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(57) ABSTRACT

A method of providing corrosion inhibition to copper, nickel,
aluminum, zinc, tin, lead, beryllium, carbon steel, various
alloys of such metals, and galvanized coatings in evaporative
cooling water applications approaching zero liquid discharge
that are specifically attacked by cooling water with residuals
of corrosive chemistry or ions such as ammonia/ammonium
ion, chloride, high TDS, OH™, or high pH. The method
includes applying azoles inhibitors (such as TTA, BTA, etc.)
atresiduals 0f 0.25 mg/L. to 200 mg/L. or greater (as azoles) to
the cooling water application and operating with a combina-
tion of high TDS (greater than 2500 mg/L.) and high pH
(greater than 9.0), while maintaining low total hardness (less
than 200 mg/L as CaCO,).
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COOLING WATER CORROSION INHIBITION

METHOD
CROSS-REFERENCE TO RELATED
APPLICATIONS
[0001] Not Applicable
STATEMENT RE: FEDERALLY SPONSORED
RESEARCH/DEVELOPMENT
[0002] Not Applicable
BACKGROUND
[0003] This invention is directed toward corrosion inhibi-

tion in evaporative cooling water applications. More particu-
larly, this invention is directed toward the use of azoles inhibi-
tors in combination with high Total Dissolved Solids (TDS),
high pH, and low total hardness.

[0004] With respect to the inhibition of corrosion for metals
benefiting from the discoveries disclosed herein, the most
common examples cited are copper and copper alloys
because of their good thermal and workability properties for
heat transfer and fabrication, and their inherent properties for
bio-fouling resistance and corrosion resistant oxide forma-
tion under water chemistry conditions addressed by prior art
applications. More specifically, these discoveries focus on
corrosion inhibitor performance in water chemistry condi-
tions that are the result of evaporative cooling water systems
that operate with water chemistry approaching Zero Liquid
Discharge (ZLD) in order to conserve water and reduce envi-
ronmental discharge impact, such as permitted by corrosion
and scale inhibition methods recently disclosed by Duke, et
al. in U.S. Pat. Nos. 6,929,749; 6,940,193; 6,998,092; and
7,122,148, all of which are herein expressly incorporated by
reference. Such method water chemistry may approach or
exceed seawater TDS concentration, but seawater applica-
tions are typically pH neutral (pH 7.4 to 8.7 in evaporative
cooling water) and also contain high hardness concentrations
in evaporative cooling water applications.

[0005] Corrosive attack of copper by ammonia in water is
well known in the water treatment industry, and presents a
particular challenge to reuse of wastewater sources that con-
tain ammonia in cooling water systems that use copper and
other metals and alloys which are vulnerable to ammonia.
Ammonia and ammonium ion are reported to exist in equi-
librium as both the ammonium ion and ammonia gas in the pH
7to 11 range. The equilibrium shifts toward increased ammo-
nium ion concentration as pH approaches 7 and to increased
ammonia gas concentration as pH approaches 11. Ammonia
gas is volatilized from water by heat, pH elevation and circu-
lating over a cooling tower, typical of ammonia stripper
design. With cooling water pH control at greater than pH 9,
total ammonialammonium ion residuals will be reduced to
lower ranges by such tower stripping. Dilute aqueous con-
centrations of ammonia/ammonium ion (less than 200 mg/L.
as NH,") are easily measured by such procedures as Chem-
etrics test procedure K-1500 which converts and measures the
total residual as ammonium ion.

[0006] Relative to seawater (high TDS), as reported by
Tuthill et al. in Experience with Copper Alloy Tubing, Water-
boxes and Piping in MSF Desalination Plants, IDA World
Congress on Desalination and Water Reuse, Volume 1, Ses-
sions 1 to 3, October 1997, Madrid, Spain, the corrosion
resistance of copper nickel alloys depends upon formation of
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a protective film. Film formation is referred to sometimes as
“passivation”. Film formation is affected by pH, time, aera-
tion, velocity, temperature, pollution and other factors. There
is generally an inner cuprous oxide film, Cu,O, and an outer
cupric oxide, CuO, film. Although cuprous oxides and cupric
oxides are the principal components of the films, the lattice
usually includes other metallic ions, including iron, nickel,
aluminum, calcium, sometimes silicon and other species.
Principal anions include chlorides, hydroxides, carbonates,
bicarbonates and oxides. There is no fixed composition in
these films.

[0007] Tuthill also reports that time is a major factor in film
formation and also in the degree of protection the film affords.
Tuthill referred to studies that have shown that corrosion rates
of copper nickel alloys in seawater may gradually decrease
over time for periods up to 7 years, with example corrosion
rate data for C70600 reduced from approximately 1.9 mpy to
about 0.6 mpy over that time frame. Temperature also has a
major influence on the rate of film formation. At higher tem-
peratures the film forms and matures faster. At lower tempera-
tures, the film forms and matures more slowly. Another major
factor influencing film formation is pH. Tuthill referred to
studies that reported on film formation for C70600, C71500
and C68700 alloys in seawater found no film formation below
pH 6. The unfilmed corrosion rates were high, of the order of
35 mpy (0.89 mn/yr.). Athigher pH, corrosion rates for these
metals were reported to be lower at normal rates for seawater.
Tuthill also reported corrosion rates for these three copper
tubing alloys in seawater systems, depending on chlorination
practices, varied from less than 1 mpy to 3.2 mpy. Corrosion
behavior in fresh, brackish and higher salinity waters is quite
similar to performance in seawater.

[0008] Tuthill also reports that ammonia is sometimes
encountered in the seawater feed to desalination plants. In the
presence of air and ammonia, aluminum brass is subject to
stress corrosion cracking. Aluminum bronze is more resis-
tant, while copper nickel alloys are highly resistant to ammo-
nia stress corrosion cracking. Ammonia also tends to increase
the general corrosion rates of copper alloys. Copper nickel
alloys have been reported to be three orders of magnitude
more resistant than aluminum brass.

[0009] Nitrogen-containing compound, such as benzotria-
zoles, are commonly used as antioxidants and corrosion
inhibitors for copper and copper alloys in many environments
and applications. The lone electron pairs on the nitrogen will
coordinate with the metal substrate and will result in a direct
attach in the case of cyanate esters, and a parallel attach in the
case of triazines, isocyanurates, and blocked isocyanates by
physical absorption. The lone electron pairs of the nitrogens
further facilitate the coordination of the nitrogen atoms to the
Cu substrates in the event any oxidation occurs to form Cu* or
Cu** ions or oxides. In the case of the triazines and isocya-
nurates, the functional group can be any reactive or polymer-
izable functional group, and preferably is an epoxy, allyl,
vinylether, hydroxyl, acrylate or methacrylate group. In the
case of the polyfunctional cyanate esters and isocyanates,
these groups themselves are homo-polymerizable or are reac-
tive with complementary reactive groups, such as, epoxy,
carboxyl, hydroxyl and amine functionalities.

[0010] Such nitrogen containing inhibitors, referred to as
azoles in the water treatment industry, include the more com-
monly applied Tolytriazole (TTA), Benzotriazole (BTA), and
variations of chemical structure that produce comparable
inhibiting films on metal surfaces including 4-(alkyl)substi-
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tuted benzotriazole and 5-(alkyl)substituted BTA where the
alkyl group (C,H,,,, ;) has n=1 to 18. Note: n=1 for CH; in
tolyltriazole which is a mixture of 4-methylbenzotriazole and
5-methylbenzotriazole. The 5-(n-butyl) benzotriazole which
was patented by Betz is an example of n=4 in the n-butyl alkyl
group C,H,.

[0011] Useofazoles corrosion inhibitor chemistry for met-
als is known in evaporative cooling water treatment, often
being combined with other inhibitors that rely on control of
TDS atlower and less corrosive concentrations by blow down
wastage of tower water, and control at neutral pH (i.e., pH
between 6.0 pH and 9.0) by use of blow down wastage or acid
feed for pH control to limit scale formation. Such systems do
not typically control hardness at less than 200 mg/L. (as
CaCQO,;) as this condition increases water corrosiveness.
Azoles inhibitors have also been used to inhibit corrosion of
copper by ammonia/ammonium ion in systems operated
within prior art control ranges for pH and TDS. Inhibitor use
and consumption by blow down wastage is significant, thus
these application are costly and environmentally inefficient.
[0012] Use of azoles as corrosion inhibitors to protect met-
als is known in closed system corrosion inhibition applica-
tions. Such applications often combine azoles with other
inhibitors used in non-evaporative closed loop systems such
as engine cooling systems and closed system cooling loops
that have minimal water and inhibitor losses. However, such
applications of azoles in closed systems operate without high
TDS concentrations in the cooling water since there is no
evaporation and concentration of makeup water chemistry. As
such, inhibitor use and consumption are limited and their
application is cost efficient.

BRIEF SUMMARY

[0013] The present invention is directed toward the use of
azoles as inhibitors, such as Tolytriazole (TTA), Benzotrial-
zole (BTA), etc., applied at total residuals of 0.25 mg/I. to 200
mg/l. or greater (as azoles) in evaporative cooling water
applications where cooling water chemistry is operated with
high TDS as a result of evaporative water loss and/or use of
high TDS source water (greater than 2500 mg/L), with high
pH (greater than 9.0) and with low total hardness (less than
200 mg/L. as CaCO;) in order to inhibit general and localized
corrosion of copper, nickel, zinc, aluminum, their alloys and
galvanized coatings that are corroded by ammonia/ammo-
nium ion in evaporative cooling water. Dosage of azoles will
be proportional to ammonia/ammonium ion concentration in
the cooling water. Preferably, minimum azoles residual
would be equal to or greater than the ammonia/ammonium
ion concentration to optimize inhibition.

[0014] The use of azoles inhibitors as contemplated by this
invention also inhibits general and localized corrosion of
galvanized coatings, as well as zinc, aluminum, tin, lead,
beryllium, various alloys of such metals where their metal
oxides are soluble or corroded by high pH water in evapora-
tive cooling water. Dosages of the azole or a mixture of two or
more azoles will be proportional to increasing TDS concen-
tration and higher pH level, preferably from 0.5 to 60 mg/LL
residual.

[0015] The use of azoles inhibitors as contemplated by this
invention also inhibits general and localized corrosion of
carbon steel and steel alloys in evaporative cooling water.
Application of azoles corrosion inhibitors in such water
chemistry conditions provides synergy of performance with
recently applied silica based corrosion inhibitor chemistry, as
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it compliments the inhibition methods for multiple metals, by
reaction with soluble and migratory ion residuals of metals
such as copper that are either concentrated from the makeup,
scrubbed from dust or particles in the air into the system, or
resident from prior corrosion. Such metal inhibition or com-
plex formation with soluble metal ions prevents their contri-
bution to galvanic corrosion processes, and interference with
inhibitor film formation or corrosion inhibitor mechanisms
that protect metals such as carbon steel and various alloys.
[0016] One embodiment of the present invention contem-
plates a method for inhibiting corrosion of a metallic sub-
stance in an aqueous system containing greater than 2500
mg/L. TDS and less than 200 mg/[. CaCO3 wherein said
aqueous system derives water from source water. The method
includes the steps of elevating and maintaining the pH of the
aqueous system such that the aqueous system possesses a pH
of approximately 9.0 or greater and adding at least one azoles
inhibitor to the aqueous system at a total residual of at least
0.25 mg/L..

[0017] The corrosion of the metallic substance may be due
to the presence of ammonia and/or ammonium ion, hydroxide
ions, chloride ions, or sulfate ions which are at significantly
higher concentrations due to evaporative concentration of
makeup sources high concentrations of such ions in makeup
source water, or introduction of such ions into the cooling
water. Thus, such corrosive ion concentrations are typically
proportional to higher TDS or pH chemistry control residuals
in the cooling water system. The metallic substance may be
copper, nickel, aluminum, zinc, tin, lead, beryllium, carbon
steel, alloys of such metals, or galvanized coatings of such
metals.

[0018] The aqueous system may contain greater than 5000
mg/L. TDS. The aqueous system may contain less than 100
mg/[. CaCO3. The source water may come from recycled
waste water or municipal waste water.

[0019] The pH of the aqueous system may be elevated to
and maintained between about 9.3 and about 10.3. The pH in
the method may be obtained by using high alkalinity source
water or by adding at least one alkaline pH control agent to the
aqueous system. The alkaline pH control agent may be
sodium hydroxide or sodium carbonate.

[0020] The azoles inhibitor may be tolytriazole, benzotria-
zole, a 4-(alkyl)substituted benzotriazole wherein the alkyl
group has the formula CnH2n+1 and n is a number between 1
and 18, or a 5-(alkyl)substituted benzotriazole wherein the
alkyl group has the formula CnH2n+1 and n is a number
between 1 and 18. In one embodiment, the azoles inhibitor
may be added to the aqueous system at a total residual
between about 0.5 mg/L. and about 60 mg/L.

DETAILED DESCRIPTION

[0021] The detailed description set forth below is intended
as a description of the presently preferred embodiment of the
invention, and it is not intended to represent the only form in
which the present invention may be constructed or utilized.
The description sets forth the functions and sequences of
steps for constructing and operating the invention. It is to be
understood, however, that the same or equivalent functions
and sequences may be accomplished by different embodi-
ments and that they are also intended to be encompassed
within the scope of the invention.

[0022] The present invention is directed to the use of azoles
as inhibitors to inhibit corrosion for applications in evapora-
tive cooling water systems operating at high concentrations of
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TDS (greater than 2500 mg/), elevated pH (greater than 9.0),
and with soft water (less than 200 mg/I. as CaCQ,), where
corrosion would be significantly increased for copper, nickel,
zinc, aluminum, their alloys and galvanized coatings that are
corroded by residuals of ammonia/ammonium ion derived
from use of water and waste water makeup sources or cooling
system contamination.

[0023] The present invention is directed to the use of azoles
as inhibitors to inhibit corrosion for applications in evapora-
tive cooling water systems operating at high concentrations of
TDS (greater than 2500 mg/), elevated pH (greater than 9.0),
and with soft water (less than 200 mg/L as CaCO,) where the
metal oxides of such metals as galvanized coatings, alumi-
num, zinc, tin lead, beryllium, or their metal alloys would be
dissolved or corroded as pH increases to levels greater than
pHO.

[0024] For example, Adkinson et al. reported in Cathodic
Delamination of Methyl Methacrylate-Based Dry Film Poly-
mers on Copper, IBM Jour. Res. Develop., Vol. 29, No. 1,
January 1985, p. 29, that the surface activity of copper is
controlled by use of azoles inhibitors such as benzotriazole
(BTA), as follows: Cuprous oxide is normally a protective
surface for copper, but is readily attacked by CI7, SH™, OH",
NH,* and to a lesser extent CO,. BTA and other azoles can
affect the properties of cuprous oxide films by stabilizing the
film. The copper oxide-BTA layer interferes with the anodic
and/or cathodic reactions of the corrosion process. Copper
oxide-BTA films will form in an acidic or neutral solution,
and the type of film formed is dependent on the pH of the BTA
solution. At pH values of 3.5 to 4, thick, shag-carpet like films
are formed, while at pH greater than 4, thin, compact, highly
protective films are formed. Copper in NaHCO; solution
(pH=8.1) at 25° C. yields a potential of +0.12 V versus the
normal hydrogen electrode (NHE), and as found in Pour-
baix’s diagram in Atlas of Electrochemical Equilibria in
Aqueous Solutions, 2"¢ Ed., National Association of Corro-
sion Engineers, Houston, Tex., 1974, for copper, the stable
form of copper under these conditions is Cu,O. In fact, Atkin-
son found that an alkaline pretreatment of copper in NaHCOj,
solution prior to BTA application yields a significantly more
corrosion-resistant Cu,O-BTA layer than if no pretreatment
is used, as measured using potentiodynamic scans in 3000
mg/L NaCl to calculate corrosion rates.

[0025] Forexample, Metikos-Hukovic et al. reports in Cop-
per Corrosion At Various pH Values with and without Inhibi-
tor, Journal of Applied Electrochemesitry, 30: 617-624, 2000,
that corrosion inhibition of copper by BTA inhibitor provided
rapid film formation and was increasingly eftective at higher
pH (pH=10) in evaluations from pH 4 to 10. Increased BTA
concentration also improves corrosion inhibition, but is time
and concentration dependent at acid and neutral pH less than
9.

[0026] Further to the disclosure reported above by Adkin-
son and Metikos-Hukovic, we have discovered that applica-
tion of azoles in evaporative cooling water, where pH is
desirably controlled at pH greater than 9, contributes to more
rapid and highly protective film formation to protect copper,
aluminum, zinc, nickel, their alloys and galvanized coatings
from the high concentrations of corrosive ions associated
with high TDS/high pH/low hardness cooling water that
result from evaporative concentration of normal makeup and/
or waste water makeup sources, or cooling water contamina-
tion. For example, copper corrosion is generally higher in
high TDS water, such as seawater (TDS at 35,000 mg/L., pH
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8.0, and calcium hardness at 411 mg/LL as Ca ion and magne-
sium hardness at 1290 mg/L. as Mg ion), whereas exceptional
copper corrosion rates (less than 0.05 mpy) are obtained with
use of azoles in the high TDS water chemistry control condi-
tions specified with this discovery method. The preferred
embodiment would be pH range from 9.3 to 10.3 in evapora-
tive cooling water.

[0027] For example, Small et al. reported in Using a Bujff-
ered Rinse Solution to Minimize Metal Contamination After
Wafer Cleaning, Ultrapure Materials—Chemicals, Micro
Magazine, January 1998, p. 61, as found in a Pourbaix dia-
gram for aluminum, that an oxide layer can protect aluminum
from corrosion between pH 4 to 10.3. Thus, aluminum oxide
adsorbed (binding) to silicon oxide surfaces is stable and
resistant to dissolution and removal. However, application of
NH,OH rinse solution to the silicon oxide surfaces that have
adsorbed aluminum oxide (as compared to aluminum metal
exposure to ammonia/ammonium ion in cooling water) will
form a soluble AI(OH),~ species that is stable in solution and
thus releases the aluminum metal from the silicon oxide sur-
face; the sodium and calcium metal ions are released by ion
exchange as NH,* ions compete with the alkali metal ions for
surface binding sites. When comparing this result to ineffec-
tive removal of such metal sorbs on silicon oxide by DI water,
one possible explanation for the desorbing of metal ions is
that the adsorbed metal ions require a driving force before
they will desorb. Thus, an ionic medium is needed to balance
the ionic charges once the cation is in solution. It has also been
found that transition metal ion contamination, including zinc,
copper, and iron can only effectively be removed from silicon
oxide surfaces with ammonium hydroxide and citric acid
solutions.

[0028] Further to the disclosure reported by Small above,
we believe that ammonia/ammonium ions have the ability to
penetrate corrosion inhibitor films such as those formed by
amorphous silica in evaporative cooling water applications
and thus corrode the normally protective metal oxide surfaces
of'such metals as aluminum, copper, nickel, zinc, their alloys
and galvanized coatings. Thus, application of azoles to pro-
tect such metals from such corrosive ions is specifically ben-
eficial and synergetic to other inhibitor mechanisms used to
protect multi-metal systems operating with high TDS/high
pH/low hardness cooling water that result from evaporative
concentration of normal makeup and/or waste water makeup
sources, or cooling water contamination.

[0029] For example, it is also well known in prior water
treatment art that galvanized coated steel metal surfaces con-
tacting circulating cooling water should only be exposed to
pH maintained in the 6.0 to 8.0 range in the cooling water
during start up conditioning to passivate the galvanized sur-
face from white rust and corrosion, and the cooling water
chemistry control should not be allowed to exceed pH 9.0
during routine cooling tower operation as reported by Reggi-
ani in White Rust: an Industry Update and Guide, Association
of' Water Technologies, 2002, p. 6, Table 1. The manufacturers
of cooling towers using galvanized surface materials specify
control within such water chemistry pH control parameters to
warranty the equipment. Even with use of environmentally
acceptable prior art corrosion inhibitors, including azoles
inhibitors, galvanized surfaces are corroded at pH outside this
range.

[0030] We have discovered that galvanized surfaces can be
protected from general and localized corrosion at pH above 9
in evaporative cooling water with addition of azoles at suffi-
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cient concentration when applied in combination with amor-
phous silica inhibitor methods recently being applied to pro-
tect carbon steel and other metals at high TDS and high pH
water chemistry conditions resulting from reduced blow
down and water wastage. Observation of galvanized coating
surfaces treated only with the silica inhibitor method chem-
istry indicated general (cathodic) corrosion inhibition, but
still experienced localized (anodic) corrosion typical of the
sacrificial multi-metal galvanized coating. Azoles are
reported to function as anodic inhibitors that form films at
anodic corrosion sites that may form in protective metal oxide
films, but may also provide anodic films and synergy with
concurrently applied cathodic inhibitor films such as those
formed by amorphous silica inhibitor. It is believed that the
synergy of this combination of operating chemistry inhibits
both anodic and cathodic corrosion in the presence of high
TDS, high pH and low hardness cooling water.

[0031] Operation of evaporative cooling systems with high
TDS and high pH evaporative cooling water chemistry was
not previously practical due to corrosiveness of high TDS,
particularly with low calcium hardness residuals that are not
sufficient to maintain concentrations required for stable cor-
rosive indexes to mitigate corrosiveness of the water. Highly
concentrated tower water, with high TDS and high pH, was
also not practical due to required control below the solubility
limitations of silica and hardness necessary to prevent scale
deposition.

[0032] Recent application of corrosion and scale inhibition
methods as disclosed by Duke in U.S. Pat. Nos. 6,929,749;
6,940,193; 6,998,092; and 7,122,148 permit evaporative
cooling water operation at/or approaching zero liquid dis-
charge, with high TDS/high pH/low hardness water chemis-
try and facilitates efficient application of azoles inhibitor
residuals and synergy of corrosion inhibitor mechanisms to
protect multiple metals in high TDS/high pH/low hardness
system water chemistry. We have discovered that application
of'azoles corrosion inhibitors in such water chemistry condi-
tions also provides synergy of performance with this recent
silica based corrosion inhibitor chemistry, as it compliments
the inhibitor process for multiple metals in the presence of
either high pH or ammonia/ammonium ions, and also func-
tions by reaction with soluble ions of metals such as copper,
either concentrated from the makeup or through contami-
nants scrubbed into the system from the air, that interfere with
the inhibitor film or corrosion inhibitor mechanisms that pro-
tect metals such as carbon steel and it’s alloys.

[0033] The novel method, which may combine total azoles
inhibitor residuals from 0.25 mg/l to 200 or greater mg/L.
active azoles residual, specifically benefits applications in
evaporative cooling water contacting heat transfer surfaces
where use of soft makeup water permits increased evapora-
tive concentrations without hardness scales, where pH is con-
trolled at levels greater than 9.0, soluble polyvalent metal ion
concentrations are controlled below 200 mg/L. (as CaCOy)
and are exceeded by monovalent metal ion (sodium) concen-
trations in cooling water, and method controls where silica
monomer is polymerized to provide complimentary synergy
in corrosion and scale inhibition.

[0034] Specifically, this discovery provides previously
unknown efficiency and effectiveness with application of
azoles inhibitor chemistry via limited azoles inhibitor con-
sumption, typically at less than 5% of prior art quantities
consumed and at least 50% less than all prior art applications,
when compared to prior art methods which rely on high blow
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down wastage to reduce scale and corrosion. The present
invention also reduces quantity of azoles (organics) dis-
charged to waste processing and/or their potential environ-
mental impact by minimum of 75%, and up to 99% reduction.
The present invention further permits economical use of
higher azoles inhibitor residuals, as a result of reduced wast-
age, which provides more effective corrosion inhibition
(comparable to higher azoles residuals used in closed, non
evaporative, cooling systems). The present invention also
permits increased water reuse from sources such as waste
waters, grey water, municipal reclaimed sewage, high TDS
source water and others that contain ammonia/ammonium
ion, high TDS residuals, corrosive ions and organics that have
limited the use of such water sources due to excessive corro-
sion and/or excessive corrosion inhibitor treatment costs to
mitigate corrosion from such makeup water sources when
used in critical cooling system components constructed with
copper, nickel, aluminum, zinc, tin, lead, beryllium, carbon
steel, various alloys of such metals and galvanized coatings
commonly employed for heat transfer and transport (circula-
tion) of water in evaporative cooling systems.

[0035] Additional modifications and improvements of the
present invention may also be apparent to those of ordinary
skill in the art. Thus, the particular combination of parts and
steps described and illustrated herein is intended to represent
only certain embodiments of the present invention, and is not
intended to serve as limitations of alternative devices and
methods of the present inventions within the spirit and scope
of'the invention. In addition, such modifications may include,
for example, using other conventional water treatment chemi-
cals along with the methods of the present invention, and
could include various other corrosion inhibitors such as for
example amorphous silica or silicates, phosphates, organic
phosphonates or polymers, as well as dispersants, biocides
and defoamers and the like. Accordingly, the present inven-
tion should be construed as broadly as possible.

[0036] As an illustration, non-restrictive examples are pro-
vided below of evaporative cooling water and systems that
have been treated with methods conforming to the present
invention.

[0037] Method Experimental Examples:
[0038] Experiment 1
[0039] Testing was conducted using zero liquid discharge

(ZL.D) evaporative cooling water from a cooling tower sys-
tem operating with water chemistry residuals of 83,000 mg/L,
TDS, pH 10.1, 70 mg/L. total hardness (as CaCO;), 1200
mg/L chloride, 6500 mg/I sulfate, 490 mg/L soluble silica (as
Si0,), and 0.7 mg/L copper. Two sample solutions were
prepared in 200 ml glass sample jars with lids from the sample
water.

[0040] Test Water Sample #1: One 3 inch long by 0.5 inch
wide copper (Cu 1100) metal coupon was totally submerged
in a 200 ml sample of the silica inhibited test solution in a
glass container, and capped to prevent gain or loss of gasses.
The test sample solution was measured for copper residual
after 48 hours, which did not increase from the original
sample residual of 0.7 mg/L as copper measured by the Hach
Colorimeter and test Method 8506. This step also provided
time for a silica inhibition film to form on the copper coupon.
Ammonium hydroxide was then added to the sample to estab-
lish a residual of 300 mg/I, ammonia/ammonium ion as mea-
sured by Chemetrics test procedure K-1500. A sample of the
test solution was retested for copper after 48 hours and found
to have a 40 mg/L soluble copper residual, indicating corro-
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sive attack of the copper by ammonia/ammonium ion in the
silica inhibited water (Table 1).

[0041] Test Water Sample #2: One 3 inch long by 0.5 inch
wide copper (Cu 1100) metal coupon was totally submerged
in a 200 ml sample of the silica inhibited test solution in a
glass container, and capped to prevent gain or loss of gasses.
The test sample solution was measured for copper residual
after 48 hours, which did not increase from the original
sample residual of 0.7 mg/L as copper measured by the Hach
Colorimeter and test Method 8506. This step also provided
time for a silica inhibition film to form on the copper coupon.
Tolytriazole (TTA) was then added to this sample to establish
a residual of 200 mg/L. azoles (as TTA) by Hach test proce-
dure 730. Ammonium hydroxide was then added to the
sample to establish a residual of 300 mg/I, ammonia/ammo-
nium ion as measured by Chemetrics test procedure K-1500.
A sample of the test solution was retested for copper after 48
hours and found to have a 0.7 mg/L. soluble copper residual
(no increase), indicating inhibition of corrosive attack of the
copper by ammonia/ammonium ion with the addition of the
azoles inhibitor TTA (Table 1).

TABLE 1
NH4*, mg/L TTA, mg/L Cu, mg/L

Sample # 1 0 0 0.7

Beginning 300 0 0.7

After 48 hours 300 0 40

Sample # 2 0 0 0.7

Beginning 300 200 0.7

After 48 hours 300 200 0.7
[0042] Experiment 2
[0043] Testing was conducted in a zero liquid discharge

(ZLD) evaporative cooling water system with cooling tower
system chemistry operating at 28,000 mg/L. TDS, pH 9.9, 20
mg/L. total hardness (as CaCO,), 450 mg/L. chloride, 2100
mg/L sulfate, 550 mg/L soluble silica (as Si0,), and 0.3 mg/L
copper. No appreciable change in the above measured chemi-
cal residuals occurred (retested at the end of the study) in the
tower water throughout the 120 days of testing exposure for
test coupons #1 and #2. An apparatus for exposing 3 inch by
0.5 inch galvanized metal coated carbon steel test coupons
was installed to provide continuous cooling water flow past
all coupon surfaces.

[0044] Test Coupon #1

[0045] The first galvanized coated carbon steel test coupon
#233 was installed for 60 days exposure to the ZL.D cooling
system water. The exposed galvanized surface (coupon #233)
experienced localized corrosion (pitting), as compared to the
unexposed #232 control coupon. Removal of the galvanized
coating (acid striped) shows the exposed #233 coupon expe-
rienced localized corrosion (pitting) that extended through
the galvanized coating, with penetration to the carbon steel
subsurface.

[0046] Test Coupon #2

[0047] The second galvanized coated carbon steel coupon
#234 was installed for 60 days after addition of 100 mg/L of
the azole Tolytriazole (as TTA), as measured by Hach test
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procedure 730, to the same ZL.D cooling system water. The
galvanized surface of #234 test coupon did not experience
localized corrosion (pitting) with the azoles treated high
pH/high TDS/low hardness cooling water.

What is claimed is:

1. A method for inhibiting corrosion of a metallic substance
in an aqueous system containing greater than 2500 mg/I. TDS
and less than 200 mg/I. CaCO, wherein said aqueous system
derives water from source water, comprising the steps:

a) elevating and maintaining the pH of'said aqueous system
such that said aqueous system possesses a pH of
approximately 9.0 or greater; and

b) adding at least one azoles inhibitor to said aqueous
system at a total residual of at least 0.25 mg/L.

2. The method of claim 1 wherein the corrosion is due to the

presence of ammonia and/or ammonium ion.

3. The method of claim 1 wherein the corrosion is due to
hydroxide ions.

4. The method of claim 1 wherein the corrosion is due to
chloride ions.

5. The method of claim 1 wherein the corrosion is due to
sulfate ions.

6. The method of claim 1 wherein the metallic substance is
selected from the group consisting of copper, nickel, alumi-
num, zinc, tin, lead, beryllium, carbon steel, alloys of such
metals, and galvanized coatings of such metals.

7. The method of claim 1 wherein the aqueous system
contains greater than 5000 mg/I. TDS.

8. The method of claim 1 wherein the aqueous system
contains less than 100 mg/I, CaCO;.

9. The method of claim 1 wherein the source water is
selected from the group consisting of recycled waste water
and municipal waste water.

10. The method of claim 1 wherein in step a) the pH of the
aqueous system is elevated to and maintained between about
9.3 and about 10.3.

11. The method of claim 1 wherein the pH of greater than
9.0 is obtained by using high alkalinity source water.

12. The method of claim 1 wherein the pH of greater than
9.0 is obtained by adding at least one alkaline pH control
agent to the aqueous system.

13. The method of claim 12 wherein the alkaline pH control
agent is selected from the group consisting of sodium hydrox-
ide and sodium carbonate.

14. The method of claim 1 wherein the azoles inhibitor is
tolytriazole.

15. The method of claim 1 wherein the azoles inhibitor is
benzotriazole.

16. The method of claim 1 wherein the azoles inhibitor is
4-(alkyl)substituted benzotriazole wherein the alkyl group
has the formula C,H,, ; and n is a number between 1 and 18.

17. The method of claim 1 wherein the azoles inhibitor is
5-(alkyl)substituted benzotriazole wherein the alkyl group
has the formula C,H,,,, ; and nis a number between 1 and 18.

18. The method of claim 1 wherein the azoles inhibitor is
added to the aqueous system in step b) at a total residual
between about 0.5 mg/L. and about 60 mg/L.
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