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METHODS OF INHIBITING CORROSION USING
N-HALO-AZOLES

FIELD OF THE INVENTION

The present invention relates to the inhibition of corrosion of steel
and copper alloys in aqueous systems characterized by adding N-halo-
azoles prepared ex situ the aqueous system to the aqueous system.

5 BACKGROUND OF THE INVENTION

The use of triazoles for inhibiting the corrosion of copper and iron
alloys in a wide variety of aqueous and non-aqueous systems is well
known. In industrial cooling water systems, benzotriazole and tolyltriazole

10  are used most often. Tolyltriazole is generally preferred because of its
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 precipi-

15 tate soluble, divalent copper ions. The precipitation prevents transport of
copper ions to ferrous surfaces, where galvanic reactions between copper
ions and iron atoms leads to pitting corrosion of the ferrous metal.
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vari ety of aqueous and non-aqueous systens is well known. In

i ndustrial cooling water systens, benzotriazole and tolyltriazole 10
are used nost often. Tolyltriazole is general2y preferred because of its

| ower cost. Triazoles are filmformng nmaterials that provide efficient
coverage of netal or netal oxide surfaces in a systemthereby providing.
protection against corrosive elenments present in an aqueous system In
addition to the filmform ng tendency of various azoles, they also precipi-
15 tate soluble, dival eWhiletheaseiobazoles for corrosiopiinhibition isowidespriead, there

transport of are drawbacks to their use, specifically with tolyitriazole. The most impor-
tant drawbacks are experiesnced when azoles are used in combination with
oxidizing halogens. Oxidizing halogens such as eiemental chiorine, bro-
5 mine, their hypohalous acids, or their alkaline solutions (i.e., solutions of
hypochiorite or hypobromite ion) are the most common materials used to
control microbiological growth in cooling water systems. When copper or
iron alloys inat have previously been protected with azoles are exposed to
an oxidizing halogen, corrosion protection breaks down. After breakdown,
10 it is difficult to form new protective films in tolyltriazole treated cooling sys-
tems that are being chlorinated, particularly continuously chiorinated. Very
high dosages of tolyltriazole are frequently applied in an attempt to im-
prove performance, often with limited success.

15 The degradation of protection of azole films in the presence of oxi-
dizing halogens is well-documented in the literature. For example, R.
Holm, et al., concluded that hypochiorite penetrates an intact triazole film,
leading to higher corrosion rates, and that secondly, hypochiorite attacks
the prefilmed triazoie surface, disrupting or degrading the fiim {(53rd An-

20 nual Meeting of the International Water Conference, Paper No. IWC-92-
40, 1992). Lu, et al., aiso studied interactions of triazole films with hypo-
chiorite on copper and copper alloy surfaces {"Effects of Halogenation on
Yellow Metal Corrosion: Inhibition by Triazoles”, Corrosion, 50, 422
{1994)). Lu, et al., concluded:

25

(a) prefilmed tolyltriazole on copper and brass surfaces under-
goes decomposition during chlorination;
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VWhile the use of azoles for corrosion inhibition is w despread, there
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| mpor - tant drawbacks are experienced when--azol es are used-in
conmbi nation with oxi di zi ng hal ogens. Oxi di zi ng hal ogens such as
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(b} the stability of prefilmed tolyltriazole on copper and brass to

NaOCI was improved when tolyitriazole was added to the hypo-

chlorite solution;

(c) clean (i.e., non-prefiimed) copper surfaces did not develop
5 good protective films when placed in solutions containing mixtures

of tolyitriazole and NaOCI.

Thus, the combination of tolyltriazole with NaOCI did not produce
a composition capable of efficient film formation and corrosion inhibition.
10
The nature of the reaction products when azoles are exposed to
oxidizing halogens in a cooling water system is not clear. The literature
teaches that a compound is formed when chlorine and tolyltriazole are
combined in cooling waters, and that it responds to analyticat tests for
15 chiorine. For exampie, Vanderpodci, et al., state that chiorine reacts re-
versibly with tolyitriazole to produce 1-chiorotolyltriazole. They specifi-
cally state, "presumably this compound is not itself an inhibitor.” Rather,
they teach that it is readily hydrolyzed to the original tolyltriazole and hy-
pochlorous acid so that free tolyitriazole becomes available for corrosion
20 inhibition {"Improving the Corrosion Inhibitor Efficiency of Tolyltriazole in
the Presence of Chlorine and Bromine”, NACE Corrosion/87, Paper No.
157 (1987)). Hollander and May were able to isolate 1-chlorotolyltriazole
from stored, more highly concentrated solutions, but they also teach that
“at low concentrations (iess than 10 mg/L) rapid hydrolysis made it im-
25 possible to isclate the chioro adducts.” "The Chemistry of Azole Copper
Corrosion inhibitors in Cooling Water’, NACE-Corrosion Vol. 41, No. 1,
pp. 3945, January 1995.Thus, the art teaches that solutions of tolyltria-
zole with hypochlorite used to treat cooling waters are not readily distin-
guishable as different from a simple mixture of these components.
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There are also references in the literature to 5-chlorobenzotriazole
(i.e., CAS number [94-97-3]). In "The Water Drop”, Volume | No. 2, 1985,
Puckorius & Associates state that chiorinated tolyltriazole is effective as a
10 corrosion inhibitor and cite R.P. Carr as a reference. However, they imply
a chiorination of the benzene ring as opposed to the azote ring. {Chlori-
nation of the azole ring is the subject of the present invention to be de-
scribed subsequently.) Further, a literature review of published work by
Carr indicates that he actually teaches that reactions between tolyitriazole
15 and chiorine do not occur under cooling water conditions ("The Perform-
ance of Tolyltriazole in the Presence of Sodium Hypochlorite Under Simu-
lated Field Conditions", NACE Corrosion/83 Paper No. 283, 1983). In this
Corrosion/83 paper, Carr does discuss the inhibiting action of a chioro-
azole but it is a reference to earlier literature and specifically to the action
20 of 5-chiorobenzotriazole and related aryl substituted chiorinated azoles in
sulfuric acid solutions ("Effects of Substituted Benzotriazole on the Elec-
trochemical Behavior of Copper in H,80,", Wu st al., Corrosion, Volume
37, No. 4, 223 (1981)). Again, 5-chlorobenzotriazole is formed as a result
of chiorination of the benzene ring and not the azole ring. Since the 1985
25 Puckorius reference, there has been widespread use of tolyltriazole in
chiorinated cooling systems with well estabiished performance difficulties,
indicating a continuing, unsolved problem in the art.
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- 3 - (b) the stability of prefilnmed tolyltriazole on copper and

brass—to~ NaOC—Was T mproved wWhen tolyririazol e was added to tThe hypo-
chlorite sol ution; (c) clean (i.e., non-prefilmed) copper surfaces
did not devel op good protective filnms when placed in solutions
contai ni ng m xtures of tolyftriazole and NaOC . Thuys, the
conbi nat i onWO6RYAY I tri azole with NaOJ did not produce a BSHE@@*ﬁ#%

capable of efficient filmformation and corrosion inhi b|tron
Eur opean Patent Application O 592 118 discloses a net hod ontr II|
corrosion and biological matter in copper anoscopper i

Other problems are well-known when tolyitriazole and oxidizing
halogens are combined in cooling waters. These include a loss in the ex-
tent of precipitation of transition metal ions such as copper, thus ieading
to improved transport and galvanic corrosion, a change in the response

S5 of the standard specirophotometric test for tolyltriazole, leading to unin-
tentional overfeed, and the objectionable odor mentioned above. This
odor can be sensed even when the cooling water originally contained 1
ppm tolyitriazole, or less. Since cooling water often passes over cooling
towers, evaporation and drift release the objectionable odor to the local
10  environment.

The present authors believe that although the molecularity of the
odorous material has not been identified, it may be the key in under-
standing the differences between true solutions of 1-chlorotolyltriazole in

16 contrast to mixtures of tolyitriazole and hypochiorite: the odorous mater-
ial is probably an intermediate in stepwise reactions leading to 1-chioro-
tolyltriazole, that it forms reversibly with tolyitriazole, and that it is absent

when the reaction is driven to completion, i.e., tolyitriazole + OCl-—(inter-
mediate)—1-chiorotolyltriazole. The present inventors have found no evi-
20 dence of reversion of 1-chlorotolyltriazole to either the odorous interme-
diate or to tolyltriazole. Nor is there any evidence of reactions between
hypochlorite and 1-chlorotolyltriazole in dilute aqueous solutions.

SUMMARY OF THE INVENTION
25
The present inventors have discovered that N-halo-azoles such as
1-chiorotolyitriazole and 1-bromotolyltriazole prepared ex situ are more
effective than tolyltriazoie in inhibiting corrosion in aqueous systems.
The N-halo-azoles are substantially more effective than tolyltriazole in the
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wat er systens. The method requires that a triazole filmbe fornmed on copper

and copper all oys—bytreating the—system w th—=a—tri azol-e—Fhereafter, when
needed, |l ow levels of triazole and an oxidi zing biocide are added to the

system at the same tinme. Re-formation of the triazole filmis acconplished
by adding additional triazole when required. This nethod does not involve
the ex situ WORRIYA of a hal ogenating agent and a benzotri m&ﬁ‘mor m a

hal o- benzotri azol e treat nent.
xposed to

-4- The nature of the reaction products when azg}
oxi di zing hal ogens in a cooling water systemig not cl ear”"biﬁm ﬁﬁmﬂ%

presence of chlorine. Furthermore, when 1-chlorotolyltriazole is exposed
to chiorine, an objectionable odor does not form and the quantity of chio-
rine that is required to produce a residual in the aqueous system is
reduced.

DESCRIPTION OF THE PREF D EM N

The present inventors have discovered that N-halo-azoles such as

1-chiorotolyitriazole and 1-bromotolyltriazolé prepared ex situ are more

10 effective than tolyltriazole in inhibiting corrosion in aqueous systems.
The N-halo-azoles are substantially more effective corrosion inhibitors
than tolyltriazole in the presence of chiorine, The efficacy of the present
invention is surprising given the prior knowledge that chiorination of an
azole treated system leads to degradation of corrosion inhibition perform-

15 ance. Furthermore, the N-halo-azoles of the present invention are not
subject to the formation of objectionable odors when exposed to chiorine
as is tolyltriazole, the quantity of chiorine that is required to produce a
residual in the aqueous system is notably reduced in comparison to
systems treated with tolyitriazole, and the treatment is effective in the

20 presence of sulfide ions.

The N-halo-azoles of the present invention can include chioro-, fluoro-,
bromo- and iodo- as well as haloalky! (trifluoromethyl) azoles. Preferred
are 1-chilorotolyitriazole and 1-bromotolyitriazole. The azoie may include

25 tolyltriazole, benzotriazole, butylbenzotriazole, mercaptobenzothiazole
and the like. The preferred azole is tolyltriazole.
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eofpt-med—T T coot g waters, and-tiar tt responus to anal ytical tests Tor

chl orine. For exanple, Vanderpool, et al., state that chlorine reacts re-
versibly with tolyltriazole to produce 1-chlorotolyltriazole. They specifi-

cally state, "presumably this conpound is not itself an in or t her,
they teach m&@ﬂ"i s readily hydrolyzed to the original &%"ﬁ%’ﬂﬁ% e and
hy- pochl orous acid so that free tolyltriazole becones-avail abI%for - -
corrosion inhibition ("inproving the Corrosion Inhibitor Effi ncy_o
Tolyltriazole in the Presence of Chlorine and 7Brom ne", t 7,
Paper No. 157 (1987)). Hollander and May were able to isj> r]
1-chlorotolyltriazol e fromstored, nore highly concentra

they also teach that "at |ow concentrations (less than 10 ng/L) rapid
hydrolysis nade it im possible to isolate the chloro adducts.” "The

Cheni stry of Azol e CopperTheopnetarrashazaié,itblyitnazole,is Sach thattheipreferred N-halo-
NACE- Corr osi on Vol . 995 Th the art
teaches that soluti o%iﬂ%go 15$W‘F}B§yg§a§°i$8' &Wﬁ% i’ ﬁ?‘yﬁ Lﬁ‘eﬁimt%e??r@at
cooling waters are rtiyn 6fthe iprefefted MichiomtolyiiiRbR cin bE by aheslitdbi@means] Ml e
m xture of these conponents.
xamples of preparation methods include but are not limited to reactions
S  with hypochlorite, N-chiorosuccinimide, and other chiorinating agents. A
method of forming 1-chiorotolyltriazole is through the reaction of tolyltria-
zole with hypochiorite, in which case the final reaction mixture is an alka-
line solution that can be used with or without further modification. Alter-
natively, 1-chlorotolyltriazole can be formed through the reaction of tolyl-
10 triazole with hypochiorite in acetic acid solutions, (i.e., hypochiorous acid)

and then isolated as a solid. For convenience of application, the solid

but

can be redissolved in aicohols such as methano! or 2-propanol, aqueous
solutions of alcohols or strong alkaline solutions such as sodium hydrox-
ide or potassium hydroxide.
15
The preparation of 1-bromotolyltriazole can be by any suitable
means. Examples of preparation methods include but are not limited to
reactions with hypobromite, bromine, and other brominating agents. A
method of forming 1-bromotolyltriazole is through the reaction of tolyitria-
20 zole with bromine, in an agueous solution and then isolated as a sofid.
For convenience of application, the solid can be dissolved in a strong
alkaline solution such as sodium hydroxide or potassium hydroxide.

The reaction products are isomeric mixtures since the tolyitriazole
25 starting material is an isomeric mixture of 4- and 5-methyibenzotriazole.
The distribution of isomers of 1-chlorotolyitriazole obtained is principally
1-chioro-4-methylbenzotriazole, 1-chloro-S-methylbenzotriazole, and

| THIS SHEET HAS BEEN
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- 5- In contrast, the present authors have shown that a

treat nent matert+at—obt ai nabtety—— T~ dissotution of a
benzotriazole in an aqueous acetic acid, thereafter adding a hal ogenati ng
agent, recovering a resulting solid and dissol ving recovered solid in an
al cohol or strong al kaline solution to formex situ said treatnent

materi al, OWO§29449 ii) the addition of a hal ogenaPFHYS%H{¥M® to an
aqueous slurry of a benzotriazole at alkaline pHto form ex situ,  said
treatment material does not respond to anal yti cal tes*gségr |

. do . . L NSRS
despite extended boiling. In solutions of saigd treatne e is
al so the surprising absence of a very characteristic o%”ﬂmimﬂmnﬁgem
whenever tolyltriazole and hypochlorite are conbined i S.

There are also references in the literature to 5-chl orobenzotri azol e
(i.e., CAS nunber (94-97-31). In "The Water Drop", Volune | No. 2,1985,

1-chioro-8-methylbenzotriazole. The latter two materials appear to be
somewhat preferred over the 4-methyl isomer, aithough mixtures of the
isomers appear to be as effective as the individual isomers.

5 In treating an agueous system in accordance with the present in-
vention, the 1-chlorotolyltriazole (hereinafter 1-CITTA) is preferably fed
continuously to the water. A preferred treatment concentration ranges
from about 0.5 to 10 parts per million, most preferably at about 3 parts
per million. Continuous feed is not, however, a requirement. The 1-

10 chiorotolyitriazole can be fed at a concentration sufficient to form a
protective film and thereafter feed can be discontinued for extended
periods of time.

The N-halo-azole treatment of the present invention can be used
15  in combination with other corrosion and/or deposit inhibiting treatments
known in the art including but not limited to phosphates, phosphonates,
acrylic homo- and copolymers, chelants, and oximes.
The present invention will now be further described with reference
20 to a number of specific examples which are to be regarded solely as illus-
trative and not as restricting the scope of the present invention.
Examples

25 Example 1

The preparation of the solid samples was as follows:
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Puckorius & Associates state that chlorinated tolyltriazole is effective as

a—COorToSTOm T O tor amd tite RP—Carr—as a rererence. However; They
inply a chlorination of the benzene ring as opposed to the azole ring.
Further, a literature review of published work by Carr indicates that he
actually teaches that reactions between tolyltriazole and chlorine do not
occur under WOPSRM4®water conditions ("The Perform ance of FF¥ zol e
in the Presence of Sodi um Hypochlorite Under Sinu- |ated Field Conditions",
NACE Corrosion/ 83 Paper No. 283, 1983). In this Corrosty QQHRﬁg Carr

does discuss the inhibiting action of a chlor@® azole. b edence
to earlier literature and specifically to the action of ‘[mm
5-chl orobenzotri azole and related aryl substituted chlo

sulfuric acid solutions ("Effects of Substituted Benzotriazole on the EI ec-
trochem cal Behavior of Copper in Herr]SOJerr]", Wi et al., Corrosion,

Volume 37. No. 4, 223 (IPdlyilrazofé {heeeihaiterIOER) (m gkOﬁiZ&sml)eWes dissolvedtier e
has been widespread use of tolyltriazole i or|n tems
with well establi sheﬂqmmgéﬁ'ddﬁéﬂ“edl freé Wg c%gﬁ' e
unsol ved problemin &R&ri@'(866 g, 5.25% sodium hypochlorlte as a bleach solution) was
added while maintaining the reaction temperature at ~ 20°C. Foliowing
5 the addition, the reaction mixture was stirred at room temperature for 24
hours. A sticky precipitate formed during this time. The solid was fiitered
and taken into methylene chioride. The solid that did not dissolve was
filtered and identified as a mixture of 1-CITTA {principally the 4-methyl
isomer), with minor amounts of TTA and dichlorotolyltriazole (diCITTA).
10 The methylene chioride was removed to obtain a yellow solid which was
identified as a mixture of 1-CITTA (principally the 5- and 6-methy iso-
mers) with minor amounts of diCITTA. Unless noted, this latter solid was
used in the foliowing Examples.

15 Example 2

A slurry of TTA (50 g, 0.376 mol) in 25 g of water was warmed to

35°C. Sodium hypochiorite (27.9 g, 0.376 mol, added as 226.8 g of a

12.3% sodium hypochlorite solution) was added over a period of 2 hours.
20  After the addition, the reaction was kept at 45°C for one hour. During the

addition the pH of the reaction mixture increased to 12 and the solids dis-

solve. The final product was analyzed by H and 13C NMR and LC-UV

and found to be composed of 81.9% CI-TTA (approximately 2:1:1 molar

ratio of the 4-, 5-, and 6-methyl isomers), 8.8% residual TTA, and S.3%
25 di-CI-TTA based on the relative areas in the UV spectra.

On dilution to 1 to 100 ppm azole, with or without pH adjustment to
about 7.2, there was no odor from the N-halo-azole solution of the
present invention.
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- 6- O her problens are well-known when tolyltriazol e and oxidi zi ng
hal ogens are conbrmed—r——cool i ng waters. These—+fcl ude a—t+oss in the ex-
tent of precipitation of transition nmetal ions such as copper, thus |eading
to inproved transport and galvanic corrosion, a change in the response of

t he standard spectrophotonetric test for tonItrlazoIe | eadi ng to unin-
tentional ovMWEM4and t he obj ectionabl e odor nentioned ab@GEUSIHBEodor
can be sensed even when the cooling water originally contained 1 ppm
tolyltriazole, or less. Since cooling water often passes over cooling
towers, evaporation and drift rel ease the obj ggt i onabl thisBked HiyBedReplaaaal
envi ronnent . The present authors belleve t hat

nol ecul arity of the odorous material has not been identi ILe t he
key in under-

Example 3

in the schemes below, TTA was present at 100 ppm, in contrast to
Exampie 2 where the initial slurry contained about 200,000 ppm. "x"
5 denotes a stoichiometric ratio. '

Scheme 1

pH=7 solution containing slow
10 TTA+1.1xNaOCl<———>o0dorous by-product———>1-CITTA(ppt}+odorous by-product

Scheme 2

pH=11.8 pH=8.2
TTA+1. 1xNaOCl<—————>solution, no odor——-1-CITTA(ppt)+odorous by-product

15 Example 4

1-CITTA, prepared as a solid according to Example 1, was dissolv-
ed in methanol and charged to a simulated cooling water solution. The
solution contained 319 ppm Ca (calculated as CaCO,), 7 ppm Mg (calcu-
20 lated as CaCO,), 190 ppm NaHCO,, 882 ppm Na,SOy4, 1184 ppm NaCl,
5 ppm azole, and 2.4 ppm of hydroxyethylidene diphosphonic acid
{(HEDP). Hypochlorite was absent. The solution was maintained at 120°F
by an admiralty brass heater tube and at pH=7.2 to 7.5 by a pH controller
equipped to feed suifuric acid on demand. The solution was recircuiated
25 past the heater and past both admiralty and copper/nickel alloy corrosion
rate meters (CRM). After 1 hour the solution was drained and replaced by
an identical solution with no azole, which was also fed to overflow and re-
plenish the system with fresh solution at about 4% by volume per hour.
This system was maintained under these conditions continuously until the
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standing the differences between true solutions of 1-chlorotolyltriazole in

contrast To MXTtUres or totyftri azoreamg—hypoctitorite: the odorous—nater=
ial is probably an internediate in stepw se reactions |eading to 1-chloro-

tolyltriazole, that it forns reversibly with tolyltriazole, and that it is

absent V\:hEI%&h reaction is driven to conpletion, i.e., tol %Itriazole +
O <->(inter- 'ate)->1-chlorotolyltriazole. The present 9 have

found no evi- dence of reversion of 1-chlorotolyltriazole to either the

odorous interne- diate or to tolyltriazole. Nor is therg;a&nst:Basind lacfl
reactions between hypochlorite and 1-chlorotolyltriazol e[} ous
sol uti ons. -7- SUMVA I | ON

The present inventors have di scovered that

- bright admiralty tube was tamished, at which point the experiment was
terminated. Comparisons were made to identical experiments with TTA

and benzotriazole.
5 TABLE |
Admiralty Tube Appearance
Pretreatment 40 hours 84 hours 336 hours
1-CITTA Bright Bright Tarnished
10 TTA Bright Tamished *
Benzotriazole Tarnished * v
JABLE Il
Admiralty Cuw/Ni
15 Corrosion Rate (mpy) Corrosion Rate {mpy)
Pretreatment 40hrs. 94 hrs. 338 hrs. 40 hrs. 84hrs. 336 hrs,
1-CITTA 0.2 0.3 05 0.7 04 08
TTA _ <0.1 2.2 * N/A 5.2 *
20 Benzotriazole 1.3 . * 20 * *

*Experiment previously terminated.

Example §
25
Corrosion tests were carried out in the apparatus described in Ex-
ample 4 with water containing 500 ppm Ca, 250 ppm Mg, 25 ppm Malk, 15
ppm o-PO,, 3 ppm tetrapotassium pyrophosphate, 10 ppm of a 3:1, low
molecular weight, acrylic acid/allyl 2-hydroxypropy! sulfonate ether copoly-
30 mer, 2.4 ppm HEDP, and the pH maintained at 7.2 with a biended mixture
of air and carbon dioxide at 49°C for 18 hours. Electrochemical corrosion
rates were measured using admiralty brass {ADM) and low carbon steel
{LCS) working electrodes. All tests also had both admiralty and LCS cou-
pons in contact with the solution. The method differed from Example 4 in
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treatnment material s obtainabl e by 1) dissolution of a

benzotri azol e imaqueous—acetic acrd, thereafter addi ng~afral ogenati ng
agent, recovering a resulting solid and di ssol ving recovered solid in an
al cohol or strong alkaline solution to formex situ said treatnent

material, or by i) the addition of a hal ogenatin nt tgan
aqueous sl urW9 e%4fenzot ri azol e at alkaline pHto form ex k’s‘f’%ﬁ%"‘gﬁgd
treatment material, (and those prepared ex situ) are nore effective than

tolyltriazole in i nhi bi ti ng corrosion in agueous syst effblsSlEbtéia*sBaa
materials of the invention are substantially {re effect "HH 'ﬁ’
ment

tolyltriazole in the presence of chlorine. Furthernore, ! l}

materials of the invention are exposed to chlorine, an objectiona

does not formand the quantity of chlorine that is required to produce a

residual in the aqueous systemis reduced.
that the azole was fed continuously at 3 ppm during these experiments.
The azole was supplied by dissolving the solid in potassium hydroxide so-
lution and then diluting it into the feedwater for the system. Each experi-
ment was duplicated: once with an admiralty brass heated tube, and once

5 with a low carbon steel heated tube. Corrosion rates were measured as in
Example 4 from admiralty and LCS working electrodes, and by weight
changes of admiraity and LCS coupons. Rates for the coupons were
measured for the initial day of each run, and a "differential" rate was calcu-
lated for the remaining days of the run by offsetting the initial rate from the
10 overall rate.

TABLE It
CRM Corrosion Rates: Values at end of six days {mpy)

15 LCS Heated Surface ADM Heated Surface
1-CITTA TTA 1-CITTA TTA
LCS 0.2 0.4 0.45 0.75
ADM 0.00 0.00 0.05 0.07
20
TABLE IV

Gravimetric Coupon Corrosion Rates (mpy)
{First day and differential rates)

25
LCS Heated Surface ADM Heated Surface
1-CITTA ITA 1-CITTA ITA
Day 1 LCS 46 3.0 34 29
30 Day 6 LCS {diff.) 025 0.33 0.25 0.25
Day 1 ADM 19 2.1 1.6 1.8
Day 6 ADM (diff.) 0.00 0.20 0.00 0.10
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-7A- According to the present invention there is provided a nmethod
HhRbit | surfates—curtacted by an aqueous SySTem
characteri zed by adding to said agueous systema treatnent materi al
obt ai nabl e by i) dissolution of a benzotriazole in agueous
acetic acid, thereafter adding a hal ogenating agent, recovering a resulting
solid and diwWe8é2844%y recovered solid in an al cohol or stronb‘—'ﬂg P68
solution to formex situ said treatnment material, or by . ii) the
addi tion of a hal ogenati ng agent to an aqueous slurry of a benzotriazole at
alkaline pHto form ex situ, said treatnent qmterial. Tmsﬂwa}hsﬂ&ﬁﬂji

according to the present invention there is prOV|ded ac
metal surfaces contacted by an aqueous system conpri sing
solutlon of greater than 0.5 parts per mllion of a treatnent

The method of Example 5 was followed, except a solution of sodium
hypochiorite was added after 20 hours and continued for an additional 72
5 hours. The feed rate of the sodium hypochlorite was controlied to produce
a "chiorine residual” of about 0.1 to 0.3 ppm as Cl, using a standard DPD
spectrophotometric test on the recirculating water. For the experiment with
1-CITTA, the feed rate of the sodium hypochlorite was about 30% of that
required for TTA. For TTA, the characteristic odor was detected immedi-
10 ately after the first hypochlorite was added. With 1-CITTA, there was no
odor upon initiating hypochiorite addition, and only a trace was sensed just
prior to concluding the four day run.

TABLE V
15 CRM Corrosion Rates: Values at 90 hour mark (mpy)
LCS Heated Surface
1-CITTA YTA
20 Lcs 0.5 23
ADM 0.06 0.02
TABLE Vi
25 Gravimetric Corrosion Rates (mpy)
LCS Heated Surface
1-CITTA TTA
30 ' Day2t04LCS 1.1 26
Day 4 LCS (diff.) 0.4 14
Day 2to 4 ADM 1.1 1.2
Day 4 ADM (diff.) 0.15 - 085

THIS SHEET HAS BEEN
REPLACED




mat eri al obt ai nabl e by 1) dissolution of a benzotriazole in
aqueous acetic -&eid, thereafter adding a halogemati ng agemnt, recovering a
resulting solid and di ssolving recovered solid in an al cohol or strong
al kaline solution to formex situ said treatnment material, or by
i) the addition of a hal ogenating agent to an aqueous slurry of a
benzotri azow® s29#P kal i ne pH to form ex situ, said treat MPET/USIHOS6S9al
DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS The present inventors
have discovered that the treatment naterials (prepared ex situ) are nDre
effective than tolyltriazole in inhibiting cqgrosion Ths EasReen

cy of

The treatment materials are substantially nore effecti
inhibitors than tolyltriazole in the presence of chlori
the present invention is surprising given the prior know edge that

chlorination of an azole treated system | eads to degradati on of corrosion

Example 7

Solutions of azole at 6 ppm were made in deionized water, and the
pH was adjusted to 7.0. Cu*2 jon was added (0.1 ppm from cupric sul-

5 fate) and the pH was again adjusted 10 7.0. A sample was digested with
nitric acid, analyzed for copper, and a second sample was filtered (0.2
micron pore size), digested, and analyzed for copper. The ratio was
expressed as "% soluble Cu":

10 TABLE VI
Sampie % Soluble Cu
TTA 15
15 TTA+NaOCl _ 90
1-CITTA 13
Example 8
20

Admiralty brass corrosion coupons and working electrodes were
coated with a sulfide layer by exposing the metal to a sodium sulfide solu-
tion for 18 hours. These samples were rinsed and dried. Corrosion tests
were carried out in aqueous solutions in stirred beakers containing 500

25 ppm Ca, 250 ppm Mg, 25 ppm Malk, 15 ppm 0-PQO,, 3 ppm tetrapotassium
pyrophosphate, 10 ppm of a 3.1, low molecular weight, acrylic acid/allyl 2-
hydroxypropy! sulfonate ether copolymer, 2.4 ppm HEDP, and the pH was
maintained at 7.2 with a blended mixture of air and carbon dioxide at 49°C
for 18 hours. Electrochemical corrosion rates were measured using admi-

30 raity brass or low carbon stesl working electrodes. All tests also had both
admiralty and LCS coupons in contact with the solution.
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- 7B - inhibition performance. Furthernore, the treatnment materials of

t hepresent rnventron are not subjecr to thne rormation 0f obj ectTomabl &
odors when exposed to chlorine as is tolyltriazole, the quantity of
chlorine that is required to produce a residual in the agueous systemis
not ably reduced in conparison to systens treated with tolyltriazole, and
t he treat merWOP¥2%44% f ective in the presence of sul fide ionsPCI/US6/03659 The
treatment nmaterials of the present invention can include chloro-,- fluoro-,

brono- and i odo conpounds. The azole may include tolyl trfmée«?H
benzotri azol e, butyl benzotri azol e, mercapto- {&nzothi azol ~ ced
The preferred azole is tolyltriazole. Preferred corrpoundsﬂﬂ l e by

chlorinating or bromnating tolyltriazole. The e tion
of the preferred

Each solution was tested with and without addition of sodium hypo-
chiorite (added after 1 hour exposure). In a separate, but otherwise iden-
tical experiment, clean low carbon steel working electrodes were used in
place of the sulfide-exposed admiraity brass, but the sulfide-exposed

S brass coupons were present as & source of copper. At the conclusion of
the experiment, a sample of the supernatant solution was taken and
analyzed for copper. Analyses were taken with and without filtration
through a 0.2 micron membrane filter.

10 TABLE Vil

Admiraity Low Carbon
Brass Steel
NaOCi Corrosion Corrosion Copper (ppm)

16 Agzole {ppm) Rate {(mpy)} Rate {mpy] Unfiltered Filtered

none 0 1.01 54 0.354 0.103

3ppm TTA 0 0.07 1.2 0.014 0.014

3ppm t-CITTA O 0.06,0.05 1.0 0.605 0.004
20

none 20 2.09 52 0417 0.059

3ppm TTA 2.0 0.45 26 0.133 0.066

3 ppm 1-CITTA 2.0 0.13 1.7 0.086 0.038
25

Example 8

A sample was prepared from the methylene chloride-insoluble
fraction of Example 1. This was compared to the sample from the methy!-
30 ene chloride-soluble fraction of Example 1 and the soiution from Example
2. These samples, plus a mixture of the first two solids allows a compari-
son of isomeric fractions based on the position of the methyl group on the
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chlorinated tolyltriazole can be by any suitable neans. Exanples of
preparation nmettrods—Tmciude but aremot |inrted-to reactions with — —
hypochl orite, N chl orosuccinimde, and other chlorinating agents. One

method is through the reaction of tolyltriazole with hypochlorite, in which
case the final reaction mxture is an alkaline solution that can be used

with or wtWRA204#t her nodification. An alternative net ho®CIHUSMOIES? t he
reaction of tolyltriazole with hypochlorite in acetic acid solutions,.

(i.e., hypochlorous acid) and then isolated as a solid. For convenlence of
application, the solid can be redissol ved i ni@l cohol s shic$hes wﬁ;‘“

2- propanol, aqueous sol utions of alcohols or strong alk \““ \‘““ ‘ such

as sodi um hydroxi de or potassium hydroxi de.

benzene ring of 1-CITTA (see Example 1), as follows (note that tolyitria-
Zole is approximately equimolar in the 4- and 5-methyl isomers, and the
6-methyl isomer is equivalent to the S-methyl isomer):

S JABLEIX

1-Chiorotolyltriazole
isomers, Methyl
Pogition(s) urce

10
(4) Example 1. methylene chioride insoluble fraction
(5) + (6) Example 1, methylene chioride soluble fraction
(4) + (5) + (6) Mixture of the above two samples
(approx. 2:1:1)

16 (4) + (5) + (6) Example 2

{approx. 2:1:1)

The method of Example 8 was followed, using clean admiralty
20 brass coupons and electrodes. The foliowing wers the 18 hour averaged
electrochemical corrosion rates:

TABLE X
Average
25 Azole Corrosion
{3 ppm total) Isomers Source NaOCl Rate {mpy)
1-CITTA (4) Ex. 1 none 0.17
1-CITTA (5)+{6) Ex. 1 none 0.11
30 1-CHTA (4)+(5)+(6) Ex.1 none 0.10
1-CITTA (4)+(5)+(6) Ex. 2 none 0.07
TTA {4)+(5=6) none 0.23
1-CITTA (4) Ex. 1 2 ppm 0.30
35 1-CITTA (5)+(6) Ex. 1 2 ppm 0.21
1-CITTA (4)+(5)+6) Ex.1 2 ppm 0.15
1-CITTA (4)+(5)+(6) Ex 2 2 ppm 0.13
TTA (4)+{5=6) 2 ppm 0.38
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- 7C -

neansT—Exanpl es—of—prepar ati on nmethots—Tnctude—but—are not

reactions with hypobronite,

Brom nati-on of tolyltriazole can be by any suitable

limted to

brom ne, and other brom nating agents. A nethod

of formng 1 -bronotolyltriazole is through the reaction of tolyltria- zole

with brom ne,

conveni ence ‘8?9%@&!5\ cation,

i n_an aqueous solution and then isolated as a solid. For

the solid can be dissolved in aP‘:foFQ?ﬁ@J‘&? kal i ne

sol ution such as sodi um hydroxi de or potassi um hydroxi de.

10

15

20

25

30

This Sheet 11

" Tl ii““’

Example 10

A synthetic sea water was formulated from deionized water plus
1010 ppm Ca as CaCOj,, 5226 ppm Mg (as CaCOy), 18971 ppm Cl, 2660
ppm 804, 117 ppm M-alkalinity (as CaCO,), 5 ppm azole (see below), and
the pH was maintained at 7.8 with a blended mixture of air and carbon diox-
ide at 38°C.

Admiralty brass electrodes were exposed to this medium for 1 hour
and then they were transferred to identical water with no azole present.
Electrochemicai corrosion rates were measured for 18 hours.

TABLE XI
Mean Electrochemical
Azole Corrosion Rate {mpy]
Benzotriazole 40
5-Butyibenzotriazole 15
Tolyltriazole 6
1-Chilorotolyitriazole 3.2

Example 11

Sodium hypochiorite (12.2%, 204.9 g, 0.336 mol) was added over
90 minutes to a stirring slurry of benzotriazole (40 g, 0.336 mol) in 30 g of
water at room temperature. Foliowing the addition, the reaction mixture
was held at 45-50°C for one hour. Upon cooling, a precipitate formed. A
clear yellow solution was obtained after adjusting the pH to 11. The final
product was analyzed by LC/MS and 13C and 'H NMR and found to be
composed of 54.6% 1-chiorobenzotriazole, 23.9% residual benzotriazole,
and 21.5% di-chlorobenzotriazole.

REPLACED
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In treating an aqueous systemin accordance with the present in- vention,

t he chl ori nat ed-tolyltriazol e treatnent mater+al (CTTTM—is preferably fed
continuously to the water. A preferred treatnment concentration ranges from
about 0.5 to 10 parts per mllion, nost preferably at about 3 parts per
mllion. Continuous feed is not, however, a requirenent. The CITTM can be
fed at a coweahesabi on sufficient to forma protective fillrmwdmd‘imeafter

feed can be discontinued for extended periods of tine: The
treatment of the present invention can be used in con%natlon wi th ot her
corrosion and/or deposit inhibiting treatnmenyg known in E.ifstBeén d| ng
but not limted to phosphates, phosphonates, acryl I ¢ hog

chel ants, and oxi nes. The present invention w I ﬁher
descri bed with reference to a nunber of specific exanples Whl C o0 be
regarded solely as illus- trative and not as restricting the scope of the

present invention. gﬁws

Bromine {12.5 g, 0.078 mol) was added to a stirring siurry of TTA
{10 g, 0.075 mol) in 66 g of water in a reactor protected from light, while
5 maintaining the temperature at <25°C. After the addition, the reaction
mixture was held at 35-40°C for one hour. Upon cooling, adjusting the pH
to 11-12 did not produce a clear solution. The precipitate that formed
upon standing was removed by filtration, the pH of the filtrate was ad-
justed to neutral, and the resulting precipitate filtered. This solid was
10 characterized by LC/MS and 13C and 'H NMR and found to be composed
of 90.5% Br-TTA, 4.9% residual TTA, and 4.2% di-bromo-TTA.

Example 13

15 The method of Example 8 was followed, using sampies from Exam-
ples 2, 11 and 12 at 1 to 4 ppm total actives. The following were the 18
hour averaged electrochemical corrosion rates:

JABLE Xit
20 Average
Conc. Corrosion
Azole {pom) Source NaOCl Rate (mpy)
1-CIBZT 1 Ex. 11 none 0.21
25 2 0.09
4 0.03
1-CITTA 1 Ex. 2 none 0.14
2 0.09
4 0.08
30 1-BrTTA 1 Ex. 12 none 0.17
2 0.11
4 0.07
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Example 1 The preparation of the solid sanples was as foll ows:

- = FotyttTrTazore (hereirafter=TFA—(S0~g;— 0. 225 noi ) was—drssotrved—
in aqueous acetic acid (60 nL, 1:1 ratio) by heating to 32[err]C. Sodium

hypo- chlorite (366 g, 5.25% sodi um hypochlorite as a bl each solution) was
added whil e nmaintaining the reaction tenperature at - 20[err]C. Foll ow ng
t he additi onWO96@%44®act i on m xture was stirred at room t enp@CIISIENIESIr 24
hours. A sticky precipitate forned during this time. The solid was -filtered
and taken into nethylene chloride. The solid that did ?%)t di ssol ve_was

filtered and the methylene chloride was remoygd to ob IW“FWHWW

which was the CTTTMwith mnor anpunts of di-C -TTA. U
JABLE Xii {cont'd)
Average

latter solid
Conc. Corrosion

Azole A{ppm} Source  NaOCt Rate {mpy)

none 0.13
0.14
(n/a)

Ex. 11 2ppm 0.55
0.25
0.09

Ex. 2 2 ppm 0.58
0.24
0.09

Ex. 12 2 ppm 0.45
0.16
0.09

2ppm {n/a)
0.45
0.27

1-CiBZT

10

1-CITTA

15 1-BrTTA

TTA

AN AN AN AN AN

20

The above examples show that the ex situ prepared N-halo-azoles
of the present invention are effective corrosion inhibitors even in the
presence of chiorine.
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was used in the foll ow ng Exanpl es. Exampl e 2 A slurry of
TTA (50 g, 0.376 ot T 25 g ofwater was wartmed to 35ferr]C Sodirumm—
hypochlorite (27.9 g, 0.376 nol, added as 226.8 g of a 12.3% sodi um

hypochl orite solution) was added over a period of 2 hours. After the
addition, the reaction was kept at 45[err]C for one hour. During the
addi ti on t haV@PE29M4% he reaction m xture increased to 12 andPQTS960365%s di s-
sol ve. The final product was anal yzed by 1H and 13C NIVR and LG UV and found
to be conposed of 81.9% Cl -TTA. 8. 8%reS| dual TTA and 9.3%di-Cl-TTA based
on the relative areas in the W spect

SR i

CLAIMS
What is claimed is:

1. A method of inhibiting corrosion of metal surfaces contacted
by an aqueocus system characterized by adding to said aqueous system
an N-halo-azole prepared ex situ said aqueous system.

2, The method of claim 1 wherein said aqueous system is
being treated with a halogen.

3. The method of claim 1 wherein sulfide ions are present in
said aqueous system.

4. The method of claim 1 wherein said N-halo-azole is selected
from the group consisting of 1-chiorotolyltriazole and 1-bromotolyitriazole.

5. The method of ciaim 1 wherein said N-halo-azole is added
to said aqueous system at a concentration of greater than 0.5 parts per
million.

8. The method of claim 1 wherein said N-haio-azole is added
to said aqueous system at a concentration of from 0.5 parts per million to
10 parts per million.

7. A method as claimed in any of claims 1 to 6, wherein a cor-
rosion inhibiting layer is formed on said metai surfaces by said N-halo-
azole.
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t'her—present fmventton.- ThszheetHaS 10 - Exanple 3
In the schenes bel ow, TTA 100 ppm in contrast to Exanple 2

about 7.2, there was no odorfromth ﬁ,}eytlon of the treatnent material of
where the initial sl urry 200, 000 ppm "x" denotes a

stoichionetric ratio. Scherre 1 pH=7 sol ution

cont ai ni Ng whQehdsddrt1. 1xNaOCl <- - - >odor ous by- product - - - > Chdiivkesnaeder ous

by- pr oduct Schene 2 pH=11. 8 pH=8. 2
21

8. A method as claimed in any of claims 1 to 7, wherein
chiorine demand, in said agueous system, to inhibit microbiological
growth is reduced by said N-halo-azole.

9. A method as claimed in any of claims 1 to 8, wherein copper
ion transport in said aqueous system is inhibited by said N-halo-azole.

10. A corrosion inhibiting composition for metal surfaces con-
tacted by an aqueous system comprising an aqueous solution of greater

than 0.5 parts per miliion 1-bromotolyitriazole.

11. A composition comprising 1-bromotolyitriazole.
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TTA + 1. 1xNaOd <--->sol ution, no odor ---> CITTM + odorous by- product
Exanpl e 4 A CTTTM prepared as a solid according to Exanple 1, was

‘di ssolv- ed in methanol and charged to a sinulated cooling water sol ution.
The solution contained 319 ppm Ca (cal Gukated as CaC®), 7 ppm My (cal cu-

| ated as Ca 1 .INg H 882 m Na2SM4, . 1184 mNaCl, 5 m

azol e, and ﬁbgpm%g?%%;ﬂé‘h%fﬁeﬁwt?%@ﬁ%’ '@rplRcpteprar a&g&ﬂais-EDP) . PP
ochl orite wWaO&bwastimprbved hiOfki Lntained.at. 120[err] F by an

;%ﬁi ralty br az,pgépt}gat eMTﬁbe aﬁgieg?b‘g@:?. g ?’%E%dgeg&: é{‘ep*ﬂYR?aLt r o} I ery

equi pped to f BISPUPE: aci d on demand. The sol ution was recirecul at ed
past the heat eg an@,e%ﬁs(q bat.h L ralty and copper/nickel alloy corrosion
rate meters (CRM. After'ei%hglﬁ%gggﬁqﬁqréwfm didnaigevelag repl aced by an
i denti cal sol gepdmrotectivenfimanaien prabddi RSt i | ow and re-

pl eni sh the sxg{o?qui t@n%{éfﬁh gol ution at abof&iﬁ/ﬁg?%\%%ﬁé; per hour. This
system was naln X NEGe #8Q&5e conditions conti nuousl y until the

Thus, the combination of tolyitriazole with NaQCi did not produce
a composition capable of efficient film formation and corrosion inhibition.

European Patent Application Q0 582 118
discloses a method of controlling corrosion and
bioclogical matter in copper and copper alloy cooling
water systems. The method requires that a triazole
film be formed on copper and copper alloys by treating
the system with a triazole. Thereafter, when needed,
low levels of triazole and an oxidizing biocide are
added to the system at the same time. Re-formation of
the triazole film is accomplished by adding additional
triazole when required. This method does not involve
the ex situ reaction of a halogenating agent and a
benzotriazole to form a halo-benzotriazole treatment.
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bright admralty tube was tarnished, at which point the experinent was

termnated. Conparisons were nmade to identical

benzotri azol e. TABLE |

Adm ralty Tube Appearance Pr et r eat nent 40 hours 94 hours
336 hours CTTT™M Bri ght Bri ght Tar ni shed
TTA Bri ght Tar nj shed * Benzotri azol e
Tar ni shed * * TABLE 1|1
Admralty Cu/ Ni Corrosion Rate (npy)

experinments with TTA and

Corrosi on Rate (nPihe fitatd SBthaREdctiof Groduits Whefl BSoleS 3k BXosed t40 hrs. 94

hrs.

336 hrs.

oxidizing halogens in a cooling water system is not clear. The literature
teaches that a compound is formed when chiorine and tolyltriazole are
combined in cooling waters, and that it responds to analytical tests for
chiorine. For example, Vanderpool, et al., state that chlorine reacts re-
versibly with tolyltriazole to produce 1-chlorotolyitriazole. They specifi-

_cally state, "presumably this compound is not itself an inhibitor." Rather,

they teach that it is readily hydrolyzed to the original tolyltriazole and hy-
pochlorous acid so that free tolyltriazole becomes available for corrosion
inhibition ("Improving the Corrosion Inhibitor Efficiency of Tolyltriazote in
the Presence of Chiorine and Bromine”, NACE Corrosion/87, Paper No.
157 (1987)). Hollander and May were able to isolate 1-chlorotolyltriazole
from stored, more highly concentrated solutions, but they also teach that
“at low concentrations (less than 10 mg/L) rapid hydrolysis made it im-
possible to isolate the chioro adducts." “The Chemistry of Azole Copper
Corrosion Inhibitors in Cooling Water”, NACE-Corrosion Vol. 41, No. 1,
pp. 3945, January 1995.Thus, the art teaches that solutions of tolyltria-
zole with hypochiorite used to treat cooling waters are not readily distin-
guishable as different from a simple mixture of these components.



CTTT™M 0.2 . 0.3 0.5 0.7 0.4 0.8 TTA

<0.1 2.2 * N A 52 * Benzotriazol e 1.3

* * 2.0 *  *Experinent previously term nated. Exanple 5
Corrosion tests were carried out in the apparatus described in Ex- anple 4
with water containing 500 ppm Ca, 250 ppm My, 25 ppn Malkalinity, 15 ppm
o-PJerr], 3 ppmtetrapotassium pyrophpsphate, 10 ppmof a 3:1, |ow

Copoly- el 34 pS%f%E%é}@é%%é?L'ﬁﬁ%%"%ﬁ?%ﬁéﬁﬁi‘é A4 BRbEY onded

m xture of t&at EnhdreAURANHiRpGeiak Ajaingkie #Y 18 hours. El ectrocheni cal
corrosion rates wereieasdissiolst hon aslfn & abeyzdrataszé¢®Mnaand | ow car bon

steel (LCShquudkidGlod rdes, ldrdamte: alaihac hoiToautieabdy and LCS

cou- pons L1t cont agl, Wi Lhe Selutian, he setiof & L. e fr o Exarpl e 4

recovered solid in an alcohol or strong alkaline
solution to form ex situ said treatment material, or by
ii) the addition of a halogenating agent to

an aqueous slurry of a benzotriazole at alkaline pH to
form, ex situ, said treatment material does not respond
to analytical tests for chlorine, despite extended
boiling. In solutions of said treatment material there
is also the surprising absence of a very characteristic
odor that is present whenever tolyltriazole and
hypochlorite are combined in cooling waters.

There are also references in the literature to S-chlorobenzotriazole
(i.e., CAS Aumber {94-97-3]). In'The Water Drop”, Volume I No. 2, 1985,
Puckorius & Associates state that chloringted tolyltriazole is effective as a
corrasion inhibitor and cite R.P. Carr as a reference. However. they imply |

a chlorination of the benzene ring as opposed to the azole ring.
.Further, a literature review of pub]ished;wokk.ﬁy-

Carr indicates that he éctuaily teaches that reactions between tcly!iriazdle '
and chlorine do not occur under caaling water conditions ("The Perform-

_ance of Tolyltriazole in the Presence of Sodium H_y_po;_hlorite Under Simu-
lated Field Conditions”, NACE Corrosion/83 Paper No. 283, 1983). In this

. Corrosion/83 paper, Carr does discuss the inhibiting action of a chloro-
azole but it is a reference to eadierliiterature and specifically to the actiqn' .
of 5-chlorobenzatriazole and related aryl substituted chiorinated azoles in
sulfuric acid solutions ("Effects of Substituted Benzotriazole on the Eleé-
trochemical Behavior of Copper in H-ZSQ;’, Wu et al,, Corrosion, Volume
37, No. 4, 223 (1981)). Since the 1985 Puckorius reference, there

has been widespread use of tolyltriazole in

chlorinated cooling systems with well established performance difficulties,

indicating a coritinuing, unsolved problem in the art.”
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that the CTTTMwas fed continuously at 3 ppmduring these experinents. The
GTTTM was supplied by dissolving the solid in potassium hydroxi de so-
lution and then diluting it into the feedwater for the system Each experi -
ment was duplicated: once with an adm rglty brass heated tube, and once
with a | ow carbon steel heated tube. ToFrosion rates were neasured as in
Exanple 4 fromadmralty and LCS working el ectrodes, and by wei ght changes
of admralty and LQOHerpaphiens aRnwel-khown whendolyliarsievened oxidiring ed for the

- omai i ng- day e RoT 8 eortafed i Sevg B ThebE iR B3 a B Toveran 1

rate. tent of precipitation of transition mdtABilohs Isbith as copper@ﬁMs@@écﬂiﬁ?i on Rates:
Val ues at end of six days (mnpy) ) ) LCS Heated Surface

ADM Heat ed Supiimgeoved transport and galvanic ¢ornosign, a chenge in the response CTTTM
TTA of the standard spectrophotometric test for tolyltriazole, leading to unin-

tentional overfeed, and the objectionable odor mentioned above. This
odor can be sensed even when the cooling water originally contained 1
ppm tolyltriazole, or less. Since cooling water often passes over cooling .
towers, evaporation and drift release the objectionable odor to the tocal

environment.

The present authors believe that although the molecularity of the
odorous material has not been identified, it may be the key in under-
standing the differences between true solutions of 1-chiorotolyitriazole in
contrast to mixtures of tolyitriazole and hypochiorite: the odorous mater-
ial is probably an intermediate in stepwise reactions leading to 1-chloro-

_ tolyltriazole, that it forms reversibly with tolyltriazole, and that it is absent

when the reaction is driven to completion, i.e., toly!triaiole + OCl-—(inter-

mediate)—1-chlorotolyltriazole. The present inventors have found no evi-
. dence of reversion of 1-chiorotolyltriazole to either the odorous interme-

diate or to tolyltriazole. Nor is there any evidence of reactions between '

hypochiorite and 1-chlorotolyltriazole in dilute aqueous solutions.
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LCS 0.2 0.4 0. 45 0.75 ADM

Q. 00 0. 00 0. 05 0. 07

TABLE |V Gravi netric Coupon Corrosion Rates (npy)

(First day and differential rates) LCS Heated Surface
ADM Heat ed Surface CTTT™M TTA CTTTM
TTA Day 1 LCS 4.6 3.0 7 3.4 2.9 Day 6 LCS
(diff.) 0.25 0.33 _ 0.25° ° 0.25 Day 1 ADM 1.9
2.1 SUMMARY OF TTHE INVENTIDMNS Day 6 ADM (diff.) 0.00 0.20

0.00 0.10 The present inventors have diséovéred that

treatment materials obtainable by

i) dissolution of a benzotriazole in
aqueous acetic acid, thereafter adding a halogenating
agent, recovering a resulting solid and dissolving
recovered solid in an alcohol or strong alkaline
solution to form ex situ said treatment material, or by

ii} the addition of a halogenating agent to
an aqueous slurry of benzotriazole at alkaline pH to
form, ex situ, said treatment material, {(and those
prepared ex situ) are more effective than tolyltriazole
in inhibiting corrosion in aqueocus systems. The
treatment materials of the invention are substantially
more effective than tolyltriazole in the presence of
chlorine. Furthermore, when the treatment materials of
the invention are exposed to chlorine, an objectionable
odor does not form and the quantity of chlorine that is
required to produce a residual in the aqueous system is

reduced.

AMENDED SHEET
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Exanpl e 6 The nethod of Exanple 5 was foll owed, except a solution
of sodi um hypochlorite was added after 20 hours and continued for an
additional 72 hours. The feed rate of the sodi um hypochlorite was
controlled to produce a "chlorine residual™ of about 0.1 to 0.3 ppm as
Cl[err] using a standard DPD spectrophotonetric test on the recirculating
wat er. For the experinent with CTTIM;phe feed rate of the sodium

hypochl orite was about 30% of that required for TTA. For TTA, the
characteristic odor VRECHEEERY el i R drreegR) yinyerEionethe¥st ifypochl orite

was added. WHdvidEATM nidtic] WS ithiQHali dpUbirbdicH 140 dpochl orite

addi tion, and onky a trace mef sensed just prior to concluding the four day
Fun. Surfaces contacted by an ARYGEY/ SYSten CHRFATHTOATH Rales:

Val ues at 9&yhedidimmgy ko rgadd agueous system a treatment material CS Heated
Surface CITTM  TTA

LCS obtain&kq:.’le byzl 3
i) dissolution of a benzotriazole in

agqueous acetic acid, thereafter adding a halogenating
agent, recovering a resulting solid and dissolving
recovered solid in an alcohol or strong alkaline
solution to form ex situ said treatment material, or by

ii) the addition of a halogenating agent to
an aqueous slurry of a benzotriazole at alkaline pH to
form, ex situ, said treatment material.

| Also according to the present invention there

is provided a composition for metal surfaces contacted
by an aqueous sYstem comprising an aqueous solution of
greater than 0.5 parts per million of a treatment
material obtainable by

i) dissolution of a benzotriazole in
aqueous acetic acid, thereafter adding a halogenating
agent, recovering a resulting solid and dissolving
recovered solid in an alcohol or strong alkaline
solution to form ex situ said treatment material, or by

ii} the addition of a halogenating agent to
an agqueous slurry of a benzotriazole at alkaline pH to
form, ex situ, said treatment material.
DESCRIPTION OF THE PREFERREQ EMBODIMENTS

The present inventors have discovered that

the treatment materials (prepared ex situ) are more
effective than tolyltriazole in inhibiting corrosion in
aqueocus systems. The treatment materials are
substantially more effective corrosion inhibitors than
tolyltriazole in the presence of chlorine. The
efficacy of the present invention is surprising given
the prior knowledge that chlorination of an azole
treated system leads to degradation of corrosion

AMENDED SHEET
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ADM

Gravinetric Corrosion Rates (npy)

Heat ed Surface . . CTTT™M TTA
Day 2 to 4 LCS 1.1 ... 2.6 Day 4 LCS (diff.)
0.4 1.4 ¢« -Day 2 to 4 ADM 1.1 1.2
Day 4 ADM (diff.) 0. 15 0.85_ 78 -

4 -

0. 06 0.02 TABLE VI

inhibition performance. Furthermore, the treatment
materials of the present invention are not subject to
the formation of objectionable odors when exposed to
chlorine as is tolyltriazole, the quantity of chlorine
that is required to produce a residual in the aqueous
system is notably reduced in comparison to systems
treated with tolyltriazole, and the treatment is
effective in the presence of sulfide ions.

The treatment materials of the present

invention can include chloro-, fluoro-, bromo- and iodo

compounds. The azole may include tolyltriazole,
benzotriazole, butylbenzotriazole, mercapto-
benzothiazole and the like. The preferred azdle is
tolyltriazole. Preferred compounds are obtainable by
chlorinating or brominating tolyltriazole.

The ex situ preparation of the preferred
chlorinated tolyltriazole can be by any suitable means.
Examples of preparation methods include but are not
limited to reactions with hypochlorite, N-
chlorosuccinimide, and other chlorinating agents. One
method is through the reaction of tolyltriazole with
hypochlorite, in which case the final reaction mixture
is an alkaline solution that can be used with or
without further modification. An alternative method
involves the reaction of tolyltriazole with
hypochlorite in acetic acid solutioms, (i.e.,
hypochlorous acid) and then isolated as a solid. For
convenience of applicatioh, the solid can be
redissolved in alcohols such as methanol or 2-propanol,
aqueous solutions of alcohols or strong alkaline
solutions such as sodium hydroxide or potassium

hydroxide.

AMENDED SHEET
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Exanple 7 Solutions of azole at 6 ppmwere nmade in deionized
water, and the pH was adjusted to 7.0. Cu[err] ion was added (0.1 ppm from
‘cupric sul- fate) and the pH was again adjusted to 7.0. A sanple was
digested with nitric acid, analyzed for copper, and a second sanpl e was
filtered (0.2 mcron pore size), di %st_ed, and anal yzed for copper. The
rati o was expressed as "% sol uble” X

TABLE VI | Sanpl e % Sol ubl e Cu
TTA N , TTA+ |
90 Bromination @fﬁ—ﬂiyﬁmazo}e can be by any sujiab aE)I?gS; e 8

means. Examp!es of preparation methods include but are not limited to
reactions with hypobromite, bromine, and other brom'inating agents. A
method of forming 1-bromotolyltriazole is through the reaction of tolyltria-
Zole with bromine, in an aqueous solution and then isolated as a solid.
For convenience of application, the solid can be dissolved in a strong
alkaline solution such as sodium hydroxide or potassium hydroxide.

AMENDED SHEET
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Admralty brass corrosion coupons and working el ectrodes were coated with a
sul fide |l ayer by exposing the netal to a sodiumsulfide solu- tion for 18
hours. These sanples were rinsed and dried. Corrosion tests were carried
out in aqueous solutions in:stirred £peakers cont ai ni ng 500 ppm Ca, 250
ppm My, 25 ppm Malkalinity, 15 ppm-o-PJerr], 3 ppmtetrapotassiun
pyrophosphate, 10 ppmof a 3:1, |ow nolecular weight, acrylic acid/allyl 2-

hydr oxypr opyl Iﬁlﬁé‘a@ﬂgf& @c{)dé@use Qﬂnyﬂaécoraaﬂcaomh U@Enesaﬁdnt he pH was
mai nt ai ned at 7. th

| ended m xtare~of  air car d| 0 e at
49[err]C W@?’%Bﬁhﬁ&ﬂ}%‘ma@de@ﬂﬂgdﬁ@ﬂﬁ %F“%W&"@n&?ﬂp E@%r ed using
adm - ral | tests al so
o o £ k085 8 G AGRohes i anEL A8 s“
- 15 - from aboﬁaﬁﬁ tsdlopartspemlhbe.smest prefehabin dt mbmlhtcajparmjdl ti on cf sodium

hypo- chlori; osur arate, but otherw se
nyp per ma lron( acgon%nuous ?eed]‘ls nofJ howe er, a re&utrement sﬁP

I den-
CTTTM can be fed at a concentration sufficient to form a
protective film and thereafter feed can be discontinued for extended

periods of time.

The treatment of the present invention can be used

in combination with other corrosion and/or deposit inhibiting treatments
known in the art including but not limited to phosphates, phosphonates,
_acrylic homo- and copolymers, chelants, and oximes.

The present invention will now be further described with reference

to a number of specific examples which are to be regarded solely as illus-
trative and not as restricting the scope of the present invention.

Examples
Exampie 1

The preparation of the solid samples was as follows:

—
s T LJEF—T
4mNDED ShES
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tical experinment, clean |ow carbon steel working el ectrodes were used in
pltace of the sulfide-exposed admralty brass, but the sulfide-exposed

brass coupons were present as a sow ce .of copper. At the conclusion of the
experinment, a sanple of the supernatant solution was taken and analyzed
for copper. Anal ys$elitriazaie (haremalict hTANSOG, s indi) Masadisssived inr ough a 0. 2

m cron nmenbrane_{i \ ) . ; o AB VI |
Admiralty L oﬁﬂfﬁ?"béo%gﬁc acid (60 mL, 1:1 ratio) by heatmglg? gg SC. Sca_tunét%éo@-

NaOCl Cor r os chlbritéXB6603 I5026% sodiunCOoypieehiorippas adledoh solution) wasppm Rat e

(nmpy) Rate (moy) , Unfiltered Filtered none 0O . 1.01
5 4 0added whilg maintaining,{herreaction tempegature g ~20°C. Following >

0,054 0 i g cton sy b cppppeatyGf% 0,00
2.0 0. 45 hours. A sticky@precipitate formiggiaduringGhi388ne Ppersdidrwas filtered 0.13
L7 O'arqg ?akgn ig{oor%gthylene chloride: The solid that did not dissolve was

filtered and the methylene chloride was removed to

obtain a yellow solid which was the CTTTM with minor

amounts of di-CI-TTA. Unless noted, this latter solid

was used in the following Examples.

Example 2

_ A slurry of TTA.(50 g, 0.376 mol) in 25 g of water was warmed to
35°C. Sodium hypochlorite (27.9 g, 0.376 mol, added as 226.8 gof a
12.3% sodium hypochlorite solution) was added over a period of 2 hours.
After the addition, the reaction was kept at 45°C for one hour. During the
addition the pH of the reaction mixture increased to 12 and the solids dis-
solve. The final product was analyzed by 1H and 13C NMR and LC-UV
and found to be composed of 81.9% CI-TTA. 8,8% residual TTA, and 9.3%
di-CI-TTA based on the relative areas in the UV spectra.

On dilution to 1 to 100 ppm azole, with or without pH adjustment to,
about 7.2, there was no odor from the solution of the treatment -

material of the present invention.

AMENDED SHEET
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Exanpl e 9 A sanpl e was prepared fr.omthe nethyl ene
chloride-insoluble fraction of Exanpl ggl- This was conpared to the sanple

fromthe nethy enF ghl oride-spluble fraction of Exanple 1 and the
sol ution fromgﬂﬁﬁ 2. These.sanples, plus a mixture of the first two
solids allows a conpari- son tofs i someric fractions based on the p05|t|on of

the methyl group on the
benzene ring of 1 -lotheracheres belawpl FA was paesendjat 308 PP%!%CQW%@L“ Q| yltria-

I S d
et iyl 1 Som arapie 2 e e Ftal S ohtaifif abal0fbod p=re and The

denotes a stoichiometric ratio.

Scheme 1

pH=7 solution containing slow
TTA+1,1xNaOCl<———>0dorous by-product

> CTTIM + odorous by-product

Scheme 2

pH=11.8 pH=8.2
TTA+1.1xNaOCl<————>solution, no odor

>'CTTIM + odorous by-product

Exampie 4

A CTTTM prepared as a solid according to Example 1, was dissolv-
ed in methanol and charged to a simulated cooling water solution. The
solution.contained 319 ppm Ca (calculated as CaCO,), 7 ppm Mg (calcu-

lated as CaCOs3), 190 ppm NaHCO,, 882 ppm Na,SO,, 1184 ppm NaCl,

5 ppm azole, and 2.4 ppm of hydroxyethylidene diphosphonic acid
(HEDP). Hypochlorite was absent. The solution was maintained at 120°F
by an admiraity brass heater tube and at pH=7.2 to 7.5 by a pH controlter
equipped to feed sulfuric acid on demand. The solution was recirculated '
past the heater and past both admiraity and copper/nickel alloy corrosion
rate meters (CRM).' After 1 hour the solution was drained and replaced by
an identical solution with no azole, which was also fed to overflow and re-
plenish the system with fresh solution at about 4% by volume per hour.
This system was maintained under these conditions continuously until the

AMENDED SHEET
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TABLE | X CTTT™M

| soners,

Met hyl Position(s)

Exanpl e 1. nethylene chloride insoluble fraction

Exanpl e 1, nethylene chloride soluble fraction
M xture of the above two sanpl es

(approx 2:1:1)

Sour ce

(5) + (6)

(4)

(4) + (5) + (6)

(4) + (5) + (6)

Exanpl e 2 (apgight. ad?niﬂattl,r)tube was tarnishedNRtasieh ebidtranBlpRerithamsvasol | oved,

using clean admralty

brass coupons and el ectrodes.

The following were the

18 hour aver alpFminatedt Coamanrens wergrmade khideatieal experiments with TTA

TABLE X Aver age
Azol e and benzotriazole. Corrosion (3 ppmtotal)
| soners Sour ce NaCCl Rat e (npy)
TABLE |
Admiraity Tube Appearance
Pretreatment 40 hours 94 hours 336 hours
CTTT™ Bright Bright Tarnished
TTA Bright Tarnished *
Benzotriazole Tarnished * *
TABLE i
Admiraity Cu/Ni
Corrosion Rate {mpy) Corrosion Rate {mpy)
Pretreatment 40hrs. 94 hrs. 336hrs. 40 hrs. 84 hrs. 336 hrs.
CTTT™ 0.2 0.3 0.5 0.7 0.4 0.8
TTA <0.1 22 N/A 5.2 *
Benzotriazole 1.3 * * 20 * *

' *Experiment previously terminated.

Exampie §

Corrosion tests were carried out in the apparatus described in Ex-
ample 4 with water containing 500 ppm Ca, 250 ppm Mg, 25 ppm M-a]kahmty, 15
ppm 0-PQy, 3 ppm tetrapotassium pyrophosphate, 10 ppm of a 3:1, low

molecular weight, acrylic acid/allyl 2-hydroxypropy! sulfonate ether copoly-
mer, 2.4 ppm HEDP, and the pH maintained at 7.2 with a blended mixture

of air and carbon dioxide at 49°C for 18 hours. Electrochemicai corrosion

rates were measured using admiralty brass (ADM) and low carbon steel

(LCS) working electrodes. All tests also had both admiralty and LCS cou-
pons in contact with the solution. The method differed from Example 4 in

[



CTTTM (4) Ex. 1 none 0.17 CTTTM

(5) +( 6) Ex. 1 none 0.11 CTTT™M (4) +(5) +(6)
1 none © 0.10 CTTTM . 22 - (4)+(5)+(6) Ex. 0223 2:?"?"?’M
?4)07 TA Eﬁhat the CT'l[1'f41 )"ﬁ%ﬁﬁd continuousyy a4 3 m@fwﬁ‘ﬁg these e"Pe”'(’é')"S( 6) Ex

1 2 ppm  The CTTIM \Qagi @EEEEMy dlssolvng the M&Tﬁ%ﬁ@%m @8{3&%23 ppm

0.15 CTTT™M
(4) +( 5=6) lution and t eg dgptmg it mto the feedwater for the systemBEEachlexpad-

ment was duplicated: once with an admiralty brass heated tube, and once
with a low carbon steel heated tube. Corrosion rates were measured as in _
Example 4 from admiralty and LCS working electrodes, and by weight
changes of admiralty and LCS coupons. Rates for the coupons were
measured for the initial day of each run, and a "differential” rate was calcu-
lated for the remaining days of the run by offsetting the initial rate from the

overall rate.

TABLE {Hl
CRM Corrosion Rates: Values at end of six days (mpy)
LCS Heated Surface ADM Heated Surface
CTTTM TTA CTTT™ I7A
LCS 0.2 04 0.45 0.75
ADM 0.00 0.00, 0.05 0.07
TABLE IV

Gravimetric Coupon Corrosion Rates (mpy)
(First day and differential rates)

LCS Heated Surface ADM Heated Surface
CTTTM TTA CTTTM™M TTA
Day 1 LCS 4.6 3.0 34 2.8
Day 6 LCS (diff.) 0.25 0.33 0.25 0.25
Day 1 ADM 1.9 2.1 1.6 1.8
Day 6 ADM (diff.) 0.00 0.20 0.00 0.10
AMENDED SHEET
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A synthetic sea water was fornul ated from dei oni zed water plus 1010 ppm
GCa as CaCJerr], 5226 ppmM (as CaCJerr]), 18971 ppmd, 2660 ppm
SJerr], 117 ppm Malkalinity (as CaCJerr]), 5 ppmazole (see below, and
the pH was maintained at 7.8 with a- bhgnded m xture of air and carbon di ox-
| de at 38[err#C. i Admralty brass el ectrodes were exposed to this
medi um for 1 EﬂWpegnd then they were transferred to identical water with
no azol e present. El ectrochem cal corrosion rates were neasured for 18
hours. TABLE XI

Mean El ect r ocheni ciite method of Example 5 was fplkewed, except a solutituy efcssidium Rat e
(npv) ri I 4 »

5- But yl benzot W%ozcgll %ﬁg% éd%%@ after 20 hours and cP(ﬂ“W?& {ogza& aeddmcnal 72

6 ho@§T e feed rate of the sodium hypochlorité.wias controlled to produce

a "chlorine residual” of about 0.1 to 0.3 ppm as Cl, using a standard DPD

spectrophotometric test on the recirculating water. For the experiment with
) CTTTM the feed rate of the sodium hypochlorite was about 30% of that
required for TTA. For TTA, the characteristic odor was detected immedi-
ately after the first hypochlorite was added. With CTTTM: there was no
odor upon initiating hypochlorite addition, and only a trace was sensed just

prior to concluding the four day run.

JABLEV
CRM Corrosion Rates: Values at 90 hour mark (mpy)

LCS Heated Surface
CTTTM TTA
LCS 0.5 2.3
ADM 0.06 0.02
TABLE VI

Gravimetric Corrosion Rates {mpy)

LCS Heated Surface

CTTTM JTA
Day2to 4 LCS 1.1 2.6
Day 4 LCS (diff.) 0.4 1.4
Day 2 to 4 ADM 1.1 1.2

Day 4 ADM (diff.) 0.15 0.85



Exampl e 11 Sodi um hypochlorite (12.2% 204.9g, 0.336 nol) was
added over 90 mnutes to a stirring slurry of benzotriazole (40g, 0.336
mol) in 30g of water at roomtenperagture. Follow ng the addition, the
reaction m xture was held at 45- 50[err]C for one hour. Upon cooling, a
precipitate fExample A cl ear yel:dl ow solution of a chlorinated benzotriazole
treatnent material of the invention (CBTTM was obtained after adjusting

the pHto 11.
Solutions of azole at 6 ppm were made in deionized water, and the

pH was adjusted to 7.0. Cu*2 jon was added (0.1 ppm from cupric sui-
fate) and the pH was again adjusted to 7.0. A sampie was digested with
nitric acid, analyzed for copper, and a second sample was filtered (0.2
micron pore size), digqsted, and analyzed for copper. The ratic was

expressed as "% soluble Cu":

ABLE Vi
Sample % Solubie Cu
TTA 15
- TTA+NaOCl 80

CTTIM ' 13

Example 8

Admiralty brass corrosion coupons and working electrodes were
coated with a suifide layer by exposing the metal to a sodium sulfide solu-
tion for 18 hours. Tﬁese samples were rinsed and dried. Corrosion tests
were carried out in aqueous solutions in stirred beakers containing 500

ppm Ca, 250 ppm Mg, 25 ppm M-alkalinity, 15 ppm o-P04, 3 pom tetrapotassium)

pyrophosphate, 10 ppm of a 3:1, low molecular weight, acrylic acid/allyt 2-
hydfoxypropyl sulfonate ether copolymer, 2.4 ppm HEDP, and the pH was
maintained at 7.2 with a blended mixture of air and carbon dioxide at 49°C
for 18 hours. Electrochemical corrosion rates were measured using admi-
ralty brass or low carbon steel working electrodes. All tests also had both
admiralty and LCS coupons in contact with the solution.
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Exanpl e 12

fromlight,
the reaction

addi ti on,

Bromne (12.5 g, 0.078 nol) was added to a stirring
slurry of TTA (10 g, 0.075 nol) in 66 g of water in a reactor protected
while maintaining the tenperature at <25[err]C. After the

mxture was H&l d at 35- 40[ err] C for one hour. Upon

cooling, adjusti ”?a&ﬁ@oﬂf"on‘a\%a]tegte&?-mﬂ ﬂdw{ﬁooiggﬁ?gn%}‘ S“J]x?rat ot f[ ﬁg pthf

precipitate that

orned upon stand WwWas I enmove n,

the filtrat ech&aste@(@ddepwteed hoarr amctsueé) l:aackeplafateemuldtmerg«zser:eem-pl tate
filtered Th s .soli

. dDb d C H NVR
and found to ‘Bgel 58%’5’?@? clegn é@c@rcﬁgﬁﬂ \%/%kml\g?an e%err an?’h[ S‘r%:]

residual TTAplags@f ﬂ';e?%iﬁde-lékﬁdiﬁéﬂ-r%lral

H?é@s’ﬂbh?th%%ulﬁde-expos@ﬁe met hod of

Exanpl e 8 was foll owed, using sanples ?Irom pl es 2, and 12 at 1 to

4 ppmtotal BE@sP @QQPO%W%%PW%WW Jepwce wécqmefmﬁt tl@@/e@mj@on of

el ectrochem galo naFffRHt Ws&RbESf the supernatant solution was taken and TABLE A1
analyzed for copper. Analyses were taken with and without filtration
through a 0.2 micron membrane filter.
TABLE Vil
Admiralty Low Carbon
Brass Steel
NaOC! Corrosion Corrosion Copper (ppm)

Azole -(ppm} Rate {mpy) Rate {(mpy) Unfiitered Filtered
none 0 1.01 5.4 0.354 0.103
3ppm TTA | 0 0.07 1.2 0.014 0.014
3 ppny cTTTM 0 0.06,0.05 1.0 0.005 0.004

- none 20 2.09 52 0.417 0.058
3ppm TTA 2.0 0.45 2.6 0.133 0.066
3ppm CTTTM 2.0 0.13 1.7 0.086 0.039
Example 9

A sample was prepared from the methylene chloride-insoluble
fraction of Example 1. This was compared to the sample from the methyl-
ene chloride-soluble fraction of Example 1 and the solution from Example
2. These samples, plus a mixture of the first two solids allows a compari-
son of isomeric fractions based on the position of the methyl group on the

AMENDED SHEET
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Aver age Conc. Corrosion Azol e

(ppm Sour ce NaCCl Rate (npy) CBTTM 1 Ex. 11
none 0.21 . 2 o 0. 09
4 .+ - 18.03 CTTTM 1 Ex. 2
none 0.14 oy 2
0. 09 benzene riddg of 1-CITTA (see Example 1), as follows (note that t&ly@%a- Br TTA
: . . .17
é_ 11 Ex zcjﬂé is appt?p?(?n%ately equimolar 1%1 the 4- and 5-methyl isomers, andthe
- 19 - 6-methyl isomer is equivaldrfti-the’8-mettf Montlr):
TABLE IX

CTTT™

Isomers, Methyl

Position(s) Source

(4) Example 1. methylene chioride insoluble fraction

(5) + (6) Example 1, methylene chioride soluble fraction

(4) + (5) + (B) Mixture of the above two samples

(approx. 2:1:1)

(4) +(5) + (6) Example 2

(approx. 2:1:1)

The.method of Example 8 was followed, using clean admiraity
brass coupons and electrodes. The following were the 18 hour averaged
. electrochemical corrosion rates:

- JABLE X
Average
Azole Corrosion
3 ppm total isomers Source NaOCl Rate {mpy}
CTTT™: (4) Ex. 1 none 0.17
CTTT™ (5)+(6) Ex. 1 none 0.11
CTTTM: (4)+(5)+(6) Ex. 1 none 0.10
CTTT™M! . (4)+5)+6) Ex. 2 none 0.07
TTA (4)+(5=6) _ none 0.23
CTTT™ (4) Ex. 1 2 ppm 0.30
CTTTMI (5)+(6) . Ex. 1 2 ppm 0.21
cTT™! (4)+(5)+(6) Ex. 1 2 ppm 0.15
CTTT™ (4)H5)+(6) Ex.2 2 ppm 0.13
TTA (4)+(5=6) 2 ppm 0.39
AMENDED SHEET
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Aver age Conc.

Corrosi on Azol e

(ppm Sour ce NaCCl Rate (noy) TTA 1

none - 0.13 2 0.14
4 (nja) . CBTTM 1 Ex. 11
2 ppm 0.55 2 0. 25
4 Example 10 0.09 CTTT™M 1 Ex. 2

ppm 0. 58 2 0.24

4 0.09 Br-TTA 1 Ex. 12
zpm 0.45 A synthetic sea water was fgbmqll_gl_tgd from dexomzeﬁ waterplus  0-16

2 ppm 1®1Qppm Ca as CaCOg, 5226 ppm Mg (as CaCO3) 18971 ppm Cl, 2660 0. 45

t4he ex situ pPRIPAa W m%i"kﬁlﬁ?%??ﬁgécgﬂ

e above exanpl es show t hat

't%@prﬁ R&Sier{see ﬁﬁm i 8t are

ef fective corgasioRakMuiRlaiRicSat e Rith § Bl BRS¢ 8 2A0 Qrdd M aiox-

ide at 38°C.

Admiraity brass electrodes were exposed to this medium for 1 hour

and then they were transferred to identical water with no azole present.

Electrochemical corrosion rates were measured for 18 hours.

TABLE XI
Mean Electrochemical
Azole Corrosion Rate {mpy)
Benzotriazoie 40
5-Butylbenzotriazoie . 15
Tolyltriazote * 6
CTTTM. 3.2

Exampie 11

Sodium hypochlorite (12.

2%, 204.9g, 0.336

mol) was added over 90 minutes to a stirring slurxy of

benzotriazole (40g, 0.336 mol) in 30g of water at room

temperature. Following the addition, the reaction

mixture was held at 45-50°C for one hour. Upon

cooling, a precipitate formed. A clear yellow solution

of a chlorinated benzotriazcle treatment material of

the invention (CBTTM) was obtained after adjusting the

pH to 11.

2



CLAI M5 1. A nethod of inhibiting corrosion of nmetal surfaces
contacted by an aqueous system characterized by adding to said aqueous

system a treatnent material obtainable by i) dissolution of a
benzotriazol e i n aqueous acetic. acid, thereafter adding a hal ogenating
agent, recovering a resulting solidc dfd-dissolving recovered solid in an

al cohol or SEE;QE&I@HES" ine solution to formex situ said treatnent

material, or

Bromine (12.5 g, 0.078 mol) was added to a stirring slurry of TTA
(10 g, 0.075 mol) in 66 g of water in a reactor protected from light, while
maintaining the temperature at <25°C. After the addition, the reaction
mixture was held at 35-40°C for one hour. Upon cooling, adjusting the pH
to 11-12 dfd not produce a clear solution. The precipitate that formed
upon standing was removed by filtration, the pH of the filtrate was ad-
justed to neutral, and the resulting precipitate filtered. This solid was
characterized by LC/MS and 13C and 'H NMR and found to be composed
of 90.5% bromo-tolyltriazole Br-TTA, 4.9% residual TTA, and 4.2% di-bromo-TTA.

‘ Example 13

The method of Example 8 was followed, using samples from Exam-
ples 2, 11 and 12 at 1 to 4 ppm total actives. The following were the 18
~ hour averaged electrochemical corrosion rates:

TABLE Xii
Average
Conc. Corrosion
Azole (ppm) Source NaOC! Rate (mpy)
CBTTM 1 Ex. 11 none 0.21
2 0.09
. 4 0.03
CTTT™ 1 Ex. 2 none 0.14
2 0.09
4 0.08
‘BrTTA 1 Ex. 12 none 0.17
2 0.11
4 0.07
AMENDED SHEET
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ii) the addition of a hal ogenating agent to an aqueous slurry of a
henzotriazole at alkaline pHto form ex situ, said treatnent material.
2. Anethod as clainmed in claim1, wherein said aqueous systemis being

treated with a hal ogen. 3. A.mgghod as clained in claim1l or 2,
wherein sulfide ions are present in said aqueous system 4. A
met hod as clained in any one of tﬁp@uggn:%’,{tgg]cl ai ms, wherein said
benzotriazole is tolyltriazole. : met hoy\asagd ai med in any one
of the preceding clains erein said treatment natggphaLlishs added to said
agueous syste a con ratio gr eat an 0O per mllion.
6. A net hod a&'@éai med y omgeg'lg!fic—et he p@eoc%gi ng Rate’ —wherein said
treatment matgrjal is added to said aqueou stem at oncentration of
fromO0.5 partf‘%er mlli gn to 10 parts perﬁ?ﬁ?% i on. gﬁf 7. A method as
clainmed in any one of thé& preceding clains, wherein a%ggrosion i nhibiting
| ayer is forn%gTﬂ? said fetal surfaces by said treat mé mat eri al .
1 Ex. 11 2 ppm 0.55 '
2 0.25
4 0.09
CTTTM 1 Ex. 2 2 ppm 0.58
2 0.24
4 0.09
Br-TTA 1 Ex. 12 2 ppm 0.45
2 0.16
4 0.08
TTA 1 2 ppm (n/a)
2 0.45
4 0.27

The above examples show that the ex situ prepared treatment materi als” ~
- of the present invention are effective corrosion inhibitors even in the

presence of chlorine.

R ascnn
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8. A nethod as clained in any one of the preceding clains, wherein chlorine
demand, in said 21 aqueous system to

i nhi bit nTCTUb“EIoglcal_gromﬂh is reduced by said treatnment material.

9. Aneth ﬂg “nany one of the precedrng cl ai ms,- wherein copper
[ on transﬂﬁm “m B‘Wﬂ ous systemis inhibitéd by said treatnent
A corrosion inppbiting conposition for netal

surfaces contacted by an aqueous system conprising an aqueous sol ution of
greater than 0.5 parts per nmllion of a treatment material obtainable by

CLATMS

1. A method of inhibiting corrosion of metal
surfaces contacted by an aqueous system chaiacterized
by adding to said aqueous system a treatment material
obtainable by

i) dissolution of a benzotriazole in
aqueous acetic acid, thereafter adding a halogenating
agent, recovering a resulting solid and dissolving
recovered solid in an alcohol or strong alkaline
solution to form ex situ said treatment material, or by

ii) the addition of a halogenating agent to
an aqueous slurry of a benzotriazole at alkaline pH to
form, ex situ, said treatment material.

2. A method as claimed in claim 1, wherein
said aqueous system is being treated with a halogen.

-3. A method as claimed in claim 1 or 2,
wherein sulfide ions are present in said agueocus
system.

4. A method as claimed in any one of the
preceding claims, wherein said benzotriazole is
tolyltriazole.

5. A method as claimed in any one of the
preceding claims, wherein said treatment material is
added to said aqueous system at a concentration of
greater than 0.5 parts per million.

6. A method as claimed in any one of the
preceding claims, wherein said treatment material is
added to said aqueous system at a concentration of from
0.5 parts per million to 10 parts per million.

7. A method as claimed in any one of the
preceding claims, wherein a corrosion inhibiting layer
is formed on said metal surfaces by said treatment
material.

8. A method as claimed in any one of the
preceding claims, wherein chlorine demand, in said

AMENDED SHEET
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i) dissolutionLﬂ" “E H"l le in aqueous acetic acid, thereafter
addi ng a hal ogen . it vering a resulting solid and dissol ving

recovgred solid in an alcohol or strong alkaline ,solution to formex situ

said treatnment material, or by ii) theaddition of a hal ogenating
- agent to an aqueous slurry of a benzotriazole at -alkaline pHto form ex
situ, said treatnent materi al. 11. A conposition as clainmed in

claim 10, wherein said benzotriazol e igltolyltriazole.
agueous s?stem, to inhibit microbiclogical growth is
reduced by said treatment material.

9. A method as claimed in any one of the
preceding claims, wherein copper ion transport in said
agueous system is inhibited by said treatment material.

10. A corrosion inhibiting composition for
metal surfaces contacted by an aqueous system
comprising an aqueous solution of greater than 0.5
parts per million of a treatment material obtainable by

i) dissolution of a benzotriazole in
aqueous acetic acid, thereafter adding a halogenating
agent, recovering a resulting solid and dissolving
recovered solid in an alcohol or strong alkaline
solution to form ex situ said treatment material, or by

ii) the addition of a halogenating agent to
an aqueous slurry of a benzotriazole at alkaline pH to
form, ex situ, said treatment material.

11. A composition as claimed in claim 10,
wherein said benzotriazole is tolyltriazole.
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