REVERSE POLARI TY CLEANI NG AND ELECTRONI C FLOW CONTROL SYSTEMS FOR LOW

| NTERVENTI ON ELECTROLYTI C CHEM CAL GENERATORS CROSS- REFERENCE TO RELATED
APPLI CATI ONS This application clains priority to and the benefit of
filing of U S. Provisional Patent Application Serial No. 61/056, 718,
entitled "Reverse Polarity Cleaning for Hgh Current Density Electrolytic
Cells,"” filed on May 28, 2008. This application is also a
continuation-inpart application of U S. Patent Application Serial No.
11/946.772, entitled "Low Mai ntenance On-Site Cenerator”, filed on Novenber
28, 2007, which application clainms priority to and the benefit of filing of
U.S. Provisional Patent Application Serial No. 60/867,557, entitled "Low
Mai nt enance On-Site Cenerator”, filed on Novenber 28, 2006. The

speci ficati %\é‘&@E%b@hﬁﬁY%ﬁ.E@Nth% dﬂ%&?R@ﬁB'F’L@W&&!‘ﬁzo@rﬁskﬂﬁQFBﬁr at ed
herein by reference. BACKGROUND OF THE I NVENTION Field of the Invention
(Techni cal Fi el d): LOWINTERVENEIODrER E6MROLYTWROHEMIGAL GENERATQRS an el ectrol ytic

on-site generator which is nearly free of maintenance.

CROSS-REFERENCE TO RELATED APPLICATIONS

Background Art:

This application claims priority to and the benefit of filing of U.S. Provisional Patent

Application Serial No. 61/056,718, entitled "Reverse Polarity Cleaning for High Current

Density Electrolytic Cells,” filed on May 28, 2008. This application is also a continuation-in-
part application of U.S. Patent Application Serial No. 11/946,772, entitled "Low Maintenance
On-Site Generator”, filed on November 28, 2007, which application claims priority to and the
benefit of filing of U.S. Provisional Patent Application Serial No. 60/867,557, entitled "Low
Maintenance On-Site Generator”, filed on November 28, 2006. The specification and claims

of all of these applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention {(Technical Field):

The present invention relates to an electrolytic on-site generator which is nearly free

of maintenance.

Background Art:

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 ancdes 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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Note that the follow ng discussion refers to a nunber of publications and
references. Discussion of such publications herein is given for nore

conpl ete background of the scientific principles and is not to be construed
as an adm ssion that such publications are prior art for patentability
determ nati on purposes. El ectrol ytic technol ogies utilizing

di mensi onal | y stabl e anodes have been devel oped to produce m xed-oxi dants
and sodi um hypochlorite solutions froma sodium chloride brine solution.
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U S. Patent No. 5,853,562 to Eki, et al. entitled "Method and Apparatus for
El ectrolyzing Water" describes a process for reversing polarity on the

el ectrodes in a nenbranel ess electrolytic cell for the purpose of renoving
carbonate scale and extending the life of the electrolytic cell. This

met hod of electrolytic cell cleaning is routinely used in flow through
electrolytic chlorinators that convert sodiumchloride salt in sw mm ng
pool water to chlorine via electrolysis. However, currently used fl ow
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t hreshol d i SSHBTHEE P& taiFteéﬂ‘Phct”f”é'éF’?’}?'“ﬁﬁ féﬁieﬁ‘&dtpﬁ%odér”é'bwad MAPPIEd Bl |

thereby redygbngeGONtN-RAMA! difledsRRalf bEGE £r%é/stfbrcch6ﬁrle| prodRBdn AUt omati cal | y
continuing to produce the one or nore oxidants after a | ower contam nant

t hreshol d |@ed@e®m$edammwec@beamungu$bemup8e@amang &@MMMW@@@wpﬁ®mmd|ng
brine to an acid erati ectr tic an aci

2ci d gener ol At BHEREPOIUr A EaT SEhl R Bl AT A e O PP LHe

el ectrol yti ¢afghdr squiREncBfih tbvBEES RIiBh e CONBIHISRGH TMpll Al bGin@ Gk HolfHty

hydrochl oric acid. The nethod preferably further conprises the step of
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car bonat e dete etectin te era bl nprises asuring the
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cl eaning device, or reversing the polarity of electrodes in the

el ectrolytic cell, thereby |lowering theg pH at a cat hode. The present
invention is al so an apparatus for produci ng an oxi dant, the apparatus
conprising a brine supply, an electrolytic cell, an acid supply, and a
control systemfor automatically introducing acid fromthe acid supply into
the electrolytic cell. The acid supply preferably conprises a second

electrolytic cell, and the brine supply preferably provides brine to the



measuring a tenperature of said electrolytic cell, and/or one or nore

flowreters for neasuring the brine flow rate. The present invention
is also an apparatus for producing an oxi dant, the apparatus conprising a
bri ne supply, an electrolytic cell, a cleaning nechanismin the
electrolytic cell, and a control systemfor automatically activating the

cl eani ng nechani sm The cl eani ng nmechani smpreferably is selected fromthe
group consisting of ultrasonic horn, magnetically actuated el ectrode
mechani cal cl eaning device, and acidic solution at a cathode surface. The
appar at us preKeriabiepystam erreectradnpails. sbwicaly dwblceﬂwlae@h@u Mth otiet he group
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cl eani ng cug&gﬂ&mden3|ty to the el ectrodes which is | ower than an
operational "current density used during normal operation of the
electrolytic cell. During normal operation the electrolytic cell preferably
produces a concentration of free avallable chl orine oreater t han
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appr oxi mat ekcompoisiag @epeser spgiiag &rine mcdn. eletinaytic balgmodugncancoembre demsist y 1 S
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and nore pr é‘rt%eé%fr?)ytﬁéf' eé‘ﬁ’“%?pap'%i?fﬁﬁttaé?"gﬁniﬁ%’%nﬂ“%ﬁb@%t%f‘%w 15% of the
oper ati onal b%rs[JWaftg%%b&ey conTzJ?rﬁnaHfth\ééled%e%@@ aht%mQﬁchfy‘%fe@P.Lthh@er formed for
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el ectrol yti ¢he0re4tmod pTdﬂ@ammmﬂtHeQ&dnmgseS'ﬂ%Qtebﬁfcﬂﬂtﬁﬂb ‘Bfeébbrhey meaét&iﬁ.mpum ng a
flowreter, a rotaneter, or a pressure transducer, or nonitoring a
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cell. The netahogsqueet ebaleyrdubcbispingeomprmae sutbittespeepurebf teut omat i cal |y
adjusting the flowrate, and preferably further conprises the step of
initiating sleqlilifrfieh §rivayRuma Velpcit 3T BERITRSMAE AN Io G BElROY Preferably The pr esent

i nvention i ﬁlrtﬁér%&nﬁ@és%ngrﬂé he kRARILA%E AR GpRHLE Bk Ykd & p&RlcbnGRPRA IS NY

el ectrodes, the nethod conprising the steps of reversing polarities of two
or nore of &hesredettiytiodels Tamdeqmmgvned Dmgnaﬂy cinepaisss ngny/al dtegeniqatient i al
difference to the el ectrodes erational voltage

ot ent |l PG PG OB HaPPRE RSP DUPS R LI TR 6" BYRUREl vt | o cel |

Buri ng nor mpdiar@Re Eidduiody it R clebiGtid @l Yidrdby ffklingtegfiedt abAtoder 0duces a
concentration of free available chlorine greater than approxinmately five

grans per liter. WEMESQﬁGWWﬁwwgaEQ@pxpsﬂp$@fHﬂ@ngwper@mﬂh@ax$@wsa time

bet ween apprOX|gat rx |vp nlp ut es. m %pBroana%e ten utes. The
reversing stap proet eraBiyy cOmsrT V88 s HG atPAYe A5 oﬂ“’%%m@ Suppl y rel ay
or other swadihtieQy ARy acTRREEREJupihaihto MRl dlca@fyipediemid ald sdbdif erence is
preferably provided by an operational power supply and the cleaning voltage
potenti al dpfPepkaeerripes qﬁe@fné@ﬁbtro;wfp@edmndéﬂ byye sapréxergsa‘rzrab'épr@w@aﬁiim power
supply. The netho er conprises the ste f nDnltorlng a
flowrate o e ecq’de{ Sfoglg(f%&%lﬁ"n the'd Cég%) Jr ?a(r:au@@“?fergt%dro Ut omati cal | y
adjusting t &wqpfuée@w\/é@m sspeed brine pih@, PEaDasnt détébvcﬁ,r&qb BiMmdrsthaird@clBforappar at us
for producing electrolytic products, the apparatus conprising an
electrolytic cell conprising electrodes; a first power supply for providing
a first current density to the el ectrodes, a second power 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 current density is smaller than the first current density. The

el ectrolytic cell preferably produces a concentration of free avail able




anot her thernocouple or thernmowell is preferably disposed at an outl et of
the electrolytic cell. The apparatus preferably further conprises an

el ectronically operated valve for adjusting the flow rate. bj ect s,
advant ages and novel features, and further scope of applicability of the
present invention will be set forth in part in the detailed description to
follow taken in conjunction with the acconpanyi ng drawi ngs, and in part

wi || beconme apparent to those skilled in the art upon exam nation of the
following, or nmay be | earned by practice of the invention. The objects and
advant ages okatuli® d tervgandtire of saiE glebi®lytie®ll iapdd caad rard fowmegtrdfyr neans of the
instrunmentalities and conbinations particularly pointed out in the appended
clai ms. BRI ERITESCH P (N '8 THE DRAW NGS The acconpanyi ng

drawi ng, whi ch i fheipheeh ROSALEHabIUrpadislud B JRRciRAnox@int theappitggd f i cat i on,
illustrates an enbodi mrent of the present invention and, together with the

descri pt i onconpusingzsbring swripl aaierpctdivtic gailj addaphemeaypnignnie therplesimthitiopell, The dr awi ng
is only for the purpose of illustrating,a preferred. e di ment of the

| vent ] on_af 1 S ibBSEE ‘Fevbbnteh BB R Rr Troth Pt HIEHETER. 1 n' (e
drawi ngs: Fhehadisth SreRrably ageBbtOfonDtie g B akiRNdf ulbsodic hem! Maghgtlcapance
on-site generator unit. FIG 2 is a schematic of a reverse polarity system
for el ect r oP§t4las eteerqde greeBAra gleanmE SefiePand @R IORD IR PREPERREM CEMBED VENTS

( BEST msa&%tu%@%ﬁb”%r%o;ﬁgei M{e%,égge%&ed from the group consisting of a
carbonate detector, at least one thermowell for measuring a temperature of said electrolytic
cell, and a flowmeter for measuring a brine flow rate.

The present invention is also a method for cleaning an electrolytic cell comprising
electrodes, the method comprising the steps of reversing polarities of two or more of the
electrodes and providing a cleaning current density to the electrodes which is lower than an
operational current density used during normal operation of the electrolytic cell. During
normal operation the electrolytic cell preferably produces a concentration of free available
chlorine greater than approximately four grams per liter, more preferably greater than
approximately five grams per liter, and most preferably approximately eight grams per liter.
The operational current density is preferably greater than approximately one amp per square
inch. The cleaning current density is preferably less than approximately 20% of the
operational current density, and more preferably between approximately 10% and
approximately 15% of the operational current density. The providing step is preferably
performed for less than approximately thirty minutes, and more preferably for between
approximately five minutes and approximately ten minutes. The reversing step optionally
comprises using at least one power supply relay or other 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 thermowelt
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Enbodi nents of the present invention are nethods and devi ces whereby an

on-site generator electrolytic cell is preferably nonitored automatically
for buildup of contam nants on the el ectrode surfaces, and when those
contam nants are detected, the electrolytic cell is cleaned automatically

(i.e, wthout operator intervention), thereby providing a sinple, |ow cost,
and reliable process for achieving a highly reliable, |ow nmaintenance,
on-site generator which does not require the typical operator intervention
and/or auxiliary equipnment (such as a water softener) now required for |ong
life of el ed:ﬁp’o&iowt hiciniesdf ths electrolytic ceIIIhe:ohmﬂhemaiuplsbathuaomfll disheseebtect r ol yti c

cells can be nonitored automatica nmonitoring cell inputs and

per f or mance?" P4/etioEh AIBRARVGFSY- TFPSWQWB‘&Pfefﬁfaiblﬁ@”aer(?%'r'fl’”s‘é%‘ﬁ%ﬂﬁ‘b‘g i s dependent
on the armMma‘fﬁMy Eéﬁgﬁngwle ffo\/vlrﬂb QHH LrgMQbQ%rthQ%Bmﬂlsgﬁﬂe Qt@p! ch lnlt’afmgté“ ne flow
is continuously monitored, any dranatic change in brine flowto reach a

gi ven cur r egitanag csazlegaltvenedamh\ma@m\drgtel ndi cative of a pot ent| al problemwth
filmbuildup W'trg (F i nventiaon refe ra @/ rTEnthrs the flow
characteristics pr‘fsﬁBt "B’Ff’tl‘fg Rl b il ?1& Pa” PRABEY PR | to

det er mi ne WhedB&s, 1A maRdd doher sﬂwgh@%té@@@fﬂe&%ﬂ%%ﬁbn@%f tobAbr bt f Wiet hin the

electrolytic cell. Wen potential filmbuil is detected in the cell by
t he cont r ol elegrsdasand mrh@dir@eq dleajigg mit@emoabﬂlayd'@aﬂ@@mti‘%%cnweawhidh Washed.

A car bonat el vC\j/eettt%(r:]ta(r?E) era ro?tt ed OW tlaldlﬁlq nece gsCtdrdOrll tnlorcr;na eratl n olfl£ Ormt ic acid
washi ng, and" devi'ée %onf’r ol's b fized. A arap el ectrol ytic cell

fromthe ongedisigd cbi0 mFigAtoamdl h@areﬂb%ﬂhd e@&fo@&ﬂ&ellW’efes:‘dbdlpwﬁhd’éypocm oriteis
preferably used to create the acid on site and on demand and to provide the
aci d for reffIANHEBP 68 AYaPRINEIrEe repterian aprERiPastly ive grapePer liggdbe f or
creating th i r y a
reservoir I@oﬁg@g‘d{ﬁ‘é‘%@%ﬁ@y g%ﬂﬁﬁrgeﬁﬁrgwg %‘g?% gﬁ’gmﬂ% n@?&e%ﬁﬁé]g the cell,
and noni t or appepxirhaty taohicutdse Fes kedrsingdi pdf@biy cghpoyee usibgt Bashenpdwrat aci d
reservoir would need to be refilled, as well as optionally diluting the
acid to a dB¥PYEHYCHHBAYICEPY ?ﬁ’f'cﬁxrT*l?rop%fat"\/\%lé’l’u'faﬂ@pcttﬁlﬂa'é’@f”lence% ul trasonic
cl eani ng netbodal pgViadi® E/aﬁ‘UL;e%dl B&Je Xup?ﬁ%h@&eéﬁﬂ%&@p&eﬁ%@am nants when
t he contam nants” are defected ods descri bed above may al so be

i ntegrated diffdrance heremrwmldemmepwme cleaning powgrsugnish dtie methbd of t he present
invention is shown in g t he con\? ne(r%]ts o R@s device are
preferably Wﬁfﬁrﬁi”éﬁ”tf'%C‘H%'Resﬁeastt%osf mo“fﬁ'é‘gé‘é'ﬂ F5t 4 SEHEYEoWeY S Mfopl i es for
all the sep@é&&@mf‘c@lm@@tem.c&g%{osm@mgmvﬁraeenbodl ment are all preferably
contained within control box but may alternatively be | ocated wherever
it is conveni enfihe pesshignvaliioy isadso o agpatss fdierogucnge leptpdtieprodwist thel s for the
Che. ot at s B EREC TRt aT LB 5 c2BP B R HadP 8P EOHEPEre. s wel | ac
el ectrical pewsty AN L@nCRAPY AR el&itrgrﬂa@,' Ssedd ppR&keipdbnpreangked vi a

el ectrical connections 50 between control box Sand the various individual
conponents. S%ldér”fedf@F‘éWé‘b‘lWe'éﬁ’Pé?ssth? PrRECRARMEAUPHY BIGH anairetiteefititance pi pe
30, arid brt'o'ﬂ% fIFSIEEV\%F Q@g}/ \Aﬁ]nlte%rtée selgc%d%é(?’-h%@ng@ lrlr%h'ermaln rfh% ﬂF‘sPMr"é‘Mce pl pe 25.
Brine, preferab t tGrated brine’silo or I's preferably
punped vi a déaﬁliyabﬂweeele&nﬁﬁﬂ c&lrnrenerawnsmd@&sa sthtcephiatios ofpreefaeanabd shlo@ient rol | ed and
powered by electrical connection 50. The brine then preferably passes

t hrough f | o¥eaEthep apmoxingdiciye g2 sper e EResERe PY RISt SEFRIY el ectri cal

connection &%eeﬂ-gﬁpr&%tten)ph‘%s%ﬁtaﬁ[ggﬁﬁaﬂel)?%a/t c';folne fﬂé?@uriehtq}é/n&@t ﬂ1e0f the brine by

i ncreasi ng the speed of ‘vari abl e speed brine punp 2
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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When the electrolytic generator is in normal operation node and is at
target current and target voltages, the total flow through the electrolytic
cell 55 can be nonitored, for exanple by a flowneter, rotaneter, or
pressure transducer, or by nonitoring the change in tenperature across the
el ectrolytic cell 55 by nonitoring inlet thernowell 65 and exit thernowell
70. When control box 5 determines that flowis off target, for exanple in
response to fluctuations in incomng pressure and/or flowto the

el ectrolytic generator, it preferably automatically adjusts flow by

changi ng eIemﬂhmnkcmkMWEGDmEmmWHeddehwywﬂb&mEWatmsmGtméﬂemmwenmmy, t he
cell can al§ﬁ¥ erat near target flow | evels and w 9 rogtinely
requi re neasdr &éR FSB? el (HEPFRERTPBES 3 SWWHaWFPﬁﬁgthebra B8 from any
of the foll gy, prg sources (or conbinations of data fromany of these
sources) is preferably used to determ ne the volunetric flow rate of brine:
flow neter 35, cQPJmeat\entd@tse@t mvel GRures| and furtbérypedpe oiapplical@iBy ofded d gener ati ng
el ectrolytic ce d/o t he | 40 Jcan direct flow
oi ther 1o ePestt BrS et Bliet i P BT R BRenlit n IRl R8I e ¢ coll 45,
Val ve 40 tyrabrqtabtiowatrh m%coarlﬂpeﬁ]lyrﬁ§aré\ﬁihgétﬂrdmwrllﬂde%e@lpbdﬁérﬁd)trliHsb ne (as both
the concentrated brine and water inflows have preferably been plunbed

t oget her ané“@ﬁé”b&@hémha@"%eewCﬁWtE%eﬂwbeﬁﬁréePwhﬁea@ﬁ€§ﬁvﬁm%e 40) to

el ectrol yti ¢, 6Ll T‘E!’t?objeét's 48 vaﬁégé@%%gm%ﬁé 3&4 e% Mtékéo% the SyStem
produces, for exa m xed oxidants or sodium h lorite.
contantnantSmhuMKMeusmmmneambanabemdebeqbnmmﬁﬂpmmﬁtmhmmﬁymbewbmcated

el sewhere according to the present invention, carbonate detector 60 sends a
series of si®§f¥ls to control box 5, preferably via electrical connections
50, which indicate whether or not a contamnant filmis building up on
electrolytic cell 55. Wen carbonate detector 60 indicates that there is
contam nant film control BRE PN JAWENGEN acid cl eaning cycle in
t he device, wherein valve 40 is achﬁated via electrrcal connectron 50 to

force diluted briMEtHIPEUGE SRS YERET BPIPRG A SN 2L MARPEH % al so
preferably %&%m&m&eﬁmﬁﬁmQQH&m%hn@ﬂ%ﬁ@eMk&mﬁh%ﬁ&%bﬁ@hmaﬂaﬁﬁﬁhkonS 50. The
system preferably runs brine punp 20 to flow at a rate (as nmeasured by fl ow
nmeters 35) ﬂkﬁccﬂtromaer\/@eewpemtttremnzewjesfot)hemmntlmlThaénadmersear fooirei n aci d

gener ot 10 ShEet LA 4 SEkbut i Drb Bl TP Ol el Dy Sfb Rl o2 1
where it preme@ahJMWﬁmﬂanﬁhgmeMggntanlnants, then flows through car bonat e
del e.ctor 60. The systempreferably runs in this acid cleaning node until
car bonat e det ect OF- 69 agiEads chongieghed menboi@dnt mahtensose H-Sipeine&ior vl t hat t he
systemis cl ean d oxi dant or
sodlunthypochlorﬁ?ezgggdgﬁgyghgﬁgglQ&*ﬁg%gcfgghééggg% g@n ‘el ectrolytic
cell 55 is preferably dunped to a separate waste drain after fl ow ng

t hrough carbonat e detector 60 |nstead of du -rno |t to t he oxi dant storage
tank. Electrolytic cel PEBERIERONGS =MeQRMENEEt h an ul trasonic
horn and/or a ”Hgnet'9§E§VM65E§ﬁéﬁ@Aﬁkﬁ%b&ﬂﬁ%}@ﬁﬁ%ﬁﬂkﬁ%' cl eani ng appar at us
in addition to or in prace of using an acid generating cell. In an
alternative enbOththmtents©ﬁh®ﬁa¢ehab\edloaeiedneitr&dséhrﬂrdedceis wharesyegensitd r. During

the acid cIeanrn control box 5 erably activates a punp or valve
to all ow fl 8W°E° F'ﬁém%‘i C&“Fd?reéﬁr@tyt"i‘%lt‘iﬁor toE@f“ta“%f%f butgya Ofrcé?gté'r‘\?tJF fgorjtae

pr ef er abl y lel@étrg@e S1a4d rLmB Qh@ﬁﬁ&%@%r%n%@de@kt@(ﬁ Ql{eeenatctr@ﬁrl: gell\"@@trém&yCI €s.
Sone of that acid may potentially be diluted with standard i ncom ng wat er
to clean eIem@m@mwwm@\w@bM055NOHmeNmmomhmﬂ@mpbwmate&deee®t®$t@@ (or any

th t t detect t | Il 55
or o7 or bl y WS IRCTOREHO A L P SORT LI H U Bl Gai 15 “CBIBUNE® 5% onsur o

cont am nant gotGQuidthe fybtbdd otk L8 i eWitidnGr@& duxifBy eqlipBb it &ubyastdWater SR AN NG
schedul e woul d be based upon the nunber of hours that the electrolytic cel
had been run®y ieguissd fecleng leoflegitolvtt edni ng was conpleted, and is preferably

the el ect rol yt1 o Bl ol Sledf e S 0o B SR ADAE a onal 1y
be used to datiguElaREpdiBehapdce HeNGEwDThatGen tnaatasenicansehqe@%aaieydrdncorcelI 55.
In normal operation in a clean cell, the rate of brine consunption is
steady and neasurable. As carbonate scale builds up within electrolytic
cell 55, the carbonate |ayer acts as an el ectrical insulator between the
anode and cathode within electrolytic cell 55 To conpensate for this
insulating effect, and to maintain the anperage within electrolytic cel
55, the rate of brine consunption increases to increase the conductivity
within electrolytic cell 55. This increased rate of brine consunption is




In addition to (or instead of) the cleaning nethods descri bed above, the
electrolytic cell may optionally be cleaned by reversing the polarity of
the electrodes in electrolytic cell, while flowing electrolyte through the
el ectrolytic cell or not, and preferably for a very short duration.
Reversing the polarity of the el ectrodes, preferably at |ow current
densities, lowers the pH at the cathode, which dissolves and renoves the
contam nants. However, the dinensionally stable anode in the chlorine (4 to
8 gniL) producing electrolytic cell described herein typically operates
wel | at hi glheeauureaid tghensiih beibug erphdt givéh aipisbripe flovsig batiguobsychdnitodedit woul d
fail quickly if polarity were reversed at the same current density. Thus it

is preferabP? T%“ﬁjgﬂ‘aag%%ﬁ% HeopBRRe INBUER &lt2 9GS T IngiFtveieidsi ¢ y
and/or | omegotmt@tp%bm vt AU ¥R mqe§cem0n¢é .ﬁfa&.oh fa@fe%ly mdnlborf @Y f&wse polarity
node, which is only operated en the nornal | orine production

oper at i onal clramgteristiss @fmeﬂlwdlbtynlnwtetrhanpetrdmee prq me;erraun@d@moamoﬁgere enmai ns

undamaged. Under these cl es es han m nut es
can e achi Bcaen SPEFEPaN o Wi R vsen: Sp SReHE s §haln fred and. 10
monutes. | nghsd delf bPKORIHIr B8RRI, P c8iad gsrethRbuisRikalg ho@RiNG. i nt erval s of. | ess
than a week woul d represent an unfavorable situation where the feed water
to the eIectroly%P%W@@Pﬁﬂ@@r"Wﬁ@K§aWham@@ﬁ©W%ﬂﬁhRé@Pﬁéa@ﬁWﬁémgdrﬂtion

woul d typic QQr it teny cl ean reater than
one week ar gev(lz é(g\?r IQ ma%be liHI?ZC?US%(I‘S%Para e elec?‘?lﬁla chfroH\qpe onre ] ed to %88%8%d| tion of

cl eani ng Oﬂﬁﬂedﬂ@d’da\ﬁ&ﬁkqdluhh@pdcﬁlSﬁe Biprefeylyaigedid tigate yelaeid (apénradau@bn on operation
node) would still be neg gi bl e. I n any enbodi nent using reverse
pol arity tod¥naeanndiparcefebs ad gtrepovdglof congminantt dheprstievisnell used Rode _
surfaces of . hof.hRLLITRI ¥ gﬁrmm@o F ROk ALBUE QAR AT ReREAL BLAR] Yogoat ed wi th
an appropriate | mensi ona e anode coatin I G is a
schemat i ¢ ofonadntretathadti cmell’etforafearangstyfséeﬂmnﬂ opnilory tearecit rengvareme nisenirgol ari ty
cleaning. Electrolytic cell 130 conprises anode 134 and cat hode 132 with

el ect rol yt eCRTBUF WEPNithet 39 e OB YPHORSeA IRPedKTeraAt el 5 wPtege B diiat e A4 t op of
the cell. | @a%gl%glcorﬁgrﬁrra%n'pg& to @Asﬁﬁ fhglcé/F InGq uffrgéolnlcllégn %etl%h&g fb cal energy
applied to anode 134 and cat hode via mai n power supply

Per i odi cal | gytonedtieady regloyitd wweekd com@mmmtds Whdpehecdostameedntbhyre ldevmctshyrhl@ t he

polarity on anode 134 and cat hode 132, effectively maki ng anode 134 the
cat hode, We@%898ﬁ3mf§ W?HEYSR%HE”w$ﬁmfﬁ8tﬁﬂ?ﬁﬁp‘%%Hgnof producti on where
the system IS proatditoBed ot RedeRenRARABS HbW iIRFRLY 2Rt of toREmsdeient density
on anode 134 is preferably between approxinmately 1 and 2 anps per square
i nch. To avbisdedesrmryueieroblamoited IQac piate 6 TW@omt@{f@n@eovfyoMpheﬂméll eani ng
step, the c rgtaengatedc%ngénteth t%ovvgl;netplggnqgcjd entesreSaIF rgera pgon%med I]i ly twenty
per cent of e’ nor eUrrent "deh % % hd Hor e pref erably
bet ween aboedntdi0% :ala@l nﬁa&i%’q@fan&a@a)en&amwh@@@r .arg lccﬂgerﬁéhf rp@mrami@awng ¥s I ange.
Because the reverse polarity cleaning operation operates at nuch | ower
power set ti g8 Areptrker cansoipPef e @l pratippPiearPbyat-eani ng power supply 138,
whi ch can be nuc mai n power
Suppl'y 136 1 st rancy vy SieanlyR bRl BLRRUE g (LB EOE T
power cable&mﬁéémnﬁmmeém&m@nbwheambmgmeMﬁm@ﬁM@@bymk&&wmsnkdamsferred to
electrolytic cell 130 preferably via cleaning power cables 146. The power
suppl i es ar@ecﬁfcélfcé?“&btloi}s 701 “&F%&OW?'QO%‘I’W‘? t'ﬁo‘(ﬁé?uséflﬁi‘ldﬁ}]a)}c‘?f%ﬁoa?“tsl4o and .
b oduced wi T e el by B A B e R o A S rer i 2o

u wi t hi lyti [ u [ iz
and nmai n powwers @elppteyw threth@yonried@trarse@ipe)seecBnnér@rmmI;dstdmaukéIsaJWataﬁ current to
cl eani ng power sup 138 with the wr ong olarit cl eani n ower supply
el ay 192" S GaB, B Rty AT U ORToIe LV A50NF L BRI ng' | n
igganlng ”Dgﬁwm@éQ?Qbﬂ&e@&M@kﬂé&Q&%X?éﬁﬁ)P%e%?%g&h%%ﬁnmﬂﬁb&xgomfr suppl y

i s de-energize mai n ‘power supply relay i s open, and cl eaning
power supplvmw@ﬁ@yntﬂ23$sm@hG@é@ebBy%uym@mzmﬂ@abeg&manm@mvﬂﬂeﬁgity and/ or
| ower potentials on an r|n the short ¢ anln mage to
anode 194" o CUEHGAL L3IV ELE TPy e et WaR PG ey 0P Be PR G g e
An alternathmgp@ﬂbgﬁlnent to the one shown |n_F|g 2 uses the main power
supply 136 to provide power for normal operation as well as the cleaning
cycles. This approach preferably enploys the use of power supply relays 142
or other switching devices to reverse the polarity. Typically this approach
requires the electrolytic cell brine concentrations during the cleaning
cycle to be nuch less than in normal operation. Wth this approach,
however, it is still preferable that the cleaning cycle be performed at
|l ower current densities and/or |ower potentials for short periods of time.



CLAI V5 1. A nethod for cleaning an electrolytic cell conprising
el ectrodes, the nethod conprising the steps of:

stopping a supply of brine to the electrolytic cell, thereby reducing a
brine concentration in the electrolytic cell; reversing polarities of two
or nore of the electrodes; and : provi ding a cl eaning

current density to the electrodes which is | ower than an operati onal
current density used during normal operation of the electrolytic cell.

2. The nethod of claim 1 wherein during normal operation the electrolytic
cell produces a Wbﬂcteﬂelecaplb/@mem‘rat@rﬁseiencamaliObabtioe m@m @i tagrebatrent abdhan

appr oxi mat el r ans m 2
o o 1 e B aMEE st s clarsbic w1 58 7 PeBPT OB e o
concentrat i @swrterfb@Retay & grRAblr@usBhRE] Ay BHARERhd dhafye dRPhXuBLeby five

grans per liter.
the electrolytic cell 55 by monitoring inlet thermowell 65 and exit thermowell 70. When control

box 5 determines that flow is off target, for example in response to fluctuations in incoming
pressure and/or flow to the electrolytic generator, it preferably automatically adjusts flow by
changing electronically controllied cell inlet valve 6. In this way, the cell can always operate near
target flow levels and will not routinely require measurement or adjustment of incoming flows.

Data from any of the following sources (or combinations of data from any of these
sources) is preferably used to determine the volumetric flow rate of brine: flow meter 35,
carbonate detector 60, electrolytic cell 55, acid generating electrolytic cell 45, and/or
thermowells 65, 70. Valve 40 can direct flow either to electrolytic cell 55 or to acid generating
electrolytic cell 45. Valve 40 typically flows an electrolyte comprising diluted brine (as both
the concentrated brine and water inflows have preferably been plumbed together and the
brine has been diluted before it reaches valve 40) to electrolytic cell 55. In this standard
operating configuration, the system produces, for example, mixed oxidants or sodium
hypochlorite.

As contaminants build up on carbonate detector 60, which may be located elsewhere
according to the present invention, carbonate detector 60 sends a series of signals to control
box 5, preferably via electrical connections 50, which indicate whether or not a contaminant
film is building up on electrolytic cell 55. When carbonate detector 60 indicates that there is
contaminant film, control box 5 preferably begins an acid cleaning cycle in the device, wherein
valve 40 is actuated via electrical connection 50 to force diluted brine through acid generating
cell 45, which is also preferably energized by control box 5 via electrical 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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4. The nmethod of claim3 wherein the concentration of free avail able
chlorine is approximately eight grans per liter. 5. The net hod of
claiml1l wherein the operational current density is greater than

approxi mately one anp per square inch. 6. The nethod of claim1l
wherein the cleaning current density is |less than approxi mately 20% of the
operational current density. The nmethod of claim6 wherein
the cleaning current density is between approximately 10% and approxi mately
15% of the operational current density. 8. The nethod of claim 1l wherein the
provi di ng stlem dlestrghic tairSieschrdfeaabhl dauswedthanexammr\mstemireéfgermmingﬁfyowh nut es.

9. The nethod of cla

bet ween appfd¥i" ﬁtﬁfj%tfa‘iforfagméte?‘f{%ﬂ?@%”%jﬁ trhg\é’lﬁﬁg %ﬁ%ez% E@ﬁroﬁﬁt {f’fqgg ror

may optionally be cleaned with an ultrasonic horn and/or a magnetically actuated electrode
mechanical cleaning apparatus in addition to or in place of using an acid generating cell.

In an alternative embodiment, concentrated acid is stored in a reservoir. During the
acid cleaning cycle, control box § preferably activates a pump or valve to allow flow of the
acid to electrolytic cell 55. The reservoir is preferably large enough to accommodate many
different acid wash cycles. Some of that acid may potentially be diluted with standard
incoming water to clean electrolytic cell 55.

If carbonate detector 60 (or any other contaminant detecting component) is not used,
electrolytic cell 55 preferably may be cleaned on a predetermined cleaning schedule to
ensure contaminants do not ruin electrolytic cell 55. Typically this cleaning schedule would
be based upon the number of hours that the electrolytic cell had been running since the last
cleaning was completed, and is preferably frequent enough to ensure that there is no
excessive contaminant buildup on the electrolytic cell.

The rate of brine consumption may optionally be used to determine the presence of
contaminants in electrolytic cell 55. In normal operation in a clean cell, the rate of brine
consumption is steady and measurable. As carbonate scale builds up within electrolytic cell
55, the carbonate layer acts as an electrical insulator between the anode and cathode within
electrolytic cell 55. To compensate for this insulating effect, and to maintain the amperage
within electrolytic cell 55, the rate of brine consumption increases to increase the conductivity
within electrolytic cell 55. This increased rate of brine consumption is compared to the normal
rate of brine consumption. Flow through electrolytic cell 55 can also be used to measure
contaminant buildup within electrolytic cell 55. Flow can be measured indirectly by measuring
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.
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10. The method of claim 1l wherein the reversing step conprises using at

| east one power supply relay or other swtching device. 11. The
met hod of claim1 further conprising the step of nonitoring a flow rate of
el ectrolyte through the electrolytic cell. 12The nethod of claim 11 wherein

the nonitoring step is perfornmed using a flowreter, a rotanmeter, or a
pressure transducer, or nonitoring a tenperature difference across the

el ectrolytic cell via a first thernocouple or thernmowell disposed at an
inlet of the electrolytic cell a second thernocouple or thernmowel!l disposed
at an outl et of hheaditehecbritdtast iof theelehninglndethbiedaseitadabood, treletictimlytid cdilur t her
conprising the step of automatically adjusting the flowra 14.

The met hod BfY g %T*?U?VH@W9§Bﬁﬁ?P%@%bdf%§ﬂ§F%%SBﬁbﬁﬁm@?%¥ﬂﬂﬂea cl eani ng
CyCl e at a Mﬁ%%ﬁe@ﬁ@t@ﬁ%u&l tgé’\{eléc%%l?nc cell or not and%@ferﬁlmtah@g SE&{duQn@r@-m ng an

el ectrolytic céell conprising electrodes, the nmethod conprising the steps
of : Reversmg the polarity of the electrodes, preferably at low current densities, lowers the pH at the

cathode, which dissolves and removes the contaminants. However, the dimensionally stable
anode in the chlorine (4 to 8 gm/L) producing electrolytic cell described herein typically operates
well at high current densities (up to 2 amps per square inch), but would fail quickly if polarity were
reversed at the same current density. Thus it is preferable to use a separate power source at
lower current density and/or lower plate to plate voltages to clean the cell in reverse polarity
mode, which is only operated when the normal chlorine production operational mode is in
standby, so that the primary anode coating remains undamaged. Under these conditions,
cleaning cycles of less than 30 minutes can be achieved, preferably ranging between
approximately 5 minutes and 10 minutes. Industry experience indicates that cell cleaning
intervals of less than a week would represent an unfavorable situation where the feed water to
the electrolytic cell, or the salt used to make the brine solution, would typically be poor quality.
Intervals between cleaning of greater than one week are clearly the industry norm. Under the
worst case condition of cleaning once per week, the loss of system duty cycle (production
operation mode) would still be negligible.

In any embodiment using reverse polarity to clean the electrolytic cell, both the anode
and cathode surfaces of both primary and bi-polar electrodes are preferably coated with an
appropriate dimensionally stable anode coating.

FIG. 2 is a schematic of an embodiment of a system for implementing reverse polarity
cleaning. Electrolytic cell 130 comprises anode 134 and cathode 132 with electrolyte flowing
in at the bottom and oxidant flowing out at the top of the cell. In normal operation, electrolytic
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 peréent of the normal operating
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stopping a supply of brine to the electrolytic cell, thereby reducing a
brine concentration in the electrolytic cell; reversing polarities of two
or nore of the el ectrodes; and provi ding a cl eani ng
vol tage potential difference to the el ectrodes which is | ower than an
operational voltage potential difference used during normal operation of
the electrolytic cell. 16. The nethod of claim 15 wherein during
normal operation the electrolytic cell produces a concentration of free
avai l abl e chlorine greater than approximately five granms per liter.

17. The met bhodnofensty anpe, Bbd mére peierably hetwpanabod i 0fg 2t ©fp df thepembbr med for a
time between approximately five mnutes and approximately ten m nutes.

18, The ot ABEHIGN SRIe| el AR PEPH T He P aTer bl WG S s e RBP LEE Usi ng. at

| east one PAWEN oS BBLf sétfilg@¥poRér isHr G ELIS Wb IEM b GeafiBY bsRr supply 138, whidd.  The
met hod of claim 15 wherein the operational voltage potential difference is

provi ded by canbegpeh anéliertbdn mrvweweswyppy 186aAdver iem mhisasvaigunplyl1Blige pot enti al

difference itrgns errrgé/ Eo%ﬁagtrot])%c caéll%?OO pafet;fg'rgﬁy \S:lelx r%eafn[\] Ipcp r Qa%Y(\a@ElMS. quO[\)A!errom
cleaning power supply 138 is transferred to electrolytic cell 130 preferably via cleaning power
cables 146. The power supplies are preferably isolated via main power supply relay 140 and
cleaning power supply relay 142. In normal operation when chlorine is being produced within
electrolytic cell 130, main power supply 136 is energized and main power supply relay 140 is
closed. To avoid backflow of current to cleaning power supply 138 with the wrong polarity,
cleaning power supply relay 142 is open. Likewise, when electrolytic cell 130 is operating in
cleaning mode, cleaning power supply 138 is energized, main power supply 136 is de-
energized, main power supply relay 140 is open, and cleaning power supply relay 142 is
closed. By utilizing less current density and/or lower potentials on anode 134 during the short
cleaning cycle, damage to anode 134 or cathode 132 due to the cleaning cycle is negligible.

An alternative embodiment to the one shown in Fig 2 uses the main power supply
136 to provide power for normal operation as well as the cleaning cycles. This approach
preferably employs the use of power supply relays 142 or other switching devices to reverse
the polarity. Typically this approach requires the electrolytic cell brine concentrations during
the cleaning cycle to be much less than in normal operation. With this approach, however, it
is still preferable that the cleaning cycle be performed at lower current densities and/or lower
potentials for short periods of time.

Although the invention has been described in detail with particular reference to these
preferred embodiments, other embodiments can achieve the same resuits. Variations and
madifications 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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20. The nmethod of claim 15 further conprising the steps of nonitoring a
flowrate of electrolyte through the electrolytic cell and automatically
adjusting the flowrate. 21. An apparatus for producing electrolytic
products, the apparatus conprising: an electrolytic cell normally operated
at a first current density, the electrolytic cell conprising el ectrodes
which normally operate with a first polagjky; and a
val ve or punp for controlling or stopprng a flow of brine into the

el ectrolytic cell, thereby varying a brine concentration in the
electrolytic cell; wherein the electrolytic cell is
cl eaned by dper atA mgthpd fontleaning@p plesiraiic pell @miptiying dedtrheesf he stethedl arity and
at a second current density is smaller than the first current density
caused BYSP@HSSISPEA i n brine concentration in the electrolytic cell.

22. The apparatus of chapm, 2L Rneid o8k el aRkiel Wi, tehbnps gguces a

concentration of free ava orine greater than approximately five
gr ans pesnckitta@dn in the electrolyt®Zell; The appar atus of claim 21 wherein the second
current density is between approxi mately 10% and approxi mately 15% of the
first current density.reversing polariges of tpeor g 19padf dtepicctedeg] aidm 21 furt her

comprising at |east Onp?ov%?n\g%rclesaHRS lcgrrern%e%ityotg th%terl]e%{rodse\émwﬁw%plisqgmeq \Qn%ﬁ'

operational current density used during normal operation of the electrolytic cell.

2. The method of claim 1 wherein during normal operation the electrolytic cell produces

a concentration of free available chlorine greater than approximately four grams per liter.

3. The method of claim 2 wherein during normal operation the electrolytic cell produces

a concentration of free available chlorine greater than approximately five grams per liter.

4. The method of claim 3 wherein the concentration of free available chlorine is

approximately eight grams per liter.

5. The method of claim 1 wherein the operational 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.

8. The method of claim 1 wherein the providing step is performed for less than

approximately thirty minutes.
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flowrate of electrolyte through said electrolytic cell. 26. The
apparatus of claim25 wherein said flow nonitoring device is selected from
the group consisting of a floweter, a rotaneter, a pressure transducer, a
pai r of thernocouples, and a pair of thernmowells. 27. The apparat us
of claim 26 wherein one thernocouple or thernmowell is disposed at an inlet
of said elecgrol yti I . - I | is

di sposed at (\gtan oﬁih%g{e%gb Og%ln 83’?"%5?%? b@?@”@%ﬁ#g p@rf&Fne& Fb?%@)é\%]e appar at us
of cl ai eppeéxirhatély hermisQEPsidsbpeximateglt@chiheps.cal | y operated val ve or punp for
adjusting the flow rate. 29. The nethod of claim 11 wherein the
nonitoring step is perfornmed by automatically nonitoring a fl ow of water
prior to m xing the ter with brine . 30. The neth of claim 13
Pher ei n_t he 1800 uSE A0 Bf B i e FIER PP aeh (ROERG=8 orF BV Fat o of

water pgigr i, momepgm%ﬁi water with brine. 31. The apparatus of
claim 21l conprising a o%v nmoni toring device for automatically nonitoring a
flow of water before the water is conbined with brine. 32. The

apparatus of claim31 conprising a second device for automatically
adj usti ng a !l owThamethefl olwhaiar! fytheoeomrgsing o AigP eheoniatinga fov atelf i ne.

electrolyte through the electrolytic cell.

12. The method of claim 11 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.

13. The method of claim 11 further comprising the step of automatically adjusting the flow

rate.

14. The method of claim 11 further comprising the step of initiating a cleaning cycle at a

predetermined flow rate.

15. A method for cleaning an electrolytic cell comprising electrodes, the method
comprising the steps of:
stopping a supply of brine to the electrolytic cell, thereby reducing a brine
concentration in the electrolytic cell;
reversing polarities of two or more of the electrodes; and
providing a cleaning voltage potential difference to the electrodes which is
lower than an operational voltage potential difference used during normal operation of the electrolytic

cell.

16. The method of claim 15 wherein during normal operation the electrolytic cell produces

a concentration of free available chlorine greater than approximately five grams per liter.
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33. A nethod of operating an electrolytic cell, the nethod conprising:
nmonitoring a flowrate of electrolyte through the electrolytic cell and/or
a flow of water prior to the water mxing with brine and entering the
electrolytic cell; and automatically adjusting the
electrolyte flowrate and/or the flow of the water, thereby varying a brine

concent ratiof 10 e, FLEG gkt fesli s PG LBAgn0f L ahanadcuher ei n

t he nmonitoring step ormad us| ng a rotaneter,
pressurgmy&@mggyﬁ@mnmgésQwegy@gﬁﬁgwqa{hMu@pnltor|ng a fl ow of mater prlor
to mxing the water with brine, or by nonitoring a tenperature difference
across the electrolytic cell via a first thernocouple or thernowell

di sposed at an inlet of the electrolytic cell a second thernocoupl e or

t her movel | difspos'®d mgthod /f %%J*Pﬂéwherremtt%f%?f@eq PIBP SATRISESng atleastone g5 - A
apparatE§M§ggﬁgr®5ngwﬁ%r Iﬁﬁhéggxklc cell, the apparatus conprising:

one or toring vices for nDnltorlng a flowrate of
el ectrolyte through the electrolytic cell and/or a flow rate of water prior
to the water mxing with brine and entering the electrolytic cell; and

19. The method of claim 15 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.

20. The method of claim 15 further comprising the steps of monitoring a flow rate of

electrolyte through the electrolytic cell and automatically adjusting the flow rate.

21. An apparatus for producing electrolytic products, the apparatus comprising:
an electrolytic cell normally operated at a first current density, the electrolytic
cell comprising electrodes which normally operate with a first polarity; and
a valve or pump for controlling or stopping a flow of brine into the electrolytic
cell, thereby varying a brine concentration in the electrolytic cell;
wherein the electrolytic cell is cleaned by operating it at an opposite polarity to
the first polarity and at a second current density is smaller than the first current density caused by a

reduction in brine concentration in the electrolytic cell.

22. The apparatus of claim 21 wherein said electrolytic cell produces a concentration of

free available chlorine greater than approximately five grams per liter,

23. The apparatus of claim 21 wherein the second current density is between

approximately 10% and approximately 15% of the first current density.

24, The apparatus of claim 21 further comprising at least one power supply relay or other

switching device.

15°°



one or nore valves or punps for automatically adjusting the flow rate of
the electrolyte and/or flow rate of the water, thereby varying a brine
concentration in the electrolytic cell. 36. The apparatus of claim
35 wherein at |east one of said flow nonitoring devices is selected from
the group consisting of a floweter, a rotaneter, a pressure transducer, a

pair of therz'émco%ﬂé g%ﬁraq%r%qlofglam{fumerE&ﬁﬁrﬁ@?@lﬂkﬁmonltorm .devi(?é7for on ogrﬁ)%r at us

of claim 36 wherein e ernocoupl e or t nowe I s di spose
of sai digl aetdr elbtiolye BRLGh Steidgioledent her nocoupl e or t her nowel |

I nl et
S

di sposed at an outlet of said electrolytic cell. 38. The appar at us

of claim 32 wherein said second device conprises a val ve or punp.

39. The nethod of_ claim33 further co rgg@hgoéit%ﬁngs&e%ge(I)sfse’egtleg %ratl ng a

cl eani ng cyéPe at'Ma PRIt EFRITheV i INE

om the

group consisting of a flowmeter, a rotameter, a pressure transducer, a pair of thermocouples, and a

pair of thermowells.

27. The apparatus of claim 26 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.

28. The apparatus of claim 25 further comprising an electronically operated valve or pump

for adjusting the flow rate.

29. The method of claim 11 wherein the monitoring step is performed by automatically

monitoring a flow of water prior to mixing the water with brine.

30. The method of claim 13 wherein the adjusting step comprises automatically adjusting

a flow rate of water prior to mixing the water with brine.

31. The apparatus of claim 21 comprising a flow monitoring device for automatically

monitoring a flow of water before the water is combined with brine.

32. The apparatus of claim 31 comprising a second device for automatically adjusting a

flow rate of water prior to mixing the water with brine.

33. A method of operating an electrolytic cell, the method comprising:

monitoring a flow rate of electrolyte through the electrolytic cell and/or a flow

of water prior to the water mixing with brine and entering the electrolytic cell; and

automatically adjusting the electrolyte flow rate and/or the flow of the water,

thereby varying a brine concentration in the electrolytic cell.
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34. The method of claim 33 wherein the monitoring step is performed using a flowmeter, a
rotameter, or a pressure transducer, or by automatically monitoring a flow of water prior to mixing the
water with brine, or by 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.

35. An apparatus comprising an electrolytic cell, the apparatus comprising:
one or more flow monitoring devices for monitoring a flow rate of electrolyte
through the electrolytic cell and/or a flow rate of water prior to the water mixing with brine and entering
the electrolytic cell, and
one or more valves or pumps for automatically adjusting the flow rate of the

electrolyte and/or flow rate of the water, thereby varying a brine concentration in the electrolytic cell.
36. The apparatus of claim 35 wherein at least one of said flow monitoring devices is
selected from the group consisting of a flowmeter, a rotameter, a pressure transducer, a pair of
thermocouples, and a pair of thermowells.
37. The apparatus of claim 36 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.

38. The apparatus of claim 32 wherein said second device comprises a valve or pump.

39. The method of claim 33 further comprising the step of initiating a cleaning cycle at a

predetermined flow rate.
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