgrg?%%%?%&%ggﬁﬁI% second refractory,
wherein the fast refractory is an upper refractory that is novable relative
to the second refractory which is a stationary |ower refractory, the upper
refractory functioni ngd.astl%ep{(}QésgbﬂM' 1 Gl A0 B4Rk 10Xy gen

e

at nrosphere envi ronnent w irst solid blank being placed between the

upper and | oper refractiofd & for the step of firing the first solid blank.
43 WO 2006/ 135411 PCT/ 1152005/ 031362 14. The process of claim8, wherein

during the step of firing the first solid blank, the first solid blank is
heated so that the material thereof is uniformy raised

11.  The process of claim 8, wherein the at least one monomer is

resorcinol and one or more of the first and second crosslinkers comprise formaldehyde.

12.  The process of claim 8, wherein the first solid blank is cured for

more than 18 hours between 70° F to about 125° F.

13.  The process of claim 8, wherein the step of firing the first solid
blank includes the step of:

providing an oven including a first refractory and a second refractory,
wherein the first refractory is an upper refractory that is movable relative to the second
refractory which is a stationary lower refractory, the upper refractory functioning as a
holding weight and minimizing the oxygen atmosphere environment with the first solid
blank being placed between the upper and lower refractories for the step of firing the first

solid blank.
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to a tenperature of at |east about 975 C. 15. The process of claimS8§,
wherein the step of firing the first solid blank includes the step of:
purgi ng the nosphere during an initial tine e firing
of the flrstqégg?gﬁgﬁgnk t hrough the creation of conbu???g%%gggggﬁthat are
formed as a result of carbonizing the first solid blank during the firing
thereof. 16. The process of claim8, wherein the step of processing the
first solid blank conprises the steps of. introducing chunks of the first

sol i d brank though a G5USE pfdded: OF i BB aibh B Sicp Bfhds M RAUC] NO L he

smal l er pieces into a'jet at causes e shal | er pleces to be broken
down into thg, b%ie'tﬁéﬁ&%ﬁmaamg ﬁerafe@gmhé?hemllfa%alaﬁ&e‘o@msmﬁm{sm 8, wherein

at | east 75% of the granular  conductive carbon materi al conprises particles
having a parqég&ﬁp§h&gob§h%@ggmﬁbgpt 20 mcrons and 100 microns. 18. The
process of the claim8, wherein the step of wetting the granular conductive
carbon material conprises the step of: 44 WD 2006/ 135411 PCT/ US2005/ 031362
i ntroduci ng the granul ar conductive carbon material to a partially reacted
pol ymer liquor w th sgkventheagded opddm piikai Mt fep diRinpeetred s@@aanul ar
conductive carbon material in a de-airing environnent between about 18
hours and 36 phakmSluli® thedeplF:t the m xture to de-air. 19. The process of
claim8, wherein the step of m xing the granul ar

purging the oven of atmosphere during an initial time period of the firing

of the first solid blank through the creation of combustion gases that are formed as a

result of carbonizing the first solid blank during the firing thereof.

16.  The process of claim 8, wherein the step of processing the first
solid blank comprises the steps of:

introducing chunks of the first solid blank though a crusher to form
smaller pieces; and

introducing the smaller pieces into a jet mill that causes the smaller pieces

to be broken down into the granular carbon material.
17.  The process of claim 8, wherein at least 75% of the granular
conductive carbon material comprises particles having a particle size between about 20

microns and 100 microns.

18.  The process of the claim 8, wherein the step of wetting the

grannlar conductive carbon material comprises the step of:
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carbon material with an additional anount of the second crosslinker to form
the second m xture conprises the step of: stirring the first mxture so as

to keep the g&g&&hﬁg“garbon material in suspension as]kﬁﬁm§ﬁgggg m xture is
ot s of cle 3

pol ymeri zed in e second solid blank 20. The proces alm wherein
after the step of polynerizing the second blank and before the step of
firing the second blank farther including the step of placing the second
blank in a air-tight seal ed environnment for at |east 24 hours and up to 48

hours at a tenperaturg betyeen abouwt.oifhfveaRBoPRakial dipartalf Radd@r Mt curing
t hereof. 21. The process &ﬁggﬁain18f0fuff%er ?nclu&?ng t he steps of: placing

the electri Cftll%n\.{e GORAYGH LofonPAdt Barld Tty the ABRALALME: Bhdubtivet he  firing
step is conple eé; cooling the electrically conductive plate to about room

tenper at ur e; . ARM mRHAGES 8- Bent BRuehREt bdntath lpouE BBUG kha/B Hobdte by machi ni ng
the plate to a preselected dinensions. 45 WD 20061135411 PCT/ US2005/ 031362

22. The proc&§§ﬁqgngh@g@3&;ﬁnmherein the step of processing the electrically
conductive substrate includes the steps of trimmng and squaring the plate
so that it is flat and true across all surfaces. 23. The process of claim
21, wherein the step of processing the electrically conductive substrate
i ncludes the step of sppl Yhagrosds ef okim 8] wiskeichea sterdfoarixin@de grifdarpr ocess of
claim 23, farther including the steps o

carbon material with an additional amount of the second crosslinker to form the second

mixture comprises the step of:

stirring the first mixture so as to keep the granular carbon material in

suspension as the second mixture is polymerized into the second solid blank.

20.  The process of claim 8, wherein after the step of polymerizing the
second blank and before the step of firing the second blank, further including the step of:

placing the second blank in a air-tight sealed environment for at least 24
hours and up to 48 hours at a temperature between about 70° F and about 145° F to permit

curing thereof.

21.  The process of-claim 8, further including the steps of:

placing the electrically conductive plate in a snuff apparatus afier the
firing step is completed;

cooling the electrically conductive plate to about room temperature; and

processing the electrically conductive plate by machining the plate to a

preselected dimensions.
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securely coupling the electrical connector in place in a recess forned in
the plate; and sealing the electrical. connector conponent mﬁthin t he
recess. 25. JheopiRsgss of claim8, wherein the first &L he mettlng
fluid are the sgne é%d are formed of m xture of formalc}J Hg resorC|no
26. The process of claim8, wherein firing the first and second solid

bl anks i ncludes the steps of: providing an oven fornmed of a first refractory
and a second refractory, the first refractor being a hearth refractory and
the second refractory being a novable refractory, 46 WO 2006/ 135411

PCT/ US2005/ 031362 di sposing one of the first and second bl anks between the
first and second = IefHact OfoBRoed éﬁgaﬁ%ﬂe@&tﬁ&@@wsﬁce@gﬂm@t the

refractories provide a predeterm ne egree mnutes per gram of heating so

that the fesgﬁs&lbsﬁ cpmeqﬂfeg&s&a@a 1586k Bie Fedlo @fihe S%‘M%lehgﬁpﬁfa@tswe 27. A

process for formng an el ectrode conprising t s of ting a granul ar
conducti ve -ca[bea AL AMRhadM iladddr st wetting f|UId sol vent and first
crosslinker and mxing the wetted granul ar conductive carbon material wth
an anount of a second crosslinker to forma first mxture; naintaining the
first mxture for a sufficient tinme and at a sufficient tenperature until
the first mxture pol yger i"ﬂﬁ?r&céﬁs@f@aiﬁb@,@lﬂierefﬂtﬁé @ dIfpRchkiagkef or a
sufficient time and at a sufficient tenperature such

electrically conductive substrate includes the step of:

applying an electrical connector.

24.  The process of claim 23, further including the steps of:
securely coupling the electrical connector in place in a recess formed in
the plate; and

sealing the elecirical connector component within the recess.

25.  The process of claim 8, wherein the first liquor and the wetting

fluid are the same and are formed of mixture of formaldehyde and resorcinol.

26. The process of claim 8, wherein firing the first and second solid

blanks includes the steps of:
providing an oven formed of a first refractory and a second refractory, the

first refractor being a hearth refractory and the second refractory being a movable

refractory;
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that the bl ock carbonizes into an electrically conductive substrate;
securely coupling an electrical connector conponent in place along a I|ength
of the bl ock |ng the el ectrical connector co The
process of cwgﬁﬁgﬁégémhereln t he pol yneri zation nnnongﬁgﬁgg&mwﬁgyied from
the group consisting of dihydroxy benzenes, dihydroxy napthal enes,
tri hydroxy benzenes and tri hydroxy napthalenes and m xtures thereof. 29. An
el ectrode for use in a deionization apparatus conprising 47 WO 20061135411
PCT/ US2005/ 031362 a pol yneri zati gn nmononer, rossl,j and a catal yst;
and or reaction produéiERospger ?¥ ﬁ@ﬁﬂﬁ?dpﬁgﬁ%@ﬁ? |ze G4 BRt hat is free
of a carbon fiber reinforcing agent that is added to a m xture of the
pol yreri zat i 6iRERSM¥  and the crosslinker. 30. The el ectrode of cIain129,
wherein the polynerlzatlc noner SES. at | .eas fromthe
1ru% % OBeé‘r?% g:ﬁf tggrlpe](.'r? ovide G E:de%%ng:% gxr hy dr

group consisting of dAyY rOXy henzenes, oXy
napht hal enes and tri hydrox enes _an 31. An
el ectrode forn’“&geép?rrﬁrén %tf‘ﬁgfg Ao B%Irvggllﬁlréﬂ%%)aﬁr%ﬁ??’sai %%%&Hﬁegol ynerization

nononer; a crosslinker; and a catalyst;
temperature.

27. A process for forming an electrode comprising the steps of:

wetting a granular conductive carbon materjal with a first wetting fluid,
solvent and first crosslinker and mixing the wetted granular canducﬁve carbon material
with an amount of a second crosslinker to form a first mixture;

maintaining the first mixture for a sufficient time and at a sufficient
temperature until the first mixture polymerizes into a block;

firing the block for a sufficient time and at a sufficient temperature such
that the biock carbonizes into an electrically conductive substrate;

securely coupling an electrical connector component in place along a
length of the block; and

sealing the electrical connector component.
28.  The process of claim 27, wherein the polymerization monomer is
selected from the group consisting of dihydroxy benzenes, dihydroxy napthalenes,

trihydroxy benzenes and tribydroxy napthalenes and mixtures thereof.

29.  An electrode for use in a deionization apparatus comprising:
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or reaction products thereof, together in a carbonized formthat is fornmed
froma honogenous reinforcenment naterial fornmed of a granul ar conductive

carbon mat egjplidfaL, has substantially the same cheniQ%Hnggﬁyﬁg&ﬁion as the
el ectrode. 32. A process for form ng an el ectrode conprising the steps of

wetting a granular conductive carbon material with a wetting fluid,
solvent, and first crosslinlcer to forma first mxture; 48 WO 2006/ 135411
PCT/ US2005/ 031362 mixing the first mxture with a second crosslinker;
maintaining the first mxture for a sufficient tine and at a sufficient

tenperature until t he FROPEFIRY %?%mﬁﬁlynerizes into a block; and firing the

bl ock for a sufficiengﬂ%& gq%dat a sufficient tenperature such that the

bl ock carboni zes into an electrically conductive substrate by subjecting the
block to infrared enqﬁg%bﬁmhhted by an infrared oven. 49

or reaction products thereof, together in a carbonized form that is free of a
carbon fiber reinforcing agent that is added to a mixture of the polymerization monomer

and the crosslinker.

30.  The electrode of claim 29, wherein the polymerization monomer
comprises at least one material from the group consisting of dihydroxy benzenes;
trihydroxy benzenes; dihydroxy naphthalenes and trihydroxy naphthalnes and mixtures

thereof.

31.  Anelectrode for use in a deionization apparatus comprising:

a polymerization monomer;

a crosslinker; and

a cafalyst;

or reaction products thereof, together in a carbonized form that is formed
from a homogenous reinforcement material formed of a granular conductive carbon

material that has substantially the same chemical composition as the electrode.
32. A process for forming an electrode comprising the steps of:

wetting a granular conductive carbon material with a wetting fluid,

solvent, and first crosslinker to form a first mixture;
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mixing the first mixture with a second crosslinker;

maintaining the first mixture for a sufficient time and at a sufficient
temperature until the first mixture polymerizes into a block; and

firing the block for a sufficient time and at a sufficient temperature such
that the block carbonizes into an electrically conductive substrate by subjecting the block

to infrared energy emitted by an infrared oven.
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