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
inhibitors in aqueous 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 PE'R’CG %iéNaihi-p t’tbﬁ% 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 dT'ate”S?lmMKﬁY(BFQ*{-I@fNVENT%ﬁ”t coverage of netal or netal oxide
surfaces in —systerrrt‘her‘eby—pr‘om—dt—rrg protection agai nst corrosive elenents

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

atons leads to pitting corrosion of the ferrous netal. 2 13 Cctober 2003
corrosion inhibitors in aqueous systems in the presence of halogen.

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.



Wil e the use of azoles for corrosion inhibition is wdespread, there are
drawbacks to their use, specifically with tolyltriazole. The nost inportant
drawbacks are experienced when azoles are used in conbination with oxiding
hal ogen bi oci des. Oxi di zi ng hal ogens such 5 as el emental chlorine, brom ne,
their hypohal ous acids, or their alkaline solutions (i.e. solutions of

hypochl orite or hypobromte ions) are the nost comrqr\a)é@(r_)%izﬁ& used to
control mcrobiological growh in cooling water systens. en copper or iron -

al l oys that have been previously protected with azoles are exposed to an
oxi di zi ng hal ogen, CQrrosio rotection breaks .down. After breakdown, it
is difficult to fo\&ﬁf"ﬁ H?%pﬁé??'@g??ﬁq%gowp F@nﬁv 1o 1S pgp{qag;t ed systens
that are bei ng[ hal ogenat ed, particularly continuousl l¥ hal ogenat ed. Very hi gh
dosages of t olt)eta R Hewbacks f9 thawsse, ppagificalbawith telitriazcleriheo i nprove
performance, often with Iimted success. 15 The degradati on of protection of
azol e fil ns i rMmeostgmmostanh deavdiacksydrdiexpadencadwbas azslesare uwdedunment ed in t he
literature. For exanple, U S. Patent Nunber 5,772,919 discloses the use of

hal o- benzot r icongbinatiors withroxiding halogentbibeldes. Oxafitiag¥alcoaHsesten The hal o-
benzotri azol es disclosed in U S. Patent Nunber 5,772,919 were found 20 to be

effective in tdﬁee@m%lﬁﬁé?%&hwéggh%e@p%ﬁgaé\ﬂH atn ir%ﬁ(zaliaal di scl oses

the use of aromatic triazoles suc ene triazol'e erivatives of
Dot el oA R B L ) e
most common materials used to control microbiological growth in
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



U. S. Patent Nunber 4,184,991 discloses a conposition and nethod of
inhibiting corrosion of ferrous netals conprising treatnent of 5 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 polymer. U S Patent Nunber 4,484, 991 discloses a conposition and
met hod of inhibiting corrosion of ferrous netals comréé%tgﬁertgo%gt ment of 10
aqueous systens with an adm xture of a benzotriazole, a tolyltrirazole, a
substituted benzotriazole or a substitute tolyltriazole with an acrylic or

met hacrylic. acid este ol r. U.S. Patent Nunmher 5,6217,686 discloses a
corrosion i nhi LS a%ﬁpﬁwﬁ%pﬁ%@lﬁﬁ'%?%EV%BWQWW [y N8O n combi nati on
wi th 15 mercapt obenzot hi azol e, tolytriazole, benzotriazole, a substituted
benzotri azol e GHAPAYNA i eRIM0l Coresiandptasiuepka systemsy. S, Pat ent Nunber
5,141, 675 discloses a. corrosion inhibitor conprising a polyphosphate in

conbi nation with anUddatesuNhmber 41 8459%l disolosas lacoompesitiant ahdzol e,
mer capt obenzot hi azol e, tolyltriazole, 20 benzotriazole, a substituted

benzotri azol e mathod oflinRibétitg cdrrosith 6RfehRUSIreaR omBfliRG tldalrBhFd! ON OF THE
DRAW NGS 4 13 Cctober 2003 Fig.. 1 is a graph of corrosion rate (npy) vs. tine

Corrost on 1 at CIREy Tere e R LAy ot BeRidiaZdd; a SF Rl ¥
4,7-dimethyl b e&fb%&iﬂjtg& %leﬁzmriazole or a substitute tolyltriazole with an acrylic or
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




5 Fig. 3 is a graph of corrosion rate (npy) vs. tinme (hours) for a treatnent
conpri sing 5-benzyl benzotri azol e. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The present inventor has discovered that there exists non- 10 hal ogenat ed,
nitrogen containing, aromatic conpounds that are effective copper corrosion
inhibitors for aqueous systens being trelated w th hal ogen. The corrosion
inhibiting materials of the present invention are tRggtdlid-ogen contai ning,
aromati ¢ conmpounds which provide copper corrosion inhibition In agueous
systens conparable to 15 tolyltriazole in the absence of hal ogen; copper

corrosion of |ess thany ] i n. agquepus systens where
hal ogen is pr esent%'&'akﬁso%gﬁ?p(ﬂ%é%{?%%a gﬁééﬁﬁ&?réﬁtat e@‘?‘@éﬁo&ﬁ hal ogen
demand in thg s%é\tee{n bei ng. tre@} ed. The nitrogen containing, aromatic
conpounds whi ¢TFAREEDT FATRESING tBRItEA2Qe: i ve copper corrosion 20 inhibitors in
the presence of hal ogen in an aqueous systemdid not fall wthin any readily
di scernabl e cheni cdli9c? i grapitek enrrpion rate dawy) wattime dheurghfarta neet t hi s
criteria shall hereinafter be classified as "hal ogen resistant copper

corrosi on i nhittsatmest cémpasing.4, b-dirfetbytbmmeotr2@0R:. The present inventor has
devel oped a uni que conbi nation of test procedures, by which the artisan can
readi |y gli scern whirih, 3a ghaghogRdstadibn fté r(ﬁh??)‘v&ﬁﬁﬁé“(ﬁbd?@) flzPMat i C
conpounds are HRCClI's. The present inventor has di scovered that HRCC
material s, ex WA : 2 Zggﬁ.%% d, nitrogen containing,

aromati c mat e?t{%}tﬂg@hféﬂg@ﬁ%@%%@%ﬁ% oV eq%ffecti ve, hal ogen resi stant
corrosion

DESCRIPTION OF THE PREFERRED 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).



i nhibition in agueous system being treated with hal ogen. The present inventor
has di scovered that providing substitution for one or nore of the hydrogens
of the benzene ring of an azole can 10 provide for a filmng corrosion

i nhibitor which is resistant to oxidizing biocide degradation in agueous
systenms. The present inventor found thgt efficacy as a hal ogen resistant
copper corrosion inhibitor could not be predicted b@§ggcﬂgp§0&¥e type, or

i soneric position of the substituted noiety. The presen{ i'nventor found that
non- hal ogenated, 15 nitrogen containing, aromatics which net four easily

tested criteria ffective rosion inhibitors in agyeous systens being
treated with hal \33!@%.&?ﬁgﬁtf'Bﬂ?nt§%?%§?¥&8pﬁq a(%'q%%cﬁ@bﬂgﬁp”aﬂferage o
corrosion rate for c er of |ess than 0.0076 mm (0.3 mlls) per year in the
absence of haﬁ?ﬁj@ﬁ?c‘?‘ﬁﬁg% ByWhistirthe pstisaiecarbraagdy gisces whichy nempper of 20

l ess than 0.06 nm (2.5 m|ls) per year in the presence of 5 parts per

m | 1ion hal ogbalogenated; nitsogereeontaining, aeometic eompatinds acé HRCCEast 4.0 ppm
at 19 hours when an initial chlorine concentration of 5 parts per mllion is

provi ded; andThe)presert inhéntor has discoeatetahaHRUCIahaletiafs, eRefpfifidd COct ober
2003 parts per mllion after 40 hours when an initial chlorine concentration

of |5 Parts pey thé hbhafbiogeritey] iedgerbomtalrtd, idtenthicInstorls! | cant number of

substituted benzotriazole, benzoxazole and benzi m dazole mat er i al s, it was 5
a scouer ed  Nabogual BHbT) B MU HalEEh & Bsfrf BB Lot and
agueous syst ©Mhibition in aqueous system being treated with halogen.
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



In treating an aqueous systemw th the HRCCI materials of the present
invention, HRCCl is preferably fed continuously to the water. A 10 preferred
treatment concentration ranges fromO0.2 to 10 parts per mllion. Continuous
feed is not, however, a requirenent. The HRCCI nmaterials can be fed at a
concentration sufficient to forma protgctive filmand thereafter feed can
be di scontinued for extended periods of tine. 15 Thﬁ%ﬁ@@ﬁ%rﬂﬁk@rials of the
present invention nay be enployed in conbination w ot hér~conventi onal
water treatnent materials, including different corrosion inhibitors, as well

as surfactant L nhibitans, di sper sants H.adj usters and the |ike.
The present iﬁ%‘%@?hﬁ"@!ﬂ|afﬁ%6\%86‘é’u(%w?‘%8ra"d8§'él F@QH”WCPHC%r"?tEFb‘Pence to a
nunber of specific exanples which are to be regarded solely as illustration
and not as regt%r@tﬁq{d“n{ﬁf?é‘ I 6PEded- the present invention. 7 13 October 2003
Exanple | Corrosion inhibition activity of non-hal ogen substituted nitrogen
cont ai ni ng, ar omat Hpoodaplinghaka gignificant sumbenblisilsfitutedng a Beaker Corrosion

Test Apparatus (BCTA). The BCTA consisted of a beaker 5 equipped with an

ai r/ C2 spar gbenzotrapper behantarokhwmd behzimidarele miateridls e@asti ¢ stirrer. The
test solution was 1.9 liters. Air/CO2 sparging was continuous during the

Haot el 1y Coz e o R A e ature
control. El echt ke €Bhrosion efficacy comparable to tolyltriazole in halogenated
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.



10 corrosion data were obtained periodically on the probe during the test
using a pol arization resistance technique. Al tests were conducted at 490 C
(120F), using a 400 rpmstir rate. For all BCTA tests, a water consisting of
500 ppm Ca (as CaC33), 250 ppm My (as CaCl3), 354 ppmchloride, and 240 ppm
15 sulfate was used. The system pH was ¢gontrolled at 7.2 with the targeted

al kalinity being 15 ppmas CaCO8. In addition to theqgagRli®er substituted
azole materials tested for copper corrosion inhibition, the follow ng
aqueous systemtreatnments were al so used; 15 ppm ortho-PO4) (as P04); 3 ppm

P207 (as P04) %&@gﬂopm of HPS-I (a 20 copol yner of acrylic acid and
al I yl hydr oxyp onate ether sodium salt). Copper probes were i mersed

in the test water containing, .various sybstituted azole materials for 18
hours. As the corr QRPN '@“‘1’3%&9&@6&“"2‘6@%%@%%lP$tE\é@,d Hiregem sol uti on
(NaQCl, the source of chlorine) was shot-fed into the test water. The test
was cont i nuedcpbtaining: aromaiz ¢arapeundsoyeredfisbevalaated using eaakener e neasur ed
periodically during the 40- hour test. The changes in corrosion rates after

bl each feed aGorassidn Tesl ApparatisoiBCTE). fHie BETW ednsidted of attrshikemt eri al s under
chlorination conditions. After feeding the bl each solution (5 ppm as

chloring) at thaipptdtvwithad air/EO rd ISR ' i st em was
anal yzed at thg lpfgth,l 20t ﬁ,'r/21gt?s,ﬁé%€%dd, &g?r‘ég and%‘%&hﬁ%ﬁoﬁg’%{gya DPD

met hod. Tabl ea'm?érgé‘ij:%tir?&? FHEteLPEQutid? whiser §tieds| %?%6§%b§rding\;’vas eval uated

under the four s eria

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



for HRCCI functionality of the present invention. The four step criteria 1is:
Step 1. An 18 hour average corrosion rate for copper of less than 0.0076 nm
(0.3 mlls) per year in the absence of halogen. Step 2: A 22 hour average

corrosion rate for copper of less than 0.6 mﬂ(2.5 15 mlls) per year in the

presence of 5 parts per mllion hal ogen.g Step 3 Free chlorine concentration
of at least 4.0 parts per mllion at 19 hours Wnen 38 dﬂéﬁé ahohal ogen
concentration of 5 parts per mllion is provided. Step IEree chl ori ne

concentration of at least 2.0 parts per nmllion at 40 hours when an initial

cammart zes. ¢ ne LR Seach REUKG AR b 3Puled SF NG seRTRHa < test ea.

9 TABLE | 13 Qcto 2003 | NHl BI TORAvg. C. R Avg. C R Free Cl2Free Cl2Free
Cl2Free C12 Frg@ 'g?éeﬁr‘@é%tem?L’W?ﬁﬁ‘??@‘t'wﬁﬁgoﬁﬁ@@@ﬁﬂﬁzHWI@th hr20" h hr21st
hr22 23 40 hrhrhr Blank .0084 .098 4.81 4.76 4.63 4.49 4.30 1.90

Corrosion rates of copper were measured periodically during the 40-

hour test. 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.



Benzotriazole .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)- benzotriazole .001 .081
2.07 1.90 1.65 1.37 1.18 0.07 2- Am no-5-chl oro-benzoxazol e . 0007 .00061 0.35
0.13 0.13 0.13 0.13 0.04 2-Butyl -5, g di chl oro- ben2|n1dazole . 0012 .1138 4. 40
4.20 4.08 3.93 3.88 2.18 2-Methyl -5, 6- (nethylenqg % :9027 0116 0. 60
0.33 0.15 0.13 0.13 0.03 benzimdazole 4,5,6,7-Te ﬁ9? benzotrlazole

. 00025 .027 3.35 2.55 1.65 0.68 0.45 0.03 4, 7-Di nethyl benzotriazol e . 00017
.08 4.35 4.10 3.90 3.68 3.50 1.10 AsH fonic 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 1.50 5,6-Dichloro-2-nmethyl- .00096 .151 4.23 4.20 4.00 3.78
3.65 1.88 benzi m dazole 5,6-Dichloro-4, 7-dinmethyl- .00074 .119 4.50 4.25

4. 05 3.[98 3. 8WHETOR 3 DENZ BT.CRAZOVECK, G FEicCFRE O2 eaznnFﬁa—ﬁ1 660 205 4. 65
4.58 4.145 4.32 4.23 2.18 S8 O ghbyl o Denzelr i azdle |. 98058 ,R123,8 56 4.55
4.38 4.38k4, 25 3. 15 5, 6- Dphenyds benzoiri azol € 4800464 000404 . 58, 4. 43
4. 40 4.|3HhBae3 5- Benzoyl ylagenzot gi azol gg. 0005 . 004 4. 58 4. 5854. 53,4. 4B 4. 48
3.70 S-Q%@mxl-benzotrlazgég 0022 00 3 4. 75 4 0 4.45 4.40 4.35_3.6p :

5- Car boxyl i ¢ _aci d- 6- met hoxy- 4. 2% 3. 953, 48*5. 25*%. 88 8’ 29 |
benzot r 22 oee"d- ezt y | i°¢ aC|d“benzofW|azdﬁé . 01986 . 0287 4188 4.987 4] 43 4. 38
4. 17 1.|43nib-sMobte@oxdd@nz Ot 1doaZ 0l €000s0004635. 09943 4. Bhsd. 73.14. 4004. 28 044 02| 1. 68

5- Phenyllshenzobriasele - 99938 . 0Q018 4,33 412(30 4,80 4.520 4.20 3.35
5- Phenyll t hi ol - benzotrlazole - 00061 . 1004 3. 73 3. 50 3. %%3 3.20 3.15 1.63

2-Methyl-5, 6{methylenedioxy)- 33 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 1.50
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 19 4.50 4.25 4.05 3.98 3.80 1.93
benzotriazole
5,6-Dichloro-benzimidazole .00051 .205 4.65 4.58 4.45 4.32 4.23 2.13
5,6-Dimethyl- benzotriazole .00053 .0123 4.55 4.55 4.38 4.33 4.25 3.15
5,6-Diphenyl- benzotriazole .00046 .0004 4.58 4.50 4.43 4.40 4.30 3.73
5-Benzoyl-benzotriazole .00051 .001 4.58 4.58 4.53 4.48 4.48 3.70
if 5-Benzyl-benzotriazole .0002 .00013 4.75 4.60 4.45 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 4.73 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 4,70 4.53 4.38 4.23 410 213




--5-8Sul fonic aci d-benzotriazole .004 .123 4.70 4.53 4.38 4.23 4.10 2.13 10
"TABLE Il 13 Cctober 2003 INHIBITORCriteria 1Criteria 2Criteria 3Criteria
4Hal ogen Avg. C. R Avg. C. R Free Cl2Free Cl2Resistant miymy@ 19" h hr @ 40t h
hr Corrosion 0-18 hrs18-40 hrs>4 ppn®2 ppmi nhi bitor <.0076m y<.06my Bl ank
fail fail pass fail fail Benzotriazgle pass fail pass pass fail Tolyltriazole
pass fail pass pass fail 2-(5-Amno-pentyl)- paggclidoohsti | fail fai

benzotri azol e 2- Am no-5-chl oro- benzoxazol e pass pass fail fail fai

2-Butyl -5, 6-dichloro- pass fail pass pass fail benzim dazole 2-Met hyl -5,

6- (et hyl enedi oxy) - pass pass fairppfgiyl fail benzi m dazol e
4,5,6,7-Tetranmet hyl - pass pass fail fail fail benzotriazole

4, 7-Di net 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 f ai [[INHEJOR 5,6-[)chlordm@%nethyl-m?ass flal Tcpess T |i it 1] baewai jm dazol e
Avg. C.R. Avg.C.R. Free C12 Free C12 Resistant
mm/y mm/y @ 19" hr @ 40th hr Corrosion
0-18 hrs 18-40 hrs >4 ppm >2 ppm Inhibitor
<.0076mm/y <.06mm/y
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 fait fait
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




5,6-Dichloro-4, 7-dinmethyl- pass fail pass fail fail benzotriazole

5, 6-Di chl oro- benzi m dazol e pass fail pass pass fail 5, 6-Di nethyl-

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 pass pass p3a$s pass 5-Carboxylic acid-6-nethoxy-
fail pass pass fail fail benzotriazole 5-Carboxylic I 6l= I azol e fail
pass pass fail fail 5-Nitro-benzotriazol e pass fail ggs%t%??%?gi I

5- Phenyl - benzotri azol e pass pass pass pass pass 5-Phenylthiol-benzotriazole
pass fail fai I%fgi I! f%i | 5-Sul fonic acid-benzotriazole pass fail pass pass
fail 11 13 Cct 3 Exanple 2 Selected materials fromthe BCTA testing
above were also tested using a Bench Top Recirculating Unit (BTU. The BTU
is designed to ne %Ifegtqu@a%(gqqlq r9”Uhe§DQT'@éQ$¥@ﬂtaqqyeﬁN%r\¢eﬁiﬁocorrosi on and 5
scale formation. The treated water is circul ated through a by-pass rack,

i nto whi ch cortestadorsicgagdenchahep Resiredating UnitdBiild TinedBPdsses t hrough a
heat exchange tube contained in a Plexiglass(r) (a trademark of Rohm & Haas)

bl ock. The headesiydthttgmeabsre thitabilitof b tesatebatto preebnt dRisien 8Adt hat t he
heat | oad on the exchanger tube can be varied and 10 controlled in the 0 to

2984 Cal 5 gm / cgggfdifornlaiohO Thb 1A04ted Wtt is%ifeltated through a by-pass

rack, into which corrosion coupons and probes are inserted and passes
through a heat exchange tube contained in a Plexiglass® (a trademark
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



range. The velocity of water passing through the unit can be controlled in
the range of 0. to 140.2 cmsec (4.6 ft./sec.) corrosion rates were obtained
using linear polarization resistance neasurenent. Stainless steel probes
were used as counter electrode and reference el ectrode. 15 The test water
consi sted of 500 ppm Ca as (CaC33), 25Q2ppm My (as CaCO3), 354 ppm chlori de,
and 240 ppmsul fate. The pH was controlled at 7.2 kg cdshdr@osal furic acid,
with the targeted Malkalinity being about 25 ppmas CaC33. In addition to
the materials being tested for copper corrosion inhibition, the follow ng

and 10 pom r et 'eat Bk Poer e e el e RS KPR AR D oyt

sul fonat e et her  sodi salt),.The teste tallu i ncl uded a copper probe,
3 copper cou?fm?@?(élﬂp&ﬁc&a%"bg‘ﬁﬂlqé‘élﬁvfﬁ%ﬁ% m@r@@&%g@sﬂgﬁlr&qlg@ oupons, and
a 12 13 Cctober 2003 copper heat exchange tube. The water flow rate was
control | ed at49°1(128sec (4 ft./sec.), while the bulk water tenperature was
mai ntai ned at 49C (120F). Metal sanples were exposed under recirculating

condition for 24 Metalgasnpies weee erposetonderahtiosulating condilien firdt ed. Free
chlorine concentration in the sunp was nai ntained at 0.1-0. 15 ppm using

Oxi dat i gn  Rediysirs Hafbiet &Htinabué SMBHna oM Wak stild®r Fadeschilesied in a BTU were
tolyltriazole, 4,7- dinmethyl benzotriazol e and 5-benzyl benzotri azol e. During

J;ngtea} est 3 10, ABnahatibA%h tHEAME Wad Rbfithifbd Wed. 1-6915BpH GYRYS! Y- The testing
Oxidation Reduction Potential (ORP) control.
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.



sanpl es were passivated w thout chlorination for 24 hours. Continuous
chlorination was then started by continuously feeding bleach sol utions.
Results for copper and | ow carbon steel are shown in Figures 1, 2 and 3. 15
Figure 1 shows | ow carbon steel and cogger corrosion rates for a treatnent
conprising 3 ppmtolyltriazole. Low corfosion rates for both materials were
observed in the first 24 hours without chlorine feddOdhs&P0%orrosion

i ncrease dramatically when chlorination began. This indicates that
tolyltriazol e copper corrosion efficacy decreases in 20 the presence of
chlorine. The | ow Kiguteo? shbvwsllow @artmsi sieel atdecopparrcanosibrsrages farcant |y after
the copper corrosion rate increased. This indicates that copper corrosion

strongly eff egtrgatnntcnMsBIgd 89pm AT-dipsdtRyibeRotAbzolen Thbdebdit$ct ober 2003
Figure 2 shows | ow car bon steel and copper corrosion rates for a treatnent

conprising 3 U results are simlar to the
Figure 1 resu ?s@"fmgrfta |'§§gfé&‘ﬁlk:| gur@‘tgg%ﬂows | ow car bon steel and
copper corrosion rates a compri sing 5-benz nzotriazol e at
3°bbm The cor rosi'd qureréﬁégw%% A %"ﬁ%&p%fc%mmy% 1
chlorination. The results summarized in Figure 1, 2 and_ 3 show that the
char act®ri st iagesimentGomprising ﬁfh%izﬂbﬁﬁz%tﬂ?é@@ e RPNt FHTRHR Beaker
Corrosion Tests are consistent with those observed in a sinmulated, 10 flow ng
wat er, heat tratassshow sydramatic\ieK ef ehangeiaftesehiosinatias. been described with
respect to
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.



particul ar enbodi nents thereof, it is apparent that nunerous other forns and
nodi fications of this invention wll be obvious to those skilled in the art.
The appended clains and this invention generally should be 15 construed to
cover all such obvious fornms and nodifications which are wthin the scope of
the present invention. 5 10 15 14 13 october 2003 CLAIMS 1 A method of

i nhi biting corrosion of copper surfaces contacted bylaRciohaedf3 syst em bei ng
treated with an oxidizing hal ogen, conprising adding to said aqueous system
a corrosion inhibitor conprising a non- hal ogenated, substituted
benzotriazol es sel ected fromthe group consisting of:

5, 6-di net hyl - benzotri azol e; 5,6- diphenyl benzotriazol e;

5- benzoyl - benhiAIMS 0l e; 5-benzyl - benzotriazol e and 5-phenyl - benzotri azol e
whi ch: a) exhibit an 18 hour average copper corrosion rate of less than

0.0076 mllinetersqper Aeﬁlbtr(&@flﬁﬁ%}tm | dbreRidh g in the absence
of oxidizing halogen biocide treat rren of said ous syst enm and exhibit a
22 hour average copper EBHa%?éaotg'y Eﬁta%u%uggystem belng 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



| 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 October 2003 after said aqueous
systemis treated with 5 ppm chlorine'%and d) exhibit a free chlorine
concentration, in said aqueous system of at |east 13 Qctpbgn290340 hours
after said aqueous systemis treated with 5 ppm chlorine. 2. Corrosion
inhibitors for nmetal surfaces contacted by an aqueous system being treated

with a hal ogen, conprising aferdud agasaissystamtis dgated@ithd ppiag, aromatic
conpounds which : a) exhibit an 18 hour coverage corrosion rate for copper
of less than about 0.3 npy igngah& Afeous systemin the absence of hal ogen;
and b) exhibit a 22 hour average corrosion rate for copper

d) exhibit a free chlorine concentration, in said

aqueous system, of at least 2.0 ppm at 40 hours
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.



5 ppm of hal ogen; and 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 systemlbof at |east about 2.0 ppmat 40
hours after said aqueous systemis treated with abosO&opgooll ori ne. 16 13
Oct ober 2003 5 10 15 3. Corrosion inhibitors for netal surfaces contacted by
an aqueous systembeing treated with a hal ogen, conprising non-hal ogenated,

substi tut ed- benzot 8 azoCemoslondhhibfdrsefsh idital sitfakBs RBHIackQY By a@e corrosion
rate for copper of less than about 0.3 npy in said agueous “systemin the

absence of hal ogen; andaggecgﬁég%%m%@f}gwed%m gg‘%l(gggé{mggb?p?igr ate for

copper of |ess than about aqueous 'syster M reatment
1 about = opm of 1o 098 ey ety St SRl oo o i
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



hours after said aqueous systemis treated wwth 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
ppm chlorine. 20 17 13 Cctober 2003 ABSTRACT OF THE | NVENTI ON A net hod of

i nhi biting corrosion of copper surfaced’contracted by an aqueous system
being treated wi th an oxidi zi ng hal ogen by 5 addi ng 8 (ﬁ@ﬁbfﬁ%O@éen
substituted, nitrogen containing, aromatic conmpound conprising a

non- hal ogenat ed, substituted benzotriazoles such as

5, 6-di net hyl - benzotri azol e; 5, 6-di phenyl benzotri azole; 5-
benzoyl - benzotri azol e; 5-benzyl -benzotri azol e and 5-phenyl - benzotriazole is

di scl osed. Thap@AtACT OF AfHE MVENTIONt i nvention 10 exhibit copper corrosion
i nhibition comparablie To tolyltrirazole in the absence of hal ogen, copper

Cories o L% o BT i S A 1

agueous systens where ( ) . It a detrinental
effect on hal BIeR SuEBNS sySterd Beft RoHEa Wk STORGIAT hAi63bRDy °

5 adding a non-halogen substituted, nitrogen containing, aromatic

compound comprising a non-halogenated, substituted benzotriazoles
such as 5,6-dimethyl-benzotriazole; 5,6-diphenylbenzotriazole; 5-
benzoyl-benzotriazole; 5-benzyl-benzotriazole and 5-phenyl-
benzotriazole is disclosed. The materials of the present invention

10 exhibit copper corrosion inhibition comparable to tolyltriazole in the
absence of halogen, copper corrosion rates of less than about 0.06
millimeter (2.5 mills) per year in aqueous systems where halogen is
present; and do not exhibit a detrimental effect on halogen demand in
an aqueous system being treated.

15



