ELECTRODE FOR USE | N A DEI ONI ZATI ON APPARATUS AND METHOD OF MAKI NG SAME
Techni cal Field The present invention relates generally to an

el ect r ochwoize@13sapar ati on el ectrode for renoving ions, powhmdzevgo3sst di zi ng
and reducing contamnants and inpurities fromwater, fluids and other
aqueous process streans and for placing the renoved ions back into a
solution during a regeneration operation. The invention further relates to
a nmet hod of naking the sane. Background There are a nunber of different
systens for the separation of ions and inpurities fromwater effluents or
the |ike. For exanple, conventional processes include but are not limted
to ion exchange, reverse osnosis, electrodialysis, electrodeposition and
filtering. Over the years, a nunber of apparatuses have been proposed for
perform ng deioni zati on and subsequent regeneration of water effluents,
etc. One proposEHEGPROTAT GORFGSE 1 HEIGMIZZARIDOhABRRARATIUS AWBL | on of wat er
effluents is disclosed in U S. patent No. 6,309,532. The separation
apparatus uses a process thalETHODOGF MAEKINGGAMEAS a capacitive

dei oni zation (CDI) and in contrast to other conventional ion exchange
processes, this process does not require chem cals, whether acids, bases or
salt solutions for the regeneration of the system but rather, this

syst enus lectw:ligity. A stream of electrolyte to be processed, containing
vari ous Z%?%?Eggﬁégcations, el ectric dipoles, and/or suspended particles,

I's passed through ! ﬁ'gskeng) finvention relates generally to an electrochemical separation

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 apparatuses 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

i ons of twe 2o@pesitie charge, thereby renoving them frompswlusteosnsizéhus, 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 formed of non-sacrificial
el ectrodes of two different types. One type of electrode is fornmed froma

carbon based jnert carbon rix (ICM, This e]ectrode renoves and retains
i ons fron¥s&h clGlEBYs %sﬁ’feﬁ{nin&t?lwﬁ@ﬁb"%w by proprssedy cortginfagnyarions FHpR W The

ot her type of el ectrode, fornmed froma conductive material, does not renove
or renpveestipawerledttnslingiesn and/os| wepended martickest iy Pagsp| theamehnd staskreff ore i s
classified as being non-absorptive ("non-1CM el ectrode”). This property is
common t celedtecheridescaparitnedddiowmtmardstin doting h deipniption urificetam) wyele.pl at i num
and ot her conductive materials that do not degrade in the electric field in
an aqueouSuchodledtiodssin b echoattaty atddanoeiomstafotle dppoditer ¢hackeasheactdual

el ectrode in that it has a pair of conductive surfaces that are

el ect ri cajelgvingdhéh @dml offilogne anot her. Accordingly, in one enbodi ment, the
appar atus includes a nunber of conductive, non-sacrificial electrodes each

in the formof a fl i L i forma
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dei oni zation cell. During operation, I's established
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types. One type of electrode is formed from a carbon based inert carbon matrix (ICM).
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 electr%cally isolated from one another.

Accordingly, in one embodiment, the apparatus includes a number 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



t herebetween. In order to construct a stable, robust I1CM el ectrode, a
reinforcer is used to strengthen the high surface area absorptive material.
Typi cal | ywoth@/msimf orcer is in the formof a carbon sorcras2e8oBbizas car bon
felt, granular carbon or carbon fiber; however, it can also be in the form
of a carbon/cellulose or carbon silica mxture. The carbon source is used
as reinforcenent in the formation of the electrode and while it can cone in
different fornms, it is inportant that the carbon reinforcenent be

electrlcall conducti ve,and not, reduce the electric con ctance .of the
el ect r odecleAOdss ﬂ'&f‘ﬁageoﬁqJE@nf to the) et chg 8 P qrﬂ<§403|aeg fk'] Og%mﬁ]ave t he

necessary conductive properties and nust also be fully dispersed in the

ot her nat@eich¢t®eemat formthe | CM el ectrode, nanmely a
resorci nol formal dehyde |iquor, which then sets, or can absorb a simlar
quantity of the I|idoorddrio eonsttatinstaie ralveCAG electrads, aoninfepigawed toy of the
prior art electrodes that contain fiber reinforcenent affects its

absor pt i vereagitie klechiph cadface rapqaedbsopdve Mateeiak pEgpitdllya tHeyreinfdreeruis én dfie car bon
fibers as a carbon reinforcenent provides fewer attachnent sites for ions

and the efoggtyradarbdh sourteRsh 4stalliRon! fel Soriaflaredan b cdrbéh fiDNAVevef, iPosi ti ve
and negative ions. Thus, it is desirable to produce a honngenous el ect r ode

that is rohuss, rRnd tﬁ%nh%%%ﬁ%@ﬂcélﬁﬂ&fe% e5BBNLiLS ALAGE e Ths birbsn Wikhout the

use of conventional fiber reinforcenment. Sumrary According to one aspect,

the presegt, Lpventifflcden? SN W kdrhafisd 66 tt}?edelre&o%e and while it can come in

different forms, it is important that the carbon reinforcement be electrically conductive
and not reduce the electrical conductance of the electrode. A carbon source is selected to
permit the electrode to 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.

Summar
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



system or apparatus for the deionization and purification of influents or
effluents, such asprocess water and waste water effluents: and nore

parti cul avbyepod/ssdiirected to a nonsacrificial el ectrodepras/useddsoasea nmet hod
of making the sane. The el ectrodes of the invention, which enploy a
particul ate reinforcenment (which is preferably a particul ate reinforcenent
material that is the sanme chem cal conposition as the electrode itself)
does not require a carbon-fiber based reinforcenent. The el ectrode used in

the present deioni zation apparatus i ener al | r.odquced, by first

i nt r oducPiPg®H %ﬁﬂ?&@“@&ﬁ%ﬁéﬁﬁ@&sc Wcﬁﬁgﬁpﬁggﬂf “g§?¥8§6PnWhich is
formed of a solvent and a, _pol yneri zing, agent. The_rejnforci material is
sol i di fi exrifisia! elssirndsies wall amamethod of @a&n@ft@’r sE1ey Thseleehie SiOE t he

el ectrode. According to one exenplary enbodinment, the process for making

t he el ecinventéon, whichdawlayvepastiapaie sfinforcpmentdviichds prefesebly pgasiculaitc] udi ng at
| east one pol ynerization nononer dissolved in a first crosslinker

(crossl i rdfoggemgaihiterig] 2hat wethe sange chegricah ndraposttomchs the slectwde Bemif) dater i al
with a solvent and first liquor m xture, (3) adding a second crosslinker to
the firshotregilifra casinvight baszaRelbidkdevent ar bon material mxture, (4)

mai ntaining the fixture for a sufficient time and at a sufficient

tenperature until The8ndds beedin ihePrbdedseidMaBion afsiritts BREndrflly car boni zi ng
the solid for a sufficient tinme and at a sufficient tenperature such that

the sol igmﬁa%égg@{ fﬁstsinw&&i@l% g%lﬁﬁ%[rrcioﬁalckﬁ&e EADGH LIS 5B &gér«ﬁch &he

granul ar- con ve naterl can pe commerclially purchase It can be
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carbonized and then is preferably machined into the electrode.

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 granular 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 1naptha1enés, 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



di hydr oxy benzenes, di hydroxy mapt hal enes, trihydroxy benzenes and

tri hydroxy mapt hal enes and m xtures thereof, in a second crosslinker to
forma sewondodissuer, (2) maintaining the second |i quor PLEOUS200808136Zi ent
time and at a sufficient tenperature untilthe second |iquor polynerizes
into a solid (blank), (3) firing the blank at a sufficient tenperature and
for a sufficient time such that the blank carbonizes into an electrically
conductive menber and (4) processing the bl ank, after t he bl ank cools, so

as to bre e car onlzed bl an to r .conductive carbon
material . "%gég&?‘?rlp(? ot mRe iﬂlj’gc(gl's?%k)f &’Sf eh anlga a;ﬂlgtl granul ar
conductive carbon nateri al relnforced electrode i ncludes the steps of (1)
di ssol vi ntymperatuseand fop a syificient time pych that the Rlank gerkaminss site A elsetrigalhy dr oxy
benzenes, di hydroxy napthal enes, trihydroxybenzenes and tri hydroxy

napt hal enesndaetivemionher end ¢herasedsingthe blank, eftenstht blakkcogls, sg.as t ipeskaidehy de
(37% formalin solution)) to forma liquor (pre-react), (2) mxing the

r esul t ant theicabonizqat ankeiaei thevgtanular sedoctiVechbea matdeel. (37% f ormal i n
solution) for a sufficient tinme and at a sufficient tenperature until the

l'i quor pol ynerizes Oy pedfit ek dplaqlpr@tembpfdfﬁlmg(tﬁé pldsédtpehntilae first bl ock

at a sufficient tenperature and for a sufficient time such that the first

bl ock car QoRL&8R chBbR nAferal &%ﬁﬂce@élkyu&eﬁ%b%mm) &hdivRigagessi ng the
first block, after the first block cools, so as to break up the carbonized

first blogkd &%%Mﬂﬁ&&&ﬂg g @g&@g;@@ﬁaﬁ% ﬁ&fz@&eagmg&%fl (5)

di ssol ving at least one mat oup consi di hydr oxy
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mixing the resultant liquor pre-react with a second crosslinker (37% formalin solution)

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 nﬁxture polymerizes into a second

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



(6) wetting the processed granul ar conductive carbon material with a

sol vent, second |iquor(second pre-react), (7) adding a final crosslinker
(37% f or mmbi2n06s1B641i on) to the second |iquor, solvent, aou/ysc@spssen
granul ar carbon material mxture and mxing for a sufficient tine and at a
sufficient tenperature until the m xture polynerizes into a second solid
(block), and (8) firing the second block for a sufficient tinme and at a
sufficienttenperature such that the second bl ock carbonizes into an

el ect ri‘cal I conduc ive struct re t hat uni f.orm horm neous car bon

mat eri al . ©CHREREe suchthat thgsepo ﬂﬂfﬁﬂ%"é‘&é%mtt‘barhé%tﬂﬁalé( WlFomogenous
electrode as is realized in the present invention. For exanple, production
of a honoyerbus thet is@rmifgen hempgarepusaatbopanasgsiali zi ng operation of the
device, ion renoval, strength, porosity, flow characteristics, head |oss
and physical int engheyemIeammbeI acdvadeges toﬂaaydngtarlaarte,hohiogermnes]emodenventi on
has nore ion capacity conpared to the prior art electrodes that contain

car bon r easrif esatigstEintthe pbseneintyBitiono FoLeranpis brqducidss absa@dgaupon fiber as a
filler material, the new process disclosed herein does not use a filler

mat eri al @Ié’tﬁlroﬁb@sf ﬁff;féﬂ@ntha%pﬂnﬁﬁz&gr GPetatiBa b ABYiSe, idYPRIBYA! strehfi@, Use of
carbon fiber as a material "in prior art el ectrodes reduces the

amount of pdb &l HOFLhAERHARYAE foslh rgi?hygﬁﬁtmﬂe iy SPaklARAbdy @t ! ve during

t he separ atl process er vvor ber I er mat er| aI

I et d agddi t.
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di sadvant gges and defi ci enci es,
ﬁ? er material, the new process disclosed herein does not use a filler material and

therefore has less raw ingredients. Moreover, the use of carbon fiber as a filler material
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
throughoﬁt 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



There are a nunber of advantages that are realized in having a nore
honogeneous el ectrode. In particular, the resistivity and el ectrical

di stri butworoddwsughout the el ectrode are nore unif orm woenstés/ogisert r ode
(plate) is honpbgenous. In addition, the present el ectrode overcones a
nunber of deficiencies of the prior art electrodes and they do solve a
problemin that they nmake it possible to produce a thick self supportive

el ectrode that is all made of the sane carbon material. The present

el ectrodes al so, produce a nore equal or, bal ances renpval rate for both

posi tive BRgHEPOSy Moreysr L @89@‘?ma‘?ﬁ@”é‘?@é‘fqr@aét%ﬁ?‘-‘é@f‘éi’?eéh%ﬂccor ding to
t he present nethod provides a uniformand continuous naterial that is
capabl e obravidedeungowhandpentintoue niaterial thetris parfablsrof wemesing diarged mdteiadl ect r ode
does not contain inert filler or reinforcer, all of the material in the

el ect r ode (ipo9 @B wstet. N¥iscectha elactt@lcidets mot cd’ﬂtainﬁmarcﬁm oakenforcer utl @$ thiche
chance that the manufacturing process will result in an excessive

exot her ni gnategi@Cinitheleleddidde PodsbssePMisyiBriatéAstico The @askéstlso 8diRd e i Nto two
parts, nanely, a pre-reaction and final reaction, the anount of heat

gener at ed cRnc&aetthe h?aﬂufa@tuhhg}nto%%s wilkS&uR S 5)&95‘&%%}(5’33%1% sdacfigh, t hose

performng the reaction and so reducing the conplexity of the equi pnent
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Descri pt i gr?c%?n 3{/\? r%lﬁa e&?f?%% {;Ef?\é\thSP éSQBPWdJ éﬁ’c‘is %?%Iiffl““feég%ﬂsgs of the
present i nvﬁ(r)]stelp%%or\%&lg tlpeeireerxg%&g 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 Fisures

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;



readily apparent fromthe follow ng detail ed description and draw ngs of
illustrative enbodinents of the invention in which: Fig. 1 is a perspective
vi ew of awoebermsacheni cal separation el ectrode accordi rgTiUS2@05f0B813861
enbodiment Fig. 2 is schematic illustrating a blank or el ectrode nmateri al
being inserted into a heating device that is fornmed of two refractori es;
Fig. 3 is a perspective view of an electrode with an el ectrical connection
to a conductor according to a first enbodinent;Fig. 4 is a cross-sectional
vi ew taken al ong t li.ne 4-4 of, Fig. 3; Fig. 5 is a, perspective view of an
el ectrode with an gﬁ%éﬂ?PEEF*&?HH@%%F@%&kﬁl%9%%%%38?6%‘§§§%§ding to a
second enbodi nent; Fi % 6 is a cross-sectijional view taken along the |ine
6-6 of Fig. 5; FigFig>Jjigagerspscipericmal agelegirede with @ deqtvicnd eonmestipndn

el ectrical connection to a conductor according to a third enbodi nent; Fig.
8 is a crapegdutertacenrdingd eweqoatt embediowgt;the line 8-8 of Fig. 7; and Fig. 9
is a graph showing the results of X-ray diffraction (XRD) analysis
performed on el ect Foglé isratmwss-sdcsiomh siew takacdargtbatise 6ot Fih§; pr esent

i nvention conpared to conventional electrode materials. Detailed

Descri ption As not &, oY Berspdrbivdviesiian eRVERsHe vith drbelélitfi@e tRfhettRdnan
el ectrode and wat er deionization devices enploying this el ectrode. The

el ectr ode, @hdddi& dcb8RL119R tHiABembodiment;
Fig. 8 is a cross-sectional view taken along the line 8-8 of Fig. 7; and
Fig. 9 is 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 deionization. Perhaps 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



superior strength, conductance, and absorption characteristics conpared to
prior electrodes for water deionization. Perhaps as inportantly, the

manuf act wongoemeaess i s sinple and i certai n enbodi nenreTarspésywsizeeadi |y
avai lable starting materials. Thus, the invention greatly facilitates

devel opment of cost-effective water deionization devices for industrial,
commercial, and residential decontam nation uses. Non-Sacrificial Electrode
The present invention generally refers to an el ectrochem cal separation

el ectrod (Fi f [ Vi i i nt am nant s
and i rrpurgP 1%11 }%gtééqs'r %\&r \%\Q/aatng)?% aqfdleatrjg? (H(siﬁg rtl(gl&gét ‘%‘%ﬁlpg%{ﬁ é%lﬁé(ﬁ%frenap g%}rmsﬁl?[qui d process
streamns d ifrs suitahl eapplications. For ex | e and according to one
exenpl ar gﬂﬁtﬁ%dioﬁéﬁ’ %m?‘ﬁ%“ﬁ)!g?“éts@%&f UgT B& eb‘H’éza%gg a?%ar?}g? ?‘F‘tclﬂ?l}iﬁlkis%‘ suited for
use in a dejonization apparatus that includes a nunber_of parallel

ar r anged lumpatod paragl asTaased: ypdandmgrlechades WOy Ssetschirdhelovhieappar at us can
include a single type of electrode or the apparatus can be fornmed of nore

t han one appapdusnéanghdede peingle typaneldctiade on thel appamats cagbptarmed of mprehi n t he
apparatus. For exanple and according to one deionization schene, a single
type el edianede tyipe ofiskedtratedirangeairig en alsandthatpatielinaridrin thelappdratosieBorar e
oppositely charged for attracting particles of opposite charge. It wll be
under st o@ghriylé adDiyceriin 0 dnt Haibniafioarsalidnte, ABIgletypd tlegtodaisasednal use of the
present electrode and there are a great nunber of other uses for the

el ect r 0dgyraidea sy iapadj Nl dRIdeNIrE Bh iR c1d RRArbERT: ARt c@Sy YetidlesdT Ot her types
of applications. The el ectrode 100 can be used in a flowthrough, flow by,

or batch, %(%}t? (Q)i:la(}gg.'f Et%?lﬁ)te L 3BerSiBod Lt as];bﬁ%iawdl{hﬂ apfhatdl et A iRsCREA 9€d

surface a ttracting oppositel

one use of the present electrode and there are a great number of other uses for the
electrode, including other deionization applications as well as other types of applications.
The electrode 100 can be used in a ﬂow—through, flow by, or batch system
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



charged ions, particle, etc. A frane 30 can be di sposed around the

el ectrode 20 to provide structural support around the perineter of the
el ect r odewdQooclizes1appar at us can be constructed i n a nunpemr/ustoodiofier ent
manners and the el ectrodes can be arranged in any nunber of different
patterns within the apparatus. For exanple, 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

constr uci] 308, | Qa6 uRRRAGA! e dectaliPla ASuRHIchER RadtelignaEMENt S for the

el ect rodesS cont ai erein. ove, 1 n one enbodi nent, the
apparatus_inc]udes a nunber of conductjve, non-sacrificial electrodes that
each is Flr‘?c?‘?#@s gb”f f‘ﬁeé‘pj aﬁelﬁlt%ﬁ‘e&nﬁfggﬁr?%esoﬁé iR a't“ﬁaaat VQtl%éee?cﬁg}’ua orm a

dei oni zation cell. During operation, a valtage potential .is t abl i shed
bet ween #hesdetwgengdhiscant eséfg ardiggateleciides l?cénga@’élfﬁ‘?a CPRYUEY b FLO%EKFect i ng
onel ead of a voltage source to one of the electrodes and another lead is
at t ached ittiptot eaindbustorod dleks shet dbave-deseribad rlete smbpdimentis appsely prEMyydi so as to
produce a voltage potential therebetween. This can result in adjacent

el ect r odestulzeindgot himittecf dppmssentinyentidowinee the fresentsinventibe cambgker st ood t hat

t he above-described plate enbodinent is nerely exenplary in nature and not
i m ti ng nefutab@rddrte hewnt a hundestiolr assigisbeddésheplpr esefidurativient i on can be

manuf actured to have a nunber of designs besides a plate configuration. The

el ectrode 100 of tHhg. PeaRRMRL0DBY 8RBt ifveafbe isdichdrallPfoREd inh @riger i es of
steps that includes introducing a granular conductive carbon nmaterial into

a pol ymer ¢|.i . i j Jusn alolpe=) g§§§inker) to
cast a bPg%b%“gé#%%ﬁ%%?ﬁag%ﬁgg%%%%%?&gﬁ%i%ﬁg%, usua??@ﬂgg%ﬁ%%ing t he

carboni z %((:ilugl (?0%6& o Il 8(r)lr}pmterqgation monomer and a crosslinker) to cast a blank,

carbonizing the blank, and then, usually machining the carbonized blank to form 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
electrode 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 preparihg the granular material are

generally formed from the polymer liquor, which is formed of a number of ingredients
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el ectrode. As described belowin detail, the granular conductive materi al
can be either prepared follow ng a nunber of processing steps using

mat er i al swohadé/esimmespond to the el ectrode manuf act uri ngcpruse@s®3m62 can be
obtained cormmercially. Preferably, the granular conductive material is
pre-wetted and de-aired before the polynmer solid is forned. In the instance
where the granul ar conductive carbon material is prepared as part of the

el ectrode nmanufacturing process, a polynerized bl ank, which can be free of

oranul o L RS ok 5B WGBSR o0osse0

el ectrode. . The present electrode js formed so th it does nqt require the
use of a AflEsrt inghedientsWeh a3 HpteR aicghoclﬁ‘f‘c%?lq%Vq%ﬁg%’ﬁ@wlergFﬁaEffa%ita’(l,ar bon
source such as carbon felt, paper, or fiber or a carbon/cellul ose m xture.
The el ectrode bl ank and the blank for preparing the granular material are
generally fornmed fromthe polyner |[iquor, which is formed of a nunber of

i ngredi ent si ncl udi ®glyniee Lgpoyneri zati on nononer, the crosslinker, an
optional catalyst or activator, and inert ingredients, such as water,

al cohol, etc., as deseidingt theglobundr hiqasraafersrto dahiature thRDinylwdes 4.1 quor
Accordingly, the polynmer liquor refers to a mxture that includes a

pol yIer i ZRiynRizARaORBlofe ¥Rlell 238 c@sﬂﬁk@r&h&t%@dpaﬁl@@fdis&l@iﬁ?ﬂ&l e of
di ssol ving 't he pol yneri zation nononer as to suspend the polynerization

nononer i I ) i b RAT i.ngr edi en
IRt HerR koY i pen iRy Y aRb S Rofibidh RoluRSH. LTI edi ent s,
such as t%?é, a‘ilco 8€s,eret C. &F]%encan ac}(lzlgmrgdat eoaddilt I o(r)1 of a
pol yneri Zp%wn?err] Ii(c:p(i‘(t)raclax%fso %Bntgﬁtiﬁé/rﬁiﬁlgxredlte%}sukﬁ' gsu&/gt%r, Qcohols, ete. It can

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,
furfural 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
mumber 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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accel erates the polynerization process. Polynerization Mononer The

pol yneri zati on nononer should be (i) capable of crosslinking with other
nonomer s wo 2b@wissaipol yner which in turn (ii) can be carhoniszed/os36f or m an
electrically conductive material. In one enbodi nent, preferred polynerizing
agents are in the formof poly-hydroxy aryl groups, especially, di and tri
hydr oxyl benzene and napht hal ene. A specific di hydroxy benzene for use in
the invention is resorcinol. In a specific enbodi nent, the nononer is
selected fromthe g onsi sting. of . phenal., furfural alcohqgl, dihydroxy
benzenes, di hydr oxyﬁ‘ggtgflﬁ%lfe nEE PIPFTRR PSR 1%Eeﬁ%r8}?8£°a§ﬂ?ﬂze‘fir lﬁlePaSS‘ry

napt hal en and m xtures thereof. Resorcingl conmes in many different grades
and can bﬁﬁfﬁs %BOIWHStﬁ’GﬁB@bl%‘?f @%ﬁ?&@?@eq #dyesuligng highlykes, and

ot her convenjent forns. For exanple, resorcinol in a formsuitable for
organi c cRemuetare myeral dhppiisthe motenialis tahald a shepe) ihiuet fHmomchdras Hoechst

Cel anese Conpany, can be used to nmake the present el ectrode. As nentioned,
one pr ef epprdethtiomiiag ailiguidebeseciunial anppat gizbelcasbddizatiohade a rdshR, ik sul t ant
pol yner nust be capabl e of being carbonized and result in a

hi ghl ycontlelxved thanthe eing structdib asailabfe ih bertaimhiabhmaleSalt, GublPhsbodoshape, it

must forma char as opposed to formng a |liquid phase during any part of

t he car boglieflgtpossRssedhedakie Stthdturet n thir BEulRY §ehdniad, whild dah 'PclﬂTnSé ructure
ells

available in certain natural materials, such as coconut sh , possesses
the basi ccaldnbifieWh®on Whithglay beBbdgul 0se structures, which can forma

conductive carbon, which may” be used.
Crosslinker
The solvent of the polymer liquor is typically in the form of a bi-reactive
molecule or cross-linkfng 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, sodium hydroxide or potassium hydroxide or
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Crosslinker The solvent of the polynmer liquor is typically in the formof a
bi -reactive nol ecule or cross-Ilinking agent that can dissolve the

pol yrmer i avogo@gssiliit o form the pol yner |iquor. One part ipcuhmdedogoprset er r ed
solvent is formalin. However, other crosslnkers can be used including

gl ut eral dehyde or a solid source of formal dehyde, such as paraforml dehyde
and Met henam ne and hexanet hyl ene tetraam ne. Fornal dehyde is avail able
froma variety of suppliers, and also conmes in different grades and forns.

Formof PUFRBRe ARG ofr Tued St B Popegybinbife; WHELASREF 000 0 17 1

preservation, fromthe orgia- Pacific Resin, Spectfu em cal. Conpany.
Cat al yst CTRBOEHS greypsed, %ﬁﬁ %i‘fag%gtf?’}’emﬁ’&fe;ﬁ ?Eeélfﬁl(%h ?,2& %ﬁs%ag’ “Png t he
type of catalyst, the_PQrosity and strength of the final product can be
al t er ed. uspy catalntidhat ofill snrodngesthe leagameant o sgniawimaiing e heB ™ e ve to
initiate or accel erate crosslinking. For exanple, for

resorci nol - f or mal dehyde type pol yners, a caustic or base catal yst can be
used and in particular, sodium carbonate, sodi um hydroxide or potassium
hydroxi de orother base patmtysésLigu@ssuitable for use in the present

i nvention. Wien net hyl ol conpounds are used, a base catalyst can initiate

such a reaction. AkBie préfeirsd 0% alpkidngs fuStedlamiitaald ghttrodedhclndd |
i ntroduce the | east anmount of contamnation into the m xture. Pre-prepared

Li quor s . b@:d26:E 50 fofflarabide 1 orl e ARk toluiRing! ek réwen] ect r ode
Commercially available products and reacted mixtures of resorcinol and formaldehyde
are available under the generic categories of resoles and novolaks. Each of these
products is a mixture of resorcinol and formaldehyde and catalyst that is not reacted iﬁ
molar ratios that will result in a solid. These alternétives permit a custom manufactured
mixture to be provided that can be tailored to the desired molar and viscosity ratios of

catalyst, formaldehyde, and resorcinol.

Granmular Conductive 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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m xed resorcinol/formal dehyde liquor, there are alternatives to m xing
these reactants. Commercially avail abl e products and reacted m xtures of

r esor ci novoaneb/f3ef1rel dehyde are avail abl e under the genecrase@segms: es of
resol es and novol aks. Each of these products is a mxture of resorcinol and
f ormal dehyde and catalyst that is not reacted in nolar ratios that wll
result in a solid. These alternatives permt a custom nmanufactured m xture
to be provided that can be tailored to the desired nolar and viscosity

nductive

rati os of catalyst, formal dehyde, and .resorcjnol. anul ar

Car bon Ne a1 Rerogh Sl B pr ey BLEhRG AT THR BRI 1° ¢ e
term "granul ar, conductive, cafpbon material" refers to a icylate matter
that can BRIYHGSEr 5 PIstieS BB aeRI et And srin i Bl BiEiHS pny

car bon-based particul ate conductive material. Preferred granular conductive
car bon neineieriall thatstrengthrys andwelicrs the eapasiabioj ramginioraduoiie andparforaionsacri fi ce
in an electrical field nor dissolve in water. At |east in sone

appl i cat i en®yaltihenigbkrfut we ic ondufdtiuveg tercbwtrodan eguedset invertion. Asam of

carbon nanotubes. Wiile in one enbodi nent, the granular conductive carbon

mat eri al desulf, oémaid addivated caibony Al dvisf glabsy adidharucetts bimppsdased t hen
processing it so that it is broken into smaller particles, it will be

under st oogtithabry 8ok betaiCaPpBdatigaRt . the granul arconductive carbon
material can be comrercially purchased and then used. The granul ar

conductive carbon qggg%gﬁkP@ggﬁg§&;¥%&ﬂk@| strength and reinforcenment and
t herefore, any materia at strengthens and allows the material to remain
cerdsctive a1 pe LR QTR d.ogSol) Aol SRR 2ot n he
- conductive, homogenous, porous carbon structure that functions as an absorptive
electrode in a deionization 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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result, certain activated carbons and even gl assy carbon structures can
produce satisfactory results in certain applications. Process for Form ng

t he El ectwoadeosliissigoal of making the electrode is to preduas2@shbess?

el ectrically conductive, honbgenous, porous carbon structure that functions
as an absorptive electrode in a deionization device that is constructed to
renmove ions froma liquid when an electric current is applied. The

manuf acturing process for form ng the el ectrode generally includes the

ool yrer 1 2B e o Sl ot e PSR oot PpSoad bRt Sl

pol ynmeri zing a second |iquor with the granul ar conductive carhgon materi al
added to Pkandpiiator apchi s casss BelamstiFyoR RerELGHgsHEetthepaseagepatide al to
forman electrode. It can then be machined as desired. Polynerizing the

Bl ank Acchepalgmenlignes isalispepsedinto gamnld feeg-Lan ongn poroloening mald) thafliyner i zat i on
nmononmer and crosslinker are neasured out in appropriate anobunts to formthe
pol ynmer | p@fesably ket at s carseiled ofperamra Phetelmpamnturgaf the alold @mdtei on and m xed.
After the first polynerization reaction has finished the pre-blank polyner

is mxed watnfhigddit bhidegakd t@rfﬁé&@thieﬁiﬁﬁﬂ’g ahP nfu@bén off chnankomd] tdahiifeesdesi r ed
physi cal characteristics. | m xtures are stirred until honbgenous. A

pol ymer i pictuifds@he §ralnkstng S@Ren? 6r BE QDb abagPGaH: i WhRh $aGbifdohovever
it i's possiblefor the polynerization process to proceed w thout the use of

an initi a‘#xlgirnia%ﬂgg b h&lSe ﬁl@ﬁ@sireﬁ%rﬁ(ﬂ@itﬁr%@ﬂf@p 10fp4he ffmed sGIRPH for T the
passage of tl1 ne. 4
sufficient time period, the hardened solid is removed from the mold and carbonized.
The process of forming the blank reinforcement material thus begins with
forming a polymer liquor 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 ldifferent 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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The polynmer liquor is dispensed into a nold (e.g., an open top form ng

nol d) that is preferably kept at a controlled tenperature. The tenperature
of the noWo0e@m3baineai ntai ned at a desired tenperature esirng@sp3sanber of
conventional techniques, including the use of a heating el enent or the use
of a bath or the like which is capable of maintaining the nold at the
desired tenperature. After letting the fornmed solid sit for a sufficient
time period, the hardened solid is renoved fromthe nold and carboni zed.

Th f f i .he hl i : j i ith
° D" oSaRgRluL LIRS0, L8 IV0R GErRDL Rl S5 Zloh S B 1

formng a rwt 1.0 nolar ratio

of the crosslinker to polynerizati nononer. For .exa a bhatch of 7500
grans of §OESLe ﬁ%ﬂlv%%&?ed}!‘f‘t nﬂd’ﬂ@’&o(%@%%%?ﬁé Gen bf )fﬁ@g%@iffeﬁl psefﬂtmlff: ion (37%
formal dehyde with 11% nethanol ). After the first reactiqn has finished and
cool ed a dndiibgrefore therq aik a pupbed pfeliffeacn densgs ¢ e’?‘ﬁ%ra'f?ir??taﬁgém}eégﬁ? tthg in a
molar ratio of approximately 1.2 - 1.8 to 1 cross|inker to polynerization
nononer . earseé kedigsblye tharpaytdenidatom mopoms: wrthagrosdinkesy mal i n sol ution (37%
formal dehyde with 11% nethanol) is added to the m xture in this specific
exanple. It wll b&hepdbnst tiqaortiftien péranitidsioo polynstigebyphningties are nerely
exenplary in nature and that these quantities can be scaled linearly,

ei t her upyayder IRfuofi@Wiliebl€lsonditniesealtlivf fhe pelyinetigdtivh promsd fotprezedf At he
initial mxture that is used to formthe blank. The rate at which the

FoL e A DA e Oy st Spebsplc g rancaiaurier o
time and catalyst and the temperature are controlled, with the temperature preferably
being held between about 70° F and 125° F. In view of the foregoing, the optimal way to
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 the polymer liquid. 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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M xing or stirring the conbination can aid the process and conversely,

rai sing thetenperature can result in the process being sped up. As is
conmmonl y woawsv/13841en it cones to di ssol ving one nateri alPCIrnuSansbess2
material, tinme can be traded for tenperature and therefore, there are a
nunber of different ranges of tenperatures and tines that can be used to
di ssol ve the polynerizati on nononer in the crosslinker. The pol yner |iquor
is then permtted to polynerize by placing the polyner liquor in suitable

condition . DO ' r L talyst can
Leo be u@f%@?x%laﬁl%o?% %&ﬁu&h AfXﬁ%dl{rﬁéﬂl 819 &@Eﬁe %Jg)lr&leﬁgdatﬁ% théte G

pol ymeri zation e tur are cont oII d, with

t he terrpe‘(ritb‘:t’rlffl Eﬁ?ng’g&a%%ﬁsyﬁl eaﬂée H%‘i%d"’ 1@5@&,@@&6@8&0 dFleEsq gy In view
of the fore orng, t he opti mal he blank is to control t he

t enper at U#§ 3 dhen %B“%&P%lﬁ%@liref&ﬁ’i‘%ﬁrﬂo@t iR e mstad B0l Kk BRRESt £ uct ure. The
Mol d The nold that is used to formthe blank can have a nunber of different
conf i gur ardlyaikylenedinensandes diseibeicerporateduntoarstest mgldignd thipelimmetss thel s.  For
exanple, the formng nold can be a stainless steel form ng pan, such a 304
st ai nl essyeet iatthé ssesdanrppledagede agimvellewgvdrt it will be elesppdabitsicedokihat t he
nol d can be forned of other materials, such as al um num and pl astics that
speci fi célidey caloalsd bdaud: @yl bhadhateriald) anccd aaft phped or iyt dthdrii@at@ad] yer

liquid. One type of plastic that is suitable for making the nold is

pol yet hyl wiEiot BRWBMEL the pbRfker. Pl astics can be used to formthe nold. The
nold is preferably prepared to receive the polyner |iquor. Mre
While the mold can be any shape or geometry that the polymer liquor can

be poured, it also can be an injection mold. As is known, an injection mold includes two
complementary portions that mate to form an enclosure. One or both of 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
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. During this curing stage the

17



specifically, if the nold has a texture that will stick to the work piece,
then a nold rel ease agent is used to facilitate the renoval of the solid
that is swbesuesiihy forned in the nold. One exenpl ary molrse@sease2 agent
is carnauba wax that is spread on the surfacesof the nold prior to addition
of the polyner liquor. It wll be appreciated that there are other nold

rel ease agents that can be used with the nold. If a nold rel ease agent is
not used, then a liner can be directly incorporated into the netal nold.
For exanpl e p e liner i Ly, i s ated.into a steel
nol d and flmngldeﬁ%#érﬁg%ﬂggpet %aéa’r?ggggﬁgﬁ? ﬁglhégg}eg%egg&%s&%lﬁ%& argg Frg:ase agent .
However, it wll be understond that t .ol d lj.ner. can al sp be_nmade out of
ot her mat @FFtEF%d,y né’ﬁ?é‘??ngu%’rvﬁf &HBQB@PSGO‘?I}%EMP'@PHEI?Caﬁ% 157 apceforale thii | | not
bind with the polyner. Wiile the nold can be any shape or geonetry that the
pol yner | heydeningail sheinkeagsadhat thetblogkegn g%ﬁ%@é%@%ﬁhé@ml@n mold. As is
known, an injection nold includes two conplenentary portions that nate to
form an encl osure. Treepdymerized lighortipet this hiplecamher.alasspappeaors i s provi ded
with an inlet through which the polyner liquid is introduced and the

i nj ect i onpolginerized sblid tiaeis tppicallydeftrred topsa xeeogel. Afigrabé papmentiqioakss pl ace at
a w de range of pressures, depending on the type of injection nolding

t echni quesct dt®lrnddle a\kbld o it Yer@dvell bereldapeicforti the rasid. ot her factors, hi the
alternative enbodinent the nold is a container with a |lid. However, it wll

be appreci ated that the gnpbshiglbgoratiBiglky can be sealed cavity that is
then regulated in terns of 1ts tenperature. For exanple, the nold can be

tamperatur e of t he ATty Pasrpiepe i BT BENER bR (Rt o

flowthro

lajrg;] 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, the 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
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tenperature regul ator that serves to control the tenperature of the nold.
Curing the Blank I n one enbodi nent, the nold containing the polyner |iquor
m xt ure iwoiznawBsHiced to convection type heating bet weercahrsadosn8i362t o 145
F for a time period of about 24 to 72 hours. O her heating sources may be
used. During this curing stage thein-nold cured bl ocks are hard, and danp
with sonme unreacted fornmal dehyde and are el ectrically non-conductive. One
purpose of this in-nold heating is to accelerate the hardeni ng and

shrinkage_so that the. block can be renpved.for he | d. The po] ynerized
T Guor - sreaorsh et iRt + inestactrS TR it Rl AR Y saBi R | <
typically referred to as a xerogel. After the polyner |iquor has set and
turned t otoschauge; tgmperature; thergos witicaly p sigaiicart lng Hpetheoregich. ne@ar boni zat i on
of the Blank After the non-conductive blank un-reinforced polynmer has been
cur ed andteidpetasire énmerléadf dn potthast,thé dset dfehdp@pdat irfraptdhoed fon an oven so as
to fire and carbonize it into the granular conductive carbon material .

Pref er abl yarpdufifing Bl RREERALEDABY, 46 ¥RB ds the RAREhPHRTolcBmAR MUGaNd s
heat ed by any nunber of neans, including but not limted to belng heated by

el ectrici . r avi r infrare ner .et I n one
enbodi ne é{_{nlltpgﬁssﬁl g%egga%gﬁglrn% 1I 0& t@‘%/&‘hpgfa“ke Y;I@F%leﬁ!lﬁeg?lf %i P&Fie is an
infrared heater, generally indicated at 200. The present applicants have
di scover eMPHAUTE Fan %‘2@5%63 Rty i pesilefeanddield atey specific ieipsartuiss theesi r abl e

advant ages, including a
characteristics of the material can be controlled. By being able to precisely control the

temperature heating profile of the oven in real-time, the electrical performance
properties, e.g., conductivity, etc., of the electrode can be altered and tailored to a
specific application.

Advantageously, the construction of the oven can lead to an improved
manner of infroducing 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 ﬁovable refractory. The movable refractory is
disposed within the oven such that it represents the upper refractofy 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 refractory
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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significant tinme savings in the preparation process. Mre specifically,
carboni zati on process took generally from1l to 4 hours in a conventional
furnace, wbi2o@/135.1@ car boni zati on process has been cut @owust@shetzéeen
about 10 m nutes 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

real time_coptrol .of the.t erature.. More rti.cul arl conyentional ovens
have sl om}hégg’ﬁkiaé’ktwﬁ%ﬁﬂ%%ﬁ%‘ﬁ%@ﬁ“amt %1?%{ % tgwa%@glr?'siéﬂ%eded and the
oven is instructed to change tenperature, there is t%/pi cally a significant
lag tine Pemle tBeblankantebhisdeated foa fespemiyre belveen gba 1PP s 0 190k use of
the present infrared oven for carbonizing the present el ectrodes, as well

as the gr@nular reinforcenent material, permts instant real-tinme control
of the tenperature within the oven and since the tenperature can quickly be

changed, if needed, AgRfHed}lrsndér 18 oBREG fsithe 4RIBRAMCRS 8 Be o} mNBEACt eristics
of the material can be controlled. By being able to precisely control the

tenperatu in of.p | in.r e . the electrical
perfor mné%s%‘?%%%:re ?Sl @Iée’ a@Péh?Jecogn%&u@%ﬁ3§ Jfl(;)},cogt?@e,d ‘g& Pﬁ’gt &8y é%ttr g‘&% can be
altered and tailored to a s&eci fic application, Advantageously, .t

.the
const r uct PSRtBesPhsRS 1§ gerrallsdh by fhefesign of thepyetyy Mpraspredically. thedesdgniel ng heat
to the blank that is placed in the oven for the purpose of carbonization

t her eof . the cyeme isowbio thahi prevent @xygearfranm béing éscaniast Mathtaamajoopminapts 210,
220, which can be in the formof two infrared heater panels when the oven
200 is  the surface of the material of the blank due to the presence and construction of the
upper and lower refractories. However, it will be appreciated that the atmosphere of
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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an infrared oven. In another enbodi nent, the oven includes a first
refractory and a second refractory and according to one enbodi nent, the
first refwecbavisiis a hearth refractory and the second rpefrnmedsny1sbs a
novabl e refractory. The novable refractory is disposed within the oven such
that it represents the upper refractory of the two refractories; however,
it wll be appreciated that the |lower refractory can be configured so that
it is the novable refractory as opposed to the upper refractory. The

refractor as dual purpose byt when.if .is.used iLn. the carhonization
process \A};{‘%S’tr?@e B’Iﬁﬁﬁ%ﬁ’,‘mtttﬂée 68%‘3€tsofn°£“ﬂ@grbé‘? paf gt tiosglf‘ﬁ}nﬁagt t he
correct degree minutes per gram of heating sothat the blank material is

t hor oughl| gondupiEet; Velumepoadustisity: and gtrengtibe T he ulk resigpvitg o8 thsl cerbopized bl ank
material is heated to a tenperature between about 700 C to 1000 C. Anot her
par anet er nfacerabsdighewhen thh eengienaisiehie belowf700h€. anceif thd temphliatupe efSthat process,
t he at nosphere of the oven is not controlled with inert gas but rather, the

at mspher gydSis ¢ RiEIPtHeGRatENa1 Wil taEhG30 Qhaphit. Oven. More specifically, the
design of the oven is such that it prevents oxygen from being in contact

with a major porti f..th rface of e material of the bl r}ﬁ%duetothe
presence and const ?%uc? G8he g}a’#?‘%( Iﬂ%ﬁré?l tér% al%gylge{emlpglfaﬁggs[ %31“?‘:’33& wever, it
wi |l be appreciated that the atpopsphere of the oven can be cgntrolled using
bot h i ner flesiggatioprndRprasenff grny pf thedmpyities preserftipdhe opgind ngredieer t gas,
such as nitrogen, can be used to control the atnosphere of the oven as
opposed -t dheblanks ag iendeadd darsepredderaunminphé périadibsompltathe. According to
one enbodi nent, the material is in an oxygen-starved

carbonization process and it has been determined that the time of heating and the

temperature of heating together depend on the weight of the unheated blank. The

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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envi ronment because the refractories prevent oxygen form penetrating. The
oven is purged of atnosphere through the conbustion gasses created in the
initial fwobnoeissuaties of carbonization. After these initcalusmosowsss; there
is no air brought into the oven and therefore, the material is in a reduced
oxygen environnent. It will be appreciated that the purpose of firing the
bl ank material is to convert it froma phenolic polyner or plastic into a
carbon material. In other words, the firing process is a carbonization

. A suitaple t t far.th [ t ue bout 700 C
o about RV Pairsrtt oeted e po ot dfie Sabdpd BEBED COTver aiur s

at which the physical characteristics of the blank materi al

beconeundisgipeebire apd pet add spaaminatios ia,Be flank ¢prducdve casbenmatstizbut not

limted to, electrical conductivity; volume conductivity; and strength. The
bul k resistivity ofTheh®ntainehdniempdedmternnghlly withiagbngvrenpudher oesoper at ure i s
below 700 C. and if the tenperature of the oven is too high the nateri al

Wi |l becopm@et Qfe 6Ff @BNinhi %ermftb‘ RicQohia@r 18 fbakly sIped had tHefl rbliveabove

t enper at ures Causes further desiccation and burns off many of the

inmpuritie resent int oJ e [ ' . heat ed
for a pre@’@?‘etﬁ?nﬁ%eod’ i #gq%%éﬁag%o@g%ﬁ%gkh %%Ié’ %gir%ﬁg%l]?iz}éﬁ ih%%t%gﬂg%gss and
it has been determ ned that the tipme of heating a d@%ihe t enper at ure of
heat i ng tegenasH ddpeblaniomateral ad BrRFPeFd {he<gHfe hINPEYeBhe heat i ng
protocol is significantly influenced by the thickness of the material. A

t her nocoulreingaf thrematedal afier theeontepenis remevedafiremithg ovendairefrapte® t o conpare
the material tenperature to the oven tenperature, with the tenperature of
t he snuffing block can be provided and laid on the container to prevent oxygen form getting

to the blank. It is also possible to create an environment where the material can cool
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 specificaily, 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
into 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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material |agging the oven tenperature. Bulk resistivity is one of the
primary checks to see if it has been converted into a usable carbon form
The car bowDzatdemMi1ef the bl ank material involves taki ngpChaspéoassize2
material and converting it to carbon. After the blank material is
conpletely fired and carboni zed, nme oven is opened and the carboni zed bl ank
mat eri al has an orange glow due to the tenperature of the material. The
bl ank material will be fractured and in pieces as a result of the

carboni zati on _process. The bl anks, can be fired in contai ner, such as a
st ai nl esgnaieral fforythe jetmilly  Byematerighis|egtemgly hagd and abrasiverse ARSI aj ns t he
broken and fractured material so that recovery fromthe oven is conplete.
Whi | e t hecastidd onl eemslly hard|matenyal lsbowd be aphsédeired asghe cashing omtarighwhest ai nl ess
steel does not have to be the selected material of thecontainer; however,

the sel egif@ MBS indlls SPSilifr Bguiplt@. t 0 Wi t hstand the high tenperature and
not add contam nation to the blank conductive carbon material. The

container is renov i <\ % ot her
Sone of tool that. Aduif AP bE nckitted thaf b Aol o oBRREEPRUBATE 1} 1ET

renoved formthe hot_ oven. t he is renmoved fqrmthe. oven, there is a
ST ght . nimpoestes AndiRshEies gn e oot Botan e RENE: wyrfilive S5rop Ftegielosed +o
oxygen. In order to prevent burning of the material after the container is
removed fFhertechinisuey disclosedrhetein ereonsrelsheremiptgy Bnd et laniting ef e dvesetd and | ai d
on the container to prevent oxygen formgetting to the blank. It is also
possi bl e ihentibeat nyawaynvi ronnent where the material can cool quickly. Once
the tenperature of the blank reaches a predeterm ned tenperature, such as

200 C, t het car boni zed b GRRufPSdIRNB MRS fifst SIdp W oY BRLridekIEed
envi ronnen .

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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created by the snuffing block. Formation of G anular Conductive Materi al
Once the blank is cooled to roomtenperature, the blank is then further

pr ocessedwoldbsei3sqeci fically, the roomtenperature bl ankcrascwsnsdered to a
process that is configured to break up the blank into smaller pieces. In
one exenpl ary enbodi nent, the blank is run through a crushing hamrer m ||
process that is constructed to break up the blank into particles that are
of a known size and distribution. Any nunber of different nethods can be
used to break .the teri iLnto spaller. particles., One, preferred nethod
For  br oaktgt 20 Berat i1 Hroes Ok micsor il ool i e 6F e amicadaihar t hr ough
ajet mll. The jet mll requires a pre-crushing stage due to the fact that
the jet nbdyond hinmgdabldmevéredus paet isaherslyl ane gaemplagnranggandit wilibanet er .
This pre-stage can be any neans that will provide appropriately sized

f eedmat er ipprediAsd thaeddpetiding tpon thbbpplizaticr dindlupos tiexddse® imdnsiogs eftle abr asi ve
so a tungsten carbide or equally hard material should be considered as the

crushin ' S e - : . it
will begafpﬂ)%srdg% gltuél‘gﬁepﬁrﬁlﬁéﬂ% Medentel ¢S afeferfhBe i@rﬂrhép_ﬁhﬁﬁ?ﬁﬁﬂ) Jhus, i

t'hat any nunber of Tonventiona I ng processes and
techni ques can he ysed to formth ranul.ar conducti.v arbon material. The
t echni quete R GeddThai 5 Htb PGPS RSB B Bl BB ng of the
present invention in any way. According to one enmbodinent, the first step
is to use the crusheie Ruspese @f foraeg bblgnk ghingdhe cydng addhen e t he crusher

reduces the big chunks of the bl anks
carbonization thereof is to form a conductive carbon material and then the grinding

thereof is to convert the large carbonized material into smaller micron sized conductive
particles. This material can also be referred to as being a granular carbon material and
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 electrode; 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 graﬂular carbon material is typically a very porous, Vel‘}" 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 mannér 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 i)olymerization process.

Suitable alcohols include methanol, ethanol, n-propanol, I-propanol, n-butanol, I-
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to a predeterm ned snaller size, e.g., about 1/8 inch in size prior to the
subsequent step of using the jet mll device. This first device is

t her ef or ewa 2poceiss4miinary tool or device (lunp breaker or paTase@sB)36t hat i s
used prior to the jet mll step. The 1/8 inch material is then taken form
the lunp breaker or crusher into the jet mll. The hamer m | device is
configured with the correct hammers, clearances and RPMs (all of which are
vari abl es) to produce the particle distribution size that is desired. Yet
anot her function that can be coptrqlled is the feed rate of the broken-up
bl ank rrat BFnel J0draixiuges ‘%&ﬁ?‘?@r ﬁ’i‘el ﬁ.c‘)hlofowlf’(l’h DK Gap alsp daFlde W alther e are
ot her devices that can be used to grind or reduce the blank material to a
smal | er pAlcohab ereglegigabld vaiing npentubesaede theyearh anente volatilel andshaveta lewi ti cal to

the present process and instead, a pin mll, a ball mll, aroller mll,
etc., cansBRcef@sionAlkieh fichRatby gehematitn dFlpards indteafrhd@llarias&ed. t hr ough the
mll, the resulting particles of blank naterial size have a size that falls

substantial |y wi thin thed Apgs of BB GARIE CoRRCER MReHA 100 mcron with
a small percentage of the particles falling béyond this range. However,

this range is nerely one, ex lary. ran and it wi.ll b reciated that
dependi ng upon the %%epr}ﬁ]%% e?%sg%ﬁrsﬁgrgﬁﬁ][eﬁéan easric?%) ng%ar?;@é%g&otﬂga%{a? he
resulting crushed particles, the equipnent (e.g., .the crusher and the
harmmer i the magesial pad drivecrff all obibg alf, Mhibds trappedvithin hegarus materalc) es of

gi ven, desired dinensions. The purpose of formng a blank including the
curi ng anthis peagessivan dizeréforei beatalletha Ueiragfprocess. oSines e grapohd watbone car bon
material and then the grinding thereof is to convert the |arge carbonized
mat eri al dnifefaliBhhefh strRtOires) the WeaRRWMIEHd Meterial with a wetting fluid gets the

wetting fluid into all the pores inside 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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particles. This material can also be referred to as being a granul ar carbon
materi al and can also be referred to as "black sand" due to its appearance
in ternms wO2nde/t38i1mg a granul ar sand-1i ke material (snalPcTpsedosobss) and
its black color. This granular carbon material represents the starting
material that is used to reinforce the el ectrode; however, it is different
than the conventional carbon fiber fillers and results in the el ectrode
havi ng i nproved el ectrical perfornmance characteristics. Processing of the
G anul ar Conductive Material to forman Electrode T ranul ar carbon
material is typical¥y°0§ WQ“‘E?QF&&%?"E&%PHWW%&%‘P!%%%”&%SPiS@ﬁll arly if it
is prepared froma polyner blank as descri bed above. Accordingly, prior to
addi ng t heafsoialsraad hhs epapproprintely degigried stivrigevhicg] inside forr comstarily adt h a
wetting fluid in a manner to produce a wetted de-aired granul ar carbon

mat eri al . céuttollably etivigt the §eftbdind@rialn cCWhekethe irikeik dpdryitieclp ebiletioMm o a Vat er

| ower nol ecul ar wei ght al cohols, and any liquid that wll not interrupt or

change polyaphig %Eéo%gqlﬂﬁ ‘gtgég(ﬁet'i%irni%’ bf tl'ﬁg Bﬁte?iaﬁ%gtagk ii@ﬁ}s't'ﬂﬁemitﬂ ?}}Zirg et hanol,

n- propanol , T-propa ut anol’, m xtures o The

al cohol or_al cohol m xtur an al so.include water. Al cohols are desirable
Getting agERSr pabelbaterhEa iy wipt s Susf aThF b oriBe GGl fotiB! hce
tension, which facilitates penetration_of pores in the granular material.
De- Al ri nguesn differepigparametersanti fhe2ivegpaplication hoptesen, suitablrevashum saengdissons t o
first wet the granular carbon material is to saturate the material and
drive of f amldn thé otdee ofibetweahatoht tve tbfappédospheres.n Hoveveo tiess areaharlyal .

exemplary strengths and the actual strength of such a vacuum is not critical to the
practice of the present invention. After the vacuum is formed, the liquid polymer with
wetting fluid is introduced under vacuum and the gas form within the tank is vented as
the liquid displaces the gaé 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.

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 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.

Polymerization of the Wetted Granular Carbon Material
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This process can therefore be called a de-airing process. Since the

granul ar carbon material has a high surface area, the wetting of the

mat eri al wibt2bocassatti ng fluid gets the wetting fluid i ntroTaiskooshelsppr es

i nside the granul ar carbon material before the polyner solidifies. This is
desirable and inportant so that bonding results to these reinforcing
particles (the granular carbon nmaterial) in order to achieve the physical
and el ectrical characteristics that are needed for the el ectrode. Thus, the
de-airing and the tting. of the granyl ar carbon material with the wetting
fluid are i rrportan\tﬁﬁ’éltlgfé"1 14y &Frlé‘alfuri%\ctmrﬂ?zﬂéen eqHodE cp ’Eﬁgwé%gabl e robust
el ectrode. During this process, the granul ar conductive carbon material is
sl owl y i rfailurd tleae svoulsl makscthe material yaispblan I ba@raspgpplicants heve obseevedi t h nol ar
rati os of about 0.4- 0.6 to 1.0 crosslinker to polynerization nonomer wth
a wet t i nghdtltethperiviiiecdonirsl mlibe pold B4 izaiodGpds mood inymraht infthe prodnetioar
conductive material by neans of m xing at tenperatures under 100 F . During

this ti ”Pofghéélbdtfod@iffgnpﬂa@ bl SRR ErHoR Tt id UbmBired REMEI ¥l Srmeaf 61T abl y,

this procedure 1's undertaken in a sealed tank environnent that is or can be

connected, to a vacuuym and .includes_s e stirring meghanismin the
tank to 3}\% %‘?"‘Blﬂf‘ﬁﬁatrg?rh@aﬁ?flﬁlr ﬁ*léer? greszi%??alsé%gqr uc Oiéta\l?telgséugf mcf%lﬁ be referred
to as a deairing vacuumtank or a de-airing stirring_ tank.|n one

enbodi nerRolymEIZEeH PBe iBeiesis ithad thegerapyen capbrngpaipriglotll setledf itisRYtr j al s and
has an appropriately designed stirring wheel inside for constantly and

cont r ol | ashikned gluring ihegotyineerizatidreptoness and ad a rashienstirting bbbk gramubpeahonvel y
connected to a vacuumto acconplish the de-airing of the material, the tank
is first hakdifds Héeibd s del 4 keep the material in suspension. The stirring can be

accomplished using any number of different types of devices as previously disclosed.
Static in-line mixer, similar to an extrusion tip’, 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 alternative 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 commerciélly 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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granul ar carbon material and a vacuumis created. The strength of the
vacuum depends upon different paraneters ant the given application;

however, woi2o@bizesivacuum strengths are on the order of Pperwsensaboet two to
four atnospheres. However, these are nerely exenplary strengths and the
actual strength of such a vacuumis not critical to the practice of the
present invention. After the vacuumis formed, the liquid polynmer with
wetting fluid is introduced under vacuum and the gas formw thin the tank

is vente (e[ET: i es.the gas inside the tank. The gas is thus
vent ed aghe%f e’lwsi}g eg'prtlgge O%ﬁtltciafgﬁfﬁi%%?g'ﬁlze%ﬁr&dt%ﬁ%m?f geg Penbstobved to fill
t he spacgf?]l i nSiﬁgi? i@f acuum reduced_ granul ar carbon materjal. The vacuum
is not redGOEY W udiRg waGHBer acatalyst: sikhgp dbasegatalyst.ois baingiused. dds t he t ank has
been covered with the liquid. It will be appreciated that any of the

af or enment previeuslp oleptiened] squosuEtablzrcatatystssiecludebuthes det-Jmiitedrig spdiomess. The
de-airing of the material also results in the formation of a better

el ect r odecariforiateatM} fige hidrokiag; pUtRsReshRfrbAas;Talans k&rﬁo&ite;tc'aﬁilﬁ%eﬁ rode as
wel | as other physical properties. After the wetted granul ar carbon

mat eri al {;8,rf&m8. gd. . i .he. f form.ng.the
el ectrode 1arre tao’gg'(d:l P&u%g?lpﬁg ert#giax t()&)(g)ﬁ"l Elggésgﬂéﬁ)?%ﬁ%?g%a r{ag]ﬂggrweri ze the
material .at a proper predeternned tenperatyre. Polynerization of the

Vet ted G SRR TOBE parE AL TFRERY 19 7 BPiEASte B Gdn FFRIEE L ur e of ¢ he
el ectrode can result in a failure that would nake the material unusable.
The pr eseHBHparkomaferighie prsirrably substantially evenly distributed, both vertically

and horizontally.

It will also be appreciated that the polymerization process can be
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 polymerization
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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that tenperature control in the polymerization step is nore inportant in
the production of the electrode fromthe granul ar carbon material conpared
to the acwoabodwssmati on of the granul ar carbon materi al pCThse@sasB6at | east
several inportant issues in the polynerization. One issue is that the
granul ar carbon material will settle if it is not stirred during the

pol yneri zation process and as a result, stirring of the granular carbon
material is needed in order to keep the material in suspension. The
stirring IS i.ng f. di rent .types of devices
as previo%gpyggkggﬁgggg@§g?%?#§b€n9??ﬁgﬂggggﬁ?85|%#%%ﬁé‘%gﬁﬁ%extrusion tip,
can be used d this would involye controlling the polynerization to the
poi Nt wher RS (i Belyperization iad wlovistimestnd Fsipkias o g thedhloek & heot
settle once they have been extruded into the nold. In addition, the
materi al EHOVE domsethgangideri zed at a tenperature and rate that does not
result in boiling or lunps and the stirring of the material should continue
until the material can eaddinkpéosefthe BleotrodecMamtigl Wi t hout settling. An
alternative to formng the polymer liquor fromthe polynerization nononer,

crosslinker, etc., AferltRe M8@rcile BATBRES fodlal e b&%@ofﬁxfse}ibﬁtm{lﬁduce? some
of the preparation tinme. However, even when a commercially avarlable mx is

used, it J.S .k ' : ropriate nolar ratios, no matter
what | the SEoYEERERYL BRI e OB BRRRRY B BerB! Bl & 08"y Al ar
carbon material. The %ok%ﬂer quuoL and the_granul ar carbon material is

m xed und@MIrgRIREtIeryit VAl indesee ebeniratian o ey raRmens iptypicaltuin fhebel ow 125
F, with the surface area thereof being exposed to the nassheat exchanger.
The anmpurformfof g8 pyen dernpegor the likeqod preferdelp ethd Sverpsreoastruetdden tndf

same manner described hereinbefore with reference to the polymerization of the blank
material. In other words, the oven is configured and inciudes 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 electrode is then removed from the oven and it will likely begin to flame
when it comes into contact in an oxygen environment. The electrode is placed into a
snuffbox 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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factors, including whether a catal yst, such as a base catalyst, is being
used. As previously nentioned, sone suitable catalysts include but are not
limted twoxoaissicar bonate | M sodi um hydroxi de; pot as®curoshydnsrsszie;

cal ci um carbonate; cal ci um bi carbonate, etc. The goal of the mxing _
operation is to produce a material that is as honbgenous as possible as it
thickens to its hardened state and one in which the granular carbon
material is preferably substantially evenly distributed, both vertically

and hori z al so _be ciated that. the | yneyi zati on

process c gérilSIl (tazitéérg th%c!ge%OdenH rBYS éﬁgﬁ[l esﬁnhl?go’f ?ﬁails 6@?\’%&?@ Cé’@[/f_é’rrﬁf’mpr ocess
rel ated parameters to be controlled. For exanple, if the nold is placed in
a pressuréﬂn%l@g"é:‘éﬂe and then is reacted to polynerize the nmaterial contained
therein, the pressure can be |ncreased the time needed for polyrrerl zation
of the product can lsa nelait Ve BE i
controlled. This is also true mhen t he polyner Ilquor i's polynerlzed to

formthe bl ank thatWith respect tb ohd gurtieié bge e laatrisi@id WE te 2d)
material. After the stirring of the mxture is stopped and the m xture has

obt ai ned {18 BEARETofIRRE pHlBREYs cAdlR tﬁ@ﬁ &f:}nﬁ{leﬂcg aPieQét‘?&lr'c %ﬁctterlgtl gold. In

one enbodi nent, the nold containing t

i nt roduce nvect,,on t ati ng betwe bout 70Fto 145 F for a

time peri gfd&lgfﬁeg %%t %ret é’ggg Eﬂg' &téei%ﬁﬁ@f f%ﬁ? srtadeéatffe?}%"l%@be used to
desired tenperature. During this curin

mai ntain %r 111ty which 15 a mrggtsure of whether the m%terial falls apart gs it is touched, rubbed

grinded, or otherwise handled; (3) physical strength of the material- the material needs
to have sufficient physical strength in order for the material to be sawed, sanded,
carried, grooved, soldered, etc.; and (4) the ability of the electrode to absorb water
well. It has been observed that when the electrode is formed with big particles (200
microns or larger), the resulting electrode has very good flow characteristics but hae
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 inereased 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 granular 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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stage, the in-nold cured blocks are hard and danp with sonme unreacted

for mal dehydeand are el ectrically non- conductive. One purpose of this

i n-nmol d hwetnesp3sa1t o conpl ete the pol ynerizati on and alPcowsb@s@derssng and
shrinkage so that the block can be renove formthe nold. Carbonization of
the Electrode Material After the electrode has cured for a sufficient
period of time, it is then renoved fromthe airtight curing environnent and
is then placed into a firing environnent where it wll undergo

car boni zati on. This.envjragn i ically in the fo f en
(furnace) or the Ii® cea{h%a(ﬁ@?éf%%? E?YI%?IF?ee%%eéﬁmlméﬂ%&&\eggr%%agg{gi@\{t he sane
manner descri bed herei nhefore with reference to the pol ri zation of the
bl ank mat ¥rengih angd gt %‘fsr@lmtmfg‘F alg,ctrq#é;a%gghar}%iedc%qm%&lﬂvg a%‘ﬂgelwﬁ?flﬁﬁ@s a fixed
refractory and a novable refractory. The el ectrode itself, wthout a nold
pan, is igls@mtchqsmlgmf ¢lectepde Anishing erre, Whighswbe Bitheformof aisawingwer ed i nt o
pl ace over the el ectrode and then the door of the oven is closed. During

t he firi ngngingesd gjmiming aed. nportant that the el ectrode achi eves a
tenperature of between about 900 -975 C from edge to edge. In other words,

t he pol yner el ectr ddethies woed] sfcbr shecdledidods istcbeleé tembnoempenatues aal isias heat ed
to this tenperature conpletely through the el ectrode in a honbgenous

manner . Affiefreb iR B SI6tEIEEs MBcHRIAGr Bthelwiss fihighadab pdduce 4 GhisBedr €det er ni ned
period of time, the electrode is then renoved fromthe oven and it wll

| kely Dedbdiddd b%legg%aci]mi%gtﬂéét SRS, 01O @6 edied of heRAot@le. Sk ONMTEN

are two operations that have to be performed on the electrode. The first is that the
electrode has to be trimmed and squared and then sanded to a predetermined desired

- 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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snuf fbox or the Iike where, once again, a reduced oxygen environnment is

mai ntai ned until the electrode cools to about 200 C. As soon as the

el ect r odewoea@nes41tthi s cool edt enperature, the el ectrodeprcs/usessmwerset or mt he
snuffbox and is allowed to cool to roomtenperature. Particle Size of the
G anul ar Material used to make the Electrode Wth respect to the particle
size and the distribution of the particle size, the variability of these
paranmeters can be used to influence at |east four characteristics of the

el ectrod } &l r t ghl.SLICS.. sistivity;
(2) friagP?%9%3§ﬁ?§ﬁ“?s£§;ﬁ%%?%?%n%$£Vﬁgp§E%%fﬁ%kﬁé?%§?§§ﬁ?§%%§£§part as it
i s touched, .rybb r,inded r herw se handl.ed; (3 hysi cal strength of
the. mat o toatneton 0 A1y feusede piT s SE=BRBY B ing b ey 20Gr p 1
order for th terial to be sawed, sanded, carried, grqoved, sol dered,
etc.: andnfo o plis aggrss iowe@aﬂ thefgole 106 SHBREL FROHHED | 1) MIOMIQDEIEIOoNE has
been observed that when the electrode is formed with big particles (200

m crons of20 saelythey theiive cpéalithe ivwity exleads pwwrerdhaawyefrymdrdediodeplate
characteristics but has very poor physical strength and poor friability and
resi sti vi 160. foGdestacd ebynectibreto thh pogercomae.c Rhdstrippat eonéhadtori 14 Oiisthedne f or m of
a dust, having a size that is below a tenth of a mcron, the strength of

t he el ect seontelygiashedr chmeeRdss thg cldagod0pia® 00 dy iaan nehb& wAkdnviesidnbL | es al so
causes the el ectrode to have increased hardness and | ess flow through

por osi ty. méeeaheludisil Yhe )% o€ @R6IH6Y hitBFalA30! LEb@eStoFRedpdwRd k! € _
di stribution, one can control, with a select rangé, the physical, hydraulic

and possi fahshifd SRtrEAR e FRA A LRELRA Binioh MprbleERd g 140 i9N€

enbodi ment, the granular material Is formed of
disposed across the electrode plate 110 to effectively encase the electrical .connection.
For example, the electrode plate 110 can be saturated 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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particles where at |east 75% of the particles have a particle size between
about 20 m crons and 100 m crons. Once the electrode cools to room

t enper at we,20tdmesalect rode has its full strength and at pChivs2@siostss2 t he

el ectrode can be handled fromthe oven and delivered to a further
processing or electrode finishing area, which can be in the formof a

sawi ng, sanding and trimmng area. In other words, after the electrode is
cooled to roomtenperature and is at full strength, the el ectrode is

gg%rggﬁf% ?‘%ﬁ’ I\N}‘? %ﬁ%‘lﬁ% §$ enttgj Pdifé?)rqﬁs 1ﬁédqg§)g§9ﬁ ?E&ée l ctrode There
I f [
Chat 1 ne &rUeYs Ba8 hg?ﬁqﬁwﬁzs%ﬁsw B> Soapee A (RIS b %odas A

predeterm ned desired thickness. The el ectrode is thus fl i;l csi

conpl et elepscatiplhll thelbora,+ 30a deeondnefor s thep insersprbinig § 8@118‘2 15 Pé?l rred to
as squaring the el ectrode. One exenplary electrode is in the formof a 24 =
i nch squds Eidtieasliyhrasneshati¢atlymeaataintd thersmn, apduthe $ide materiel bengdisnesed/ 8 i nch.
The second step is attaching an electrical connection to the el ectrode that
will all ;antvdes tid @atiiackel 60ant ¢he addcirodensleid 100. Fheeweno xmdrbetveeMlicer i al
selection is critical considering the electrical connection may be

submer sedoider faahiedndhEsiBdnCoffthedlebtiofpplarod baradt, théteganekeBss of the
exact specifics of the electrode plate, when it is used in a deionization

appar at UspednbniBMSh tRecbotriRh] €He Yirdddctr M6l a8 in thB St Mfsad@soiét h a rod

or wire, such as formed from copper or other conductor. However, if the rod

3; W r € 'tﬁ ﬁ%é)ﬁ)mﬁt 29 sl Qioh 16y fid it e BB I BSPRLE Bt it I\ QR Hd Wbfefa Wi | | be

and one end (free end) 170 of the conductor 160 protrudes and extends outwardly from
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 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
to the conductor 160 to establish an electrical connection to the power source.

It 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 copper 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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sacrificed). Therefore, a dry connection between the rod or wire and the
plate is preferably established. Figs. 3-4 illustrate how such a dry
connect i omocasy/i3s41imade bet ween the el ectrode (el ectrodeppliratse)osh®@B6and a
conductor 110, preferably an insul ated copper w rebetween 8-18 AWG al so

ot her thicknesses can be used. The connection between the conductor 110 and
the electrode plate 100 is fornmed by drilling a channel or groove 120 into
the plate across one edge thereof. The stripped conductor 110 is laid into

h 120 h . h ' . dl
{romthe ol cotr ode raREn0BPrETefile Hrdef il S AR AN RELY Cource.

The stripped conductor 110 is.then securel ttached or, connected to the
el ect rodIO A R% %B%vaeaﬁgﬁ ROfHsETe oSy AV&%P%&?PX%%%&@CW&%‘&%@ t he use

of a solder material 13Q. In_order to prevent water fromreachi ng and

br eaki ng ¢fdare cheakmgapin the clechpdeaid Wrasing the sAnBeetiopand gEavERES VAL S

di sposed across the electrode plate 110 to effectively encase the

el ect ri cafuringeparetion Gam Potaciinethp bddertand the eopperodee hecatse theywilan be
saturated with a marine grade nonconductive epoxy, such as 2-part epoxy
resin #2, satrifica dirlngepGhtes Ihwothier oatds, e sabstanicehattb wicBHntoTtheelaanglenduct i ve
epoxy 140 seals the region around the copper wire 110, while not disturbing

the preexiritdnBghed @Cthé bwaide GaRo@Ciieohd e Wearicdl Rendxpasethdwiteul 10 and the
plate (electrode) 100. It will be appreciated that the protective coating

i's not |igklifsheliRe §1GeraP@hpeiRRl TRB ARG ABLEY dfahis Risthddat @bt i?ﬁx@sé?@esany nunber
of different materials so long as the material can soak into the carbon

el ect r odeyl At ;e300 ARoR Bl RRASE bl LY Blecfliih dfhndolgy OPEr ati on of the

el ectrode plate n tion, once the protective coating is

In another embodiment, the electrical connection to the electrode is
formed using a flame spraying contact deposition technique that is generally illustrated in
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
example, 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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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 el ectrode plate
100, therwbyodisssiishing the integrity of the el ectrodepplratseoos081361 n

anot her enbodi nent shown in Figs. 5-6, the electrical connection to the

el ectrode plate 100 is fornmed by drilling a bore 150 directly into the

el ectrode plate 100 al ong one edge thereof and preferably close to one of
the corners of the electrode platel00. In the illustrated enbodi nent, the

bore 150 is drilled into the u r .edge  of | ectrode ate 100 and then
a sol der RETEFHM fg’f%eiﬂ?egwﬁﬁingb%g%@“?ﬂvte%?%eqaﬁi%%}}%etﬁigﬁg%ogtbe f’%c‘[&‘ge ntially
fill the bore 150. A conductor 160 is then inserted into the filled bore
150 and i B#5i%¢ i onal Iy or mechanically maintained therein, with the sol der
mat eri al being di sposed between the conductor 160 and the el ectrode plate
100. There is no boRe pretenewplicands kaye diseoverrddhstdhe waewlgrrautaneasbon of t he

el ectrode plate 100 but rather, there is nerely a nechanical fit

t her ebet weeterialligghardyductiog thit0atedal flven sanatther Yyostartiog waithtpne-pagedd bol t  or
the like that is frictionally fit into the filled bore 150 such that it is

securel y hatdial)hbe edstltiap dlcomeleclnd had mneeaedd)ecttitdl @hdidiziganduet or 160
protrudes and extends outwardly fromthe edge of the electrode plate 100. ~

Thi's end gfanhBecebuntHEER4] rdiffrics thd @Rth8s. TIVMEGHEAdInS 6f thBlBQYRI10BOUr CE as
by an electrical cable or the like that is attached to the free end of the

conduct o vl 0ury RS &EARNHYE I aph B SRWENT, Gy SRANNEL 900 48T (can be

t hreaded such gly mate a conplenmentary threaded
conduct o Bl Do U APRPREPLRARA, 1 ol Tommer S0 58 0 permt i
an electrical con neﬁgei p%r}]fsi%zg)l dtnggnsPo%\é\%g th%% erct(%gde 100 will vary from application t§

application; 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 bj 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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It should be noted here that the seal ed el ectrical

connection can al so be

made by first saturating the plate with the nonconductive epoxy, drilling
t he hol e,wendodgmnsanti ng the stripped copper w re and thegTABRIOFIB62

addi ti onal

channel ,

epoxy to formthe seal
rather than sinply a hole,

inserting a wwre strip of an electrical

epoxy. The basic princi pal
of the plate and thgp

mat eri al

pl at e (elgqf

or epoxy
epoxy or

that prefera

a8

is to forman electrical

PRlsnoR oS R SR D B SHLRR A T (e

ifferent types of plastic

Ho . it is possible t
R R Rt Dt B Beret R S il | ong hs ¢ e

connect or

O her variations can include formng a
in the edge of the plate,
before sealing with the
connection in a region

and t hen

ghgtectiégﬁpoating i s capable of soaking up in the el ectrode and
encasi ng W 1on and preventing water during operation from

contacting the solder and the copper wire because they will sacrifice
during operation, hi other words, thAR&dbhstance has to wick into .the

el ectrode _and encase it on the outside w thout affecting the electrical
conducti ity and w t Reagertynsul ati ng t hge sol der edMeaniReicYale®). The advant ages
of this pethod are that it preserves the electrical connection and it nakes

it an easy el ectriBEN sigfabdigesi on. I n another enbadi FeRy mAEhe erectrigal
connection to the electrode is formed pusing a flanme spraying contact

deposi tijon techni U ialndSgenerat tyiiiostratgd var . fFigs—7=-6. hithis
enbodi ngnt, a chan%@lror afbove 180 i s| forned (esgy?éggngg machi ni ng

al ong
one edge[ okt Fect e ntgtetH0and—thenr—a—<candugti-veraterial—390 i s
ra%%%ﬁgﬁphgmkggéﬁﬁﬁgﬁgﬁétgﬁg edge of thé*gkg%ﬁﬂdﬂégplate 100/ so as

flame sp 0 an
to formpapgd-detHne—a -
“BJH cumulafive 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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conductive pathway or electrical contact for the electrode plate 100. By
flame spraying the conductive material, the contact can be easily forned

al ong t heweleeimsde 180 and can easily be formed to havecans2esnbss2 of
shapes. For exanple, the channel 180 that receives the conductive materi al
does not have to be sinply linear in nature but rather it can include one
or nore bends or curves forned therein for any nunber of reasons, including
nounting and application considerations. After dlsp05|ng the conductive

mat eri al
structur
conduct i

] 100 +
SIS 186—tof
rODS

g t he techniqL

r can-bha cnat
Vo TTEAU OT l

100 H + +_1
TI0 1T1TIo U1l
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ve mat o
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es descrloe OVE. ror exanpl
J.\JL,

Ilul

one of t
t he el ed
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qf the el ect lg@émpirate 100. The

MRl saspnvn: %ﬁﬁfé& AR or !

trical connection forned betwegq

use of qgranul ar carbon materi

]

At T
dls so as tolﬁﬁgégave t he integ

n the conductive material 190
present applicants have discg
al (either by creating this ns

from scr
el ectrog
mat eri al

at &iHadsdptist aetdga gossi didmgiere-
e 100 has increased el ectrical
reinforces tine/sl ectrode. The

repared nat éPi5384 A the resul ti
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povever 85607 9 19 S BAEITRLSEN ROR, Bl el Lo, 480 N o

t hi ckness of from about nch t rom about 10
illustrative and is not limiting of the present invention. In other words, the above

i nches ta

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 amorbhous, 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 (material fingerprint so to speak) of the present
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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 illustrated

as havi ngwe @uasai1shape, it will be understood that thecelseinsossszan have
a nunber of other shapes. For exanple, the el ectrode can have a rectangul ar
shape or triangular shape or any other type of shape, including regular and
irregul ar shapes, to take advantage of flow and nmechani cal characteristics

of those shapes, hi other words and according to one particul ar

appl i catig en'e{l?S’xgﬁégﬁ%ﬁtﬁﬂ%}le%ﬁ%d%ét?H%%danh' f)eﬂﬁaﬂﬁj ?é;é@h%%? _el%[?@@zg:gt us such

that the ‘el'ectro rovi ara sorptive suf I ne a

geonetric_shape i a i ckness between them For exanple, the geonetric
shape caﬁeﬁe%@Fkag?hggpgﬁ&Par shape or an irregular shape and nore

particularly, the geonetrjc shape can be ip the formof a_square,

rectangl e, trapezoi FPé’i'“Pif’Pé"FrequSiﬂE@ez,O é?/?sgrﬁ%m}cr%‘fs&n $88a P PEAHD| ect r ode
was manufactured according to the principles set forth above and the

f ol | owi ngreviensanaiveis Aadiestng iadicaed et the partinlsa wareeappeprimately vaderniard h i n t he
foll ow ng Tabl es: AREA VOLUME PORE SIZEIt will be appreciated that the
above Exahgptford, shayprazé yotere npplafeytikend il lustrative and is not limting of
the present invention, hi other words, the above properties and neasured
val ues are nerely iThepslveatddpewes sadiles wdve atpoeet tb@opperl@tlphgul ar el ectrode

of the present invention and therefore, electrodes nmade in accordance with

t he wavelength radiation and were scanned by the incident beam over an angular range of 20
to 30 degrees with diffracted intensity measured in steps of 0.2 degrees. Crystalline
structure within the sample is shown and indicated by peaks in the diffracted intensity
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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present invention can be outside of the above neasured val ues. hi addition,
the el ectrodes made in accordance wth the present invention underwent
further gwenbeddsiite anal ysis and the results were conpacedsc@snesat t s
obt ai ned from conventi onal el ectrodes under the sane test conditions. Mre
specifically, the present electrode materials were subjected to X-ray
diffraction (XRD) analysis. As is well know, XRD analysis characterizes the
crystalline, or anorphous, nature of a typically although not necessarily a

solid material. ring. the experiment,, the s I 0 e present

el ectr ode‘gegﬁ"feédﬁgégra@ t‘tcﬂi’éalﬁ%tttﬁ‘ékaw ibﬁg}l&g%&e@né‘hd’tfﬂjﬁ\f??’?ﬁo %he
characteristics described above, including those |listed jn the above
Exanpl e, seamwdespaadgdr pecerlanerdvish tearpthnd of tis presept iovendiops \@l’fﬂ%}}ed’éﬁk and t hen
exposed to an incident beam of x-rays. The same was done for other

comrer ci ahdight édiffrdcted|intensityh varamgolightlyefien pag elegtrode mepéarial to anothsadue tohe XRD
analysis (material fingerprint so to speak) of the presentmaterials and
convent i onaling bectysedaditivdse suchlas diffensht hentipg ptafdes, ag,, didtraybbating siew

el ectrodes (e.g., MarkeTech Aerogels). The particles were | ess than 200
mesh (74 §afot9msor tBnpér@res! Msaalbé i in PEeY,itiiicurandl Olibtsefsrts thest i ng

i ndicated that the particles were approxi mately uni form and therefore, they

wer e not 5@@ Qlonk AbrEadi bk&d elRBodId¥ES ok BEVRAVES cHBRIL PEalMBIR: SxPosed to
Copper K a pﬁa wavel ength radi ati on and were scanned by the incident beam

ovet 20 Bl b 0 AR AR AR RS LY
s shown and I NdLSRLCH Q¥ aBEAKR dafboh P EorthblclaRFafeftals HGBRE ¥ the same

XRD analysis. Thus, the conventional electrode materials appear to be lacking the

particular graphitic structure of the electrodes 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 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 having improved ion capacity as well as the other improved

properties and characteristics described hereinbefore.
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pl ots, which are unique to crystalline chem cal structures or norphol ogies.
I n carbonaceous materials, graphite has a unique crystal structure and

t hus, an woenédBsahbl e XRD set of peaks. Fig. 9 is a grapbTafsesisng:3an
exenpl ary sanple XRD anal ysis of both an el ectrode nmade in accordance with
the present invention, which is indicated by curve 300, and a conventi onal
el ectrode nade from an Aerogel material, generally indicated by curve 310.
The results in Fig. 9 illustrate curves that reflect a conpilation of data
and a nu . ting curves such that curve 300 is illustrative of a
curve thg?ﬁﬁlghgégﬁﬁgalculated when XRD anal ysis is performed on the

el ectrode materials of the present and simlarly, the curve 310 is
illustrative of a curve that has been cal cul ated when XRD anal ysis is
perfornmed on conventional elegg{ode,naterials and i.n particul ar on

el ectrodes made frdm AeroRferesiirrdpinipg an lacttads cempiip SHRE&Fi al s of the
present invention, one of the graphitic peaks was present at approxinmately
25 degrees on the Rtingongrapulandosducting garg@amategals‘wﬁéa vepeedlibn a very
broad, essentially anorphous, peak extending from 15 to 35degrees. This

gr aphi t i copeak amt fitsheressliokatté tmmmheaSrstmerturdet ected in all of the el ectrode
sanpl es nmade in accordance with the nethod of the present invention, with
t he peak hei ght (dinfikingalicefirsi mixeuns imtith)a seeondi aagssBilkieght |y from one el ectrode
material to another due to varying process conditions, such as different

heating profiles, @afintainfglth€fiNniNGB b GsulfidTent Pigdd Md %t aRehiefent enper at ur es.
As can be seen in Fig. 9, the curve 310 that reflects the conventi onal

Aer ogel Q%ﬁ&aﬁ}eﬂ&ﬁﬂ%efﬁstclﬂﬁan@faayﬁ_@ﬁfes%labchg{é}ﬂhi tic peak in the area of
approximatety 25 degrees on the horizontal axis. Simlarly, this graphitic

peak was 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,

trihydroxy 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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| i kew se absent in three "activated carbon” commercial materials subjected
to the same XRD anal ysis. Thus, the conventional electrode nmaterials appear
to be | ackongogssparti cul ar graphitic structure of therelrastesadesenf 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 el ectrodes indicates that the present el ectrodes

i o usdiv et SR Epebi i G SRTERRR o0 RRRAN HBRRL, 2 FTe "

structure results in the electrodes of the present invention having

i mproved IPWE’apam ty as well as the other inproved propert| es and
characteristics described herei nbefore, What is clainmed is: process for
form ng an el ect r odaxingript patial quep@e%mg@geawlth%ﬁcp%crgs%ﬁm 3’(m’c?onduct| ve
carbon material with a wetting fluid, solvent, and first crosslinker to
form a fisesandmiixture;e; mi xi ng the first m xture with a second crossl i nker ;
mai ntaining the first mxture for a sufficient tine and at a sufficient
tenperature until towdnthinigfthesecbnd aiyroteyfors sufaentriinge andlkt eskfficiand firing
the block for a sufficient tine and at a sufficient tenperature such that

the bl ockefpéh@rd @RS thd¥eforMmiRhee bolyeatikes istondgikt ve substrate. 2. The
process of claim1, wherein the polynerization nononer is selected fromthe

group consisting Offuﬂfgwgﬁlgmyat%?ﬁ‘&ﬁ tentiePMEHe AXY fRARLERIGPERe such

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 of:

41



trihydroxy benzenes and tri hydroxy napthal enes and m xtures thereof. 3. The
process of claim1, wherein the first crosslinker and the second

crossl i nkwo 2a062135aan el dehyde. 4. The process of clai m 1pcrniuse@isn3isbe

granul ar conductive carbon material is formed by: dissolving at | east one
material selected fromthe group consisting of dihydroxy benzenes,

di hydroxy napt hal enes, trihydroxy benzenes and tri hydroxynapt hal enes and

m xtures thereof, in the first crosslinker to forma partially reacted

m xture; mxing the.parti al reacted mxture wth:t r.osslinker
to forma second md}{éﬁly&g aﬁil%éﬁto&eﬁ? eflﬁaemgg%:og\é%lte?nmx urségﬁ%mlé&ggffi ci ent
time and at a sufficient tenperature until the second m xture polynerizes
into a bl®ARAEMLMYCt he blank at a sufficient tenperature and for a

sufficient tinme such that the blank carbonizes into an electrically

conducti ve menber; reaiefainingcthe Srshlauos dors syficieny fimgand gba $ifHFERMC 00l 5, so as
to break up the carbonized blank into the granular conductive carbon
mat eri al . tefperbivee witd dleesirsdiquol firmes 4 panialdy weeted hgudtj r st and second
crosslinkers are formal dehyde and the first and second m xtures are the
same. 6. The processixig thd partialty; rewdsal lkjuor Witk asécontl canslikecorfdrmaxt ur es
conprise a mxture of formal dehyde and resorcinol.
mixed first liquor and maintaining the mixed first liquor for a sufficient time and at a
sufficient temperature until the mixed first liquor polymerizes into a first solid blank;
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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7. The process of claim1, wherein at |east 75% of the granul ar conductive
carbon material conprises particles having a particle size between about 20
m crons awo 20603541100 mi crons. 8. A process for form ngprensk@ssBde
conprising the steps of:dissolving at | east one polynerization nononer in a
first crosslinker to forma first liquor; maintaining the first liquor for
a sufficient tine and at a sufficient tenperature until the first |iquor
forms a partially reacted |iquor; mxing the partially reacted liquor with
a second crosslink r to.forma irst or a t ng_the m xed
first liquor for a suffri?%rﬁfes?gtéa%%’ ‘%Ifer%{n ?mg?r% en%letfr‘}%%rsgf[l ‘g’é unti |
the m xed first |iquor polynerizes into a first SO|Id blank; firing the
first solis gaiptaind aabetye@u# 0 &jaadd 49 e%ﬂ%ﬂ?ll%n% br a sufficient tine
such that the first solid blank carbonizes into an electrically conductive
menber; 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 granul a6. cafThepronss ef claim 8 wherein wet firstraglif blankistfirad afs a mi xture
of the first liquor and a wetting solvent; mxing the wetted granul ar
carbon maggpdrattired Ftat Radtiov® @nd at a sufficient tenperature to sufficiently
de-air the granular carbon material; adding a second crosslinker to the
granul ar carbon nmaterial, solvent and first liquor m xture to forma second
m xt ur e;

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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mai ntai ni ng the second m xture at a sufficient tenperature and for a
sufficient time until the second m xture polynerizes into a second solid
bl ank; amstof2osdmBgitihe second solid blank for a sufficierCTiUso®msaBdent a
sufficient tenperature such that the second solid blank carbonizes into an
el ectrically conductive substrate.9. The process of claim8, wherein the
tenperature of the first liquor is nmaintained at between 120 F and 145 F
during polynerization. 10. The process of claim8, wherein the first solid
blank is fired at te rature of

| .900 C, 11. . f clai
8, wherein the at ﬁéast BTG Pﬁﬁg’%@%%PCUHBgﬂﬁﬁ%m6§gﬁggrﬁ%@%éo? t(r:lealm

first and second crasslinkers conprjse, forml dehyde. 12. The process of
clai m 8, SpHdplank, the first P?lsdtblélﬁﬂlﬁgeaé?da?‘i’ﬁh?%hec‘ﬁﬁ@ﬂgftg‘?mﬁ’é? Bm}?}'&‘r&)ﬁ%ge ours
between 70 F to about 125 F. 13. The process of claim8, wherein the step
of firi ngowntienpiratute of@k ledstisbawtl®7p el udes the step of: providing an oven
including a first refractory and a second refractory, wherein the first
refractory is an upper refractory that is novable relative to the second
refractory which is a stationary |ower refractory, the upper refractory
functioning as a halsdi nghept@bis AeBimsNwhirzinnge stheobiygee fitsreszher e
environnment with the first solid blank being placed between the upper and
lover refyiaatialues thosted b step of firing the first solid blank.14. The
process of claim8, wherein during the step of firing the first

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 picces; 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

granular conductive carbon material comprises the step of:
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solid blank, the first solid blank is heated so that the material thereof
is uniformy raised to a tenperature of at |east about 975 C. 15. The
process owvoch@/sA1 wherein the step of firing the firsecsaiseashbsak
includes the step of: purging the oven of atnosphere during an initial time
period of the firing of the first solid blank through the creation of
conbustion gases that are forned as a result of carbonizing the first solid
bl ank during the firing thereof. 16. The process of claim8, wherein the

step of pr ocessi nginltpgltl{%}ééﬁ} luiagcgl(llj;ﬁlbﬁ\é%%?ﬁ{]'rﬁﬁ e{lh&?a Eﬁgﬁy&facted

i ntroducing chunks SO|I oug a crusher” to form

smal | er pi eces and oduc n e smalle mll that
causes t K8 yg%’?ﬁll?l‘&r“ﬁ sen{ ?)‘ldﬁg a‘bf?g’ﬁ'é’ﬁau&% e?&géﬁeugmrf 8%{?1“ Give car bon
material. 17. The ocess of cl.aim 8, wherej | east of the granul ar
conduct i V@Tbelam@ﬁaﬁ‘ﬂtaéeradﬂn%wg £ hele Ib% al# Q%géﬂl‘i e size

bet ween about 20 m crons and 100 m crons. 18. The process of the claimS8,
wher ei n tphemisthemivturafetdeiaiyy t he granul ar conducti ve carbon materi al
conprises the step of:introducing the granul ar conductive carbon materi al
to a partially reacted polynmer liquor with solvent added and mai nt ai ni ng
the wetted granul ar conductive carbon nmaterial in a de-airing environnment
bet ween about 18 hosirs @helpdBeds@Btiaink 8, wherein the step of mixing the granular

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 after 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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permt the mxture to de-air. 19. The process of claim8, wherein the step
of m xing the granular carbon material wth an additional anount of the
second crwebeaniseriito formthe second m xture conpri ses prlrassasps 362
stirring the first mxture so as to keep the granular carbon material in
suspensi on as the second m xture is polynerized into the second solid

bl ank. 20. The process of claim8, wherein after the step of polynerizing
t he second bl ank and before the step of firing the second bl ank, further
including the step of: placing the second blank in a air-tight seal ed
environment for at |east 24 hours and up to 48 hours at a tenperature

bet ween about 70 F and about 145 F to permt curing thereaf. 2 1. The
process of clai m 8,22 ur tThepracass|ofglaiy Zﬁ)h‘éheéf?léﬁl? B0 of progessipe thee

el ectrically conductive plate in a snuff apparatus after the firing step is
conpl et edeledallymgndirtvesubstrate peludys the sigpeef tiempha ped sgvanngthe plasoin
tenperature; and processing the electrically conductive plate by nmachining
t he pl at ethhdt B flak esEirecicads dil pefgeons. 22. The process of claim 21, wherein
the step of processing the electrically conductive substrate includes the
steps of Ixirnmng and squaring the plate so that it is flat and true
across all surfaces. 23. The process of claim?2l, wherein the step of

processing the 23.  The process of claim 21, wherein the step of processing the

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 electrical connector component within the recess.

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

fiuid 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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electrically conductive substrate includes the step of: applying an

el ectrical connector. 24. The process of claim 23, further including the
steps of :weecwmrsbsmicoupling the el ectrical connector inpplraseoosn3sez ecess
formed in the plate; and sealing the electrical connector conponent within
the recess. 25. The process of claim8, wherein the first |liquor and the
wetting fluid are the sane and are fornmed of m xture of formal dehyde and
resorcinol. 26. The process of claim8, wherein firing the first and second

solid blanks includes the steps of: providing.an oven farned of a,first
refractory and a sdlispagng @W‘er%fg]ﬂ‘bﬁ]ﬂ a qu%rbé‘g’kF B‘F‘?"’ﬁﬁ‘i g‘f’%ﬁ)%%ﬂ% S60R%ar t h
refractory and the second refractory being a novable refractory;di sposing
one of t hefridtorsds; amld second bl anks between the first and second
refractories; and operating the oven so that the refractories provide a
predet er mi ned degr epemmiingithesvpeso thatthe wirabtories prgvide a predetermiaed degseect i ve
blank is raised to a predeterm ned tenperature. 27. A process for formng

an el ect r,ada: L oBPEhSI T HedtR s tRP the@bsperBlettlay iaragkd i prdeendnat i ve carbon
material with a first wetting fluid, solvent and first crosslinker and

m Xi ng th%m$@&£§9 granul ar conductive carbon materi al

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

wetting a granular conductive carbon material with a first wetting fluid,
solvent and first crosslinker and mixing the wetted granular cc;nductive 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 trihydroxy napthalenes and mixtures thereof.

29.  An electrode for use in a deionization apparatus comprising:

47



wi th an anmount of a second crosslinker to forma first m xture; maintaining
the first mxture for a sufficient time and at a sufficient tenperature
until thewbioev13mxt ure pol ynerizes into a block; firingcrhs2@sosissf or a
sufficient time and at a sufficient tenperature such that the bl ock

carboni zes into an electrically conductive substrate; securely coupling an
el ectrical connector conponent in place along a length of the bl ock; and
sealing the electrical connector conponent. 28. The process of cl-aim 27,
wherein the polynerizqtion mononer i s selected fromthe group consisting of
di hydr oxy benzenes, 2 By HPEHERON HOPP RS enes, tri hydroxy benzenes and

tri hydroxy napthal enes and m xtures thereof. 29. An electrode for use in a
dei oni zat i on appar at sfesigkgsi #18f ng: a pol yneri zati on nononer; a crosslinker
and a catal yst; and or reaction products thereof, together in a carbonized
formthat is free oicaalgdrdndn fi ber reinforcing agent that is added to a

m xture of the polynerization nononer and the crosslinker. 30. The-

el ectrode of clai m @&Qeaction peidictt therdod|tygetticr 1ok tabBoriBeddoR tlaoRfrdeEs at
| east one material fromthe group consisting of di hydroxy benzenes;

tri thydr OXYarD&ESReSinfolbiRYy S¥aKthal18 BIdA3b 8 AARANSE the hdlyHERMonARALAG Nes and
m Xtures

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 catalyst;

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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thereof. 31. An electrode for use in a deionization apparatus conprising: a
pol yneri zati on nononer; a crosslinker; and a catal yst; or reaction products
t her eof , wogeddmss41in a carboni zed formthat is forned frPom@6EIBBENOUS
reinforcenent material formed of a granular conductive carbon material that
has substantially the sane chem cal conposition as the electrode. 32. A
process for formng an el ectrode conprising the steps of: wetting a
granul ar conductive carbon naterial with a wetting fluid, solvent, and
first crosslinker to, for first mxture; mxin i@{(he first mxture with a
second crossl i nker ;e %Wﬁtﬂ’g"t’t“ﬁé“ﬂ}?%‘?co%%f’%? $or a sufficient time and
at a sufficient tenperature until the first m xture polynerizes into a
bl ock; and firing thangingestbe dirst mixiyre foe p epfficienime pafl it sufficignt | ci ent
tenperature such that the block carbonizes into an electrically conductive
subst r at etehpemtbg extilithgfitshmidiire pklylmerizes intr eldodnendy em tted by an infrared
oven. 1

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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