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HALOGEN RESISTANT CORROSION INHIBITORS

SUMMARY OF THE INVENTION

The present inventor has discovered that there exists non-
halogenated, substituted aromatic materials that are effective corrosion
inhibitors in aqueous systems in the presence of halogen. The halogen
resistant corrosion inhibitors of the present invention are at least as
10 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.

BACKGROUND OF THE INVENTION

15
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 tolyitriazole are used most
often. Tolyltriézole is generally preferred because of its lower cost.

20 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 agueous system. In addition to

the film forming tendency of various azoles, they also precipitate soluble,
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divalent copper ions. The precipitation of copper ions prevents the
transport of copper ions to ferrous surfaces, where galvanic reactions

between copper ions and iron atoms leads to pitting corrosion of the
ferrous metal.

While the use of azoles for corrosion inhibition is widespread,
there are drawbacks to their use, specifically with tolyltriazole. The most
important drawbacks are experienced when azoles are used in
combination with oxidizing halogen biocides. Oxidizing halogens such as
elemental chlorine, bromine, their hypohalous acids, or their alkaline
solutions (i.e., solutions of hypochiorite or hypobromite ions) are the 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 halogenl, corrosion protection
breaks down. After breakdqwn, it is difficult to form new protective films
in tolyltriazole tfeated 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.

The degradation of protection of azole films in the presence of
oxidizing 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 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 such
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as alkyl-substituted triazoles in combination with an imino compound to
control corrosion in aqueous systems.

U.S. Patent Number 4,184,991 discloses a composition and
method of inhibiting corrosion of ferrous metals comprising treatment of
aqueous systems with an admixture of a benzofriazole, 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
mercaptobenzothiazole, tolyltriazole, benzotriazole, a substituted
benzotriazole and/or 1-phenyl-5-mercaptotetrazole.

U. S. Patent Number 5,141,675 discloses a corrosion inhibitor
comprising a polyphosph;t'e in combination with an azole such as an
alkyt or alkoxy benzotriazole, mercaptobenzothiazole, tolyltriazole,
benzotriazole, a substituted benzotriazole and/or 1-phenyl-5-
mercaptotetrazole.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph of corrosion rate (mpy) vs. time {(hours) for a
treatment comprising tolyltriazole.

Fig. 2 is a graph of corrosion rate (mpy) vs. time (hours) for a
treatment comprising 4,7-dimethylbenzotriazole.

Fig. 3 is a graph of corrosion rate (mpy) vs. time (hours) for a
treatment comprising 5-benzylbenzotriazole.



WO 00/61836 PCT/US00/09545

10

16

20

25

30

- DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventor has discovered that there exists non-
halogenated, nitrogen containing, aromatic compounds that are effective
copper corrosion inhibitors fbr 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 tolyltriazole in the
absence of halogen; copper corrosion of less than about 2.5 mills per -
year in aqueous systems where halogen is present; and do not exhibit a
detrimental effect on halogen demand in the systém being treated. The
nitrogen containing, aromatic compounds which.we"re found to be
effective copper corrosion inhibitors in' ihe presencé 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).

| The present inventor has developed a unique éombination of test
procedures, by which the artisan can readily discern which non-
halogenated, nitrogen containing, aromatic compounds aré HRCCI's.
The present inventor has discovered that HRCCI materials, exemplified
by the non-halogenated, nitrogen containing, aromatic materials
described below, provide effective, halogen resistant corrosion inhibition
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 provide
for a ﬁlining 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 couid not be
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predicted based upon the type, or isomeric position of the substituted
moiety. The present inventor found that non-halogenated, 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 about 0.3 mills per year in the absence of halogen; (b) a 22 hour
average corrosion rate for copper of less than about 2.5 mills per year in
the presence of 5 parts per million halogen; and (c) a free chlorine
concentration of at ieast about 4.0 ppm at 19 hours when an initial
chiorine concentration of 5 parts per million is provided; and (d) free
chlorine concentration of at least about 2.0 parts per million after 40
hours when an initial chlorine concentration of 5 parts per million is
provided.

Upon testing of a significant number of substituted benzotriazole,
benzoxazole and benzimidazole materials, it was discovered that a
surprisingly few would meet this four part “test® and provide for corrosion
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
preferred treatment concentration ranges from about 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.

The HRCCI materials of the present invention may be employed in
combination with other conventional water treatment materials, including
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- different corrosion inhibitors, as well as surfactants, scale inhibitors,

dispersants, pH adjusters and the like.

‘The present invention will now be further described with 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.

‘Example 1

Corrosion inhibition activity of non-halogen substituted nitrogen
containing, aror_natié compounds were first evaluated using a Beaker
Corrosion Test Apparatus (BCTA). The BCTA consisted of a beaker
equipped with an air/CO, sparge, a copper electrochemical probe, and a
magnetic stirrer. The test solution was 1.9 liters. Air/CO, sparging was
continuous during the test. The reference electrode and the counter
electrode were constiucted of Hastelloy C22. The beaker was immersed
ina wéter bath for temperature control. Electrochemical corrosion data
were obtained periodically on the probe during the test using a
polarization resistance technique. All tests were conducted at 120° F,
using a 400 rpm stir rate.

For all BCTA tests, a water consisting of 500 ppm Ca (as CaCOs,),
250 ppm Mg (as CaCOs), 354 ppm chioride, and 240 ppm sulfate was
used. The system pH was controlled at 7.2 with the targeted alkalinity
being 15 ppm as CaCO,. 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-PO,(as PO,); 3 ppm
P20, (as PO,4) and 10 ppm of HPS-i (a copolymer of acrylic acid and
allylhydroxypropylsulfonate ether sodium sait).

This Sheet Has Been Replaced
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Copper probes were immersed in the test water containing various
substituted azole materials for about 18 hours. As the corrosion rate
stabilized, bleach solution (NaOCI, the source of chiorine) was shot-fed
into the test water. The test was continued for another 22 hours.

5 Corrosion rates of copper were measured periodically during the 40-hour
test. The changes in corrosion rates after bleach feed are ‘an indicator
for the efficacy of the tested materials under chlorination conditions.
After feeding the bleach solution (5 ppm as chlorine) at the 18th hour,
free chlorine concentration in the system was analyzed at the 19th, 20th,

10  21st, 22nd, 23rd and 40th hour using a DPD method. Table |
summarizes the data.

The data from Table | was evaluated under the four step criteria
for HRCCI functionality of the present invention. The four step criteria is:
16 Step 1: An 18 hour average corrosion rate for copper of less than about
0.3 mills per year in the absence of halogen. Step 2: A 22 hour average
corrosion rate for copper of less than about 2.5 mills per year in the
presence of S parts per miliion halogen. Step 3: Free chlorine
concentration of at least about 4.0 parts per million at 19 hours when an
20 initial halogen concentration of 5 parts per million is provided. Step 4:
Free chlorine concentration of at least about 2.0 parts per million at 40
hours when an initial halogen concentration of 5 parts per million is
provided.
Table Hl summarizes the results of the four-part evatuation for the
25 materials tested.
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TABLE |
[ INHIBITOR Avg.CR | Avg.CR. | FreeCi2 | FreeCiz | FreeCi2 | FreeCiZ | FreeCiZ | Fres Ci2
{mpy) {mpy) @ @ e @ e @
0-18hrs 18-40hrs 18th hr 20th hr 21sthr 22nd hr 23rd hr 40th hr
Blank 0.333 3.876 481 4.76 4.63 4.49 4.30 1.90
Benzotriazole 0.021 2.593 4.84 478 4.70 461 4.45 2.85
| Tolyltriazole 0.017 2.762 472 4.60 4.51 4.44 428 2.74
2-({5-Amino-pentyl)- 0.039 3.185 207 1.90 1.65 1.37 1.18 0.07
benzotriazole
2-Amino-5-chioro- 0.028 0.024 0.35 0.13 0.13 0.13 0.13 0.04
benzoxazole '
2-Butyl-5,6-dichloro- 0.046 4.479 4.40 4.20 4.08 3.93 388 2.18
benzimidazole
2-Methyi-5,6- 0.108 0.455 0.60 0.33 0.15 0.13 0.13 0.03
(methylenedioxy)-
benzimidazole
4,5,6,7-Tetramethyl- 0.010 1.068 3.35 255 1.65 0.68 0.45 0.03
benzotriazole
4,7-Dimethyl-benzotriazole 0.007 3.156 435 410 3.90 368 3.50 1.10
4-Sulfonic acid- 0.162 4.855 490 475 465 4.40 423 229
benzotriazole
5,6-Benzo-benzotriazole 0.022 2528 4,55 4.18 4.08 3.90 3.80 1.50
5,6-Dichloro-2-methyl- 0.038 5.941 4.23 420 4.00 3.78 3.65 1.88
benzimidazole
§,6-Dichioro-4,7-dimethyi- 0.029 4715 4.50 4.25 4.05 3.98. 3.80 1.93
benzotriazole
S.S-bichloro-benzimldazole 0.020 8.079 4.65 458 4.45 4.32 4.23 213
5,6-Dimethyl-benzotriazole 0.021 0.485 4.55 455 4.38 4.33 . 4.25 3.15
5,6-Diphenyl-benzotriazole © 0.018 - 0.016 4.58 4.50 443 4.40 4.30 3.73
5-Benzoyl-benzotriazole 0.026 0.041 4.58 4.58 453 - 4.48 4.48 3.70
5-Benzyl-benzotriazole 0.008 0.005 4.75 4.60 4.45 440 435 3.65
5-Carboxylic acid-6- 1.627 1.708 4.25 3.95 3.48 3.25 2.88 0.29
methoxy-benzotriazole .
5-Carboxylic acid- 0.459 1.131 4.88 467 4.43 438 4.17 1.43
benzotriazole
S-Nitro-benzotriazole 0.018 3.927 4.80 4.73 4,40 4.28 4.02 1.68
5-Phenyl-benzotriazole 0.015 0.007 4.33 4.30 4.20 4.20 4.20 3.35
5-Phenyithiol-benzotriazole 0.024 3.952 3.73 3.50 3.33 3.20 3.15 1.63
5-Sulfonic acid- 0.158 4.864. 470 - 4.53 4.38 4.23 4.10 2.13

benzotriazole
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TABLE i
5 INHIBITOR Criteria 1 Criteria 2 Criteria 3 Criteria 4 Halogen
Avg.CR.(mpy} | Ave.CR. (mpy) | FreeC12 Free C12 Resistant
0-18hrs 18-40hrs @ 15th hr @40th hr Corrosion
< 0.3 mpy) < 2.5 mpy >4 ppm > 2 ppm {nhibitor
10 ~ | Blank fail fail pass fail fail
Benzotriazole pass fail pass pass fail
Talyltriazole pass fail pass pass fail
12 2-{5-Amino-pentyl)-benzotriazole pass fail fail fail fail
2-Amino-5~chloro-benzoxazole pass pass fail fail fail
20 | 2-Butyts,6-dichioro-benzimidazole pass fail pass pass fail
2-Methyl-5,6-(methylenedioxy)- pass pass fail fail fail
benzimidazole
25 4,5,6,7-Tetramethyl-benzotriazole pass pass fail fall fail
4,7-Dimethyl-benzotriazole pass fail pass fail fait
30 4-Sulfonic acid-benzotriazole ~ pass fail pass pass fail
5,6-Benzo-benzotnazole pass fail pass fail fail
: §,6-Dichloro-2-methyk-benzimidazole pass fait pass fait fail
35 | s.e-Dichioro-,7-dimethyk pass fail pass falt tail
benzotriazole
5,6-Dichloro-benzimidazole pass fail pass pass fail
40 §,6-Dimethyl-benzotriazole pass pass pass pass pass
5,6-Diphenyr-benzotriazole pass pass pass pass pass
45 §-Benzoyl-benzotriazole pass pass pass pass pass
5-Benzyl-benzotnazole pass pass pass pass pass
5-Carboxylic acid-6-methoxy- fail pass pass fail fail
benzotriazole
50
§-Carboxylic acid-benzotriazole fail pass pass fail fail
5-Nitro-benzotriazole pass fail pass fail fail
55 5-Phenyl-benzotriazole pass pass pass pass pass
5-Phenytthiok-benzotriazole pass fail fail fail fail
5-Sulfonic acid-benzotriazole pass fail pass pass fail
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Example 2

Selected materials from the BCTA testing above were also tested
using a Bench Top Recirculating Unit (BTU). The BTU is designed to
measure the ability of a treatment to prevent corrosion and scale
formation. The treated Water is circulated through a by-pass rack, into
which corrosion coupons and probes are inserted and passes through a
heat exchange tube contained in a Plexiglass® (a frademark 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 controlied in the O -
to 11,000 BTU/t.2/hr. range. The velocity of water passing through the
unit can be controlied in the range of O to 4.6 ft./sec. corrosion rates were
obtained using linear polarization resistance measurement. Stainless
steel probes were used as counter electrode and reference electrode.

The test water consisted of 500 ppm Ca as (CaCOs), 250 ppm Mg
(as CaCOs), 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 wére also used:
15 ppm ortho-PO; (as POy), 3 ppm P07 (as PO4) and 10 ppm HPS-l (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 copper heat
exchange tube. The water flow rate was controlled at 4 ft./sec., while the
bulk water temperature was maintained at 120° F.

This Sheet Has Been Replaced
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Metal samples were exposed under recirculating condition for 24
hours before continuous chlorination was started. Free chlorine
concentration in the sump was maintained at 0.1-0.15 ppm using
Oxidation Reduction Potential (ORP) control.

Materials tested in a BTU were tolyltriazole, 4,7-
dimethylbenzotriazole and 5-benzylbenzotriazole. During the test 3 ppm
of the treatment material was fed continuously. The testing metal
samples were passivated without chlorination for 24 hours. Continuous
chiorination was then started by continuously feeding bleach solutions.
Resuits for copper and low carbon steel are shown in Figures 1, 2 and 3.

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 chiorination began. This
indicates that tolyltriazole copper corrosion efficacy decreases in 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.

Figure 2 shows low carbon steel and copper corrosion rates for a
treatment comprising 3 ppm 4,7-dimethylbenzotriazole. The results are
similar to the Figure 1 results for tolyitriazole.

Figure 3 shows low carbon steel and copper corrosion rates for a
treatment comprising 5-benzylbenzotriazole at 3 ppm. The corrosion
rates show a dramatic lack of change after chlorination.
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The result$ summarized in Figure 1, 2 and 3 show that the
characteristics of -Ecorrosion inhibition affect determined in the Beaker
Corrosion Tests are consistent with those observed in a simulated,

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 construed to
cover all such obvious forms and modifications which are within the true
spirit and scope of the present invention.
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CLAIMS

1. Corrosion inhibitors for metal surfaces contacted by an
aqueous system being treated with a halogen, comprising non-
halogenated, nitrogen containing, aromatic 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 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 concentration, in said aqueous
system, of at least about 4.0 ppm of 19 hours after said aqueous system
is treated with about 5 ppm chiorine; and

d) exhibit a free chlorine concentration, in said agqueous
system, of at least about 2.0 ppm at 40 hours after said aqueous system
is treated with about 5 ppm chlorine.

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

This Sheet Has Been Replaced
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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

¢) exhibit a free chlorine concentration, in said aqueous
system, of at least about 4.0 ppm of 19 hours after said aqueous system
is treated with about 5 ppm chlorine; and

d) exhibit a free chiorine 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.

3. Corrosion inhibitors for metal surfaces contacted by an
aqueous system being treated with a halogen, comprising non-
halogenated, substituted benzotriazoles which:

a) exhibit an 18 hour coverage corrosion raie 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 of

less than about 2.5 mpy in said aqueous system after treatment with

about 5 ppm of halogen; and

c) exhibit afree chlorine concentration, in said aqueous
system, of at least about 4.0 ppm of 19 hours after said aqueous sYstem
is treated with about 5 ppm chloriné; and



T AT R T T~ o e ..
N S R A g

WO 00/61836 PCT/US00/09545

A

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 selected from the group consisting
20 of: 5,6-dimethyl-benzotriazole; 5,6-diphenylbenzotriazole; 5-benzoyl-
benzotriazole; 5-benzyl-benzotriazole and 5-phenyl-benzotriazole.



