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(57) ABSTRACT

Disclosed herein are polymer compositions useful for inhib-
iting corrosion of metal surfaces in industrial process water
recirculating systems. The polymer compositions include
interpolymers of about 90 mol % to about 97 mol % of a first
monomet, about 0.01 mol % to about 5 mol % of a second
monomer that is chemically different from the first mono-
mer, and about 0.01 mol % to about 5 mol % of a third
monomer that is chemically different from the first and
second monomers; and optionally a fourth monomer that is
chemically different from the first, second, and third mono-
mers. About 0.05 ppm to about 200 ppm by weight of the
polymer composition is dispersed in an industrial process
water source, optionally in the presence of a divalent or
higher valency metal ion. The dispersed polymer composi-
tions significantly reduce the corrosion rate of metal surfaces
of industrial equipment, even after one or more cycles of
concentration.
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CORROSION INHIBITING POLYMER
COMPOSITIONS, MIXTURES, AND
METHODS OF USING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to polymer composi-
tions and aqueous mixtures of the same for use as corrosion
inhibitors. The polymer compositions herein inhibit corro-
sion in water containing systems in relatively low concen-
trations.

BACKGROUND

[0002] Cooling systems, desalination, or other water con-
taining systems can become less efficient or malfunction
over time due to corrosion caused at least in part by
impurities or “corrodents” in the water circulating through
the system. Corrodents, such as salts and/or other dissolved
solids, liquids, or gasses cause, accelerate, or promote
corrosion of metal containments such as metal pipelines
used to transport the water sources toward, into, out of, or
away from a subterranean formation; metal tanks used to
hold the water sources for a period of time; surfaces of water
containing equipment such as heat exchangers, dishwashers,
or laundry machines; and/or other metal equipment that
contacts the water sources before, during, or after injection
or production. Non-limiting examples of such corrodents are
hydrogen sulfide, carbon dioxide, oxygen, sodium chloride,
calcium chloride, and/or sulfur dioxide. Corrosion can pit,
crack, erode, or otherwise degrade the surfaces of the system
that contact the water. In some applications, aqueous liquids
are injected into the earth and/or recovered from the earth
during subterranean hydrocarbon recovery processes such as
hydraulic fracturing (fracking) and tertiary oil recovery. In
all these systems, asset integrity due to corrosion can be
compromised which results in increased repair and mainte-
nance costs and even premature failure of the equipment. In
one or more such processes, an aqueous liquid called an
“injectate” is injected into a subterranean formation. Injec-
tates include water and entrained solids and/or solvents
therein. In one or more such processes a water source called
“produced water” is recovered, i.e. flows back from the
subterranean formation and is collected. Produced water
includes one or more of injectate, connate (native water
present in the subterranean formation along with the hydro-
carbon), sea water, and minor (<5 wt. %) amounts of
hydrocarbon products, which are hydrocarbon liquids or
solids entrained (dispersed, emulsified, or dissolved) in the
produced water. In embodiments, one or more of the injec-
tate and the produced water includes corrodents. As a result,
operators of water circulating systems, and almost all opera-
tors in the oil and gas industry, employ corrosion inhibitors
to reduce internal corrosion in metal containments which are
contacted by aqueous liquids containing corrodents.

[0003] Corrosion may be caused by a relatively high
amount of corrodents or corrosive conditions (e.g., high
temperature or a pH below 4 or above 10). For example, sea
water has a high amount of scale causing calcium ions and
carbonate ions compared to freshwater in addition to total
dissolved solids such as chlorides. Water containing systems
utilizing sea water often undergo heavy corrosion as the sea
water is thermally shocked or concentrated, and must be
protected against such corrosion to last and efficiently func-
tion. Typically, at higher temperatures such as above 50 or
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80 degrees Celsius and/or at higher concentrations cause by
evaporation, corrosion may progress more readily. Thus,
systems operating at high temperatures may undergo faster
or more extensive corrosion than systems operating at
ambient temperatures. Similarly, scales can deposit out of
the water source onto the surfaces of the system at tempera-
tures and higher concentration of scale forming components
in the water source, which can lead to under deposit corro-
sion.

[0004] Typically, corrosion inhibiting agents include phos-
phorous containing components, such as phosphates or
phosphonates. Such phosphorous containing components
may not be desirable if the water is going to be discharged
from the system, because phosphorous containing compo-
nents can foul water sources and surfaces that come in
contact with the same, often causing unwanted or harmful
blooms of algae or other plant life. The algae can be
responsible for microbial induced corrosion or under deposit
corrosion.

[0005] Coastal or isolated areas may not have a ready
supply of water having low total dissolved solids (e.g., less
than about 4000 ppm) for circulation through some water
containing systems. Even freshwater may be recirculated
through a water containing system only a limited number of
times before the TDS content therein concentrates to a point
where this environment can cause significant challenge to
corrosion. However, replacement freshwater may not be a
readily available resource. As long as water having low
amounts of total dissolved solids is in relatively short supply,
users of systems requiring water, such as desalination,
cooling, pulp processing, ware-washing, laundry, etc., will
continue to search for means of efficiently using the water
sources on hand, such as high TDS (e.g., over 4,000 ppm)
water sources. Even soft water may also provide a highly
corrosive environment the soft water may not have enough
buffer capacity and/or low alkalinity, which may cause large
pH swings.

[0006] Thus, there is a substantial need in the industry for
polymer compositions that are free of phosphorous and that
are suitable for use as corrosion inhibitors in water contain-
ing systems.

SUMMARY

[0007] In an embodiment, a corrosion inhibiting polymer
mixture is disclosed. The corrosion inhibiting polymer mix-
ture comprising a water source and about 0.05 ppm to about
200 ppm of a polymer composition. The polymer compo-
sition comprises about 50 mol % to about 99 mol % of a first
monomer comprising a carboxylic acid residue. The poly-
mer composition further comprises about 0.01 mol % to
about 45 mol % of a second monomer comprising one of a
sulfonated acid residue or a second carboxylic acid residue,
wherein the first monomer is chemically different from the
second monomer.

[0008] In an embodiment, a polymer composition is dis-
closed. The polymer composition comprsing a plurality of
monomers, the plurality of monomers including three, four,
or five monomers. The plurality monomers comprises about
90 mol % to about 97 mol % of a first monomer comprising
a residue of one of acrylic acid, a salt thereof, or a conjugate
base thereof; maleic acid, a salt thereof, or a conjugate base
thereof; or methacrylic acid, a salt thereof, or a conjugate
base thereof. The plurality monomers comprises about 0.01
mol % to about 5 mol % of a second monomer comprising
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a residue of one of 2-acrylamido-2-methylpropane sulfonic
acid, a salt thereof, or a conjugate base thereof maleic acid,
a salt thereof, or a conjugate base thereot; methacrylic acid,
a salt thereof, or a conjugate base thereof; or sulfostyrene,
wherein the first monomer is chemically different from the
second monomer. The plurality monomers comprises about
0.01 mol % to about 5 mol % of a third monomer, the third
monomer comprising a residue of one of 2-acrylamido-2-
methylpropane sulfonic acid, a salt thereof, or a conjugate
base thereof; itaconic acid, a salt thereof, or a conjugate base
thereof crotonic acid, a salt thereof, or a conjugate base
thereof tert-butylacrylamide, a salt thereof, or a conjugate
base thereof or dimethylacrylamide, a salt thereof, or a
conjugate base thereof and wherein the third monomer is
chemically different from the first monomer and the second
monomer.

[0009] In an embodiment, a method of inhibiting corro-
sion in water containing systems is disclosed. The method
comprises adding about 0.05 ppm to 1000 ppm of a corro-
sion inhibiting polymer composition to a water source to
form a corrosion inhibiting polymer mixture. The corrosion
inhibiting polymer composition comprises about 55 mol %
to about 99 mol % of a first monomer and the first monomer
comprises a residue of one of a carboxylic acid or a
conjugate base thereof. The corrosion inhibiting polymer
composition comprises about 0.01 mol % to about 45 mol %
of a second monomer comprising a residue of one of a
sulfonated acid or a conjugate base thereof, or a second
carboxylic acid or a conjugate base thereof, wherein the first
monomer is chemically different from the second monomer.
The method includes applying the corrosion inhibiting poly-
mer mixture to a water containing system.

[0010] In an embodiment, a water containing system is
disclosed. The water containing system includes the corro-
sion inhibiting polymer mixture of disclosed above therein,
in a concentration of less than about 200 ppm.

[0011] Additional advantages and novel features of the
invention will be set forth in part in the description that
follows, and in part will become apparent to those skilled in
the art upon examination of the following, or may be learned
through routine experimentation upon practice of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is graph of corrosion rate versus time for
various working examples.

[0013] FIG. 2 is a graph of corrosion rate versus time for
a composition of the invention recirculated in a pilot cooling
tower for 14 days.

DETAILED DESCRIPTION

[0014] Although the present disclosure provides refer-
ences to preferred embodiments, persons skilled in the art
will recognize that changes may be made in form and detail
without departing from the spirit and scope of the invention.
Various embodiments will be described in detail with ref-
erence to the drawings, wherein like reference numerals
represent like parts and assemblies throughout the several
views. Reference to various embodiments does not limit the
scope of the claims attached hereto. Additionally, any
examples set forth in this specification are not intended to be
limiting and merely set forth some of the many possible
embodiments for the appended claims.
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Definitions

[0015] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art. In case of
conflict, the present document, including definitions, will
control. Preferred methods and materials are described
below, although methods and materials similar or equivalent
to those described herein can be used in practice or testing
of the present invention. All publications, patent applica-
tions, patents and other references mentioned herein are
incorporated by reference in their entirety. The materials,
methods, and examples disclosed herein are illustrative only
and not intended to be limiting.

[0016] As used herein, the term “polymer composition”
means a water soluble, emulsible, or dispersible polymer of
two or more interpolymerized monomeric units. Unless
otherwise specified or provided by context, “polymer com-
position” refers to the polymer as synthesized, that is, prior
to mixture in a water source as a corrosion inhibitor or
another use. As used herein, the term “monomer” is used in
context to mean an unsaturated radically polymerizable
compound, a conjugate base thereof, a salt thereof (e.g.,
carboxylate salt), or the polymerized residue thereof. Mono-
mers may include an anionic monomer or cationic monomer.
As used herein, the term “anionic monomer” means an
unsaturated compound or polymerized residue thereof bear-
ing an acidic group having a pKa of about 5 or less, the
conjugate base thereof bearing a negative charge, or a salt
thereof. As used herein, the term “cationic monomer” means
an unsaturated compound or polymerized residue thereof
bearing a positive charge, or a salt thereof.

[0017] As used herein, the term “chemically different”
refers to chemical species having a different number of
carbon atoms and/or different functionalities (e.g., moieties)
from another species; different isomers; or two or more such
differences. For the purposes of this disclosure an acid, an
ion, a conjugate base, or a salt of a chemical species is not
considered chemically different from the species.

[0018] As used herein, the term “polymer mixture” means
a polymer composition, as disclosed herein, as mixed in
water, a water source, an aqueous solution, or combinations
of any of the foregoing. Polymer mixtures may include a
polymer dispersion, a polymer emulsion, a dissolved poly-
mer solution, or combinations of any of the foregoing in
water and/or a water source. As context dictates, the term
“mixing” may include emulsifying, dispersing, dissolving,
or otherwise adding the polymer composition to water
and/or the water source. As context dictates, the term
“mixed” may refer to an emulsified, dispersed, dissolved, or
other combination of the polymer composition and water
and/or the water source, or to the act of mixing as described
above.

[0019] As used herein, the term “polymer dispersion”
means a solid polymer composition substantially suspended
or dissolved in water or a water based solution. The polymer
dispersion is a dispersion as formed, or in the case of some
applications the dispersion before circulation, during circu-
lation, after circulation, before injection, during injection, or
after injection as determined by context. Water based solu-
tions may include one or more dissolved salts, buffers, acids,
bases, surfactants, or other dissolved, dispersed, or emulsi-
fied compounds, materials, components, or combinations
thereof
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[0020] As used herein, the term “polymer emulsion”
means a liquid polymer composition substantially sus-
pended in water and/or a water source. Emulsified polymer
compositions (latices) include a continuous phase and a
discontinuous phase dispersed in the continuous phase. In
some embodiments, an emulsion is a microemulsion. Micro-
emulsions are characterized as emulsions that are substan-
tially transparent and thermodynamically stable. The poly-
mer emulsion is an emulsion as formed, or in the case of
some applications the emulsion before circulation, during
circulation, after circulation, before injection, during injec-
tion, or after injection as determined by context. A polymer
emulsion may include one or more dissolved salts, buffers,
acids, bases, surfactants, or other dissolved, dispersed, or
emulsified compounds, materials, components, or combina-
tions thereof.

[0021] As used herein, the term “tagging agent” means a
monomer capable of fluorescing or a derivative thereof. As
used herein, the term “tagged polymer” means a polymer
composition, as described herein, that has a tagging agent
polymerized therein.

[0022] As used herein, “corrodents” are materials which
cause, initiate, catalyze, accelerate, induce, decrease the
onset time of, and/or otherwise promote the corrosion of
metal in systems where the metal is contacted by a water
source including the corrodent. Non-exhaustive examples of
corrodents include oxygen gas, inorganic acids and bases,
elemental alkali metals, manganese-based compounds,
organic acids, halides, hydrogen sulfide, etc. In some
embodiments, corrosive activity of corrodents are further
affected by the presence of other compounds in a water
source; thus, for example, low concentrations of calcium
salts associated with water “hardness™ are associated with
greater corrosion by existing corrodents in a water source. In
such embodiments, for example, a “corrodent” may be
defined as a lack of calcium salts, or a low concentration of
calcium salts in a water source.

[0023] As used herein, the term “corrosion inhibitor” is a
material (e.g., polymer mixture) which inhibits corrosion of
one or more metals in an industrial process water source
when the corrosion inhibitor and/or a composition compris-
ing the corrosion inhibitor is added to the water source
and/or is applied to a metal before, during, and/or after
exposure of the metal to an industrial process water source.
[0024] As used herein, the term “water source” or “indus-
trial process water source” means a source of water having
one or more corrodents. An industrial process water source
is any water source disposed within or for disposal within
industrial process equipment, where contact of the water
source with the equipment can cause corrosion. In embodi-
ments, a water source includes a total dissolved solids
(“TDS”) content of about 200 ppm to 350,000 ppm (e.g.,
about 550 ppm or more, about1300 ppm or more, about 2400
ppm or more, or less than about 4000 ppm) such as about
4000 ppm to 350,000 ppm; or one or more of a dissolved
calcium content of about 50 ppm to 15,000 ppm (e.g., about
100 ppm, about 400 ppm, or about 550 ppm) such as about
300 ppm to 15,000 ppm, a dissolved magnesium content of
about 25 ppm to 30,000 ppm (e.g., about 50 ppm, about 165
ppm or about 380 ppm) such as about 1000 ppm to 30,000
ppm, a dissolved potassium content of about 10 ppm to
15,000 ppm (e.g., about 50 ppm) such as about 300 ppm to
15,000 ppm, a dissolved sodium content of about 100 ppm
to 15,000 ppm (e.g., about 200 ppm) such as about 5,000
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ppm to about 100,000 ppm, a dissolved silica content of
about 5 ppm to 1000 ppm such as about 10 ppm to about
1000 ppm, dissolved chloride content of about 100 ppm to
about 15,000 ppm (e.g., about 200 ppm, or about 600 ppm)
such as about 200 ppm to about 10,000 ppm, carbonate
alkalinity content of about 50 ppm to 5000 ppm (e.g., about
100 ppm, about 200 ppm, or about 250 ppm) such as about
150 ppm to about 3000 ppm, a dissolved iron content of
about 0.01 ppm to about 10 ppm, a dissolved manganese
content of about 0.01 ppm to about 10 ppm, or a dissolved
sulfate content of about 50 ppm to 20,000 ppm (e.g., about
100 ppm, about 350 ppm, or about 600 ppm) such as about
2000 to about 15,000 ppm. As used herein “TDS” refers to
the total amount of non-polymeric minerals, salts, metals,
anions, and cations dissolved in a given volume of water.
Some water sources may include soft water, municipal
water, balanced water, high-chloride/sulfate water, well
water, produced water, surface water, connate, waste water
such as runoff water, “gray” water, treated or partially
treated waste water, brackish water, sea water, or a combi-
nation of two or more such water sources as determined by
context. In some embodiments, a water source includes one
or more salts, ions, buffers, acids, bases, surfactants, or other
dissolved, dispersed, or emulsified compounds, materials,
components, or combinations thereof. In some such embodi-
ments, the total dissolved solids are substantially non-
polymeric solids. In some such embodiments, the dissolved
solids comprise, consist essentially of ionic compounds. In
some examples, and as determined by context, the term
“water source” may include high TDS water sources (e.g.,
water sources having a TDS content above about 4000 ppm
such as seawater, connate, produced water, or brackish
water) and/or high temperature (e.g., 40 degrees Celsius and
above) water. A “water source” may alternatively or addi-
tionally include fresh water such as tap water, distilled water,
soft water, balanced water, high-chloride/sulfate water, or
any other low TDS water (e.g., water having a TDS below
about 4000 ppm). In some embodiments, the low TDS water
is, was, or will be concentrated to contain the high TDS
content disclosed above for a high TDS water source. For
example, fresh water having a relatively low TDS content
may be used in a cooling system having a cooling tower,
wherein the relatively low TDS content of the fresh water is
inherently corrosive and may also become increasingly
concentrated over time due to evaporation of water on the
cooling tower.

[0025] As used herein, the term “soft water” refers to a
water source having a total dissolved solids content of about
100 ppm to about 1000 ppm such as about 100 ppm to about
550 ppm, or 400 ppm to about 700 ppm, or about 550 ppm;
a calcium content of 10 ppm to about 150 ppm such as about
10 ppm to about 100 ppm; a magnesium content of about 10
ppm to about 100 ppm such as about 10 ppm to about 50
ppm; a carbonate alkalinity content of about 50 ppm to 150
ppm such as about 50 ppm to about 100 ppm; a chloride
content of about 10 ppm to about 300 ppm such as about 10
ppm to about 200 ppm; a sulfate content of about 10 ppm to
about 200 ppm such as about 50 ppm to about 100 ppm; and
a pH between about 7.5 and about 8.2 such as about 8.2.
Further dissolved solids (e.g., sodium, potassium, etc.) may
be present in the soft water, which may increase the TDS
content of soft water disclosed above.

[0026] As used herein, the term “balanced water” refers to
a water source having a total dissolved solids content of
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about 450 ppm to about 1800 ppm such as about 800 ppm
to about 1600 ppm or about 1365 ppm; a calcium content of
100 ppm to about 500 ppm such as about 100 ppm to about
400 ppm; a magnesium content of about 50 ppm to about
250 ppm such as about 50 ppm to about 165 ppm; a
carbonate alkalinity content of about 100 ppm to 350 ppm
such as about 100 ppm to about 250 ppm; a chloride content
of about 50 ppm to about 400 ppm such as about 100 ppm
to about 200 ppm; a sulfate content of about 150 ppm to
about 350 ppm such as about 350 ppm; and a pH between
about 8.0 and about 8.8 such as about 8.5 to about 8.8.
Further dissolved solids (e.g., sodium, potassium, etc.) may
be present in the balanced water, which may increase the
TDS content of the balanced water disclosed above.

[0027] As used herein, the term “high-chloride/sulfate
water” refers to a water source having higher chloride and/or
sulfate content than soft water or balanced water (e.g., in the
ranges below), and, a total dissolved solids content of about
1000 ppm to about 4000 ppm such as about 1000 ppm to
about 3000 ppm, about 1000 ppm to about 2550 ppm, or
about 2330 ppm; a calcium content of 100 ppm to about 700
ppm such as about 100 ppm to about 550 ppm; a magnesium
content of about 50 ppm to about 500 ppm such as about 50
ppm to about 380 ppm; a carbonate alkalinity content of
about 100 ppm to 300 ppm such as about 100 ppm to about
200 ppm; a chloride content of about 400 ppm to about 800
ppm such as about 400 ppm to about 600 ppm; a sulfate
content of about 350 ppm to about 800 ppm such as about
400 ppm to about 600 ppm; and a pH between about 8.0 and
about 8.8 such as about 8.5 to about 8.8. Further dissolved
solids (e.g., sodium, potassium, etc.) may be present in the
high-chloride/sulfate water, which may increase the TDS
content of the high-chloride/sulfate water disclosed above.
[0028] As used herein, the term “dosage” refers to the
concentration of a polymer in a water source, such as in parts
per million (ppm). Dosage includes the as-mixed amount of
polymer in the water source.

[0029] As used herein, “cycles of concentration (‘COC’)”
refers to the ratio of the concentration of dissolved solids
(e.g., TDS) in the blowdown water as compared to the
concentration of dissolved solids in make-up water of a
particular water containing system. Notwithstanding the
differences in TDS content between blow-down water and
make-up water, typically, COC is measured using the same
water source for all of the water associated therewith (e.g.,
fresh water or saltwater from the same source makes up the
water in the system (blow-down) and the make-up water).
The specific TDS content associated with a COC varies with
the TDS content of the particular water source in use.
[0030] As used herein, “water containing system” refers to
a system having one or more hard parts (e.g., metal parts)
that conduct, hold, contain, filter, or otherwise come in
contact with a water source. Exemplary water containing
systems include cooling systems (e.g., cooling towers, radia-
tors, heat pipes, etc.), pipes, drilling equipment (e.g., drill
strings, drilling mud, etc.), fracking equipment, paper or
pulp processing systems, wastewater treatment systems,
water purification systems, ware washing, evaporators, con-
densers, filtration equipment, membranes, mining equip-
ment, water softening systems, kamyr digesters, pumps,
storage vessels, or any other systems using water sources
that contact one or more surfaces therein. Such surfaces may
include the interior of pipes, storage vessels, radiators, heat
pipes, filters, digesters, condensers, etc.; the exterior of
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cooling towers; or any other surface that contacts a water
source. The surfaces of the water containing systems dis-
closed herein may include metals, such as iron, steel (e.g.,
stainless steel, carbon steel, or galvanized steel), copper,
lead, zinc (e.g., anodized pipes), aluminum, or any other
metal suitable for use in water containing systems; plastics,
such as polyethylene (e.g., PEX), polypropylene, polytetra-
fluoroethylene, polyvinyl chlorides, acrylonitrile butadiene
styrene, etc.; glass (e.g., glass storage vessels), rubber or
latex (rubber hoses or tubes); fiberglass; concrete or stone;
or any other material suitable to hold, transport, or filter
water.

[0031] As used herein, the term “carbon steel” means steel
in which the main alloying component with iron is carbon,
wherein the carbon steel comprises between about 0.1% to
about 2.1% by weight of carbon.

[0032] As used herein, the term “molecular weight” refers
to the weight average molecular weight (M,;) unless other-
wise recited or by context.

[0033] The terms “comprise(s),” “include(s),” “having,”
“has,” “can,” “contain(s),” and variants thereof, as used
herein, are intended to be open-ended transitional phrases,
terms, or words that do not necessarily but may preclude the
possibility of additional acts or structures. The singular
forms “a,” “and,” and “the” include plural references unless
the context clearly dictates otherwise. The present disclosure
also contemplates other embodiments “comprising,” “con-
sisting of,” and “consisting essentially of,” the embodiments
or elements presented herein, whether explicitly set forth or
not. Generally and as determined by context, the term
“includes,” as used in the specification, may be interpreted
to mean any of “comprising,” “consisting of,” or “consisting
essentially of.”

[0034] As used herein, the term “optional” or “optionally”
means that the subsequently described event or circumstance
may but need not occur, and that the description includes
instances where the event or circumstance occurs and
instances in which it does not.

[0035] As used herein, the term “about” modifying, for
example, the quantity of an ingredient in a composition,
concentration, volume, process temperature, process time,
yield, flow rate, pressure, and like values, and ranges
thereof, employed in describing the embodiments of the
disclosure, refers to variation in the numerical quantity that
can occur, for example, through typical measuring and
handling procedures used for making compounds, compo-
sitions, concentrates or use formulations; through inadver-
tent error in these procedures; through differences in the
manufacture, source, or purity of starting materials or ingre-
dients used to carry out the methods, and like proximate
considerations. The term “about” also encompasses amounts
that differ due to aging of a formulation with a particular
initial concentration or mixture, and amounts that differ due
to mixing or processing a formulation with a particular
initial concentration or mixture. Where modified by the term
“about” the claims appended hereto include equivalents to
these quantities.

[0036] As used herein, the word “substantially” or “con-
sisting essentially of” modifying, for example, the type or
quantity of an ingredient in a composition, a property, a
measurable quantity, a method, a position, a value, or a
range, employed in describing the embodiments of the
disclosure, refers to a variation that does not affect the
overall recited composition, property, quantity, method,
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position, value, or range thereof in a manner that negates an
intended composition, property, quantity, method, position,
value, or range. Examples of intended properties include,
solely by way of non-limiting examples thereof, flexibility,
partition coefficient, rate, solubility, temperature, and the
like; intended values include thickness, yield, weight, con-
centration, and the like. The effect on methods that are
modified by “substantially” or “consisting essentially of”
include the effects caused by variations in type or amount of
materials used in a process, variability in machine settings,
the effects of ambient conditions on a process, and the like
wherein the manner or degree of the effect does not negate
one or more intended properties or results; and like proxi-
mate considerations. Where modified by the term “substan-
tially” or “consisting essentially of” the claims appended
hereto include equivalents to these types and amounts of
materials.

[0037] Discussion
[0038] Polymer Compositions
[0039] We have found new polymer compositions (e.g.,

composite polymers) capable of inhibiting corrosion forma-
tion in a water containing system without the use of phos-
phorous containing moieties or residues. Polymer composi-
tions including acrylic acid (“AA”), maleic acid (“MA”),
methacrylic acid (“MAA”), conjugate bases thereof, or salts
thereof, and at least one additional monomer may inhibit
corrosion in water containing systems. Such corrosion may
be due to corrodents (e.g., corrosion inducing components
such as acids or dissolved alkaline salts (e.g., alkaline metals
or alkaline earth metals) in solution or solid form (e.g.,
suspended or dissolved solids) and counter ions thereof
(e.g., carbonate, sulfate, phosphate, chloride, etc.), dissolved
gasses such as carbon dioxide, hydrogen sulfide, etc.) in a
water source and/or a high temperatures of the water source.
The polymer compositions and polymer mixtures disclosed
herein inhibit corrosion, in water containing systems without
the use of phosphorous or phosphorous containing com-
pounds (e.g., phosphates) that tend to foul ground water or
watersheds. The polymers herein may be used in any water
containing system including a water source having high
TDS, such as connate, produced water, or saltwater (e.g.,
brackish water or seawater) systems; or a system having low
TDS water source (e.g., less than 4000 ppm TDS) such as
freshwater, soft water, balanced water, high-chloride/sulfate
water, municipal water, or cooling water. Suitable applica-
tions for the polymers herein may include scale or corrosion
inhibition in freshwater systems; municipal waste treatment
systems; municipal potable water treatment systems or
delivery lines; cooling systems employing low TDS water
(e.g., less than about 4000 ppm TDS, such as freshwater, soft
water, balanced water, high-chloride/sulfate water, munici-
pal water, or cooling water); desalination systems; cooling
systems employing salt, brine, or seawater; drilling systems
utilizing aqueous drilling fluids or produced water; pulp
processing; or any other water containing system in which
corrosion and/or scale inhibition is desired.

[0040] The corrosion inhibitors herein are beneficial in
that they permit the use of carbon steel components rather
than the much more expensive high nickel, cobalt, and
chromium alloys or other materials either more expensive
than carbon steel and/or which inherently entail other dis-
advantages in suitability for the purpose of liquid contain-
ment. Corrosion inhibitors may be added to the liquids and
dissolved gasses which come into contact with metal sur-
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faces and such inhibitors prevent, retard, delay, reverse,
and/or otherwise inhibit the corrosion of metal surfaces such
as carbon-steel metal surfaces in water containing systems.
While highly desirable for this purpose, their use entails
additional cost for the operator. Further, such corrosion
inhibitors must ultimately be disposed in the environment. It
is therefore advantageous to provide the corrosion inhibiting
polymers disclosed herein which are effective in low
amounts and provide compositions containing the corrosion
inhibiting polymers at the lowest concentrations, wherein
the corrosion inhibiting polymers provide effective corro-
sion inhibition at the relatively low amounts disclosed
herein.

[0041] In embodiments, produced water is reused in an
injectate wherein the injectate comprises, consists of, or
consists essentially of the produced water, the injectate is
reinjected into a pipe leading to a subterranean reservoir, and
a crude oil/recycled produced water is subsequently recov-
ered from a subterranean reservoir. If such injectate contains
corrosion inhibitor, some of the corrosion inhibitor remains
in the ground, some is returned as part of the recycled
produced water, or both. If some of the corrosion inhibitor
remains in the ground, this is a loss to the operator. Further,
the corrosion inhibitor remaining in the ground, depending
on its chemical nature and concentration, can be environ-
mentally deleterious. It is therefore also advantageous to use
the corrosion inhibitors herein which are effective in lowest
amount (e.g., less than 100 ppm, or less than 20 ppm, or less
than 5 ppm) and to provide compositions containing corro-
sion inhibitors effective at the lowest concentrations,
wherein the corrosion inhibitors provide effective corrosion
inhibition using the least amounts of corrosion inhibitor.
[0042] The polymer compositions herein can include at
least two monomers, such as a copolymer including an AA
residue and a 2-acrylamido-2-methylpropane sulfonic acid
(“ATBS”) residue. The polymers disclosed herein may
inhibit corrosion when used at relatively low concentrations
in water sources, such as below about 200 ppm. For
example, the copolymers, terpolymers, tetrapolymers, and
pentapolymers disclosed below may facilitate selective inhi-
bition of corrosion in systems utilizing corrodent containing
water source(s), without the presence of phosphorous con-
taining moieties. Such corrosion can be due in part to one or
more of pH, temperature, or dissolved solids content and/or
species in the water source or system.

[0043] The polymer compositions herein may include two
or more polymerized monomers, such as 2-10 monomers,
2-7 monomers, 2-5 monomers, 3-5 monomers, 2 monomers,
3 monomers, 4 monomers, 5 monomers, or more than 5
monomers, as described below. The polymer compositions
herein may be substantially free of (e.g., having substan-
tially no) phosphorous or phosphorous containing materials,
such as phosphates, phosphonates, or the like.

[0044] Copolymers

[0045] In some embodiments, the corrosion inhibiting
polymer composition is a copolymer. The copolymer may
comprise, consist essentially of, or consist of a polymerized
residue of 2 or more monomers. The two or more monomers
may include a first monomer comprising, consisting essen-
tially of, or consisting of a carboxylic acid or a residue
thereof and a second monomer comprising, consisting
essentially of, or consisting of a sulfonated acid or a residue
thereof. The first monomer may include a carboxylic acid or
a residue of a molecule having at least one carboxyl moiety,
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a salt thereof, or a conjugate base thereof. The carboxylic
acid may include a single carboxyl moiety or a plurality of
carboxyl moieties (e.g., dicarboxylic acids such as maleic
acid, etc.).

[0046] Suitable carboxylic acids for use as the first mono-
mer may comprise, consist essentially of, or consist of, by
way of example, an alkyl acrylic acid such as MAA, a
butenoic acid (e.g., crotonic acid), a pentenoic acid, prope-
noic acid (AA), or any other unsaturated monocarboxylic
acid capable of polymerizing; dicarboxylic acids such as
MA or maleic anhydride, fumaric acid, itaconic acid;
glutaconic acid, muconic acid, succinic acid, or any other
unsaturated dicarboxylic acid or anhydride thereof capable
of polymerizing; tricarboxylic acids or greater, such as citric
acid, aconitic acid, or any other carboxylic acid having three
or more carboxylic acid moieties; or any other monomers
having at least one carboxyl moiety; a salt of any of the
foregoing, or a conjugate base of any of the foregoing. In
some embodiments, the first monomer is formed from one of
any of the foregoing carboxylic acids, a salt thereof, or a
conjugate base thereof. For example, the first monomer may
include a carboxylate (e.g., dicarboxylate) of any of the
foregoing carboxylic acids. Carboxylic acid salts may
include Lithium, Beryllium, Sodium, Magnesium, Potas-
sium, Calcium, Zinc etc., salts.

[0047] The first monomer may constitute about 55 mol %
of the copolymer or more, such as about 55 mol % to about
99 mol %, about 60 mol % to about 98 mol %, about 70 mol
% to about 95 mol %, about 80 mol % to about 99 mol %,
about 90 mol % to about 97 mol %, about 93 mol % to about
99 mol %, about 96 mol % to about 99 mol %, about 92 mol
% to about 94 mol %, about 83 mol % to about 87 mol %,
about 88 mol % to about 92 mol %, about 93 mol % to about
96 mol %, about 95 mol % to about 98.5 mol %, about 60
mol %, about 70 mol %, about 80 mol %, about 85 mol %,
about 90 mol %, about 92.9 mol %, about 93.3 mol %, about
95 mol %, about 96 mol %, about 96.4 mol %, about 98.4
mol %, or about 98.5 mol % of the copolymer or less.
[0048] The first monomer may constitute about 50 wt % of
the copolymer or more, such as about 50 wt % to about 95
wt %, about 60 wt % to about 90 wt %, about 70 wt % to
about 85 wt %, about 80 wt % to about 95 wt %, about 85
wt % to about 90 wt %, about 90 wt % to about 95 wt %,
about 73 wt % to about 77 wt %, about 78 wt % to about 82
wt %, about 83 wt % to about 87 wt %, about 88 wt % to
about 92 wt %, about 93 wt % to about 96 wt %, about 60
wt %, about 70 wt %, about 80 wt %, about 85 wt %, about
90 wt %, about 95 wt %, or about 96 wt % of the copolymer
or less.

[0049] In an embodiment, the second monomer of the
copolymer comprises, consists essentially of, or consists of
a sulfonated acid or a residue thereof. The sulfonated acid
may include a sulfonated acid moiety, a salt thereof, or a
conjugate base thereof. The sulfonated acid may include an
amide moiety, such as in ATBS. Suitable sulfonated acids
may include ATBS, sulfostyrene, vinylsulfonic acid, meth-
allylsulfonic acid, a salt of the foregoing (e.g., sodium
methallyl sulfonate or ATBS sodium salts), or a conjugate
base of the foregoing (e.g., methallyl sulfonate).

[0050] The second monomer may constitute about 45 mol
% of the copolymer or less, such as about 0.01 mol % to
about 45 mol %, about 1 mol % to about 40 mol %, about
20 mol % to about 30 mol %, about 0.01 mol % to about 15
mol %, about 0.01 mol % to about 10 mol %, about 0.01 mol
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% to about 5 mol %, about 2 mol % to about 4 mol %, about
1 mol % to about 5 mol %, about 5 mol % to about 15 mol
%, about 10 mol % to about 15 mol %, about 5 mol % to
about 10 mol %, about 18 mol % to about 22 mol %, about
13 mol % to about 17 mol %, about 8 mol % to about 12 mol
%, about 3 mol % to about 7 mol %, about 2 mol %, about
3 mol %, about 3.6 mol %, about 3.7 mol %, about 4 mol %,
about 5 mol %, about 10 mol %, about 15 mol %, about 20
mol %, about 20 mol % or less, or about 10 mol % of the
copolymer or less.

[0051] The second monomer may constitute about 50 wt
% of the copolymer or less, such as about 0.01 wt % to about
50 wt %, about 10 wt % to about 40 wt %, about 20 wt %
to about 30 wt %, about 0.01 wt % to about 15 wt %, about
0.01 wt % to about 10 wt %, about 0.01 wt % to about 5 wt
%, about 5 wt % to about 15 wt %, about 10 wt % to about
15 wt %, about 5 wt % to about 10 wt %, about 18 wt % to
about 22 wt %, about 13 wt % to about 17 wt %, about 8 wt
% to about 12 wt %, about 3 wt % to about 7 wt %, about
5 wt %, about 10 wt %, about 15 wt %, about 20 wt %, about
20 wt % or less, or about 10 wt % of the copolymer or less.

[0052] In an embodiment, the first monomer of the copo-
lymer comprises, consists essentially of, or consists of one
or more of AA, MA, MAA, or residues thereof. In an
embodiment, the second monomer of the copolymer com-
prises, consists essentially of, or consists of one or more of
MA, ATBS, sulfostyrene, methallylsulfonic acid, or residues
thereof, where the second monomer is chemically different
(e.g., chemically distinct) from the first monomer. In an
embodiment, the copolymer includes AA residue and ATBS
residue. The AA residue may constitute about 90 mol % to
about 99 mol % (e.g., about 95 mol % to about 98.5 mol %)
of the copolymer and the ATBS residue may constitute at
least a portion of the balance of the copolymer. In an
embodiment, the copolymer is MA residue and ATBS resi-
due. The MA residue may constitute about 90 mol % to
about 99 mol % (e.g., about 95 mol % to about 98.5 mol %)
of the copolymer and the ATBS residue may constitute at
least a portion of the balance of the copolymer. In an
embodiment, the copolymer is MAA residue and ATBS
residue. The MAA residue may constitute about 90 mol %
to about 99 mol % (e.g., about 95 mol % to about 98.5 mol
%) of the copolymer and the ATBS residue may constitute
at least a portion of the balance of the copolymer. In an
embodiment, the copolymer comprises, consists essentially
of, or consists of a first monomer including one of AA, MA,
MAA, or residues thereof; and a second monomer including
one of sulfostyrene residue, methallyl sulfonate, or residues
thereof. For example, the first monomer may be AA or MA
residue and the second monomer may be sulfostyrene resi-
due. The AA residue may constitute about 90 mol % to about
99 mol % (e.g., about 95 mol % to about 98.5 mol %) of the
copolymer and the sulfostyrene residue may constitute at
least a portion of the balance of the copolymer.

[0053] As discussed in detail below, the copolymer can
exhibit any of a wide range of molecular weights. As
discussed in more detail below, the copolymer can be mixed
in water (e.g., tap or distilled water) and/or a water source
in any of a wide range of concentrations. Without wishing to
be limited by theory, we believe that during use, one or more
moieties (e.g., hydrophobes) present in the polymer may act
to bond to a metal surface forming a passivating film on the
metal surface and/or could act as a cathodic or anodic
inhibitor, or otherwise render corrodents substantially inef-
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fective or very slow to corrode equipment in water contain-
ing systems, such as cooling, desalination, or drilling equip-
ment. As discussed in detail below, the copolymers herein
may also include a tagging agent.

[0054] Terpolymers

[0055] In some embodiments, the corrosion inhibiting
polymer composition is a terpolymer. The terpolymer may
comprise, consist essentially of, or consist of a first mono-
mer including a carboxylic acid or a residue thereof a second
monomer including a sulfonated acid or a residue thereof, or
a second, chemically different carboxylic acid or a residue
thereof and a third monomer including a sulfonated acid or
a residue thereof, a third, chemically different carboxylic
acid (e.g., differing from the first and second carboxylic
acids), or an alkylated molecule or a residue thereof. In an
embodiment, each of the first, second, and third monomers
are chemically different from each other.

[0056] In an embodiment, the first monomer comprises,
consists essentially of, or consists of a (first) carboxylic acid
or a residue thereof substantially as described above with
respect to the copolymer. For example, suitable carboxylic
acids may include, by way of example, alkyl acrylic acids
such as MAA, a butenoic acid (e.g., crotonic acid), a
pentenoic acid, propenoic acid (AA), or any other unsatu-
rated monocarboxylic acid capable of polymerizing; dicar-
boxylic acids such as MA, fumaric acid, itaconic acid;
glutaconic acid, muconic acid, succinic acid, or any other
unsaturated dicarboxylic acid capable of polymerizing; tri-
carboxylic acids or greater, such as citric acid, aconitic acid,
or any other unsaturated carboxylic acid having three or
more carboxylic acid moieties (e.g., carboxyl groups); or
any other molecule having at least one carboxyl moiety, a
salt thereof, or a conjugate base thereof. In some embodi-
ments, the first monomer includes one of any of the fore-
going carboxylic acids, a salt thereof, or a conjugate base
thereof. For example, the first monomer may include a
carboxylate (e.g., dicarboxylate) of any of the foregoing
carboxylic acid monomers. Carboxylic acid salts may
include Lithium, Beryllium, Sodium, Magnesium, Potas-
sium, Calcium, Zinc, etc., salts.

[0057] The first monomer may constitute about 55 mol %
of the terpolymer or more, such as about 55 mol % to about
99 mol %, about 60 mol % to about 98 mol %, about 70 mol
% to about 95 mol %, about 80 mol % to about 99 mol %,
about 85 mol % to about 98 mol %, about 90 mol % to about
97 mol %, about 93 mol % to about 97 mol %, about 93 mol
% to about 99 mol %, about 96 mol % to about 99 mol %,
about 92 mol % to about 94 mol %, about 83 mol % to about
87 mol %, about 88 mol % to about 92 mol %, about 93 mol
% to about 96 mol %, about 60 mol %, about 70 mol %,
about 80 mol %, about 85 mol %, about 90 mol %, about
92.9 mol %, about 93.3 mol %, about 95 mol %, about 96
mol %, about 96.4 mol %, or about 98.4 mol % of the
terpolymer or less.

[0058] The first monomer may constitute about 50 wt % of
the terpolymer or more, such as about 50 wt % to about 95
wt %, about 60 wt % to about 90 wt %, about 70 wt % to
about 85 wt %, about 75 wt % to about 90 wt %, about 80
wt % to about 95 wt %, about 85 wt % to about 90 wt %,
about 90 wt % to about 95 wt %, about 78 wt % to about 82
wt %, about 83 wt % to about 87 wt %, about 88 wt % to
about 92 wt %, about 60 wt %, about 70 wt %, about 80 wt
%, about 85 wt %, about 90 wt %, or about 90 wt % of the
terpolymer or less.
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[0059] In an embodiment, the second monomer of the
terpolymer comprises, consists essentially of, or consists of
one or more of a sulfonated acid, a (second) carboxylic acid,
or a residue of any of the foregoing, where the second
monomer is chemically different from the first monomer.
The sulfonated acid (e.g., sulfonic acids) may include a
sulfonate moiety, a salt thereof, or a conjugate base thereof,
substantially as described above with respect to the copo-
lymer.

[0060] In an embodiment, the second monomer of the
terpolymer comprises, consists essentially of, or consists of
one or more of any of the carboxylic acids or residues
thereof disclosed above with respect to the first monomer, so
long as the carboxylic acid of the second monomer is
chemically different (e.g., a different chemical species) from
the carboxylic acid of the first monomer. For example, the
second monomer may include MA or MAA residue while
the first monomer includes AA residue, or vice versa.
[0061] The second monomer may constitute about 45 mol
% of the terpolymer or less, such as about 0.01 mol % to
about 45 mol %, about 10 mol % to about 40 mol %, about
20 mol % to about 30 mol %, about 0.01 mol % to about 15
mol %, about 0.01 mol % to about 10 mol %, about 0.01 mol
% to about 5 mol %, about 1.5 mol % to about 4 mol %,
about 2 mol % to about 5 mol %, about 5 mol % to about
15 mol %, about 10 mol % to about 15 mol %, about 5 mol
% to about 10 mol %, about 18 mol % to about 22 mol %,
about 13 mol % to about 17 mol %, about 8 mol % to about
12 mol %, about 3 mol % to about 7 mol %, about 10 mol
%, about 1.6 mol %, about 2 mol %, about 3 mol %, about
3.6 mol %, about 3.7 mol %, about 4 mol %, about 5 mol %,
about 10 mol %, about 15 mol %, about 20 mol %, about 20
mol % or less, about 10 mol % or less, or about 5 mol % of
the terpolymer or less.

[0062] The second monomer may constitute about 50 wt
% of the terpolymer or less, such as about 0.01 wt % to about
50 wt %, 5 wt % to about 50 wt %, about 10 wt % to about
40 wt %, about 20 wt % to about 30 wt %, about 5 wt % to
about 15 wt %, about 10 wt % to about 15 wt %, about 0.01
wt % to about 15 wt %, about 0.01 wt % to about 10 wt %,
about 0.01 wt % to about 5 wt %, about 5 wt % to about 10
wt %, about 18 wt % to about 22 wt %, about 13 wt % to
about 17 wt %, about 8 wt % to about 12 wt %, about 3 wt
% to about 7 wt %, about 5 wt %, about 10 wt %, about 15
wt %, about 20 wt %, about 20 wt % or less, or about 10 wt
% of the terpolymer or less.

[0063] In an embodiment, the third monomer of the ter-
polymer comprises, consists essentially of, or consists of one
or more of one of a sulfonated acid, a (third) carboxylic acid,
an alkylated molecule (e.g., molecule or residue thereof
having one or more hydrophobic alkyl moieties) or a residue
of any of the foregoing, where the third monomer is chemi-
cally different from the first monomer and the second
monomer. The sulfonated acid (e.g., sulfonic acids) may
include a sulfonate moiety, a salt thereof, or a conjugate base
thereof as disclosed above.

[0064] In an embodiment, the alkylated molecule or resi-
due thereof (e.g., alkylated acrylamide(s)) comprises at least
one hydrophobic moiety such as an alkyl group of one or
more carbons. Suitable alkylated molecules may include
N-tert-butylacrylamide, N-isopropylacrylamide, butoxym-
ethylacrylamide, N,N-dimethylacrylamide, N,N-diethyl-
acrylamide, dimethylamino ethyl methacrylate acid salts
(including, but not limited to, sulfuric acid and hydrochlo-
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ride acid salts), N-vinylpyrrolidone, analogues of any of the
foregoing, residues of any of the foregoing, or any other
molecule suitable for radical polymerization and being sub-
stantially as hydrophobic as the preceding examples.
[0065] In an embodiment, the third monomer comprises,
consists essentially of, or consists of one or more of any of
the carboxylic acids or residues thereof disclosed above with
respect to the first monomer, so long as the carboxylic acid
of'the third monomer is chemically different (e.g., a different
chemical species) from the carboxylic acid of the first
monomer and the second monomer. For example, the third
monomer may include itaconic acid or crotonic acid and the
first and second monomers may include AA, MA, or MAA,
respectively.

[0066] The third monomer may constitute about 10 mol %
of the terpolymer or less, such as about 0.01 mol % to about
10 mol %, about 1 mol % to about 9 mol %, about 2 mol %
to about 8 mol %, about 3 mol % to about 7 mol %, about
4 mol % to about 6 mol %, about 5 mol % to about 10 mol
%, about 0.01 mol % to about 5 mol %, about 1 mol % to
about 5 mol %, about 1 mol % to about 3 mol %, about 1.5
mol % to about 3.5 mol %, about 3 mol % to about 5 mol
%, about 5 mol % to about 8 mol %, about 8 mol % to about
10 mol %, about 1.8 mol %, about 2 mol %, about 3 mol %,
about 5 mol %, about 10 mol %, about 7 mol % or less, about
5 mol % or less, or about 3 mol % of the terpolymer or less.

[0067] The third monomer may constitute about 10 wt %
of the terpolymer or less, such as about 0.01 wt % to about
10 wt %, about 1 wt % to about 9 wt %, about 2 wt % to
about 8 wt %, about 3 wt % to about 7 wt %, about 4 wt %
to about 6 wt %, about 5 wt % to about 10 wt %, about 0.01
wt % to about 5 wt %, about 1 wt % to about 5 wt %, about
3 wt % to about 5 wt %, about 5 wt % to about 8 wt %, about
8 wt % to about 10 wt %, about 5 wt %, about 10 wt %, about
7 wt % of the terpolymer or less, or about 5 wt % of the
terpolymer or less.

[0068] In an embodiment, the first monomer of the ter-
polymer comprises, consists essentially of, or consists of one
or more of AA, MA, MAA, or residues thereof. In an
embodiment, the second monomer of the terpolymer com-
prises, consists essentially of, or consists of one or more of
MA, MAA, ATBS, or residues thereof, where the second
monomer is chemically different from the first monomer. In
an embodiment, the third monomer of the terpolymer com-
prises, consists essentially of, or consists of one or more of
ATBS, sulfostyrene, methallylsulfonic acid, tert-butylacry-
lamide, dimethylacrylamide, itaconic acid, crotonic acid, or
residues thereof, where the third monomer is chemically
different from the second monomer and the first monomer.
In an embodiment, the terpolymer comprises, consists essen-
tially of, or consists of one or more of AA residue, MA or
MAA residue, and ATBS residue. The AA residue may
constitute about 90 mol % to about 98 mol % of the
terpolymer, the MA residue may constitute about 1 mol % to
about 7 mol % of the terpolymer, and the ATBS residue may
constitute at least a portion of the balance of the terpolymer
(e.g., about 1 mol % to about 7 mol %). The AA residue may
constitute about 90 mol % to about 98 mol % of the
terpolymer, the MAA residue may constitute about 1 mol %
to about 7 mol % of the terpolymer, and the ATBS residue
may constitute at least a portion of the balance of the
terpolymer (e.g., about 1 mol % to about 7 mol %). In an
embodiment, the terpolymer comprises, consists essentially
of, or consists of one or more of AA residue, ATBS residue,
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and itaconic acid or crotonic acid residue. The AA residue
may constitute about 90 mol % to about 98 mol % of the
terpolymer, the ATBS residue may constitute about 1 mol %
to about 7 mol % of the terpolymer, and the itaconic acid or
crotonic residue may constitute at least a portion of the
balance of the terpolymer (e.g., about 1 mol % to about 7
mol %). In an embodiment, the terpolymer comprises,
consists essentially of, or consists of one or more of AA
residue, ATBS residue, and tert-butylacrylamide residue.
The AA residue may constitute about 90 mol % to about 98
mol % of the terpolymer, the ATBS residue may constitute
about 1 mol % to about 7 mol % of the terpolymer, and the
tert-butylacrylamide residue may constitute at least a portion
of the balance of the terpolymer (e.g., about 1 mol % to
about 7 mol %). In an embodiment, the terpolymer com-
prises, consists essentially of, or consists of AA residue,
ATBS residue, and dimethyl acrylamide residue. The AA
residue may constitute about 90 mol % to about 98 mol %
of the terpolymer, the ATBS residue may constitute about 1
mol % to about 7 mol % of the terpolymer, and the
dimethylacrylamide residue may constitute at least a portion
of the balance of the terpolymer (e.g., about 1 mol % to
about 7 mol %).

[0069] As discussed in detail below, the terpolymer can
exhibit any of a wide range of molecular weights. As
discussed in more detail below, the terpolymer can be mixed
(e.g., at least partially dissolved, dispersed, or suspended) in
water and/or a water source in any of a wide range of
dosages. Without wishing to be limited by theory, we believe
that during use, one or more moieties (e.g., hydrophobic
moieties) present in the polymer may bond to a metal surface
forming a passivating film on the metal surface and/or could
act as a cathodic or anodic inhibitor, or otherwise render
corrodents substantially ineffective or very slow to corrode
equipment in water containing systems, such as cooling,
desalination, or drilling equipment. As discussed in detail
below, the terpolymers herein may also include a tagging
agent (e.g., fluorescent tag or marker).

[0070] Tetrapolymers

[0071] In some embodiments, the corrosion inhibiting
polymer composition is a tetrapolymer (e.g., quaterpolymer
or quadpolymer). The tetrapolymer may comprise, consist
essentially of, or consist of a first monomer including a
carboxylic acid or a residue thereof; a second monomer
including a sulfonated acid or a residue thereof, or a second,
chemically different carboxylic acid or a residue thereof; a
third monomer including a sulfonated acid or a residue
thereof, a third, chemically different carboxylic acid (e.g.,
chemically differing from the first and second carboxylic
acids) or a residue thereof, or an alkylated molecule or a
residue thereof and a fourth monomer including an alkylated
molecule or a residue thereof, or a fourth, chemically
different carboxylic acid or a residue thereof. In an embodi-
ment, each of the first, second, third, and fourth monomers
are chemically different from each other.

[0072] The first monomer may comprise, consist essen-
tially of, or consist of a (first) carboxylic acid or a residue
thereof substantially as described above with respect to the
copolymer or terpolymer. For example, suitable carboxylic
acids may include, by way of example, an alkyl acrylic acid
such as AA, MA, or MAA, or any other unsaturated car-
boxylic acid capable of polymerizing; or any other unsatu-
rated molecule having at least one carboxyl moiety; a salt of
any of the foregoing, or a conjugate base of any of the
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foregoing. In some embodiments, the first monomer
includes a residue of one of any of the carboxylic acids
disclosed herein, a salt thereof, or a conjugate base thereof.
Carboxylic acid salts may include Lithium, Beryllium,
Sodium, Magnesium, Potassium, Calcium, Zinc, etc., salts.

[0073] The first monomer may constitute about 55 mol %
of the tetrapolymer or more, such as about 80 mol % or
more, about 55 mol % to about 99 mol %, about 65 mol %
to about 95 mol %, about 75 mol % to about 94 mol %, about
80 mol % to about 95 mol %, about 85 mol % to about 93
mol %, about 90 mol % to about 98 mol %, about 80 mol %
to about 90 mol %, about 90 mol % to about 95 mol %, about
85 mol % to about 90 mol %, about 91 mol % to about 95
mol %, about 65 mol %, about 75 mol %, about 85 mol %,
about 90 mol %, about 93 mol %, about 95 mol %, about 93
mol % or less, or about 95 mol % of the tetrapolymer or less.

[0074] The first monomer may constitute about 50 wt % of
the tetrapolymer or more, such as about 75 wt % or more,
about 50 wt % to about 95 wt %, about 60 wt % to about 90
wt %, about 70 wt % to about 85 wt %, about 75 wt % to
about 90 wt %, about 80 wt % to about 95 wt %, about 85
wt % to about 90 wt %, about 75 wt % to about 85 wt %,
about 78 wt % to about 82 wt %, about 83 wt % to about 87
wt %, about 88 wt % to about 92 wt %, about 60 wt %, about
70 wt %, about 80 wt %, about 85 wt %, about 90 wt %, or
about 85 wt % of the tetrapolymer or less.

[0075] In an embodiment, the second monomer of the
tetrapolymer comprises, consists essentially of, or consists
of a sulfonated acid, a (second) carboxylic acid, or a residue
of any of the foregoing, where the second monomer is
chemically different from the first monomer. The sulfonated
acid (e.g., sulfonic acids) may include a sulfonate moiety, a
salt thereof, or a conjugate base thereof as described above
with respect to copolymer and terpolymer. For example,
suitable sulfonated acids may include ATBS, sulfostyrene,
vinylsulfonic acid, or methallylsulfonic acid, any other
sulfonated acid, a salt of the foregoing, or a conjugate base
of the foregoing, as described above.

[0076] In an embodiment, the second monomer com-
prises, consists essentially of, or consists of any of the
carboxylic acids or residues thereof disclosed above with
respect to the first monomer, so long as the carboxylic acid
of the second monomer is chemically different from the
carboxylic acid of the first monomer. For example, the
second monomer may comprise, consist essentially of, or
consist of one or more of MA or MAA residue while the first
monomer includes AA residue, or vice versa.

[0077] The second monomer may constitute about 20 mol
% of the tetrapolymer or less, such as about more than about
0.01 mol % to about 20 mol %, about 0.01 mol % to about
15 mol %, about 0.01 mol % to about 10 mol %, about 0.01
mol % to about 5 mol %, about 2 mol % to about 10 mol %,
about 3 mol % to about 8 mol %, about 5 mol % to about
15 mol %, about 8 mol % to about 12 mol %, about 1 mol
% to about 4 mol %, about 4 mol % to about 6 mol %, about
5 mol % to about 10 mol %, 0.01 mol % to about 10 mol %,
about 1 mol % to about 5 mol %, about 2 mol % to about
4 mol %, about 3 mol % to about 5 mol %, about 5 mol %
to about 8 mol %, about 8 mol % to about 10 mol %, about
10 mol % to about 15 mol %, about 1 mol %, about 2 mol
%, about 3 mol %, about 3.5 mol %, about 4 mol %, about
5 mol %, about 10 mol % or less, or about 5 mol % of the
tetrapolymer or less.
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[0078] The second monomer may constitute about 20 wt
% of the tetrapolymer or less, such as about more than about
0.01 wt % to about 20 wt %, 0.01 wt % to about 15 wt %,
0.01 wt % to about 10 wt %, 0.01 wt % to about 5 wt %,
about 2 wt % to about 18 wt %, about 3 wt % to about 12
wt %, about 5 wt % to about 15 wt %, about 8 wt % to about
12 wt %, about 4 wt % to about 6 wt %, about 5 wt % to
about 10 wt %, 0.01 wt % to about 10 wt %, about 1 wt %
to about 5 wt %, about 3 wt % to about 5 wt %, about 5 wt
% to about 8 wt %, about 8 wt % to about 10 wt %, about
10 wt % to about 15 wt %, about 10 wt % or less, or about
5 wt % of the tetrapolymer or less.

[0079] In an embodiment, the third monomer of the tet-
rapolymer comprises, consists essentially of, or consists of
one of a sulfonated acid, a (third) carboxylic acid, an
alkylated molecule or a residue of any of the foregoing,
where the third monomer is chemically different from the
first monomer and the second monomer. The sulfonated acid
may include a sulfonate moiety, a salt thereof, or a conjugate
base thereof, as described above. The an alkylated molecule
or monomer may comprise, consist essentially of, or consist
of a molecule having at least one alkyl moiety, a residue
thereof, a salt thereof, or a conjugate base thereof, as
described above with respect to the terpolymer. The third
monomer may comprise, consist essentially of, or consist of
any of the carboxylic acids or residues thereof disclosed
above with respect to the first monomer, so long as the
carboxylic acid of the third monomer is chemically different
from the carboxylic acid of the first monomer and the second
monomer. For example, the third monomer may include
itaconic acid or crotonic acid and the first and second
monomers may include AA and MA, respectively.

[0080] The third monomer may constitute about 10 mol %
of the tetrapolymer or less, such as about 0.01 mol % to
about 10 mol %, about 1 mol % to about 8 mol %, about 2
mol % to about 6 mol %, about 1 mol % to about 3 mol %,
about 3 mol % to about 5 mol %, about 4 mol % to about
6 mol %, about 5 mol % to about 10 mol %, about 1 mol %
to about 5 mol %, about 3 mol % to about 7 mol %, about
7 mol % to about 10 mol %, about 1 mol %, about 1.8 mol
%, about 2 mol %, about 3 mol %, about 5 mol %, about 10
mol %, about 7 mol % or less, about 5 mol % or less, or
about 3 mol % of the tetrapolymer or less.

[0081] The third monomer may constitute about 10 wt %
of the tetrapolymer or less, such as about 0.01 wt % to about
10 wt %, about 1 wt % to about 9 wt %, about 2 wt % to
about 8 wt %, about 3 wt % to about 7 wt %, about 4 wt %
to about 6 wt %, about 5 wt % to about 10 wt %, about 1 wt
% to about 5 wt %, about 3 wt % to about 5 wt %, about 5
wt % to about 8 wt %, about 8 wt % to about 10 wt %, about
5 wt %, about 10 wt %, about 7 wt % or less, or about 5 wt
% of the tetrapolymer or less.

[0082] In an embodiment, the fourth monomer of the
tetrapolymer comprises, consists essentially of, or consists
of a (fourth) carboxylic acid, an alkylated molecule, or a
residue of any of the foregoing, where the fourth monomer
is chemically different from the first, second, and third
monomers. In an embodiment, the alkylated molecule
includes at least one alkyl moiety, a residue thereof, a salt
thereof, or a conjugate base thereof, as described above.

[0083] In an embodiment, the fourth monomer comprises,
consists essentially of, or consists of any of the carboxylic
acids or residues thereof disclosed above with respect to the
first monomer, so long as the carboxylic acid of the fourth
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monomer is chemically different from the carboxylic acid of
the first, second, and third monomers. For example, the
fourth monomer may include itaconic acid or crotonic acid
and one or more of the first, second, and third monomers
may include or consist of AA, MA, and/or MAA, respec-
tively.

[0084] The fourth monomer may constitute about 10 mol
% of the tetrapolymer or less, such as about 0.01 mol % to
about 10 mol %, 0.01 mol % to about 5 mol %, about 1 mol
% to about 7 mol %, about 2 mol % to about 6 mol %, about
3 mol % to about 5 mol %, about 1 mol % to about 4 mol
%, about 1 mol % to about 3 mol %, about 1.5 mol % to
about 3 mol %, about 4 mol % to about 6 mol %, about 5 mol
% to about 10 mol %, about 1 mol % to about 5 mol %, about
3 mol % to about 5 mol %, about 5 mol % to about 8 mol
%, about 8 mol % to about 10 mol %, about 5 mol %, about
10 mol %, about 7 mol % or less, about 5 mol % or less, or
about 3 mol % of the tetrapolymer or less.

[0085] The fourth monomer may constitute about 10 wt %
of the tetrapolymer or less, such as about 0.01 wt % to about
10 wt %, 0.01 wt % to about 5 wt %, about 1 wt % to about
9 wt %, about 2 wt % to about 8 wt %, about 3 wt % to about
7wt %, about 4 wt % to about 6 wt %, about 5 wt % to about
10 wt %, about 1 wt % to about 5 wt %, about 3 wt % to
about 5 wt %, about 5 wt % to about 8 wt %, about 8 wt %
to about 10 wt %, about 5 wt %, about 10 wt %, about 7 wt
% or less, or about 5 wt % of the tetrapolymer or less.
[0086] In an embodiment, the first monomer of the tet-
rapolymer comprises, consists essentially of, or consists of
one of AA, MA, MAA, or residues thereof. The second
monomer of the tetrapolymer comprises, consists essentially
of, or consists of one of MA, MAA, ATBS, or residues
thereof, where the second monomer is chemically different
from the first monomer. The third monomer of the tetrapoly-
mer may comprises, consists essentially of, or consists of
one of ATBS, sulfostyrene, methallylsulfonic acid, tert-
butylacrylamide, dimethylacrylamide, itaconic acid, cro-
tonic acid or residues thereof, where the third monomer is
chemically different from the second monomer and the first
monomer. In an embodiment, the fourth monomer of the
tetrapolymer is one of tert-butylacrylamide, dimethylacryl-
amide, itaconic acid, crotonic acid, or residues thereof,
where the fourth monomer is chemically different from the
first, second, and third monomers.

[0087] In an embodiment, the tetrapolymer comprises,
consists essentially of, or consists of AA residue, MA
residue, ATBS residue, and tert-butylacrylamide residue.
The AA residue may constitute about 85 mol % to about 95
mol % of the tetrapolymer, the MA residue may constitute
about 1 mol % to about 7 mol % of the tetrapolymer, the
ATBS residue may constitute about 1 mol % to about 7 mol
% of the tetrapolymer, and the tert-butylacrylamide residue
may constitute at least a portion of the balance of the
tetrapolymer (e.g., about 1 mol % to about 7 mol %). The
AA residue may constitute about 93 mol % of the tetrapoly-
mer, the MA residue may constitute about 2 mol % of the
tetrapolymer, the ATBS residue may constitute about 3.5
mol % of the tetrapolymer, and the tert-butylacrylamide
residue may constitute about 1.5 mol % of the tetrapolymer.
[0088] In an embodiment, the tetrapolymer comprises,
consists essentially of, or consists of one or more of AA
residue, ATBS residue, itaconic acid or crotonic acid resi-
due, and tert-butylacrylamide residue. The AA residue may
constitute about 80 mol % to about 95 mol % of the
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tetrapolymer, the ATBS residue may constitute about 1 mol
% to about 7 mol % of the tetrapolymer, the itaconic acid or
crotonic acid residue may constitute about 1 mol % to about
7 mol % of the tetrapolymer, and the tert-butylacrylamide
residue may constitute about 1 mol % to about 7 mol % of
the tetrapolymer. An any of the above embodiments, MA or
MAA may be used in place of the AA, where the MA is
chemically different from each of the monomers in the
tetrapolymers. In an embodiment, the AA residue may
constitute about 75 mol % to about 80 mol % of the
tetrapolymer, the ATBS residue may constitute about 7 mol
% to about 12 mol % of the tetrapolymer, the itaconic acid
or crotonic acid residue may constitute about 7 mol % to
about 12 mol % of the tetrapolymer, and the tert-butylacry-
lamide residue may constitute about 1 mol % to about 5 mol
% of the tetrapolymer. For example, the AA residue may
constitute about 78 mol % of the tetrapolymer, the ATBS
residue may constitute about 10% of the tetrapolymer, the
itaconic acid or crotonic acid residue may constitute about
10 mol % of the tetrapolymer, and the tert-butylacrylamide
residue may constitute about 2 mol % of the tetrapolymer. In
any of the above embodiments, MA or MAA may be used
in place of the AA, where the MA is chemically different
from each of the monomers in the tetrapolymers.

[0089] As discussed in detail below, the tetrapolymer can
exhibit any of a wide range of molecular weights. As
discussed in more detail below, the tetrapolymer can be
mixed in water and/or a water source in any of a wide range
of dosages. Without wishing to be limited by theory, we
believe that during use, one or more moieties present in the
polymer (e.g., one or more hydrophobic moieties) may bond
to a metal surface forming a passivating film on the metal
surface and/or could act as a cathodic or anodic inhibitor, or
otherwise render corrodents substantially ineffective or very
slow to corrode equipment in water containing systems,
such as cooling, desalination, or drilling equipment. As
explained in detail below, the tetrapolymers herein may also
include a fluorescent tag or marker.

[0090] Pentapolymers

[0091] In some embodiments, the corrosion inhibiting
polymer composition is a pentapolymer. The pentapolymer
may comprise, consist essentially of, or consist of a first
monomer including a carboxylic acid or a residue thereof; a
second monomer including a second, chemically different
carboxylic acid or a residue thereof; a third monomer
including an alkylated molecule or a residue thereof;, a
fourth monomer including a fourth, chemically different
carboxylic acid or a residue thereof; and a fifth monomer
including a fifth, chemically different carboxylic acid or a
residue thereof (“fourth” and “fifth” correspond to the
monomeric designation of the monomer but not necessarily
the total amount of carboxylic acids in the polymer). In an
embodiment, each of the first, second, third, fourth, and fifth
monomers are chemically different from each other.

[0092] The first monomer may comprise, consist essen-
tially of, or consist of a (first) carboxylic acid or a residue
thereof substantially as described above with respect to the
copolymer, terpolymer, or tetrapolymer. For example, suit-
able carboxylic acids may include, any carboxylic acid
disclosed herein, such as AA, MA, or MAA, or any other
unsaturated carboxylic acid capable of polymerizing; or any
other molecule having at least one carboxyl moiety; a salt of
any of the foregoing, or a conjugate base of any of the
foregoing. In some embodiments, the first monomer
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includes a residue of one of any of the carboxylic acids
disclosed herein, a salt thereof, or a conjugate base thereof.
Carboxylic acid salts may include Lithium, Beryllium,
Sodium, Magnesium, Potassium, Calcium, Zinc, etc., salts.
[0093] The first monomer may constitute about 55 mol %
of the pentapolymer or more, such as about 75 mol % or
more, about 55 mol % to about 97 mol %, about 70 mol %
to about 95 mol %, about 80 mol % to about 90 mol %, about
85 mol % to about 95 mol %, about 90 mol % to about 96
mol %, about 92 mol % to about 96 mol %, about 80 mol %
to about 95 mol %, about 78 mol % to about 82 mol %, about
83 mol % to about 87 mol %, about 88 mol % to about 92
mol %, about 60 mol %, about 70 mol %, about 80 mol %,
about 85 mol %, about 90 mol %, about 91 mol %, about 93
mol %, about 95 mol %, about 96 mol %, or about 95 mol
% of the pentapolymer or less.

[0094] The first monomer may constitute about 50 wt % of
the pentapolymer or more, such as about 75 wt % or more,
about 50 wt % to about 95 wt %, about 60 wt % to about 90
wt %, about 70 wt % to about 85 wt %, about 75 wt % to
about 90 wt %, about 80 wt % to about 95 wt %, about 85
wt % to about 90 wt %, about 75 wt % to about 85 wt %,
about 78 wt % to about 82 wt %, about 83 wt % to about 87
wt %, about 88 wt % to about 92 wt %, about 60 wt %, about
70 wt %, about 80 wt %, about 85 wt %, about 90 wt %, or
about 85 wt % of the pentapolymer or less.

[0095] In an embodiment, the second monomer of the
pentapolymer comprises, consists essentially of, or consists
of another (second) carboxylic acid or a residue of thereof,
where the second monomer is chemically different from the
first monomer. The second monomer may include any of the
carboxylic acids or residues thereof disclosed above with
respect to the first monomer, so long as the carboxylic acid
of the second monomer is chemically different from the
carboxylic acid of the first monomer. For example, the
second monomer may comprise, consist essentially of, or
consist of MA or MAA residue while the first monomer
includes AA residue, or vice versa.

[0096] The second monomer may constitute about 20 mol
% of the pentapolymer or less, such as about more than
about 0.01 mol % to about 20 mol %, about 0.01 mol % to
about 15 mol %, about 0.01 mol % to about 10 mol %, about
0.01 mol % to about 5 mol %, about 1 mol % to about 3 mol
%, about 1 mol % to about 7 mol %, about 2 mol % to about
8 mol %, about 3 mol % to about 7 mol %, about 5 mol %
to about 15 mol %, about 8 mol % to about 12 mol %, about
1 mol % to about 4 mol %, about 4 mol % to about 6 mol
%, about 5 mol % to about 10 mol %, 1.5 mol % to about
4 mol %, about 1 mol % to about 5 mol %, about 2 mol %
to about 4 mol %, about 3 mol % to about 5 mol %, about
5 mol % to about 8 mol %, about 8 mol % to about 10 mol
%, about 10 mol % to about 15 mol %, about 1 mol %, about
1.5 mol %, about 2 mol %, about 3 mol %, about 3.5 mol %,
about 4 mol %, about 5 mol %, about 10 mol % or less, or
about 5 mol % of the pentapolymer or less.

[0097] The second monomer may constitute about 10 wt
% of the pentapolymer or less, such as about 0.01 wt % to
about 10 wt %, 0.01 wt % to about 5 wt %, about 1 wt %
to about 9 wt %, about 2 wt % to about 8 wt %, about 3 wt
% to about 7 wt %, about 4 wt % to about 6 wt %, about 5
wt % to about 10 wt %, about 1 wt % to about 5 wt %, about
3 wt % to about 5 wt %, about 5 wt % to about 8 wt %, about
8 wt % to about 10 wt %, about 5 wt %, about 10 wt %, about
7 wt % or less, or about 5 wt % of the pentapolymer or less.
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[0098] In an embodiment, the third monomer of the pen-
tapolymer comprises, consists essentially of, or consists of
an alkylated molecule or a residue of thereof. The alkylated
molecule may be similar or identical to the alkylated mol-
ecule(s) described above with respect to the terpolymer or
tetrapolymer. For example, suitable alkylated molecules
may include hydrophobic acrylamides or derivatives
thereof, such as methacrylamide, N-tert-butylacrylamide,
dimethylacrylamide, residues of any of the foregoing, or any
other alkylated molecule or residue thereof disclosed herein.
[0099] In an embodiment, the third monomer constitutes
about 10 mol % of the pentapolymer or less, such as about
0.01 mol % to about 10 mol %, 0.01 mol % to about 5 mol
%, about 1 mol % to about 7 mol %, about 2 mol % to about
6 mol %, about 3 mol % to about 5 mol %, about 4 mol %
to about 6 mol %, about 5 mol % to about 10 mol %, about
1 mol % to about 5 mol %, about 1 mol % to about 4 mol
%, about 1 mol % to about 3 mol %, about 3 mol % to about
5 mol %, about 5 mol % to about 8 mol %, about 8 mol %
to about 10 mol %, about 1 mol %, about 1.2 mol %, about
1.5 mol %, about 1.8 mol %, about 2 mol %, about 3 mol %,
about 4 mol %, about 5 mol %, about 10 mol %, about 7 mol
% or less, or about 5 mol % of the pentapolymer or less.
[0100] In an embodiment, the third monomer constitutes
about 10 wt % of the pentapolymer or less, such as about
0.01 wt % to about 10 wt %, 0.01 wt % to about 5 wt %,
about 1 wt % to about 9 wt %, about 2 wt % to about 8 wt
%, about 3 wt % to about 7 wt %, about 4 wt % to about 6
wt %, about 5 wt % to about 10 wt %, about 1 wt % to about
5 wt %, about 3 wt % to about 5 wt %, about 5 wt % to about
8 wt %, about 8 wt % to about 10 wt %, about 5 wt %, about
10 wt %, about 7 wt % or less, or about 5 wt % of the
pentapolymer or less.

[0101] In an embodiment, the fourth monomer comprises,
consists essentially of, or consists of any of the carboxylic
acids or residues thereof disclosed above with respect to the
first monomer, so long as the carboxylic acid of the fourth
monomer is chemically different from the carboxylic acid of
the first monomer, the second monomer, and the third
monomer. For example, the fourth monomer may include
itaconic acid or crotonic acid and one or more of the first,
second, and third monomers may include or consist of AA,
MA, and/or MAA, respectively.

[0102] The fourth monomer may constitute about 10 mol
% of the pentapolymer or less, such as about 0.01 mol % to
about 10 mol %, 0.01 mol % to about 5 mol %, about 1 mol
% to about 7 mol %, about 2 mol % to about 6 mol %, about
1 mol % to about 3 mol %, about 2 mol % to about 4 mol
%, about 3 mol % to about 5 mol %, about 4 mol % to about
6 mol %, about 5 mol % to about 10 mol %, about 1 mol %
to about 5 mol %, about 1 mol %, about 1.2 mol %, about
1.5 mol %, about 1.8 mol %, about 2 mol %, about 3 mol %,
about 3.5 mol %, about 4 mol %, about 5 mol %, about 10
mol %, about 5 mol % or less, or about 3 mol % of the
pentapolymer or less.

[0103] The fourth monomer may constitute about 10 wt %
of'the pentapolymer or less, such as about 0.01 wt % to about
10 wt %, 0.01 wt % to about 5 wt %, about 1 wt % to about
9 wt %, about 2 wt % to about 8 wt %, about 3 wt % to about
7wt %, about 4 wt % to about 6 wt %, about 5 wt % to about
10 wt %, about 1 wt % to about 5 wt %, about 3 wt % to
about 5 wt %, about 2 wt % to about 4 wt %, about 3 wt %,
about 5 wt %, about 10 wt %, about 5 wt % or less, or about
3 wt % of the pentapolymer or less.
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[0104] In an embodiment, the fifth monomer comprises,
consists essentially of, or consists of a (fifth) carboxylic acid
such as any of the carboxylic acids or residues thereof
disclosed above with respect to the first monomer, so long as
the carboxylic acid of the fifth monomer is chemically
different from a carboxylic acid of the first monomer, the
second monomer, the third monomer, and/or the fourth
monomer. For example, the fifth monomer may include
MAA and one or more of the first, second, third, and fourth
monomers may include or consist of AA, MA, itaconic acid,
or crotonic acid, respectively.

[0105] The fifth monomer may constitute about 10 mol %
of the pentapolymer or less, such as about 0.01 mol % to
about 10 mol %, 0.01 mol % to about 5 mol %, about 1 mol
% to about 7 mol %, about 2 mol % to about 6 mol %, about
1 mol % to about 3 mol %, about 3 mol % to about 5 mol
%, about 4 mol % to about 6 mol %, about 5 mol % to about
10 mol %, about 1 mol % to about 5 mol %, about 6 mol %
to about 8 mol %, about 1 mol %, about 1.5 mol %, about
2 mol %, about 2.5 mol %, about 3 mol %, about 3.5 mol %,
about 4 mol %, about 5 mol %, about 7 mol %, about 10 mol
%, about 8 mol % or less, about 5 mol % or less, or about
3 mol % of the pentapolymer or less.

[0106] The fifth monomer may constitute about 10 wt %
of'the pentapolymer or less, such as about 0.01 wt % to about
10 wt %, 0.01 wt % to about 5 wt %, about 1 wt % to about
9 wt %, about 2 wt % to about 8 wt %, about 3 wt % to about
7wt %, about 4 wt % to about 6 wt %, about 5 wt % to about
10 wt %, about 1 wt % to about 5 wt %, about 3 wt % to
about 5 wt %, about 6 wt % to about 8 wt %, about 3 wt %,
about 5 wt %, about 7 wt %, about 10 wt %, about 8 wt %
or less, or about 7 wt % of the pentapolymer or less.

[0107] In an embodiment, a sulfonated acid may be used
in place of any of the above listed second, third, fourth, or
fifth monomers in the pentapolymer. For example, ATBS
may be used instead of the second carboxylic acid of the
second monomer as described above. The sulfonated acid
may be present in the same mol % or wt % as the respective
monomer it substitutes for, as respectively disclosed above.
For example, if ATBS were used in place of the second
carboxylic acid, the ATBS may be present in the same mol
% or wt % as the second carboxylic acid of the second
monomer.

[0108] In an embodiment, the pentapolymer comprises,
consists essentially of, or consists of AA residue, MA
residue, tert-butylacrylamide residue, itaconic acid or cro-
tonic acid residue, and methacrylic acid residue. The AA
residue may constitute about 80 mol % to about 96 mol %
of the pentapolymer, the MA residue may constitute about 1
mol % to about 7 mol % of the pentapolymer, the tert-
butylacrylamide residue may constitute about 1 mol % to
about 7 mol % of the pentapolymer, the itaconic acid or
crotonic acid residue may constitute about 1 mol % to about
5 mol % of the pentapolymer, and the MAA residue may
constitute at least a portion of the balance of the pentapoly-
mer (e.g., about 1 mol % to about 10 mol %). In an
embodiment, the AA residue constitutes about 90 mol % of
the pentapolymer, the MA residue constitutes about 3 mol %
of the pentapolymer, the tert-butylacrylamide residue con-
stitutes about 1.5 mol % of the pentapolymer, the itaconic
acid or crotonic acid residue constitutes about 2 mol % of the
pentapolymer, and the MAA residue constitutes about 3.5
mol % of the pentapolymer.
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[0109] As discussed in detail below, the pentapolymer can
exhibit any of a wide range of molecular weights. As
discussed in more detail below, the pentapolymer can be
mixed water and/or in a water source in any of a wide range
of dosages. Without wishing to be limited by theory, we
believe that during use, one or more moieties (e.g., hydro-
phobic moieties) present in the polymer may bond to a metal
surface forming a passivating film on the metal surface
and/or could act as a cathodic or anodic inhibitor, or other-
wise render corrodents substantially ineffective or very slow
to corrode equipment in water containing systems, such as
cooling, desalination, or drilling equipment. In some
embodiments and as explained in detail below, a fluorescent
tag or marker may be added to the pentapolymer.

[0110]

[0111] The embodiments of polymers (e.g., corrosion
inhibiting polymer compositions) disclosed herein exclude
phosphorous or phosphorous containing moieties. The
above described polymers may substantially inhibit or pre-
vent corrosion in water containing systems having low TDS
water sources (e.g., less than about 4000 ppm, such as about
500 ppm to about 2550 ppm) and/or having high TDS water
sources (e.g., about 4,000 ppm-to about 350,000). In some
embodiments, the polymers described herein may inhibit
corrosion without the use of phosphorous or phosphorous
containing molecules or moieties therein. In some embodi-
ments, the polymers described herein may be used to inhibit
corrosion in combination with phosphorous or phosphorous
containing molecules or moieties, such as a phosphonate or
phosphate containing molecules, ions, or moieties. The
polymers herein may be formed in a liquid, semi-liquid (e.g.,
gel), or solid form, depending on the specific polymer,
monomeric make-up, and/or molecular weight thereof. The
polymer solutions disclosed herein may exhibit a viscosity
of about 100-200 cps as measured by a Brookfield viscom-
eter at 25 degrees Celsius with a #3 spindle at 30 rpm. The
viscosity of any of the polymer compositions disclosed
herein, prior to mixing in water and/or a water source, may
be about 250 cps or less, such as about 50 cps to about 250
cps, about 100 cps to about 200 cps, about 120 cps to about
180 cps, about 140 cps, to about 160 cps, about 80 cps to
about 120 cps, about 120 cps to about 150 cps, about 150 cps
to about 180 cps, or about 180 cps to about 200 cps.

[0112] The molecular weight (M, ) of any of the polymers
disclosed herein, prior to mixing in water and/or a water
source, may be at least about 500 g/mol, such as about 500
g/mol to about 50,000 g/mol, about 1000 g/mol to about
20,000 g/mol, about 2,000 g/mol to about 12,000 g/mol,
about 500 g/mol to about 3,000 g/mol, about 2,000 g/mol to
about 8,000 g/mol, about 3,000 g/mol to about 6,000 g/mol,
about 6,000 g/mol to about 9,000 g/mol, about 8,000 g/mol
to about 10,000 g/mol, about 9,000 g/mol to about 12,000
g/mol, about 8,000 g/mol to about 15,000 g/mol, about
12,000 g/mol to about 15,000 g/mol, about 15,000 g/mol to
about 20,000 g/mol, about 18,000 g/mol to about 22,000
g/mol, 15,000 g/mol to about 25,000 g/mol, about 20,000
g/mol to about 30,000 g/mol, about 30,000 g/mol to about
40,000 g/mol, about 40,000 g/mol to about 50,000 g/mol, or
about 1,000 g/mol, about 2,000 g/mol, about 3,000 g/mol,
about 4,000 g/mol, about 5,000 g/mol, about 7,000 g/mol,
about 10,000 g/mol, about 11,000 g/mol, about 12,000
g/mol, about 14,000 g/mol, about 15,000 g/mol, about
18,000 g/mol, about 20,000 g/mol, about 22,000 g/mol,
about 25,000 g/mol or less, or about 30,000 g/mol or less.

Polymer Composition Characteristics
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[0113] Additive Components

[0114] In some embodiments, any of the embodiments of
polymers (e.g., corrosion inhibiting polymer compositions)
disclosed herein can include one or more additive compo-
nents, such as one or more metallic components or one or
more additional polymers. The one or more metallic com-
ponents can include at least one metal, such as at least on
transition metal, at least one metalloid, ions thereof, alloys
of any of the foregoing, or combinations of any of the
foregoing. In some embodiments, the one or more metallic
components can include a metal or an ion thereof such as
aluminum, vanadium, chromium, manganese, zinc, molyb-
denum, tin, tantalum, tungsten, cerium, silicon, any other
metal or metalloid, ions thereof (e.g., a molybdate, a silicate,
etc.), or alloys of any of the foregoing. In some embodi-
ments, the one or more metallic components can include a
metal or an ion thereof such as one or more of zinc, tin,
tungsten, molybdenum, cerium, silicon, tin, aluminum, or
vanadium metal or an ion thereof, or alloys of any of the
foregoing. Metal ions are generally added to the composi-
tion or provided in a composition in the form of a corre-
sponding metal salt. Thus, for example, Zn as divalent ion is
advantageously added to the composition or provided in a
composition as zinc chloride, zinc acetate, zinc sulfate, or
another zinc salt selected by the user. Where ppm of a metal
ion is recited, the ppm refers to the metal ion itself. Thus, for
example, 5 ppm of zinc is provided to a composition by
adding an amount of the zinc salt corresponding to 5 ppm of
the zinc cation.

[0115] In some embodiments, the corrosion inhibiting
polymer mixture can be combined with one or more addi-
tional polymers or copolymers such as one or more oligom-
ers of maleic acid, a homopolymer of acrylic acid, or
copolymers of sulfonated monomers with acrylic acid. Such
combinations can be about 1000:1 to about 1:1000 corrosion
inhibiting polymer mixture to additional polymer or any
other ranges therebetween, such as 1000 parts corrosion
inhibiting polymer mixture to 1 part oligomer of maleic acid,
or 1 part corrosion inhibiting polymer mixture to 1000 parts
oligomer of maleic acid.

[0116] In some embodiments, each additive component or
the sum of the one or more additive components can be
present in the polymer mixture (or in some embodiments,
the polymer composition) in a concentration of about 0.05
ppm to about 1000 ppm (e.g., 0.05 ppm to about 50 ppm) of
the corrosion inhibiting polymer mixture, such as about 0.05
ppm to about 10 ppm, about 0.05 ppm to about 3 ppm, about
0.05 ppm to about 5 ppm, about 1 ppm to about 5 ppm, about
2 ppm to about 10 ppm, about 5 ppm to about 20 ppm, about
15 ppm to about 30 ppm, about 20 ppm to about 40 ppm,
about 30 ppm to about 50 ppm, about 50 ppm to about 100
ppm, about 1 ppm to about 30 ppm, about 10 ppm to about
100 ppm, about 50 ppm to about 500 ppm, about 100 ppm
to about 1000 ppm, less than about 1000 ppm, less than
about 500 ppm, less than about 100 ppm, less than about 30
ppm, less than about 10 ppm, or less than about 5 ppm. The
additive component(s) can be admixed with the corrosion
inhibiting polymer mixture prior to application in the water
containing system, contemporaneously therewith, or after
addition of the corrosion inhibiting polymer composition
into the water containing system.

[0117] Tagging Agents

[0118] In some embodiments, the polymers disclosed
above include an additional tagging agent therein. For the
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purposes of categorizing polymers in this disclosure, such
tagging agents are not counted as a monomeric unit of the
polymer for determining the categorical name of said poly-
mer. For example, a copolymer having AA, ATBS, and a
tagging agent (e.g., a monomer capable of fluorescing)
therein, is still referred to as a copolymer rather than adding
the additional monomeric tagging agent for the purposes of
the category/title and describing the polymer as a terpoly-
mer.

[0119] In some embodiments, the corrosion inhibiting
polymer compositions disclosed above are tagged (e.g.,
polymerized) with a tagging agent for monitoring the poly-
mer composition in feedstocks and/or blowdown water (e.g.,
used coolant or produced water having the polymer therein).
The tagging agent can be polymerized into any of the
polymers disclosed herein. Suitable tagging agents may
include one or more monomers that are naphthalene-con-
taining, anthracene-containing, quinoline-containing, iso-
quinoline-containing, indole-containing, pyrene-containing,
benzimidazole-containing, coumarin-containing, fluores-
cein-containing, quinoxaline-containing, xanthylium-con-
taining, boron-dipyrromethene-containing, bimane-contain-
ing, rhodamine-containing, or naphthalimide-containing.
Specific monomers that can be used to fluorescently tag a
polymer include but are not limited to 4-methoxy-N-(3-N',
N'-dimethylaminopropyl)naphthalimide (quaternary salt),
N-allyl-4-(2-N',N'-dimethylaminoethoxy)naphthalimide
(methyl sulfate quaternary salt), 4-methoxy-N-(3-N',N'-di-
methylaminopropyl) naphthalimide (allyl chloride quater-
nary salt), S-allyloxy-4'-carboxy-1,8-naphthoylene-1',2'-
benzimidazole, 6-Vinylbenzyloxy-4'-carboxy-1,8-
naphthoylene-1',2'-benzimidazole, 4-methoxy-N-(3-N',N'-
dimethylaminopropyl)naphthalimide (2-hydroxy-3-
allyloxypropyl quat), quaternary ammonium salt of
dimethylaminopropylmethacrylamide and 2-(chloromethyl)
quinoline, quaternary ammonium salt of dimethylaminopro-
pylmethacrylamide and 9-(chloromethyl)anthracene, quater-
nary ammonium salt of
dimethylaminopropylmethacrylamide and 2-(chloromethyl)
benzimidazole, quaternary ammonium salt of dimethylam-
inopropylmethacrylamide and 4-(bromomethyl)pyrene,
quaternary ammonium salt of dimethylaminopropylmeth-
acrylamide and 1-(chloromethyl)naphthalene, any addi-
tional quaternary ammonium salt of dimethylaminopropyl-
methacrylamide and halo-alkyl derivative of the fluorescent
chromophores previously listed, or any other fluorescent
molecule capable of polymerizing with any of the above
described corrosion inhibiting polymers. The tagging agent
may constitute less than about 10 mol % of the any of the
polymers disclosed herein, such as less than about 1 mol %,
less than about 0.1 mol %, or less than about 0.01 mol % of
the polymer. The tagging agent may constitute less than
about 10 wt % of the any of the polymers disclosed herein,
such as about 0.01 wt % to about 10 wt %, about 1 wt % to
about 3 wt %, about 4 wt % to about 6 wt %, about 7 wt %
to about 10 wt %, 2 wt % to about 5 wt %, less than about
5 wt %, less than about 3 wt %, less than about 1 wt %, about
0.01 wt % to about 1 wt %, about 0.01 wt % to about 0.1 wt
%, or less than about 0.1 wt % of the polymer.

[0120] When the corrosion inhibiting polymers herein are
tagged with a tagging agent, one can determine how much
corrosion inhibiting polymer composition is being delivered
in the water source and/or how much corrosion inhibiting
polymer composition is being exhausted during use. A
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fluorometer, UV spectrometer, or other fluorescent material
detecting apparatus may be used to determine the amount of
fluorescent tag in a water source, and by extension, the
amount of tagged polymer therein. Such equipment can be
used to constantly monitor the concentration of a tagged
polymer in a system or can be used to monitor said con-
centrations on demand (e.g., randomly or at selected inter-
vals).

[0121] Additional Monomers

[0122] In some embodiments, the corrosion inhibiting
polymer compositions disclosed above alternatively or addi-
tionally include one or more additional monomers. Addi-
tional monomers may include hydrogen bonding or cationic
monomers. For example, a polymer composition may addi-
tionally include a monomer or residue formed from a
hydrogen bonding molecule and/or a cationic molecule.
Such compositions may include 2-10 different monomers.
Suitable hydrogen bonding molecules include, by way of
example, acrylamide, methacrylamide, N-vinyl formamide,
methylene bis acrylamide, triallylamine and acid salts
thereof, ethylene glycol dimethacrylate, hydroxymethyl-
acrylate, hydroxyethylacrylate, hydroxypropylacrylate,
hydroxypropylmethacrylate, diethylene glycol dimethacry-
late, triethylene glycol dimethylacrylate, polyethylene gly-
col dimethacrylate, glycidyl methacrylate, vinyl alcohol,
vinyl acetate, derivatives of any of the foregoing, salts of any
of the foregoing, or analogues of any of the foregoing.
Suitable cationic molecules include, by way of example,
dimethylaminoethyl acrylate methyl chloride tetranary salts,
dimethylaminoethyl acrylate benzyl chloride tetranary salts,
dimethylaminoethyl acrylate methyl sulfate tetranary salt,
dimethylaminoethyl methacrylate methyl sulfate tetranary
salt, dimethylaminoethyl acrylamide methyl sulfate tetra-
nary salts, dimethylaminopropyl acrylamide methyl sulfate
tetranary salts, dimethylaminopropyl methacrylamide
methyl sulfate tetranary salts, diallyldimethyl ammonium
chloride, dimethylaminoethyl methacrylate methyl chloride
tetranary salt, dimethylaminoethyl methacrylate benzyl
chloride tetranary salt, methacrylamidopropyl trimethyl
ammonium chloride, acrylamidopropyl trimethyl ammo-
nium chloride, dissociated species of any of the foregoing,
or analogues of any of the foregoing. In some embodiments,
any of the above listed species may be used to supply a
polymerized monomer having a desired moiety (e.g., car-
boxylate groups) to the polymer composition. One or more
of the above additional monomer species may be used in
place of or in addition to any of the first, second, third,
fourth, or fifth monomers disclosed herein. The additional
monomers may be about 5 mol % or less of the polymer
composition, such as 4 mol % or less, 3 mol %, or less, 2 mol
% or less, or about 0.01 mol % to about 5 mol %, or more
than about 1 mol % of the polymer composition including
the same.

[0123] Polymer Mixtures

[0124] The corrosion inhibiting polymers disclosed herein
may be mixed in water (e.g., tap or distilled water) and/or a
water source to form a corrosion inhibiting polymer mixture
to inhibit corrosion (e.g., pitting, oxidation, or erosion of a
material due to chemical interactions), such as on one or
more surfaces that contact the water source. The water
source may include a low TDS water source (e.g., having a
TDS content below 4000 ppm) such as soft water, balanced
water, high-chloride/sulfate water, cooling water (e.g., a low
TDS water source used to cool a system and that has not
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been concentrated to have a TDS above 4000 ppm), munici-
pal water (e.g., potable water). In some embodiments, the
water source may additionally or alternatively include sea
water, connate, produced water, brackish water, brine, a
synthetic version of any of the foregoing, combinations of
any of the foregoing, or any other water source having a high
TDS content (e.g., about 4000 ppm to about 350,000 ppm).
In some embodiments, a water source can include TDS
levels higher than 4,000 ppm, such as about 5,000 ppm or
more (e.g., brackish water), about 10,000 ppm or more,
about 15,000 ppm or more (e.g., saline water), about 30,000
ppm or more (e.g., salt water), or about 40,000 ppm or more
(e.g., brine). In some embodiments, a water source (e.g., soft
water) includes concentrations of certain dissolved solids,
such as dissolved solids likely to form scales, cause corro-
sion, or solids having corrodent components likely to induce
corrosion as disclosed herein. For example, the water source
may include at least about 400 ppm of calcium, at least about
390 ppm of potassium, at least about 1200 ppm of magne-
sium, and/or identical ppm dosages of counter-ions of any of
the foregoing (e.g., chloride, fluoride, sulfate, or ions) such
as in seawater. The polymers disclosed herein may be
particularly useful in inhibiting corrosion in soft water,
balanced water, high-chloride/sulfate water, or any other
water source having corrodents therein. Some water sources
may have varying concentrations of different dissolved
solids than soft water, balanced water, or high-chloride/
sulfate water.

[0125] The water source may include one or more corro-
dents therein, wherein the one or more corrodents com-
prises, consists essentially of, or consists of carbon dioxide,
hydrogen sulfide, organosulfur compounds, metal cations,
metal complexes such as aqueous metal cations, metal
chelates and/or organometallic complexes, aluminum ions,
ammonium ions, barium ions, chromium ions, cobalt ions,
cuprous ions, cupric ions, calcium ions, ferrous ions, ferric
ions, hydrogen ions, lead ions, magnesium ions, manganese
ions, molybdenum ions, nickel ions, potassium ions, sodium
ions, strontium ions, titanium ions, uranium ions, vanadium
ions, zinc ions, bromide ions, carbonate ions, chlorate ions,
chloride ions, chlorite ions, dithionate ions, fluoride ions,
hypochlorite ions, iodide ions, nitrate ions, nitrite ions, oxide
ions, perchlorate ions, peroxide ions, phosphate ions, phos-
phite ions, sulfate ions, sulfide ions, sulfite ions, hydrogen
carbonate ions, hydrogen phosphate ions, hydrogen phos-
phite ions, hydrogen sulfate ions, hydrogen sulfite ions,
carbonic acid, hydrochloric acid, nitric acid, sulfuric acid,
nitrous acid, sulfurous acid, peroxy acids, phosphoric acid,
ammonia, bromine, carbon dioxide, chlorine, chlorine diox-
ide, fluorine, hydrogen chloride, hydrogen sulfide, iodine,
nitrogen dioxide, nitrogen monoxide, oxygen, ozone, sulfur
dioxide, hydrogen peroxide, polysaccharide, or combina-
tions thereof. In embodiments, the one or more corrodents
comprises insoluble particulates such as metal oxides, sands,
clays, silicon dioxide, titanium dioxide, muds, and other
insoluble inorganic and/or organic particulates, which in
embodiments act as abrasives when entrained in a water
flow contacting a metal. In embodiments, the one or more
corrodents comprises, consists of, or consists essentially of
an oxidizing agent. Each corrodent or the total amount of
one or more corrodents in the water source may be present
in a concentration of at least about 10 ppm, such as at least
about 50 ppm, at least about 100 ppm, at least about 300
ppm, at least about 500 ppm, at least about 1000 ppm, at
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least about 2000 ppm, at least about 5000 ppm, at least about
10,000 ppm, at least about 20,000 ppm, or less than about
100,000 ppm. For example, the water source can include
oxygen, sulfur, corrodent(s) containing one or more forms of
the same (e.g., sulfides), or any other corrodent(s) in a
concentration of about 100 ppm to about 350,000 ppm,
about 200 ppm to about 20,000 ppm, about 500 ppm to about
100,000 ppm, about 10 ppm to about 10,000 ppm, about 100
ppm to about 1000 ppm, about 50 ppm to about 500 ppm, or
less than about 5000 ppm. In embodiments, the corrodent
comprises, consists of, or consists essentially of a chelating
agent. In embodiments, the corrodent comprises an alcohol.
In embodiments, the corrodent comprises an organochlorine
compound. In embodiments, the produced water comprises,
between 1000 ppm and 200000 ppm of chloride ions. In
embodiments, the one or more corrodents comprises, con-
sists of, or consists essentially of an acid. In embodiments,
the one or more corrodents comprises, consists of, or con-
sists essentially of an alkali.

[0126] In any of the embodiments, the pH of the water
source is between 7 and 14. In embodiments, the pH of the
water source is between about 7 and about 10. In embodi-
ments, the pH of the water source is between about 10 and
14. In embodiments, the pH of the water source is between
about 9 and about 11. In embodiments, the pH of the water
source is between about 7 and about 9, such as between
about 7 and about 8. In embodiments, the pH of the water
source is between about 8 and about 9. In embodiments, the
pH of the water source is between about 9 and about 10. In
embodiments, the pH of the water source is between about
10 and about 11. In embodiments, the pH of the water source
is between about 11 and about 12. In embodiments, the pH
of the water source is between about 12 and about 13. In
embodiments, the pH of the water source is between about
13 and 14. In embodiments, the pH of the water source is
between 0 and 7. In embodiments, the pH of the water
source is between about 1 and about 6. In embodiments, the
pH of the water source is between 5 and 6. In embodiments,
the pH of the water source is between 4 and 5. In embodi-
ments, the pH of the water source is between 3 and 4. In
embodiments, the pH of the water source is between 2 and
3. In embodiments, the pH of the water source is between 1
and 2. In embodiments, the pH of the water source is
between 0 and 1.

[0127] Corrosion may be due to corrosive chemical(s)
and/or conditions, such as the presence of basic or acidic
chemicals and/or conditions, the presence or absence of
oxidizers, the presents or absence of reducers, including the
presence of components such as metals, alkaline metals, or
alkaline earth metals in solution or solid form (e.g., sus-
pended and/or dissolved solids) and counter ions thereof
(e.g., oxides, sulfides, carbonates, bicarbonates, sulfates,
bisulfates, phosphates, bisphosphates, phosphates, hydrox-
ides, etc.) in the water source. For example, seawater may
have a relatively high concentration of calcium and carbon-
ate ions as compared to freshwater, whereby use of untreated
seawater in a water containing system may result in rela-
tively greater amounts of corrosion on the equipment that
contact the seawater, such as due to under deposit corrosion
or microbial corrosion due in part to scaling and/or basic or
acidic water conditions. In some examples, soft, balanced, or
high-chloride/sulfate water sources may have a saturation
index less than 0, and therefore may be more likely to induce
corrosion than high TDS water sources (e.g., sea water,
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produced water, or brackish water). The polymers and
polymer mixtures disclosed herein may inhibit corrosion,
such as corrosion caused by contact of a surface with a water
source containing corrodents or corrosive conditions which
may cause corrosion. The polymers and polymer mixtures
herein may also inhibit formation of scale such as scale
formed from calcium carbonate; magnesium carbonate; cal-
cium sulfate; barium sulfate; barium carbonate; calcium
fluoride; silicates of calcium, magnesium, aluminum, or
iron; etc.; or any other scales known to form in aqueous
systems. The polymer compositions disclosed above inhibit
corrosion without the use of phosphorous or phosphorous
containing compounds (e.g., phosphates).

[0128] In some embodiments, the polymer compositions
disclosed herein may be used in combination with additional
phosphorous containing molecules, moieties, or ions, such
as phosphates or phosphonates (e.g., a polymethylene phos-
phonate derivative). Such phosphorous containing mol-
ecules, ions or moieties may be present in any of the above
polymer compositions at about 0.1 mol % to about 5 mol %,
such as about 1 mol % to about 3 mol %, about 0.5 mol %
to about 1.5 mol %, about 1.5 mol % to about 3 mol %, or
about 3 mol % to about 5 mol %.

[0129] In use, the polymer compositions herein may be
mixed in water and/or a water source to result in a polymer
mixture. For example, any of the polymer compositions
disclosed herein may be dispersed in water (e.g., tap or
deionized water) and then may be mixed in a water source.
The polymer compositions herein may be mixed directly
into a water source. The polymers herein may be delivered
to a water source in powder form or mixed in water, and then
may be mixed into the water source. Any of the polymer
compositions disclosed herein may be emulsified in a water
source. The polymer compositions herein may be mixed into
water and/or a water source by one or more of batch-wise,
continuous (e.g., drip feed), or incremental addition(s) of the
polymer composition, in an as-formed polymer composition
or mixed into water, to the water source. In some embodi-
ments, a water source having one or more of the corrosion
inhibiting polymer compositions is recirculated through a
portion of a water containing system such as a cooling tower,
radiator, or drill string and may be augmented with an
additional or supplemental amount of corrosion inhibiting
polymer composition. Such augmentation may be monitored
and controlled by tracking one or more tagging agents in the
polymers as described above.

[0130] One or more of the corrosion inhibiting polymer
compositions may be mixed in the water source in any one
of various dosages. For example, a polymer composition
may be mixed in water and/or a water source to arrive at a
dosage of about 0.01 ppm or more, such as about 0.01 ppm
to about 1000 ppm, about 0.05 ppm to about 200 ppm, about
0.1 ppm to about 100 ppm, about 0.2 ppm to about 50 ppm,
about 0.01 ppm to about 1 ppm, about 1 ppm to about 5 ppm,
about 3 ppm to about 8 ppm, about 5 ppm to about 10 ppm,
about 5 ppm to about 15 ppm, about 7 ppm to about 12 ppm,
about 12 ppm to about 18 ppm, about 10 ppm to about 20
ppm, about 20 ppm to about 30 ppm, about 30 ppm to about
40 ppm, about 40 ppm to about 50 ppm, about 50 ppm to
about 80 ppm, about 80 ppm to about 100 ppm, about 100
ppm to about 200 ppm, about 200 ppm to about 500 ppm,
about 0.01 ppm to about 10 ppm, about 0.1 ppm to about 20
ppm, or about 0.5 ppm to about 10 ppm. The dosage may be
more than about 0.01 ppm and less than about 200 ppm, such
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as less than about 100 ppm, less than about 50 ppm, less than
about 20 ppm, less than about 10 ppm, less than about 5
ppm, or less than about 2 ppm. Any of the above listed
dosages may be an effective amount to substantially inhibit
or prevent corrosion in a water containing system utilizing
a water source having high TDS therein. The polymer
compositions may be mixed into water and/or the water
source in batch-wise or continuous feeds in amount less than
the dosage, such as in a fraction of the dosage per unit time.
Examples of such a mixing scheme may include adding one
tenth of the total dosage over ten evenly spaced intervals
(e.g., 1 to 10 minute intervals); adding half of the dosage at
a beginning point and the other half after an interval has
passed; a continuous feed configured to arrive at the desired
dosage after a selected amount of time, such as about 1 hour
to about 1 day; or the like. The polymer compositions or
polymer compositions mixed in water may be mixed in the
make-up water source fed into the system or may be mixed
into the water source in the system (in-situ).

[0131]

[0132] The corrosion inhibiting polymer compositions and
polymer mixtures disclosed herein may be used in a water
containing system. For example, the corrosion inhibiting
polymer compositions and polymer mixtures disclosed
herein may be used in any water containing system, such as
desalination systems, cooling systems (e.g., cooling towers,
radiators, heat pipes, etc.), pipes, drilling equipment (e.g.,
drill strings, drilling mud, etc.), fracking and fracking equip-
ment, paper or pulp processing systems, wastewater treat-
ment systems, water purification systems, ware washing,
evaporators, condensers, filtration, mining, water softening,
kamyr digesters, pumps, storage vessels, or any other sys-
tems using water sources or that contact one or more
surfaces therein. During use, as the scale and/or forming
and/or corrosion promoting content of the water sources
concentrate (e.g., through evaporation) and/or thermal shock
occurs, corrosive conditions intensify, corrosion initiates,
and scale deposits on the surfaces of water containing
systems from the water sources in contact therewith. Such
surfaces may include the interior of pipes, storage vessels,
radiators, heat pipes, filters, digesters, condensers, the exte-
rior of cooling towers, or any other surface that contacts a
water source. The surfaces of the water containing systems
may include metals, plastics, glass, rubber or latex, fiber-
glass, concrete or stone, or any other material suitable to
hold, transport, or filter water.

[0133] In an embodiment, the water source is soft water,
balanced water, high-chloride/sulfate water, seawater, con-
nate, produced water, or brine and the water containing
system utilizing one or more of the corrosion inhibiting
polymer compositions is a cooling system including one or
more of a water jacket, radiators, pipes, heat pipes, pumps,
a cooling tower, etc. As the water source circulates through
the water containing system and is evaporated on one or
more portions thereof, the TDS content gradually concen-
trates with each cycle through the system. The corrosive
materials therein may reach a concentration where they
begin to corrode the surfaces in contact therewith, if left
untreated. In some embodiments, the water source may
initially include (e.g., without concentrating the water
source) sufficient concentrations of one or more corrodents
to initiate corrosion upon contact of a surface of a water
containing system. One or more of the corrosion inhibiting
polymer compositions or polymer mixtures may be added
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therein and function to inhibit or prevent corrosion (e.g.,
pitting or oxidation) caused by the make-up (e.g., pH and/or
dissolved solids) of the water source. Such a polymer
mixture may prevent or inhibit corrosion in pipes, pumps,
compressors, heat exchange surfaces (e.g., radiators or water
jackets), or any other parts of the water containing system.

[0134] In an embodiment, the water source includes fresh
water (e.g., tap water) and the water containing system
utilizing one or more of the corrosion inhibiting polymer
compositions is a cooling system including one or more of
a water jacket, radiators, pipes, heat pipes, at least one pump,
a cooling tower, etc. As the fresh water circulates through the
water containing system and is evaporated in one or more
portions thereof, the relatively low TDS content gradually
concentrates with each cycle through the system. The cor-
rosion forming materials therein may reach a TDS concen-
tration of a water source as defined above and/or reach a
concentration where they begin to corrode the surfaces in
contact therewith, if left untreated. One or more of the
corrosion inhibiting polymer compositions or polymer mix-
tures may be added therein and function to inhibit or prevent
corrosion from corrodents and/or scale (e.g., calcium car-
bonate or calcium sulfate scale) formation caused by the
dissolved solids in the fresh water. Such a polymer mixture
may prevent or inhibit calcium carbonate or other scaling or
deposition in pipes, pumps, compressors, heat exchange
surfaces (e.g., radiators or water jackets), or any other parts
of the water containing system.

[0135] The water source and corrosion inhibiting polymer
composition may be maintained in a closed system or an
open system, augmented with additional water from outside
the system (e.g., make-up water), and/or may be circulated
out of the system (e.g., blow-down water) and replaced with
additional water and/or corrosion inhibiting polymer com-
position from outside the system. Such maintenance, aug-
mentation, and removal of the water source and/or polymer
mixture allows a user to selectively control the concentration
of polymer composition in the water source and/or amount
or rate of corrosion in the water containing system.

[0136] Methods

[0137] In an embodiment, a method of inhibiting corro-
sion includes providing or forming a corrosion inhibiting
polymer composition (e.g., a composite polymer), such as
any of those disclosed herein. The method may include
providing a water source, such as any water source disclosed
herein. The method may include mixing one or more of the
corrosion inhibiting polymers in the water source. Mixing
may include forming one or more of a dispersion, an
emulsion, or a solution of the corrosion inhibiting polymer
composition and water. Mixing may include forming one or
more of a dispersion, an emulsion, or a solution of the
corrosion inhibiting polymer composition and the water
source, or may include mixing the corrosion inhibiting
polymer composition in water and then mixing the same into
the water source. Mixing may include one or more of batch
wise (e.g., an individual aliquot), continuous (e.g., drip-feed,
spray feed), or incremental (e.g., supplemental, on-demand,
or monitored) additions. Mixing may include disposing one
or more corrosion inhibiting polymers in the water source in
any of the dosages disclosed herein. Mixing may include
disposing one or more corrosion inhibiting polymers in
water and then into the water source in any of the dosages
disclosed herein.
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[0138] The method may include applying the corrosion
inhibiting polymer mixture to a water containing system.
Applying the corrosion inhibiting polymer mixture may
include circulating the polymer mixture through the water
containing system, such as any water containing system or
component thereof disclosed herein. For example, the poly-
mer mixture may be circulated through a water jacket or
piping. In an embodiment, the method includes recirculating
the polymer mixture through the water containing system
and selectively augmenting the corrosion inhibiting polymer
content and/or water in the system to maintain, decrease, or
increase the concentration of the corrosion inhibiting poly-
mer in the polymer mixture. The composition of the corro-
sion inhibiting polymer mixture may be monitored, during
use, by use of tagging agent (e.g., fluorescent tag) and
equipment (e.g., fluorometer) to determine the concentration
of polymer composition in the water source. Forming a
corrosion inhibiting polymer may include any of the tech-
niques disclosed below in the working examples.

[0139] The corrosion inhibiting polymers herein may be
used to tolerate one or more selected species of corrosive
ions in a water containing system without any corrosion, and
optionally, at a particular dosage of the polymer composition
or mixture thereof. For example, the method of inhibiting
corrosion may include maintaining substantially no or at
least 50% reduced corrosion (e.g., as compared to a system
having no scale inhibitor therein). The dosage for tolerating
corrosive species in the water containing system without
corrosion (or 50% reduced corrosion) may include any of
those dosages disclosed herein, such as about 0.1 ppm to
about 50 ppm, about 10 ppm or less, or about 1 ppm or less,
by way of example. The corrosion inhibiting polymer com-
positions disclosed herein unexpectedly prevented corrosion
in relatively low dosages compared to commercially avail-
able corrosion inhibitors.

[0140] In some embodiments, even when corrosion is
observed, the extent of the corrosion may be reduced at a
specific corrodent concentration compared to other corro-
sion inhibiting compositions, and at lower dosages, when
any of the polymer compositions described above are mixed
therein. Such dosages may be similar or identical to any of
those disclosed herein.

[0141] As described in U.S. provisional patent application
No. 62/198,312 filed on Jul. 29, 2015, the disclosure of
which is incorporated herein by this reference, in its entirety,
for any reason; in some embodiments, any of the corrosion
inhibiting polymers herein in any dosages disclosed herein
can alternatively or additionally be used to prevent scale
deposition of one or more surfaces in water containing
systems. For example, the corrosion inhibiting polymers
herein may prevent scale deposition on metal surfaces, such
as steel (e.g., carbon steel or stainless steel) a galvanized
metal, aluminum, copper, cast iron, etc.; plastic surfaces; or
any other surface in a water containing system. Such scale
inhibition can include applying any of the corrosion inhib-
iting polymer mixtures herein to a water containing system.
In some embodiments, the water containing system can
include one or more metal surfaces as disclosed above. In
some embodiments, the corrosion (and/or scale) inhibiting
polymer mixture (e.g., water source and corrosion inhibiting
polymer composition) can be used to inhibit both scale
deposition and corrosion. For example, in some embodi-
ments, the corrosion inhibiting polymers disclosed herein
can be used to prevent or inhibit scale formation and/or
corrosion in water containing systems having more than 1
COC, such as about 1.1 COC or more.
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[0142] Working Examples 1-12

[0143] Various working examples were synthesized for
corrosion inhibiting tests. Some of the working examples
were synthesized as described below. Working examples
were synthesized using active polymers.

[0144] Active polymer 1, a corrosion inhibiting (compos-
ite) polymer, was formed as described below. Deionized
water (283.47 g) was added to a one and a half liter reactor
vessel fitted with overhead paddle stirring, a nitrogen inlet,
and a condenser. The deionized water was stirred at 700 rpm,
heated to 95 degrees Celsius, and purged with nitrogen gas
at 1.5 L/min for 30 minutes. A solution of SPS (7.87 g) in
water (20.0 g) was prepared by stirring. Four semi-batch
feeds were prepared for addition to the reactor. The SPS
solution was added to the reactor over 205 minutes, a 40%
SMBS (171.70 g) was added to the reactor over 185 minutes,
the AA (331.15 g) was added to the reactor over 180
minutes, and a 50% ATBS solution (70.30 g) was added to
the reactor over 180 minutes.

[0145] Addition of the SPS and SMBS solution feeds was
started. After five minutes, the AA feed and the ATBS feed
were started. The AA feed, ATBS feed, and SMBS feed all
finished at about the same time (about 185 minutes elapsed).
The SPS feed continued for 20 minutes after the other feeds
finished. After completion of the SPS feed (205 minutes
elapsed), the reaction temperature was held at 95 degrees
Celsius for 30 minutes and then cooled to room temperature.
The resulting corrosion inhibiting polymer (working
example 4) consisted of residues of AA (96.4 mol %) and
ATBS (3.6 mol %), with a molecular weight of about 9,400
g/mol.

[0146] Active polymer 2, a corrosion inhibiting (compos-
ite polymer), was formed by combining 6 ppm of polymaleic
acid with 9 ppm of active polymer 1.

[0147] Active polymer 3, a corrosion inhibiting (compos-
ite) polymer, was formed as described below. Deionized
water (226.37 g), itaconic acid (12.00 g), and 50% sodium
hydroxide solution (15.46 g) were added to a one and a half
liter reactor vessel fitted with overhead paddle stirring, a
nitrogen inlet, and a condenser. The deionized water,
itaconic acid, and sodium hydroxide solution was stirred at
700 rpm, heated to 95 degrees Celsius, and purged with
nitrogen gas at 1.5 L/min for 30 minutes. A solution of SPS
(8.36 g) in water (20.0 g) was prepared by stirring. A mixture
of tert-butylacrylamide (8.00 g) in AA (338.0 g) was pre-
pared by stirring.

[0148] Four semi-batch feeds were prepared for addition
to the reactor; the times of addition for each feed are as
follows. The SPS solution was added to the reactor over 205
minutes, a 40% SMBS solution (182.76 g) was added to the
reactor over 185 minutes, the AA/tert-butyl acrylamide
mixture was added to the reactor over 180 minutes, and a
50% ATBS solution (84.06 g) was added to the reactor over
180 minutes.

[0149] Addition of the SPS and SMBS solution feeds was
started. After five minutes, the AA/tert-butyl acrylamide
feed and the ATBS feed were started. The AA/tert-butyl
acrylamide feed, ATBS feed, and SMBS feed all finished at
about the same time (about 185 minutes elapsed). The SPS
feed continued for 20 minutes after the other feeds finished.
After completion of the SPS feed (205 minutes elapsed), the
reaction temperature was held at 95 degrees Celsius for 30
minutes and then cooled to room temperature. The resulting
corrosion inhibiting polymer (active polymer 3) consisted of
residues of AA (93.3 mol %), ATBS (3.7 mol %), itaconic
acid (1.8 mol %), and tert-butyl acrylamide (1.2 mol %),
with a molecular weight of about 14,000 g/mol.
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TABLE 1
Compositions of active polymers 1 and 3 (in mol %) and the
corresponding molecular weights of each polymer composition
Polymer composition (mol %)
Active 2nd MW,
Polymer # 1st Monomer Monomer 3rd Monomer  4th Monomer g/mol
1 Acrylic acid  ATBS 18,000
(96.4) (3.6)
3 Acrylic acid  ATBS Itaconic acid tert-Butyl 14,000
(93.3) 3.7 (1.8) acrylamide
1.2)
[0150] Working examples were formed using one or more ot hydrolyzed polymaleic acid. Working example 8 includes

of active polymers 1 and 3. All working examples were
dispersed in a soft water solution. The soft water solution
included 100 ppm of calcium, 50 ppm of magnesium, 100
ppm of alkalinity, 200 ppm of dissolved chloride, 100 ppm
of sulfate, and a pH of 8.2. Each of working examples 1-12
were mixed into the soft water solution to provide the
concentrations of the components noted below in Table 2.
[0151] Working example 1 comprises 20 ppm active poly-
mer 1. Working example 2 comprises 6 ppm (active) poly-

20 ppm of active polymer 3 and 20 ppm of Belclene® 200,
a commercially available corrosion inhibitor comprising
polymaleic acid and hydrolyzed polymaleic acid. Working
example 9 includes 20 ppm of active polymer 3 and 20 ppm
of dissolved molybdate. Working example 10 includes 20
ppm of active polymer 3 and 20 ppm of dissolved silicate.
Working example 11 includes 20 ppm of active polymer 3
and 2 ppm of tin. Working example 12 includes 20 ppm of
active polymer 3 and 2 ppm of cerium.

TABLE 2

Components and concentrations thereof of each of working examples 1-12 in soft water.

Corrosion inhibitor composition (mol %)

Amt. of Amt. of Amt. of  Approx.
Working 1st Comp. 2nd Comp. 3rd Comp. Corrosion
Example active active active Rate
# 1st Comp. (ppm) 2nd Comp. (ppm) 3rd Comp. (ppm) (mpy)
1 Active 20 ~15
polymer 1
2 Active 9 polymaleic 6 =15
polymer 1 acid
3 Active 20 2.7
polymer 3
4 Active 30 2.0
polymer 3
5 Active 20 Active 5 4.0
polymer 3 polymer 1
6 Active 20 Active 5 Zinc 2 0.7
polymer 3 polymer 1
7 Active 20 Hydrolyzed 20 35
polymer 3 polymaleic
acid
8 Active 20 Belclene ® 20 4.0
polymer 3 200
9 Active 20 Molybdate 20 35
polymer 3
10 Active 20 Silicate 20 3.0
polymer 3
11 Active 20 Tin 2 1.5
polymer 3
12 Active 20 Cerium 2 3.0
polymer 3
maleic acid and 9 ppm active polymer 1 (i.e. 15 ppm active [0152] Each of working examples 1-12 were tested for

polymer 2). Working example 3 comprises 20 ppm active
polymer 3. Working example 4 comprises 30 ppm active
polymer 3. Working example 5 includes 20 ppm of active
polymer 3 and 5 ppm of active polymer 1. Working example
6 includes 20 ppm of active polymer 3, 5 ppm of active
polymer 1, and 2 ppm of zinc as zinc chloride. Working
example 7 includes 20 ppm of active polymer 3 and 20 ppm

corrosion inhibition under halogenation (e.g., bleach) con-
ditions using the Gamry electrochemical instrument and
related software. The Gamry electrochemical instrument and
associated software measure polarization resistance over
time to determine a corrosion rate versus time curve from
which steady state corrosion is determined. The soft water
solution was prepared for the corrosion testing. The soft
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water solution included 0.147 g of CaCl,-2H,0, 0.123 g
MgSO,-7H,0, 0.168 g of NaHCO;, 0.077 g of Na,SO,,, and
0.213 g NaCl, all dissolved in one liter of deionized water.
Approximately 800 ml of the soft water solution was used in
a 1 L round bottom glass flask and was heated using a
temperature controller to 120° F. and the solution was
simultaneously purged with air (very low rate). The study
was done in well aerated system and the pH was maintained
at 8.0-8.2 with CO,. Throughout the study the corrosion
inhibitor was dosed at 10-30 PPM as active chemical as
disclosed below.

[0153] The Gamry electrochemical instrument operated
through a rotary electrode principle and contained a rotating
cylinder electrode, for which the rotator speed was between
about 180 rpm and about 500 rpm. The experiment contin-
ued for 48 hours, during which in the first 24 hours the data
was collected in an as-mixed state. Next, the oxidizing
biocide (bleach) was dosed for next 24 hours. Gamry
software collected the data through polarization resistance
(Rp) measurements at a potential scan rate of 0.1 mV/second
within 20 mV of the corrosion potential (Ecorr) from the
cathodic region to the anodic region. A corrosion rate (mpy)
versus time curve was plotted using the Gamry software, as
shown for example in FIG. 1, and the steady state corrosion
rate was determined with this plot.

[0154] Working example 1 exhibited a steady corrosion
rate that of about 15 mpy after about 24 hours, and an
average corrosion rate of about 15 mpy during a 48 hour test
period. Working example 2 exhibited a steady corrosion rate
of'about (just under) 15 mpy during the 48 hour test period.
[0155] Working examples 3-12 exhibited an average cor-
rosion rate below the water treatment industry standard for
corrosion inhibition. Water treatment industry standards for
corrosion inhibition key performance indicators (KPI) are
rates that are less than about 5 mpy. Each of working
examples 3-12 demonstrated corrosion inhibition rates
exceeding the industry standard (KPI) as detailed below.
[0156] Working example 3 (20 ppm of tetrapolymer)
exhibited an average corrosion rate of about 2.7 mpy during
the 48 hour test. Working example 3 exhibited outstanding
corrosion inhibition.

[0157] Working example 4 (30 ppm of tetrapolymer)
exhibited an average corrosion rate of about 2.0 mpy during
the 48 hour test. Working example 4 exhibited outstanding
corrosion inhibition.

[0158] Working example 5 exhibited a steady corrosion
rate of about 4.0 mpy (some individual intervals testing
between about 4.0 mpy and about 5.0 mpy, with outliers
below 4.0 mpy) after about 24 hours, and an average
corrosion rate of about 4.0 mpy during the 48 hour test
period.

[0159] Working example 6 (mixture of active polymer 3,
active polymer 1, and zinc) exhibited outstanding corrosion
inhibition with a steady corrosion rate of about 0.7 mpy
during the 48 hour test period. Some of the individual
intervals showed corrosion rates below 0.5 mpy.

[0160] Working example 7 exhibited a steady corrosion
rate of about 3.7 mpy after about 24 hours, and an average
corrosion rate of about 3.5 mpy during the 48 hour test
period. Some individual intervals tested at about 4.0 mpy.
[0161] Working example 8 exhibited a steady corrosion
rate of about 4.0 mpy after about 24 hours, and an average
corrosion rate of about 4.0 mpy during a 48 hour test period.
Some individual intervals tested above at or above 4.0 mpy.
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[0162] Working example 9 exhibited a steady corrosion
rate of just under 3.5 mpy during the initial 24 hours, a
steady corrosion rate of just over 3.5 mpy after about 24
hours, and an average corrosion rate of about 3.5 mpy during
the 48 hour test period. Some individual intervals tested
above at or below about 3.0 mpy.

[0163] Working example 10 exhibited an average corro-
sion rate of about 3.0 mpy during the 48 hour test period.

[0164] Working example 11 (active polymer 3 and tin)
exhibited outstanding corrosion inhibition, with an average
corrosion rate of about 1.5 mpy.

[0165] Working example 12 (active polymer 3 and
cerium) exhibited an average corrosion rate of about 3.0
mpy during the 48 hour test period.

[0166] FIG. 1 is a graph of corrosion rate versus time for
individual test runs (procedures as detailed above) of work-
ing examples 4, 6, 11, and 12. As shown in FIG. 1, each of
working examples 4, 6, 11, and 12 demonstrated corrosion
inhibition well below industry standards. Each of working
examples 4, 6, 11, and 12 demonstrated excellent corrosion
inhibition without phosphorous, and with large molecule
(e.g., polymer) corrosion inhibitors. Working example 4
(and the working examples having active polymer 3 therein)
demonstrated unexpected corrosion resistance and extent
thereof. Generally, corrosion inhibitors are small molecules.
The polymer compositions tested includes relatively larger
polymer molecules. But expectedly, exceptional corrosion
inhibition was observed with the corrosion inhibiting poly-
mer composition despite the relatively large size of the
polymers (e.g., polymers that contain no phosphorous) com-
pared to traditional corrosion inhibitors.

[0167] As shown in FIG. 1, an individual test run of
working example 4 exhibited a steady corrosion rate of just
over 1.5 mpy during the initial 24 hours, a steady corrosion
rate slightly higher than in the initial 24 hours at about 2 mpy
after about 24 hours, and an average corrosion rate of about
just under 2.0 mpy during the 48 hour test period. The
corrosion rate of working example 4 appeared to be increas-
ing with time. As noted above, working example 6 showed
the highest extent of corrosion inhibition, with an average
corrosion rate of about 0.7 mpy, with some of the individual
intervals of the test run in FIG. 1 showing corrosion rates
below 0.5 mpy.

[0168] With respect to FIG. 1, working example 11
showed an average corrosion rate of about 1.5 mpy in the
test run, with a corrosion rate of less than about 1.5 mpy
during the initial 24 hours, an average corrosion rate slightly
higher than in the initial 24 hours at about 2.0 mpy after the
initial 24 hours. Individual intervals tested between about
0.5 mpy and about 1.5 mpy during the initial 24 hours, and
between about 1.5 mpy and about 3.0 mpy during the second
24 hours, with a majority testing in the range of about 1.0
mpy to about 1.5 mpy. The corrosion rate of working
example 11 steadily increased throughout the 48 hour
period. Working example 12 exhibited a an average corro-
sion rate of about 3.0 mpy with individual intervals in the
test run shown in FIG. 1 having corrosion rates between
about 2.0 mpy and about 4.5 mpy. The corrosion rate of
working example 12 steadily increased throughout the 48
hour period.

[0169] Working examples 3 and 4 were tested for scale
inhibition, with inhibition of scale demonstrated the working
examples as detailed in U.S. provisional patent application
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No. 62/198,312, which was previously incorporated herein.
Working examples 3 and 4 demonstrated excellent scale
inhibition in seawater.
[0170] Working Example 13
[0171] In order to more fully understand the performance
of anticorrosion compositions under water flow dynamics
and velocity as found in industrial water process systems,
compositions for scale control were applied to a pilot
cooling tower. The pilot cooling tower (PCT) is used to
simulate actual industrial cooling water systems.
[0172] Electric heating rods were inserted inside mild steel
metal tubes placed within the interior of the PCT water
recirculation system to heat the water circulating throughout
the PCT. Metal coupons and corrator probes (Nalco Corro-
sion Monitor, or NCM, available from Nalco Water of
Naperville, IL) of mild steel metallurgy were placed in a
coupon rack immersed within the water recirculation loop in
order to subject them to the corrosion conditions within the
loop.
[0173] To fill the recirculation loop, 200 L of synthetic soft
water was applied to the loop. Synthetic soft water was
prepared by combining deionized water with 0.147 g/liter of
CaCl,-2H,0, 0.123 g/liter MgSO,-7H,0O, 0.168 g of
NaHCO,, 0.077 g/liter of Na,SO,, and 0.213 g/liter NaCl.
The soft water was recirculated for a period of time sufficient
to reach constant conditions of 23 liters recirculation per
minute at a return temperature of 45° C.+4° C. and pH of
8.2+0.1. Then 30 ppm of active polymer 3 and 2 ppm zinc
ions (as zinc chloride) were added separately to the PCT
through the PCT dosing pumps and the dosed water was
recirculated through the cooling tower recirculation system
using a pump for 4 cycles of concentration, corresponding to
a duration of 14 days, under the conditions recited above. At
the end of the recirculation period, the metal coupons and
corrator probes were removed and analyzed for corrosion.
[0174] The combination of 30 ppm active polymer 3 with
2 ppm zinc exhibited outstanding corrosion inhibition as
shown in FIG. 2. Thus, the excellent performance of active
polymer 3, further in the presence of zinc, was reproduced
in the PCT system based on the prediction of good perfor-
mance in working examples 1-12.
[0175] The invention illustratively disclosed herein can be
suitably practiced in the absence of any element which is not
specifically disclosed herein. Additionally each and every
embodiment of the invention, as described herein, is
intended to be used either alone or in combination with any
other embodiment described herein as well as modifications,
equivalents, and alternatives thereof. In various embodi-
ments, the invention suitably comprises, consists essentially
of, or consists of the elements described herein and claimed
according to the claims. It will be recognized that various
modifications and changes may be made without following
the example embodiments and applications illustrated and
described herein, and without departing from the scope of
the claims.
What is claimed is:
1. A corrosion inhibiting mixture comprising
an industrial process water source; and
about 0.05 ppm to about 200 ppm by weight of a polymer
composition dispersed in the water source, the polymer
composition comprising the residues of about 90 mol %
to about 97 mol % of a first monomer, about 0.01 mol
% to about 5 mol % of a second monomer that is
chemically different from the first monomer, and about
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0.01 mol % to about 5 mol % of a third monomer that
is chemically different from the first and second mono-
mers,

wherein the first monomer is acrylic acid, a salt thereof,

or a conjugate base thereof; maleic acid, a salt thereof,
or a conjugate base thereof;, or methacrylic acid, a salt
thereof, or a conjugate base thereof,

the second monomer is 2-acrylamido-2-methylpropane

sulfonic acid, a salt thereof, or a conjugate base thereof;
maleic acid, a salt thereof, or a conjugate base thereof;
methacrylic acid, a salt thereof, or a conjugate base
thereof; methallyl sulfonate; or sulfostyrene; and

the third monomer is 2-acrylamido-2-methylpropane sul-

fonic acid, a salt thereof, or a conjugate base thereof;
itaconic acid, a salt thereof, or a conjugate base thereof;
crotonic acid, a salt thereof, or a conjugate base thereof;
tert-butylacrylamide; or dimethylacrylamide.

2. The corrosion inhibiting mixture of claim 1, wherein
the polymer composition further comprises about 0.01 mol
% to about 5 mol % of a fourth monomer, wherein the fourth
monomer is chemically different from the first monomer, the
second monomer, and the third monomer; and wherein the
fourth monomer is itaconic acid, a salt thereof, or a conju-
gate base thereof; crotonic acid, a salt thereof, or a conjugate
base thereof; tert-butylacrylamide; or dimethylacrylamide.

3. The corrosion inhibiting mixture of claim 2 wherein the
polymer composition further comprises about 0.01 mol % to
about 5 mol % of methacrylic acid, a salt thereof, or a
conjugate base thereof, wherein the methacrylic acid, salt
thereof, or conjugate base thereof is chemically different
from the first monomer, the second monomer, the third
monomet, and the fourth monomer.

4. The corrosion inhibiting mixture of claim 1 further
comprising about 0.05 ppm to about 10 ppm of one or more
of zinc, molybdenum, silicone, tin, or cerium.

5. The corrosion inhibiting mixture of claim 1 wherein the
second monomer is 2-acrylamido-2-methylpropane sulfonic
acid or a conjugate base thereof.

6. The corrosion inhibiting mixture of claim 1 wherein the
first monomer is acrylic acid or a conjugate base thereof.

7. The corrosion inhibiting mixture of claim 1 wherein the
third monomer is itaconic acid or a conjugate base thereof

8. The corrosion inhibiting mixture of claim 2 wherein the
fourth monomer is tert-butylacrylamide.

9. The corrosion inhibiting mixture of claim 1, wherein
the polymer composition comprises about 93 mol % to 94
mol % acrylic acid, about 3 mol % to 4 mol % 2-acrylamido-
2-methylpropane sulfonic acid or a conjugate base thereof,
about 1 mol % to 2 mol % itaconic acid or a conjugate base
thereof, and about 1 mol % to 2 mol % tert-butylacrylamide.

10. The corrosion inhibiting mixture of claim 1 wherein
the water source comprises fresh water, soft water, balanced
water, high-chloride/sulfate water, sea water, produced
water, municipal water, brackish water, a synthetic version
of any of the foregoing, or combinations of any of the
foregoing, further wherein the water source comprises a
corrodent.

11. A method of inhibiting corrosion in water containing
systems, the method comprising:

adding about 0.05 ppm to 200 ppm of a corrosion inhib-

iting polymer composition to a water source to form a
corrosion inhibiting polymer mixture, the corrosion
inhibiting polymer composition comprising the resi-
dues of about 90 mol % to about 97 mol % of a first
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monomet, about 0.01 mol % to about 5 mol % of a
second monomer that is chemically different from the
first monomer, and about 0.01 mol % to about 5 mol %
of'a third monomer that is chemically different from the
first and second monomers, wherein the first monomer
is acrylic acid, a salt thereof, or a conjugate base
thereof; maleic acid, a salt thereof, or a conjugate base
thereof; or methacrylic acid, a salt thereof, or a conju-
gate base thereof, the second monomer is 2-acry-
lamido-2-methylpropane sulfonic acid, a salt thereof,
or a conjugate base thereof; maleic acid, a salt thereof,
or a conjugate base thereof; methacrylic acid, a salt
thereof, or a conjugate base thereof, methallyl sul-
fonate; or sulfostyrene; and the third monomer is
2-acrylamido-2-methylpropane sulfonic acid, a salt
thereof, or a conjugate base thereof; itaconic acid, a salt
thereof, or a conjugate base thereof; crotonic acid, a salt
thereof, or a conjugate base thereof; tert-butylacrylam-
ide; or dimethylacrylamide; and

applying the corrosion inhibiting polymer mixture to a

water source within a water containing system.

12. The method of claim 11 wherein the corrosion inhib-
iting polymer mixture further comprises about 0.05 ppm to
about 10 ppm of one or more of zinc, molybdenum, silicon,
tin, cerium, aluminum, vanadium, or tungsten ions.

13. The method of claim 11 wherein the water containing
system includes one or more of a cooling tower, a radiator,
one or more pipes, a water jacket, a desalination membrane,
a condenser, an evaporator, a pump, or a storage vessel.

14. The method of claim 11 wherein the applying includes
recirculating for at least one cycle of concentration.
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