WO 2008/079729PCT/US2007/087510 FUNCTIONALIZED
AMINE-BASED CORROSION IINHBITORS FOR GALVANIZED METAL
SURFACES AND METHOD OF USING SAME TECHNICAL FIELD
WEAHE TAAntion relates generally to inhibiting corrosion on elvestmehs7s0
metal surfaces. More specifically, the invention relates to a method for
inhibiting white rust corrosion on galvanized surfaces. The invention has
M iaril it 4 HRVRHA GRS WHRRQSI QO OSBI TORSNGRIzRD MetalZED
surfaces usintiiidlicTiahe 46 BN HESIH NS FUSTRER B8FE inhibiting
compounds in industrial water systems. BACKGROUND [2]
Galvanization is a protective zinc coating that is chemically bonded to a
metal (usually iron or steel) suf in ating is used in a variety of
applications and offers a ce%@n@%@%&%%%%%ion protection for the
undeflying metal.by providing a mechanical barrier to the elements and
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onSHERL8s cooling gg%erpirpu{l}a}ion_s%@ ems (sometimes referred to herein
as "cooling towers™)- have sUCRYARTEATO S SFARcRs White 18] KEHFiARoRhibiting
CoBRsBlemiiA gElVarisedvssatings of all kinds is "white rust,” which
manifests itself as a white, waxy, fluffy, or powdery non-protective and
porous deposit that rapidly forms on galvanized surfaces when the surface
is exposed to humid and/or weg gepditiangrMyhite rust can cause
considerable damage to the zinc coating and is also detrimental to the
coajng's anRaARLS flé%%%@%@gc X\L[)QHSQ,J’ %%E gxlgh%%r%(glarryatl%ﬁ% r‘t?)daemetal
(usgmaggre% a!lvtanlzed surfaces and eventually lead to early failure of the
Coating Wit EUHHREn SrStEeHng Borsdsiaepuaitsrrirenisnam e offers a
cergipfdedetind surfsics isastitpdssie itdfitlme ity ustviarpali-Andcm &Y rier
to PRPIHERRUIIMEIRIROTIRAC s well as clectrochemical resistance o corrpsion. Several

galvanizing methods exist, such as electroplating, continuous galvanization, and hot-dip

galvanization. Many industrial water systems, such as cooling water circulation systems

(sometimes referred to herein as “cooling towers™), have such galvanized surfaces.

[003] A common problem with galvanized coatings of all kinds is “white rust,” which
manifests itself as a white, waxy, fluffy, or powdery non-protective and porous deposit that
rapidly forms on galvanized surfaces when the surface is exposed to humid and/or wet
conditions. White rust can cause considerable damage to the zine coating and is also detrimental
to the coating’s appearance. If left unchecked, white rust will continually corrods affected
galvanized surfaces and eventually lead to early failure of the coating. With such a non-
protective, porous deposit on the galvanized surface, the surface is not “passive” to future whiie

rust formation and may rapidly continue o corrode.

{064}  Increased popularity of high alkalinity, no pH control water treatment programs
have resulted in 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 a pH
greater than 8.0 for an extended period before a “hasic zine carbonate™ protective barrier forms.
To ensure long service life, the galvanized surfaces in cooling towers typically must be allowed

« e . . . o .
to “passivate™ or form a protective barrier prior to mifial operation or start-up. Proper water
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[4] Increased popularity of high alkalinity, no pH control water treatment
programs have resulted in more frequent and severe white rust corrosion
issues, especially in cooling tower applications. White rust typically forms
WP 2MER7EBBling tower is operated with water at a pH greatePtansg07fer7s10
an extended period before a "basic zinc carbonate” protective barrier
forms. To ensure long service life, the galvanized surfaces in cooling
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“further corrosion. Barfier absenice Soutd FeShitTh SEUerEhHfETrIgp and have a
SighéfirAatisaae Hippe ansiortichirg ieegrtivertimplift on the cooling tower's
ser;{b%%][life. 6] White rust is aJso a form of zinc carbonate that has a
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adqul?ate_contr, | of the water chemistry aids in the ptevention o

the W RFESIRTIRIORAIAS I 9 PEFRBRERHITd S SH RGBT prevention programs
inclyde;a comRinalion. R ®zrosion prevention programs include a combination of pre-
passivating the cooling tewer combined with ongoing water chemistry management to support
the viability of the passivation layer. In addition to the basic zinc carbonate protective layers, as
described above, while rust preventatives include pretreatment with inorganic phosphate and
chromate passivation. Such inorgamic solutions have limited effectiveness and are steadfastly

becoming the object of federal and local regulations due to environmental concerns.

[008]  Other solutions for white rust prevention include using selective thiocarbamates,
organo-phosphorous compounds, and tannins to passivate the surface. For example, 118, Patent
No. 5,407,597 provides a formulation including 2 mixture of an organcphosphorous compound, a
thiocarbamate compound, and soluble metal szlt compound. The cemponents of this formulation

are used as a combination and the ingredients tested alone typically do not control white rust



passivating the cooling tower combined with ongoing water chemistry
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coating. For ex‘ampfg, sodlum%ypoilclﬁlgrl ee(ffé.?%rlré’éléﬁ) is a common

biocide and is highly reactive. [0011] Because high pH levels are also

contributing factor to white rust W,the addition of a sufficient
quantity of free acid, commonly sulfuric acid, to the cooling water helps

pgﬁ}gﬁe the formation of white rust. such free acid addition creates _
~concerns for OB Tandlilg THE frBE XK1 41 A 2B RFeltss Sutintapirgprrosion-
inhib g sogsrrosiondres toiavitcusif duétongvenieeckorspitidgeiNonesohl water
systetREGsRPASH Vation: rsmaintenance procedures described above provides a
c?(gap gﬁ sc%lgteilonegg mgewhite rust problem. There thus exists a need to
provide efficient and improvBd COMpBsHTORE Ba St HOBE! SofmpisRg i biting
compogiifte Alishedhouiisnh [BMMARYNIR L[0012tiAceotdinglyythis ilventionCH,—
CH(Opyovitsryelaminediasad whits.ist norrgsieReinhibiting gompgunds, .
icH,-G@R _Q%ﬂ%@ fn%mg'b%‘f yvhllﬁe rust fodrmathn in industrial water
systemé having galvanized metal Surfages®d X s from 1 to about 20,
0012b]The compounds include those of the formula {R]oN-

R1x-NfR},. R includes I, mono-hydroxylated alkyl groups, or poly-hydroxylated alkyl groups.
Rl includes -1 CEaCH-NR2)-CHaCHy], oxypropylens, oxyethylene, polyether, the like, or
combinations thereof. R?2 includes H, alkkyl groups, alkylated carboxvlates, alkyiated sulfonates,

mono-hydrexylated alkyl groups, or poly-hydroxylated alkyl groups. X is from [ to about 20.

93]



[0012a] In one aspect, there is provided an amine-based white rust
corrosion-inhibiting composition of the formula: [R]2N-R1A-N[R]2; wherein
each R group is H or CH(OH) CH2(OH)]; no more than one R group is H
and either 3 or 4 of the R groups are - {CH2CH(OH)--CH2(OH)1 Rlis
oxXyprepylene; | to about 001. b] The compounds
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cort &y@t&ﬁntbﬂanQ&EHE&tmﬁ t%)é%?&ﬂ %qg {749@% NG ulq"fI%U][:]gs th‘%gH of Erhe Water
in the system to be from about 6.5 to about 8.2 fentrodueititan
effective amount of the corrosion-inhibiting composmon into the water of
said system; and (f) operating the industrial water system under load for
one or more additional time intervals and optionally repeating step (e)
after one or more of the additional time intervals. [0013] The method
of the invention includes introducing an effective amount of a
corrosion-inhibiting composition having an amine-based white rust

corrosion-inhibiting



WO 2008/079729 PCT/US2007/087510 compound onto the galvanized

i i bodiment., the
alsausface to form a barrier on the surfape. in on.e em ‘ )
wmhﬁuﬁiﬁﬁer includes overlaying the barrier by reintrodudifg B @fféstiver

amount of the corrosion-inhibiting composition onto_the galvaniz_ed metal
cofiipidage Sferone ar.mare fime intervals. . [0014] in an emqug;g{:\t, -
1rrmére is pgovidued‘ua method of inhi iting LOFBSIBNRTAR iPitiliatriaiveater in one
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system. such a8 % cOOgomAsE, trtisiar lastpartiafy-fult ofwales AR v

mﬁ‘éféfdﬁéhercmm@rgiafmamﬂgddmmah@blrtﬁ&ﬁﬁﬂ;@%@%@&%ﬂéﬁ%@ﬁ% afier ome or
maeistingthe, water in the industrial water system te have a pH from abo
6.5 to about E.2 and introducing an effective amount of a

corrG8idh-Inpisitinglocomposition thatiineludesane.armore aninehased |
incyviaite st @QﬁEﬁﬁlﬁﬂ? nhi Q&l)@ig 3Q9%0H1Qq§ lmg%h%ﬂ?{gﬁé ét] Peﬁgl:f?;%gjaa% ong
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when the system is lunder 1040 8F Ht lifierioattstithe systemiisirobadistrial
WG Spster é‘ﬂhﬁ\}ﬁé’ﬁ"%ﬁ?@@%mg tifeicerrasion -elﬂlﬂ Ehlfmﬂwcﬁfg&ﬂﬁ_%ouml of a
corpgiteribitiasystamssei rﬁuéa&cix@He&é%%%&o%%ﬁﬂ%%%r -v%xt;'@gez%' é%%/-gsiium
. ine-based white rust corrosion-inhibiting compou [
ﬁmfﬁf %ﬁ%ﬁ%ﬁ? %%%agﬁl%ﬁé}f’ﬁgg'g?s‘f/élfﬁrt%’%?’?n the barrier on those

surfg?f:'@'é. After-asufficient H’ﬂiﬁeﬂ\f{adytB@_&Q%ﬂ%@@%&%@aﬂ%&a% r}%%%? nder
joadof g lﬂﬂ:ﬁﬂr l}’fﬂg.e i 9@%@.{@% ﬁwg%’j%:)gt%@di%l:ﬁ%]ggﬁ 6%"31% Ié?xglicfrétée}ﬁq@,qm ibiting
el e CoesonInLyng OO syt oo
C"H%‘?‘eeg&afrgﬁféﬂﬁﬁ%%a wﬁﬁermspwummhimﬁﬂ@iﬂag;ﬁﬁmp@ﬁmw&@i%ﬁﬁmd metal
surigalvaized metak sufacss ofthe system g‘t@ga(];gf[.m Al}-embg gﬁg{c?egtt?x?tggal, the
unin§&g‘fas9§;§m may be tumed on or brought under load &t any suitable time. If the system is
under load when introducing the corTosion-nhibiting composition, the systern is operated vnder
load after such introduction for a time interval to contact the amine-based white rust corrosion-
inhibiting compound with the gatvanized metal surfaces of the sveters and form the barrier on
those surfaces,

[0016] In an embodiment, there is provided a method for overiaying the barrier formed by

the amine-based white rust-inhibiting compound, This embodiment includes overlaying the barrier
while the system is under load or not under load. If the barrer is overlaid while the svsiem iy
under load, the method includes readjusting the pH of the system 0 be from about 6.5 to sbom
6.2 and reimroducing an sffective amount of the corrosion-inhibiting COmMPpOsHion inio the water
of the system. The system is then operated under load for one ar mare additional tme intervals

and the barrier is optionally re-overiaid afier one or more of the additional time imervals,

[0017)  If the barrier is overlaid while the sysiem is not under icad, the method inciudes
readjusting the pH of the sysiem 1o be from about 6.5 w0 ahew 8.2, reinroducing an effective
amount of the corrosicn-inhibiting composition info the water of the system, and circulating the
water of the sysiem for a sufficient terval to contact the amine-based white rust-inhibiting
compound with the surfaces, After the sufficiern interval, the unioaded svstem mey he twrnad on

or brought under load at any suitable fime,



[0016] In an embodiment, there is provided a method for overlaying the
barrier formed by the amine-based white rust-inhibiting compound. This

wembedmment includes overlaying the balmier while the systepg-iSiun@ers7sio
loa.d or not under load, If the barrier is overlaid while the system is under
load, the method includes readjusting the pH of the system to be from

abOH}{ﬁ@ tof%%t 1%&;%9&&!QEVBQHQMEQ@P@%@%ﬁt%eaﬁﬁﬁé’é{{&?fsﬁﬁ'ﬁ as basins and

corrosjon-inhibiting composition into the water of the system. The system
heqt YRERDFRFABH TIRHET 1658 Tof oW 8 thaPestiaitb Y thic TrIaIS ot of the
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Mart the method includes readjusting the pH of the system to be from
g S8 o An St 5 EI R FREIRG S effefiletanidiftcef thgates, molybdatos,
tungeimtesichrintubitingceapositionpintgihe, walesiok phesystemhand:s/phosphinates,
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amine-based white I‘US%—Inhlbltlng compound with the surfaces. After the
conpfidight MtV e ATG sl S8 Ly B RCRREY BaCRirFRIBFEANSF brolsgfomdstions
wolGddoat anyosigitatbletimenrrosion@Ad 8}alhpughrihenyention dsupadiculary detail
beibglevant to applications such as basins and heat transfer coils of cooling

towers, it should be appreciated that the implementation of the method is

not limitad tonseibhutenliog tevwer-applicatiopsLieniemplaied applicaliRsosion,

esp RGOS ANV SY G, Yb%%ﬂ%‘é‘é%%%%%ﬁﬁ?&%@éé‘face& The invention may
alsobe combined with’oné or more other corrosion or scale inhibiting

CONPRSIiONScEUERASFICAILH INVaI8S: NRIVRAAIEHHRYSIAISS alvanized metal
s e R O D RIS PONRIOSRRA
pﬁosphonmes%’ osphinates, dombinations thereor, or any other suitable
COrfsian of $CaIB1HRN RIHINGCOMIMAURL AL GOMRRIRMMEH.QLWIDQULANE st
or.morﬁﬁluorescent tracer cor{gé oynds. Such combinations would form a
e

oS reHe HaR & eI B LS Sh &R IBRTSH program, discussed in more

detpihbslow. [0 A inadvartagealthe inention g0 PIAVILE A assivarion

~method of inhibiting corrosion, especially white rust'corrosion, on
et B DR LG AL BTOS O G0 SO AEHh S S PR B the v Ertih-
N tﬂeg%g?nqﬁh&iHrgwﬁg&mgé\é%la’%q%%{%lﬁsg I‘[E‘algf?%il \I%al‘lglﬁgggd for inirtiaily pre-

applications including industrial water systems. 021] It is anothe _
PSRRI IOE S RS HVENtRSIPt proNiE W RaIRaHIe- Bas egsivhmdingdty overlaying
the etitosigrdnhibtirghtidrmpasiiipasifar gapranized surfaeces. [0022] Yet
another advantage of the invention is to provide a one-step passivation
metf&i fordnHiBfmgdititE s ichi daishton galvanipedsurfabis ofst corrosion-
inhithstiRipoaien SYsi@mMsaot real0A2B LA @dditionakadvaniagsokibems.
invention is to provide a method for initially prepassivating with a white
rust®é8fiosibisiaprbien alcanmnso siiove dnvpast-treping byovpragihgatiehibiting
whilhite custheekresienWhhipilingcempositienion.galyanized sWfaceSective under a

range of pH conditions.

[0026] It is a further advantage of the invention to provide an approach to inhibiting
white rust corrosion on galvanized surfaces in industrial water sysiems that is effective with
waler having low ionic content, such as soft water.

[0027] It is yet another advantage of the invention to provide a method for inhibiting
whiie rust corrosion on galvanized surfaces in indusirial water systems that is effective under

elevated carbonate alkalinity.



[0024] A further advantage of the invention is to provide a white rust
corrosion-inhibitive composition that does not react with biocides used in

wihdesitialrsater systems. [0025] It is another advantagegfth&sea7ns7510
invention to provide an approach to inhibiting white rust corrosion on
galvanized surfaces in industrial water systems that is effective under a

rangeoobpHicenaitionsemer 1002611 israfbrthel-adyantags:at tQ%@ﬁ%@H%’ﬂ and
mat&% Orqle %r{lapprgach to |Qh|b|t|n white corrosion on galvanized
ffaces ih Ihatstriar water & StemE AN A RS CHYESHith WS ARt swpters.

whighie@errepite suctrasRwitvwaker comp(OOR isyebandiherativantagernks and
whibe MV%L@M%@%MQ&@JHFH@P%H&M@H&! bLt'fb%rW r&%}%ﬁhﬁ? HE Qg 9%&!‘ a range of

w&%ah/amzeq surfaces in industrial water systems that is effective uh
sleVated tarichate alkalinity. WO 20118/079729PCT/US2007/087510

[0028] It is still another advantage of the |nvent|on to provide a

composition and method ?{,bét}!{% ite. rust carrosion on galvanized
surfaces in industrial water Systems, W Gitid8s one or more

amlgﬁ) e&compounds that adsorb and/or bind to the surfaces and
whi SRVAETERSF &' PR ot BTt EorbiticHs “araRgs of Adnmmyion. in
ondgveled imvdiairarigeofviater:hardness:|eets pRETA LLEB.DRECRIPTd@APbund is

fmmaanms@m%msg white, £ust ag&eam&%ﬁ%m%&%@gp %dsaiqgg%ﬁnd is of

en |On N onhe em 0 |ment |Sa roxvlat Oxyam|ne
the Dk BRG G qﬁ@%ﬁ%&%@%&&ﬁéﬂ%ﬁiﬁ(@w@@ from
! idigiming.tin Bndthemprefmced embatineriythecompompebisiafthilly hydroxyl-

fun&%@?ﬂiﬂﬂz d.
{C1-1(01-1)CH(01-1)CH2]2N4CH(C113)C1I20]x-N[C1-12,CH(OH)C1-1(O

H)] 2004635 frianalietarataouhB6kitReHais mm&@@@%@t%mﬁ%%&%%wm

incfSARAUN Fig U YAl £ IR ) ,
embodiments, the anilne %&\?\}%Ite r %I\kﬁ%[}%m%%owtﬁ@é eéﬁ}‘?'
nclyges dpqﬁ%lké!@pm@ﬁj _a[ﬁ}]&wppqzoaﬂ@ y-hydroxylated alkyl groups R1 includes
oxyWNﬂCb&ﬁfﬂ&NtﬁR&n@HﬁﬁfﬂdxﬁNfRﬁZ RinGluRes nz@nar@ydg@s%@t%ﬁq ated
5@0%@ pQ fh&/grox ated alk I includes oxyethy enc

“polyether, or ceomltz)}l{noatlons%{ﬁereg? Eémc#%&g SOy P RSy e ate atle!
ro%rbd&w‘at%%maﬂlc‘iﬂa‘t%%}“sGﬁon&te@ﬁnﬂﬁﬁﬁl@y@mxﬁﬁm@walkwgﬁo@msbmched or
unbml;énhydr Qé(ﬂaﬁedl@hk;}d WUﬂﬁalﬂ(ﬁ%éﬁ@%h%o%Mtg%h |B§Q0§i from a &llﬁmloht or
brafAl %gﬁ g2 roups ranc run ed Cl to C6. Alky
as Lise ereclt‘n rlrrwleilaﬁsgca hH%n v%c mtnéoroagpfoenvga%?yg ?ng’éh%?memmm
alicy faﬁa%éac%m@a cHilh myendisariensbycehe. esvhibedliof a single

h tom res tive alkyl groups include methyl, ethyl, n- and

IS)IO(H%%%&' tylil iher, ﬁ]m%f)ﬁa ment, %% gam}tjrfe) based white m%t c:onyosmmmmbmnn
compound is a reaction product of BoN-IR3}y-NH, and chloropropanediol, glyeidol, or
epichlorohydrin. Iz this embodiment, B3 includes -CHCH-N(R4A)-CHCH, ), oxypropylene,
oxyethylene, polyether, or combinarions thercof. R4 includes H, alkyl groups, alkviated
carboxylates, alkylated sulfonates, mono-hydroxylated alkyl groups, or poly-hyvdroxylated alkyi
groups. Y is from 1 to about 20. In one embodiment, the alkyl groups are branched or
unbranched C, to Cs. In a further embodiment, an amine derivative is rescted with a dicarboxyiic

acid, such as oxalic acid or adipic acid, to form the white rust corrosion-inhibiting compound.

[0032] 1In a further embodiment, the white rust corrosion-inhibiting compound is an
imino derivative or a hydroxyamine derivative reaction product of an aldehyde or a ketone with a

moncaming or a polyamine. In another embodiment, the compound is an imino derivative or a

6



[0031] In another embodiment, the amine-based white rust
corrosion-inhibiting compound is a reaction product of 112N-[R3]y-NH, and
chloropropanediol, glycidol, or epichlorohydrin. In this embodiment, R3
WiAGI{BES[ABH2CI-12-N(R4)-CH2CHZ2], 08YPropylene, oxy, Etik/isua7/087510
polyether, or combinations thereof. R4 includes H, alkyl groups, alkylated
carboxylates, alkylated sulfonates, mono-hydroxylmcd alkyl groups, or
hy grstpcarytivo dpivedl el ksdagroupsedids flom Latdebpbut®(r ke@mne with a polyether
m&Bhasimant theraliod greps ke brmclamaum%ﬁéﬂ&he& %&%é B8 witn

dwy Gt 1gr embodiment, an amine derivative is reacted with a dicarboxylic
LHGURN A SR STEC G acli GO TSRt et tme to promote 2
d@m@mmbltlﬁgﬂtmuﬁahh as s0@B2]did, anfyrther-emibodiment, the
white rust corrosion-inhibiting compound is an imino derivative or a

hydfS%5amifne FEFURIE FestaibipISERIEIE B SraiRsdeetr Wiketsie arrpsion-
intgbition oamyine:dratpolyardifrinen G embatiment, teneomp®dnd ike City,

U, IR, derivative 9.8 @%ﬁ%&‘gﬁ:&@& qgg'Y%V%m?aC“%“ I%fOEfalct Of M as the

aldeh yde or a ketone with a polyethermonoamine or a poly

o e e ooy

pr@lzem@te&fampe@m(e g 4140aite80E) ko a@mﬁlﬁlﬁnﬁﬁla@eﬁ%nﬁ@mﬂ@@ reight

of Qﬁﬁygﬁﬁt&? %&9&&9&& Aflig @A n?tfﬁi?rﬁ%% @ P %If%!) re Ay A als d%refer&blyj
e amine-ba

used An exemp preparlng

Z 190 his c%‘i‘ijd’%%h?—’iﬁf?ﬁ?ﬁ Bpblireersies F@ﬁ‘éﬁ%ﬁ&?ﬁ%@@@%@mm orata
sligmbaipblesfromidtantemaraGiall hakecGity, thiiab)vwhichkds @M@@neil@ﬁday 1,3

(‘““‘o?’rﬁﬁtén‘?(?“ W&‘?ﬁ’?@m@@g O R TR Eemapirocuerofthe
abqie 5eREKiOR AN BRIy 4 JBPEaFHT F@W@E@W%’@tﬁfaﬁﬁﬁ’&ﬂwa@m‘mry amine

wit efa cular wejght of out 230 grams per mole. Z is

typl-t:&{%ﬁﬂfro;n g%glﬁ Do l%l trigéa‘tgta oRiis trgs tﬁ%f%%%lf S ROYPgindFied
hsfsmaﬁ@ln%@t &@f@%lwd@@@nﬂm W&éﬁ@mt@l@essmg@éidim@mmatmg between
difteepesapiiedy ai & sighibepinvates fempskatiie. Reaekian products of

the above reaction include 1,4 (quad-); 1,3 (tri-); and 1,2 (di-) substituted

dianéies. 1nhe prefoticadebmbodidee nt b ad a tivnbiiog uctrofithesalhoyvanized
mefRAGHAR 1S PRMaR,d id-Alad subatitute: ydraxylated polyalkaxvaming, i, g

003{1 It shou|d be a reC|ated that the white rust-inhibitin com ounds

S EREE R R TR féh%éﬂhégédﬁd@psﬁweﬁtm?m . The term
“bamu@atmw dteimatgitretwden difféifenticompdungsyoridegd imﬁtemamiﬁ@ of
moiﬂh@%ﬁﬂﬁ@@%@ﬁ%ié@l@ﬁ%@r&hemIJQQ% aIEP&'BYﬁﬁ&F'BPtﬁ%S&IH{ Qec%l%c)jsmn-

hrg\ethod of inhi |t|n corrosion on a galvanized metal surface. The metho

by RIS % e BLRE A S of B ¥ BLBnsrigRgiification of or

mfﬁwﬁipdsiﬂoﬁn@mame @abuanmb@mezﬁal@wﬁf&cMafmn&taumemﬂemmmg
68 i TARiLE R DANIRE RS %?@&%@éﬂﬂ&%ﬁ%%%?&{“ggg UL Pnise

t e galvanlzed surface, chan maorphology, of the galvanlz sur ace
PSR TAREF B8 0P P Sy o heé R FinfieRiye amowunt of the
congosipoundddthithe gatvanized suaifmep@mnym&memsmn%@ﬁmﬂmf the
confbefdnteractionvithihe SUHAceIN.0ne erobodi e 2 h Gl g%’ef’% Batk 30

of the corrgsjon-inhibiting composition includes from a 01 welg

Welgl RS 56 GP PR RGeS O At i @m@gwﬁmfm
co dyl f rred em nt, an effective amounto the
el R A i e P

amipgsy AR GF HETSoMISEITRE FroacRTFE prEfsr-edbaifistviertifonPaloubitted

moﬂNﬁtghEspr@@ﬁhBiﬂﬁé&bQigﬂ)&&rifq@gm&e@%@&@tﬁé@%gmuﬁgxﬁﬁﬁhﬁ% morno-

osi introduced to the ed surface

qub%%sfé&rﬁ%\% mine- %Se}aﬂ\ﬁhﬁgb)ﬁét %lin |r{gerconr1r?68%1ﬁ ingﬁj%féﬁbsummd
substituted amines, such as mono-substituted monoamines,
mono-substituted polyamines, poly-substituted monoamines,
poly-substituted polyamines, mono-substituted polyether monoamines,
mono-substituted polyether polyamines, poly-substituted polyether
monoamines. poly-substituted polyether polyamines. These substituted
amines include one or more hydroxyl groups. It is further contemplated

that other amine-based compounds may be utilized in the method of the
invventionn <iich ac iminn dearivvativiee hvdrovvamine derivzativiee and



[0037] In one aspect, introducing the corrosion-inhibiting composition onto

the galvanized surface includes incorporating the method into a hot dip

manufacturing process. For example, the metal would first be dipped in
VRS AR at 450C (temperature at which iron/steel and zif€ Shgagugresas1o

affinity) where the metal would be protected with a zinc coating. The next

step in the manufacturing process would be to dip the zinc-coated metal
poirethth @dprrosien-Tibitingscorapasitien including.the amineybasedaniie 1t is
ﬁ:ﬂl&t E&{{%%a“&@%ﬂ% 1 eQHng | comr%)%%?ﬁs] ilznga%gtgt%r;zgg pe%ies.#.gt% d of the
. introduction includes spraying a SOCiutIO of the composition cﬁlrectly onto
YRR EE, W citiifng SHREES i ATRER VAtV alstented) opkination thereof,
Prefmbddimentsthdrebmpositionsmixe diyith-a {eamingrReentiaderas@s, and the
jixture and the mixture is subsequently sprayed onto the galvanized

metal surface using any suitable spraying device. Foaming agents may

inclydessprfactands asueh asalkextated alsahels.ipabietbylens,eliveel, Mo e
(R SSEAE0lE suiaciant,In emafive cmbodiments, e camposiion
S may be physically applied onto the-sirace BY fo |ﬁ|§lﬁ§?ﬁﬁu CPaiEraiTEF S or
exi@lRKee Breishiryd sl ke parrbiusisiod teclike S8iatbimgrasing:avhidpion/steel
anﬂhﬁnﬁ@al@rg@éﬂ@mgw&@%&Mg@bﬁ%ﬁ?@%@&gﬂ%&mm}é%m coLQQx%g]TlHa next
gL 2spsct, he coesion nhibiing omposiion ie reiaduced onto
“"the sUFface one or MOre TiMmes after one or thofa tima &I TG - Bespagpsion-
inhisgipppriapeitis priefieadicthoisenfzcd vOngoingoveiayingstepsdapound.
renja%yé]f orrosign-inhibitory barrier and/or to re-passivate the ,
galvanized SUfBREE aPdP5Ts0 ToRteHPRRI™ ALY ET niRiEEngn % solution. of the
comaedtiby-dasdbasis, Hresmbtoihrhaininsiutiesa jlunalityiof differentems. In one
emBOASIRNHD AIRILAG LAMRARIIANRANE AYREYING: e AT Sl MAYINE IR, rure 55

introducing a different one or more of the corrosion-inhibiting compositions
USRI Q%Wa?ﬂif@aﬂ ntARSTEEE B! 00 REGH SWiBbIgimmEHtng fevice.
FOmgth@I@mnhmwamﬁnsmpibﬁhi@aﬂ@ﬁtﬁbﬁiﬁ@bﬂﬁ misedyced ool or
anyheWalehekaqenling watehgikelation.sysiem. (MS&%%%)@%{&@%é%hysisany,

erein as "cooling tower") to form a barrier on (or passivate) any”~
appg%am@a THERAT £ RlbBE GitRa BySemieT B h&rapbne rrgd: irgtbrush or
thedtkehsirmbbligetiony mayphe inddilsenewy usiusedysystesnipuRmedoltial technique.
operation of the system or into a running, operational system. The
corl84i5h-itRiBHG coRie St RTaTsine VRIS SamaysERI sttretipdonto the
surfiny ineustialreatecSySte mnaSoeiinet amadinol i eatraesidi CQMPIRALIOR: “re-

pasWMeQElﬂg GO c@\tgﬂis 8%%1’&%'3@%3%9&61% %%aclerr%ggéx%l ibitory barrier and/or
corrosion-inhi iting programs, or-as stancF—anne reatmen pro‘a’ram, gS

to IggesHiY ths sebra Bl reisiare asqooatpriaedndistqErniacsronses-ly-case

bast ieashpastiatysiuloiwalenanmhas omne:ok ek SHARNEesNSRositons and
athod in&ﬁlu es adljiusat the water in the system to have

%}}} ¢ces. The m / _ ave a .
o RO Al 510 S0t 3 ke SBoRene e B OF e ine

i
from about ‘ r
coRpatEiCHt B Sy teliizadineri¢edape(from about 6.8 to about 7.8. The

me urther includes introducgjng. an effective amount of a_ _ . .
o R R TR THEAHS B ROPE s gggostir
is ipRiteced snlechosigarishibitiplne oraeo cinudaiitn Ydreswdtemefitive iniustrial herein
as WBASYSIRM to 1IAP42)The caresipRsiphibiting coOmRosIiRRAYRIGAN. of the

inclugdes from about | to abouyt 10,000 ppm of the white rust _
S R R SR 1 A SRR Bh i et hgos ysem pric
to ipigphposrion rdhwwstronT atoatrdnppen toeaivut sBEMpieabthsion-inhibiting
conPRRRAUACENAvBAAER RiISfertadembadimenh, ReamPosiionelides mer an
ad.&gtmngqiggﬁtluppmg#o al_Jout ijfﬁ?bo ﬁ{)m of the_com_pound. [0043] In one

R DOGIMENR L AR BT ERHIE S TG e B HYS SR -FrsHT g Lo hPoifisreng/or

introduced into the water of the industrial water system when the system

is operating and under load. In this etnbodiment, during and after
introducing the composition into the system, the system is operated under
load (i.e., turned on) for a time interval to contact the amine-based white
rust corrosion-inhibiting compound with the galvanized surface(s) in the
system to form a barrier on the surface(s). [0044] Certain cases may

require overlaying the barrier. Such overlaying may be implemented when
the indiictrial watar eveteam ic nnaratini and 1inder load or when the



[0045] In an embodiment, the method includes a plurality of different

corrosion-inhibiting compositions and overlaying the barrier includes

introducing a different one or more of the corrosion-inhibiting compositions
WAt tHEHdUstrial water system.  [0046] It should be appréeTAIEAIHAE7510

the corrosion-inhibiting composition of the invention is preferably

introduced in a pre-passivation process prior to initially starting up the
COMRRStB W ES PsyBRam. OF hisarsietiodbis prefermsdvecause ductibed in more detail
negpplication typically provides the highest degree of passivation and

protection for the galvanized surfaces in the system. Alternatively, the

corrd$idilinhllsitimyworhpasitionsiemaly peeistrodticsaita afcurenty has one or more
gaBREAAHNEAY FHRIOY %ﬁtﬂabﬁ%M§Qgﬁ@ﬁg\{§e shgh &W@%&%@onha% apH
fmrglaggb% [ pler%enited} Wltho.ut turning off the systemﬂ?ﬁ leaving'the syst.em. _

Thd&To%d BLHINY e pas&ivEiomep ranRel ey it mlihg! She avrien Atdaslinrgten is
adihiedyetenttom ab{004 ¥ liAow §l8 nDheecuinetrialionpleentshisiRuentionTtective
anibiGoriemplaiad fhakihe sorosion-inhi %E%e%oc{ﬁ‘@ gslen Megseascgaﬁwéﬁte rust

combined with one or mare other corrosion inhibitors, one or more s

COIHRIBRSIRIEE S EFTRBTRM PG T AEEISIERE BT HiFRsYRRer treatment
pon@(ﬁf{{’ %@e%ﬁ%@nggggﬁ%{?@%oggn@ 11? unngg%!i{%ﬁi? r}}{f:?lgi]gsr f%grlzgaabqlgut I ppm o

adjunct or additional component. Any such adjuncts may be part of an
b Rl dheiRhilitE thoeFamitsitierrthomuénion petembenndiment,
theaddifjoridbe bmponefbar HHgraph- L uBeis ey fadsrtef fpound. In a more
Sovosion-inhibiling composition or may be another, separate composition
BT com poéﬁ%&ns.’ In alter %%l%lé)ne}%ggaﬁ%/n%ws,agﬂ% E'a}()j‘]}?}'i n%‘isa%ﬁ%% RR¥etf the
cogptfitaneously or sequentially with the corrosion-inhibiting composition of

the | gg:ﬁjtio L one e[gggﬁs%ﬁxemp@rg,ogher corrogsion and scale inhibitors
~ include tingstate molyboate: vanadate" pHBsY Rt OB REISRBHARSE composition
1s ipfesdishinate tsikeiteo bbedrdusina anidritsseattsihsolireatboxylatesrdtepzoitunder
loadCidy t.ﬂl% 'mfﬂicﬁﬁlﬁébiﬂaﬂﬁﬁgs dhergpb frankath ﬁ{e%ﬂmﬁtﬁwﬁﬁﬁj%eo&’smm, the
sys§§1§|% 'Q@%E%r%h e)}gqrggl ry v&;ter tre%t{?ent olymers include polyacrylic

acid; polyinaleic acid; co%o‘ry 1878 R0 BB IR TS DR R iRR At D Rste- based
whije ipsieeasrraiondahiiia aeeyiaenidopitbpit selfemate sprism(gotythesssten to form =

bmﬁa}f@mgl@sgmg)polymers; and terpolymers or copolymers of acrylic acid,
acrylamide, sulfomethylated acrylamide, the like, and combinations

thed®6f4EXPatEh ESes 004G} Fhefolegointhmbybe. betieh uneesgigoshay be
impyasierenss adhedfeliow W&&@meﬁ’o\gé}mgﬁ%d%&gﬁga&oop%hcn the system

h irgustrativ% a&d are not intended to limit the scope of the invention.

SEREhIBE O 1808bF PrifTIgRRThId S mBidREbfEiBHA MBitREer includes
unlewhnpoiing im.mﬁmdeﬂiﬁe@@tig{aip}md‘u@iﬁmﬁgeﬁﬁrpmeﬁ)t&Z%&tem, reintroducing an
eﬁe%’mxeml%[ﬁm%}(@%&ﬁ%ﬁ!@ﬁﬁiﬁﬁw@oﬁﬁgsﬂ!x&'%%'o H.8,gram; %];e;hé%stem, and

._polyetheramine (i.e., pol oxypropylene diamine) was dissolved in 25"
: ‘““8 & Bewwater ofdhs GYEIRT of YRASHST WRESBER) fyqdayinsties dumisorncludes
kecing firatwieightvasladjustethtonGo peaphs @nthdhgselutign wasistirrasher and

reinﬁ%ﬁﬁéﬂgrm%e@{i{’Q%ogﬁm&e{l?et%ro?foégg-ri%%%%%’ctcbrgptt%riﬁ SHats the water of the
system.
[0045] In an embodiment, the method includes a plorality of different corrosion-

inhibiting compositions and overlaying the barrier includes introducing a different one or more of

the corrosion-inhibiting compositions into the industrial water system.

[0046] It should be appreciated that the corrosion-inhibiting composition of the

invention is preferably introduced in a pre-passivation process prior 1o initially starting up the

9



may be adjusted up to about 40C. The degree of funetionalization of the

polyoxypropylene diamine varied between one and four, based on the

starting concentration (molar ratio) of glycidol and the diamine. Example Il
Ve A thydroxy functionalized derivative of polyethcramifei&g0pess75160

synthesized by reacting 1 mole of polyetheramine (as described in

Example 1) with different (1 to 4 moles, with 4 moles being the preferred
indystiohy el esioh3-Thloregrapanectiobirbthe: presengeikbloord e srofides the
ni RN EX 0. AR P IRPTAEE A MRCR A0a 306, a0d AROULBYG 0k,

several hours under constant stirring. This molar ratio will result in a _
AR h A G SIS e AR HHS R RHPETFKEA bl Ghaierly operating or
rrguigstiation rendingifednione docfour aptamipleddive imj0Rba]aliapizedming

AR r ik iter. cell (at 40C) ta the .
e e e SR R R W i o
m@iﬂ%ﬁ?&%ﬁéﬁsﬁ%ﬁum sulfate heptahydrate, sodium bicarbonate, and

i : - to 440 ppm (as

el S S S o e a b o
COI(&%&%@?)@@@IQW@&%y@:pbﬁwa@m};vemﬂrmet@taqncmféwhfbim
ond 5@42di-andip Iﬂﬂﬁﬁﬁ&@ﬂ@ﬁeu&i ngdNahiRIMN2L03 buffer %ﬁ{ﬁ‘y @a%r treatment
TR S RS I
COTRRSFE RS A A GECA 2HENES imel Ble dsisd gt LEpechydsimeyifhititioratigach to which
thepiyabiaxyaming as hRvbite fushero0BANNRIOr AGORRSIIRI MESart of the
o R Rk MY PR R AP OB bor. 10
altenpHtrtoFr B Samslesudl Sdrmste MBS be added simulteneously or sequentially with the
corrosion-inhibiting composition of the invention,

[0048] Exemplary other corrosion and scale inhibitors inciude tungstate; molvbdate;
vanadate; phosphate; phosphonate; phosphinate; silicate; borate; zinc and its  salts:
polycarboxylates; benzoic acid; the like; combinations thereof; or any other snitable corresion or
scale inhibitors. Exemplary water treatment polymers include polyacrylic acid; polymaleic acid;
copolymers and terpolymers of acrylic acid, maleic acid, acrylamide, and acrytamidopropyl
sulfonate; prism polymers; sulfonate-based polymers; and terpolymers or copolymers of acrylic

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

[0049] The foregoing may be better understood by reference to the foliowing examples,

which are intended to be illustrative and are not intended to Emit the scope of the invention.
Exampic]

[0050] Inm this example, a white rust-corrosion inhibiting compound includes reaction
products of Jeffamine® D230 Polyetheramine (as described above) and glycidol. 11.8 grams of
the polyetheramine (i.e., polyoxypropylene diamine} was dissolved in 25 grams of water. 15.8
grams of glycidol was slowly added to the solution. The final weight was adjusted to 60 grams

and the solution was stirred for several hours at room femperature. Alternatively, the temperatore

10



Example IV [0053] Linear polarization electrochemical experiments

were performed in a 10 liter cell using galvanized metal surfaces of

hot-dipped galvanized ("HDG") rotating electrodes (pH- 1l controlled at
WEHHEST9FRE control and sample included a passivation steP@RES2O0 {opTH0

of a phosphonate, phosphate, and polymer-based multi-functional water

treatment program. The following synthetic water chemistry including
mgaleiurohid rigesa ibydf atef Um dresipre: sul fatetheptahydrate tansbSofigpylene

aibigasbonate hased on calsulaied.yalyes) eﬂ’é%z%&%g:%ﬂgéﬁ %ﬁoﬁé&p&%} of
as, CaCQ3); Mg2': 75 to 85 ppm (as CaCO3); M-Alkalinity: 85to ppm

gl’é&@%ﬁ‘@&‘? TEFPFO5 to 120 ppm (as CD; and (SO4)2-: 72 to 82 ppm (as
(S04)2). The control and sample also included a second step, where the

-

environment, as in Example Jt] above, Initial corrosion rate (from 0 to 24
hourdffdlowedityirado Aiget ohniigidrigbmiosioh ralte @02y bes)yibesized by
redBASUFRSI B IPRYehabigE! (9?&@&98&%%%&5&%1@%@@9%%9&' B4 moles, with
COITo ion rﬁ\tes. TatHe II_TreatrpentrO to 24 hour mdpy 24 to 72 hour mpy
4 1&00%5” Sng the preferred oplion) moles of 3-chloropropane diol in the presence of 1 10 4 moles
of sodium hydroxide at a temperatre between about 30°C and about 80°C for several hours
under constani stirring. This molar ratio will result in a mixture having substituted diamine

product with different degree of substitution ranging from one to four,
Example I

[0052]  Galvanized mild steel metal coupons were exposed in a 10 liter cell {at 40°C) to
the following synthetic water chemistry made using caleium chloride dihydrate, magnesium
sulfate heptahydrate, sodium bicarbonate, and sodium carbonate (based on calculated values):
Ca**: 400 to 440 ppm (as CaCOs); Mg™™: 200 fo 220 ppm (as CaCOs); M-Alkalinity: 300 to 340
ppm (as CaCOs); CI: 280 to 315 ppm (as CI); (S04 192 to 211 ppm (as {SO)*); and pH
confrolled using NaHCO3/NayCO; buffer at pH 89. Controls and Samples inclnded a
phosphonate-based scale inhibitor program. The Controls had no additional white rust corrosion
mhibitor.  Both Samples A and B included about 10 ppm hvdroxy-functionalized
polyalkexyamine as the white rust corrosion inhibitor. Corrosion rates were based on coupon

weight after 7 days of exposure and are expressed in mils per vear (“mpy™), as shown in Table L

Table I

Treatment | moy
Control —A | 11.7
Control-B | 84
Sampile - A |32
Sample—B | 4.3

Example TV

[0053] Linear polarization electochemical experiments were performed in a 10 liter
cell using galvanized metal surfaces of hot-dipped galvanized (“HDG™) rotating electrodes (pii-
il



No white rust inhibitor Post-treatment with 100 ppm treatment program as

above 3 to 8 3 to 4 Sample Post-treatmentin100ppm treatment program

as above combined with 10 ppm white rust inhibitor (described in Example
WP A2 1 10 2 [0054] It should be understood that FaTiBUS2007/687510

changes and modifications to the presently preferred embodiments

described herein will bc apparent to those skilled in the art. Such changes

coatrdiiwbdifighfions Tha dvetmiage withgluticképhetingfeamdabe spirkandoo ppm of a
pzﬁggmla&tw%&&i%@9&9&{1&%&%@m&%ﬂ&'ggay‘%@%e%@%’&@ta%%ﬁ 1t he
is therefore intended that such changes and modifications be covered by
fo{@ggﬁp%ﬁ%@cc%fﬁsghcmisﬂy including caleium chioride dibiydrate, magnesium sulfate
heptahydrate, and sodium bicarbonate (based on caloulated values) was used: Ca”™ 150 10 170
pem {as CaCy); Mg”": 75 to 85 ppm (as CaCOs); M-Alkalinity: 85 to 105 ppm (as CaC03); CI';
105 to 120 ppm (as CI'); and (S04 72 to 82 ppm {as (S0)"). The control and sarmpie also
mcluded a second siep, where the passivated electrodes were exposed o a more exireme
corrosive environment, as in Example Il above, Initial corrosion rate {from 0 o 24 hours)
foliowed by a longer duration corrosion rate (24 to 72 hours) were measured in mpy. Table IJ

describes the initial and longer duration corrosion rates.

Table I
Treatment G to 24 hour mpy | 24 to 72 hour mpy

Control 3te 8 3tod
No white rust inhibitor :

Post-treatment with 100 ppm
freatment prograin as above
Sample ~Ztc 4.5 ~1t02
Post-treatment in 100 ppm
treatment program as above
combined with 10 ppm white
rust inhibitor (described in
Example I}

[0054] It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the arf. 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 infended that such

changes and modifications be covered by the appended claims.

i2



CLAIMS The claimed invention is:  An amine-based white rust
corrosion-inhibiting composition of the formula: [R]2NRixN[R]2; wherein
each R group is H or -[CH2--C11(OH)-CH2(014)1; no more than one R
group is Il and either 3 or 4 of the R groups are -[CH2CH(OH)--
C1-12(011)]; K I is oxypropylene; and X is from Ito about 20. 2. The
amine-based white rust corrosion-inhibiting composition of claim 1,
wherein reacting E12N--[R I]-NI-12matinehloropropanediol, glycidol, or
epichlorohydrin forms said composition. 3. A method of inhibiting
corrosion on a galvanized metal surface, said method comprising: (a)
Thintledueing-anteffestive amount of the amine-based white rust
corrosion-inhibiting composition of claim 1 onto the galvanized metal
surface to form a barrier on said surface; and (b) after one or more time
1. fvtervais; st neijeovel kaying ehe babiiarcose repatiddocihthafeffelbtive N—
R1@‘?&{%}%&‘&%&?&@9&?&'%)9{9‘}9 thl_-g_aJP@%Zﬁ@WQBWSW%@&%}"!)]; no more
than one R group is H and either 3 or 4 of the R groups are —[CHy—CH{OH)-—-
CHy(OH)]; R1 is oxypropylene; and X is from | (o about 20.

2. The amine-based white rust corrosion-inhibiting composition of claim 1, wherein

2

reacting HoN—{R | |y+—NH; with chloropropanediol, glycidel, or epichlorchydrin forms

said composition.

3. A method of inhibiting corrosion on a galvanized metal surface, said method
comprising:

(a) introducing an effective amount of the amine-based white rust corrosion-
inhibiting composition of claim 1 onto the galvanized metal surface to form a
barrier on said surface; and

{b) after one or more time intervals, optionally overlaying the barrier by
reintroducing an effective amount of the composition onto the galvanized

metal surface.

4. The method of claim 3, wherein the galvanized metal surface is part of an industrial

walter system.
5. The method of claim 3, including preparing a solution of the corrosion-inhibiting
composition including from about 0.001 weight percent to about 100 weight percent of

the amine-based white rust corrosion-inhibiting compound.

6. The method of claim 3, including spraying, rolling, brushing, and/or swabbing an

effective amount of said composition directly onto the galvanized metal surface.

13



4. The method of claim 3, wherein the galvanized metal surface is part of
an industrial water system. 5. The method of claim 3, including preparing
a solution of the corrosion-inhibiting composition including from about
0.001 weight percent to about 100 weight percent of the amine-based
white rust corrosion-inhibiting compound. 6. The method of claim 3,
including spraying, rolling, brushing, and/or swabbing an effective amount

7. qﬁ@@i@ﬁ@m@pammqine&tlzﬁ9§mﬁpﬁ@§4yggi%§m@@m§w Ao ihtoTDoiution

method of claim 3, including dipping the galvanized metal surface into a
cogki{iianh B seAMe R EEHESRRISERIG composition. 8. The method of
claim 3, including mixing a foaming agent with the corrosion-inhibiting
ompositign 1o form_ a mixture and. spraying.an effective amount of the . ..
5. TR 3 ST o A GhASRE i ot the HATHBPOTGspe mhibiting
compthiod:ofcctaim 3 pinchudingdas plarialiyioé the tamineshasetkhehitedust onto the
orrosi n-inrgibitiﬂl?ect(())n{} [93%%%%8 and repeating step (b) after one or more

3?\” 1zed metal sur arrier, |. .
B4 0f the time intervals by introducing a different one of the amine-based

white rust corrosion-inhibiting compositions onto the galvanized surface.

0. 1l haneibod al Ribitng. satasiandn A0 Ak iak wales sYstemnalis fbn-
least partially full of water and has one or more galvanized metal surfaces,
inlsikidi e sthoRPeBINT sE g CPaY ) usting tHE sy ater ¢n thsdnd dutribmwvatervals by

inSYSEMLR hareaRH M ek O dQ 3Rt 8L BHRINCIHG AD

effective amount of the amine-based white rust corrosion-inhibiting
CORBPYBLISH Gr BR# ARG the Wikter of the industrial water system when

said system is either under load or not under load;
10. A method of inhibiting corrosion in an industrial water system that is at least partially
full of water and has one or more galvanized metal surfaces, said method comprising:

(a) adjusting the water in the industrial water system to have a pH from about 6.5
to about 8.2;

(b) introducing an effective amount of the amine-based white rust corrosion-
inhibiting composition of claim 1 into the water of the industrial water system
when said system is either under load or not under load;

(c) circufating the water of the industrial water system for a time interval to
contact the amine-based white rust corrosion-inhibiting compound with the
galvanized metal surface to form a barrier on the galvanized metal surface, if
the system was not under load;

(d) operating the system for the time interval to contact the white rust corrosion-
inhibiting compound with the galvanized metal surface to form the barrier on
the galvanized metal surface, if the system was under load;

(e} optionally overlaying the barrier by:

i) unloading 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
cotrosion-inhibiting composition into the water of said system, and

circulating the water of the system, or



(c) circulating the water of the industrial water system for a time interval to
contact the amine-based white rust corrosion-inhibiting compound with the
galvanized metal surface to form a barrier on the galvanized metal
surface, if the system was not under load; (d) operating the system for the
time interval to contact the white rust corrosion-inhibiting compound with
the galvanized metal surface to form the barrier on the galvanized metal

surface, if theleypiamias spsamaadode) @rirRally oveslaying dheRanteke

by: i) unloading the system, readjusting the pH of the water in the system
to be from abdut e 5o’ s 8% et BAtRG arf dredtivadisiba At st igrsive
corrosion-inhigiting cempostienintodhewaienofsaid Systemanter of said
circulating the; vg@tqr o_f(}he system, or ii) keeping the system under load,
readjusting the p??dfa{he water in the system to be from about 6.5 to about
2.2 dfidoreintrog doirigdanteffective amountobtieadoivosieminhibitinglitional
composition i . id. em; perating the indystrial
iR S SRR B AT
optickdlifrep éatingistaplte) after one or more of the additional time
intervals. 11. The method of claim 10 wherein the industrial waler system
is a cooling water circulation system. 12. The method of claim 10,
inclublingadjrhiRg the'pirk dPtid wale in it i Stk hatsrsstenplo e
fromvabauti &8 400ab94tcf8. 13. The method of claim 10, wherein the
corrosion-inhibiting composition includes one or more compounds
selected from the group consisting of: other corrosion inhibitors, scale
inhibitorshéluentsderitcitacers, mothwaierdtisaiment palymaeswater in the

industrial water system to be from about 6.8 to about 7.8.

13. The method of claim 10, wherein the corrosion-inhibiting composition
includes one or more compounds selected from the group consisting of: other
corrosion inhibitors, scale inhibitors, fluorescent tracers, and water treatment

polymers,

4. The method of claim 10, including adding one or more other corrosion or
scale inhibiting compositions that include one or more corrosion or scale
inhibiting compounds with or without one or more fluorescent tracer compounds

either simultaneousiy or sequentially with the corrosion-inhibiting composition.

15. The method of claim 10, wherein the corrosion-inhibiting composition
includes one or more other corrosion inhibitors selected from the group consisting
of: phosphates; phosphonates; phosphinates; silicates; molybdate; tungstate;
borate; zinc and its salts; vanadate; chromate; polycarboxylates; and combinations

thereof.

5



14. The method of claim 10, including adding one or more other corrosion
or scale inhibiting compositions that include one or more corrosion or
scale inhibiting compounds with or without one or more fluorescent tracer
compounds either simultaneously or sequentially with the
corrosion-inhibiting composition. 15. The method of claim 10, wherein the
corrosion-inhibiting composition includes one or more other corrosion

16NfiRItaEeSeIS IS Q) he . %&ﬂﬂgiéﬁwgr%&@mq%%mem polymers

_phosphonates; Phosphinates; silicates; molybdate; tungstate; borate; zinc
clEROSHE WSOV s AU afelUeRHeMmate P hifeattixprntes Haecs Hiatiohsaid
potberackicdbd The:metbadptslaimdOe inshiding, adding ops Snmere water
treatment polymers either. simultaneously or sequentially with the
OB B BHARHIB RN REP oo Lt Paljinar'SefsQii iSmAtie group
acoonsistinpgopt polpaciyliedaidp polymeleidfacid: topolymigtsandnd terpolymers
oriEIpamers, ol achylic.acid, malels ackdh aspiamide, and asnamidopropy
sulfonate; prism polymers; sufténate“hased poelyrrv1ers, and erpo?ymers or
copolymers of acrylic acid, acrylamide, and sunmethylated acrylamide.

R
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