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I mensionally sta e ano ave been devel ope
of AN 6tthies@ appliketbn® AiedigsdtBraddtichesdbyugiclynpechl ori t e
solutions froma sodium chloride brine solution.
Di nensional |y stable anodes are described in U S

Patent No. 3,234 é égRéB Ezﬁr Sgbi%lgg "El ectrode and
Met hod of Nhking u nmetal coating
Fibid otR® [ EfioRMREnRal Eibigpi UM substrate. El ectrolytic
celTs have had w de use for the production of chlorine
and Trexesbeom@atiingelbtes tol dneladiralytitfonaite geneadtorwicalis neSoyfece
of the sinplest electrolytic cells are descri bed
ofimaintemangeat ent No. 4, 761,208, entitled "Electrolytic

Met hod and Cell for Sterilizing Water", and U. S.
Patent No. 5,316,740, entitled "Electrolytic Cell for

BdeRaBIRtANY Sterilizing Sol utions Having

Note that the following discussion refers to a number of publications and references.
Discussion of such publications herein is given for more complete background of the scientific
principles and is not to be construed as an admission that such publications are prior art for
patentability determination purposes.

Electrolytic technologies utilizing dimensionally stable anodes have been developed to
produce mixed-oxidants and sodium hypochlorite solutions from a sodium chloride brine solution.
Dimensionally stable anodes are described in U.S. Patent No. 3,234,110 to Beer, entitled
“Electrode and Method of Making Same,” wherein a noble metal coating is applied over a
titanium substrate. Electrolytic cells have had wide use for the production of chlorine and mixed

oxidants for the disinfection of water. Some of the simplest electrolytic cells are described in
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I ncreased Ozone Content." Electrolytic cells cone in

two varieties. The first category conprises divided
W@elobasomat utilize nmenbranes to maintai n conpPE&r/ES2009/045460

separation of the anode and cat hode products in the

cells. The second category conprises undivided cells

that do not utilize nenbranes, but that also do not

u. §ulf’]gogr{t Noetf‘;é1y20§ H%gjhElfeEtPothlE fﬂ%%%gv\iqs(?&ﬁ!)raétgrﬂlzﬁé %/\gter and U.S.
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electrolytlc cells is the buildup of unwanted filns on
In¢rbased Ordreecestent.” t he el ect rodes. The source of these
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arcing or sonme other event Typical Iy, manufacturers
tyiEa0y GitHer fgha the $dediwaites td tie en- afe déuérjadimn)rcbé)éss SreontpMinaiits Mghe salt

a water softener on the feed water to the systemto
thffdrife“lﬁ@ﬁto rrese thedrinasdluianfesding hmsesiem. Brpicelly thepetunwanted films

t hese cont nant i
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typically specified to mnimze the i nci dence of

logzd cparatingefligiic@indonis eveRtuailaa g sophicalWal (dukiaoaalizen htgh @urrent
art for purifying salt to specification |evels that

deypily| elesjisipbpreidnerErinA amesewe%rﬁ YOI br Magufaqieere @rqtect against this type
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coﬁ{a%.rﬁﬁe%ﬁh%w&cgnteﬁag ote) %l%lct'r&ﬁ(: 881, fHRweSdrathd Rl coRBmhhts will enter the
generation processes that utilize undivided cells

préfeSs oveatirea fronpgitansiadnitin tHsesalt asedNio malk€ th2 8iineb High qA!alltxz kalt is
i s incorporated herein by reference, is directed to a
ty%%"b%ﬁ?&lf'%d Qeniipize l‘hed%fjeﬂ%%‘éfrcﬁ'b@%a“ﬁﬁé’pﬁéﬁ%‘lsb Peocessanaregell
i.nt ernal

kann In dIQe arp% %urlfylnaes%ﬁ [obﬁpgcﬁllcatlonqe\fels tﬁ)at will e{v0|d contamlnargg front"n entering

i'ng” car

th& el ‘Iiféﬂe\}e‘ﬁ 16k ls8it élélﬁﬁng Whdckdises a‘l'%ﬁcﬂféh ﬁﬁhdeﬁ&? Fo? BffecBRIYBpeRbion of
schenes is by nonitoring the rate of brine flowto the

diged| cellsAgrelspingiderdd tomcammplicataisfessmaller anssitel gerghrdtipn ploogéssesothat utilize
al Wa% i ndi cati ve of carbonate formation on the
undiyidpderls el ectr ode which creates el ectrical resistance

int h.g. Iga%rlt Ap&gﬁ%‘ﬁ Stené”}rllxlot hﬁﬁﬁ%‘?t%?c%ﬁs incorporated herein by reference,

is directed to a carbonate detector and describes one possible means of monitoring an
electrolytic cell for internal film buildup. Other possible means for monitoring carbonate buildup
in cells that utilize constant current control schemes is by monitoring the rate of brine flow to the
cell. As brine flow increases, it is usually, but not always, indicative of carbonate formation on
the cathode electrode which creates electrical resistance in the cell. Other than these methods
and/or visual inspection of the internal workings of a cell, there currently is not an adequate

method of monitoring the internal status of the buildup on an electrolytic cell.
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and/ or visual inspection of the internal workings of a

cell, there currently is not an adequate nethod of
WOorwtsokng the internal status of the buil dupP@rHUS2909/045460

el ectrolytic cell.The current accepted nethod of

cleaning an electrolytic cell is to flush it with an

acid (often muriatic or hydrochloric acid) to renove

any ﬁentt gcc\glp e8 pnen’%}ﬂ, gf cfleoarnptuggh .eEXQ{nﬁ%'c&M oflush it with an acid

manu urers ecomren
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marefacaidrerenement fedprmimgsthis iartpn oh eagdulan eass, eff leashgearly, but
el ectrolytic cell is to performa cleaning process on
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devel oped for these applications. For instance, Eltech

th@@'ﬁ eihede; RgAOPrRESheiRPEP. c?p?é@etqwed@eseroes o aatherg- Special catalytic

eci fi chl on
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chicgitielis $ypichiheaddent toehmt p(ﬂbeﬂaertrylsmg}thb trgtal Slissoivadrsgligs@oDS) content to
electrolytic cells is relatively I ow. The speci al o
apgisiat tPiﬁﬂgﬁ%mf’r foi il '”ﬁbcﬁt ”2%5?; ITP\% Heliesn e gpEend éelsgwewet%v'mmmg
poopelectralt tIeC cte |s reI tlve fur I:I'ﬁe pec asnloEje gs |I1 %rf e)c()o Iecgtions are
SALSGeHS ? 1Ty appl .ne‘%%%%ﬁreca{pf’

de%@H‘&JVtS rfoleré\‘i@ﬂ{eséi loWRRFER G@rlnshti}és £ @Qe&leéﬂ@rﬂﬁ§ wftl@ﬁol&rw é}fpllétﬂn
production in nenbranel ess electrolytic cel

eitperatitaciiongHadver, most dirterBiogallyrsiaperanbdesdor CGBrlrm&DOdtgﬁdn)in
concentration of free avail able chlorine &FAC cannot
merppranelgsa eﬁpt@:ﬂytle G¢lls @rpdueirendigringat q%fe@geréper % mg/L) concentration

of‘?r@ 5\%)1 t{@éh%n}qe @mar%% to %ltjea‘rm&n éurrlr% dehgtles? Sgtgrq n approximately
e

node. ough sinply rever
1 m& gdrlstqobra\m&rls% rfeOeErsé @Mrwécentrhdee Bfrcuyh a.lnas:wv@llsmb it polarity
cells, it will not work for electrolytic cells which

wcmbarfmjb\lv purrent density electrolytic cells, it will not work for electrolytic cells which normally
operate at a high current density, since the anode will be damaged if high current density is
applied during the reverse polarity cleaning operation.

One of the other maintenance items for electrolytic generators is the requirement that
operators occasionally measure and set water flow into the system. The flow through the

generator can vary greatly with incoming and outgoing water pressure and/or contaminant
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operate at a high current density, since the anode

w Il be damaged if high current density is applied
walevnssoshe reverse polarity cleani ng operati oPCT/OR0D045460

the other maintenance itens for electrolytic

generators is the requirenent that operators

occasionally neasure and set water flowinto the

buﬁé’tgatlr(ia’me s%?ﬁf quXtr%‘lp{c 0%941 'Ityg %\ gergge(sﬂ en&%Pe Mgd’eywnh either

er pressu
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electrolytic cells. Typically, neasurenents are nmade
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nmeasur epent s, and ad ustments to the flow are
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Spgg{k%[l(%tsor operating within flow specifications is
Important, as it ensures reliable long term operation
t he generator within its efficiency specifications.
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electrolytic ce t he nmet hod conp t he st(?r%s of
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preférably conprises providing brine to an acid
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the acid generating electrolytic cell, and introducing
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conprises utilizing a carbonate detector. The
prefetablg tomiss etlizipy @ tabariateydetmivpr Trea:tavtasen mgertahlg coraprses
of brine consunption in the electrolytic cell,
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rat b e of
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clean electrolytic cell. The cleaning step opt| onal |

a geansiqckytiopell. ﬁ‘eaﬁ‘?a[]'lnﬁ PSR BRiioRally Somerises HHngAn H}éa]sﬁ@c gevice

ang%g DS%G(J acrﬂgéﬁétl@aﬁ yc%a?gj[ ﬂgc%gr%gl g@:tro%le %I%grqlrg)gd(?evﬁ;!a %@FHer%mg the

r eve
polarity of electrodes in the electrolytic cell, thereby lowering the pH at a cathode.

The present invention is also an apparatus for producing an oxidant, the apparatus
comprising a brine supply, an electrolytic cell, an acid supply, and a control system for
automatically introducing acid from the acid supply into the electrolytic cell. The acid supply
preferably comprises a second electrolytic cell, and the brine supply preferably provides brine
to the second electrolytic cell during a cleaning cycle. The apparatus preferably further

comprises a variable speed brine pump, a carbonate detector, one or more thermowells for
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polarity of electrodes in the electrolytic cell
thereby lowering the pH at a cathode. The present

WO posensiodh i s al so an apparatus for produci ng BET/US2009/045460
oxi dant, the apparatus conprising a brine supply, an
electrolytic cell, an acid supply, and a contro
system for automatically introducing acid fromthe
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a control systemfor automatically activating the
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deviTeepresdnéinventon b@m?mtwwﬁle@dn@a@@lw@lm ceéi comprising
ate detect or
o 1R it Srarize B G oLisr g BOETRT JOreoThye of g
elél:trf)éé%"gﬁﬁb%(ndfn?% c[@gﬁls{é%dn%gt d%ngfy't@ﬁele ele@%d’é@@vﬁlch -gm?Ner than an
present invention is also a nethod for cleaning an
opela@iial elrighi densiglusecaunpy harmatppeta@ie sfaittedectrblic deit Dathg
conprising the steps of reversing polarities of two or
n%q\lép%rﬁthnﬁlae %?@éb’?‘b?fé@feéﬁﬁ@b'we‘wcéﬁ PP aeialenef frge available
el ectro t han
orlhe B et Faamrros Ly B £ TGE e P ey O e e
apBRRInAtd e QfantsHar RECSId Y bileferdbf dpproldtatellbidhPE R per liter.
operation the electrolytic cell preferably produces a
Themperatidnabdurrent dehsitl isseeferably hesbleethabeproximaately et anp paraquare
approximately four granms per liter, nore preferably
'”ﬁ?éﬁ?éPaW%h%m8W§P6%Vﬁﬁ¥§P@MVF@%”@PaﬁﬁmeWaV??%meand

oprlaﬁ\%onap curreetrqaen3| prrqooré( I re éan gfyt%eENe% (r)%rr{gteﬁq{)% and

erationar current Vv 08 preterapl'y greater

apbhﬁ%am 9w &Jebéh@rﬁb?c@f&ﬁt demkityS GH& Br%wljlﬂg Brep Eheferably
cl eaning current density is preferably |less than

pegpipredXor st dlap aBRosiobtely iertyopiBptas,iaod alorecueferahly fal batwietry
and nore preferably between approximately 10% and
apﬁ[&?ﬁﬁ”@iﬁ'yrfb{? giRptepg GPPV‘P’W@atﬁ% ENLPINYeral The fe e sirerpefianglly

co-rqgﬁse?; gl}% gtl IQe%t gﬁeer;%vvle?‘sﬁ[al‘gﬂe%yaop o%er switching device. The operational

current density is preferably provided by an operational power supply and the cleaning current
density is preferably provided by a separate cleaning power supply. The power producing
capacity of the cleaning power supply is preferably smaller than the power producing capacity
of the operational power supply. The method preferably further comprises the step of
monitoring a flow rate of electrolyte through the electrolytic cell. The monitoring step is
preferably performed using a flowmeter, a rotameter, or a pressure transducer, or monitoring

a temperature difference across the electrolytic cell via a first thermocouple or thermowell
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performed for |less than approximately thirty m nutes,

and nore preferably for between approximately five
woreatis4and approxi mately ten mnutes. The r eREF/ER9G9/045460

step optionally conprises using at |east one power

supply relay or other switching device. The

operational current density is preferably provided by
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cl eaning power supply is preferably smaller than the
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normal operation of the electrolytic cell. During
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cl eani ng power supply. The nethod preferably further
to trerfimt pees suindy, 9hepis tef senwli dugent dgnsity fslsowallar diag thoef first current

el ectrolyte through the electrolytic cell and
degsiortht plREIjC %Jﬁfé?r?ﬂbp@ﬂ@ef P 6PceaiFadion qiffige gyailalyp chlorine

gréeﬂé’rqﬁg Ia%groklﬁw%l ‘;fg @{é&n’%%feﬁré&t YHe e% ncpéu?rg}ﬁcdeﬂgty is preferably

ectrolytic p
between approximately 10% and approximately 15% of the first current density. The

apparatus preferably further comprises at least one power supply relay or other switching
device, and preferably comprises a flow monitoring device for monitoring a flow rate of
electrolyte through the electrolytic cell. The flow monitoring device is preferably selected from
the group consisting of a flowmeter, a rotameter, a pressure transducer, a pair of
thermocouples, and a pair of thermowells. If a pair of thermocouples or thermowells is used,

one thermocouple or thermowell is preferably disposed at an inlet of the electrolytic cell and
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apparatus conprising an electrolytic cell conprising

el ectrodes; a first power supply for providing a first
w@epasito4gdensity to the el ectrodes, a second pRPUEDS2009/045460

supply for providing a second current density to the

el ectrodes, the second power supply having an opposite

polarity to the first power supply, wherein the second

an H1 rrtﬁ %og ?’eotthelr rWsl rg‘f rat)l %E dsle au r%ﬁlet%Whr %[egtrolytic cell.
SERETEooThE Atelte R BroBr &l LTy et R

Ttﬁe%@ﬁ:ﬁam arfefe%lyqﬁrtﬁeF &%;ﬁ‘ééﬁ Arﬁé‘l’éoﬂorﬁi&lll%béﬁﬁecﬂ%@@tf&f ad}uBﬁH@ the
approximately five grams per liter. The second current

flodeatsi ty is preferably between approxinately 10@6and
apprOX|nater 15% of the first current density

appardedls apaBesSAIoYeh farEss. RutHihes aorg pf alpé%Fé‘P"'%rf% the
t. C
P oS4 e B TR BRSO
coRfaRdtibe Wit e acédn@ahy@tcea\mﬁgseé@nﬁ p&rt will eedohfecatpgé}eﬁtmhose
electrolytic cell. The flow nonitoring device is
skwe@hémeml ypor ekapyinatidn ﬁfrtmﬁotlcnengg POy lederrnest Hyrmgacti¢e ¢ the
ownreter, a rotaneter gr essure transducer

'”‘f?f‘“‘i”h dhABdetHPERdvaiRpe] Obtﬁ Invegttion may hpalided ang ?“aé{P BQY r
m nthtﬁe WGWaﬁﬁ’es%rnd E&ﬁ& %ﬁé daﬁ‘tldu rlﬁgt@qed %IP% the ap ended

ernmocoupl e or th ernnme I's pre | spose
damslnlet of the electrolytic cell andanother
t hernocouple or thermowell is preferably disposed at
an outlet of the electrolytic cell. The apparatus

preferably fur ' ically
oper at ed vaIvé&gEE—%&ggkﬁiﬁggﬁﬁgﬁﬁﬁ§$&ﬁgﬁ%. oj ect s,
adv affea965n RARAn @Y Ghg, WtRh W ifSrpd?atel hidrahb %rm%‘b%ﬁ o ik

appllcablllty of the present invention wll be set
spbeifidation, Mlugarels ah Rmbbeimele bathk pebsere swentiph bed) tdgethbiokithakg

taken in conjunction with the acconpanying draw ngs,
de&?f tﬂ’“‘Pfh Serues to @kRiain Wé@ﬂ@ﬁ@'%pﬂﬁﬁ\eeﬁ‘fﬁnttoﬁ T odrawisg js| qniydoritie

on e fol

ous RlyelsHPg o PR Sk U b B 4 ol el ProBifg oo
linftihy 3 iR BorQfin thB@rawihggnt i on may be real i zed and

attai ned by neans of the instrunentalities and

contfiGat isantagpEar ¢ficoe babddimeo bid lew nairtenance dnesita g presmalerdinit.

clai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS The _

accdipanhiyiarfg eGPy CVEiFR RIPrSYPREAP SHACER i Crhtlernigd

forma part of the specification, illustrates an

enmbodi nent of the present invention and, together wth

the descri pESBRIPTHEON YESTHEPFREHERRED EMBOMIMEREE P! es  of

the invention. The draMAng I's only for the pur pose of

il lustrati(@gS3 H BifNH QPR

and is not to be construed as _ _
Embodiments of the present invention are methods and devices whereby an on-site

generator electrolytic cell is preferably monitored automatically for buildup of contaminants on the
electrode surfaces, and when those contaminants are detected, the electrolytic cell is cleaned
automatically (i.e, without operator intervention), thereby providing a simple, low cost, and
reliable process for achieving a highly reliable, low maintenance, on-site generator which does
not require the typical operator intervention and/or auxiliary equipment (such as a water softener)
now required for long life of electrolytic cells.

The internal status of the electrolytic cells can be monitored automatically by monitoring

cell inputs and performance. It is known that how much brine a cell consumes is dependent on
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limting the invention. In the drawngs: FIG 1 is a
di agram of one enbodi nent of a | ow mai ntenance on-site
w@emenstoad unit. FIG 2 is a schematic of a r eREr/E82009/045460
polarity systemfor electrolytic cell cleaning.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ( BEST MODES
FOR CARRYI NG QUT THE | NVENTI ON) Enbodi nents of the
thg grgglﬁ?gnd tgélee&#ilmolghi@{ 9) onr[ﬁét%Q/ F?' ceaflnqt bﬂﬁev ﬂlo%g c&ﬁ%c@?lé m%ﬂitored

ectrolytic cel
ark/RRntaRE %n@&h%ﬁﬁé fidwatb rdach ar vl Edrfddiat @fg.ve@ 081RFE B&RHcBLIRDf a
the el ectrode surfaces, 3 when t hose contam nants
pataniial gestbieot with, filng heldetb within @bgﬂt iToe peérition greteradéymechitors the flow
automatically (i.e, w thout operator intervention)

chprrglieptigs Efr”bev*?rlﬂ‘ﬁd@cog“@l"t‘?&r elempgiiuten Sic., tofisiprpiap ?’Vﬁﬂf‘%f or not there
haQrbg e&)‘?ﬁtatn(?r{anﬁﬁn&g)%# tlﬂgl tﬁ]e Qéc%l b{c { ﬁl W%Qk oterlthWIm bU|Idu |s detected
mal nt enance e generat whi chdbes not r equ
in tHa&el WPthé€ 3dntrBRFEBMOthe bat.epr\éemblywatmdéauy a@waénea.r y
equi pnent (such as a water softener) now required for
| ong’\ barbcmatﬁdeelct@chtemajqdiwith@eIelestrolyrheell nmtemat'macisitvwnieg and
t he electrolétlc cel noni t or

of

dexige BoRYPE 3y 1°g U e%ﬁ?ﬁ?ﬁp&ﬁt%ﬂe‘iﬁ@lyf'c ] B%hea?ﬂﬁ used to create the

miké&d &&HaHPJ?SSd. d’h Fydoéhlgrﬂe)% %&Qﬁly L%Wtwg% p‘lre AR o ? ?ee%ﬂd on
consunes i s dependent onthe anobunt and type o

delrandl givtPro @rovid @te sgidvieitea@lig. of kbntdrhihdies ih f@MéldcEolytic cell used for
conti nuously nonitored, any dramatic change in brine

crégtipgthe éoq*i@nbvpoahlgﬁite/ enmiges ¢>@@f‘t3aﬁ|t$in@ji\/%%ﬁ r%eIVPia'@e'S@bto store

i ndi ca ot ent
coplias agarye forgar Wb%ﬁ"o?rdm?m%fmahiﬁ “fi s BEL ST Rarming
opfela‘t.B’r\é \%F@{tﬁé‘ttaglﬁ 'ré@v@ﬁ wQuId h&ﬁi tp Bé Fe%bled' Mepdggp%'éﬁrdllutmg the acid
tenperature, etc., to determ ne whether or not there
to baiesukeeeanaeotmuampmm wdshing ehepreM Adiltiasohie clebratg hethytology for
cell. Wen potential filmbuildup is detected in the
aU&?MUC%W reniRYIng AYFRd copemingts puRen the(cpntpgingiiteprgdgisripd by the
t onat e det ect or
it BTRAEE sibvfanaes B gl RS BERRSIREREN 6 aci o
Was M bR n& ¥ e eRNEVRlich iTBYWRG B! | T ZBEH-thetomponents of
separate electrolytic cell fromthe one used to create
thi devier ate pre@xabjamdunted tsleatk platehbsp God bantrols@nd sovatr ebtiedrbryall
used to create the acid on site and on demand and to

th?)???@faéeecol”ﬁ’é”% owp in thig ABHIIIGES Prec wfsarR R PRNEINeH Withi
coﬁ!roel‘ t [ ? lbm aey eﬁternatlve? g)% I(gc%ged (\:thgraev nth (t:omg nslenglpreqerably as long as

ori nts. terna
th&rE SR W&dtdr cbrﬁrolé&&dhé Svefdll Op&afAf BRlapHrds aci d onsite
for cleaning the cell, and nonitoring that acid

res e@Wplrboaﬁ@mératrlmhmg/s tpstaisaf ewnit mia displby 3& iadd the master
reservoir would need to be refilled, as well as
coatéqle %\g‘ell|%§ elfclricy! lpﬂ\@ertaﬁ%/obcanw)w@t ggraaé%qre Rigferably carried via

elecﬁ?rréglecghrl;e%ner}?; %0 %erlklvg& E(ﬁtrm%l) !i ggd {‘nh %ar?o%L *ndlvfg‘[}al %L%E&%RQ IC

eani ng
Water preferably enters the system through water entrance pipe 30, and brine preferably

enters the system through brine entrance pipe 25. Brine, preferably stored in a saturated
brine silo or tank, is preferably pumped via variable speed brine pump 20, which is preferably
controlled and powered by electrical connection 50. The brine then preferably passes
through flow meter 35, which can be electrically monitored via electrical connection 50. The
control system can control the flow rate of the brine by increasing the speed of variable speed

brine pump 20.



automatical ly renovi ng unwant ed cont am nants when the

contam nants are detected by the nethods descri bed
wW@kwvasived al so be integrated into the presentPCT/US2009/045460

i nvention. An enbodi nent of the present invention is

shown in FIG 1. Al of the conponents of this device

are preferably nounted to back plate 15. The controls

and \Bﬁ)é/}ﬁﬁ? %Igg% é)t ngged’ne%tor%l |!1 n&rﬂ%l (?p%Pa%!)r?and ;c;ﬁns? gﬁ%}ééc’t curdent and

shown i'n prefera con
tarybt JRitdyes. QR ol fldwi’(}ﬁro@gh th diectrBi)ic 8dits3raAbE ¥Bhibrd¥efor example by a
| ocated wherever it Is convenient, preferably as |ong
floaISﬁeteheotemauee onprsssgre ttaomur:eﬂ, o Hyomonttdmg theaxhahde Irmt@mpartattmwacross
he apparatus. Control box 5 greferably shows th

th%?lgft{?ytl%fellpﬁé)y Ieniteripg gle&ihgrmoa\?ll 69)and gy trteﬁgovyﬁggpeyvhen control
e
o LR 4Ll B UL L USSR IR
préRUREGHLOMS t& theR/IHBIRT geAdThton it pRAfatlly Aehdtibaly walistotksw by
i ndi vi dual conponents. Water preferably enters the
chsgsssmgeewotrhmicﬁjg pontaliegircebintet watveds. pPir fhés VBT, theinell dan ialwa@ys operate near
erably enters the systemthr ou%h bri ne entrance

r
ta%F‘p’E’Wi%’e'SéP? WE noliPEingl 47A1Ure BERTUEdN T ho RIS IMePLRT dtFoming faws:
SI I [
o | o R DB BBL OV oY) 2 9

sopmb&@rs’:‘;ﬁ}ei’ébéb@meéﬁ tb id6tatmigeOtRa edllir&tric il ratBle bifet Mav héterss,
preferably passes through flow nmeter 35, which can be
caglopate dpteetbn 60, plestiotytie eall Svi atidedeperalingcidctrelgisrrelt #3. @nd/g0.

The c r stemc ntr
S PONERRY. fh P of f dire Epeuterst ob it 3 Be ok Frmsetns
eIeR:lt’ert c%%ll We\/fbﬁehﬁ) tgilc%ﬁ)t/ {&Js%\%'efecgcﬁﬁg E@htu&rsmb %lldt&j BHAE (Q%l both
opefation node and is at target current and target
the/ dricagagd brilkearidotzadr ifflb@shdvie pedierably beeneluerted algythercand eld
55 can be nonitored, for exanple by a flowreter,

bring hamiaes ﬂ"“t‘%ﬁbﬁﬁ?f el &?F@Stvﬁ'aﬁéwd% é'PthOM'C PR 5§DH1 tt“é lsiaﬂ@afd

h
ors g R WGP R SRt NG RBITP GEv B ey o oS

hybbt@iowel | 70. V\hen control box 5 determ nes that flow
Is off target, for exanple in response to fluctuations
I n i Axconiaminapts esisLupenaathboate fidtentortéd, Wieh e etet lo@tegtalsewhere
generator, it preferably automatically adjusts flow by
aCé‘PfQ'ﬁ@FOrf@e erest V‘b‘?ﬂt'@hlcﬁﬁ?"'@&h‘ﬁt‘iﬂtqréﬂ S |2 seiigsef sigrglste cgntrol
bo]x :goeveferab}ga}é elecglcal Cf)imecf: q(ns 56l uvwa noo cDaf’:a v%e%epgranrot 5 %rgamln%nt

neI e neas

filR ks Ak h@ﬁﬂ’@’@lecﬂglyﬂld’&@% NGhéd (%\ﬁﬁ)nat@@tel@ctf)lr U Th AN esQhat R is
foll owi ng sources (or conbinations of data from any of

confasgentgivurcoetsdl bixss preefablydiofivs arsadd ¢lennohgtcrelarinities deliige, wherein
volunmetric flow rate of brine: flow nmeter 35

vapg A srigiuated étaé?&CBFa'69””eé"l'oé‘c?f’r“bioiFteld&”t%%Pr!”eS'E"”g&(ﬁCH generating
ceff ﬁ&%h%%llsngsoegr&glta[)@leXérblgeqC t%) cjont?'oﬁ boﬁygé 8 ctrical connections 50. The

system preferably runs brine pump 20 to flow at a rate (as measured by flow meters 35)
which has been optimized for optimal acid creation in acid generating electrolytic cell 45. In
this embodiment, the acid created in acid generation cell 45 preferably flows through
electrolytic cell 55, where it preferably cleans the contaminants, then flows through carbonate
detector 60. The system preferably runs in this acid cleaning mode until carbonate detector
60 sends a signal to control box 5 indicating that the system is clean and can begin running

again in standard mixed oxidant or sodium hypochlorite production mode. The acid used to
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thernowel | s 65, 70. Valve 40 can direct flow either to
el ectrolytic cell 55 or to acid generating
web@oetsokytic cell 45. Valve 40 typically fl owBCHES2009/045460
el ectrolyte conmprising diluted brine (as both the
concentrated brine and water inflows have preferably
been pl unbed together and the bri ne has been dil uted
cl aﬁfefelgzﬁcgylltltg tcélﬁ fo%ag)l'ly\é mi';g& toa sfe%%rgfea a%lé/otré it ﬁf?& IﬂJ)WI? through
caPJoRstd @B ctof @rlns@éia@@ljtﬁnplrﬁ'@ iX8 %e@%d@ﬁr&o‘?’a&ﬁarﬂo @'Ie‘éﬂ@)lytlc cell 55
hypochlorite. As contam nants build up on carbonate
majedpgeriatly bésOeanath ivithamuliyasoeic howane/dr einsgneticat pacieatest el¢otrgde
to the present invention, carbonate detector 60 sends
megharpicq é'%a’Ufg WPPYAUF & gitiRyiRer BIP1ase LT bing PrREH SPRE5RIPI Fhlh
2 AR GRADABLIADR, Ecotliefel RUGELR MASKRET Ding re
not cont am nant S B ding up on el ectrol ¢
ac)idanin§ cyc ) edhtre ok erpaéfaaldfeta@o&teg a plinp srdaratesiol h@t of the
there is contamnant film control box 5 preferably
acweg elasiraitic aeli . dheeasemgr ie prfesatihnatgh enelab itcceccommecﬂaefie Irmany
lve 40 is actuated via electrical conpection
d'ffeé"r’E BCr PRt e hriane f H}%i@‘hm%‘P‘?ﬁe"@'%'ﬁé)ﬁzﬂ“ﬂtﬁ‘bwﬁb?t?”dﬁ%j
energi zed by control box 5
'”%ﬁgﬁﬁfﬁﬁt$bégrﬂ%§éﬁﬁﬁgpg%s 50. The system preferably
r unsif &irhonete RERPoREd (barlylothar edntanitist Getédifg Ea@BUERDs Byt used,
flow nmeters 35) which has been optim zed for optinal
e'%?@b'dti%qeééﬁ prsferably rw ¢ ctraned et d Pfgd@rémeﬁ eleyftihQ:SCbeCM'e 95,
t he aci ate
erl R PR Bt FoC A PPl oSy Fauie P sfighna schecuie wouid
beedag&)t Jd%h We' rﬁjm‘B@rI clf hétﬁs th‘éhtﬁé @IethonHE @éllq{a@g!aé/n rﬁhrﬁr?gnénc%h% last
contam nants, then flows through carbonate detector
cléz@ing Wae caysétednapd i foesfalbly fréquast endughhé snsac thiht GHegainind g
nmode until carbonate detector 60 sends a signal to
eXERRT VP 6PNtBHIRAMS byildep @fathPﬁGthQM'F c¢lhe systemis clean and
can funni n in OXi
coai LS LT P AP B Du e PR R =T R BB Pk Bhoo o
coh@RirBAR ifIEGb ! &iiisS. F@lblmarepdrstioRied QEaRleY. wlaRed bl a
separate wasté drain after flow ng through carbonate
codaingtibrois stady arsitnemdurable ddsErigaietscale btilde up witld@aalbctrolytic cell
storage tank. Electrolytic cell 55 m¥h optionally be
e

55 [he gAreenal leYer apis gs e leGRGabintHiAter PENEGLB e npiegIe R aqiq Within
elec%tayatceeﬁi 5? oCct:oltr}pensa]rtTef%Ptﬁls]Jnsalatlnﬁ e%aa nr’% tg;%g {aln tHe amperage

ene

Wlﬂ;lﬁ'll électrbl?ﬂc&:@ll 85, ttr%rrB@tdf Mrﬂte%@@t%p[@ﬂhereé‘s@@ %ﬁﬁﬂréa@% ﬂ'@ c@ﬁdtﬂtlwty
is stored in a reservoir. During the acid cleaning

withinodlesfrolgtimrell 8%. TusinGegpee fate afliriye expbunegtios  campanat taghe normal
valve to allow flow of the acid to electrolytic cell
ratgmf brifgCopERHQY b oy @r%ee?'e?tratyrlgch"éﬁ Gen dppvfytset tp measure

coﬁ%ﬁtﬂmqﬁs ﬁa;?iﬁﬂy eg,tr(% ?IP&% %(%Xg?a%%nne%&ﬁ%g %%iwe%@frﬁ/ d’%asurlng

at aci po en uted w
the temperature rise through electrolytic cell 55, for example by comparing the temperature

difference between two thermocouples or inlet thermowell 65 and cell discharge thermowell
70. When carbonate buildup is detected by any of these means, electrolytic cell 55 can be
cleaned by any of the methods or components described above. Brine consumption may be
measured using brine flow rate, tachometer rates of brine pump 20, or incoming water flow

rates.

10



incomng water to clean electrolytic cell 55. If

carbonate detector 60 (or any other contam nant
wa@leqoeasiomyg conponent) is not used, el ectrolytiBCER005645460

preferably nmay be cleaned on a predeterm ned cl eani ng

schedul e to ensure contam nants do not ruin

electrolytic cell 55. Typically this cleaning schedul e

woul Iﬁ a tlot%qg' &)g in llggtﬁ lgmg cfégﬁﬁ? %etﬂgdsn]%g&%eé %%R/e tt!?ee?lectrolytic cell

el ec ytlc ce een r NnNi Ng sinc
m& AMANGb\BSare® BP0 Bifly thaReialit§ o%@fal@étﬂﬁlaé’mfefe@%ﬁﬁtcell while
enough to ensure that there is no excessive
flowingtetairaiga thrdugh tragectelytictrell e rot tand)bryterablycfm d veryTS’rhlert deration.
of brine consunption may optionally be used
RYEEES el e §SeHRAES dreTerably 3P\ Stest ‘?erﬁ‘s'é?se l?t"’?'@l”g& prEat the
r C
i PR ARl RO AL B0 B b e
anGad RanadnRrifs @l te 8 L) BRdudingMIddirbINticcde® 8édcAbdtheteirC@pitallP Bperates
the carbonate | ayer acts as an electrical insulator
WGLH@@ ngewrtenbdeaﬁiﬁﬂjsdurat@c? aretshpedesualietitphn bel veasidrfail quidkly ifeelatity were
ensate for this insulating effect, and to
re}LFé?%‘?taéFhﬁ Sg;ﬁ% CYpETRgY- Nt 1§ PERRYE E?qV‘E P SSRAHP PRyEeT Spifee at
Im&%ﬁ:ﬁr&%{t fj%rfs{t);;gnvc\jﬁ%? Eﬁ%p@%tg gc?;?léétl@)?éllﬁ 3B cregn {h@%Elﬁﬁz&erg %olarlty
mbdRCWEiaSE dnly apEated whér the nerevaBdhitiihé @rﬁducﬁor\:@ﬁmbm mbee & e
normal rate of brine consunption. Flow through
stasidey sp glaythe erieary Bn®ks ceating a¢reainspmdergeasdt Hnersshege eonditions,

cont am nan thin el ct r ol
cGRs G hhiea Lar PO F1 Poie i o erpviraesing botween
apbmfe@} 5J|rnﬁ"1utre§ afd H%Hh'tgy Iﬁbt%@r? Eﬂie}’éﬂc@ inﬁ;L\!es ﬁét cefll‘ereanlng

exanpl € by conparing the tenperature difference
intbetetiBsst tiidn 4 heskvan@upbresnbdn dnfdvetable Beuatiovwehdre Gie fedadvater to

cel| discharge thernowel|l 70. Wen carbonate buildup
the %'e@@!yé@f%'dorg@ﬁ @ ysestio ks e r'?é%ﬁw@,'Ut'@m’é\@t’\dé\fpjﬁﬁi'ycbed@Pl quality.

of the ne h ds or, co onep

nigRef BPae SRSTR arte T futes iabenéﬁ%i’/ﬁ‘ﬁé”dr‘#%t RaRPEqURr the
wdiSicBE: Rhéifh Jr LRMniffdrRe F&@@%Qqﬁé BSs &8 Rin Bty Bicld\BroB kBN

20, or incomng water tlow rates.In addition to (or
operasivreadde) ivpult! bl belregligittg net hods descri bed above t he

el ectrolytic cell may optionally be cl eaned

revep §P¥1@“*N‘i'é“%‘bq‘%}9| V?Xﬁri?fpolaﬁ@ teflean the glegrofyfic Ce” both the anode

el ectrol

an lcgt%t t I Cyfboth rerairy and bi- Bglar erf&t odes aTre pre [a%ly coateéjg’/hn an

heeec

ap\gsefpua@Bmehs.amna&a&@anoeewguﬁg ng the pol arity of the
el ectrodes, preferably at |ow current densities,

| oweTls. 2 ke spidnatic b epatiohio@et, of aisystém thir mmnvae]snmderse polarity
renoves the contam nants. However, the di nmensi onal lé _
owing

clegning| Blegtrbiie ot 3P remesrdRTade 1?‘1@&"&35‘0@% ?L?)W'B]redﬁ?%'vtﬁ
in SJ & [)(gtf%tnygnd %xﬁgrlt IflovﬁggS &t aptﬁgtola%'f ﬁl Qel YR hc?r% , %e%ﬂgﬂ’ %Fe@t?olytlc

cell 130 has electrical energy applied to anode 134 and cathode 132 via main power supply
136. Periodically, electrolytic cell 130 will be cleaned by reversing the polarity on anode 134
and cathode 132, effectively making anode 134 the cathode, and cathode 132 the anode. In
the normal mode of production where the system is producing a chlorine based disinfectant,
the current density on anode 134 is preferably between approximately 1 and 2 amps per
square inch. To avoid damage to anode 134 during the reverse polarity cleaning step, the

current density is preferably less than approximately twenty percent of the normal operating
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wel |l at high current densities (up to 2 anps per
square inch), but would fail quickly if polarity were

WO eapenswad at t he sane current density. Thus i tPEEUS2009/045460
preferable to use a separate power source at |ower
current density and/or |lower plate to plate voltages

to clean the cell in reverse polarity node, which is
cugrgJét%eﬁﬁ‘gFa%Sda g’ﬂ%& 6r|£‘f§ra§ A £‘Ao%[ (ﬁﬁ?r%{ @d/“&‘uhe%rmm

opBRARECUFHRALdeRGty rAHEBI B&aﬂ@ﬂm&@e pHQﬂ?EIe&H}%&%eratlon operates at
condi tions, cleaning cycles of |less than 30 m nutes

mmno\m pmehlsetvm, Pquvee sereitrhlyly supnliFdriy clpetingpewer supply 138, which
approximately 5 minutes and 10 m nutes. |Industry
cagpp aMCc el fian Bap eswetapri 116 P@W@%\ffﬂ”h'é‘a'f‘ﬁf"é?r\?‘aﬂ’@ylﬁ“e IS
{
S OB 1Y AL RSP LR LRL B
clé@inky poér sty FaBlid tratsReted © JdRkelytichtell 130 grere@BIy WaicRBring power
woul d typically be poor quality. Intervals between
cablee 446 nidie obwesrsupntlies are peaferaiisoleted viamainclomar $uy>pl|y Feday 140 and
i ndustry norm Under the worst case condition
C"?ﬂn@ﬁﬁi"ﬁ% SBP%%reB&éF“%ve'B Por"iah%oefaé'QEWB?” NP ihPate 9'“’8%?9 ithin
oSl B AR ol ARTIES el T AP S gl R o s
clidk@Ctd Dloyittackfie®lof curentth cMﬁngﬁﬂWéEs@ﬁl@l 188uvitroE e wedng paka ftg,
of both primary and bi-pol ar el ectrodes are preferably
clegping @@N%svmpharﬁlaaﬂﬂ# i@pﬁ%ﬂé@ﬂbﬁéﬂ@h elealrglyfic sel1A0ds thﬁiiég in
| coat I ng ?YCJ}‘? c.of an enbodi 1t3 g
0P & ?c?eaPH%P%V\‘Féﬁi’Ffp é‘“\/eé‘FEgézeBdF%{? PRYPT BYRRANPR o2
r S
crhisBels ﬁ”%‘%“%é%%@%*?ﬁ"ﬁ%g 55 AR5t o3 o o
clexd daynitilizihgasgirentideadity bhdort lager pbtehta® abeinbde 132 doorigead short
operation, electrolytic cell 130 has electrical energy

cleghisp icete: famagede ancEs 434 acradieein biRduedothe iclkanieg ch(bi/\ﬁﬁghglble

supp 136, Per.i ectr o

o’ Atalfits P esd Rt iR SN U e B bl Eped suhey
1383 hBdl&e dodver R hbrRal dpérivn ABkdING t@@é&ﬁ.n&%@sh &his abﬂ;}e&%

and cat hode 132 the anode. In the nornal
prefeatiy etnplops thi esecof pheersy silemrslays 142 @dthet mtoblng:hévﬂ:les rgeverse

based di sinfectant, the current densi tg_on anode 134
the golay, ka‘é’%ﬁ;‘ly}ih'%éﬁﬂf@éh re&ﬁ'}'ﬁsdl%f pleatelyiic el AR Pneanyatiqee Auring
théc’ 8g§}1ﬁn§eclyacp) be. r{]ucﬁ\{?sg I r?ln hn n r%ewaltoger?ﬂ% ?\(Jt%ff‘elnggpg%aﬂcg r{ovvgver it
is Qtﬂlq;ré?éraﬂé Yhal RS §Ie£rh@'by§l§ BE Qé(r\‘dm&@ét%v&e\ﬁ@tme%t &Q}Elﬁ@d’ﬁnd%ﬁ lower

the normal operatingcurrent density range, and nore
poméidlefoabliopt deacdsmétimabout 10% and 15% of the nor nal

operating current densi t%! range. Because the reverse

poI a‘}'iht’ F%‘ﬁYﬁ“ﬁ@“ Wﬁé’ﬁ%ﬁ GRRS é‘r%e(t%'é"’“atpawﬁ‘&?f refgigage to these
pr@f?#‘\@or en‘?b%%rrﬂeﬂgsoth&%%[)d@érgp Ea&%a?:@%pé %e §§¥RJ§’ l’elsﬁg. l?/Xriations and

eani ng power supp
modifications of the present invention will be obvious to those skilled in the art and it is

intended to cover all such modifications and equivalents. The entire disclosures of all patents

and publications cited above are hereby incorporated by reference.
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can be much smaller than main power supply 136. Power
frommain power supply 136 is transferred to
web@onsokytic cell 130 preferably via main povweCT/Tsi9NEE45460
144. Power from cl eaning power supply 138 is
transferred to electrolytic cell 130 preferably via
cl eani ng power cabl es 146. The power supplies are
preferably isolated via ower supply relay 140
and cl eani ng power suppI;/IBL/Q S 142. In norma
operation when chlorine is being produced wthin
el ectrolytic cell 130, main power supply 136 is
Weatér gpgimedlisand nmai n power supply relay 140 is cl osed
To avoi d backflow of current to cleaning power supply
138 with the wong polarity, cleaning power supply
rel qy 14% rﬁe%ho%qgrrheahlln g%lgarol cgkﬁr‘l—:sﬁr{ %lléémm%sctﬁé lnethod
130 i1s operating In creaning
cofippPhg/thd 88pd & ener gi zed, main pomer supply 136 |s
deenergi zed, main power supply relay 140 is open, and
cl eani ng powerevsisinplpylarities altwe Hpmpre of the skedtrodgy; and
utilizing less current denS|tX and/ or | ower potentijals
on anode 134 ARy at"l‘?é”'@%“r”te ‘cqeé%{%t%@e ElPEYSies WhirR fower
I
e ok b R SR o BBl Bl e v
shown in Fig 2 uses the main power supply 136 to
provi de power for normal operation as well as the
cl edni ng Thy weibed of'plﬁire1a@pﬁema@blﬁnqommelroabﬂayor@hwlwwytime"
use of power su ly re s,.142 or other sw tch
orifhr 8 BRE UL P i RS PPt MRB AP PR el rams
e@mggoach requires the electrolytic cell brine
concentrations during the cleaning cycle to be nmuch
| ess than in normal operation. Wth this approach,
however, it is still preferable that the cleaning
cyc|3e be Tb%mﬁ@ia‘i‘réf@'aa”ﬂ 2whRkein qeling raihalpesratian the elagiwglvig cell
pot ent i
oy ARREN GO B PRl <Pt er Mamekpprplel 108 $ms per
itdgarticul ar reference to these preferred enbodi nents,
ot her enbodi ments can achi eve the sane results.
Vari ations and nodifications of the present invention
will be obvious to those skilled in the art and it is
i nt &nded ThomMeGoer! cim 3yhersindprismpeielias  ragavailable chiorine is
a %%nwe WEntS mlge gmalre di scl osures of all patents and
Fﬁ Mecat g rted above are her eby incorporated by
reference.CLAINB What is claimed is: 1. A nmethod for
cl eaning an electrolytic cell conprising el ectrodes,
t heSnet hdtle wetpd ofiaiy 1twheregittiegepegdtional current density is greater than

approximately one amp per square inch.

6. The method of claim 1 wherein the cleaning current density is less than

approximately 20% of the operational current density.

7. The method of claim 6 wherein the cleaning current density is between

approximately 10% and approximately 15% of the operational current density.
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reversing polarities of two or nore of the el ectrodes;

and providing a cleaning current density to the
web@onswdes which is | ower than an operati onal PEU/DS2909/045460

density used during normal operation of the

el ectrolytic cell. 2 . The nethod of claim1 wherein

during nornmal operation the electrolytic cell produces

a ance”trﬁé‘&hﬁ%?d ?lfclaflrﬁq%vh@r Bl thé ;?rloxﬁdiﬁg?%tggg f's%grrc%gﬁtp?fess than

t han” appr oxi na our grans

mﬁﬁ&ﬂ@gvﬁm@hﬁm&%z mhereln durlng nor mal operation the
el ectrolytic cell produces a concentration of free
avai |l abl e chlorlne greater than approximately five

granms per_ liter. he nmethod of claim 3 wherein the
condent r &h¢ BAtheY °ff°:'3él%8éi‘&*ﬂ§"efndﬁ‘? ROVFINGFiPRE Ppigormed for between
[ 5 . The nethod of

=rBRR R TRt P BR DT hAEL. 0 enei ty 1
greater than approximately one anp per square inch. 6
. The nmethod of claim1l wherein the cleaning current
dendfty iThe neted efrpdatim & wbesii thmeedéryinQSI% ofmpries using at least
operational current densit . The method of claim®6

O’\ﬁh?@Y"%ﬁSHpQ'h@'a%loé‘étH?rr?&"t%'U?grd@ iee- denS| ty i s between
approxi mately 10% and approxi mately 15% of the
operational current density.8 . The nethod of claiml
whenei n trhempthey biciant 1 sihereini the ERYdtiondredrdnodenkigSs plotiady by
approximately thirty mnutes. 9 . The nethod of claim

ar@mmwr@i pPWeheupply@nd! HierstparingpHriest qeesityds preidaddly asepatelen

| EYOXIﬁHte| five mnutes and approximtely ten

C%W GPRYLTSYPY The nethod of claim 1 wherein the
reversing step conprises using at |east one power
supply relay or other switching device. 11. The nethod
of abai NMThe mao®biTIdie1 apetiatal powad prediicing Bipadiens tHetldasing
provi ded by an operational power supply and the

POWCERRPI ¢ SERAIPrdiin 2oRMET PrpdycIgsRRAFINARI dhausPerRtianabe@vier suPpPly-
cl eani ng power supply. 12. The method of claim1l1l
wherein a power producing capacity of the cleaning
Powgs SURRL MelhSd SBRlirh € FurfhBAddnRrifiQYRE st@F 80H&HitBiGhg a flow rate of
capacity of the operational power supply.

electrolyte through the electrolytic cell.

14. The method of claim 13 wherein the monitoring step is performed using a
flowmeter, a rotameter, or a pressure transducer, or monitoring a temperature difference
across the electrolytic cell via a first thermocouple or thermowell disposed at an inlet of the
electrolytic cell a second thermocouple or thermowell disposed at an outlet of the electrolytic

cell.

15. The method of claim 13 further comprising the step of automatically adjusting

the flow rate.

16. The method of claim 13 further comprising the step of initiating a cleaning

cycle at a predetermined flow rate.

14



13. The nmethod of claim 1l further conprising the step

of nonitoring a flow rate of electrolyte through the
web@onsovkytic cell. 14. The nethod of clai m 13P@ITES0$045460

the nmonitoring step is perforned using a floweter, a

rotaneter, or a pressure transducer, or nonitoring a

tenperature difference across the electrolytic cell

via a first thernocouple or thernowell disposed at an

inlet of the electrolytic cell a second thernocouple

or Hper mVﬁﬁétﬁoddbrm&ﬁQa@EIeéﬁ%Iyﬂ&&éll%bm?rfsﬁgré%ctrodes the method

el ectrolytic cell. 15 The nethod of claim 13 further
cogwpriping the plgpt ¢fe step of automatically adjusting the

flowrate. 16. The nethod of claim 13 further
conpri si ng t h&VEEER PEIRTIER O WOl W@reé’f e &5Airergs: é&’/‘el e at
a predetern1n I n
electrolytic eI 'P,ng\cg)lr?%rg%s Joﬁa%ﬁ% %ete% t%tﬁeaz?%&gde%
WIGENTP lovsi thgh AT etieRs vatbge psmammgenp@h@aldmur@&oaﬁamwauon
or nore of the electrodes; and providing a cleaning
of Yrel dleatyelytioelbnt i al difference to the el ectrodes which
is lower than an operational voltage potentia
di fference used during normal operation of the
el qu rol )ﬂ:lé ﬁ:mefl:\&lj !)f claqna 17 wﬁ%@m%ﬁrﬁ%r JI oﬁérgt'iomtﬂe Ié’@ﬂ'@l ﬁd d&il
during normal operation the electr yt|c cel | produces
préducEE st Erdiati @ of ke é\faﬂﬁaléibfﬂijrlhélbﬂe@teﬁl’hblﬁ)éﬁﬁr’&lr@it@faﬁ\%rgrams per
than approximately five granms per liter. 19. The
litgfet hod of claim 17 wherein the providing step is
perfornmed for a tine between approxinmately five
m nut es and approxi mately ten mnutes. 20. The net hod
Of - Gbal mrkd b6l 6 dhich A2 wh SR P8 RO BRI AEProLS RO
at | east one power supply relay or other swtching
betl@eh @pprodrbateiy iee mutae enddppedxamaieilién whrekedi n t he
operational voltage potential difference is provided
by an operational power supply and the cleaning

oF e2 g M RO SosT 17 BEEE e B e colPafomish afss
onk ol Bl p SRRy Ios biR& sitéhiideRige Of nonitoring a flow rate

21. The method of claim 17 wherein the operational voltage potential difference is
provided by an operational power supply and the cleaning voltage potential difference is

provided by a separate cleaning power supply.

22. The method of claim 17 further comprising the steps of monitoring a flow rate

of electrolyte through the electrolytic cell and automatically adjusting the flow rate.
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of electrolyte through the electrolytic cell and
automatically adjusting the flow rate.23. An appar at us
WO 2009ps0duci ng el ectrol ytic products, the appaP@r/luis2009/045460
conprising: an electrolytic cell conprising
el ectrodes; a first power supply for providing a first
current density to said el ectrodes; a second power
suppLy f vij di nd. cur ensj id
o1 2 0Bl Bl oD8af P SRATA R Rl A bbb St
opposi te pol aph t¥cttoltis 8dikobrisily dRAMBdessUPP! y; Wher ein
the second current density is smaller than the first
current densi ayirst paver Simplydpracvidings fost colrent der@By tafseidei n
said electrolytic cell produces a concentration of
el¢ctradesavai | abl e chlorine greater than approxi mately

five grans per, i i : .
wherern the. sSsen powd 2upehl s ABRAES Ul o el dhdc o sai
eleRpd X sdmpderbit pbAke aupply apaigafi dpBbsitk Yold it adadaidtfing pbwérstipply;
current density. 26. The apparatus of claim 23 further
conpri si ng at wherabtthegseeoploweentslamyiy & smalleryhaothedirgteprrent
switching device. 27. The apparatus of claim23
den¥i¥t her conprising a flow nonitoring device for
nonitoring a flow rate of electrolyte through said
el ectrolytic cell. 28. The apparatus of claim27
whepei n Faé gopata@w difbibint 23 i Hegeitlend dectiofticall paldacksfar om
the group consisting of a flowreter, a rotaneter, a
copeesyalipnel recsaysithlpleeghlorige gragter thdn arheximatadifjye egmsanedlliter.
pair of thernmowells. 29. The apparatus of claim28
wherei n one thernocouple or thernmowel|l is disposed at

an b@.l et Tﬁé aﬁp%ia%s%f @Igiwﬁl \M"Eelré?n fﬁ_@gécoﬁ@ gur%ﬂp&el?@fy is between
t hernocoupl e or thernmowel |l i1s disposed at an outl et of

appauixicha@dlye s arldydpb@xiaately. 15300f thElfiesst aqpent @dngisy. of ¢l ai m 27
further conprising an electronically operated val ve
for adjusting the flow rate.

26. The apparatus of claim 23 further comprising at least one power supply relay

or other switching device.

27. The apparatus of claim 23 further comprising a flow monitoring device for

monitoring a flow rate of electrolyte through said electrolytic cell.

28. The apparatus of claim 27 wherein said flow monitoring device is selected
from the group consisting of a flowmeter, a rotameter, a pressure transducer, a pair of

thermocouples, and a pair of thermowells.

29. The apparatus of claim 28 wherein one thermocouple or thermowell is
disposed at an inlet of said electrolytic cell and another thermocouple or thermowell is

disposed at an outlet of said electrolytic cell.

30. The apparatus of claim 27 further comprising an electronically operated valve

for adjusting the flow rate.
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