WO 03/ 092919 PCT/ US03/ 13219 METHODS OF SI MULTANEQUSLY CLEANI NG AND

DI SI NFECTI NG | NDUSTRI AL WATER SYSTEMS 5 Field of the Invention This

i nventi orwpD3jomoatihe field of industrial water systens. Spe@cirfusoziizyy this

invention is in the field of cleaning and disinfection of industrial water
systens. Background of the Invention Throughout the world, there are many
different types of industrial water 10 systens. Industrial water systens

exi st so that necessary chem cal, nechani cal and _ bi i C rocesses can
be conducted to rmS&EiSIB@UM%HMUM@%EMGMeven in
i ndustrial water sPISENFECETINGINDUSTRIAISIVATHRERSYSTEHEMENt prograns

currently avail able. For purposes of this patent application "fouling"” is
defined as "the deposition of any organic or inorganic naterial on a

surface" s 15 If these industri al FieRl dfthéRsetigh are not periodically
cleaned, then they will becone heavily fouled. Fouling has a negative
i npact on the i ngygtikveafion¥dttthe HYIE Mdusthsl fwalX ayaings. Spesificatlyxhiser al scal e

(inorganic material) will buildup on the water contact surfaces and

anywher e t hep&nlisn 8 $MhE fieldRB ERaniSg {4 dideelioR BY IdeRAERfatdr@ystdate  gr owt h of
m croorgani sns. 20 Evaporative cooling water systems are particularly prone

to fouling. This fouling occ%ﬁk%uﬂd\ggﬂjeqﬁ%n@iﬁnrrechani sns i ncl udi ng
deposi tion of air-borne and er- pborne and water-forned contam nants,
wat er stagnat | O”frh%ngﬁo%ﬁle'vﬁ)?i‘a?th?l%r&?e @Lr@edifferéﬁ%ﬁeﬁ st inkidstdl kawed to

er from decr

progress, the systentcan su eased operational efficiency,
LT SO s P O TR gl st gssoct at
biological processes can be conducted to reach the desired outcome. Fouling can occur
even in industrial water systems treated with the best water treatment programs
currently available. For purposes of this patent application “fouling” is defined as “the
deposition of any organic or inorganic material on a surface”.
15 If these industrial water systems are not periodically cleaned, then they will
become heavily fouled. Fouling has a negative impact on the industrial water system.
For example, severe mineral scale (inorganic material) will buildup on the water
contact surfaces and anywhere there is scale, there is an ideal environment for the
growth of microorganisms.
20 Evaporative' cooling water systems are particularly prone to fouling. This
fouling occurs by a variety of mechanisms including deposition of air-borne and water-
borne and water-formed contaminants, water stagnation, process leaks, and other
factors. If allowed to progress, the system can suffer from decreased operational

efficiency, premature equipment failure, and increased health-related risks associated

25  with microbial fouling.



Foul i ng can al so occur due to m crobiol ogi cal contam nation. Sources of

m crobial contam nation in industrial water systens are nunerous and nay

i ncl ude, Woto3/og9e not limted to, air-borne contan nati onPCRAISes/13reke- up,
process | eaks and inproperly cleaned equi pnment. These nicroorgani snms can
establish mcrobial 5 communities on any wetable or sem -wetabl e surface of
the water system Once these mcrobial populations are present in the bulk
wat er nore than 99% of the mcrobes present in the water will _be present
on all surfaces. Fexingsry pise pecusdusde aneradbiglogicaliceptapination r RFGAAT sns aid in
the formation of biofilns as the mcrobial communities develop on the
surface. Thasierobjabéintareination in indusiniatywatex Systans\pse Bumereusand gwy aslydsibvh neans
for concentrating nutrients and offer protection for growh, and biofil ns
can accel er atrensdiatited to; airbomic opntamimation, Weler meke-imgrocensdralisans. Not only do
biofilnms contribute to reduction of systemefficiencies, but they also
provi de an edmpaipedynticaied equipment Theae méroorgbiisnhs qan estalflish ati¢robiak hat can
include Legionella bacteria. It is therefore inportant that biofilnms and
ot her f oyl i ngnpIMites sesnylwethide vedmi-adtable siffece@f datveridr spst¢rer®ncpdissé bl e to
mnimze the health-related risk associated wth Legionella and other

wat er - bor ne fRtdbegpafulatibhedre priat Baiebuk wdiet inereethin 2% afthamiaobedi si nf ecti on
nmet hods for cooling water systens. For exanpl e, mechanical cleaning,

hyper hal ogenstdeiin WetwhtaRell bk pRedit on slusdrAcésant s or di spersants, and acid

cl eani ng, are anongst the cleaning nethods nost 20 commonly used. A sinple
mechani cal cl eanigxgpdy RS ARHENRS k&chstedby TRAOYE fandRS HiOE thafodmatidh®fubbi ng” .
Power washing refers to the use of high-pressure water directed at

equi prent  sugEAERSs BdGhclob@t cdnlifuritiRActel @ onlthesuMat& I TiREe bibEnfksWEd ace renoves
deposits fromthose surfaces that can be reached. Mechanical cleaning

strategi g8 dQnf}dlx RbdE¥Rs 1At establish a means for concentrating nutrients and offer
protection for growth, and biofilms can accelerate scale, corrosion, and other fouling
processes. Not only do biofilms contribute to reduction of system efficiencies, but they
also provide an excellent environment for microbial proliferation that can include
Legionella bacteria. It is therefore important that biofilms and other fouling processes
15  be reduced to the greatest extent possible to minimize the health-related risk associated
with Legionella and other water-borne pathogens.

There are several different cleaning or disinfection methods for cooling water
systems. For example, mechanical cleaning, hyperhalogenation with and without
surfactants or dispersants, and acid cleaning, are amongst the cleaning methods most

20  commonly used.

A simple mechanical cleaning program consists of “power washing” and
“scrubbing”. Power washing refers to the use of high-pressure water directed at
equipment surfaces such that the impact of the water on the surface removes deposits

from those surfaces that can be reached. Mechanical cleaning strategies do not always



WD 03/ 092919 PCT/ US03/ 13219 renove all heavily adhering deposits such as
deposited scale and biological slime from equipnment surfaces. Further
limtati owe odnone use of nechani cal cl eaning include thePCramsb3/1ae such
nmet hods are effective at renoving only | oose deposits, and not for
renovi ng deposits fromwithin the fill (in the case of a cooling tower).
For systens 5 such as donestic water distribution pipes, power washing is
conpletely ineffective., Mechanical cl|eaning nethods also go,no1 provi de a
means of di s¢meedllhsavilnadheringidgposits sch as dengSitedisealefud; Higjodlp skme frams of e

equi pnrent. One standard procedure that uses hyperhal ogenation and

surfact ant iequipmentrayrees.kuther bigitatipas Om@@ﬁr@%/mﬁch#néﬁab ning iggladetheoNTROL OF
LEG ONELLA 10 IN COOLI NG TONERS", Summary Cui delines, Section of Acute and
Conmuni cabl daddittse susd nieiodearie sffedfive 2BEmering only Gserdeposiis, smsknof forand
Prevention, Division of Health, Wsconsin Departnent of Health and Soci al
Servi ces, Augusting §@psitsTrren withis¢lonli (in frecasedh coding$ewkr). Fodbystanfsect an

i ndustrial water systemfollowing a Legionellosis outbreak. Even in the
absence of ancloastdonestic, wiigtpkistiitaition pipad, power veasiibg sawmpietely ilsfettive r educe

m crobial fouling in water systens. Hyperhal ogenation protocols do not
renove m nerMbchasisdleleatiingmethydd dlsa do mogpilokiel b nedbnd oftdisifectiopymhich sr  r educe
bi ol ogi cal foulants. In addition, the hyperhal ogenati on procedures that
require a hirgilspeemaMind\Es anll gift eghighdrect i veness within the period the
protocol is inplenmented. The use of certain acids, such as sulfuric acid,
in combi nation Wi bhe fimdhrdp2dR8e8 t1h0sRS hypithalsgeifieg hid wefattantihe W sconsin
Protocol, can form copper sulfate and other deposits that are subsequently

difficult tQohRiBaKLknofnne ey WikeaaH Phiddoe, RFeOraiRTICORTBGIONELNAdS do not
renove scal e and other deposits sufficiently, mcrobial popul ations

re- estabjy shy ¢@OLHMNY TOWERS”, S¥h@REGuidlines, Section of Acute and Communicable

Disease Epidemiology, Bureau of Community Health and Prevention, Division of
Health, Wisconsin Department of Health and Social Services, August 1987. The
Wisconsin Protdcol is used to disinfect an industrial water system following a
Legionellosis outbreak. Even in the absence of an outbreak, hyperhalogenation is

15 commonly used to reduce microbial fouling in water systems. Hyperhalogenation
protocols do not remove mineral scale, thereby limiting their ability to remove or
reduce biological foulants. In addition, the hyperhalogenation procedures that require a
biodispersant have limited effectiveness within the period the protocol is implemented.
The use of certain acids, such as sulfuric acid, in combination with high halogen doses,

20  as specified in the Wisconsin Protocol, can form copper sulfate and other deposits that
are subsequently difficult to remove. Finally, because the hyperhalogenation methods
do not remove scale and other deposits sufficiently, microbial populations re-establish

rapidly in the systems.



WO 03/ 092919 PCT/ US03/13219 An "acid cl eaning procedure” is designed to
renmove mneral scale. Acid is capable of renoving al kaline scale from

vi rtual | yweloB/ogmtabl e surfaces. Acid cleaning proceduresPaffftso3/iizm t ed

di si nfection because of the |lowered pH, but do not adequately penetrate

bi ol ogi cal deposits (biofilns) that remain associated with system surfaces.
5 Operators of industrial water systens use chlorine dioxide to kill

m croorgani sme. Chlorine dioxide is a well-known biocide, byt does not have
the ability to ASna%e clepriag procedury”ds designert togemetedningfal sealet E'i‘lﬁ’él Bener at ed
on-site where it is applied. There are several methods for generating and
del i veri ng chababld ofaerapng dlkaline sppde Bom viyaigly sbvpiable S%@@g&a%qvaglpﬁn%nbi nati on
with sodiumchlorite (acid activation). 10 For exanple, the chlorine

di oxi de i s geersdureeeffardinigd distifestive bécavserod the dewvaigdip 89 nef adegupiglyas

foll ows: 5NaCl2+4HC1=4C102+5NaCl+2H20 15 Typically, the reactants (sodium
chl orite andehstotoblogicalclepasitsifbiaftlms)thataemzindssadibtodwith system smfacest o f or m

chl orine dioxide. Following this reaction, the products (chlorine dioxide,
sodi um ctil ori de, Opatacnrs oSodmstriabwaiensyegms nseedddrind deadiedokidhl orite, and
hydrochl oric acid) are added directly into the water of the industrial

wat er syst emicfdoegnisinki Shlexhedinsilié is-agesticknatva dhicchlepnit deesdiobkdvd¢hesol ution i s
applied to the water system the 20 chlorine dioxide is diluted and either

| ost t hr oughabuy &t rehbie/minkral scalee @ht@ihe ldjoxRid nistiecgeacratat] bhHsite where wad er
system Using this nethod, chlorine dioxide nmust be constantly generated
outsi de the pphial Th¥clLdRevaalintthpBThettnémfig dnddelyesing ohibAnadoxitai n a
chlorine dioxide residual. 4 WO 03/092919 PCT/ US03/ 13219 Pat ent

Cooper at i on JfeatiesPakols vibPidiCatdopBindidOwithl bR Mlorkte $4id 26 satRAY

10  For example, the chlorine dioxide is generated using sodium chlorite and hydrochloric

acid as follows:
5 NaClO, +4 HC1 =4 ClO, + 5 NaCl + 2 H,0

15  Typically, the reactants (sodium chlorite and hydrochloric acid) are mixed and allowed
to react to form chlorine dioxide. Following this reaction, the products (chlorine
dioxide, sodium chloride, water, some remaining unreacted sodium chlorite, and
hydrochloric acid) are added directly into the water of the industrial water system. Once
this externally-generated chlorine dioxide solution is applied to the water system, the

20 chlorine dioxide is diluted and either lost through volatility or is reduced by substances
within the water system. Using this method, chlorine dioxide must be constantly
generated outside the water system, and injected into the system to maintain a chlorine

dioxide residual.



clainms a method of treating water in a water distribution system
conprising: admxing a sodiumchlorite solution with a second sol ution
cont ai ni ’yoan/ogavi to make a reacted m xture; and 5 intredwaiseg1319
predet ermi ned anmount of the reacted m xture into a water system As
described in this Patent Cooperation Treaty Patent Application, the
preferred nethod of treating water includes the addition of a catal yst,
wherein the catalyst is sodi um nol %/bg&'g e. United Ki ngjd m _Pat. ent

Appl i cation No. ZFasntCepporafjensEicptydatenivprlicaiomsVe P2/ 124 %géé‘&iﬁ%‘b%&%osi tion
having a pH of nore than 9 consists of a stabilized chlorine dioxide
precursor, aaiEp kalethogef Gpating Waksk sbNaleredigHbrtion sujteB) COMPESEE: hydr oxi de. |t
al so describes and clains a nethod of treating water in a water

di stribution sysweémixizmiadiun ehdorith soluiinai witharseegndalution godaningar ed t o t he
aqueous conposition to reduce the pHto less than 7 and injecting the
aqueous sol upimake i reatted thigtuigaansr system 15 It woul d be desirable to have a
met hod for sinultaneously cleaning and disinfecting an industrial water
system Summmary ddtradneing apedetemnnddendunt aitthearsprat mixture fndo & wetensystenl ai med
invention is a method of sinultaneously cleaning and disinfecting an

i ndustrial water Asyeseived ontisiPeienigCddperagérePrsaty Paten28ppdicatpmothe giefagredn

i ndustrial water system b) adding to the water of said industrial water
system i) a feh@beficbatingedted incladds dheCGadjtion nfla ¢asalgs| vdet«nl tercataiystie gr oup
consisting of the alkali salts of chlorite and chlorate, or a m xture

t her eof ; andseBiunOFbARR919 PCT/ US03/ 13219

United Kingdom Patent Application No. 2,313,369 describes and claims an
10  aqueous composition having a pH of more than 9 consists of a stabilized chlorine
dioxide precursor, an alkali metal polyphosphate and an alkali metal hydroxide. It also
describes and claims a method of treating water in a water distribution system
comprising the addition of an acid activator to the aqueous composition to reduce the
pH to less than 7 and injecting the aqueous solution in to the water system.
15 It would be desirable to have a method for simultaneously cleaning and
disinfecting an industrial water system.
Summary of the Invention
The first aspect of the instant claimed invention is a method of simultaneously
cleaning and disinfecting an industrial water system comprising the steps of :
20 a) providing an industrial water system;
b) adding to the water of said industrial water system
i) a Compound, wherein said Compound is selected from the group
consisting of the alkali salts of chlorite and chlorate, or a mixture

thereof; and



ii) an acid; wherein said acid is added before the Conpound is added; and
c) allowing the water to circulate through the industrial water systemfor
at | east Wwoponioalout one to about 72 hours; and 5 d) drai mcagsbhies2mat er
fromthe industrial water system The second aspect of the instant clained
invention is a method of sinultaneously cleaning and disinfecting an
i ndustrial water systemconprising the steps of : a) providing an
i ndustrial water system 10 b) adding to the water of said industrial water
systemi) a Conpbund, @#fédei n sai d Conpound is sel ected fromthe group
consisting of the alkali salts of chlorite and chlorate, or a m xture
thereof: and ii) an adihgreimmidgeidtispdied hefgrethobomperndds addeddnbef ore t he acid
is added; and c) allowing the water to circulate through the industrial
wat er syst erp) f dlowdng the suster fo avenlateibiopghothe indestad ovater Bestems for gt leash o)
draining the water fromthe industrial water system 20 The third aspect
of the instantatwbhionet aboute/athionrs; and an on-1ine nethod of sinultaneously
cl eaning and disinfecting an industrial water systemconprising the 25
steps of 5 Gl)\WRaDRgABL Fier PGRNISOBIstBP & Ber fptepr ovi di ng an i ndustrial water
system wherein said industrial water systemis

The second aspect of the instant claimed invention is a method of

simultaneously cleaning and disinfecting an industrial water system comprising the
steps of :
a) providing an industrial water system;
10 b) adding to the water of said industrial water system
1) a Compound, wherein said Compound is selected from the group
consisting of the alkali salts of chlorite and chlorate, or a mixture
thereof; and
ii) an acid;
15 wherein said Compound is added before the acid is added; and
c) allowing the water to circulate through the industrial water system for at least from
about one to about 72 hours; and

d) draining the water from the industrial water system.

20
The third aspect of the instant claimed invention is an on-line method of
simultaneously cleaning and disinfecting an industrial water system comprising the
25 stepsof:



selected fromthe group consisting of cooling water systens and boiler

wat er systens; b) optionally reducing the cycles of said industrial water
system t oweiongdm®icycl es 5 and halting the feeding of the PeWtUSo&132a4 er

mai nt enance chemcals to the water of the industrial water system «c)

addi ng a Compound sel ected fromthe group consisting of the alkali salts of
chlorite and chlorate, or a mxture thereof, and optionally adding a

corrosion inhibitor and optionally adding a dispe sanf] to the water of
said industriad Revidingg @5‘&5?@?‘11”3‘*\%%/?"@1%"" Wﬁlﬁ}éﬁldé&[?ﬁ% WAPSYSHEHA&Y to reach
a concentration of from about 1 ppmto about 1000 ppm wherein if a
corrosi on i nhi bi F@Pcwcbfr%mm@r?@%ﬁmé@f?Q?@P%Wa‘iehfﬁsgmséfld pailegated t o reach
a concentration of fromabout 50 ppmto about 500 ppm and wherein if a

di spersant is addgtenamough di spersant is added to reach a concentration of
fromabout 1 ppmto about 500 ppm 15 d) lowering the pH of the water in

t he i ndust ri al bwaptenally stdeeing the zpadestof 4ai@ inglystrigldhitergysiem sesingle evclehe wat er of
said industrial water systemand maintaining the pH of the water in the

i ndustri @l wat er asdBbdltmg tht feabing bf the foutioe whteomniatpoarce thenpicalatodhg watethour s;  e)
adding a chelating agent to the water of the industrial water system
wherein 20 enoughthehsduatrinhgataggsttm) s added to maintain the concentration
of the chelating agent at from about 10 ppmto about 500 ppmin the water
of the industrt)aladdingh Compysidesiectehiromitive gampconbietirtdf i digdintlts € added
either before or after the next step of raising the pH, 7 WO 03/092919
PCT/ US03/ 13219  fchlogifptdn@RBlolaye, bpd Sixdge tHaeeof) Hnd bptidnellyaidarg ai corrbdien | ndust ri al

wat er system from about
inhibitor and optionally adding a dispersant to the water of said industrial water

10 system; wherein enough Compound is added to reach a concentration of from
about 1 ppm to about 1000 ppm; wherein if a corrosion inhibitor is added
enough corrosion inhibitor is added to reach a concentration of from about 50
ppm to about 500 ppm and wherein if a dispersant is added enough dispersant is
added to reach a concentration of from about 1 ppm to about 500 ppm;

15 d) lowering the pH of the water in the industrial water system to about 4.0 by
adding an acid to the water of said industrial water system and maintaining the
pH of the water in the industrial water system at about 4.0 for from about 1 to
about 4 hours;

e) adding a chelating agent to the water of the industrial water system, wherein

20 enough chelating agent is added to maintain the concentration of the chelating

agent at from about 10 ppm to about 500 ppm in the water of the industrial

water system; wherein said chelating agent is added either before or after the

next step of raising the pH;



5.5 to about 11 by either adding caustic or stopping the addition of acid
or by a conbination of both of these nethods; g) adding a biocide to the
wat er of wbesigxdustri al water system wherein if the 5 cireratSosiggagent is
added after the optional step of raising the pH, then the chelating agent
and the biocide fromstep g) may be added simultaneously to the water or
the chel ati ng agent nay be added first followed by the biocide or the

bi oci de may be added first, followed b¥ the chel at.i n agent rein the
amount of Di ocﬂdép%’égﬂrﬁl%n&ql‘}ﬁPHéﬁ@G e it the sdasiialiv ?’Fé%e%ﬁ%‘r?g%‘i‘ﬁ ration
of 10 from about 1 ppmto about 500 ppmin the water of the industri al

water system hp- 5aIP |abwt A by Righenedding qapsticros stopring theiadditiopelaeidoy 8y am t o

circulate for an additional time period of fromabout 1 hour to about 120
hours; and i) corembigitinn affpethof dws methedsd di si nf ecting met hod when the
de5|red cleaning efficiency has been achieved; wherein, if feeding of the
routine water greddinembiocits e whienefiibeindentril sates system; ﬂllsppel@tMUrl ng the
process, then now resunm ng the feeding of the routine water treatnent

mai nt enarsce chenichahtingtagenthieadded after tfe optienal steplofStisingltheydt, ¢rendhest em  and
wherein if feeding of the routine water treatnent nmaintenance chem cals
was not stopped dh¢lating dohie gndoleddetids franhetap pomay by addgd sigrultdveoushydtast ri al
wat er system back to nornal operation by stopping 20 cl eani ng chem cal
feed, bl owi ng dowme Witer obdlieshelating petaraytyesidasd frycbRewddbyahe bbdidd @ cycl e,
and then proceedi ng under normal operating conditions. The fourth aspect of

the instant clai ARbibAYERALY Badded fidf) fdwed B tiRRhélathefsett] Whkréiamneous! y
cl eaning and disinfecting an i ndustrial water system conpri sing the steps

of : 8 WO 03/ 09291RuRGFbiéelidad@d 1Pthat amount sufficient to have a concentration of

10 from about 1 ppm to about 500 ppm in the water of the industrial water system;
h) allowing the water in the industrial water system to circulate for an additional
time period of from about 1 hour to about 120 hours; and
i) concluding the cleaning and disinfecting method when the desired cleaning
efficiency has been achieved; wherein, if feeding of the routine water treatment
15 maintenance chemicals was stopped @ring the process, then now resuming the
feeding of the routine water treatment maintenance chemicals to the water of the
industrial water system; and wherein if feeding of the routine water {reatment
maintenance chemicals was not stopped during the procedure, then now
bringing the industrial water system back to normal operation by stopping
20 cleaning chemical feed, blowing down the water to reduce system cycles to a
single cycle, and then proceeding under normal operating conditions.
The fourth aspect of the instant claimed invention is:
an on-line method of simultaneously cleaning and disinfecting an industrial water

system comprising the steps of :



a) providing an industrial water system wherein said industrial water
systemis selected fromthe group consisting of cooling water systens and
boi | er wawero3/ogst ens; b) optionally reducing the cycles @CTasoshiizndustri al
wat er systemto single cycles 5 and halting the feeding of the routine
wat er mai ntenance chemcals to the water of the industrial water system
c) adding a chelating agent to the water of the industrial water system
wherein enough chelating agent is addedwﬁlo mai nt.aj n .tpe concentration of
the chel ati ng dagentding aripdifsirishweier syBlewn rerginspigipdusEal Warh NPt wat er of
the industrial 10 water system wherein said chelating a en,t? i s added
ei ther before or sel¢atesd frem ghe gpiconusting o% soodipg yatsr SWF}%@%‘?WI gvVelse pH, d)
optionally maintaining the pH of the water in the industrial water system
from about 5.5 sgtafout 11 by either adding caustic or stopping the
addition of acid or by a conbination of both of these nmethods; 15 e)
addi ng a bi oci be optionaHy reducing tho tydlé¢seofiszid insluptiiall waigrtspstens yostiegly cXdfsrei n i f
the chelating agent is added after the optional step of maintaining the
pH, then5the chehdbaltig theéadingnfithe hartibé weletmaintepancs chgmiedls wpdhe Watemdded
sinmultaneously to the water or the chelating agent may be added first
foll onwed by the bfteiidmstorl wittresyfieroci de may be added first, followed by the
chel ating agent; wherein the 20 anmount of biocide added is that anount
sufficient to #auédiag comtaing gdnt wrthotvatef ofthe mideutial Waipp system, athergin 500 ppm i n
the water of the industrial water system f) allowing the water in the
i ndustrial water efytghehtlhtthgtigént id @alded foanaiaainatiidicéricomention bf the cimdatingd of from
about 1 hour to about 120 hours; and 9 WD 03/092919 PCT/ US03/ 13219

agent at from about 10 ppm to about 500 ppm in the water of the industrial

10 water system; wherein said chelating agent is added either before or after the
optional next step of maintaining the pH;

d) optionally maintaining the pH of the water in the industrial water system from
about 5.5 to about 11 by either adding caustic or stopping the addition of acid or
by a combination of both of these methods;

15 e) adding a biocide to the water of the industrial water system; wherein if the
chelating agent is added after the optional step of maintaining the pH, then the
chelating agent and the biocide from step e) may be added simultaneously to
the water or the chelating agent may be added first followed by the biocide or
the biocide may be added first, followed by the chelating agent; wherein the

20 amount of biocide added is that amount sufficient to have a concentration of
from about 1 ppm to about 500 ppm in the water of the industrial water system;

f) allowing the water in the industrial water system to circulate for an additional

time period of from about 1 hour to about 120 hours; and



g) concluding the cleaning and disinfecting nmethod when the desired

cl eaning efficiency has been achieved; wherein, if feeding of the routine
wat er trweatoaemmo19ai nt enance chem cal s was stopped duri ngPChaSps/oxess, then
now resum ng the feeding of the routine water treatnent maintenance
chemcals to 5 the water of the industrial water system and wherein if
feeding of the routine water treatnent maintenance chem cals was not

st opped during the procedure, . then now bringing the indusirial water
syst em back t o2n&PrNding il glegning gyl disitfegting H?j%@ﬁe‘ﬁ]i‘ﬁnﬁ]@e ‘?Fﬁ’é?\@{ degningeeq,

bl owi ng down the water to reduce system cycles tg a single cycle, and then
proceedi ng under effisignay hisghepmachisyed ohereinpi feedingof thegeting FafSEscri pti on of
the Invention Throughout this patent application, the follow ng terns have
the stated nmeani figatnempntintgaence efearienls wastskpperb@uis theduossss, 819 18V gani ¢ or
inorganic material on a surface. These deposits inpede water flow and/or
heat transfer, ameumingsbe feedingrpithomuianivetmsireatment sriemapagchanisels to
deposition, enhance corrosion and increase health- related risks.

"d eani ng" neans theedater ofghet ihdustriabwatlet sygtasn tid whenéin ifdprigigtof theshitéte i s
desirabl e because reducing the overall quantity of deposits inproves the
overal | effici encyaterfirebthent mainkasnce ellemicai sewassws stepped 2@ringDhs proteiote, on” i s
typically used to describe a method for killing mcroorgani sns. As used
herein, the goal tih mdwshrinkmgthedfdisgial waleasisRmEbaclowatoahdl opsiatei by cant
reduction in the nunber or viability of m croorganisns within the water
system 10 WO 03/s@9324&91eRG¢ thodéal 82d Dlowing down the water to reduce system

cycles to a single cycle, and then proceeding under normal operating conditions.

10
Detailed Description of the Invention

Throughout this patent application, the following terms have the stated meaning

“Fouling” refers to the deposition of any organic or inorganic material on a
surface. These deposits impede water flow and/or heat transfer, and harbor

15  microorganisms that cause increased deposition, enhance corrosion and increase health-
related risks.

“Cleaning” means reducing the overall quantity of deposits, which is desirable
because reducing the overall quantity of deposits improves the overall efficiency of the
industrial water system.

20 “Disinfection” is typically used to describe a method for killing
microorganisms. As used herein, the goal of disinfection is to cause an overall
significant reduction in the number or viability of microorganisms within the water

system.

10



"ONC' refers to Ondeo Nal co Conpany, Ondeo Nal co Center, 1601 W Di ehl
Road, Naperville, IL 60563, tel ephone (630) 305-1000. The first and second
aspect s oWotobe9ddmst ant cl ai ned i nvention are a nethod of Peirmshy/aneous! y

cl eaning and disinfecting an industrial water system conprising the 5 steps
of : a) providing an industrial water system b) adding to the water of
said industrial water systemi) a Conpound selected fromthe group
consisting of the alkali salts of chlorite d.chlgrate 1 xture

t hereof; and 10 iW%ﬁef%it%?n%§M$%mn >69@2%T§?G° %ﬂ%&g@ @egbeﬁe t he
Conpound is added, or _the acid is added after the Conpound is added; c)

al | owi ng t hekoggiMapervilles {1y 60563 wlophens B3PI BAe- 1PMHust ri al water system for at

| east from about one to about 72 hours ; and 15 d) draining the water from
the industrial watherfirghpad esgpndrspecibefiferiingpnticlpémediayention st 2itaipdidlvent i on
can be used to sinultaneously clean and disinfect industrial water systens

that are beisimguliansqualylciedning hakdisinfegiingandndustriel weiel system coperiging b8, are
tenporarily not operating, or have been inactive for extended periods and
are being resipertd to service. 20 The nethod of the instant clained
i nvention can be used to clean and disinfect many industrial water
systens. Thede i pdusding @l indwstreat wstgssysten, i ncl ude, but are not limted to
cool ing water systens, including open recirculating, closed and
once-t hr ough) coaldingtonht entesyfshidisdustoial Waeissysted boi | er wat er syst ens;
petrol eumwell's, downhole formations, geothermal wells and other oil field
applications; mineral agonpess saletied Sorhthe group consisting of the alkali salts of
chlorite and chlorate or a mixture thereof, and
10 ii) an acid; and
wherein said acid is added before the Compound is added, or the acid is
added after the Compound is added;
¢) allowing the water to circulate through the industrial water system for at least from
about one to about 72 hours ; and
15 d) draining the water from the industrial water system.
The method of the instant claimed invention can be used to simultaneously
clean and disinfect industrial water systems that are being installed, those that are
currently in operation, are temporarily not operating, or have been inactive for extended
periods and are being restored to service.
20 The method of the instant claimed invention can be used to clean and disinfect
many industrial water systems. These industrial water systems include, but are not
limited to cooling water systems, including open recirculating, closed and once-through

cooling water systems; boilers and boiler water systems; petroleum wells, downhole

formations, geothermal wells and other oil field applications; mineral process waters
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WO 03/ 092919 PCT/ US03/ 13219 including m neral washing, flotation and
benefaction; paper mll| digesters, washers, bleach plants, stock chests,
and whit ewaaB®929sy st ens, and paper machi ne surfaces; bl ackCTiisquoa219
evaporators in the pulp industry; gas scrubbers and air washers; continuous
casting processes in the netallurgical industry; air conditioning and
refrigeration 5 systens; industrial and petrol eum process water; indirect
contact cooling _and heatin wat er, such as pasteurjzation water; water
reclanatlon1§9§P@ﬁ@ﬂwﬁéﬂ@$“%hﬂP?P@hFN&ﬁnﬂ@§@¥éﬁﬁmﬁﬂ@ﬁ®¥éﬁg’WP% Sation water
systens; food processing streans (neat, vegetable, beets, sugar
cane, grai n,blesslyplapig, stqok ghestsaansl whilptyesiensystems aukraper ff‘?“glﬁterf’é“rf%c% Peéckns  as
well as in clarifiers i qui d-solid applications, municipal sewage

treat nent, duw&wﬁpaﬁmmﬂlmgﬁémkﬁy@ﬁﬁﬂé?sﬁ@@ﬁbﬁ@méewé@ﬁ§VSF@ﬁ@umﬁqU|fers

wat er tanks, sprinkler systens and water heaters. The preferred industrial
wat er syst erresting phesessesin theameteliwtigaldhdvaima dirennditiefiing andeefrigeratign t he net hod
of the instant clainmed invention are cooling water systens, including open
recircul &t i nystems;dsddtriahahdpateetth pmees vate] indiggcivantct epiingarsl, heplinger

machi ne surfaces, food processing streans, waste treatnent systens and

pot abl e wat ewatdSsiel at paseuriddtion wast; wate redanedion mydtestsy watkr paifeatigy st ens t o be
si mul t aneously cl eaned and disinfected by the nethod of the instant

cl ai med i nveRtens ridntbraedilirfpnwaiie syssetsd; 60l processiigdeanys @pet végetablecul at i ng,
cl osed and once-through cooling water systens. Prior to conducting the

met hod of t f'b@géﬂb‘éét@%ﬁg@c@deﬂ’%dlm POBIRY, it ahdl sdyBedny,Ring &labty treste@QEyRALS,

t hough not required, that the addition of any chem cal or biological 20
treatment chgrichak $n $18ifdAE HM@EHR6lPSHpUERLAL) hiuliegrd] sehiagd Geatined, madeiparended to
stop all energy transfer within the system so that prior to addition of the

Conpound@ndy#gd Fstemd, *isetamtv@lier Qfrstdrie adulS itk nBdpRInk B Y §ls@is laid Ci r cul ati ng
t hrough the i ndustrial water systen1mnthout bei ng chem cally or

bi ol ogi cal | yyiitaated. AnthifetiPMbuAy Witk BRfkns 14 badshiRinc0eSHEEdnBd and

disinfected by the method of the instant claimed invention are cooling water systems,
including open recirculating, closed and once-through cooling water systems, paper
machine surfaces, food processing streams, waste treatment systems and potable water
15  systems. The most preferred industrial water systems to be simultaneously cleaned and
disinfected by the method of the instant claimed invention are cooling water systems,
including open recirculating, closed and once-through cooling water systems.
Prior to conducting the method of the instant claimed invention it is typically
recommended, though not required, that the addition of any chemical or biological
20  treatment chemicals to the water be discontinued. It is also recommended to stop all
energy transfer within the system so that prior to addition of the Compound and acid,
the water of the industrial water system is circulating through the industrial water
system without being chemically or biologically treated and without having heat

transfer occurring.
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12 WD 03/092919 PCT/ US03/ 13219 The Conpound is selected fromthe al kali
salts of chlorite and chlorate and m xtures thereof. These alkali salts

i ncl ude swoioawyid orite, potassiumchlorite, sodium chloraerasand2pot assi um
chlorate. The preferred alkali salts are sodiumchlorite and sodium
chlorate. The nost preferred alkali salt is sodiumchlorite. 5 The al kali
salts of chlorite and chlorate are commdity chem cal s that can be

obt ai ned from nost chem cal suppl ies 0 | te can be

obt ai ned ei t her Ths CoRROUAGisFgleCtH dze'rpﬁ%ﬁthsga{%‘?% gjc?ﬁ‘ltea*}":afﬁ wemded to
"stabilized form' at an el evated pH. preferred sodiumchlorite is a
25% sol ut i ormigfuresdlprenty Ehese plkek salis 1@9&lidérs°d1qfﬁ|°§1°nf’?af"§'f‘§s‘élm Ghlorls, $P41UB| e as
HYG 25 from ONC. 10 Sodium chlorate is a coomodity chem cal that can be
obt ai ned f r citlomie and notassitmshlosaip pThe reefpmedaleadi saliyvse podiyra ehlgdtegadi um

chlorate is fromabout a 20 to about a 50 W/W % sol ution of sodium

chl orat e i n seditmrchlordie.sTher s predatred otkali galt ig podiwracllofits. avai | abl e from Eka
Chem cals, Inc., 1775 West Oak Commons Court, Marietta, GA 30062-2254 USA,
t el ephoné nunber ThealQli5718-@8bBritelBd Polprtesireennrhddityi chemigald thsdeandisi um
chlorate are both available fromnost chem cal supply conpanies. The
anount of s aidbtaimed folombst ehanicgdetpEdy cempanish.obddiwn addet cambe didaingt er of t he
i ndustrial water system depends upon what type of industrial water system
is being clethaeditandmdl s of mdtsedlloduially mefenaelt th statdfizetlfernm’ s tmelevatddai med
invention is applied to a 20 cooling water system then the anmount of

sodi um chl orgH. eTierpréferraissdidinm chiddrive istac? s&cdhudion oS sddivamldtuite in datppriiiso about
1000 ppm preferably fromabout 10 ppmto about 500 ppm and nost

preferably fhasaboihidl RHYG5a8aUONZS0 ppm The amount of sodium
chl orate or potassiumchlorate added to the water of the
10 Sodium chlorate is a commodity chemical that can be obtained from most
chemical supply companies. The preferred sodium chlorate is from about a 20 to
about a 50 Wt/Wt % solution of sodium chlorate in water. This preferred sodium
chlorate is available from Eka Chemicals, Inc., 1775 West Oak Commons Court,
Marietta, GA 30062-2254 USA, telephone number 1-770-578-0858.
15 Potassium chlorite and potassium chlorate are both available from most
chemical supply companies.
The amount of sodium chlorite or potassium chlorite added to the water of the
industrial water system depends upon what type of industrial water system is being
cleaned and disinfected. If the method of the instant claimed invention is applied to a
20  cooling water system, then the amount of sodium chlorite or potassium chlorite added
is from about 1 ppm to about 1000 ppm, preferably from about 10 ppm to about 500
ppm and most preferably from about 50 ppm to about 250 ppm.

The amount of sodium chlorate or potassium chlorate added to the water of the

industrial water system depends upon what type of industrial water system is being
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i ndustrial water system depends upon what type of industrial water system
is being 13 WO 03/092919 PCT/ US03/ 13219 cleaned and disinfected. If the
met hod ofwoOlg/0929¢¢ ant cl aimed invention is applied to a @®owltSeyy 13284 er
system then the anount of sodiumchlorate added is fromabout 1 ppmto
about 1000 ppm preferably from about 10 ppmto about 500 ppm and nost
preferably fromabout 50 ppmto about 250 ppm 5 If sodiumchlorite or
pot assi um chl orite and sodjum chl orate_ or pot m chl orat re both used
then the r atcﬂe@n‘?sifanéiﬁ“s&f?(tt‘él {ighemethpd pighe wrignte gé‘@ﬁéj’inﬂe%f‘é“’rﬁppgﬁéf Qént, s
fromabout 1:99 to about 99:1, preferably from about 10: 90 to about 90: 10,
and nost  preepleass sygie: thepths monmief sadivan chigraigiaddestis Bemisbeilapmie and
chlorate together is the sanme as that for either chlorite or chlorate used
separ at el y. aboutTRe0 prri.breferably|fennt ehout Ham teabet S0P PeB 8¢ Broptigeleeblti ner al
acids and organic acids wherein said mneral acids are selected fromthe
group consi stdnmgboof 50 ppyntcoablahicdS0epaci d, sul furic acid, amido sulfuric acid
(98%, nitric acid, phosphoric acid, hydrofluoric acid and sulfam c acid;
and sai d 5or gani c Ifodoes chi@its et pedssidmfohonitet dnd sepiam ghlotader potassigmof citric
acid and its salts, formc acid, acetic acid, peracids including 15
peracet i ¢ aahthratpaiebrthased then teiraticarfdhlpateax yiflomatr expaasiet,in gleighbparesnaici d
(hydroxyacetic acid), oxalic acid, propionic acid, lactic acid

(hydr oxypr opk @8inGbagilct)o taabodd 09\ | prefetadlydrom Fhoat el pebodt ad0dardeymands
primarily upon netallurgy within the system For netals such as carbon

steel , coppgjrefeiably@bb@\50rm0! ahe altdl @yduithebeh efileriteadd aldbeit tagethenjsdhochl ori c
acid, sulfamc acid, formc acid and glycolic acid. The nost preferred

acid, for nogie a2Qat®l aikter cilsritB YNGRl AEddGeedtely. These aci ds are conmmerci al
chem cals available froma chem cal supply conpany. These acids can be
purchaseg) i n dry TRE akif id defidicd o8y tHe Bloup BonkifinpUd fHhih&BBaciddahd organic
acids wherein said mineral acids are selected from the group consis;cing of
hydrochloric acid, sulfuric acid, amido sulfuric acid (98%)), nitric acid, phosphoric acid,
hydrofluoric acid and sulfamic acid; and said organic acids are selected from the group
consisting of citric acid and its salts, formic acid, acetic acid, peracids including
15  peracetic acid, peroxyacetic acid and peroxyformic acid, glycolic acid (hydroxyacetic
acid), oxalic acid, propionic acid, lactic acid (hydroxypropionic acid) and butyric acid.
The choice of acid depends primarily upon metallurgy within the system. For metals
such as carbon steel, copper or yellow metal alloys the preferred acids are hydrochloric
acid, sulfamic acid, formic acid and glycolic acid. The most preferred acid, for most
20  metals, is hydrochloric acid.
These acids are commercial chemicals available from a chemical supply
company. These acids can be purchased in dry or in liquid form orin formulations that

contain other functional chemicals which also can be in dry or liquid form. For

instance, most of these acids can be obtained in formulation with corrosion inhibitors.
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contain other functional chem cals which also can be in dry or liquid form
For instance, nost of these acids can be obtained in fornulation with
corr osi orwprbiootors. 14 WO 03/092919 PCT/ US03/ 13219 Hydrethises/1x214aci d
formul ated with a corrosion inhibitor made of diethyl urea is sold as

Nal co(r) 2560 Inhibited HO by ONC. The anobunt of acid added to the water of
the industrial water system depends upon what type of industrial water

systemis being eaned and disinfected. Lf.the 5 negéﬁ? of the.jnstant
clai med i nve%fdir‘??%lqr@a ﬁPW%Pt‘E‘gW’Q‘ L ERBIOFIRR IehiteF mades? O&flﬁlé‘?? % Eﬁ’é‘l Bamount  of
acid added is that required to achieve and maintain a pH fromabout 1 to

e
about 5, preYaeoRA560 fnhghited 5doy PNG about 3 and nost preferably from about
2 to about 2.5. People of ordinary skill in the art know how to cal cul ate
how nmuch of eachThamouniipfiaci asded todn waier of fhedpdpstrial HalgEHsEPelepsids desired pH
by taking into account the system 10 volunme and the alkalinity within the
system The Upenpbeiripe ofarduskiabwptersystem s keing deaned srlivnaepd df t%@ of the
alkali salts of <chlorite and chlorate and m xtures thereof and the acid
are added dimeiad of thepinsthet clgdmed invegtion iseppliedis & epQlingwetas sysigps themthani t hout
being prem xed prior to addition. Either the acid is added before the
Conpound or adnfvenGdmpidiadded is thathetgeirdddé ashéeve hed mginthin 4 pHifronudboptdstei bl e,
al t hough not preferred, to add the acid and Conpound simultaneously to the
wat er. The adbuars, agéerafly from abogtldotbant 3 embmostptdiaebly SromhbutiXtokboupossi bl e
to obtain continuous generation of chlorine dioxide disinfectant
t hr oughout thg Peplrof sydiaeyrskilMn thearaksov lavhioealcntediomutdneeud aadi d
cl eani ng. Addi ng the Conpound and the acid 20 separately allows a certain
amount of ciweuld B teqhir€df in okier foaiRhievette dssitedypll Hy pkingrinto@accdubiethe syseact i on t o

create chlorine dioxide. This nmeans nore chlorine dioxide is created
10  volume and the alkalinity within the system.

The Compound that is selected from the group consisting of the alkali salts of
chlorite and chlorate and mixtures thereof and the acid are added directly to the water
of the industrial water system, without being premixed prior to addition. Either the acid
is added before the Compound or the Compound is added before the acid. Itis

15 possible, although not preferred, to add the acid and Compound simultaneously to the
water.

The advantage of the instant claimed method is that it is possible to obtain
continuous generation of chlorine dioxide disinfectant throughout the water system
while also achieving simultaneous acid cleaning. Adding the Compound and the acid

20  separately allows a certain amount of circulation of the Compound and acid prior to
their reaction to create chlorine dioxide. This means more chlorine dioxide is created
farther away from the point of addition of the Compound and the acid.

After the Compound and acid are added to the water, the water is allowed to

circulate throughout the industrial water system. This circulation of water allows the

15



farther away fromthe point of addition of the Conpound and the acid. After
t he Conpound and acid are added to the water, the water is allowed to

ci rcul at ewOhoeyihout the industrial water system This ci PCulusbd/oniof water
allows the 15 WO 03/092919 PCT/US03/ 13219 cl eaning and disinfection of
the "water-contact” surfaces of equipnent in the industrial water system
In addition to the cleaning and disinfection of the water contact surfaces,
volatile chlorine dioxide is also capable of reaching surfaces that are not
cont i nuous| ylepring ant disiptegiiqnplithg ayater-gonpet” shafaess q%ﬁq‘{lﬁ‘aeritr’fb@% f“rdflgpaalwat er
systemis allowed to circulate for a tinme period of fromabout 1 hour to
about 72 houvater systest.choadilifion touthe elswning and disipieqtign hbia tvates comaet 825650 nost
preferably fromabout 1 hour to about 8 hours. During these tinme periods it
i s possi bl e volatilswllerine dioxisq i #seckapabls ofseAching serfases HAlGEP BYSOBMUPYY c| eani ng
and {indirectly nonitor} disinfection by using standard 10 techni ques to
det er mi ne t heceuastiwith ofaterons present in the water due to the breaking up
and detachnent of inorganic deposits. The inorganic deposits are typically
cal ci um 5sal ts, Mhgwesst inthsmdusrsialiwatnsyssendie allewpite ciropatd foraricherngrighinese
salts. For instance, it 1is known that it is typical for the amunt of

cal ci um i on of frotfEdowalt Ieyur toabbutse s aatefesabysront Awut | bauritagbqut Yhhaisses and
scal e, known to contain calcium is detached fromthe 15 surfaces of the
equi prment . \dhemobhRefanblyftondibonal tousmo dbout Hikownat er pl ateaus it indicates
that the cleaning is conplete because no new cal cium scale is being

di ssol ved. Aft eDutihg tiehemné pgioant istiosdible ahdughmoi Bqiited] hashitot the water in
the industrial water system nust be drained and sent for appropriate

treat ment S%r(gi'@sfs of the @BAniAL aftl FRAAREGLHonitoD} GiviFctiaBeusivg danddrdt e and | ocal

regul ations. course, once the water is drained, it 20 may be necessary
to condugt agdhiguoBlieBaaHeGaouk ot @Mk Pesdit inl the wiRf @l 16 Gititacking up
and detachment of inorganic deposits. The inorganic deposits are typically calcium
salts, magnesium salts, iron oxide, copper oxide and manganese salts. For instance, it
is known that it is typical for the amount of calcium ion in the water to rise steadily as
the cleaning progresses and scale, known to contain calcium, is detached from the
15  surfaces of the equipment. When the amount of calcium in the water plateaus it
indicates that the cleaning is complete because no new calcium scale is being dissolved.
After the cleaning and disinfection is finished, the water in the industrial water
system must be drained and sent for appropriate treatment so that it can be discharged
in compliance with state and local regulations. Of course, once the water is drained, it
20 may be necessary to conduct additional mechanical cleaning of the water contact
surfaces. This mechanical cleaning is recommended when the cleaning and
disinfection has worked so well that there is an accumulation of loose dirt and other

undesired material collected in the nooks and crannys of the industrial water system.

These nooks and crannys can include the fill used in most cooling towers. After
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surfaces. This nechanical cleaning is recommended when the cleaning and
di sinfection has worked so well that there is an accumul ation of |oose dirt
and ot herwouwnde»®ir ed material collected in the nooks and ecansy¥iniothe

i ndustrial water system These nooks and crannys can include the fill used
in nost cooling towers. After 16 WO 03/092919 PCT/US03/13219 nechani cal
cleaning is over, it is possible to refill the water and begi n operation of

the industrial water system For heavil nt am nat ed. i ndustri wat er
systems it pPchanigl cleppaiy 1BP‘éertlblsﬂ’P?Sﬁ’?ettﬁégﬁlﬁ@‘ﬁé"iaglr 511& @%%?pe@gq 8%9\& th water
and conduct the nethod of the instant c¢laimne i?%enti on a ai.n.1 51n

addi tion t oindyairialiestersystemn Kprhsaviiy copleminpied; ipgusiriel walghey§ems {iiealifet hod of
the instant clained invention by addi ng addi ti onal functional. chem cal s.
These addi t pevble torfillihe insugfrial rairisysigm with dfaten anderinst iedpetipdiliife s

corrosion inhibitors, dispersants, surfactants, reducing agents and
cheni cal s adistadt ¢laimedinvediiensagadnt . Addi ti onal bioci des can be added when
m crobi al contami nation is severe. 10 Biocides suitable for use in the

i nstant 6l ai med Imadditionde therchersicdlenanesd, ft isorpstible teandpet theonaihask af iy of

oxi di zi ng or non-oxidi zing biocides. Oxidizing biocides include, but are
not |imited itstent chinediimentorelgcdiding atiditionad funbiiens] ehemagats. fessraidditienat apabl e of
rel easing chlorine and brom ne. The preferred oxidizing biocide is

chl ori ne bl éachtiondNohemioals thiclidegdditioneli Wieesdeis oknasien inbibitorsy éispeesantsi mi t ed t o,
gl ut ar al dehyde, isothiazolin, 2,2 15 di brono-3-nitril opropi onam de,

2- br ono- 2- nistufAeney) ddeeitg 3getlisahd clenticatsrlded for pH adjustment.

(bromonet hyl ) - 1, 3- propanedi carbonitrile, tetrachl oroi sophthalonitrile,

al kyl di met hyl benadliainginideides bAnYeiadded whenmtitnpbiatidakdmihatmmicseiaren chl ori de,
di decyl di nethyl ammoni um chl ori de,

89' Kf 0X ylgt hydiea@ddumidiet 148 iR kHR)ikday tiened divertidiydre poleuited)famhthk groap
e consisting of oxidizing or non-oxidizing biocides. Oxidizing biocides include, but are
not limited to, chlorine bleach, chlorine, bromine and materials capable of releasing
chlorine and bromine. The preferred oxidizing biocide is chlorine bleach. Non-
oxidizing biocides include, but are not limited to, glutaraldehyde, isothiazolin, 2,2-

15  dibromo-3-nitrilopropionamide, 2-bromo-2-nitropropane-1,3 diol, 1-bromo-1-
(bromomethyl)-1,3-propanedicarbonitrile, tetrachloroisophthalonitrile,
alkyldimethylbenzylammonium chloride, dimethyl dialkyl ammonium chloride, didecyl
dimethyl ammonium chloride,
poly(oxyethylene(dimethyliminio)ethylene(dimethyliminio)ethylene dichloride,

20 methylene bisthiocyanate, 2-decylthioethanamine, tetrakishydroxymethyl phosphonium
sulfate, dithiocarbamate, cyanodithioimidocarbonate, 2-methyl-5-nitroimidazole-1-
ethanol, 2-(2-bromo-2-nitroethenyl)furan, beta-bromo-beta-nitrostyrene, beta-

nitrostyrene, beta-nitrovinyl furan, 2-bromo-2-bromomethy] glutaronitrile,

bis(trichloromethyl) sulfone, S-(2-hydroxypropyl)thiomethanesulfonate, tetrahydro-3,5-
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20 met hyl ene bi st hi ocyanate, 2-decylthi oet hanam ne, tetrakishydroxynethyl
phosphonium sulfate, dithiocarbamate, cyanodithi oi m docarbonate,

2- met hyl -\§onBoewilMi dazol e-1 - et hanol, 2-(2-brono-2-nitroerhemsbyiznan,

bet a- bronp- beta-nitrostyrene, beta- nitrostyrene, beta-nitrovinyl furan,
2- brono- 2-bronmonet hyl glutaronitrile, bis(trichloromethyl) sulfone,

S (2- hydroxypropyl)thionethanesulfonate tetrahydro-3,5 17 WO 03/092919
PCT/ US03/ 13219 di net hyl - 2H 1, 3, 5- hydr azi ne- 2-t hi_one, )

2- (t hi ocyané‘thﬂ}Hé?ﬂé’ﬁ%mﬂé%% 2 O%Wﬂwlt%wg?ﬁn@@%’é‘? dphenone,

1, 4- bls(bronDacetox 2-butene, bis(tributyltin)oxi

2- (t ert - but Premg-Aoby ow¢mwﬁmed%§48@mwetgxx)r% ‘%}%‘?Iﬁebls(H@&B’étWﬁﬂdafm di ne
acetate, dodecyl guani dine hydrochl oride, coco al kyl di net hyl am ne oxi de,
n-coco 5 al Ryltari-butEeminopdetlozmb-fehylaraing)ss-triaripe, dobeyimvaniinePetlior i de, 7
oxabi cycl o[ 2. 2. 1] hept ane- 2, 3-di carboxylic acid,

4, 5- di chl or do@ecylguetitine hydregildridazaote allsyld@negidamine oxide, n-coco

5-chl oro- 2- et hyl - 4-i sot hi azol i n- 3-one and 2-net hyl -4-i sot hi azol i n- 3- one.
The prefer ratiyltriowethylenedizning, téiaeadkyd hosphoni@n dhlorideyd- 3- ni t ri | opr opi onani de
and is available fromONC. 10 If the nethod of the instant clained

i nventi on i xafpycleol2t1dheptanedidigrivayler acid ¢StdichlobRemotthlet-mothiraolingf
oxi di zing biocide added is fromabout 0.1 ppmto about 200 ppm preferably
from about B-@RNF-Lbloaluicthl 00 ipmiazolinsenp pef Bretiyl 4 fisothiazaliwdiond Tie about
50 ppm and nost preferably fromabout 5 ppmto about 20 ppm Corrosion

i nhi bitors Gastel@l aAdsadivhebiotieedag-dibronwalsitrilopiopdaimide add it eriladital 15 in
the industrial water system Corrosion inhibitors for nmulti-netal
protection gfgnobhxpically triazoles, such as, but not limted to,

benzotri azol e, hal ogenated triazoles, nitro-substituted azoles, and other

triazol eg as |isypgle hdildaior 8 instaat ﬁ&nB&ir&BﬁtldﬂQs appie@ otk dddbng wkeich i s
incorporated by reference in its entirety. The preferred triazole is

system, then the amount of oxidizing biocide added is from about 0.1 ppm to about 200
ppm, preferably from about 1 ppm to about 100 ppm, more preferably from about 5 to
about 50 ppm and most preferably from about 5 ppm to about 20 ppm.

Corrosion inhibitors can be added when needed to reduce corrosion of the metal

15  in the industrial water system. Corrosion inhibitors for multi-metal protection are
typically triazoles, such as, but not limited to, benzotriazole, halogenated triazoles,
nitro-substituted azoles, and other triazoles as listed in United States Patent No.
5,874,026, which is incorporated by reference in its entirety. The preferred triazole is
benzotriazole.

20 Triazoles are commercially available from most chemical supply companies.
The preferred benzotriazole is Nalco ® 73199, which is available from Ondeo Nalco
Company.

Whether a corrosion inhibitor is used depends upon the industrial water system

and the composition of the water contact surfaces in the industrial water system. For
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benzotriazole. 20 Triazoles are comrercially avail able from nost chem cal
supply conpanies. The preferred benzotriazole is Nalco (r) 73199, which is
avai | abl ewbroaw2@nrieo Nal co Conpany. Whet her a corrosi on PeRiUusoy/e3219 s used
depends upon the industrial water system and the conposition of the water
contact surfaces in the industrial water system For 18 WO 03/092919
PCT/ US03/ 13219 exanple, if all the water contact surfaces in the
i ndustrial water system are wood, pobl.e. netals | ass, titanium.,or
ol asti .t herapHe 1 AbIgmais FOIBt BIERR BB TRl VB SRR 06T o
i ndi cat ed. However, when the water cont ag}% surfaces, .are non-titani um netal,
such as, bueeibElgss, iiangmn prplasie, hop theuse 8‘&T°,Sloc‘,“é‘iﬂBB‘F9rélltg‘@?e,syﬁ%ﬂl%’ﬁni zed
steel, and yellow netals 5 such as copper, adnmralty and brass, then the
use of a comebtisatesnHPYEYenWhes the vetes cpriact surfaces afRBPHaBIBF R loRH N
i nhi bitor added to the water of the industrial water system depends upon
what type ofas,bhutneitlinited tousteintessstealeqartion sisel; gajvanized sleel apdarellel 8ieilect ed. | f
the method of the instant claimed invention is applied to a cooling water
system thenuthas cappruradmitalty sndrbwass.ghen thihisi of g comedeninhibitenippreEsedt 1 ppmto
about 10 2000 ppm preferably from about 10 ppmto about 1000 ppm and nost
preferably from Thbeumbu§of puresion irhiioiet aBBd tiherwatehef hoindesiiidvaiasihi bi t or may
be added before, after or during the addition of the Conpound and the
aci d. The coystasidepenidntypdniwhat typsofindfseiahivhigr syeddeds peingeledned alve  addi ti on of
acid. The corrosion inhibitor can be added i medi ately before the acid and
15 Conpound dgigfeaedl dfithe hiethow of the irstahtsclgimed avemibntihgiplied® acoplingswaier
i nhi bitor be added sufficiently in advance of the addition of acid that
the corrosi agstemthbni the ameat of tdrigloatithibiton adied iofiudm bt $ ypmesabolitus it is
preferred that the corrosion inhibitor be added from

10 2000 ppm, preferably from about 10 ppm to about 1000 ppm and most preferably from

about 50 ppm to about 600 ppm.
The corrosion inhibitor may be added before, after or during the addition of the
Compound and the acid. The corrosion inhibitor is preferably added prior to the
addition of acid. The corrosion inhibitor can be added immediately before the acid and
15 Compound are added. However, it is preferred that the corrosion inhibitor be added
sufficiently in advance of the addition of acid that the corrosion inhibitor can circulate
throughout the system. Thus it is preferred that the corrosion inhibitor be added from
about 1 hour to about 24 hours prior to addition of the Compound and acid.
The corrosion inhibitor could also be preformulated with other ingredients being
20  added to the water. As mentioned previously, corrosion inhibitor can be formulated
with acid to create an “inhibited acid”.
Dispersants are added when needed to keep particulate matter present in the
water of an industrial water system dispersed, so that it does not agglomerate and cause

fouling during the cleaning and disinfecting process. Dispersants are typically low
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about 1 hour to about 24 hours prior to addition of the Conpound and aci d.

The corrosion inhibitor could also be prefornulated with other ingredients

bei ng 20waddesdio the water. As nentioned previously, coPcodiSesiiizmhi bitor

can be fornulated wth acid to create an "inhibited acid". D spersants are
added when needed to keep particulate matter present in the water of an

i ndustrial water system di spersed, so that it does not aggl onerate and

cause fouling during the cleaning and disinfectin ocess. Di spersants
are typi cal BPlCcBIAF wOEHBNPIIcPobyLss: PEh/ l9§0§?€?§2¥§° a%ﬁ@é&%ﬂ%ﬁg‘i ﬁ@eﬁﬁf’r ani oni ¢
polynmers, with "low' referring to a weight average nol ecul ar wei ght of
from about S5GEht of MEQOUQ@QQIBGPOUTR%QQO@%}W@“% érett%"?"‘iléﬁ Jufnoth it " not
limted to acrylic acid, polynaleic acid, copolyners of acrylic acid with
sul fonat ed limited treacrylisragidapabymaleis peif.scopplamers fof acrissasid ity sforatedin i ncl ude
terpolynmers of acrylic 5 acid, acrylam de and sul fonated nononmers. These
pol yners camaabwersiand hlliglesigusabbrgs| yihesespobioness ean ingjudstterpelygpers©f agviie and

t hree other nononers. Dispersant polyners are comrercially available from
nost chefi catidsacpyianyide enhguifonaes] mdoeeps: sfbese podynakirs graradsannclyislapar i s a Hi gh
Stress Polymer such as High Stress Polyner PR 4832 which is available from
Ondeo Nal co polympasvpnsidhg\dfiedryleracal ahidsipes sthetmormmesed depends upon t he

i ndustrial water system the deposits present in the systemand the

foul ants present Dispeisiie polginers asngnivhecielnpaiitié Hom nalst ¢hemioabsupplycont act
surfaces in the industrial water system The anount of dispersant added to
t he wat er ofcoinpaniésndus prefetled \dxpesans ysiimen is d EhgnSiressiPalpmehsath 4syiigh of

i ndustrial water systemis being cleaned and disinfected. If 15 the nethod
of the inst afkssHodid PR 4392 WhicAls 4vaildiplomdrideo Nale@Gbinpghyvat er system t hen

t he amount of di spersant added is fromabout 1 ppmto about 500 ppm
preferahly from whether a dispersant is used depends upon the industrial water system, the
deposits present in the system and the foulants present in the water and the composition
of the water contact surfaces in the industrial water system.
The amount of dispersant added to the water of the industrial water system
depends upon what type of industrial water system is being cleaned and disinfected. If
15  the method of the instant claimed invention is applied to a cooling water system then
the amount of dispersant added is from about 1 ppm to about 500 ppm, preferably from
about 5 ppm to about 200 ppm and most preferably from about 10 ppm to about 100
ppm.
The dispersant may be added before, after or during the addition of the
20  Compound and the acid. The dispersant could also be preformulated with other
ingredients being added to the water.
One or more surfactants may be added when and where needed to enhance the

cleaning and disinfection process. Surfactants useful in industrial water systems

include, but are not limited to, ethylene oxide propylene oxide copolymers, linear
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about 5 ppmto about 200 ppm and nost preferably from about 10 ppmto about
100 ppm The dispersant may be added before, after or during the addition
of the 280@ampdund and the acid. The di spersant coul d al #0ThES03/13219
prefornmul ated with other ingredients being added to the water. One or nore
surfactants nmay be added when and where needed to enhance the cleaning and
di sinfection process. Surfactants useful in industrial water systens

i ncl ude, but are not I'm'te%t w et hyl ene oxi.d opyl oxi de copol yners,
linear 20 WA 6@?@1@%05@?7 éé%/)lﬁt%ﬁfé'laefgfﬂ%ﬂs% zeg{%s%lh q‘q%’r%at es ("LAS"),
et hoxyl at ed phosphate esters, and al kyl. .oﬁa | ygosi ?es n
sur f act ant s PaFEbePHdR 14 O%I‘?F T C@EQE%”P%{)@ %R%gta 5 ?@ﬂté\%bg’lg%gg’ Pat ent
No. 5,670,055 and U.S. Patent No. 6,080,323 \N]IS ch are all incorporated by
reference. 5)-8ufatent Nant&7058 2pd P Paieni g, 6430 %b‘f”é‘g}? ] lﬁ‘?fgfpoﬁaﬁ‘gﬁi cal
supply conmpanies. The preferred surfactants are ethyl ene oxi de propyl ene
oxi de copol \pyeeigreaedd al kyl pol ygl ycosi des. These surfactants CL-103,
CL-361, CL-362, Nalco(r)73550, and Nal co%lro) 7348 are avail able from ONC
Whet her & sur f actSarfectins aje eemuieisiaHy 8vailgbla omemosh elipsnisal SYPDRAIBIPBESt em  t he
10 deposit or foulant, and the conposition of the water contact surfaces in
t he i ndust r i Tie preferassuggetansnare Ftheleaneiidn propylengroxide caprlyraeisiaul allylt he wat er
of the industrial water system depends upon what type of industrial water
systemis begiohglychsdese Thesedudactints o 8% CL-361, Che 6Aa¥alen® B3P 5. lard i nst ant
claimed invention is applied to a cooling water system then 15 the anount
of surfact arifala®RiBd8 pis alziabledlbmuONE. 1 ppm t o about 1000 ppm preferably
Whether a surfactant is used depends upon the industrial water system, the
10  deposit or foulant, and the composition of the water contact surfaces in the industrial
water system.
The amount of surfactant added to the water of the industrial water system
depends upon what type of industrial water system is being cleaned and disinfected. If
the method of the instant claimed invention is applied to a cooling water system, then
15  the amount of surfactant added is from about 0.1 ppm to about 1000 ppm, preferably
from about 1 ppm to about 500 ppm and most preferably from about 5 ppm to about
100 ppm.
Surfactant could be added at any time during the method of simultaneous
cleaning and disinfection, but surfactant would preferably be added after chlorine
20  dioxide generation has started {in order to reduce any potential aerosolization of viable
microbial foulants}.
One or more reducing agents may be added when and where needed to react

with oxidants present in order to prepare the water for discharge in compliance with

state and local environmental regulations. Reducing agents suitable for use in the
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fromabout 1 ppmto about 500 ppm and nost preferably fromabout 5 ppmto
about 100 ppm Surfactant could be added at any tinme during the nethod of
si mul t anew093/0ed9¢ani ng and di si nfection, but surfactant weardsps/e2er ably be
added after chlorine 20 dioxide generation has started {in order to reduce
any potential aerosolization of viable mcrobial foulants}. One or nore
reduci ng agents may be added when and where needed to react wth oxidants
present in order  to prepare, the water, for gi scharge.in cor‘g)l iance with
state and | Geekrodesiherinsiant leined imntion ingihde, bra Rt S Ehf QWi t abl e for use
in the 21 WD 03/092919 PCT/ US03/13219 _nethod of the jnstant clained
i nventi on i feiptwdfate, spdiumpbignliiis: sodjum melgbisyiite apdisqdm s4iGsul f ate, sodi um
bi sulfite, sodium nmetabisulfite and sodiumsulfite. Reduci ng agean such as
these are conmer Redicing agenis sush petheseqiis ermpereiplbhavapble TomMest esmdhi es. The
preferred reducing agent is sodiumbisulfite which is available 5 from
Ondeo Nal co s@epipeempanighe Theprefarredredudingegnidn sodium biseltegelienig availsbls t he
i ndustrial water systemand the amount of oxidants present therein. The
amount of5 r doucOndpodNpdeviCaneiey t o the water of the industrial water system
depends upon what type of industrial water system is being cleaned and
di sinfected. |f {Wiethwes reddciof agehtis ussitdenends bednteelindwsirie) twaten systemi@dappl i ed
to a cooling water system then the anount of reducing agent added is
equi nol ar t ahé firoumnofioxidanfs peeserd aereipr Eseamountofoedveingwggnt addedde @eni ni ng t he
anount of reducing agent that is required is to add reduci ng agent until
there i s no wagiodturlindusiziabgster fystemealspendd gonrvddtiybe of iadestrial ivstet yysieonl | y
added at the conclusion of the cleaning and

is being cleaned and disinfected. If the method of the instant claimed invention is

10  applied to a cooling water system, then the amount of reducing agent added is
equimolar to the amount of oxidant present. Another way of determining the amount of
reducing agent that is required is to add reducing agent until there is no residual
halogen present.

The reducing agent is typically added at the conclusion of the cleaning and

15  disinfection process just before the water is to be discharged or may be added to the
discharge pipe or reservoir.

A pH adjusting chemical may be added when needed to adjust the pH of the
water being discharged ﬁom the industrial water system. Typical pH adjusting
chemicals include, but are not limited to, NaOH (aka “caustic”), KOH, Ca(OH),,

20 Na,CO; and K,CO:;. The preferred pH adjusting chemical is caustic, specifically a 50%
solution of NaOH in water. Caustic is commercially available from most chemical
supply companies.

The amount of pH adjusting chemical added to the water of the industrial water

system depends upon what type of industrial water system is being cleaned and
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15 disinfection process just before the water is to be discharged or may be
added to the discharge pipe or reservoir. A pH adjusting chem cal nay be
added wheworgeed t o adj ust the pH of the water being di scharsged2iy om t he
i ndustrial water system Typical pH adjusting chemcals include, but are
not limted to, NaOH (aka "caustic"), KOH Ca(OH)2, 20 Na2CO3 and K2C03.
The preferred pH adjusting chemcal is caustic, specifically a 50%

solution of ) i ter. stic is.comerciall vail abl.e fr nost
cheni cal sdg%%&%‘gﬁ%{gﬁﬁ%gl.{%?ﬂ‘g “é?f%%@ﬂ)fcaﬁ lsﬁ’flf? Q%ﬁ%?ﬁ‘ﬁé’ﬁcrﬁ%uﬁ{eglgwggadded to
the water of the indusfrial ter. systemdepends upon what type of
i ndustrial At wateihelteaischarepdireny the 184{1%6’&[“ ?f&‘pszféte% 03/ 092919 PCT/ US03/ 13219
di sinfected, what the pH of the water typical Ig/@l&f nd Wh@é& are the pH
requirements for If thpweiad of the distagt g Givguiens 1PHQ 30UV wat er
system I|f the nethod of the instant clained invention is applied to a
cool i ng wat ewstemstbersthe ampun of pid adivsingchemnicliaddgy is thet 1sguiraddppddave ddded i s
that required to achieve a 5 pH fromabout 2 to about 8, preferably from
about 3 tSo atsbiiemzbenid terplaut prns¢lereblyifipm ghouid taisbert 74nd mogyelerably The pH
adjusting chemcal is typically added at the conclusion of the cleaning and
di si nf ect i orfrque slwas4 tq about beFhsmél adiustipgehemiaistypi¢sdly addosiabteged or it may
be added to the discharge pipe or reservoir. In practicing the method of
t he i nst ant oheisiedof the/eedningrand|disinféctipmprocése jristllere theOvateryis iodeadded
separately. Aside fromthe Conpound and acid being added separately, the
ot her chemni cdidcharged/oiembypbenddad ®dh¢ digehbige pipeAr psefveirr ed f or mul ati on woul d
i ncl ude corrosion inhibitor, dispersant and surfactant bl ended together in
a singl e product In practicing the method of the instant claimed invention all of the chemicals
10  may be added separately. Aside from the Compound and acid being added separately,
the other chemicals may be formulated together.
A preferred formulation would include corrosion inhibitor, dispersant and
surfactant blended together in a single product.
At the conclusion of the process, the water containing the cleaning and
15  disinfection chemicals and residual material removed from the water is drained from
the industrial water system. Then, the system can be refilled with water and returned to
service right away or not, depending on the needs of the system operators. It is of
course possible to fill the tower with fresh water and conduct the method of the instant
claimed invention again, in order to clean heavily contaminated industrial water
20  systems.
If a cooling tower has been cleaned and disinfected by the method of the instant

claimed invention, any of the following actions can take place at the conclusion of the

method.
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At the conclusion of the process, the water containing the cleaning and 15
di sinfection chem cals and residual material renoved fromthe water is

dr ai ned fwores/0929e9 i ndustri al water system Then, the syst@ecrasny/b1yefilled
with water and returned to service right away or not, depending on the
needs of the systemoperators. It is of course possible to fill the tower
with fresh water and conduct the nethod of the instant clained invention
again, in order cleap heavily contam nated industrial .water 20, systens.
I'f a coolind)to ﬁﬂ?‘f“a‘?o %}?W@{@é}@gﬁshﬁﬁ ﬁPgWﬁ‘P@@PiEGBb@&ESHg HePHYY of the
instant clainmed inventiaon, any of the follow ng actions can take place at
t he concl usitGAmeat rragramyRiinhibitorpend\i9cefs 092919 PCT/ US03/ 13219 1) fill the
cool ing tower using fresh make-up water, and begin dosing a "nornmal"

treat ment prdgr afiléhe GoaHNSIOWSE wsiihigeshmske-Hp waten pnd begin fosine20BPERY of ower
using fresh nake-up water, and begin dosing a programof inhibjtors and/or
bi oci des at ishibitess and/ardbiasides piplevelst doses. o adiays Prssiyation ofipy xg98kd 5 netal s

and kill off any remaining organisns, followed by resunption of a "normal"
treat nents prrogalsmd I3l offeay eemaiming enghiises, fOlpwed By fesempiiongefa "peabd i n whi ch
cooling is not required; or fill the systemwth fresh nake-up water, and

sl ug dose i riteatmentpreg@ncl/ or bi oci de at el evated doses, then drain the
system (w t hout ever having resumed normal function) 10 and | eave dry
during a perd)od ilaaverhiecholingabwerglry duringta pegedinrvddeh epplifig isinot teguitedodti ng t ower
with fresh make-up water, drain the systemand refill, slug dose
i nhi bi tors dfithhesystenowithl éresit matearpavatet, ond stugrdosd intlibgers and/bigiogidgalr n t o
service. The advantages of the first and second aspects of the instant
cl ai med i nvedvara doses, then drain the system (without ever having resumed normal function)
10  and leave dry during a period in which cooling is not required.
4) fill the cooling tower with fresh make-up water, drain the system and refill, slug
dose inhibitors and/or biocide at elevated or normal doses, then return to service.
The advantages of the first and second aspects of the instant claimed invention
include the fact that this cleaning and disinfection procedure removes deposits from
15  virtually all wetable surfaces, and simultaneously disinfects bulk water and all wetable
surfaces, and some surfaces not continually in contact with the water, by in-situ
generation of C10;. The method of the instant claimed invention is designed to
minimize corrosion while cleaning and disinfection are taking place, can be completed
" in less than eight hours, effectively removes microbial deposits and significantly
20  extends the period for microbial re-colonization. The procedure works well to clean
heavily fouled industrial water systems.
The third aspect of the instant claimed invention is an on-line method of

simultaneously cleaning and disinfecting an industrial water system comprising the

steps of :
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include the fact that this cleaning and di sinfection procedure renoves
deposits from 15 virtually all wetable surfaces, and simultaneously

di si nf ectwOlaloteomat er and all wetable surfaces, and sonePsurfsayeRri1not
continually in contact with the water, by in-situ generation of Cl02. The
met hod of the instant clainmed invention is designed to mnimze corrosion
whil e cleaning and disinfection are taking place, can be conpleted in |ess

t han ei ght hours, eff.ectively.renpves, m. crobial.deposi jgpnificantly
20 extends the®p8FI'Ed’s ?)r}mﬁ]il%?%ﬁ‘fggef SYPle Ihg%linzsﬁ |%§%Sﬁ‘lﬁ§1§a%£§'8%%%$e wor ks
well to clean heavily_.foul ed industri al 1er st ens. e.third aspect of
the instant clai ﬁéﬁ“?%@%‘ﬁt SOFTOTRCORHSG Of £90 mﬁé"faf%ay Sg saé’lgtrl]llﬁlllefréf’ﬁéef)usl y

cl eaning and disinfecting an industrial water system conprising the steps

of : 24 WD 03/ 0988H¥"$CT/ US03/ 13219 a) providing an industrial water
system wherein said industrial water systemis selected fromthe group
consi sting of Bo@plionpliyasdeeing fhercuplgs of feidprsiuptainl WateresystewQ singlg cyqlss

opt i onal I% reduci n& the cycles of said industrial water systemto single
cycl es 53%nd hal enébelipgthe seeding@f B reuiiae water malmtepancschemgicals Enhm¥atet heni cal s
to the water of the industrial water system c) adding a Conpound sel ected
fromthe group coh#iedndusiabyatensysigmkal i salts of chlorite and chlorate, or
a mxture thereof, and optionally adding a corrosion inhibitor and

optional | y add)ngddingasjoepenmt seteoted fremibe grpupeonsigiing ¢fribralkali salts ¢fat er 10
system wherein enough Conpound is added to reach a concentration of from
about 1 ppmto alwbleritel9@Chivpaty, onk e thefeod, and opaiay addikg béormesion s added
enough corrosion inhibitor is added to reach a concentration of from about
50 inhibitor and optionally adding a dispersant to the water of said industrial water
10 system; wherein enough Compound is added to reach a concentration of from
about 1 ppm to about 1000 ppm; wherein if a corrosion inhibitor is added
enough corrosion inhibitor is added to reach a concentration of from about 50
ppm to about 500 ppm and wherein if a dispersant is added enough dispersant
is added to reach a concentration of from about 1 ppm to about 500 ppm,;
15 d) lowering the pH of the water in the industrial water system to about
4.0 by adding an acid to the water of said industrial water system and
maintaining the pH of the water in the industrial water system at about 4.0 for
from about 1 to about 4 hours;
e) adding a chelating agent to the water of the industrial water system, wherein
20 enough chelating agent is added to maintain the concentration of the chelating
agent at from about 10ppm to about 500ppm in the water of the industrial water

system; wherein said chelating agent is added either before or after the next step

of raising the pH;
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ppm to about 500 ppm and wherein if a dispersant is added enough di spersant
is added to reach a concentration of fromabout 1 ppmto about 500 ppm; 15
d) | oweriwgoslogeopH of the water in the industrial water syswarsod/os2about
4.0 by adding an acid to the water of said industrial water system and
mai ntai ning the pH of the water in the industrial water system at about 4.0
for fromabout 1 to about 4 hours; e) adding a chelating agent to the

wat er of the industrial water system wherein. 20 _enough chel ating agent is
added to mai ntfi ?pt{oﬁ%llycr&ﬁg’@ﬁgeﬂﬁ?%ﬁe s ]ﬁéﬁeclﬂg‘Fsgﬁl Rgter %’gﬁ?ﬂ“{ ﬁ%{? afforugm about
10ppm to about 500ppmin the water of the industrial water. .system wherein
sai d chel ating a&ére ahoyt hhbeeithe; sddimg CH@FIBP%S“@?PI%%‘%%?ddﬂtH@ %9&5 o5l of
rai sing the pH, 25 WO 03/092919 PCT/US03/13219 f) optionally raising the
pH of the water tembinsionedbethef Gpsevpatiadsisyst em from about 5.5 to about 11
by either adding caustic or stopping the addition of acid or by a
conbi nati on ofg)baddings biptids e thewviterss thegpdusiial watensysies vhaereindf hhe wat er of
the industrial water system wherein if the 5 chelating agent is added
after thé step othelaingiapent isddgidfict the step pEraising|tha pihghengbhehelagipglagene bi oci de
fromstep g) nmay be added sinultaneously to the water or the chelating
agent may be addeat the biotidt Glohoiwpd) by bteddsi simivdtanesusly brethp weter efdheray  be
added first, followed by the chelating agent; wherein the amount of biocide
added is that anchukitingapértaiaght added fiesy follawed hy thetbiceideon thetbidcidsmaybout 1 ppm
to 10 about 500 ppmin the water of the industrial water system h)
al | owi ng t he wat B¢ added i, folehusitbyitied chelating ageyts tvbaneindhe amaunt effteodider an
additional tine period of fromabout 1 hour to about 120 hours; and
added is that amount sufficient to have a concentration of from about 1 ppm to
10 about 500 ppm in the water of the industrial water system;
h) allowing the water in the industrial water system to circulate for an additional
time period of from about 1 hour to about 120 hours; and
i) concluding the cleaning and disinfecting method when the desired cleaning
efficiency has been achieved; wherein, if feeding of the routine water treatment
15 maintenance chemicals was stopped during the process, then now resuming the
feeding of the routine water treatment maintenance chemicals to the water of the
industrial water system; and wherein if feeding of the routine water treatment
maintenance chemicals was not stopped during the procedure, then now
bringing the industrial water system back to normal operation by stopping the
20 cleaning chemical feed, blowing down the water to reduce system cycles to a
single cycle, and then proceeding under normal operating conditions.
The third aspect of the instant claimed invention is a method applicable to

cooling water systems and boiler water systems. These industrial water systems consist

of evaporative cooling towers, open re-circulating, closed and once-through cooling
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i) concluding the cleaning and di sinfecting nethod when the desired
cleaning efficiency has been achieved; wherein, if feeding of the routine
wat er treaom29145 mai nt enance chenicals was stopped duriPe@/uSh&13mocess,

t hen now resum ng the feeding of the routine water treatnent maintenance
chemcals to the water of the industrial water system and wherein if
feeding of the routine water treatnent maintenance chem cals was not

stopped during th rocedure, then.now, brinai the j ter

syst em back “fager ﬁ%ﬁ?‘ﬂ’gﬁ’ g%’%& aiﬁib(‘}ﬁerﬁ‘fft% SOFBHY ?Ihdégt?ﬁnﬁt%%ﬁl&%ﬁég félﬁlégnwgal f eed,
bl owi ng down the water to red(alge sgstem %ycl es to a single cycle, and then
proceedi ng GAYEIE WA SAVIPESREAAT Pt BRI ons. The third aspect of the

i nstant clained invention is t hod, appl.i cabl 0., coolin er systens
and boiler water T ?/QP@H%‘?MT%@EQW fapshs {ﬁg"l‘h 8&}@‘9@? @%Chl%%g\f{\ﬁ of
evaporative cooling towers, open re-circul ating, closed and once-through
cool i ng 26 Wxussorerto Thesyalkelpsplts ysinge sogiyra chlgtite P-,fﬁ%g?l“ﬁ‘dihﬂ’é?es o boi | er

wat er systens and industrial water systens including cooling water
equi prent  arsbloprse anskposageinpehlerate. Thhe Pesierrsiafialijsalisase iadivaychleggpidie al kal |
salts of chlorite and chlorate and m xtures thereof. These alkali salts
i ncl ude sodisodimmtvhiorite.eTheppeshprsiemed elplbpaltiasodivg chlmites chl orate and
potassiumchlorate. The preferred alkali salts are sodiumchlorite and
sodi um chl or at e. Tisellmiseltynfehleriteadd ehliuateiarsedmmodity shefhigats iat @nibee. The
al kali salts of chlorite and chlorate are commodity chenicals that can be
obt ai ned f r ebtaired tfroohenstchémisal syipyy comsaies.eSadivd dilorite cérl b dbtasnedan be
obtained either at its normal pHor inits colloquially referred to
"st abi | i zed efthermt itehoranal plil ewviatits doll@ujaHy reéféreedgo Eftahilized faodiation Jdévatedi te is a
25% sol ution of sodiumchlorite in water. This material is available as
HYG 25 fioompBENQhe preferred sodium chlorite is a 25% solution of sodium chlorite in water. This
material is available as HYG-25 from ONC.
Sodium chlorate is a commodity chemical that can be obtained from most
chemical supply companies. The preferred sodium chlorate is from about a 20 to
about a 50 Wt/Wt % solution of sodium chlorate in water. This preferred sodium
15  chlorate is available from Eka Chemicals, Inc., 1775 West Oak Commons Court,
Marietta, GA 30062-2254 USA, telephone number 1-770-578-0858.
Potassium chlorite and potassium chlorate are both available from most
chemical supply companies.
The amount of sodium chlorite or potassium chlorite added to the water of the
20  industrial water system depends upon what type of industrial water system is being
cleaned and disinfected. If the method of the instant claimed invention is applied to a

cooling water system, then the amount of sodium chlorite or potassium chlorite added

is from about 1 ppm to about 1000 ppm, preferably from about 10 ppm to about 500
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Sodium chlorate is a compdity chem cal that can be obtained from nost
chem cal supply conpanies. The preferred sodiumchlorate is from about a 20
to aboutwe 0309949 W % sol uti on of sodium chlorate in wat @CI/UShd/s32p¢ ef erred
sodium 15 chlorate is available from Eka Chem cals, Inc., 1775 West Cak
Commons Court, Marietta, GA 30062-2254 USA, tel ephone nunber
1-770-578-0858. Potassiumchlorite and potassi umchlorate are both

hior e orP b PIRATERY Prboanel TRRL el Ay ATRHB e o

wat er system depends upon what type of industrial water systemis being
cl eaned anc®PSiRPERt ed. 1f the method of the instant claimed i nvention is

applied to a cooling water system then.the anount of sodiumchlorite or
pot assi um chl or i t} sedieaghloyits of pefATSHBLER Ot e f)‘bdrﬁoggmé%%(ﬁ tefgg(g ppm preferably
fromabout 10 ppmto about 500 27 3/092919 PCT/ USO03/ 132 nost
preferably ¢hepieapdnth Wdﬁ’ﬁ%ﬂ’teéa%fbwoé‘éﬁoﬁ %faé%ﬁx%sﬁ’?g]ﬁiwgar#l?peprfg%@er abl y
about 100 ppm If sodiumchlorite or pof ass{aum é{gbori te ﬁr]g) sodi um chl orate
or pot assi umfroshiborat:a9 trabow§PH , prsfeapbliniom @it LAPD & OULHY B PP

chl orate, expressed in weight percent, 5 is fromabout 1: 9(3 t.o,about 99: 1,

preferably prefmbihahout 3050 0The dotalsaiprnior beth, chigrie sadShlomie PogFaH I M8 hout

50:50. The total anmount of both chlorite and chlorate together is the sane
as that f or samedsehat frlegthéricblogie of hloraig usediseparaeBpar at el y. The corrosion
inhibitor optionally used in the third aspect of the instant clained
i nvention i s sel Bt @urofioninhibiter eptionallyasedinghs fhigd espeed shstipstany glewned
hal ogenated triazoles, 10 nitro-substituted azole, and the triazoles
listed in UnivbeibnSt sfle@sedParethe gidop cGysBitag olt@nzotuigdolehhalagenpiediisarles ed by
reference in its entirety. The preferred triazole is
10  nitro-substituted azole, and the triazoles listed in United States Patent No. 5,874,026,
which is incorporated by reference in its entirety. The preferred triazole is
benzotriazole. Benzotriazole is available from ONC as Nalco 73199. The amount of
azole added is that amount sufficient to reach a concentration of about 50 to about 500
ppm in the water of the industrial water system. The preferred concentration of azole is
15  about 100 ppm in the water of the industrial water system.
The dispersant optionally used in the third aspect of the instant claimed
invention is selected from the group consisting of, but not limited to, High Stress
Polymer (as previously described), acrylic acid, polymaleic acid, copolymers of acrylic
acid with sulfonated monomers and alkyl esters thereof. These polymeric dispersants
20  can include terpolymers of acrylic acid, acrylamide and sulfonated monomers. These
polymeric dispersants can also include quad-polymers consisting of acrylic acid and

three other monomers. The preferred dispersant is a terpolymer comprising from about

30-70 mol % acrylic acid, from about 10-30 mol % Acrylamide and from about 20-40
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benzotri azole. Benzotriazole is available from ONC as Nal co 73199. The
anount of azole added is that anount sufficient to reach a concentration
of about WO oBo9Aout 500 ppmin the water of the industriPall/usas/e215yst em
The preferred concentration of azole is 15 about 100 ppmin the water of
the industrial water system The dispersant optionally used in the third
aspect of the instant clained invention is selected fromthe group
consisting of, but not linted to, Hi Stress . Polyner (as. preyviously
descri bed) , ™9k Yaamigomethysuliogicamdy 4 eI B?th,r W%ﬁ%‘i 831{5?“(‘58¥*’3'ﬁ§‘8 acid with
sul fonat ed nononers and al kyl esters thereof. These pol yneric di spersants
20 can i ncl fa® QNEssHigheYresofolypen AR 484ci d, acryl ami de and sul f onat ed
nononers. These ol ymeric dispersants can al so jinclude quad-pol yners
consi sting of acThs peousntplflispsmantaddedds Betamouwbbiesy o TR 4 ef err ed

di spersant is a terpolyner conprising fromabout 30-70 nol % acrylic acid,
from about tOnrcBaation ofdipmehou hivgm taabout SR0APED o Pderd apwuRi9f03/ 092919
PCT/ US03/ 13219 nol % am nonet hyl sul fonic acid. A terpolyner with such
conposi t Bon dispersardiid abbitd 00 ppm ONC as Hi gh Stress Pol yner PR 4382. The
anount of dispersant added is that anpunt sufficient to reach a
concentration of The asid aedirt thd thigdraspeot efiibainstBaGHimed iMvntion éfedtheréd anount of
5 dispersant is about 100 ppm The acid used in the third aspect of the

i nst ant cl aintirgtal aeideortah orpanis aeid stlertedafromiteegralp cassistingof hydroehdpaisiagidaci d
selected fromthe group consisting of hydrochloric acid, sulfuric acid,
am do sul f ursiigurcictll, 6@ Wsulfurictacidq98s), ditriphud phosphariamid) hydrgfivasiclagidr i ¢ aci d
and sul fam c acid; and said organic acids are selected fromthe group
consi sting @hd k@it 5di€ ane bald a@ehié hadsad tedectdddram the godug comsisting of aci d,
peraci ds including peracetic acid, peroxyacetic acid and peroxyformc

aci d, glygcolditfic agh end Hy@nrQxraeeidid; aegdic dyid, gexalidsdncluding peracetic acid,

peroxyacetic acid and peroxyformic acid, glycolic acid (hydroxyacetic acid), oxalic

acid, propionic acid, lactic acid (hydroxypropionic acid) and butyric acid. The

preferred acid is glycolic acid, which is available as Nalco R3076 from ONC. The

amount of acid added is that amount sufficient to lower the pH of the water to about 4.0
15  and subsequently to maintain the pH at about 4.0.

The chelating agent useful in the third aspect of the instant claimed invention is
selected from the group consisting of sodium hexametaphosphate, sodium
polyphosphate, phosphonates, and polycarboxylates (homopolymers and copolymers).
The preferred chelating agent is sodium hexametaphosphate. It is available as Glassy

20 Calgon from ONC. Sufficient chelating agent is added such that the concentration of
the chelating agent at from about 10 ppm to about 500 ppm in the water of the
industrial water system.

The biocide useful in the third aspect of the instant claimed invention can be an

oxidizing biocide or a non-oxidizing biocide. Oxidizing biocides are selected from the
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acid, propionic acid, lactic acid (hydroxypropionic acid) and butyric acid.
The preferred acid is glycolic acid, which is avail able as Nal co R3076
from ONC.wOhg/09ampunt of acid added is that anount suffi cipemtusodiizomer the
pH of the water to about 4.0 15 and subsequently to maintain the pH at
about 4.0. The chel ating agent useful in the third aspect of the instant
clainmed invention is selected fromthe group consisting of sodium

hexanet aphosphat e, . sodi 0 osphat e hosphonat es, a

pol ycar boxyg‘&u%ox(sl%l%ﬁ’g‘f%i%gﬂbc SiE 3‘???8?‘%‘3)4% mﬁﬁ%lagsrcé?%?eroefd chel ati ng
agent is sodi_.um hexanet aphosphat It _is avail abl e as assy, 20 Cal gon from
ONC. Suffi crdeasingisBlosns #ig bigyaine- %%e pyefgegd %@iﬁm 10pide e Wééﬁ?&aﬂ on of

t he chel ating agent at from about 10 ppmto about 500 p in the water of
the i ndust Noatoxigizing biggidisars selpgied Hioay %i%roﬂgéqri§15t1‘?51°ii3]1‘g r?rjhiel?y&le’as pect of the
instant clainmed invention can be an oxidi zi ng biocide or a _ngn-oxidizing
bi oci de. Oxiidthiazoln, @ Héibrpas-hnitrilepropiepamide. 2dhrPnpg-nieprogangd Ssloho

PCT/ US03/ 13219 group consisting of chlorine bleach, chlorine, bromne and
material § capa-&-(obmpekbalildgpropanedicarboramide, kaehleraisoptialonitaieer r ed
oxi di zing biocide is chlorine bleach.. Non-oxidizing biocides are selected
from t he gr aikyldoethybeizagmofonginuctderideddingthel dialkgenisieiush plforide, didecyl

2,2-di brono-3-nitril opropi onanm de, 2-bronp-2-nitropropane-1,3 diol, 1 5

br ono- | - ( br dimetayllayineninnBeldorideanedi car bonitril e,

tetrachl oroi sophthalonitrile, alkyldinmethyl benzyl anmoni um chl ori de,

di met hyl di gblgydxyatimiend(dimetiylimirichethyhe(dimethylicime)etylenadicblaiidem chl ori de,

pol y(oxyet hyl ene(di et hyl i m ni o) et hyl ene(di et hyl i m ni o) et hyl ene

di chl ori de, méimjiénel vligodyatdtd)2aizydthidethananite astakishydzodyanesyl plgsphonium

t et r aki shydr oxynet hyl phosphonium 10 sul fate, dithiocarbamate,

cyanodi tii oisaifstecRhlvenBiBate, 2yamtiNybinBdstatbondteyi2daghyle-hitroimidazole-1-

ethanol, 2-(2-bromo-2-nitroethenyl)furan, beta-bromo-beta-nitrostyrene, beta-
nitrostyrene, beta-nitrovinyl furan, 2-bromo-2-bromomethyl glutaronitrile,
bis(trichloromethyl) sulfone, S-(2-hydroxypropyl)thiomethanesulfonate, tetrahydro-3,5-
dimethyl-2H-1,3,5-hydrazine-2-thione, 2-(thiocyanomethylthio)benzothiazole, 2-

15  bromo-4’-hydroxyacetophenone, 1,4-bis(bromoacetoxy)-2-butene, bis(tributyltin)oxide,
2-(tert-butylamino)-4-chloro-6-(ethylamino)-s-triazine, dodecylguanidine acetate,
dodecylguanidine hydrochloride, coco alkyldimethylamine oxide, n-coco
alkyltrimethylenediamine, tetra-alkyl phosphonium chioride, 7-
oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid, 4,5-dichloro-2-n-octyl-4-isothiazoline-

20  3-one, 5-chloro-2-methyl-4-isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one, The
preferred non-oxidizing biocide is 2,2-dibromo-3-nitrilopropionamide, which is
available as Nalco N7649 from ONC. The amount of biocide added is that amount
sufficient to have a concentration of from about 1 ppm to about 20 ppm in the water of

the industrial water system.
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et hanol , 2-(2-brono-2-nitroethenyl)furan, beta-brono-beta-nitrostyrene,
beta- nitrostyrene, beta-nitrovinyl furan, 2-brono-2-brononethyl

gl ut ar oniwpioBm9291bi s(tri chl oronmet hyl ) sul f one, PCT/US03/13219

S- (2- hydr oxypr opyl ) t hi onet hanesul fonate, tetrahydro-3, 5-

di net hyl - 2H 1, 3, 5- hydr azi ne- 2-t hi one, 2-(thi ocyanonet hyl t hi 0) benzot hi azol e,
2 15 brono-4'-hydroxyacet ophenone, 1, 4-bi s(bronoacet oxy) -2-but ene,

bi s(tributyltin)oxide, . . . . Y

2- (tert-butyl am ﬁbt;“? E’-lrgt‘?ﬁi’)er%qféhe( lgftﬁ’g‘}lcéarlﬁ'%d jjrventipn,, the qnatine Iae%oedc%/fl guani di ne
acet at e, | qu i.d' ne hydrochl ori de cocq rreth | ami ne oxi de,
n-coco al k)?? %&gﬁfﬁi} ”éﬁi‘ﬁ’glsmf‘le‘f’art%f Sy§tRps 2 BWSE%I’F@% WPE%?IPae 7

oxabi cycl o[ 2. 2. 1] heptane-2, car box aci d,

4. 5- i hl or GISOTALE SS0 m@aﬁ&aﬁv&%m@@xﬁi 38igp an acid for a shortperiod of

5-chl oro- 2- net hyl - 4-i sot hi azol i n- 3- pne and 2- met hy eialSOthlaZO“n 3-one,
The prefer e %ﬁul?ﬁ%l"ﬁptﬂ foga profnegepgriod ot ?naﬂﬁp%ﬁﬁh Heapt 8 Wﬁf onani de,
which is available as Nalco N7649 from ONC. The_ anount of biocjide added is
t hat anodnt nesial pHeTap dispndeckan akep Ri%?ﬁé@ﬂ%llfya*@io%h G i yiEeagaian of ppmto

about 20 ppmin the water of the industrial water system 30 WO 03/092919
PCT/ US03/ 13zhring dloxide when the pHgpehont 4, fohevediyiagddition Pfa‘i PROIPUNG &AL | on, t he

on-line nethod of cleaning and disinfection of industrial water systens
al | ows for ehéahionigesthen homglanpesr neittl.or gani ¢ deposits initially through
| owered pH, using an acid for a short period of time and subsequently for
a prol onged per i dthedburth aspectisf thejinatastrddimed myedigaat at a near 5 neutral pH.
The disinfection takes place initially through the in-situ generation of
chl ori ne di axioddinafethotl o€ siphiltarsosdipcitandngind fdoidfentied abindastdaltwagm of a
chel ating agent and a biocide when the pHis near neutral. The fourth
aspect dfo t hestermsbmpiising the seps afnvention is: an on-1ine nmethod of
si mul t aneously cl eaning and disinfecting an industrial water
a) providing an industrial water system; wherein said industrial water system is
selected from the group consisting of cooling water systems and boiler water
systems;
b) optionally reducing the cycles of said industrial water system to single cycles
15 and halting the feeding of the routine water maintenance chemicals to the water
of the industrial water system.
c¢) adding a chelating agent to the water of the industrial water system, wherein
enough chelating agent is added to maintain the concentration of the chelating
agent at from about 10 ppm to about 500 ppm in the water of the industrial
20 water system; wherein said chelating agent is added either before or after the
optional next step of maintaining the pH;
d) optionally maintaining the pH of the water in the industrial water system from

about 5.5 to about 11 by either adding caustic or stopping the addition of acid or

by a combination of both of these methods;
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10 system conprising the steps of : a) providing an industrial water
system wherein said industrial water systemis selected fromthe group
consi sti MyomB/ogd® i ng wat er systens and boil er water sysPermaISob)3219
optionally reducing the cycles of said industrial water systemto single
cycles 15 and halting the feeding of the routine water nmaintenance
chemcals to the water of the industrial water system c¢) adding a

chel ati ng agen

t. to..t he. wat.e f the ipdustrial ter system. erein
enough chel ati Hg a‘i‘ﬂ%? b’logld%li?atg?iwf‘t(?r ?QP%?@ Sﬁnﬁwgﬁg?fﬁ?:%nﬁ@aeﬁmoﬁmgf t he
chelating agent at from about 10 m to about 50Q m i éﬁ er of the
i ndustrial 20 wafRfatdgaggys %ﬂ#@f“g%é’ﬂ’ﬁm@ SPRP "H‘Ejmgﬁlé’r&tﬂ? ’:%%lgt © ei t her
before or after the  optional next step of i ntaining.th H .d
optional |y mai nt Shelating aesnd a9 therbieey @\‘g'?étrep? PHR¥ a}%ﬂ@gg@pﬁa&@o t)8r system
from about 5.5 to about 11 by either addi ng cfgust iC Or S op_pi,gg t he
addition of aci dthsrwatgnpr thechaipingagenmayroesdfad fyst folloveed hejadde e wo
03/ 092919 PCT/ US03/ 13219 e%q adding a biocide to the water of the
industri @ wat er theyhiecids mephs-asided first, followesh by Heichejatingeagent; Wheeigdhf after the
optional step of maintaining the pH then the «chelating agent and the
bi oci de from st epmeyntpfpiopide addtdds brtramovairafisignytothgve ¢ pencogitatien of t he
chel ating agent may be added first followed by the biocide or 5 the biocide
may be added fi r gitom fbolit opgea tdppout 0 pheml inthervpiagé e, induseiabivafer fyelemanount  of
bi oci de added is that anmount sufficient to have a concentration of from
about 1 ppm t of)akbewing@e vogsenin thetidusival watersysteindo cinehlate for am additianel syst em
f) allowing the water in the industrial water systemto circulate for an
addi ti onal time period of from about 1 hour to about 120 hours; and

10 g) concluding the cleaning and disinfecting method when the desired cleaning
efficiency has been achieved; wherein, if feeding of the routine water
treatment maintenance chemicals was stopped during the process, then now
resuming the feeding of the routine water treatment maintenance chemicals to
the water of the industrial water system; and wherein if feeding of the routine

15 water treatment maintenance chemicals was not stopped during the procedure,
then now bringing the industrial water system back to normal operation by
stopping cleaning chemical feed, blowing down the water to reduce system
cycles to a single cycle, and then proceeding under normal operating conditions.
In the fourth aspect of the instant claimed invention, cleaning is attributed to

20  chelation by the chelating agent and the disinfection occurs as a function of the added

biocide.
The chelating agent useful in the fourth aspect of the instant claimed invention

is selected from the group consisting of sodium hexametaphosphate, sodium

polyphosphate, phosphonates, and polycarboxylates (homopolymers and copolymers).
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time period of fromabout 1 hour to about 120 hours; and 10 g) concl uding
the cl eaning and disinfecting nmethod when the desired cleaning efficiency
has been wohBey®d9 wherein, if feeding of the routine wat@CT/uSo&at2ment
mai nt enance chem cal s was stopped during the process, then now resuni ng
the feeding of the routine water treatnent maintenance chemcals to the
wat er of the industrial water system and wherein if feeding of the routine
15 water tre borfXB IR - ' t - ' e
procedur e, ?ﬁgﬁﬂgneow lg]?él %81%% g%tgi%?}#gj%? %@%ﬁph&&%}%‘ 2{}5?‘%&1 @%gﬁg{aggnor mal
operation by | I j L.cal  f. | ow down e ter to
CRLIRRLING SRS GRGTM Bl SR BRI AR g aF

reduce system °C n procee er nor mal

operating conditions. _In the fourth aspect t he. i nst ant ai med
i nvention, c e§h%1%téll K eléttatt?rf’%‘ua{bgﬁ liogp?ggg%oeult géquﬂ? W@teﬁ?fgt{wati ng agent

and t he di si nlf escrﬁilon occyrs as a function of the added biocide. The
chel ating agéﬁif’] LN V% he fourth aspect of the instant clained

invention, is selected fro he 0 consi sti.ng of sodi.um |

hexamet apRosphat efheslﬂﬁ‘flﬁwse P’S/%%‘%‘Bﬁéﬁpg‘ft %ﬁﬁéﬁsﬁ%é{a@%‘? igyfgtion can be

pol ycar boxyl at es .( honopo| ymers_and. copol ypers) .. .32 WD 03/ 092919

PCT/ US03/ 132 #°% B‘gg%g‘rf‘l@r‘}f BJORR H»Hgﬁ’ c&%ﬁf&ﬂd@n&@amﬁ FesesrieddisHbs phat e.

It is available as A assy _Calgon from ONC. Sufficient chelating agent is
added such t H§STQURSORYHEEHL FlpTRfPleach. chipang hegmine vl myenals eapalle 8fm about 10
ppmto about 500 ppmin the water of the industrial water system 5 The
bi oci de usef taleasing chleripggidroming e Fhe peferrpboxigizing hiockde i mlnie%lﬁem-i on can be
an oxi di zi ng biocide or a non-oxidizing biocide. Oxidizing biocides are
sel ected from t h¥ogpwdizinsdiesides pregelosted fipw thergroun eonsibtingch| ori ne, broni ne
and materials capabl e of

10  glutaraldehyde, isothiazolin, 2,2-dibromo-3-nitrilopropionamide, 2-bromo-2-

nitropropane-1,3 diol, 1-bromo-1-(bromomethyl)-1,3-propanedicarbonitrile,
tetrachloroisophthalonitrile, alkyldimethylbenzylammonium chloride, dimethyl dialkyl
ammonium chloride, didecyl dimethyl ammonium chloride,
poly(oxyethylene(dimethyliminio)ethylene(dimethyliminio)ethylene dichloride,

15 methylene bisthiocyanate, 2-decylthioethanamine, tetrakishydroxymethyl phosphonium
sulfate, dithiocarbamate, cyanodithioimidocarbonate, 2-methyl-5-nitroimidazole-1-
ethanol, 2-(2-bromo-2-nitroethenyl)furan, beta-bromo-beta-nitrostyrene, beta-
nitrostyrene, beta-nitrovinyl furan, 2-bromo-2-bromomethyl glutaronitrile,
bis(trichloromethyl) sulfone, S-(2-hydroxypropyl)thiomethanesulfonate, tetrahydro-3,5-

20  dimethyl-2H-1,3,5-hydrazine-2-thione, 2-(thiocyanomethylthio)benzothiazole, 2-
bromo-4’-hydroxyacetophenone, 1,4-bis(bromoacetoxy)-2-butene, bis(tributyltin)oxide,
2-(tert-butylamino)-4-chloro-6-(ethylamino)-s-triazine, dodecylguanidine acetate,
dodecylguanidine hydrochloride, coco alkyldimethylamine oxide, n-coco

alkyltrimethylenediamine, tetra-alkyl phosphonium chloride, 7-
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rel easing chlorine and brom ne. The preferred oxidizing biocide is chlorine
bl each.. Non-oxi di zi ng biocides are selected fromthe group consisting of
10 gl ut arabdehydeg i sot hi azolin, 2,2-dibrono-3-nitril opropCoresng/del9

2- brono-2- nitropropane- 1,3 diol,

1- brono- I - (brononet hyl ) -1, 3- propanedi carbonitrile,
tetrachl oroi sophthalonitrile, alkyldinethyl benzyl anmoni um chl ori de,

poly( oxyet hy P ERSYPREE PP et o@%é@éy‘“ﬁtﬂﬁ%%i’-hfo%&%%%mi "
di chl ori de, %‘%ng%tlc#{(frg e gﬁhﬂtélh 1s%%%oqﬁzfo%e%nggclgﬁﬁﬁl Oet azcE gjoﬂe The

tetraklshydroxyﬁet ROSphont um 10Car
di t hi b t I :
> (5 br o 2DKIE rg?ﬁ@%fﬁjﬂ@ﬁ’e%& WL T LR it BRER oo
t t t b | ut tril
D1 st 11 et or BiREH P Neep o fagt P3G, e r°”°c9§mo}{%ﬁ”}’€$me%%w%§&uﬁéﬁ$ e

tetrahydro-3,5_20 dlgeth yl-2H 1, 36$ hydr azi_ne-

2- (t hi ocyanotfEEfFHH w@éﬁmlmw éfomzﬂbowrlm tg: abﬁ-}}ép%waeb%m@ﬁ%e

1, 4- bls(bronDacetoxyﬂ -butene, bis(tributyltin)oxide,

2- (tert - but yhsiadysyalweta Yee6- (et hyl ami no) - s-tri azi ne, dodecyl guani di ne
acetate, dodecyl guani di ne hydrochl oride, coco al kyl di net hyl am ne oxi de,
n-coco al kyltrinmethyl enedi am ne, tetra-al kyl phosphoni um chloride, 7 33 WO
03/ 092919 PCT/ US03/ 13219 oxabicycl o[ 2. 2. 1] hept ane- 2, 3-di car boxylic acid,
4,5-di chl oro-2-n-octyl-4-isothiazoline- 3-one,

5-chl oro- 2-met hyl - 4-i sot hi azol i n- 3-one and 2-net hyl -4-i sot hi azol i n- 3- one,
The preferred non-oxidizing biocide is 2,2-dibrono-3-nitril opropionam de,
which is avail able as Nalco N7649 from ONC. The anount of biocide added is
that amount 5 sufficient to have a concentration of fromabout 1 ppmto
about 500 ppmin the water of +the industrial water system
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34 WD 03/092919 PCT/ US03/ 13219 The follow ng exanples are presented to be
illustrative of the present invention and to teach one of ordinary skil
how t o nmawe oangkduse t he i nvention. These exanples 5 are mot/usny/exded to
limt the invention or its protection in any way. Exanples A plastic Pil ot
Cooling Tower with titanium netal heat exchangers and a plastic sunp is
chosen as a test site for the nethod of the second aspect of the instant
claimed invention. The Pilot Cooling Tower is in alnost continuous use for
over one year so 10 there is severe contam nation present. The

contam nation is believed to be both inorganic scale as well as

m crobi ol ogi cal sessile popul ations. There is visible fouling on nost of

e s

the water that is circu

02 o0 el G d o PSR GH b9 P B S SR Y, 1"

of service for ours 0 epare

the Pil ot Cool i To the coolin m heat |oad is renoved. The

cool i ng syst3ﬁPPQ%§n§Qﬂb%ﬂ?ﬂ%ﬁmﬁﬁFmﬁﬂﬁﬁg 8mePdﬁﬂﬁﬁﬁw%alve is closed. The

addi tion of water treatnent progran1igenlgals are discontinued, such that
the water circulating through the Pil ling Tower has only 20 residual

wat er treatnent chem cal. esent. Thr hout the cleaning and dj sinfection
program Pil ot Co‘glpr“:ﬁ %0\}% pver ?”étg ? ieghheabsrshangers gnd salastist ri azol e
and t he di spersant mhlch is . H gh Stress Polynmer PR 4832 from ONC are

added to t heSWRR 8/ chesen pytes; S%for hsansthegt of hesecondmsnaes Gihpigstentglaimed

PCT/ US03/ 13219
invention. The Pilot Cooling Tower is in almost continuous use for over one year so

10 there is severe contamination present. The contamination is believed to be both
inorganic scale as well as microbiological sessile populations. There is visible fouling
on most of the water contact surfaces as well as visible particulate matter present in the
water that is circulating.

To conduct the method of the instant claimed invention it is necessary to take

15  the Pilot Cooling Tower out of service for 24 hours.

To prepare for the cleaning and disinfection of the Pilot Cooling Tower, the
cooling system heat load is removed. The cooling system fans are turned-off and the
blowdown valve is closed. The addition of water treatment program chemicals are
discontinued, such that the water circulating through the Pilot Cooling Tower has only

20  residual water treatment chemicals present.

Throughout the cleaning and disinfection program, Pilot Cooling Tower water
recirculation remains on. Benzotriazole and the dispersant, which is High Stress

Polymer PR 4832 from ONC are added to the water of the Pilot Cooling Tower.
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Enough benzotri azole is added to achieve a concentration of about 100 ppm
Enough H gh Stress Polyner is added to achieve a concentration of about
100 ppm \8ofoBiogadent sodi umchlorite (NaCl O2), taken from Prog/ushgnm2eal
stockroom is added to the systemwater such that its concentration in the
water is 100 ppm The 5 sodiumchlorite is circulated in the systemfor 30
m nutes. | nhibited hydrochloric acid is then added to the water. Sufficient

hydr ochl ori c pd i t th H of t t is f about 2.0
o mbout 3. 0= PalRERe ARy Wbt BaRilaRlor Ol RS e BT O o
whi l e conti nui ng,.to d what gv acidis r ired.i der to maintain a
pH of from agiﬁﬁltgs’uf%&?%n?fﬁ%?@eg%ﬁﬁﬁ%Oéw@%gﬁﬂrf %%bsﬂ&%éﬁp%‘r si nfection,
sanpl es are periogdigally collect. itared far chlorine di.oxide

vol b’ st andar . arsieruipStaeRRHETNEC-Raeh FoRtnt Heabe SOURSdS [ such as
the diethyl- p-phenyl ene di am ne te.%t "the.DPD test"). for fr resi dual

chl ori ne di o?(‘?dﬂg,to tggfﬁfséeé%gﬁter sugly that Socrog"?fétr?“%smwﬂ"i’at 35 HetBY i MiPng t he

| evel of hardness present, blé conpl exonetric titration. 15 During this six
hour time® pefqidtm cRIATSA Giuigied ki dhe SEEHe &% 5P BiPWHs are found to be in the
range of from about 0.5 to about 1 expressed as_free chlorine.

0 .0
Har dness val ues | RbibEatlydIBRreegdiBbBes moyae: SEiHISerIgE After 5

hours, the hardness value increases are mniml and acid addition is
st opped. Thead§istadded snel et the pl o€ the satea isfiong aboup AL tayghput 3.8apferblyr . The
systemis drained. The systemis 20 flushed with fresh makeup water and
drai ned a setont2.6i R watenis grsalatddiferfelequirowhitef contiruipgioadd wbatees ecidiy f aces
shows cl ean surfaces with no contam nation. The nethod of sinmultaneous
cl eani ng andrediiisédifh@oder ormiistaegibdf fran beout 2.0dvemats 5. BerivgrleB/ipang19
PCT/ US03/ 13219
10  disinfection, samples are periodically collected and monitored for chlorine dioxide
using standard analytical technique to determine chlorine dioxide {such as the diethyl-
p-phenylene diamine test (“the DPD test”) for free residual chlorine dioxide, expressed
“as chlorine™} as well as determining the level of hardness present by complexometric
titration.
15 During this six hour time period, chlorine dioxide concentrations are found to
be in the range of from about 0.5 to about 1.0 ppm, expressed as free chlorine.
Hardness values increase from 600 to 2000 ppm over a 5 hour period. After 5 hours,
the hardness value increases are minimal and acid addition is stopped. The system
water is recirculated for one additional hour. The system is drained. The system is
20  flushed with fresh makeup water and drained a second time.
A visual inspection of the water contact surfaces shows clean surfaces with no

contamination. The method of simultaneous cleaning and disinfection is deemed to be

a success.
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After the second drainage, the Pilot Cooling Tower is refilled with fresh
make- up water and returned to normal service. Exanple 2 This is an exanple
of the thwod3aspert of the instant clained invention. 5 APpirasps/c32P® | ot
Cooling Tower with titanium netal heat exchangers and a plastic sunp is
chosen as a test site for the nmethod of the third aspect of the instant
clainmed invention. The Pilot Cooling Tower is in alnbst continuous use SO

there is severe g@@{ﬁm@q @Jainggeeﬁg% toﬁggggffv% Fe%qemﬁﬁrepgﬂpm&ved to be

both inorganic scale as we as- m'crobi sessi | e popu Ions. There

is visibl e‘f%g{ﬁagﬁgag@re édtQLoﬁlﬂ?§&Qcé0'at er contact surfaces as well as

visible parti e natter present In'the water that is circulating. To
prepare for the cleaning and disinf ectign of! ghe Pil ot Cooling Tower, the
cooling systemwater is bl own-down to r = ystem water to single cycle.

The heat |oad and,the coolin t.emfans.is. maintai ned in, operation. For
this exanple, t he%”g lsa?i’oelx?l?]Blﬁ%gﬁPéjv}Hf@rSp?clt 8%41%?“ %@F‘g}ﬂvﬁlﬁg’ﬁi cals is

di sconti nyed, such that the water circulating through the Pilot_ Cgoling
Tower hasgonl yor egil?:]%FQF PV\%&%@ i%‘f’?f‘é’ﬁﬁ’ m%‘H‘érHi?rﬁgil ée%g’é@é?ﬁe?s apdeplisiout ¢ he
cl eani ng and di si nfection progra Pil ot Cooling Tower water .

re-circul at i GHYP &L aéﬁ.tesﬁ%tﬁf%t?‘}l‘? ms§pdotifethindasneeisdresastent clginedy i s Hi gh
Stress 20 Polynmer PR 4832 from ONC are added to the water of the Pil ot

Cool i ng Tower2venteiy K Behzenting A9upids insalng sontingousdse &8/ dets ixwheiént r at i on of
about 100 ppm Enough Hi gh Stress Polyner is added to achieve a

concent r at i o§OHPMEIBHRR PreFsal. piwcomzminglignsis bdryadtopebolidageamoxsle aguf f i ci ent

sodiumchlorite (NaClOZ? , taken fromthe chemical stockroom is
well as microbiological sessile populations. There is visible fouling on most of the

10 water contact surfaces as well as visible particulate matter present in the water that is
circulating.

To prepare for the cleaning and disinfection of the Pilot Cooling Tower, the
cooling system water is blown-down to reduce system water to single cycle. The heat
load and the cooling system fans is maintained in operation. For this example, the

15  addition of water treatment program chemicals is discontinued, such that the water
circulating through the Pilot Cooling Tower has only residual water treatment
chemicals present.

Throughout the cleaning and disinfection program, Pilot Cooling Tower water
re-circulation remains on. Benzotriazole and the dispersant, which is High Stress

20  Polymer PR 4832 from ONC are added to the water of the Pilot Cooling Tower.
Enough benzotriazole is added to achieve a concentration of about 100 ppm. Enough

High Stress Polymer is added to achieve a concentration of about 100 ppm.
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added to the systemwater such that its concentration in the water is 100
ppm The sodiumchlorite is circulated in the systemfor 30 m nutes.
G ycol i ¢ wWoiod/o9)®14 hen added to the water. Sufficient glyceCrasayiatie s added
such 5 that the pH of the water is fromabout 3.5 to about 5.5, preferably
about 4.0. The water is circulated for about 1.0 to about 4.0 hours,
preferably about 2.0, while continuing to add whatever acid is required in
order to maintain : ! j .cl eanin

L . iPEh:Qbailfn ( 3, i§ 9
and d|S|nfect|on,S§En%¥es]grgﬂ%ggﬂgﬁpga’ﬁg&ggﬁﬁg%%égggﬁﬁsﬁgg?tofed for
chl orine di oxj i I .echni i er qane chlorine
o e 10 ¢ SR B RPE el SPATYR0 SR T 701

for free resi d&{ﬁ?" chlcqgeqr(i:ir};elagai Oﬁ(i:h%es 18X Or%seilqutgsas chlorine"} as well as
determ ni ng the T &vel oot “har ﬁéss %res nt 8§ coOfrpl exonetric titration

During this two haur tinme .perio hl.ori ne di.axi de.concentr at,i.ons are found
Do DY i the anBteate iR Riengfied§o hiE, SuBSRGane 800 L ANEIRBL ®; | oo
chlorine. _15 Hardn val ues increase from4 to.1600 r a 2 hour
o ot AP SRR G the Wie s P P @3 (o 260 R eRI PR TR, B R o1 Pl | S

allowed to rise due to the increasin alkalinity within the system A
rapid rise i ¥ tsBlafsH f?f@‘)%ﬁté& ta@h%‘}éﬂwsv, Erﬁ@raéb’oﬁ%f’i‘@noad‘fhﬂeéﬂHWﬁWgé‘éust ic
solution to bring the pH to about 5.0 to 6.5, preferably 5.5. Sufficient
sodi um hexané@%wﬁ%@ﬁha%}s reggd gsoréeréwaalﬁnh@pﬁ@éﬁp{n abaitdrl PrbeHtHe: 20
Ondeo Nal co chem cal stockroom is added to the systemwater such that its
concent r at i oRYFiRg tleaningand disinfeqtiopsamples are|peyiorhsally callrsted aBdm9pigrehfoss er abl y
200 ppm Sufficient quantities of a non-oxidizing biocide 2,2-di brono-3-
nitril opropi ehlaphedoxidensing standadtanalyi@aticehmgue todderarmeelorive diokidsom i s
added to the 38 WD 03/092919 PCT/US03/13219 system water such that its
concent r a0 orisuch as the digthtyd-p-phenyflgng ehiaatinrtest {“theplPP destd durtfreg @esidual

chlorine dioxide, expressed “as chlorine”} as well as determining the level of hardness
present by complexometric titration.

During this two hour time period, chlorine dioxide concentrations are found to
be in the range of from about 0.5 to about 1.0 ppm, expressed as free chlorine.

15  Hardness values increase from 400 to 1600 ppm over a 2 hour period. After 2 hours,
the acid feed is stopped and the system water pH is allowed to rise due to the increasing
alkalinity within the system. A rapid rise in the pH is also achieved by the addition of
enough caustic solution to bring the pH to about 5.0 to 6.5, preferably 5.5.

Sufficient sodium hexametaphosphate, used as a chelating agent, taken from the

20 Ondeo Nalco chemical stockroom, is added to the system water such that its

concentration in the water is from about 10ppm to about 500ppm, preferably 200 ppm.
Sufficient quantities of a non-oxidizing biocide 2,2-dibromo-3-

nitrilopropionamide, taken from the Ondeo Nalco chemical stockroom, is added to the
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ppm The systemwater pHis maintained at 5.5 with intermttent addition of
glycolic acid, as needed. The system water bl ow down was nai ntai ned per
nor mal opwoasiomIz® 5 program and | oss of chem cal (sodi umCT/US03/13219
hexanet aphosphate and 2, 2-di brono-3 nitril opropi onam de) follow ng bl ow
down was repl eni shed by slug doses of the chemcals. The systemwater is
recircul ated for a period of about 48 hours. The total hardness levels are
noni t ored peri,odi cal l whe dnes i i4pi mal , the
aci d and by gere "eRagtetdnd i SERe AR FRDe RE AoBFAREeEon I Gugl N T
conpl eted. The systemwater is blown down to single cycles, and the routine
wat er treat®®ht programis reinstated. The industrial water systemis

returned to nor service. A .visual inspection of the ter act
surfaces shows clE&FYSEH ¥4 \‘iﬁrf‘ﬂntﬁl(?e& %‘?ﬁf‘gﬁ]? H‘é?ﬁnbtﬁ?lpaﬂ%lo O{ﬁlglg&%’f on-1ine
si mul t aneous c] eaning and disinfection is 15 deened to be a success. 39 WO
03/ 092919 PCEFI%ASREFdosh 1idie syjient Waler Ripwiqewy vyas mapntatped per nwalai‘?pegﬁwm t aneousl y
cl eaning and disinfecting an industrial water syst rising the steps
of : a) proviresiHy aaﬁillqsmﬁ%@mwal (S%%hewaémsﬁa%?n%ﬁ’ga?‘ﬁt he water of
said industrial water s_alst emi) a Conpound, wherej nﬁai d Cocrt}pound IS
sel ected f r owirdepsonipnsapde) &ellowiing hlpy devn pagrenlepished bylyedoses Efficorit e and
chlorate and m xtures thereof; and ii) an acid; and

chemicals. The system water is recirculated for a period of about 48 hours. The total

hardness levels are monitored periodically and when hardness level increases are

minimal, the acid and biocide feed is stopped and the cleaning process is deemed

10  completed. The system water is blown down to single cycles, and the routine water
treatment program is reinstated. The industrial water system is returned to normal
service.
A visual inspection of the water contact surfaces shows clean surfaces with no

contamination. The method of on-line simultaneous cleaning and disinfection is

15  deemed to be a success.
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10 wherein said acid is added before the Conmpound is added; c) allow ng the
water to circulate through the industrial water systemfor at least from
about onewD®3aIe 72 hours ; and d) draining the water fPomush&ii2ndustri al
wat er system 15 2. The nethod of Claim1 wherein said industrial water
systemis selected from the group consisting of cooling water systens,

i ncl udi ng open recircul ating, closed and once-through cooling water

syst ens; boi\l,vggtg ang,Aqi.l er water systens; petrol eumwells, downhole
formations, geot%errra wells and other oil field applications; mneral
process wateys ingl udi m_ner al I | of:ad. ] L faction;
paper m || d{‘gest rr%e?h?/r%igoéf ﬁg}@@ﬁ‘ﬁ%@?ﬁ&%ﬁ%ﬁdﬁ&@%@@% a(% &%@?@1 ,a Pvgalr?] white

wat er systens, and gai)er nmachi etsur{paces; bl ack |iquor evaporators in the
pul p i ndustry; ga¥*S CBMEPRERT D P washers; continuous casting processes
in the netal lurgical. .industry; .air conditioning and refrigeration systens;

i ndustrial afd péfPafiBgaAr B‘PB%‘@%&%?@WHH ndi rect contact cooling and
heating 40 03/092919 PCT/ Uﬁ%S({éngQ wat er, such as pasteurization

wat er; wal erDr ecl2dfiRgie e wpier ahsaid fdysiiel WaiGE 8ieBht i on systens, menbrane

filtration water systens; food processin streans (neat, vegetable, sugar
beets, sugar cane, gral rﬁC%Pﬂ“?ﬁywhef?%ﬁaﬁggﬂ‘ﬁpo@g%@g‘i‘ﬁe,ﬂf’é’ﬁhﬁ PR treatnent
systens as well as in clarifiers, liquid-solid 5 applications, municipal
sewage treatnent, Geafip@naR{ithesdiadisaliyafichigrte ag chigra andapigiresy st ens,
aquifers, water tanks, sprinkler systens and water heaters. 3. The nethod

of O ai m2 wherei nthegp@ anddustrial water systemis a cooling water system

4. The method of Claim1l wherein said Conpound is either sodiumchlorite,
ii) an acid; and

10 wherein said acid is added before the Compound is added;
c) allowing the water to circulate through the industrial water system for at least
from about one to about 72 hours ; and

d) draining the water from the industrial water system.

15 2. The method of Claim 1 wherein said industrial water system is selected from
the group consisting of cooling water systems, including open recirculating,
closed and once-through cooling water systems; boilers and boiler water
systems; petroleum wells, downhole formations, geothermal wells and other oil
field applications; mineral process waters including mineral washing, flotation

20 and benefaction; paper mill digesters, washers, bleach plants, stock chests, and
white water systems, and paper machine surfaces; black liquor evaporators in
the pulp industry; gas scrubbers and air washers; continuous casting processes
in the metallurgical industry; air conditioning and refrigeration systems;

industrial and petroleum process water; indirect contact cooling and heating
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10 potassiumchlorite or mxtures thereof. 5. The nmethod of Caim1l wherein
said Conpound is either sodiumchlorate, potassiumchlorate or m xtures

t her eof . WO 03l0e29m®et hod of Claim 1l wherein said Conpound i PCa/usvxi2n®e of
either sodium chlorite or potassiumchlorite and either sodiumchlorite or
potassiumchlorite. 15 7. The nmethod of Claim1l wherein said acid is

sel ected fromthe group consisting of hydrochloric acid, sulfuric acid,

ni t ric aci d phoi(palgace | 4 I%ICI %é%g&pxtvétgr%v'afér red t101§§ys€eﬂl'§‘\9até}c' d, citric

acid, formc aci peraci ds 1 ncluding peracetic aC|d

peroxyacetic acid aﬁ%aiju SEOS sorrngnm aﬁ‘cﬁﬂ? 1l M&QJ ﬁg'fgo y}%)rgélegsrn? yacetic

acid), oxalic aci’d" n| C’aci IC aC| yd’rox ropi onic 20

d b t net i whi ch
sl buytic agg and ga e Sl
addi ti onal chem cals are

0
PCT/ US03/ 13219  t5A¥eRNy ‘V‘i‘%ﬂ “ﬂ%&?@épseﬁ&\%g]%g?rnwe\tkﬁlﬂCEVESrSS{b"d‘HZ?"ﬁa| cheni cal s

bei ng sel ected from the group consistin i oc corrosi
i nhi bi t ors, di sp&PRUIHQNS, TYpiFiRaksgypse tre ?%&E@?‘W bgﬁttﬁgsyétr‘?’ﬂlsﬁg agf? usting
are sel ected

chem cals. 10. The nethod of Claim?9 sai d bi CI deﬁ
fromthe group 5 EFRETLRS, ﬁ@m@FS B’ﬁ"le’b‘ia}’lﬁesf’ﬁ]l EWStGE’ﬁlaB AT 19%9Fi ne and
materi al s capabl e of releasing chlorine and bromne. 11. The net hod of
Claim9 in which Télain@ﬂtﬂﬁqufgé"rl@% Whergim paingusirial “@Eﬂréﬁ%lsfaﬁﬁ?ﬁr{g%ﬁergr oup
consisting of triazoles. 12. The method of daim9 in which said
di spersants are seftemted fromthe group 10 consisting of | ow nol ecul ar
wei ght ani oni ¢ pol yners.

4. The method of Claim 1 wherein said Compound is either sodium chlorite,

10 potassium chlorite or mixtures thereof.
5. The method of Claim 1 wherein said Compound is either sodium chlorate,
potassium chlorate or mixtures thereof.
6. The method of Claim 1 wherein said Compound is a mixture of either sodium
chlorite or potassium chlorite and either sodium chlorite or potassium chlorite.
15 7. The method of Claim 1 wherein said acid is selected from the group consisting
of hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, hydrofluoric
acid, sulfamic acid, citric acid, formic acid, acetic acid, peracids including
peracetic acid, peroxyacetic acid and peroxyformic acid, glycolic acid
(hydroxyacetic acid), oxalic acid, propionic acid, lactic acid (hydroxypropionic
20 acid), butyric acid and salts thereof.
8. The method of Claim 7 in which said acid is hydrochloric acid.

9. The method of Claim 1 in which additional chemicals are added to the water of
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13. The method of daim9 in which said surfactants are selected fromthe
group consisting of ethyl ene oxide propyl ene oxi de copol yners, |inear

al kyl benzwoe3/0%99 onat es, et hoxyl at ed phosphate esters anacalusy/13219

pol ygl ycosi des. 14. The nmethod of Claim9 in which said reducing agents are
selected fromthe 15 group consisting of sodiumthiosulfate, sodium
bisulfite, sodiumnetabisulfite and sodiumsulfite. 15. The nethod of

aaimo inwhichysglflsphl AbSLLR OGN SeflofaRELAELE foibk Alddiondr OUP

consi sting of causfic and soda ash. si muf t aneously cl eani ng

) provi di ng. an® FRGERB e HPEYBESG oo R ShORCRE R RO Ba R PP C D

a) providing an . stem . ( e water of said
from the groap EOHGPEtil B ERBRAPRSHREER © OF Chior | te and chlorate and
S 0 oo O T O AR A Rc P i s BC1 & ond
Bbout oné 10 abotSPBRBLRI e oy e WO O PTRP HIBM Yhe i ndust r al
wat er system 17. The nethod of C.aim 16 wherein said industrial water

systemis sel ect Edeasing fHoNpANg PEI NS onsi sti ng of cool i ng wat er syst ens,

i ncl udi ng open recirculating, 10 cl osed and_once—throu%q cq?%in wat er
syst ens; boilller s Thpaethef PEETaym 9dp which said corrosion inhibitors areselected from the

group consisting of triazoles.
12.  The method of Claim 9 in which said dispersants are selected from the group
10 consisting of low molecular weight anionic polymers.

13.  The method of Claim 9 in which said surfactants are selected from the group
consisting of ethylene oxide propylene oxide copolymers, linear alkylbenzene
sulfonates, ethoxylated phosphate esters and alkyl polyglycosides.

14.  The method of Claim 9 in which said reducing agents are selected from the

15 group consisting of sodium thiosulfate, sodium bisulfite, sodium metabisulfite
and sodium sulfite.

15.  The method of Claim 9 in which said pH adjusting agents are selected from the
group consisting of caustic and soda ash.

16. A method of simultaneously cleaning and disinfecting an industrial water

20 system comprising the steps of :
a) providing an industrial water system;
b)  adding to the water of said industrial water system
1) a Compound, wherein said Compound is selected from the group

consisting of the alkali salts of chlorite and chlorate and mixtures
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systens; petroleumwells, downhole formations, geothermal wells and ot her
oil field applications; mneral process waters including mneral washing,
f | ot at i orwoanmodenef acti on; paper m || digesters, washerspChltSaris2p ant s,
stock chests, and white water systens, and paper machi ne surfaces; bl ack
| i quor evaporators in 15 the pul p industry; gas scrubbers and air washers;
continuous casting processes in the netallurgical industry; air

condi tioning and refrigeration systens; industrial and petrol eum process
wat er; indirect contact cooling and heating water, such as pasteurization
wat er; water reﬁfanat&gﬂkﬁyﬁfens, water purification systens, nmenbrane
filtration water’ systens; 'food processing 20 streans (neat, vegetabl e,

sugar beets, sugar cang.oflsflonBid & agehhbtote @DGia ROMBERN) ; and wast e

treatment systens as we as’in aritiers, liquid-solid ’applications,

i ci pal tr. i.ci pal t
Cyetone aqd s RoviGERERaley idrtbiEls P BhE B MR RRER G B 2 o
03/092913 PCT/ U 03/%3219 1§k%ggf?nepho of Cdaim1l1l7 wherein said
I

i ndustriadl wat effOBFEPEEL0 NG M8fer system 19. The nethod of O aim
16 wherein said Conpound is_either sodiumchlorite, potassiumchlorite or
m xtures th eo?r.amgﬁfg?weﬁﬁ’éﬁ%fl}?dﬂd‘ﬁ?“a MY ™wher ei n sai d Conpound i s

ei ther sodiumchlorate, potassiumchlorate or m xtures thereof. 21. The
met hod of Claim 16 wherein said Conpound is a mixture of either sodium
chlorite or potassiumchlorite and ejther sodiumchlorite %%Eﬂ tassi um

chlorite. 47. THEe methed 8l Gl & vhsrew spiddn@siiabwater sypiery 15 ¢¢ ©f%d from

the group consisting 10 of hydrochloric acid, sulfuric acid, nitric acid,
phosphori ¢ acid, thwwpfqoqufting of cooling water systems, including open recirculating,

10 closed and once-through cooling water systems; boilers and boiler water
systems; petroleum wells, downhole formations, geothermal wells and other oil
field applications; mineral process waters including mineral washing, flotation
and benefaction; paper mill digesters, washers, bleach plants, stock chests, and
white water systems, and paper machine surfaces; black liquor evaporators in

15 the pulp industry; gas scrubbers and air washers; continuous casting processes
in the metallurgical industry; air conditioning and refrigeration systems;
industrial and petroleum process water; indirect contact cooling and heating
water, such as pasteurization water; water reclamation systems, water
purification systems, membrane filtration water systems; food processing

20 streams (meat, vegetable, sugar beets, sugar cane, grain, poultry, fruit and
soybean); and waste treatment systems as well as in clarifiers, liquid-solid
applications, municipal sewage treatment, municipal water systems, potable

water systems, aquifers, water tanks, sprinkler systems and water heaters.
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acid, sulfamc acid, citric acid, formc acid, acetic acid, peracids

i ncluding peracetic acid, peroxyacetic acid and peroxyform c acid,

gl ycol i c woiod/099hydr oxyacetic acid), oxalic acid, propionPCTASO81321actic
acid (hydroxypropionic acid), butyric acid and salts thereof. 15 23. The
met hod of Caim22 in which said acid is hydrochloric acid. 24. The nethod
of Caim16 in which additional chemcals are added to the water of the
industrial y@terTigussted of\Bliih Bavitbrasl shid indiidlial Gheitptnsisheooigngedtect ed from
t he group consisting of biocides, corrosion inhibitors, dispersants,

surfactants, ﬁgﬁmng agent s and pH adj usting chem cal s. 20 25. The nethod
of daim24 in ch said biocides are selected fromthe group consisting

of chlorine, d§)| eafhl, nGROSACISm 1Y Wik seﬁ@@oﬁﬁ&ﬁlﬂh@élﬁwﬁ%ﬂﬁﬂ enl&ite, rel easing

chlorine and bromne. 26. The nethod of daim24 in which said corrosion
inhibitors are s I consi sting of triazoles. 44 WO
03/ 092919 PCT/ US‘%%%E@%C% ol;gegartxﬁhﬁ %et%%é of daim?24 in which said

di spersa eIe ISty ul ar wei ght
di spers SM Bolcﬁoff(flgﬁ]fét\gh SLEUAA EOARLLDG R <Jufith ABbAEL

sald surfactants are

selected from t he rou n5| s hyl ene oxi de propyl ene oxi de
copol yners, Ii ne%fFcgs uﬂ&hh QStB%F%hat es, ethoxyl ated phosphate esters

and al kyl pgl ygl ycosi e netho i.d reducing
agents are 2LI ec lé%m?tg%qsr?f[ﬁgm bé: }61656188?% Ounad %mgln% ot ‘{hl&os i %at e,
sodi um bi sul fite, sodi um netabisulfite Lhe net hod

of O aim24 in wlFe eLpgas P ?W‘?&ltg?féﬂqlgma?bg’%eeqré)gtaé%m? ?@%ﬂt

22.  The method of Claim 16 wherein said acid is selected from the group consisting

10 of hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, hydrofluoric
acid, sulfamic acid, citric acid, formic acid, acetic acid, peracids including
peracetic acid, peroxyacetic acid and peroxyformic acid, glycolic acid
(hydroxyacetic acid), oxalic acid, propionic acid, lactic acid (hydroxypropionic
acid), butyric acid and salts thereof.

15 23.  The method of Claim 22 in which said acid is hydrochloric acid.

24.  The method of Claim 16 in which additional chemicals are added to the water of
the industrial water system, with said additional chemicals being selected from
the group consisting of biocides, corrosion inhibitors, dispersants, surfactants,
reducing agents and pH adjusting chemicals.

20 25. The method of Claim 24 in which said biocides are selected from the group
consisting of chlorine bieach, chlorine, bromine and materials capable of
releasing chlorine and bromine.

26.  The method of Claim 24 in which said corrosion inhibitors are selected from the

group consisting of triazoles.
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10 group consisting of NaOH, KOH, Ca(OH)2, Na2CO3 and K2C03. 31. An on-line
nmet hod of sinultaneously cleaning and disinfecting an industrial water
syst em cowpri3®92ege t he steps of : a) providing an industri ZCTRESOEI328YSt em
wherein said industrial water systemis selected fromthe group consisting
of cooling water systens and boiler water 15 systens; b) optionally
reduci ng the cycles of said industrial water systemto single cycles and

hal ting the §2edifig hnddl L' ale with Shid ARPOLARANC G ILRAM RS ofolp Lhe wat er
of the industrial water system c¢) adding a Conpound selected fromthe

d
gr oup consistingcgg%&ggf?gﬁgkk$§gédﬁﬁ tamaﬁcﬁg. kiste and chlorate, or a

m xture thereof, an a cor ion inhibitor and

optional l'y afjéji NG d ngéntﬁo@go;fr‘p%,geg& 4%y Kx}ﬂgg‘é\%ﬁi rfa%Ianl%%edseie@féH%oH b FPS@B er

systenm whereéi'n enoug ndi's a 0 reach a concentrat of from
about 1 ppmto abo

enough corrosion(Pﬁ%$%%g%Pﬁﬁgh%ﬁgg%ﬁ%ﬁﬂééégﬁﬁg&%g b%%##%%%@%h%?m%goﬁggggut
i spersant 15 addElo BB Cre kR oS sk g YRUBBRS Concent rati on’of
ndustri al wiber Pt BBLE YDl PG G TS OTRE Bat er of
hdust i a1 vt er By CoRN TR SO oW GH e P HTBBRe OHE B hour s: o)
adding a chel ating agent to the water of the industrial water system

wherein enough chépsedivngullifent i s added to maintain the concentration of

the chelatin
90. The method of Claim 24 in which said pH adjusting agents are selected from the

10  group consisting of NaOH, KOH, Ca(OH),, Na,CO; and K;COs.
31. An on-line method of simultaneously cleaning and disinfecting an industrial
water system comprising the steps of :

a) providing an industrial water system; wherein said industrial water system is
selected from the group consisting of cooling water systems and boiler water

15 systems;

b) optionally reducing the cycles of said industrial water system to single cycles
and halting the feeding of the routine water maintenance chemicals to the water
of the industrial water system.

¢) adding a Compound selected from the group consisting of the alkali salts of

20 chlorite and chlorate, or a mixture thereof, and optionally adding a corrosion
inhibitor and optionally adding a dispersant to the water of said industrial water
system; wherein enough Compound is added to reach a concentration of
from about 1 ppm to about 1000 ppm, wherein if a corrosion inhibitor is added

enough corrosion inhibitor is added to reach a concentration of from about 50
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agent at from about 10 ppmto about 500 ppmin the water of the industrial
10 water system wherein said chelating agent is added either before or
after thewoopwdmdmal next step of raising the pH f) opti omralriuses/aizsd ng t he
pH of the water in the industrial water systemfromabout 5.5 to about 11
by either adding caustic or stopping the addition of acid or by a

conbi nation of both of these nethods; 15 g) adding a biocide to the water

of the industrial 1%"2(% Sout ?@Fpim an\ﬁgm'{eﬁeiierpirf) Hdis%%?ant shabat én'a?g@tﬂﬁfgafsaﬁtsts added

after the opti ongl ep o I'sin _ en the chelati agent and
chel ati ng agent KeyBe gt EHOFS Rl RebEORRIE dhohsoged: " BF Bl oci de
Ty e R b R S e R SRS I RS Db RS B 20 arount
Py al 1 owi ng ¢ he dies o 3t RaR Fetiad st A aheite ety evann o ool F27 00
additional tinme period of ,from?@?o.u\t 1 hour ][ abo and 46 WO

120 h .
03/ 092918 PCT/ USBH/of fiewpter; iy the dpustral wajersyeeng aﬁ%bml#é’) S ot o Lt ng

met hod when the desired cleaning efficiency has been achi eved; wherein, if
feeding of the r@RRYAEOWSt er treatment mai ntenance chenical s was stopped
during the process, then now resumng the feeding of the routine water
treatnent nmai nPeAdtiesa ehlsing apant iaghewitprot kg iadusgial paier SYSHRIS FRFSM wat er
system and wherein if feeding of the routine water treaflnent nmaintenance
chemical s was noeneigbshdatingneetids added jomepdmiain tBe concpirRtinbaf 1 FRFLAAG t he
industrial water system back to normal operation by stopping cleaning
chenical feed, blagsit agiemwpout he powtezboris 0P pamde theykatesf the industrial

10 water system; wherein said chelating agent is added either before or after the
optional next step of raising the pH;

f) optionally raising the pH of the water in the industrial water system from about
5.5 to about 11 by either adding caustic or stopping the addition of acid or by a
combination of both of these methods;

15 g) adding a biocide to the water of the industrial water system; wherein if the
chelating agent is added after the optional step of raising the pH, then the
chelating agent and the biocide from step g) may be added simultaneously to
the water or the chelating agent may be added first followed by the biocide or
the biocide may be added first, followed by the chelating agent; wherein the

20 amount of biocide added is that amount sufficient to have a concentration of
from about 1 ppm to about 500 ppm in the water of the industrial water system;

h) allowing the water in the industrial water system to circulate for an additional

time period of from about 1 hour to about 120 hours; and
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cycles to a single cycle, and then proceedi ng under nornmal operating
conditions. 10 32. The nethod of Caim31l in which optional step b) is
requi r ed,ward/ogeotdr r osi on i nhibitor and di spersant are beCh/tmdsdextieo the
wat er of said industrial water system 33. The nethod of Claim 32 in which
said corrosion inhibitor is benzotriazole. 34. The nethod of Claim32 in
whi ch said dispersant is a terpolynmer conprising 15 from about 30 to about

70 mol % acryl %ﬁtcagdg&%g ﬂhQGPeglﬁfPé’ﬁndjd%irlif&ti?\?%&hoﬁowﬂgéﬂ thg/%%sﬁf@d[ Mbagde and from

about 20 to ab % am nonet hyl sul foni c aci d. . The net hod of
Gaim32 in wic ' dvsg- S QMll FRLQ ot inkRedret hod of Caim
32 in which sai d'%f?é‘?é&g@%%%f*f cé%cig’gg‘lé@ ‘%gﬁ{edgr?g?}ﬁ%gmg%n% aim 32 in which

said chel ating aggg&nehts%giggh%{e& Fsgﬂ&%}t@@g@éﬂﬁ%ﬁ% Qrﬁ&ss,-{ﬂ?zﬁ 8%t hod of

Claim 32 in which sal I'OCl opropi onam de. 39.
An on-1line nethod_ of .si t ane | | eani 1.$1 thng. { ndustri al
wat er system con’ﬁ?Slugllmrﬁgtﬁr‘%J T §§§“’“ }(;c?uﬁ?e %%ﬂe{}%a%ﬁ%%&éﬁ@faﬁ%ﬂﬁ %gﬁgi? 143219 a)
provi di ng an i nduystri.al ter te er el ai.d.indust rd.al ter system
is sel ect%ed from'th atﬁrr%c\é\%e 188%%@?’?%”8 mc%%cﬁv eéelﬁéﬁéé?&f%%ﬂt@eﬁrguénﬁd boi | er

t t , b ti | I'y. reduci.ng.t I f id.ind i al
System b si ngl o BT LRNTRETET HEEHT YOO NGPBH AR PR RO A or

LU ENERIT I L T I LA T
wherein stopping cleaning chemical feed, blowing down the water to reduce system
cycles to a single cycle, and then proceeding under normal operating conditions.
10 32.  The method of Claim 31 in which optional step b) is required, and a corrosion
inhibitor and dispersant are both added to the water of said industrial water
system.
33.  The method of Claim 32 in which said corrosion inhibitor is benzotriazole.
34.  The method of Claim 32 in which said dispersant is a terpolymer comprising
15 from about 30 to about 70 mol % acrylic acid, from about 10 to about 30 mol %
acrylamide and from about 20 to about 40 mol % aminomethylsulfonic acid.
35.  The method of Claim 32 in which said Compound is sodium chlorite.
36.  The method of Claim 32 in which said acid is glycolic acid.
37.  The method of Claim 32 in which said chelating agent is sodium
20 hexametaphosphate.
38. The method of Claim 32 in which said biocide is 2,2-dibromo-3-
nitrilopropionamide.
39.  An on-line method of simultaneously cleaning and disinfecting an industrial

water system comprising the steps of :
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enough chel ating agent is added to maintain the concentration of the
chelating agent at fromabout 10 ppmto about 500 ppmin the water of the
i ndust ri aWwobG/ogmer system wherein said chelating agent PETABd®M2¢9 t her
before or after the optional next step of maintaining the pH, d)
optionally maintaining the pH of the water in the industrial water system
from about 5.5 to about 11 by either adding caustic or stopping the
addition of acid or... 101 150060 wiRQdiR s 28 1dDSRA Wil BRdsn is15 e)

addi ng a bi oci® eprf"éldf"%)eém\?\n/a@g%o‘?ﬁ%rﬁg&? n’dﬁstrlﬁgfﬁ \lfvat er systrem wherein if
the chelating agent .is added af . - Ps Ald sGENAENI ng the
pH, then the ch%?eﬁ%qdr%mb Sﬁ'fougﬁép%{sﬁ}éggflngfl%gg‘g%ro%%@t (Sap e) may be added

simul taneously to the water or the chelating agent may be added first
followed by the Hf68%We or the biocide may be added first, followed by the

chel ati ng agent; wherein the 20 amount .of biocide a [ mount
sufficient to NadRicgalbeizousing ‘?FXS’%[S‘)(?? Sal&wgﬂﬁﬁéaggv&?er i%g‘%‘%"t%“gg%?%oo ppm in

the water of the industrjal ter. system . f) .allow t.h ter .in the

i ndustri &l water a‘gﬂ/@ﬂ%t%feéw%?ﬁtﬁ? ’éu?‘%erwﬁﬁr %ﬂaﬁe??%ﬁg&ml?aﬁsr%%e\ﬁt%rd of from
about 1 hour to about 120 hours; and 48 WD 03/092919 PCT/ US03/ 13219 Q)
concl udi ng the cPEhaimystEAVARISYSH%cti ng met hod when the desired cl eaning

efficiency has been achieved; wherein, if feeding of the routine water
treat ment mai rdenddinga ehelating ageat indhe watgider @ F%éwta?‘?ésyﬁ?eg‘cg e hen now
resuming the feeding of the routine water treatnent nai ntﬁga%f chem cal s
to 5 the water ofnqush cheletingtegenis afdedsp MajEein e HGERIREPRPLNG $0C3B i ng of
the routine water treatnent maintenance chem cal s was not stopped during
the procedure, eenatfown bbqund pran torrbovt @0 opwiin theygate of he dpauaiighck to

normal operation by . .
10 water system; wherein said chelating agent is added either before or after the

optional next step of maintaining the pH;

d) optionally maintaining the pH of the water in the industrial water system from
about 5.5 to about 11 by either adding caustic or stopping the addition of acid or
by a combination of both of these methods;

15 ¢) adding a biocide to the water of the industrial water system; wherein if the
chelating agent is added after the optional step of maintaining the pH, then the
chelating agent and the biocide from step ) may be added simultaneously to
the water or the chelating agent may be added first followed by the biocide or
the biocide may be added first, followed by the chelating agent; wherein the

20 amount of biocide added is that amount sufficient to have a concentration of
from about 1 ppm to about 500 ppm in the water of the industrial water system,

f) allowing the water in the industrial water system to circulate for an additional

time period of from about 1 hour to about 120 hours; and
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st oppi ng cl eaning chem cal feed, blow ng down the water to reduce system
cycles to a single cycle, and then proceeding under nornal operating

condi ti o0 03092%@ The nethod of Caim39 in which optionaCTAtSep1d2)9i s
required. 41. The method of Caim39 in which said chelating agent is

sodi um hexanet aphosphate. 42. The nethod of Claim39 in which said biocide
Is 2,2-di bronp-3- nitril opropi onam de. 49

g) concluding the cleaning and disinfecting method when the desired cleaning
efficiency has been achieved; wherein, if feeding of the routine water
treatment maintenance chemicals was stopped during the process, then now
resuming the feeding of the routine water treatment maintenance chemicals to

5 the water of the industrial water system; and wherein if feeding of the routine
water treatment maintenance chemicals was not stopped during the procedure,
then now bringing the industrial water system back to normal operation by
stppping cleaning chemical feed, blowing down the water to reduce system
cycles to a single cycle, and then proceeding under normal operating conditions.

10 40. The method of Claim 39 in which optional step b) is required.
41.  The method of Claim 39 in which said chelating agent is sodium
hexametaphosphate.
42.  The method of Claim 39 in which said biocide is 2,2-dibromo-3-

nitrilopropionamide.
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