- 1 - METHOD OF USI NG SULFUR- BASED CORROSI ON | NHI BI TORS FOR GALVANI ZED
METAL. SURFACES TECHNI CAL FI ELD [001] This invention relates generally to

i nhibiting corrosion on gal vani zed netal surfaces. Mre specifically, the
invention relates to a method for inhibiting white rust corrosion on

gal vani zed surfaces. The invention hgs particular relevance for inhibiting

white rust corrosi onyByriebner suiE4eimges sspInooREOsIONgal vani zed et al

surfaces in industriRbridffGRs BOR SXEVAMERAMAL sUrFAC®823 Gal vani zati on
is a protective zinc coating that is chenmically bonded to a netal (usually

iron or steel) surface. Zinc coating is used in a variety of applications
and offers a certain degree of cuCRNIQALEFIBLBCtion for the underlying
metal by providing a mechanical barrier to the el enments and environnent as
wel |l as electy cal. resis I I i

i Oiillfng SSYRIR! o Bhivaiied gl
met hods exi stwggﬂch holls Hévlerét(l: Mﬁ eE\jg}r,aﬁ:gontllﬁirlluougs (%van?zgél on, and
hot - di p gafa¢esni Madeisperifidehy)ythe mda:m;mn ln%idttemtaeneﬂsqﬂsﬁoeW@lbltmo’ﬁmﬁ@%é‘ﬁlri}%ﬁl

wat er circulatio ste (-songt i I
R e R T e
gal vani zpgugeadlfdsbaedd dhpokids ds gilsarlastimetal surSices'in wiiugtHalrreatdr SE8e18s.j t-sel f
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that rapidly fornms on gal vani zed surfaces when the surface is exposed to
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rapidly forms on galvanized surfaces when the surface is exposed to humid and/or wet
conditions. White rust can cause considerable damagé to the zine coating and is also detrimental
to the coaling’s appearance. If left unchecked, white rust will continuaily corrode affectgd
galvanized surfaces and eventually lead to eardy failure of the coating. With such a non-
protective, porous deposit on the galvanized surface, the surface is not “passive” to future white

rust formation and may rapidly continue to corrode.

[004] Increased popularity of high alkalinity, no pH control water treatment programs
have resulted 1n more frequent and severe white rust corrosion issues, especially in cooling tower
applications. White rust typically forms if a new cooling tower is operated with water at 2 pH

_greater than 8.0 'for. an extended period before a “basic zinc carbonate” protective barrier forms.
To ensure long service life; the galvanized surfaces in cooling towers typically must be allowed:
fo “passivate” or form a proteciive barrier prior fo initial operation or start-up. Proper water
treatment and start-up procedures are also essential. One way to passivate the surfaces is 1o

allow the zinc coating to develop a natural nonporous surface of basic zinc carbonate during



- 2 - initial start-up of the cooling tower. This natural chem cal barrier
hel ps prevent or slow further rapid corrosion of the zinc coating fromthe

environnment as well as fromnormal cooling tower operation. [ 5]
Thi s basic zinc carbonate barrier, believed to be a zinc carbonate/zinc .
hydroxi de compound (as discussed in "{uidelines for Treat ment of

Gal d . Cool T P 0ol
2 el A0S Pl bR e PR SARA By P!

initial ¢k bétbslodWEtheopay @atinframtthe wairormok anwel ﬁlafml[ul-m(mal@ﬂdﬂpﬂ-m@’% to
8.0) and noderately hard water environment. A typical solute content range
woul d be %B4PEPum CaCOB) ( content of 100 ppmto 300 ppm as bi car bonat e

al kalinity an .1 HAALARRBEndtSn® hpdBgitE Ve
zi nc car bonat ﬂmgﬁr ﬁ}gﬁgﬁsécpzo%cgﬂf ANt lﬂ%@r@pﬁ gevecd;% b|g%g tower 10 ?es?%st
further. .gapsediEsdiscBaed iefGuiddinackr Joalnent osGilvanized SeolnaeTarary © Pyt
formation and haye n| ficant pe tﬁi‘ﬁ ht S
servi ce Wi Rust,” p“b?ﬂteé] (5 hr“%?f)‘%l sllnsat %t ﬁ%%%%ﬁyg %ﬁlﬁpﬁ :)na}tléggt hat
has a di ff:erent iR QUSIngl toWwel upatiohakith ofatek cmlfrmmrada pH Gired pdiarésﬁ toy 80hand t he

protective zinc carbonate barrier, des s

| evel s, mederarbuhass Veisers RaNgHedy gyptl%gcoﬁtﬁ?(%@}leg%\‘[?%lﬁ @voﬁ@% %fcﬁl?n k@{&ﬂ?
wat er), @gﬁg{t@fqb@gp@mgo@ PP s |hﬁmrtg>ﬁatte rbkklinjityrand wbew . IﬂtepméFWQBdFﬁf@ess -
content in the ~such as su teyel s
greater HH??-“QB%tth"ZBrﬁt Btb"r?\ HES Cged’ eﬁ%a’rrlrtleﬁm%)% qfﬁgt %g(%% %Hro gﬁ%iﬁﬁrﬁﬁ '

COr I 0Si OfyrihbR WSrodistit Bagick msmeé icounld absufithim w@@blwigtet wleformgting eyl Wethe

adequate control of, the wate ai ds the prevention of white
rust for #ighifispot negative Iml{""‘?‘](’“é[ﬁ ‘F%ﬁf‘ggﬁ‘ﬁ%ése flflgor rosi on prevention

prograns include a conbinati repas L he
conbi ned wi t h[®AGoi Wg‘“ﬁ&fsbls ag‘We%iiIOE‘FP e r%ﬁ'ig%lrren ih 8%%)3%]?9?% vﬂ%lﬁls:’
protect e P%%??%“a?%%ﬁi‘iﬁgﬁ“gdﬁgéﬂg‘“° = “‘F}:‘?‘“}?‘;}' ;‘;@‘*’?‘b&"ﬁw wsle
t

hagdngss ?eﬁ s qr ]1 els 1 (i 0
oo %%fmﬂ@%zﬁg“i;mﬁﬁﬂ;eém it e G b s
beconi ng the object of federal and.|oc t d Y w&%ﬂt al
concer ns chlorides, al}}@]"“@ieﬁ%trle%ed‘f %’ieaaﬁﬁgla?g Out ?ﬁﬁ i ﬁ%ﬁ%@éﬁ%bﬁgﬁﬁﬁldﬁc [ude
usi ng seleetduesibh PRA! RARRS Eﬁpecﬂdhgaﬂﬂie pdstﬂmghmemusu;ﬂcﬂmﬁm adesuatare@nirelii ns
to passivate the surface. For rrg ? 1% ﬁnt No. ‘5,407,597 provides
a formul ﬁqweﬂ%@mﬁﬁYﬂﬁsﬁltﬁ?R‘Pﬁ?"é‘ PR, 8%phorous conpound, a
t hi ocar barnat e conpound, and sol ubl e net aI salt co

of this for rru[@t"ilonc}i‘if“’é“&g‘étﬁ“&é“‘grc@lfﬁﬁ’(ﬁﬁ?tfogr?r%n e |ngr ergﬁents t sted |

al one ty dgs"i’\}ahﬂg gf% d&@ltn f?%%f ebmmhéd @it uﬁgmxfg)wmd slemistiFhearfagemaent 49 iSeppPoitn
U S. Pat .

inclu -.conmpons ent
or ganophdbqaﬁ@blbﬂrs)fém‘ﬁﬁon é’f‘yf"fanlﬂlaﬁ gﬁ%ﬁm"m Q98 %Cﬁg%’ ?‘fy o nas
met al . descrlbec%g Rl MD 18 QUE lpreveRd@ies rl@cﬂ%' {t@ﬁﬁ@ﬂﬁéﬂt ﬁgthcmm@amm qxhespmu?omldng

t owers have substanti a evaporat i ve wat er C@s esul t dfastl
quant it i ebronfate’ paskigation: Sveh dnorggnic F‘H‘E‘W%L]}E‘éedh?‘ﬁ? ffer‘fgveé’fl?t%atr%ﬁ 486 mionl y

contains.ionic spe 10EAk&duthions TRE RESHvHHAm Sl phdes. and
chl ori de. b ?%m%aseglegﬁsq{f?dé%]?ﬁ rég,u carbonat e, bi carbonate, and

hydr ox : d? ion i(% Ti S ke ?0]&@(#% ??r"%ﬂe%usﬂ %ﬁﬁetﬁ@:ﬁ fiftRide Rsingadlédtiee thivdayhamates,
accunul at1 on ar 0

inity, a concog‘qct anth% i ncpe@spet .
creat es MgandqﬁbspimuOUSecmnmutlti’S@ ppd fphiahip Haé%‘r%f‘e SUf APt *$™one
R e

sof t vva egr ee te rust formation by,

exanpl e, m@amame vénifoubdend solublc owtal ﬁgt qompamd (e comprnenly af i %’émum“oﬂ |
are used as a combination and the ingredients tested alone typically do not cqntlol white rust
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[ 0010] As an integral conponent of cooling water circul ation systens

bi oci des are essential is preventing algal, bacterial, and fungal
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i nt er val dndusirial water system that is at least partially full of water and has one or more galvanized

sictal surfaces. The method includes adjusting the water in the industrial water system to have a

pH from about 6.5 to about 8.2 and introducing an effective amount of a corrosion-inhibiting



[0016] If the barrier is overlaid while the systemis not under |oad, the
nmet hod i ncludes readjusting the pH of the systemto be fromabout 6.5 to
about 8.2, reintroducing an effective amount of the corrosion-inhibiting
conposition into the water. of the system and circulating the water of the
system for a sufficient interval to cpntact the sul fide-based conpound
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and the barrier optionally is re-overlaid aller one or more of the additional time intervals,

[0016] - If the barrier is overlaid while the system is not under' load, the method 1nc;1udes'

. readjusting the pH of the system to be from about 6.5 to about 8.2, reintroducing an effective
amount of thé corrosion-inhibiting composition into the water of the system, and c'ircu;ating the
wa’zér of the system for a sufficlent interval to contact the sulfide-based compound with the

" surfaces. After the sufficient interval, the unloaded system may be turned on or brought under

load at any suitable time.

[0017] Though the invention is particularly relevant to applications such as basins and
heat transfer coils of cooling towers, it should be appreciated that the igﬁpiementatien of the
method is not limited to such cooling tower applicafions. Contemplated applications include any
system having galvanized metal surfaces. The invention may also be combiried with one or more
other corrosion or scale inhibiting compositions, such as silicates, borates, molybdates,
tungstates, chromate, zinc salts, orthophosphaies, polyphosphates, phosphonate/phosphinate,
oombiﬁations thereof, or any other suitable corrosion or scale inhibiting compound or

composition, with or without one or more fluorescent tracer compounds. Such combinations



[0023] It is a further advantage of the invention to provide an approach
to inhibiting white rust corrosion on gal vani zed surfaces in industrial
wat er systens that is effective with water having |ow ionic content, such
as soft water. [0024] It is yet another advantage of the invention
to provide a method for inhibiting whjte rust corrosion on gal vani zed

sur f aces volid REH S dohirehWRERY coptpSibe BRd tdart inkibitieh fpRghdny,&lidtnsied ehowadedl
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i ncl udes one BP1§pran adyantzes ng’éd“‘fﬂQ“%‘hfsfth’éqvb‘%?s‘éﬂmﬂ‘Sarﬁ HYEHEN RT3 80r b
and/ or bielcibi®y Wbt BYHcbAGHS, B8R Barvdiieh nittesefub@ct i ve under a range of pl |

conditions, arange of alkalinrty |evels, and a range of water hardness

| evel s. DETAI jobBDES(I? hifadtage of the {02 G iThaxieny entliféparpsipdivasizedmatrt hod
of inhibiting corrosion on a,galyani zed petal surface. The nethod i ncl udes
i nt roduoﬁ?féac%néfﬁl’ﬁ‘é’étapl?}§a%mudb‘¥g%d”é%ﬂf‘g‘ét?roqﬁs-’t?‘ﬂﬁi bi ti ng conposition onto
‘the gal vani zed netal surface to_forg1 a parrier, on t he surfa%e. The ﬁerm
"barrier” as WS&Y nestempihenadiapage of e RXeGRi L BIOVER P T BAPVANTY ed
surface, ;£13048 @fibiting Rhite MBI BNO4iAHMN @ivahized gathvani Bddstdal faac eystaiem cal
interaction of any of the white rust corrosion-inhibiting conpounds with
the gal vani zegdosyr f & gidithabayadideer tsiimehdon isadrbiidas method for duitially pre-
interaction wth the rface. L.n one enbodinent., an effective anpunt, of
the cor r BES¥NETKEL? 41 DRSS S 1 FOTRET I HBR P SotPRAHIoR 2 ‘.186"155%3%“%1 y
percent bariiap the bQBuVIREGN LIRS etkosith-ibikibiting tdngpositienh on galvardied surifavies.bi t i ng
conpound. In a preferred enbodi ment, an effective anount of the

conposi ti on ipga)dgs if ahenhduint@e @O hewaighibn pe posik woarpbech b Mhbitbiinht

percent of the conmpound. |Jn a r ref erred enbadi men frol 0,1
he gt pBhiGRE: GHoph 2 salauBe mrane 5 aveaffl G RETR st o S e
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t her eof [000928} isl yet anehaspesiage ofi tirddvmiiog td previde anoshainfor iihiljiing ng

conposition onto the gal vani zed surfage, i ncl udes i ncorpgrati the hod
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which includes one or more sullur-based or sulfide-based compounds that adsorb and/or bind to

!

- the surfaces and which are effective under a range of plf conditions, a range of alkalinity levels,

aid a range of water hardncss levels.

DETAILED DESCRIPTION

[0026] The invention provides a method of inhibiting corrosion on a galvanized metal
surface. The method includes introducing an effective amount of a corrosion-inhibiling
composition onto the galvanized metal surface to form a barrier on the surface. The tern

“barrier” as used herein includes surface modification of the galvanized surface, change of



[0029] In another aspect, such introduction includes spraying a solution

of the corrosion-inhibiting conposition directly onto the surface,

i ncluding surfaces in industrial water systens. In one enbodi nent, the

conposition is mxed with a foam ng agent to forma m xture and the

- mxture is subsequently sprayed ont o4 he gal vani zed nmetal surface using
any suitabl ravi.ng device, an na: . - 1.0Gl r Sy such

A o e R S S S R SR

sur f act andhibifing edriymundst it theripeltanizdt sirfatd eor coprpakdrt sioarmmydibeatignyeli el | y

applied onto the.suyrface by rolling.usi j | he. Like

br ushi ng HEFHE" & lgéen?"ﬁéﬁes' hegpe Flﬁggﬁlﬁiﬂé’%s%%&e%gogg ‘Jr*{g{"’é’%ﬁ%%&g‘r the §i ke,

or by usbsmpaiiyn didheles Suintabbited. 008 tvright perctns ehatiogiE00 weight pefc@o 36 he white

anot her aspect, .the .carrosi.on-inhi bitijng conMOsiti I Sl nt o

the. sur f BoboarsgETas EPRRndr {lard bR, L@ ARY of 4

"over | ay¢omfgitarintiedes ofioni rabpais 8.0V atwelzht Ipercentr thaateut Ghgwiighy powcent af itk

steps to renew the corrosion-inhjbjtory.barrier. and/ to re- | e the

o vani SEREadBs HPE T ST B elPl BRR ReRinf Heti ahll SREIBHUCFS - 0o

- 7 - bagkfht phRnROGnPOMNd STChdtdenpasifibriiis adtiotlyced o i fileandat surface.

corrosion-inhibiting conpositions and overlaying the barrier may include

i ntroduci ng aodif|f et enduldbe appredivted it thédevhite rrsssuhdlriting herhpduigry described

© conpositjons onto th al vanj ze t al [ ( . ' 1l L &we0e
enmbodi nefireit afile £4€ c%r 3‘ edar'f‘bcifﬁ?n%gqut %ém@%fjéoglgﬁb%%quﬁﬂfagﬁ iairﬁ%g%% jposition i's

i nt r oduc gigeient @nipgdendspdrety inblementiigl ih agy withlde ocler aruhshidno Reprpsntativg swfist i mes

referred to, herein as. i cpoling tower" o, form.a | ri i.vat e)
oy ol wtFS Ot s kg S nobyk Molol! [ ulibl, Sl MenPBRELY O
such i nt pagiedd AmidtRbalfed, RbghAes)@ combinatichsshestodm prior to initial

operation of the systemor into a running, operational system The
corrosi on-i nhiobid]i Ng eeEeSLE, | atodkinghthei oveniohduhivitys Fempatitiend wotsd that. o

any industrial water ;system as ej.t her dj.unGt. t.r d N i ion -
miih o hetvesk Seree SRS Msp pyRlim e ot ko aGh; bib FahERhiAd pOOMR! BaE1 ON
COr I 0S| OBkaixiphy, Hietrhdtg) wanRigfirairt®, dipped asmelted o dt 40006 dempeatureat whishdpogieel as

d i bed ' det aj.| . i L i akoaat Vst
TS T ot e Ay ST R deaped RS L g VAR MO Bl TRl s P
sur f acessiepl ie tigBhhadhchnink ydessadpuldtlicny dipdhareinerodisd mbiel Bysthensarwsivave a
H fromabout 6.5 tg about ,.8.2. | referred, e |, g Bhi:af. 4 he
ater T ninbibdinggemara i Hopte fis e Reds S oRUE Bl PR ghf BlliSiad,

met hod f gidddahd.i ncl udes introducing an effective anpunt of a
corrosion-inhibiting conposition that includes one or nore white rust
corrosi on-i nhiobidji Ng GRS UBpa:t, Rich hireduwtive rindfides hegrayigu st sdluionnwat ghe

system . [L0Q33] The coprrosion-inhjbiti.ng .conposition. i ypj
el udescarasionaHotng CpRiLsn R0 o1 BECvISR SCERE SR Rluftel Yater
COrr 0Si OfysicAfai i bhd@nissAREINEe cdriipaditiph &f mlxee itk aifoathing agent tohferns @npisirg i on
i ncludes from about | ppmto about 1000 of the conpound. In .a more
pr ef erreﬂlde%é%!ﬁhlﬁ‘nﬁ,sugﬁéu?}@WﬁBW‘fq E‘}H"j"ﬂ%@ﬂlﬁé‘@ Gﬂﬁmg% e SR e e
100 ppm gf.fifle d@ﬁH&?OF&L‘Hlmin%] agentd GR$4hclulle GOECEARO AL RS all@Rylelel eattohoss,

[

anount of t'he corrosion-in iting, conposition is.int rczducg}db i.ntott_htg
wat er of palyethylensu ghyeplal orname othey STERRIGHHAE: < y8 ¢ AlePaave, sapbadineyis, e

under |oagnd)dsﬁogm b@?pﬁ?&é‘ﬂmyﬁ%pﬁieeg%do@& ARt Bhink N6ihOE PEhNB1ENS the like,

conposi trom into the sSysi e systemis operated under load (i.e.,
turned obustfing ugng & pentbrisk oy e like sehbiag psp@MARIC Berlike; or by using any other
corrosi on-.%ghl bi,t | %gtegm&gnd with the gal vani zed surface(s) in the system

suitable methiod
to forma rerer o

[0030}] In another aspect, the comosion-inhibiting composition is reintroduced onto the
surface one or more limes after one or more time intervals to “overlay” the barrier or “re-
passivate” the surface. Ongoing overlaying steps to renew the corrosion-inhibitory barrier and/or

to re-passivate the galvanized surfaces are also contemplaied. As determined on a case-by-case



the surface(s). [ 0035] Certain cases may require overlaying the
barrier. Such overlaying may be inplenented when the industrial water
systemis operating and under | oad or when the system has been turned off
and thus not under |oad. In one enbodi nent, overlaying the barrier

i ncl udes unloading (i.e., turnlng oft) the system readjustlng the pH of
‘the system rei ntroduci ng an

corr osi oReSihhmeihag RaiFefe p ;ﬂluur F‘W%/CP ft cﬁﬁer\e)ﬂtcé) Ff"%?“‘t"ﬁeb R ﬁs(fomr%osmm(“f and

ci rcul at pRG1ay e thHaftier Afay itds YiodRing Ndifebhek oembadiftientomopweidhiying t he
barrier includes kee nggl\yt he system ungg | oad, readjusting the pH of the
system (ﬁg‘nﬁféwﬁ%ﬂhﬁ @)lzegﬁ’bet? SPHIESYuci ng an effective anount of the
corrosion-inhibiting conppo i on t

[0036] T an SR et Sy e ioe of e kapaite SR Bl R oppepdden
COr r 0si Of jhibtuRéd infOthe YRR SF b ibedlmganter@ueilhtii sngeih h[ﬁmtmames eferiedctb g
introducing a different one aqr pore (Zlf t he corrosi,on:inhi |t|

conposi t Poreoling &vtena P rers £ r1agfer i (6F PEpiEh Y Balvanized, melal sy %efs'lé)lg ¥ be
appreci abaghyl. hﬁ%h&uﬁ@b&é}fpf&ﬁlltdarthdt@mmﬂnhb(ngn@gmose hmnm«f uhtmd systemiprion i s

preferably 1 ntroduced in a pre-passivation F I‘I,@{‘ i.n %ﬁu‘% Y,

st art i ngtasitieheperatign of #Féys‘%f”éim%?g’t"ﬁwg b it p‘ipgf)se? Buse’
such appl:é;ﬁ;‘f’iﬁslti&ﬂ JEYR 29ddedon REBVbIREoddred hit@ laﬁﬁ tnddﬂ@aﬂe&t@fsyﬂamas\mﬂlmm and-
protection

or the gal vani_zed surfaces in stem Alternativel he
COr r OSi ondwrrnhm@wwﬁbmc%ﬂ%%quw Il e‘b@“?ﬂ?f“}l?}lfu e’?fogré‘mﬁ’ %’ﬁﬁ Ia%rsl?:%llg a¥dfmt

oper at i NgoffsdhUMilhiRBe ?%?lfa 813) ordS ad@REhlohedeaait progiuit; s dcscdimdlin omte detaitray
be i npl enented w thou urning off the system by | eaving the system under

| oad dur h¢fgint he passivation process or. by turning off and unl oadi ng the
system 0038] - Al t hough not re ui red to, nt th |nve it
i s cont enpl at@833lha hethfB‘SE@?W@E’i Bfem ﬁ?tﬂ?‘is'f P?&‘a&ln%ﬂgg‘ﬁt%ﬁn be OE(E)A i ned
Wit h one o6, n G dl R6ace0T TIRShRod MBlubéstadfiBiingOne vater fDthe smi ® liavkiaiH or s,
one or nBre f1uorescent tracers, one, or fr at ngent gg §¢ one
or nore ﬁ@lﬂy@bkb&?“té‘??ﬁbﬁﬁdslﬁ agirefgfipd B‘flhﬁmg}fnﬁ 3@? HREE "o ag Tional
conponeniy ué‘ﬁﬁiy 1o T GnsHoUNES S 43Nt 8. WBE fnethbd ﬂlﬁh&mlﬁﬁdea @mroducmg an effective
corrosion-tnhibitive programto which the.invention: becom&:Fs1e %hadd |onaI
u:aa%em i

conponenamegnt Hf GoROHAFIo: descarppsitign thif dochdes pre PP FBITIng

conposi t NEls AR AR atcS BPAE M siEiIRAGIsydt@n or cornpositions. In
al t er nat }I]\%gmg{r%o%ﬁentss sucha adj uncts may be added sinmul taneously or

sequential ly [\gb tﬂ@ &)%glgﬁJugmmqgﬂwhﬁdsmﬁnQ@mﬂﬁnﬁdims difont hlmut Avemt iton.
[ 0039] Exenplary "ot her corrosion and scal e 1 nhibit ﬁ’aﬁllnc § %mtelame
mol ybdat ebouy 2¢8ekenm ofthe Spiaret cyFRFSPHBIHEHRE cmRaupthi ‘“’-"EFF Fegy

Dor 2t e; Fi16,AAdl Rl Bom RBLUCRPARNY LOK&00ORIR OF roaesfouidhol s

conbi nat rons thereo or any other suitable corrosion or sc e i nhi tors
Exenpl ar wefﬂieércntheémtme rthe patgaviios ipdedesderpaiohd mpm ’glf’i“ﬁ 0pBP‘§l

aci d; c()ci)rlprgmers and terpolynmers of acrylic acid, nmaleic acid, acr yI am de
and acty dlgpropyl sul fonate pri sm pol yners; suI fimte- based pol yners;

and ter pol V”E@yﬁ 1%%?18 il m@a{‘eﬂw&mﬁ&m%f@@éoyﬂo%mg\;bmg Jonmgmisiivh at ed
acryl am de i K rTBI hations t hereof

is introduced into the watcr of the industrial water sysiem when the system is operating and under

load. In this embodiment, during and affer introducing the compaosition into the system, the
system is operated under load (i.e., tumed on) for a time interval to contact the white rust

corresion-inhibiting compound with the gaivamzed surface(s) in the system {o form a barrier on
the surface(s).

[0035] Certain cases may require overlaying the barrier. Such overlaying may be
implemented when the industrial water systess Is operating and under load or when the system
has been turned off and thus not under load. In one embodiment, overlaying the barrier includes

unloading (i.e., twning off) the system, readjusting the pH of the system, reintroducing an



- 9 - EXAMPLES [0040] The foregoing may be better understood by
reference to the follow ng exanples, which are intended to be illustrative
and are not intended to limt the scope of the invention. Exanple |
[ 0041] Gal vanized m|d steel netal coupons were tested based on wei ght
after exposure to "Standard 13" make-&p water (Ca:440 ppm (CaC®B); My: 220
ppm (C?‘C%%iiivé\&aﬁlloﬁ lMnfhEydon%ﬁ%—%ﬁtin%éo&%&ti@@ Mo GRCWHRler JfSRE systdnl, RRM
CaC); ( pH controlled using NaHCO3/ Na2 buffer at pH 8. 9). Contrals and
ﬁagpl es Efla@dgdhfa‘”pﬁo%H@nﬁa’ﬁfémba@eﬂm@@iile@bixffiﬁpﬁi purlapps dheaPrrishelgft r ol s
ad no_agddit1anal., 05 "A8hORad, NRiRIHAE BB SRERY QSN |(as 80EriRed! AphbdRE
about 10 an‘Fbl‘Sﬁ‘ﬁE‘qﬂl ouIQ_l. rCoerlé}’osi n réat e_sB\‘Ne[g.baBs/ed Q(?]S cpurp;on wei zbﬂt after
7 days -ofeingropusing en effettineamonns of the aeppyopmhibjing coppagijon intosibe gyabriPLithe |
Table I. . 10 - Table | Treatment nPY |
yslen. _ _
[0036] In an embodiment, the method includes a plurality of different corrosion-
inhibiting compositions and overlaying the barrier includes introducing a different one or mote of

the corrosion-inhibiting compositions into the industrial water system.,

| [0037] It should be appreciated that the corrosion-inhibiting composition of the
invention is preferably introduced in a pre-passivation process prior 10 initially starting up the
industrial water system. This method is preferred because such application typically provides the
highest degree of passivafion and protection for the galvanized surfaces in the system.
Alternatively, the corrosion-inhibiting composition may be introduced to a currently operating or
running system. As described above, such an application may be implemented without turning
off the system by leaving the system under load during'the passivation process or by turning off

and unloading the system.

[0038] Although not required to implement this invention, it is contemplated that the
corrosion-inhibiting composition may.be combined with one or more other corrosion inhibitors,
one or moie scale inhibitérs, One or Mmore ﬂuoreséent tracers, one or more water treatment
polymers, one or more polyalkoxy compounds, or any other suitable adjunct or additiohal
component. Any such adjuncts may be part of an existing corrosion-inhibitive program to which -
the invention becomes an additional component or program. Adjuncts may be part of the
corrosion-inhibiting composition or may be another separate composition or compositions. In
éltema_tive embodiments, such adjuncts may be added simultaneously or sequentially with the

~ corrosion-ighibiting composition of the invention.

[0039] Exemplary other corrosion and scale inhibitors include tungstate; molybdate;
vanadate; phosphale; phosphonate; phosphinate; silicate; borate; zing and its salts;
polycarboxylates; benzoic acid; the like; combinations thereof; or any other suitable corrosion or
scale inhibitors. Exemplary water treatment polymers include polyacrylic acid; polymaleic acid;
copolymers and terpolymers of acrylic acid, maleic acid, acrylamide, and acrylamidopropyl
sulfonate; prism polymers; sulfonate-based polymers; and terpolymers or copolymers of acrylic

acid, acrylamide, sulfomethylated acrylamide, the like, and combinations thereof,



IClc;ntrol - A-11.7 Control - B 8.4 Sanple - A 2.7 Sanple - B 1.5 Exanple

-9
EXAMPLES

[6040] i The foregoing may be better undesstood by reference to the following exaniples,

which are intended to be illustrative and are not intended to limit the scope of the invention. -

Exarnple I

- [0041] Galvamzed mild steel metal coupons were tested based on weight after gxposure
to “Standard 137 make~up water (Ca:440 ppm (CaCO;) Mg: 220 ppm (CaCQs); M-alkalinity:
340 ppm; CI: 312 ppm {CaCOs); (SO, 211 ppm (CaC();;), pH controlled using
NaHCOy/NayCO; buffer at pH 8. 9). Controls and sa.mples included a phosphonate based scale
inhibitor prograi. The Controls had no additional corrosion inhibitor. Both Samples 1 and 2

1ncluded about 10 ppm bismuthiol. Corrosmn ratcs were based on coupon weight after 7 days of

exposure and measured in mils per year (“mapy”), as shown in Table 1.



[0042] Linear polarization electrochem cal experinents were perforned in a
10 liter cell using galvanized netal surfaces of hot-di pped gal vani zed
(1-1DG') rotating electrodes (pHcontrolled at pH 7.5). The control and
sanpl e included a passivation step with 100 ppm of a phosphonat e,
phosphat e, and pol yner-based nul ti -f ctlonal wat er treatnment program The
follow ng synthetic water chem stry L@%lﬁdlng cal cium chl ori de di hydrate,
‘magnesi um sul f at e hept ahydrate, and m bi car bonat e (based on

cal cul'ated val ues) was used:- Ca2: 150 to 170 ppna (as CaCB); My2+: 75 to
85 ppm.(as CaC®); N@Alkalinityrnﬁﬁman 109 »gp as CaC3®3); Cr: 105 to 120
ppm (as CO and (SO4)2": 72 toLg2--ppm-{as ’CFM"). The control and sanpl e
al so included a second step, wh Wgﬁqh pa<§f7;tnd el ectrodes were exposed
to a nore extrene -corrosive envggept, 44 n Exanple | above. Initial
corrosion rate (fromO to 24 hpurs) followed hyla | onger -duration
corrosion rate (24 ter 72 hoursSMmé?eAnea<Gﬂéd n npy. Table Il describes
the initial and |onger duratiohcronrogionates] Table Il Treatment 0 to
24 hour. utpy 24 to 72 hour npy WIRT ST Nolwhitel rust inhibitor
Post-treatnent with 100 ppn1treatnent program as above 3 to 8 3 to 4

Sanpl e - Example I

Q

[0042] Linear polarizé_iion elcétrochemical experiments were performed in a 10 liter
cell using galvanized metal surff;yces of hot—dipped galvanized (“HDG") rotﬁting electrodes (pH-
controlled at pH 7.5). “The control and ‘sample included a passivation step with 100 ppm of a
phosphonate, phosphate, and polymer—base,d multi-functional water treatment progfarn The
followmg syni.hetm waler chemistry including calcium chloride dihydrate, magnesium sulfate

" heptahydrate, and sodinm bicarbonate (deBd on calculated values) was used: Ca 150 to 17()
ppm {as CaCOs); Mg?*: 75 to 85 ppm (as CaCOs); M-Alkalinity: 85 to 105 ppm (as CB.CD;;), CI:
105 to 120 ppm (as CI); and (8047 72 to 82 ppm (as (SO.™). The contrgl and sample also
included a second step, where the passivated electrodes were exposed to a more extreme
corrosive environment, as in Example I above. Initial corrosion rate (from 0 to 24 hours)
followed by a longer duration corrosion fat’é: (2410 72 hours) were measured in mpy. Table I

describes the initial and longer duration corrosion rates.. -

Table II -
Treatment () to 24 hour mby 24 to 72 hour mpy
Control o CRTeR!! 3to4d

No white rust inhibitor
Post-treatment with 100 ppm
(reatment program as above _ _
Sample ' ~0.5 10 ~0.9 ~0.3t0 0.5
Post-treatment in 100 ppm
treatment program as above
combined with 10 ppm white
rust inhibitor (bismuthiol}

[0043] It should be understood. that various charnges and modifications o 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



Post-treatmenti n100ppm treat ment program as above conbined with 10 pprn
white rust inhibitor (bisrnuthio0O -0.5to -0.9 - 0.3 to 0.5 [ 0043]
It should be understood that various changes and nodifications to the

- presently preferred enbodi nents described herein will be apparent to those
~skilled in the art. Such changes andqodifications can be made wi thout

departing fromthe spirit.and sco "flt nventi pn -\ ‘
di mi ni shﬂﬁaﬂfﬁ“sa’%gn‘}’@‘ﬁ’aé@mé‘&\g}ﬁ?ﬁ ity Bendrd a?‘g“ R of &t ‘g"eﬁe?ﬁp‘g h“géé‘gg‘?ﬁ%‘tt Wt
changes anglgemi fioddichiuns bbevvemdedy didk dpperkibdclaipsended clainms. - 12 - .



CLAI M5 The clainmed invention is: 1. A nethod of inhibiting corrosion on a
gal vani zed netal surface, said nmethod conprising; (a) introducing an

ef fective amount of a corrosion-inhibiting conposition onto the gal vani zed
nmetal surface to forma bather on said surface, said conposition including
a sul fide-based white rust corrosion-hnhibiting conpound; and (b) after
one or nore time intervals, optlonaué §r|ay|ng the barrier by

rei ntroduci ng an effective anount of’fhe conposition onto the galvanlzed
metal surface. 2. The method of Caim1, wherein the sulfide-based

- whi t e ru%be daimedsnventidnrisi bi ti ng conpound is selected fromthe group
consisting of: thiols; bisnuthiols; dinerized bismuthiols; polyneric

di t hi oear bgmat Ae[%ethﬁ b2 iR O AR AR AIREERE, said méihod-ﬁ'cbﬁlpﬁ'eﬁxgpd of
Caim1, whérein the ga vanlzed metal surface is_part of an jndustri

wat er, syst enﬁa) lntmlucmaeﬂnrreffmue @mognia PR 1ICOTPHR- H’éiff’t*fﬁ‘gpi‘%‘ﬂ%’?‘l“ﬁ'@; 0&“%6’? tion
of the cor 2Rk @geapg&r 16 QFROS ivhi 2P oh REUHEARG, £4i0WoRbStonCindRdinged ght

percent to 8 wel g t percent of the sulfi de- based white rust
corr osi on- wdﬁﬂbbwmﬁgmn@npbwwémmbmmwﬂmaﬂ@mﬁﬂwﬁeﬂ“bf Claim1, including

sprayi ng or ('ﬂ%’ Sdf’féﬁHeyor?l%% Qanéwal@f ?t@&faﬂ&’@v@l@%‘%he%rréﬁbﬁeﬁﬂﬁﬂ@ﬁﬁé N

directly ont vanlze net al he nethod of Caim1l,
i ncl udi ng dﬁptmvngnmm@&ﬂe@amptm‘dmmétoéhe galvanized et B8 ol ut i on- cont ai ni ng
~the corrosion-inhibiting conposition.

2. The metliod of Claim 1, wherein the sulfide-based white Tust’ corrosxon-:nhlblting
compound is selected from the group consisting of: thiols; bismuthiols; dimetized bismuthiols;

polymeric dithiocarbamates; xanthates; and combinations thﬁreof.

3. The method of Claim 1 wherein the galvanized metal suriace is part of an industrial.

water system.

~ 4, The method of Claim 1, inciuding preparing a somtiun of . the oorrosi’on—inhibitin_g
composition including from about 0.001 weight percent to about 160 weight percent of the

sulfide-based white rust corrosion-iphibiting compound.

5. The method of Claim 1, including spraying or physically applying an effective amount

~ of said composition directly onto the galvanized meial surface.

6. The method of Claim 1, including dipping the galvanized metal surface into a solution

containing the -corrosion-inhibiting composition.

7. The method of Claim 1, including mixing a foaming agent with the cormsmn—mhlbmng
composition to form a mixture and spraying an effective ammount .of the mixiure onto the

galvanized metal surface to form the barrier.

8. The method of Claim 1, including a plurality of different compositions and repeating '
step (b) afier one or more of the time intervals by introducing a different one of the compositions

onto the galvanized surface.

9. A method of inhibiting corrosion in an industrial water system that is at least partially

full of water and has one or more galvanized meial surfaces, said method comprising:



7. The nmethod of Gaim1l, including mxing a foam ng agent with the

corrosion-inhibiting conposition to forma mxture and spraying an

effective amount of the mxture onto the gal vanized metal surface to form

the barrier. 8. The nmethod of Gaim1l, including a plurality of

'([j: ITLe_r'e?t colrrpozltions 3nd- repeat i ng,step (b) after one or nore of ‘the
interval s .introducing a dj . I

gal vani zed supl dBisTE B8 Vet da RO T B ey S B FEPB AR aBR ko the

i-ndustrial ype4@r; systemthat is at |east partially full of water and has

one or nore gal vani zed netal surfaces,. said .net . I SN0ty T -
(a) adj usti ng™ HErFBE anf ﬁ@’eiaﬁﬂ’ﬁgtt‘?fiaa@%f’%'ﬂ%%écgcm régihgr\ggm%mﬁﬁﬁ?sr om
223% Sifibﬁ ?og% ?E%}e SulfZde-based {ta_mitd' nts{] asttosiondntétitinf feqoimds iatwobn tvatsk of the

_ -0 i.fing conpositioqn that, includ ' I de-
Lo by S aeh et reTsbRabsHIE- LHETOBRG R el o based
vater system whesca@dith Y Wa@iof ie@hdubiial witelesystbador Dtimn irtterval de codtacidhe -
(c) circulating the water of the industrial tel£ system ftpr ; tlj
it erval 1 uignbeset wie nsupaTHSRIAS B R L E T S5 bar e el PRy
conpound wigt ly, £ Fﬁg&%ﬁ%ﬁa}&%ﬁiﬁ@ﬁa@w S cehd sté s aohmtiedlerd; on t he

gal vani zed netal surface, if the system was hot der | gad; ' -
operating t heldyyepeeting gie Drem fordbd HIBAHETV2L 9 Q?B}I#taﬁ’% pHECLater ivgg%ebléusste '

white rust cg@gsri(gis:iingilgﬁﬁlgQg}%gdﬂagwmpn@%umhiwdtﬂibtﬂmeml to Forinz thel bawtealonghe f ace
to formthe barrier on theejgal vani.zed ne a)t” urface, .i.f the system was
under . | oagalvanizqdgnetdsuiless FIVSW@WW%W%{ Mfe barrier by: |

{€) optionally overlaying the batrier by:

1) un}oading the system, readjusting the pH of the water in the system to be from
about 6.5 to about 8.2, reintroducing an effective amount of the corrosion-inhibiting
composition into the water of said sysiem, and circulating the water of the systém, or

ii} keeping the system under ioad, readjustihg the pH of the water in the system fo
be from about 6.5 to about 8.2 and reintroducing an effective amount of the corrosion-.
inhibiting composition into the water of said"systexﬂ;"and | | '

(fy operating the industrial water system under load for one or more additional time

VUL AL, WA ARAARSS - Sl Y

intervals and optionally repeating step (c) after one or more of the additional time intervals.

10: The method of Claim 9, wherein the industrial water system includes a cooling water

circulation system.

11. The method of Claim 9, including adjusting the pH of the water in the industrial water

~ system to be from about 6.8 to about 7.8.

12. The method of Claim 9, wherein the corrosion-inhibiting composition includes one or

more polyalkoxy compounds.

13. The method of Claim 9, including adding another composition including one or more
polyalkoxy compounds to the water of the industrial water system either simultaneously or

sequentially with the corrosion-inhibiting composition.

14. The method of Claim 9, wherein the corrosion-inhibiting composition' includes from

about 1 ppm to about 10,000 ppm of the sulfide-based while rust corresion-inhibiting compound,



i) unloading the system readjusting the pH of the water in the systemto
be fromabout 6.5 to about 8.2, reintroducing an effective anmount of the
corrosion-inhibiting conposition into the water of said system and
circulating the water of the system or - ii) keeping the system under
| oad, readjusting the pH of the water,in the systemto be fromabout 6.5

to about 8.2 and reintroduci effe ammy BBon includ
corrosion- ilﬁhﬁgﬂeﬂl%bo%c(gon(%%'ﬁ ?‘?Vgﬁé}?lﬁttoe %@gﬁgt er {)ﬁig (éq{';?’i1 .s%.tmec_nli esaﬁiée o (0
oper at i ngrokdeompslingd séladiedviiber they sorpicowsitieg dfoackhéioeormsionoinhifipis, scale
addi tional . tinme intervals and, optionally ting step (c) after one or
nore of f“r-li'éb“ﬁffdp't“?“f‘)f}‘i%ﬂt%ﬁeﬁ% a‘lldnvgtﬁ/tgeiagn.lényp&%gsaThe net hod of Caim,
wherein the industrial water systemincludes a cooling water circylation
system  151.TiEhetwdoliSthind, Sehidivegddipgete piinmge abgnsorPHeD wfsalp mbdyiing, o
water in the industri el 5 LD BSchiE SRR HorBodhds HiBRGUithbuS.
12. The ﬁ%[f‘%ogﬁmggﬁ]é%l?ﬂ%d%, evé{elﬁ%r;éﬁsﬁsté%c%r ?(_)si on- imr%hi gli%?i ng conpositjon
i ncl udes o @r Qhorsoilwrgacdny ataeax yorgmmpdu pithsr simultageousiyeompeaqyeialy withiths o,
i ncl udi ng_addi ng, .anot her c osition including one or nore pol yal koxy :
corrpoundgorf(@mtnﬁghigﬁ[‘%?m—%‘?m%rﬁgg' industrial water system either .
si mul taneously or sequentially with the corrosion-inhibiting composition.
‘14, The netlfiod hefmeBicali of Qpinnfiewhirpintihicansiopdiuhiisg FIMRBIIRY RGO EPE Con
| ncl udes  ff Ol ARGUL<idh RN s AR kP GRoupRBRsRling b phiiphinde phognehank t e
rust cor PFOS OAZ I ANT BT L1 N corrpouncf.I -14- _ | | -
phosphinates; silicates; molybdate; tungstate; borate; zinc and its salts; vanadatg; chromate;

polycarboxylates; and combioations thereof.



15. The nmethod of Caim9, wherein the corrosion-inhibiting conposition

i ncl udes one or nore conpounds sel ected fromthe group consisting of:

ot her corrosion inhibitors, scale inhibitors, fluorescent tracers, and

wat er treatnment polyners. 16. The method of Caim9, including adding

- one or nore other corrosion or scalql%qhibiting conpositions that include
one or nore corrosion or scale inhibi'ting conpounds with or w thout one or

nore fluorescent tracer.co unds .ei t-her simnultaneously or s ially
with the cot¥ ogiedﬂ‘?tg%?fbélﬂq‘ﬁ ‘BgH‘EJ'B% F‘?‘ﬁ%‘?“e or mepe “T‘%E hqr!?%“inﬁlgc?%g'f‘ % g‘lﬁlr#&
wher ei N tshRIGAEILES 00 BeduBitially tiighe osmpephtintdbiting conyshesionnsidgrolymer selstthér

corrosion inhibitors se] ected . fromthe group.consisti f; ;
PhosphondieuL e GBS TRINEEESE RO B8 VTS e PhpRedras RaREnas el |
aEd‘it? $@@£§;amﬁma@agemﬂ%h@qgagm?,p?h%famegmpamﬁfsm&ndmcgmbmnabbnwﬁ;
thereof. - 15 - . The t 0 ai L udi ng . i e :
mor e wat ERlfnalsdasRdnpo %PV%?&‘EF@WBWS P g?gﬁlg{?uéf_ ja}crglrlc g%lg’u gdr‘{‘{;, ?gﬁgi/ a\Y/{\n&t h
the'corrgﬁﬁ@ﬂﬁmnﬁgpgﬁﬁﬁgmgpnposition,'said pol ymer selected fromthe group
consi sting.of: polyacrylic acid; polyrnaleic acid; copolyners and
terpolynmers of acrylic acid, maleic acid, acrylamde, and acryl am dopr opyl
sul fonate; prism polyners, sulfonate-based polyners; and terpol yners or
copol yners of acrylic acid, ‘acrylam de, and sul foi nethyl ated acryl am de.



