WO 2010/ 059897PCT/ US2009/ 065257 COVPCSI TI ON AND METHOD FOR CONTROLLI NG
COPPER DI SCHARGE AND ERCSI ON OF COPPER ALLOYS I N | NDUSTRI AL SYSTEMS

TECHNI CALWB2B10D58§9001] Thi s i nvention rel ates general | y troTase@ossi2sons f or
reduci ng erosi on and/or corrosion due to aggressive waters in industri al
systens. More specifically, the invention relates to reducing erosion

and/ or corrosion due to hi hEturbl dlt% in_industrial s stens. The invention

has particular rele WB&% F;gl stic
conbi nati on of benzotGPBERR MSCHARGE ANVLERQSIQN QK GOFPER m on
copper - contai ni ng al |l oy suARROYS INJNDEHRIAL B¥YSEEMS and/ or 10 corrosion of

such surfaces. BACKGROUND [ 2] Undesirabl e excess heat is renoved in
many industrial processes by thermSENDCADGIELBXChangers in which water is
used as the heat exchange fluid. Copper and copper-beari ng alloys are often
used in the f aﬁh mven esnu%eatehseaetner%ﬁ(:han Ssitiods . fop re c n<i2% heg Parts
in 15 cont act h e cooling et & SN p(ﬁ)urrp |?Fp fi\lé?%emglfnataé}?/g and

val ve parcbrsosuiﬁhhtect@mggragwé wafetk ih mdnﬁthﬂn;yﬁemsl Mereaspelificallgahe Deentntrelaay ds

t hese netal artsb tue of. t oI| Jlui d havi ur.bi di.t

aggr essi VerTIAHRE Soy ?rhcé’rﬁoﬂf’leﬁ?fif’i’ Ifht%’dlclpfl ﬁ" Egy ngl@enﬁv%fl i des
for bi ol ag pahctﬂairrbll’e@dnce to composiibnsT iﬂeluﬁﬁg CFUEPRES c@ﬁblﬁaﬂ?ah of hesdoftizalegl
corrosmrifare the |oss of _nmetal fromthe 20 equi pnent, ading to fgllure
or requi M12hGTB%DENERAFE iRt W CARREE-cofaIing lipyopis a?ﬁéoqn&bfrﬂ o3, FIOSiEP g BF oduct
fil magonchhsidaadbudeafiagege surfaces, |eading to decreased heat transfer and
subsequent | oss of productivity; and di scharge of copper ions which can
then "plate out” on |less noble nmetal surfaces and cause severe gal vanic
corrosion, a particularly insidious formof corrosion. Al so, since copper
is a toxic substance, its di schar BAGKGROENNvi ronnment i s undesirabl e.
Prevention or 25 at least mnimzation of such discharge is a great problem
in viewof in Si ating
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act i vat i nentgchevithethe koddmg fveate, swoh as ptuop mPélbrscmtstoadalaed @advejpza-tsor’['tmtdmehng

i nsol ubl ¢ sal t such fil ns not o | e, ,but t her
v cons Ry R SRASK Shoror ditbeirs, STt e oo GrVARR BY Sihect i Boudi b one
in the Chmhngﬂylgh turbidity, aggressive ions, and by the intentional introduction of oxidizing biocides

for biological control.

[003]  The consequences of such erosion and corrosion are the loss of metal from the

20  equipment, leading to failure or requiring expensive maintenance; creation of insoluble corrosion
product films on the heat exchange surfaces, leading to decreased heat transfer and subsequent

loss of productivity; and discharge of copper ions which can then “plate out” on less noble metal
surfaces and cause severe galvanic corrosion, a particularly insidious form of corrosion. Also,

since copper is a toxic substance, its discharge to the environment is undesirable. Prevention or

25  atleast minimization of such discharge is a great problem in view of increasingly stringent public

attitudes and legislation relating to pollution of the environment.

[004] It is common practice to introduce corrosion inhibitors into the cooling water.

These materials interact with the metal to directly produce a film which is resistant to corrosion,

or to indirectly promote formation of protective films by activating the metal surface so as to

30 form stable oxides or other insoluble salts. However, such films are not completely stable, but

rather are constantly degrading under the influence of the aggressive conditions in the cooling
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WO 2010/ 059897PCT/ US2009/ 065257 wat er. Because of this effect, a constant
supply of corrosion-inhibiting substances nust generally be maintained in

t he cool iwQ 2080089897 A const ant depl eti on of such subst anees/uscannss2because
many cooling systens are open, requiring continuous addition of fresh water
to conpensate for evaporation and bl owdown (i.e., discharge). Continuous
addition of fresh co &ps'on-ianﬁtiéﬁk 5 substances is |ikew se re%Hired
so as to VHTnOEFHSe o TR PG IOREAN FTARDL Y OB IR IR ST RGeS musLgpnerally

subst ances maththingd @nihe fcablidgh@atBrur POSenshht A&pldlibARIoNisid WBAEhcED bHEAR K2Banse
i nhibition. Moreover, currently ysed materials.do not inhibit erosion of
the coppdPeFRPENEAYHEMS AteroRe_ICqYINE qoREnuops addidongf fesh water frcquppepgatintor

tur bi di t YeviyRkRioni2Ad HRNEoWAGLS! BiscHargey. OCESEASus 4dA0RhBETEM tbrakRnanhibiting

mer capt obenzot hi azole, and tolyltriazole are well known copper A 10

cor r o9i orfubsARE ¥ fkeviserrauissdaopsdo maingrin,pithih defigd limitgzsconsentigfian plowel ¢ he
use of t Qb aAiQbdreihe AR ?ﬁ%@éo&ﬂ“hﬁﬁﬁhﬁ%%Hm_%bﬁésﬁjﬁsinﬁﬁ;iﬁppﬁ/foréb%l{ osion
inhibitors. Also see U . S. Pat. No. 4,744,950, which discloses the use of

| over ( e.cyrrently3ised wmateriplp dapotanidhit crogigp ettha coppercantpiging suafarsA firem tsteffeety ol es
as. corT SRRk Rl %ﬁi%% & RS hBlEETbRbERS! v feeding such compounds
to an agqueous syste 15 Og]U.S. at ent . 5,746,947 relates to

al kyl benzotri azol e conpositions conprising a C3 - Cl2 al kyl benzo-triazole

and a mer capt §¥6hz oBrrzairisrde. merapiebenzotiazsle, puhiplyltripzeoare weil known copper

phenvily- 5-BRbGaPLiAkiBRSRZO0IFer SRR US. LBRIRONOS U6745838 28isNeE Ok Ofke of
inhibitors. Additionally, these conpositions genéralliy provide | nproved

t ol er ancdolytriazeledner¢aptpbprizothiatels comppsitipns ¢ Fenpeheorepaign hrldbifone . Alppis¢ecU.S.

5- (| ower ezl 18 i ?3} ; L i 20
Feeding IThrorder 1o iR BIEToRRRONo €3, £2. CO ipdaPaik SofEly DS 0)
t hese compoilhsdzotyinzoles aecormbian inhdiitprspod teaphss irgenmaitandy ifeedingsugr eowawmsls ¢

chl ori ne, ineffective in both dissolved and suspended

hi gh- sol iag%&%g?%%g@%u S. Patent No. 5,746,947 teaches that depending on

wat er aggressi veness, the tinme between feedings may range from several days
to noidt hs. [006] [ 7{.8JP@entpég. §7t6,R/ rekited 36albybenzetiiazadsscompositions comprising

al koxybenzptriazo QRS L ORS . i S) : . )
aIkoxybe%igfrig%o*%?Gand92&%%r%@ﬁ%gﬁ%ﬁ@%?ﬁ?@@%F@?é?%?§ltr%é%%?g?MME’1
benzot ri aholydS-rsabmptdattarded dndsattthired dbrase ssichroamn ditils rooh efdditiona By, dhees

ni troben r] | ' - pheny. - capt.ot etraz and,salts

t her eof f% gffi‘lp%sg%)%gée%egér@o% ?’Lgine ?m rf’%ir&t Jgrresgflgggoe%g&?g%bo%@% g‘?%l agrcélﬁ)é? éctive

i n hi gh- dodmids. Vidhide Se(tvavef aitkyl)bamgiibadds arg koot eeticlv do friok nequixe cveti@lobs ¢

surfages Jn.contact w.th eous ‘Systens. jtionally,..these conposi.tions
Gonedli 1 J Bt e S SR SpRC R Lok ST Ry st e ERRROR

chl ori ne pasnddeheRtivele poor perfornjaite thhie plesanee dbdhl@inenadasayabeingtireivalid hoth
overcome py the instan anposi.tions. i s therefqr n qbj ect .of t.he
Phetant RSUNE ot BB EB D SR | Vi bRebiE orabSar Bateh Bt Fenire wo
2010/ 059 &9 HHet A o0kl Ttaimd 0GR Tedd gk fila @ fing O frOh 86¥cral @aysith Mdnthd he
inhibitors are further effective in reducing copper discharge into the

envi ronment | i} 9M30! bifsie RA! S8 Yoo T RSG LSS Able T Bom B ST Ve
25 comprising a C; - Cj alkoxybenzotriazole; and a mercaptobenzothiazole, tolyltriazole,
benZottiazole; substituted benzotriazoles such as chlorobenzotriazole, nitrobenzotriazole, etc. and
1—phenyl-S—mercaptotetrazble, and salis thereof fof use as corrosion inhibitors.  These
compositions are effective in high-solids water and form long-lasting protective films on metallic
surfaces in contact with aqueous systems. Additionally, these compositions generally provide

30  improved tolerance to oxidizing biocides such as chlorine and bromine.

[008]  The above deficiencies are generally overcome by the instant compositions. It is

therefore an object of the instant invention to provide erosion inhibitors that also produce more
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5[ 009] This invention accordingly provides a conposition for reducing
copper ion discharge from an aqueous system where the aqueous system has a
copper - comDantwaigsosur f ace in contact with the water of trhe/sguUeOsRSBYStem
In an aspect, the conposition includes a synergistic conbination of at

| east two different benzotriazoles or salts of benzotriazoles. In another
aspect, the conbination provides an etgsion-resistanf barrier _an the

Gopper . cORRAFH TS ATh PEIsRYE diiry Ther (HONER 506 patiier e Eo b HATIG foRST

resi st antdidcBargle @itadid eViroRiheRXMORIYE-Solide, PatiQUERShigh EssbRed BRlidRLE essibe t he
aqueous system [ 0010] In another aspect, the invention includes a
met hod of "#&8uci ng copper ion di scharge from an aqueous system where the
aqueous system has a copper-containing surface in contact with the water of
t he agueous system The nethod includes adding to the agqueous 15 system a
synergi stic conbi nation of at Ieastsﬁwﬁ%gk_ erent benzotriazoles or salts
of benzotriazoles. In a preferred aspect, the nmethod provides an
erosion-resi stant barrier on the copper-containing surface. [ 0011]
An advant age 01091 heThigvieyenfiom apeprdingly powidte acenopnstiontfoomedubing copriaders

copper i g4l Cj i

cor osi onsEE Ak 3 sl AR AReAIUERN TR kyonl BENoBR- At A 54

Anot her adutasit wifle thf walke dfnbe rieons isgstémo. pinoan depeat, cpaspdsiton intladesr educes
i kes in.co r I, I §.0si [N i di,zi envi.r onnent

iﬁlanngl inct J%% ncg()%gb?%(l?? é@i@iﬁﬁerg%talﬁ@t‘#%%%’rﬁ%e%%ﬁaz%g)élgféhzﬁl #%refgf?\g?azglg%ag? age

of the i ruethtn spedt,sth¢ oompbioatiotepravidesmposodioraresisthatt barrisd waethe 28ppenpmeainiag 0Si on

and/ ar, carr.0si Qn_duri ng systentc romsi.n vents.i.ncludi ng | ea and

o1 her 05y SRR 0 ithicP ot S By TRIGR T Hsn G Sl BRb B FE80 08 vt 1 on
IS to praossdetha vaepOSE kiueoud dyakemr educes copper erosi on and/ or erosion
during systemevents that cause pH fluctuations. WD

2010/ 059897P 009/ 065257 [.0015] Yef .anoth dvant age of the
Foventton 1o TS ol SERF Alpes s FRon, K lugal € 20ehod Rh FRLERE gpbed: 1on

passi vat idisehdrge fappe aqeoesiysemawiiére theagneods sGrenalids@rcopper-eomsinimg sunfideda Nng or
corrosion-induci.ng factor.js renoved,. 01 Addi tional features
ond acvartPugdaa e BB RS HEREF g Themethe BERiroRting B Br ot

f ol | awi ngydDah ai | gderPREE I doptbiration FfQEr deast awd Hxfardpl denzdBiizbles DIZSERsPdT ON OF
THE DRAW NGS . [0017] FIG 1 depicts _ the sypergistic effect observed with
The compGETORBAOBY fhs AT APRn (BN P b AT TEH R dFIeS of the
DETAI LED cbebhiftfihialsur@c©018] "Benzotri azol es” as used herein refers to a
cl ass of compounds having the

[0011] An advantage of the invention is to provide a composition that reduces copper
ion discharge from an aqueous system by reducing erosion and/or corrosion of copper-containing

20 alloys in the system.

[0012] = Another advantage of the invention is to provide a composition that reduces
spikes in copper erosion and/or corrosion during oxidizing environment changes including

biocide introduction.

[0013] A further advantage of the invention is to provide a composition that reduces
25  copper erosion and/or corrosion during system-compromising events including leaks and other

system problems.

[0014] An additional advantage of the invention is to provide a composition that

reduces copper erosion and/or erosion during system events that cause pH fluctuations.



benzotri azol e skel eton. Exanpl es of conpounds suitable for use in the

i nvention include benzotriazol e; mercapt obenzot hi azole; tolyltriazole;
substi t utwo 2oevses9ri azol es, such as chl or obenzot ri azol ePCT/US2009/065257

ni trobenzotriazol e, butyl benzotriazole, etc. and 1-phenyl -
mercaptotetrazole, and salts thereof and the use thereof as corrosion

and/ or er05|on inhihitors, 15 particularly for use in systens havlnglcopper

and copper al [¥SkoNpoAwtiics adxgpiage; ghille SWEHHNCE WalroBletd SABPPRIY,

Pat ent  NQSoreageshe rda86K passivatidn 8 oppdr cteflorDAf/or 3BEloston/A@r Bt érokiBA&tducing or
incorporated herein by reference inits entirety). These conpositions form
| ong- | astePrgsigrindedng eoris rsmoveth netal |ic surfaces; particularly copper and
copper alloy surfaces, in contact with aqueous systens, and are especially
effective in [oghr smhaldsnam@éaafres AAdidvardpas big, debdiDE heeipesd HwilDBs agflrent
general ly provide inproved tol erance to oxidi zing biocides including

hal ogéns T fhefellowing Petaleddpcmntion; Figures, and Ex 9] The discl osed
conpositions are applicable as water treatnment additives for industrial
cooling water systems, gas scrubber systems, or any water system which is
in contact wwth a net aI Eﬁlﬂﬁ@gﬁ@[‘éﬁﬁ%b ¥asii@ses containing copper
and/ or copper alloys. They can al one or as part of a treatnent

package either internmttently or continuously. Treatnent packages may

i ncl ude, but H0&7hoFIG | demiisithe gynergissisiedlest, obsareddevitinthe porarnsiion of Sarstraht s,
def oaner n or erosion inhibitors. [0020] In a
preferre?irl ﬁg‘g{d?{% ia%grug%éﬁr%ﬁ gn of the instant conpositions occurs by
sinply bl ending the constituent conpounds. Suitable preparation techniques
are well known in 4 WD 2010/ 059897PCT/ US2009/ 065257 the art of water

treatnment and by suppliers of pryaz®HIEBESERIPEONTP! €, aqueous sol utions may
be nmade by bl ending the solid ingredients with water containing an alkali

salt e.g., [ dr oxi de or Siu dr oxi ur es, may be
rade By bi enaftle] h Rkttt s B5th BEP TR KTk ot P SR Ee Do

made by @eﬁ@&iaxzblegskah@ns oEmnpmhbﬂ)car@mnﬂm SE@PkOfoF iudé én Fheoirgamion Bohue nt s.
Al cohol s cols, keton t| CS, . others, r.e esent cl asses
of approﬁ’F‘i‘%ﬁ%@z 1v1€??‘9§’t§b?ﬁ@ ‘i‘?é’eantt Wﬁaﬁ?}& nsélgg’ﬁ'ﬁe% é\fi{‘lz? eﬁy 2981 AY t he
const i t uehlordhenjoaibnes, S'ﬁiﬂéﬁeﬁﬂﬁﬁ’%le}’ ( ButPlbenzBfiadols] NPE CQAPOSI fphenyl-5+
separate conpositiqns) addi ng_t hem sep rately, V\:hl chever | rmre

conveni eftercagatatiaple, %‘ﬁtsﬁ]&:lée’@? t apddihe mgithereal HetaroRiap ARYPHetPHan HbISEs, wat er
tr eatgentafchi Ay fd?ﬁlse'ﬂiﬁqysttén%rha'vﬁlg ee;spepsﬁd QPSS an@y &ﬁl}ﬁﬁéﬂtﬂ qaaddmolagl[ QQjks Wi l e

virtual ly angq anount of the discl ose preventing copper

erosi on a#y/ br fewdr BsPehn Paﬁﬁ“éfl\‘?ﬁf é@laé%g%lgﬁ@?’ tsﬁé‘sé%(frp% BT 09472 f88% from
about 0. %3 mté&le@é%?y} re@&ceﬂms é}{afe%y)prrﬁés@ "c&%ééxtxoh@ﬁmﬁ@&%%@sﬂné pfb@ecme about

100 ppm and nost preferably up to about ppm as a wei ght-to-weight
ratio. Adilefpreoeiallis surfengsitpagiculane coppet @dtcobﬂekél)@ﬂkﬁé?fﬁ?ﬁarm a@@w:é WEHFAEPPS | ons
shoul d b [ e ti n eto
the di sc?%éfa%dcag%éé;? ?%ng); %gyésq?y ﬁgltldsa%tglrﬁt A\g? mﬂﬂgﬂ( rthes%g?r%l S%h%n an
acti 8s lgawiradly mhvidh inefrbeditolvehse formxidpingbiodgpenclediog bdﬁgeaﬂdu@rawb}omi on
to the desa{n%gnugeegr ee in a given aqueous system Preferably, the instant
conposi tions are added at an actives concentration of at |east 0.01 ppm
nore preferably about 0.1 to about 500 ppm and nost preferably about 0.5
to about 100 PIPHP] balseedlsolnsesih@mmﬁabnmmgmh@blet pre wWilst dreaiment pedidvps dlots
systemb f i ve to
the one SiUhL FRHFEsEERES sl B Uen, oEACMBETG LA AR £ of Bt
char act envigtd mstabk suffmeslyfa'tx@&aﬂarmdrfsm gbmtaibmg deprer mdiardbopper ndeyke dTheYlves e
char terl SIS eeraII opnsi bl.e f.o o) o] ter
yet o a4 PREr G ddshrE BT B BsrhilS iRt Salutlohty *TesBfnt T G
in the V\@bﬂ{ageshnghmbhmé)lbdt ﬁr;t nrmlninhei wabecided sglie fhibitorsedigperseyts,afefdalmersnat er
presence 015/ feedi n]g of hi g)h do’;ﬁ f 25 oxidants, or process |eaks that are
comon i A RSB SPEPRMES" *FStond in the case of a conposition

i ncluding two benzotriazol es, the ratl o, by weight, of each benzotriazole
may range frofftabpuin ﬂp&tﬁeheﬂl@a@lbbdimbb wrepdfo10 oD e , ingtane fcempdritiont oormrsabrout

T0: 0.1, RaereSiepdng s orRbiinTRatioRe SR pehf Bt ek Rl BV |

about 5:1, or fromabout 1:3 to about 34 1 or lower may al so be used.



30[ 0023] Maxi num concentrations of the instant conpositions are determ ned
by the operating conditions and econom c considerations of the particul ar
appl i cat iwp.20is98¥8Xi mum econom ¢ concentration wi || gemreralstgoolnes2s7
determ ned by the cost of alternative treatnents of conparable
effectiveness, if conparable treatnents are available. Cost factors ,

i ncl ude, _but e . WO 2010/ 059897PCT/ US2009/ 065257 not limted to, the total
1 ow t hr JHgH CHEH CoERTDEIN TPUELST DRen APya AP Ea bR G aTHOLE

i nvent or ynaldlf: aggblemiﬁ gommabogidaﬁ@reﬁﬁﬂist\@iﬁ ﬁ@(tjerl\doﬂiaiﬂih’(g @ﬁmﬂﬁﬂt datt a'gcgmsoldhm\ed ver,
are typically determ pe Qperatj.ng.conditigns su s .pH, dissol ve

Sol i de.  SopYHE SEPaBTsTE by ey moks MRS msy 66 e PH i b PRI, The

bet ter URERYSY BREhsDYrEMEIRAGES iy bdiBadedy DR gaNBIl Bfhibitth i Apgoriate
intended for il]Justrative purposes and are nof intended to limt the scope

of theé i REE8AIislYentEx Alfohels18ly Ol bTionssr AT IPAICEIFOnRSHETSIEPEST! fBE B Y
nMeasur i NgpRehdid eichRN The fisthensiRod b ROSh&icd @b PIHdRRARK CondtitRRR SomBhRds
determ ned by Tafel scan. Polarization resistance and cathodic Tafel scans
wer e condietiearoudy g ea as siegle| weppUben oF senerai RERPEHionyetr by iding Seent i al
scans WeLgkilly UsHididvé iS3A0RSnRRIEN SRS dneMBhs FAASER are WO khdWoh &l (REAT 0de
was a copper wire (12.2 cm X 0.11 ¢ that was polished (using 600 grit SiC
paper) bef Beier ecathenteOrder-Fheddifionds nat belevedds cfitiedt | oned as reference and
counter electrodes. Both steel electrodes were also polished as above
beforg use. 1RBO2OWHIRSihRRY a8P latouRNoMBE Bscllsed B§mERItoR HidsCinVRbRhtiANd the
candi date copper 1nhibitor to be evaluated. Corrosive water consisted of:
Cal ci um 2eRpep piesion sndtacapsiontypiesedidaseess fpyphe cempeticasyngechPerabge 500 ppm
Bi carbonghe ¢ Qudp 500 S et dHEibAnHCing quige #5540 AP0 YEH MaRthbsPhreferdbly O- 3
Test solution was continuously stirred uSing a magneti'c stirrer and its

t enper at wpetowsbouirdPhtppiheds atwaght-tomeighediior edin elfedtize marpant bf teex pstinhg t he
20 wor Ki | t : Relp) i fec LOhi bt t or
cand dat AreFEAE0E/Bnb IS nE Moy ol AsSRE Rk and B o iie BAOLR) v
and (Bl ofrelathee th ek discibast icompositeme refeljs s thed abmofigtrad thacompsitiorgerest agdiyes osi on
rates were.. S I . — The. qr i epl.ct.s e different
expor i o Ve ety gl Ebher RS bl R Ry ol 6y B

peri od amagueoht gsienatRrefaraplyr ihe dhstahncdnipesitivhsaré edded i oracpedsi codceBbatiomrof@ach

sanple, the first 24 haour s.allotted to_ copper el ectrode,passivation. In
abobnce P Bim ot e EalS 3ok ek DR af bEY FRCBERIRRTL S
stirred tbait 16®ppth,basedoantcabal weight of drdiatkatiethe alpidoud YstemBDeing mgatede
chlorination period, a chlorine (in the formof bleach) slug of 1.5 ppm was
addedyaf ter t igolni 1l RAaNONT o X POSUE SadolGaia il | ARAUNCC R OFLRE oS
added”to maintain 1.5 ppmTtree-chlorine e oré each subsequent Corrosion
measur enmberiztriakiden if deghdent on the particular characteristics of the system and should be

deteriningd as nceded. These characteristics are generallyl responsible for the corrosivity of the
water system and typically include. the amouﬁt of corrosive ions Such as chloride in the water,
high turbidity in the water, high flow velocity of the water, presence or feeding of high dose of
25  oxidants, or process leaks that are common in these systems. For example, in the case of a
composition including two benzotriazoles, the ratio, by weight, of each benzotriazole may range
from about 0.001:100 to about 100:0.001, preferably from about 0.1:20 to about 20:0.1, and most
preferably from about 0.1:10 to about 10:0.1. Ratios ranging from about 1:10 to about 10:1, from

about 1:5 to about 5:1, or from about 1:3 to about 3:1 or lower may also be used.

30 [0023] Maximum concentrations of the instant compositions are determined by the
operating conditions and economic considerations of the particular application. The maximum
economic concentration will generally be determined by the cost of alternative treatments of

comparable effectiveness, if comparable treatments are available. Cost factors include, but are
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30 addition of 1.5 ppmfree-chlorine, the corrosion rate rapidly increased
from0O.1 npy to > 20 npy in the sanple having 3 ppm BZT. Subsequent

chl ori natwornoinmsesased corrosion rate even further. AddipCrars2@b/o6325Dri ne to
t he sanpl e having 0.3 ppm sodi um butyl benzotri azol e (Na-BBT) induced 6 WO
2010/ 059897PCT/ US2009/ 065257 a sim | ar corrosion response. Hi gher
concentratjon f -BBT. . were not tested. .Chlorine addition did not lead to
o Subseq aehim it ot Sl e L rHERHS B e bt o e et A<A et B SRSt 1. 5
ppm benz aiveh@d#Q lfeed(dgdibmean) @nd mdnigiigNaMBEhumAcohtknibfisis NBovaier, uReKprEeled

synergistic effect was observed with this cqnbjnatign of benzotrjazole and
but yl ben?BtFF?la%l%é. ORgEAting fogdisions suchr ag) (ﬁﬁolafﬁf? Sopgss YpRsndad; golidie At wi t h
tolyltri ag@legaird TA) and mi xed azole (conprising a 3:1 ratio of TTA to BBT)

was performed to illustrate the turbidity resistance of the m xed azole.

Tr eat nent was rted at a shoc evel of 1 pm and subsequently reduced
to 1.8 ppm D@g@e ﬁ%ﬁﬁﬁ?‘ﬁ% arH BL%HCT 3“‘%&%‘?08&5)’ f&ﬁ’&nﬁeﬁﬁ%&ﬁgﬂ@’“‘%e $or the
m xed azedhch fe Gheaded 1for @Maﬁﬁ@g@ry@& ols ee Al iMlRRdt B elibly TS Gopé iof thd xed
azol e was exposed to high turbidity waters. Results in Table 1 indicate

that the "HER¥W azol e treatnent was surprisingly and unexpectedly resistant
to high turbidity. The anount of copper discharge was substantially reduced
when the systemwas treated w th the&xainsed azol e as conpared to TTA al one.
Table 1 Treatnment Turbidity (NTU) Copper D scharge (|bs/day) TTA >1000 28.1
TTA 653 [0025] Corrosion rates were determined by measuring polarization resistance. Cathodic
10 an anodic slopes were determined by Tafel scan. Polarization resistance and cathodic Tafel scans
were conducted using a three-electrode electrochemical cell. The potential scans were run using
a Gamary Potentiostat/Galvanostat. Working electrode was a copper wire (12.2 cm X 0.11 ¢cm)
that was polished (using 600 grit SiC paper) before each test. Two steel electrodes functioned as

reference and counter electrodes. Both steel electrodes were also polished as above before use.

15 [0026] The test solution was. a mix of corrosive water and the candidate. copper
inhibitor to be evaluated. Corrosive water consisted of: Cﬁlcium 200 ppm (as CaCOj);
Maghesium 200 ppm.(as CaCQs); Chloride 500 ppm; Bicarbonate 40 ppm; and Sulfuric acid
Was used to maintain pH at 7.3 + 0.3. Test solution was continuously stirred using a magnetic
stirrer and its temperature was maintairied at 80 = 2°F. Each test cycle began by exposing the

20 working electrode to the test solution (corrosive water plus inhibitor candidate evaluated) for 24
hours. Chlorine was then added. Chlorine level and pH of the test solutions were adjusted

before each subsequent corrosion rates were measured.

[0027] The graph in FIG 1 depicts three different experiments. Each test consisted of

two time periods — film form_aﬁon period and chlorination periéd. In the film formation period

25  for each sample, the first 24 hours was allotted to copper electrode ﬁassivation. In absence of
chlorine, the copper electrode was immersed in continuously stirred fest solution containing a
candidate inhibitor. During the chlorination period, a chlorine (in the form of bleach) slugof 1.5

ppm was added after the initial 24-hour exposure time. Additional chlorine was added to
maintain 1.5 ppm free-chlorine before each subsequent corrosion measurements. Upon first

30 addition of 1.5 ppm free-chlorine, the corrosion rate rapidly increased from 0.1 mpy to > 20 mpy
in the sample having 3 ppm BZT. Subsequent chlorination increased corrosion rate even further.
Addition of chlorine to the sample having 0.3 ppm sodium butyibenzotriazole (Na-BBT) induced

6



15.34 TTA 533 7.16 TTA 489 8.15 M xed Azole 300 3.05 M xed Azole > 1000
6.44 M xed Azole 700 3.99
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a similar corrosion response. Higher concentrations of Na-BBT were not tested. Chlorine
addition did not lead to a subsequent corrosion rate increase with the sample having a blend of
1.5 ppm benzotriazole (BZT) and 0.3 ppm Na-BBT. A surprising and unexpected synergistic

effect was observed with this combination of benzotriazole and butylbenzotriazole.
5 Example 2

[0028] In this Example, treatment with tolyltriazole (TTA) and mixed azole

(comprising a 3:1 ratio of TTA to BBT) was performed to illusirate the turbidity resistance of the
mixed azole. Treatment was started at a shock level of 10 ppm and subsequently reduced to 1.5

ppm. Dosage was maintained at 3 ppm for the TTA and 0.75 ppm for the mixed azole. A clear

10 advantage was observed when the synergistic mixed azole was exposed to high turbidity waters.
Results in Table 1 indicate that the mixed azole treatment was surprisingly and unexpectedly
resistant to high turbidity. The amount of copper discharge was substantially reduced when the

system was treated with the mixed azole as compared to TTA alone.

Table 1

Treatment Turbidity Copper

' (NTU) Discharge

| (Ibs/day)
TTA > 1000 28.1
TTA 653 15.34
TTA 533 7.16
TTA 489 8.15
Mixed Azole 300 3.05
Mixed Azole > 1000 6.44
Mixed Azole 700 3.99
15 '

[0029] It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing from the spirit and scope of the
invention and without diminishing its intended advantages. It is therefore intended that such

20  changes and modifications be covered by the appended claims. -



15 [0029] It shoul d be understood that various changes and

nodi fications to the presently preferred enbodi nents described herein wll
be appar en0 20w/asbssse skilled in the art. Such changes amrdTrusdiobioses? ons can
be made wi thout departing fromthe spirit and scope of the invention and

w thout dimnishing its intended advantages. It is therefore intended that
such 20 changes and nodi fications be Fed by the appended clainms. WO
2010/ 059897PCT/ US2009/ 065257 CLAI M5 aimed invention is: 1. A
conposition for reducing copper ion discharge froman agqueous system the
aqueous 9S¥ustleimddanventiorais:copper - contai ni ng surface in contact with the water
of the aqueous 5 system the conposition conprising: a synergistic

conbi nati on of 040 o) | ,
wherein said co |na ?)%)lﬁg%\?%v|e§%%§@5@gs@og{sé@é%s?§lﬁtE[nb§ r %’%r gﬁéﬁleﬁiée
copper - c eqeain systpns bavimre e copper-containifig sﬂiﬁ@eamwpmgqttmdnmgfw@ragﬁmq aquelres ei n
the b nzotrlaz les are selectedfrom ryo S g X .

benzotri &751" €; %ﬁecroéné) oflh%enzoplﬁsmagzol Syl{};o%1 §1 t?(fq%bgor?%i;l gfl% 1talgs{t ut'FVé)ddlffemnt
benzot i abaizemazdl@s aah]ltsthtrlaﬁ“; ehéreinamid oomhinammt pronéestahemsw&lrresistant barBier dihe
conposi ti,on afa lyf\/ner ei n the benzoni azol es are benzotri azole and
but yI ben#Bt PP%?W% g su ®%. The conposition of Claim1, wherein the ratio
of the at |east two benzotriazoles is fromabout 0.001: 100 to about

100: 0. 001. 155. ’I'Ihﬁecomqmiﬁeﬁ off Glainot, \ﬂk@@imrthb bendotniazplas dtaeclecied frorofthet groumt

| east two_ benzoni.azol from 1 6. The
conposi ti COR? SF &f alZD e’r SRR eenrz?i oOI%ftoiy QZ% Is%lésgpgﬁd Qenzomamles
benzavri Mﬁlmedfsanﬂrcombmmm& tHerebf. 10 t O about 10: 0. 1. 7. The

conposition of Claiml, wherein the ratio of the at |east two

benzot ri azol es i £, 2001 M:AROM! ik 1958 he Hhizbriazctes areBrend A, SATRAP! LT O

of Claimil, 'er ei n io o0 enzofTi azoles I's rom
about 1: Dutythemdodrirtzold. 1.

4. The composition of Claim 1, wherein the ratio of the at least two benzotriazoles is

from about 0.001:100 to about 100:0.001.

15 5. The composition of Claim 1, wherein the ratio of the at least two benzotriazoles is

from about 0.1:20 to about 20:0.10.

6. The composition of Claim 1, wherein the ratio of the at least two benzotriazoles is
from about 0.1:10 to about 10:0.1. '
7. The composition of Claim 1, wherein the ratio of the at least two benzotriazoles is

20  from about 1:10 to about 10:1.

8. The composition of Claim 1, wherein the ratio of the at least two benzotriazoles is

from about 1:5 to about 5:1.

9. The composition of Claim 1, wherein the ratio of the at least two benzotriazoles is

from about 1:3 to about 3:1.

25 10. The composition of Claim 1, wherein the benzotriazoles are tolyltriazole and

butylbenzotriazole.



9. The conposition of Caim1l, wherein the ratio of the at |east two
benzotriazoles is fromabout 1:3 to about 3:1. 2510. The conposition of
Claim1, wberweistohe benzotri azoles are tolyltriazol e amrdT/US2009/065257

but yl benzotri azole. WD 2010/ 059897PCT/ US2009/ 065257 11. The
conposition of Claim1l, wherein said conbination is resistant to

degr adati on b¥ exposure to halogens ions in the water of the_aquequs
system h. 2 Thepcompopition of Clady Lerhsgee sipeambippiionisiesisiiny do feepfedep Byueous
system %Qﬁos&g%ﬂﬂé%eﬁyﬁh@ﬁ‘tﬁ@«%t&%f%%ﬁaﬁﬁgﬁ%‘iﬁ.a' ning surface in contact
with the water of the aqueous system 'the met hod conprising: adding to

t he aqueous s¥stem the conposition as in aiml, wherein said conposition

; @
provi des an etbsfdnethekpistedping,eapprreion Sichage FomAE2BERTE SVHFPghe aateqes.

13. The nR4LRdaiie £baipd-dohtaidifte bttt RE@LNGitathe VRS lof #R0Ibedds QYstddR o t he
conposi tion, based on'the total weight of the water in the aqueous system
bei ng 5t r apthed comprising: adding Ao thyipguepss Kt the cpmpesition asiip laiw ngvhssdh 34 f rom

about 0. R BiRkigh-rdsREntrGe TR AR ol RAREY s@cbhe total wei ght
of the mé?ﬁé Os?}%(ﬂt oe‘é&a%gﬁeousl s3r/stekrrl1 bei ng trea?lg%co g815.c The net hod of

Claim 12, including adding fromabout_ 0,5 to about 100 ppm of the
conposi tion, Bas&ee athodeof &tlam Wei gitudpe pdfénanat deasi bt 0Oy weBu et st em
bei ng t r%@ﬁlﬁ&l}iﬁon, based on the total weight of the water in the aqueous system being treated.

14. The method of Claim 12, including adding from about 0.1 to about 500 ppm of the

10  composition, based on the total weight of the water in the aqueous system being treated.

15. The method of Claim 12, including adding from about 0.5 to about 100 ppm of the

composition, based on the total weight of the water in the aqueous system being treated.



