1 13 Cctober 2003 HALOGEN RESI STANT COPPER CORROSI ON | NHI BI TORS 5 SUMVARY OF
THE | NVENTI ON The present inventor has discovered that there exists non-

hal ogenat ed, substituted aromatic materials that are effective corrosion

i nhibitors in agueous systens in the presence of hal ogen. 10 The hal ogen
resistant corrosion inhibitors of the present invention are at |east as
effective as tolyltriazole in the absence of hal ogen, E%éﬁﬁkbve in the
presence of hal ogen and do not materially affect the ha ogen nd of an
aqueous system being treated. 15 BACKGROUND OF THE | NVENTI ON The use of
triazoles for inhibiting the corrosion of copper and iron alloys in a w de
variety of aqueOUSHA ANir PEiancd %iéNaiNi-p i’fd)ﬁ% wat er.

syst ens, benzotriazo an tria e are nost ten. Tolyltriazole
is generally preferred because of its 20 | ower cost Triazoles are film

form ng gmat e“s%rﬁnri&ﬁ?cﬁ#ﬁ*i—i@'m%ﬁ*r%ﬁ”t coverage of netal or netal oxide
surfaces in —sysTem"t‘her‘eby—pr‘om—di—rrg protection agai nst corrosive elenents

present in an aque ion to ormng tendency of
various azol es, thgtf‘e %rleé ﬁ'Péﬁ%‘i“Sfﬁ é’tsﬁg’l"ﬁfﬂdet%agmf’é? %BBBer i ons. The
precipitation of 25 co per ions prevents the L1 anspor t of copper ions to
ferrous surfad@oge Sugsiituled arpemticinisrialsithalarecfiaséivei ons and iron

atons leads to pi jtti_ng_ corrosion of the ferrous netal. 2 13 Cctober 2003
Wi | e t he use cofrosionl ipbibitors incaquesiusrsystembint therpresendadefdpalegel. there are
drawbacks to their use, specifically with tolyltriazole. The
10 The halogen resistant corrosion inhibitors of the present invention are
at least as effective as tolyltriazole in the absence of halogen, are
effective in the presence of halogen and do not materially affect the

halogen demand of an aqueous system being treated.

15 BACKGROUND OF THE INVENTION

The use of triazoles for inhibiting the corrosion of copper and
iron alloys in a wide variety of aqueous systems is well known. In
industrial cooling water systems, benzotriazole and tolyltriazole are
used most often. Tolyltriazole is generally preferred because of its

20 lower cost. Triazoles are film forming materials that provide efficient
coverage of metal or metal oxide surfaces in a system thereby
providing protection against corrosive elements present in an aqueous
system. In addition to the film forming tendency of various azoles, they
also precipitate soluble, divalent copper ions. The precipitation of

25 copper ions prevents the transport of copper ions to ferrous surfaces,
where galvanic reactions between copper ioris and iron atoms leads to

_pitting corrosion of the ferrous metal.



nost i nportant drawbacks are experienced when azoles are used in conbination
w t h oxi di ng hal ogen biocides. Oxidizing hal ogens such 5 as el enent al

chl orine, brom ne, their hypohal ous acids, or their alkaline solutions (i.e.
sol utions of hypochlorite or hypobromte ions) are the nobst common materials
used to control mcrobiological growh icn cooling water systems. Wen copper
or iron alloys that have been previously protected W@Q&:&ﬁgb%g are exposed
to an oxidi zi ng hal ogen, 10 corrosion protection breaks éomm. ?ter

breakdown, it is difficult to formnew protective films in tolyltriazole

treated systens th re bein hal ogenat ed, parti.cul arly continuously

hal ogenat ed. Very ﬁf\/&ﬂeﬁb%gﬁ(aggaé‘?'e?g?ry"fquqsé‘}'&n@'%'@ B ¥GESRtea¢ applied in an
attenpt to ianove performance, often with limted success._ 15 The
degradati on oftngfeRiEcdrawbasks fo Hielr ysa, specificaliewith éluiiriazole. Tbri di zi ng
hal ogens is well docunented in the literature. For exanple, U S. Patent
Nunber 5, 772, Inostdmpoirient dravleackseaarefexhatiencdsbwhen aizales| are wseddnr r osi on

i nhibitors in agueous systens. The hal o- benzotriazoles disclosed in U S

Pat ent Nunber dombidafidi®withroxidieg hdiodenttsiodiges§ OxdiziMg Halbddie suchsence of
chlorine. U S. Patent Nunber 4, 642,221 discloses the use of aromatic

triazol es sucfhsaaeﬁfémgwdrrrie%%:ﬁir@gqé#ﬁﬁwwt?éaa&s, Ref Hedipkes 3 13

Oct ober 2003 such as al kyl -substituted tri es I n conbination wth an imno

compound to ¢ rosi i . ens.. U.S.. Pat ent, Nunmber

4, rlrg4, 991 di sc E)Jstg}sn Sgpéograpld@%% an%;bﬁﬂ%m$ﬁghyg&noﬁmgdpf‘g%@r_ectgﬁr osion of
ferrous netals conprisin tre.a%nt of 5 Equeou_s systens with an adm xture
of a benzotri 9%t ,orgmpaﬁwtlelnp &d toconfes Migrabiolpdieal sewtubol e or a

-substitute tolyltriazole with an acrylic or
cooling water systems. When copper or iron alloys that have been

previously protected with azoles are exposed to an oxidizing halogen,
10 corrosion protection breaks down. After breakdown, it is difficult to
form new protective films in tolyltriazole treated systems that are being
halogenated, particularly continuously halogenated. Very high
dosages of tolyltriazole are frequently applied in an attempt to improve
performance, often with limited success.
15 The degradation of protection of azole films in the presence of
6xidizing halogens is well documented in the literature. For example,
U.S. Patent Number 5,772,919 discloses the use of halo-
benzotriazoles as corrosion inhibitors in aqueous systems. The halo-
benzotriazoles disclosed in U.S. Patent Number 5,772,919 were found
20 to be effective in the presence of chlorine.
U.S. Patent Number 4,642,221 discloses the use of aromatic

triazoles such as benzene triazole and derivatives of benzotriazoles



met hacrylic acid ester polyner. U S Patent Nunber 4,184, 991 discl oses a
conposition and nethod of inhibiting corrosion of ferrous netals conprising
treatment of 10 aqueous systens with an adm xture of a benzotriazole, a ¢
tolyltriazole, a substituted benzotriazole or a substitute tolyltriazole with
~an acrylic or nethacrylic acid ester pojymer. U S. Patent Nunber 5,217,686
di scl oses a corrosion inhibitor which conprises an qh&&&g&gqiﬁ$riazole in
conbi nation with 15 mercaptobenzot hi azole, tolytriazole, "benZotri azole, a
substituted benzotriazole and/or 1-phenyl-5-nercaptotetrazole. U S. Patent

Nunber 5,141,675 ,di sc) oses, a. .cqrrosion.inhipitor ¢ rising a polyphosphate
in combi nati or®Y #° a&%ygﬁ@sg'f%tﬁaﬁﬂ%o'%'” G qnag?n AL IYBRzot ri azol e, ‘
mer capt obenzot hi azol e, tolyltriazole, 20 benzotriazole, a substituted

benzot ri azol e GHAPAYN t)eRIH{Q!.CorrosiaNIAAGYEBS SY8ems. BRI EF DESCRI PTI ON OF THE
DRAW NGS 4 13 Cctober 2003 Fig. 1 is a graph of corrosion rate (npy) vs. tine
(hours) for a treatrerRateohiuimbend, 181,991 disalpsks a démpositiorsaadgr aph of
corrosion rate (npy) vs. tine (hours) for a treatnment conprising

4, 7- di met hy| bematiod éZnhibitify ddrebsich bferrolikanétaly caRPRSIAG Aeat@bAt 6TPY) VS.
time (hours) for a treatnment conprising 5-benzyl benzotriazole. DESCRI PTI ON

OF THE %EFEW%SQI(&S@? with%h BESR&MNe Y 6EAAtrid i A4 ﬁ&glvr?a{z%ﬁe that there

exi sts non- al og _ _nitrogen containrng, aromati onpourids that are
effective COPRSIbstiRtItES %'eﬂ?ofri'a%@ <§r0ar gut];s(fﬁut%qgl?/ﬁ}fgzoﬁg %&it?\rgsn gce;llyﬂg otrr eat ed

methacrylic acid ester polymer.

U.S Patent Number 4,184, 991 discloses a composition and

method of inhibiting corrosion of ferrous metals comprising treatment of

10 aqueous systems with an admixture of a benzotriazole, a tolyltriazole, a
substituted benzotriazole or a substitute tolyltriazole with an acrylic or
methacrylic acid ester polymer.

U.S. Patent Number 5,217,686 discloses a corrosion inhibitor
which comprises an alkoxybenzotriazole in combination.with

15 mercaptobenzothiazole, tolytriazole, benzotriazole, a substituted
benzotriazole and/or 1-phenyl-5-mercaptotetrazole.

U.S. Patent Number 5,141,675 discloses a corrosion inhibitor
comprising a polyphosphate in combination with an azole such as an
alkyl or alkoxy benzotriazole, mercaptobenzothiazole, tolyltriazole,

20 benzotriazole, a substituted benzotriazole and/or 1-phenyl-5-

mercaptotetrazole.

BRIEF DESCRIPTION OF THE DRAWINGS




wi th hal ogen. The corrosion inhibiting materials of the present invention
are those nitrogen containing, aromati c conpounds which provide copper
corrosion inhibition in aqueous systens conparable to 15 tolyltriazole in the
absence of hal ogen; copper corrosion of less than 0.06 nm (2.5 mlls) per
year in.aqueous systens where halogen i present; and do not exhibit a
detrinental effect on, hal ogen demand in the system Rgicgoidregbgd. The
nitrogen containing, aromatic conpounds which were found to be effective
copper corrosion 20 inhibitors in the presence of hal ogen in an aqueous

system did not fallg; wthi iJ: | r . chem cal . cl ass.

Accordi ngly, those F'ﬂm ltiaérq'::l gr%{%ﬂ%r#ée? P%t%ﬁ@\p&f%gt}rﬁ%m%%s} fCHe"} ei nafter be
classified as, " ktlal ogen resi sta&i .%%‘ﬂger corrosion inhibitors" (HRCClI). 5 13
Qct ober 2003 HRZAUNEAEEQMPIIRIDG HORftri devel oped a uni que conbination of test
procedures, by which the artisan can readily discern which non- hal ogenat ed,
ni trogen cont ai ni nd;19a¢ ndoraphcehgstasien ete (MRELVS.dime theurs) farent i nvent or
has di scovered that HRCCI nmaterials, exenplified 5 by the non-hal ogenat ed,

ni t rogen cont dieatmegnt eomptising 4ydtdimetiytbendetriazoleed bel ow, provi de effecti ve,
hal ogen resistant corrosion inhibition in aqueous systembeing treated with

hal ogen.5 The preserRigi ieeagpaptescaHdsion aite gmbhRus RIRY (KbE) forlast i tution for
one or nore of the hydrogens of the benzene ring of an azole can 10 provide
for a film ngeRimest 88mbRSihRig- i j istant to oxidizing biocide
degradati on in aqueous s steﬁs.8%¢%W%$igﬂﬁhiqﬁaventor found that efficacy as
a hal ogen resistant copper corrosion inhibitor could not be predicted based
upon the type, or isoneric position of the substituted noiety. The present

Inventor foung, L hal, 0o Y P R bREFERRED EMBODIMENTS

The present inventor has discovered that there exists non-

10 halogenated, nitrogen containing, aromatic compounds that are
effective copper corrosion inhibitors for aqueous systems being treated
with halogen. The corrosion inhibiting materials of the present
invention are those nitrogen containing, aromatic compounds which
provide copper corrosion inhibition in aqueous systems comparable to

15 tolyltriazole in the absence of halogen; copper corrosion of less than
0.06 mm (2.5 mills) per year in.aqueous systems where halogen is
present; and do not exhibit a detrimental effect on.halogen demand in
the system being treated. The nitrogen containing, aromatic
compounds which were found to be effective copper corrosion

20 inhibitors in the presence of halogen in an aqueous system did not fall
within any readily discernable chemical class. Accordingly, those
materials which meet this criteria shall hereinafter be classified as

“halogen resistant copper corrosion inhibitors” (HRCCI).



15 nitrogen containing, aronmatics which net four easily tested criteria were
effective corrosion inhibitors in aqueous systens being treated wth

hal ogen. The four criteria are: (a) an 18 hour average corrosion rate for
copper of less than 0.0076 nm (0.3 mlls) per year in the absence of

hal ogen; (b) a 22 hour average corrosiog rate for copper of 20 |ess than 0.06

mm (2.5 mlls) per year in the presence of 5 parts p il hal ogen; and
(c) a free chlorine concentration of at |east 4.0 pﬁgmogpbfbb%urs when an

initial chlorine concentration of 5 parts per mllion is provided; and (d)
free chlorine concentrati of at |east 2.0 13 .Cct ober . 2003 parts per
mllion after 40 hgﬁﬁﬁ\?ﬁgﬁ 'ﬁ}‘.eﬁ?‘ﬂrb?%?eX%FPB?ﬁ?ﬁé"E%%EﬂWPm%H f 5 parts per
mllion is provided. on testij nghof a significant nunber of substituted

benzot ri azol e eH&HQ 85 LYaWAIchdhe iarisan eanraasily disgesn whichwaens di scover ed
that a surprisingly few would neet this four part "test" and provide for
corrosi on ef f halpggnatad aitsegen eantaiving, aromatic eompobads gen HIRECI'siqueous
systens. In treating an aqueous systemw th the HRCCI naterials of the

present i nvenfTherpres#itiGhverstophas diseblgretiadatidROCIungRinls, exbhplingder . A 10
preferred treatnent concentration ranges fromO0.2 to 10 parts per mllion.

Conti nugus feg thénaﬁthaldsqm@féd,,ni@o ESBORRMINY,-ardhitiER S tbriafet €r i al s can be
fed at a concegtrati on sufficient t% forma p ’otreﬂﬁlve #elnﬁrr%]aand t hereafter

f eed be dj i i . i 15 The HRCCI
rrgte er?glns gf F Ega@rééggﬁtg Wlf ﬁﬁ%\ﬁq‘% gﬁgﬁg/fp Eé’og%lrgé'ggwtlgﬁ”%ﬁﬂi ngti on with other
conventi onal \é\'ﬁ\t}@f treatnent materi.al, different corrosion

a

i nhi bi tors, i IE B PR Dy reated with Rdiogen!
The present inventor has discovered that providing substitution

for one or more of the hydrogens of the benzene ring of an azole can

10 provide for a filming corrosion inhibitor which is resistant to oxidizing
biocide degradation in aqueous systems. The present inventor found
that efficacy as a halogen resistant copper corrosion inhibitor could not
be predicted based upon the type, or isomeric position of the
substituted moiety. The present inventor found that non-halogenated,

15 nitrogen containing, aromatics which met four easily tested criteria
were effective corrosion inhibitors in aqueous systems being treated
with halogen. The four criteria are: (a) an 18 hour average corrosion
rate for copper of less than 0.0076 mm (0.3 mills) per year in the
absence of halogen; (b) a 22 hour average corrosion rate for copper of

20 less than 0.06 mm (2.5 mills) per year in the presence of 5 parts per
million halogen; and (c) a free chlorine concentration of at least 4.0
ppm at 19 hours when an initial chlorine concentration of 5 parts per

million is provided; and (d) free chlorine concentration of at least 2.0



i nhibitors, dispersants, pH adjusters and the |ike. The present invention

w Il now be further described with 20 reference to a nunber of specific
exanpl es which are to be regarded solely as illustration and not as
restricting the scope of the present invention. 7 13 Cctober 2003 Exanple |
Corrosion inhibition activity of non-hafogen substituted nitrogen

contai ning, aromatic conpounds were first eval uated ers@g bgrgﬁ%ker Corr osi on
Test Apparatus (BCTA). The BCTA consi sted of a beaker equi pped with an

air/ CO2 sparge, a copper electrochem cal probe, and a magnetic stirrer. The

test solution diters. ALr/ COP. spargi s _continuous during the
test. The ref gggggérBqlllggbragt%é4§dm&)q§1ghe8&nﬁpgﬁl ‘éﬁ%ﬂf‘?&ﬁ@c FAIHst ruct ed of
Hastel l oy C22,_ The beaker was immersed in a water bath for tenperature
control . El ecoP3eidgrdaliongs @spYided.on data were obt ai ned periodically on the
probe during the test wusing a polarization resistance technique. Al tests

were conducted at Upoo testingoi significagt aumber eopsubstitutedat e. For all BCTA
tests, a water consisting of 500 ppmCa (as CaC33), 250 ppm My (as CaCl®3),

354 ppm chl or beezotrazbl@dbemporazdle and batiAmideszolis fhteridls, iBiWwakem pH was
controlled at 7.2 with the targeted alkalinity being 15 ppmas CaCC3. In

addi tiop 10 t@a@cavéretl thand saitEindPiRewatR] eBRis IRlrDaretd&dah@" copper

corrosion inhibition, the followng aqueous systemtreatnents were al so

goed: 15 o eRKAGP ORI SR &y RMERET AR RSR SRR oL

salt). aqueous systems.

In treating an aqueous system with the HRCCI materials of the
present invention, HRCCI is preferably fed continuously to the water. A

10 preferred treatment concentration ranges from 0.2 to 10 parts per
million. Continuous feed is not, however, a requirement. The HRCCI
materials can be fed at a concentration sufficient to form a protective
film and thereafter feed can be discontinued for extended periods of
time.

15 The HRCCI materials of the present invention may be employed
in combination with other conventional water treatment materials,
including different corrosion inhibitors, as well as surfactants, scale
inhibitors, dispersants, pH adjusters and the like.

The present invention will now be further described with
20 reference to a number of specific examples which are to be regarded

solely as illustration and not as restricting the scope of the present

invention.



Copper probes were inmmersed in the test water containing various substituted
azole materials for 18 hours. As the corrosion rate 8 13 COctober 2003
stabilized, bleach solution (NaOCl, the source of chlorine) was shot-fed

into the test water. The test was continued for another 22 hours. Corrosion
rates of copper were neasured periodicalkly during the 40- hour test. The
changes in corrosion rates after bleach feed are an o3 (giepbeys for the
efficacy of the tested nmaterials under chlorination conditions. After
feeding the bleach solution (5 ppmas chlorine) at the 18th hour, free

chl orine conc?jggﬁgéqn in the systemwas analyzed at the 19th, 20th, 21St,

22nd, 23rd an ur using a DPD nethod. Table | summarizes the data. 10
The data from Tabl e | was ﬁ{{\ab:’,uat ed.under the four step criteria for HRCC
functionality of tAOTRSABIMNBIHIBACHEY ofeg-halogen substituteddiiiragens: step 1:

An 18 hour average corrosion rate for copper of less than 0.0076 nm (0.3
mlls) per ye&pniainingeargiiaiicceorapoundsoyere first eyaleated ushry adeakaver age
corrosion rate for copper of less than 0.6 nm (2.5 15 mlls) per year in the

presence of 5Quardstorp€estApparatush@CTEN. THE BLTA corfsisted ofiladiddakerconcentrati on
of at least 4.0 parts per mllion at 19 hours when an-initial hal ogen

concent at i on e@ﬁip’éeﬂﬁﬁﬁaﬁ?ir/@bk'éﬁé‘?gé,sa %@ér%‘i‘&tmcﬁ%gﬂ?ﬂy&ﬁ&%rﬂ” orine

concentration of ‘at least 2.0 parts per mllion at rs when an initial

hal ogen concegtathoft et PATd RsPSOLIDA Wl Ofiter® ARCOY) A8l raidgP! € 1!

summari zes the resu our-part eval uatron rials tested.

9 TABLE | was continuous during the test. The reference electrode and the

counter electrode were constructed of Hastelloy C22. The beaker was
immersed in a water bath for temperature control. Electrochemical
10 corrosion data were obtained periodically on the probe during the test
using a polarization resistance technique. All tests were conducted at
49° C (120°F), using a 400 rpm stir rate.
For all BCTA tests, a water consisting of 500 ppm Ca (as
CaCO03), 250 ppm Mg (as CaCO3), 354 ppm chloride, and 240 ppm
15 sulfate was used. The system pH was controlled at 7.2 with the
targeted alkalinity being 15 ppm as CaCOs. In addition to the azole
and substituted azole materials tested for copper corrosion inhibition,
the following aqueous system treatments were also used; 15 ppm
ortho-POy) (as PO.); 3 ppm P20z (as PO4) and 10 ppm of HPS-I (a
20 copolymer of acrylic acid and allylnydroxypropylsulfonate ether sodium
salt).
Copper probes were immersed in the test water containing

various substituted azole materials for 18 hours. As the corrosion rate



13 Cctober 2003 INHI BITORAvg. C R Avg. C R Free Cl2Free Cl2Free Cl2Free C12
Free Cl12 Free C12 mm ynm y23" 0-18 hrs18-40 hrs19th hr20 h hr21st hr22 23 40
hrhrhr Bl ank .0084 .098 4.81 4.76 4.63 4.49 4.30 1.90 Benzotriazol e .0005

.066 4.84 4.78 4.70 4.61 4.45 2.85 Tolyltriazole .0004 .07 4.72 4.60 4.51
4.44 4.28 2.74 2-(5-Am no-pentyl)- benzgfriazole .001 .081 2.07 1.90 1.65
1.37 1.18 0.07 2- Ami no-5-chl oro-benzoxazol e . 0007 . 0QQ&J~fh g313 0.13 0.13
0.13 0.04 2-Butyl-5, 6-dichloro-benzim dazole .0012 .? é f§%8 4.20 4.08 3.93
3.88 2.18 2-Methyl -5, 6-(nethyl enedi oxy)- .0027 .0116 0.60 0.33 0.15 0.13
0.13 0.03 benzj . lLe 4.5 Z-Tetr t.hyl - benzot riazol.e . 00025 . 027 3. 35
2.55 1.65 0. 6@%&@%@.@%&% %‘gﬁ'%ﬁﬁ?@%éﬁ%ﬂ‘fc&z | 1o vas %@2*2{%5 4.10 3.90
3.68 3.50 1.1Q 4-gulfonic acgg-benzotriazole .0041 .123 4.90 4.75 4.65 4.40
4.23 2.29 5, 6-'Horing-teehvaleri dpgtest wapsentinged far gaother @2 hoyes.3. 90 3. 80 1. 50

5,6-Di chl oro-2-nethyl - .00096 .151 4.23 4.20 4.00 3.78 3.65 1.88
benzi m dazol e Goreegipr iates ®f £oppenivats measurediqostipdically durbg the 2H-4. 05 3. 98
3.80 1.93 benzotriazol e 5,6-Di chl oro-benzi m dazol e . 00051 . 205 4.65 4.58 4.45
4.32 4.23 2. 1%hourtest. The changes in corrosion rates after bleach feed are an
5 indicator for the efficacy of the tested materials under chlorination
conditions. After feeding the bleach solution (5 ppm as chlorine) at the
18" hour, free chlorine concentration in the system was analyzed at the
19", 20", 21%, 22", 23" and 40™ hour using a DPD method. Table |
summarizes the data.
10 The data from Table | was evaluated under the four step criteria
for HRCCI functionality of the present invention. The four step criteria
is: Step 1: An 18 hour average corrosion rate for copper of less than
0.0076 mm (0.3 mills) per year in the absence of halogen. Step 2: A
22 hour average corrosion rate for copper of less than 0.6 mm (2.5
15 mills) per year in the presence of 5 parts per million halogen. Step 3:
Free chlorine concentration of at least 4.0 parts per million at 19 hours
when an initial halogen concentration of 5 parts per million is provided.
Step 4: Free chlorine concentration of at least 2.0 parts per million at
40 hours when an initial halogen concentration of 5 parts per million is
20 provided.

Table || summarizes the results of the four-part evaluation for

the materials tested.



5, 6-Di net hyl - benzotri azol e . 00053 .0123 4.55 4.
5, 6- D phenyl - benzotriazole .00046 .0004 4.58 4.
5- Benzoyl - benzotri azol e . 00051 . 001 4. 58 4.58 4
5- Benzyl - benzotriazol e . 0002 .00013 § 4.60 4.
5- Car boxylic aci d-6-net hoxy- .041 .0434 4.25 3.9

benzotri azol e 5- Carboxylic aci d-benzotriazol e

4.17 1.43 5-Nitro-benzotri azol e

5
5
.5
4

odidethedy

. 00046 . 0997 4.80 4.73 4.40 4.28 4.02 1.68

g1 W O Ul
-h-b-b-h

.3
4
4
4

O 00w

3
.4
4
.3

3
0
8
5

4. 88

835288029

4.67 4.43 4.38

5- Phenyl - benzotri azol e . 00038 . 0004854833 4.30 4.20 4.20 4.20 3.35
5- Phenyl t hi ol - benzotri azol e . 00061 .1004 3.73 3.50 3.33. 3.20 3.15 1.63
5-Sul fonic aci d-benzotriazole .004 .123 4.70 4.53 4.38 4.23 4.10 2.13 10
TABLE Il 13 Cctober 2003 INHI BITORCriteria 1Criteria 2Criteria 3Criteria
4Hal ogen AvQ.NFEBMRRAVQ.  TARCRI eevdiRFT e CCLAReSE Er&@mlz P GeFRECizFrebicilly @ 40t h
hr Corrosi on 0-18 hrs18- 40, 7ks >4 ™2 S nbidbi { 062 <. 008G M3, 065, y| Bl ank
fail fdidkpass Tall Tall Benzotpazol esipassi7d ai I 49ass spass #&i I fed yIfriazole
pass f ldenmmages pass fail os (5- A no- peat yl ) Passof ai lyef ai |l 4hail fail
benzot rii 1@%0 e 2- Am no-5- m or o- {;enzoxgzﬁol e pass pass fa| | fail fa| I
2- But yI 82 di chl oro- pass fail pass‘Pass fail benzinidazol® 2- K&t hy| -5,
6- (et hyferedigyyregass ‘PYass 8 | fabl fail® 1.65 137 118 007 :
2-Amina-5-chloro-benzoxazole .0007 .00061 0.35 0.13 0.13 0.13 0.13 0.04
2-Butyl-5, 6-dichloro-benzimidazole 0012 .1138 4.40 4.20 4.08 3.93 3.88 2.18
2-Methyl-5, 6{methylenedioxy)- .0027 0116 0.60 0.33 0.15 0.13 0.13 0.03
benzimidazole
4,5,6,7-Tetramethyl-benzotriazole .00025 027 3.35 2.55 1.65 0.68 0.45 0.03
4,7-Dimethyl-benzotriazole .00017 .08 4.35 4.10 3.90 3.68 3.50 1.10
4-Sulfonic acid-benzotriazole .0041 123 4.90 4.75 4.65 4.40 4,23 2.29
5,6-Benzo-benzotriazole .00056 .064 4,55 4,18 4.08 3.90 3.80 1.60
5,6-Dichloro-2-methyl- .00096 151 4,23 4.20 4.00 3.78 3.65 1.88
benzimidazole
5,6-Dichloro-4, 7-dimethyl- .00074 119 4.50 4.25 4.05 3.98 3.80 1.93
benzotriazole
5,68-Dichloro-benzimidazole .00051 205 4.65 4,58 4.45 4.32 4.23 213
5,6-Dimethyl- benzotriazole .00053 .0123 4.55 4,55 4.38 4.33 4,25 3.15
5,8-Diphenyl- benzotriazole .00046 .0004 4,58 4.50 443 4.40 4.30 3.73
5-Benzoyl-benzotriazole .00051 .001 4.58 4.58 4.53 4.48 4.48 3.70
I 5-Benzyl-benzotriazole .0002 .00013 4.75 4.60 445 4.40 4.35 3.65
5-Carboxylic acid-6-methoxy- .041 0434 4.25 3.95 3.48 3.25 2.88 0.29
benzotriazole
5-Carboxylic acid-benzotriazole 0116 .0287 4.88 4.67 4.43 4.38 4.17 1.43
5-Nitro-benzotriazole .00046 .0997 4.80 473 4.40 4.28 4.02 1.68
5-Phenyl-benzotriazole .00038 .00018 4.33 4.30 4,20 4.20 4.20 3.35
5-Phenylthiol-benzotriazole .00061 1004 3.73 3.50 3.33, 3.20 3.15 1.63
5-Sulfanic acid-benzotriazole .004 123 470 4.53 4.38 4.23 4.10 213




--benzi m dazol e 4,5,6, 7-Tetranet hyl - pass pass fail fail fail benzotriazole
4, 7-Di met hyl - benzotri azol e pass fail pass fail fail 4-Sulfonic

aci d- benzotri azol e pass fail pass pass fail 5,6-Benzo-benzotriazol e pass fai
pass fail fail 5,6-Dichloro-2-nethyl- pass fail pass fail fail benzim dazole
5,6-Dichloro-4, 7-dinethyl- pass fapl pass fail fail benzotriazole
5,6-Dichloro- benzim dazole pass fail pass pasq3E@bba§m@3EXnEthyl-

benzotri azol e pass pass pass pass pass 5, 6-Di phenyl - benzotri azol e pass pass
pass pass pass 5-Benzoyl - benzotriazol e pass pass pass pass pass

5- Benzyl - benzotri azol e pass passTpgse [[pass pass 5- Carboxylic acid-6-mnmet hoxy-
fail pass pass fail fail benzotriazole 5-Carboxylic acid-benzotriazole fai
pass pass fail fail 5-Nitro-benzotriazole pass fail pass fail fai

5- Phenyl - benzotri azol e pass pass pass pass pass 5-Pheny|thioI-benzotriazoIe
pass fai[[NfEgOR fail fail] 5-@fafioni[c aGie@d2benz ot ¢ricazol e a&m4ra|nmmass pass
fail 11 13 Cctober 2003 |Exdifhf,d 2 [Sel&%:fRd mat efials froﬁﬁfﬁb BETAM lest i ng

above were also tested USL&%ma Benchwmw Reci redat i n uw The BTU
is desijgred—torreasure—the—abity—-of omes ¢ elat-rert—t-o event ﬁnrrnclon and
Blank fail fail pass fail fail
Benzotriazole pass fail pass pass fail
Tolyltriazole pass fail pass pass fail
2-(5-Amino-pentyl)- pass fail fail fail fail
benzotriazole
2-Amino-5-chloro-benzoxazole pass pass fail fail fail
2-Butyl-5, 6-dichloro- pass fail pass pass fail
benzimidazole
2-Methyl-5, 6-(methylenedioxy)-  pass pass fail fail fail
benzimidazole
4,5,6,7-Tetramethyl- pass pass fail fail fail
benzotriazole
4,7-Dimethyl-benzotriazole pass fail pass fail fail
4-Sulfonic acid-benzotriazole pass fail pass pass fail
5,6-Benzo-benzotriazole pass fail pass fail fail
5,6-Dichloro-2-methyl- pass fail pass fail fail
benzimidazole
5,6-Dichloro-4, 7-dimethyi- pass fail pass fail fail
benzotriazole
5,6-Dichloro- benzimidazole pass fail pass pass fail
5,6-Dimethyl- benzotriazole pass pass pass pass pass
5,6-Diphenyl- benzotriazole pass pass pass pass pass
5-Benzoyl- benzotriazole pass pass pass pass pass
5-Benzyl-benzotriazole pass pass pass pass pass
5-Carboxylic acid-6-methoxy- fail pass pass . fail fail
benzotriazole
5-Carboxylic acid-benzotriazole  fait pass pass fail fail
5-Nitro-benzotriazole pass fail pass fail fail
5-Phenyl-benzotriazole pass pass pass pass pass
5-Phenylthiol-benzotriazole pass fail fail fail fail

5-Sulfonic acid-benzotriazole pass fail pass pass fail




5 scale formation. The treated water is circulated through a by-pass rack,
into which corrosion coupons and probes are inserted and passes through a
heat exchange tube contained in a Plexiglass(r) (a trademark of Rohm & Haas)
bl ock. The heat exchanger is fitted with an electrical heater so that the
heat | oad on the exchanger tube can be yaried and 10 controlled in the O to
2984 Cal .gm/cn2/hr. (0 to 11,000 BTU/ ft. 2/ hr.) ranqg{mig?yg%bgcity of water
passi ng through the unit can be controlled in the range o to 140.2 cnisec
(4.6 ft./sec.) corrosion rates were obtained using |inear polarization

resi stance nEﬁﬁ%iﬁEEﬁ%' Stainl ess steel probes were used as counter

el ectrode and e electrode. 15 The test water consisted of 500 ppm Ca

as (CaCl3), 250 pp as Cal , 354 m chl oride, and 240 ppm sul fate.
The pH was cont rolr%‘%lgg'&gj ma;er%,?gggmtg@ '%STAG@%"E‘SJ&QQ}’? WereralsPe targeted M
al kalinity being about 25 ppmas CaCO3. In addition to the materials being

tested for copgstedcusing i BendhnhepRectaulating Unil(BdW)nd herBBUrient s were 20 al so
used: 15 ppmortho-P04 (as P04), 3 ppm P207 (as P04) and 10 ppmHPS-1 (a

copol yner of adegigned cindasmd taklability of axyeatopyt to srevéanasrosiémand sodi um
salt). The tested metal lurgy included a copper probe, 3 copper coupons, a

| ow carbon st eglaldfdtRfitiod. T @@ét@@%ﬁé@@lci@ew&rog%ragqylléaﬁ Cct ober 2003

copper heat exchange tube. The water flowrate was c t 121 cnisec

(4 ft./sec.), i le the. e Atz ine 49C (120F).
Met al sanpl es r%'r(’e'ﬁtec%(\b@sc@ég d&?\%ﬁé%ﬁl r cuérgci #@g)e\é‘\%%%e%%faﬁ}ad%%sqos hour s
before contin ati,on s, st ar{ﬂed. Fr esl chl or ié?a trgggr%%rr]ﬁrati on in

hl ori
the sunp was Fc?sjr’t %grgla gx1angs ke cppiaingd iR Plexiglass

of Rohm & Haas) block. The heat exchanger is fitted with an electrical
heater so that the heat load on the exchanger tube can be varied and

10 controlled in the 0 to 2984 Cal.gm./cm?/hr. (0 to 11,000 BTU/ft.%/hr.)
range. The velocity of water passing through the unit can be controlled
in the range of 0 to 140.2 cm/sec (4.6 ft./sec.) corrosion rates were
obtained using linear polarization resistance measurement. Stainless
steel probes were used as counter electrode and reference electrode.

15 The test water consisted of 500 ppm Ca as (CaCO3), 250 ppm
Mg (as CaCO3), 354 ppm chloride, and 240 ppm sulfate. The pH was
controlled at 7.2 by adding sulfuric acid, with the targeted M alkalinity
being about 25 ppm as CaCOs. In addition to the materials being
tested for copper corrosion inhibition, the following treatments were

20 also used: 15 ppm ortho-PO, (as PO4), 3 ppm P07 (as PO,) and 10
ppm HPS-I (a copolymer of acrylic acid and alkylhydroxypropyl
sulfonate ether sodium salt).

The tested metallurgy included a copper probe, 3 copper

coupons, a low carbon steel probe, 3 low carbon steel coupons, and a



Oxi dati on Reduction Potential (ORP) control. Materials tested in a BTU were
tolyltriazole, 4,7- dinmethyl benzotriazole and 5-benzyl benzotriazol e. During
the test 3 10 ppmof the treatnent material was fed continuously. The testing
metal sanples were passivated wi thout chlorination for 24 hours. Continuous
chlorination was then started by continfpously feeding bl each sol utions.
Results for copper and | ow carbon steel are shown inRsfp@se20dz 2 and 3. 15
Figure 1 shows | ow carbon steel and copper corrosion rates for a treatnent
conprising 3 ppn1to|y|triazo|e Low corrosion rates for both material s were

observed in-the first S rosion

i ncrease dr anfétd c?élhleﬁt %%ma%tq] téi'rl ng‘?\ Wg%tgéwr}gteﬁhgggoﬂgg@ ??
tolyltriazol e copper cy .decreases in 20 th sence of

chl ori ne. Thecméoiﬁ dérfbféﬁ’c t\é’gﬂeﬁlﬁb‘é@ %{e?werﬁﬁ‘é‘?%@ag&ﬂﬁ?‘s agant ly after
t he copper corrosion rate increased. This indicates that copper corrosion
strongly eff e49°€ (1&R°Ehr bon steel corrosion inhibition. 13 13 COctober 2003
Figure 2 shows | ow carbon steel and copper corrosion rates for a treatnent

conpri sing 3 ppm 4Métalisaeiplys vene ekposedolirder Taeircusting sonditien &irdd4 ar to t he
Figure 1 results for tolyltriazole. Figure 3 shows |ow carbon steel and

copper £0rr ospQlitsiig® dfttinudus chiofinbiiGiivasdt@téd®i Peeedcigndy | benzotri azol e at
3 ppm The corrosion rates show a dramatic | ack of change after

chi ori nat i on. e MenfBRUh i? 14 SURb VR mbhi&hBY 5f 04-02188ABuSiGW that t he

characteristi cs of corrosion in tion a ect deter ed i n"t he Beaker
Corrosion Tes S|d6é\t|on easuc§ rHot t?aﬁ'(blh-{ %O(r)‘pr%‘erved in a sinulated,

Materials tested in a BTU were tolyltriazole, 4,7-
dimethylbenzotriazole and 5-benzylbenzotriazole. During the test 3

10 ppm of the treatment material was fed continuously. The testing metal
samples were passivated without chlorination for 24 hours. Continuous
chlorination was then started by continuously feeding bleach solutions.
Results for copper and low carbon steel are shown in Figures 1, 2 and
3.

15 Figure 1 .shows low carbon steel and copper corrosion rates for
a treatment comprising 3 ppm tolyltriazole. Low corrosion rates for
both materials were observed in the first 24 hours without chlorine
feed. Copper corrosion increase dramatically when chlorination begah.
This indicates that tolyltriazole copper corrosion efficacy decreases in

20 the presence of chlorine. The low carbon steel corrosion rate
increased significantly after the copper corrosion rate increased. This
indicates that copper corrosion strongly effects low carbon steel

corrosion inhibition.



10 flow ng water, heat transfer system Wile this invention has been
described with respect to particular enbodi nents thereof, it is apparent

t hat nunmerous other forns and nodifications of this invention will be
obvious to those skilled in the art. The appended clains and this invention
generally should be 15 construed to co¥er all such obvious forms and

modi fications which are within the scope of the prdd&toneigedéi on. 5 10 15
14 13 COctober 2003 CLAIMS 1 A nethod of inhibiting corrosion of copper
surfaces contacted by an aqueous system being treated with an oxidi zing

hal ogen, conpri si rgigadd? showe icwicdrizorusteakand gepmen corosiorosatesfornhi bi t or
conpri sing a non- hal ogenated, substituted benzotriazoles selected fromthe

group consi sty ff8a@hentooPnHgigy B)ﬂpnbarvz@wetnﬂaéﬁzotﬁaﬁoledlméer@)éhh@nzot ri azol e;

5-benzoyl - benzotri azol e; 5-benzyl - benzotriazol e and 5-phenyl - benzotri azol e

whi ch: a) extg?stl ﬁ‘£‘rﬂ)%@%t(%"ﬂ&%ﬁ??&'F}Bﬁt'itnﬁgéléos'0” rate of |ess than

0.0076 mllinmeters per year in’sard aqueous systemin the absence
O A2 0 el e R R K EBTE oo MR G T2 X D1
5 a treatment comprising 5-benzylbenzotriazole at 3 ppm. The corrosion
rates show a dramatic lack of change after chlorination.
The results summarized in Figure 1, 2 and 3 show that the
characteristics of corrosion inhibition affect determined in the Beaker
Corrosion Tests are consistent with those observed in a simulated,
10 flowing water, heat transfer system.
While this invention has been described with respect to
particular embodiments thereof, it is apparent that numerous other
forms and modifications of this invention will be obvious to those skilled
in the art. The appended claims and this invention generally should be

15 construed to cover all such obvious forms and modifications which are

within the scope of the present invention.



| ess than 0.06 mllineters per year (2.5 npy) in said agqueous system after
treatnent of said aqueous systemw th 5 ppm of oxidizing hal ogen biocide;
and c) exhibit a free chlorine concentration, in said aqueous system of at
| east 4.0 ppmat 19 hours 5 10 15 20 15, 13 COct ober 2003 after said aqueous
systemis treated with 5 ppm chlori ne; and d) exhibit a free chlorine
concentration, in said aqueous system of at |east B 0ciopai 280240 hours
after said aqueous systemis treated with 5 ppm chlorine. 2. Corrosion
inhibitors for nmetal surfaces contacted by an aqueous system being treated
wi th a hal ogen, conprising non-hal ogenated, nitrogen containing, aromatic
conpounds which : a) exhibit an 18 hour coverage corrosion rate for copper
of less than @h@AIMS®. 3 npy in said aqueous systemin the absence of hal ogen;
and b) exhibit a 22 hour average corrosion rate for copper of |less than

about 2.5 npy in sgid aguRRHRDASHShERINY ddtfosidPat (Bifler Wikcadout 5 ppm of
hal ogen; and
contacted by an aqueous system being treated with an
5 oxidizing halogen, comprising adding to said aqueous
system a corrosion inhibitor comprising a non-
halogenated, substituted benzotriazoles selected from the
group consisting of: 5,6-dimethyl-benzotriazole; 5,6-

diphenylbenzotriazole; 5-benzoyl-benzotriazole; 5-benzyl-

10 benzotriazole and 5-phenyl-benzotriazole which:

a) exhibit an 18 hour average copper corrosion rate
of less than 0.0076 millimeters per year (0.3 mpy)
in said aqueous system in the absence of oxidizing

15 halogen biocide treatment of said aqueous system;
and
b) exhibit a 22 hour average copper corrosion rate of
less than 0.06 millimeters per year (2.5 mpy) in
said aqueous system after treatment of said
20 aqueous system with 5 ppm of oxidizing halogen
biocide; and
c) exhibit a free chlorine concentration, in said

aqueous system, of at least 4.0 ppm at 19 hours



c) exhibit a free chlorine concentration, in said aqueous system of at

| east about 4.0 ppmof 19 hours after said aqueous systemis treated with
about 5 ppmchlorine; and d) exhibit a free chlorine concentration, in said
aqueous system of at |east about 2.0 ppmat 40 hours after said aqueous
systemis treated with about 5 ppn1chﬂgrine. 16 13 October 2003 5 10 15 3.
Corrosion inhibitors for nmetal surfaces contacted byl3dpctobe[dd0ds syst em bei ng
treated with a hal ogen, conprising non-hal ogenated, substituted
benzotriazol es which: a) exhibit an 18 hour coverage corrosion rate for

copper of less than about 0. 3ftensaid Bgaedbus sypiedUs treaysd ®ithiSppe absence of
hal ogen; and b) exhibit a 22 hour average corrosion rate for copper of |ess

than about 2.5 npy in said agygaNs sxstem after treatnment with about 5 ppm
of hal ogen; and c) exhibit a free chlorine concentration, in said aqueous

system of at |east abOHin f:lh xfﬂBi‘?‘a?Fe{fﬁ%ulg{fr?%éﬁg%ér{t?dgioﬁaindsﬁﬁueous systemis

treated with about 5 pp orine; tee chl orine

concentration, in said aquegg&ec)s ssstyest m’oéf aattlezlslseiaf.b p%tr)nogh&hgupspm at 40

5 after said aqueous system is treated with 5 ppm
chlorine.

2. Corrosion inhibitors for metal surfaces contacted by an
aqueous system being treated with a halogen, comprising
non-halogenated, nitrogen containing, aromatic

10 compounds which :

a) exhibit an 18 hour coverage corrosion rate for
copper of less than about 0.3 mpy in said aqueous
system in the absence of halogen; and

b) exhibit a 22 hour average corrosion rate for copper

15 of less than about 2.5 mpy in said aqueous system
after treatment with about 5 ppm of halogen; and

c) exhibit a free chlorine concen'gration, in said
aqueous system, of at least about 4.0 ppm of 19
hours after said aqueous system is treated with

20 about 5 ppm chlorine; and

d) exhibit a free chlorine concentration, in said
aqueous system, of at least about 2.0 ppm at 40
hours after said aqueous system is treated with

about 5 ppm chlorine.



hours after said aqueous systemis treated with about 5 ppm chlorine. 20 17
13 Cctober 2003 ABSTRACT OF THE I NVENTION A nethod of inhibiting corrosion of
copper surfaces contracted by an aqueous systembeing treated with an
oxi di zi ng hal ogen by 5 adding a non-hal ogen substituted, nitrogen containing,
aromati c conpound conprising a non-hallégenat ed, substituted benzotriazol es
such as 5, 6-di net hyl -benzotriazol e; 5, 6-di phenyl benzta Octaged 20035- .
benzoyl - benzotri azol e; 5-benzyl -benzotriazol e and 5-phenyl - benzotriazole is
di scl osed. The materials of the present invention 10 exhi bit copper corrosion

i nhi bition conparaBl e tGotekiontinhidetsSor ﬁwétél%ur%*ééQ%ﬁté?ﬁed‘P}/%)ﬂe copper

corrosion rates of |ess than about 0.06 ml Iqurreter ! ge[ yeartiln
aqueous systens where h terR Q Q a.detrinenta
ef fect on hal ogen deman ry%a%ueou fsrig/%l%em gﬁe)la%g ?Qf%gtg p”fgl

non-halogenated, substituted benzotriazoles which:
a) exhibit an 18 hour coverage corrosion rate for
5 copper of less than about 0.3 mpy in said aqueous
system in the absence of halogen; and
b) exhibit a 22 hour average corrosion rate for copper
of less than about 2.5 mpy in said aqueous system
after treatment with about 5 ppm of halogen; and
10 c) exhibit a free chlorine concentration, in said
aqueous system, of at least about 4.0 ppm at 19
hours after said aqueous system is treated with
about 5 ppm chlorine; and
d) exhibit a free chlorine concentration, in said
15 aqueous system, of at least about 2.0 ppm at 40
hours after said aqueous system is treated with

about 5 ppm chlorine.

20





