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CORROSION INHIBITOR COMPOSITION AND USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims the benefit of Chinese Patent Application No.
201510362558.9, filed June 26, 2015, which is incorporated by reference in its entirety.

5 TECHNICAL FIELD

[0002] The present application relates to compositions and methods for inhibiting

corrosion.

BACKGROUND OF THE INVENTION

[0003] The related art has corrosion inhibitors for inhibiting the corrosion of metal.
10 [0004] There is still a need in the market for further corrosion inhibitors to effectively

inhibit the corrosion of metal, especially ferrous metal and/or galvanized steel.

BRIEF SUMMARY OF THE INVENTION

[0005] In an embodiment, the present invention provides a corrosion inhibitor
composition. The composition comprises a water soluble polymer and a compound of

15  formula (I) or a salt thereof:

HO CO,H

R

Sy CoH )

wherein X is NH, NRI, or O, and

R and R' are independently selected from the group consisting of hydrogen, Ci.1o

hydrocarbon, and aryl.

20 DETAILED DESCRIPTION OF THE INVENTION

[0006] Applicants have surprisingly and unexpectedly discovered that there is a

synergistic effect between a compound of formula (I) or a salt thereof and a water soluble
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polymer in reducing the rate of corrosion of ferrous metal and galvanized steel. In certain
embodiments, the composition is effective at reducing corrosion of metal in water systems
with suspended solids such as silt, oxides of metal ions, and the like. In certain embodiments,
the composition is more effective at corrosion inhibition and/or reduction than a phosphorus-
based corrosion inhibitor.

[0007] In an embodiment, the present invention provides a corrosion inhibitor
composition. The composition comprises a water soluble polymer and a compound of

formula (I) or a salt thereof:

HO CO,H

R

\x CoH )

wherein X is NH, NRI, or O, and

R and R' are independently selected from the group consisting of hydrogen, Ci.1o

hydrocarbon, and aryl.

[0008] The “C;.10 hydrocarbon” may be a substituted or non-substituted C;.;p alkyl group,

Ci.10 alkenyl group, C;.1p alkynyl group, or the like. For example, the C;.;p hydrocarbon

group may be selected from the group consisting of methyl, ethyl, propyl, isopropyl, butyl,

isobutyl, tert-butyl, pentyl, hexyl, octyl, ethylhexyl, hydroxyethyl, methoxypropyl, 2-

methylpropenyl, and the like.

[0009] The “aryl” may be a phenyl, benzyl, naphthyl, or the like. The aryl may be

substituted with one or more of methyl, ethyl, propyl, butyl, methoxy, or a combination

thereof.

[0010] In certain embodiments, X is NH and R is a Cy.19 alkyl.

[0011] In certain embodiments, X is NH and R is n-butyl, i.e., 2-(rn-butyl) amino-3-

hydroxysuccinic acid.

[0012] In certain embodiments, X is NRI, and R and R' are Cy_;0 alkyl.

[0013] In certain embodiments, X is NRI, and R and R are methyl, i.e., 2-(N,N-

dimethyl)amino-3-hydroxysuccinic acid.

[0014] In certain embodiments, a compound of formula (I) may be an salkali metal salt or

alkaline-earth metal salt. For example, a compound of formula (I) may be a salt selected

2
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from the group consisting of mono-, di- or tri-salt of sodium, potassium, ammonium, calcium,
magnesium, or combinations thereof. In certain embodiments, a compound of formula (I)
may be a monosodium salt or disodium salt, such as monosodium 2-(n-butyl) amino-3-
hydroxysuccinate, disodium 2-(n-butyl) amino-3-hydroxysuccinate, or disodium 2-(N,N-
dimethyl) amino-3-hydroxysuccinate.

[0015] In certain embodiments, a compound of formula (I) or a salt thereof may be
prepared through the following method: (1) preparing disodium cis-epoxy succinate (ESA)
(see J. Org. Chem., 1959, 24 (1), pp 54-55); and (2) reacting an amino compound or alcohol
compound with the disodium cis-epoxy succinate to obtain a compound of formula (I). An

example of the preparation of an N-substituted-2-amino-3-hydroxysuccinic acid is shown

below.
O
O
NaO R1m an-a5°c Nadly
+ N
NaO RN HO # 0~ NH-R
Q

[0016] A compound of formula (I) or a salt thereof may be prepared using the above
method or using a method in the art.

[0017] In certain embodiments, the water soluble polymer is selected from a group
consisting of polymaleic acid, polyacrylic acid, copolymers of acrylic acid and maleic
anhydride, copolymers of acrylic acid and 2-acrylamido-2-methylpropylsulfonic acid, and
combinations thereof.

[0018] A person skilled in the art will understand that a water soluble polymer used in the
present application is not limited to the above listed water soluble polymers. Any water
soluble polymer used for corrosion inhibition in the art may be used in the present invention.
A water soluble polymer used in the present invention can be prepared by a method known in
the art.

[0019] In certain embodiments, the composition may also further comprise an additive
selected from a group consisting of a zinc salt, a molybdate, a tungstate, a tin salt, a silicate,
and a combination thereof.

[0020] In certain embodiments, the silicate is a water soluble silicate such as sodium

silicate, calcium silicate, or the like.
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[0021] In certain embodiments, the zinc salt is a water soluble zinc salt such as zinc
chloride, zinc sulfate, zinc nitrate, or the like.

[0022] In certain embodiments, the molybdate is a water soluble molybdate such as
sodium molybdate, potassium molybdate, or the like.

[0023] In certain embodiments, the tungstate is a water soluble tungstate such as sodium
tungstate, potassium tungstate, or the like.

[0024] In certain embodiments, the tin salt is a water soluble tin salt such as stannic
chloride or the like.

[0025] In certain embodiments, the composition comprises a compound of formula (I)
and water soluble polymer at a weight ratio of from about 1:50 to about 50:1. In certain
embodiments, the composition comprises a compound of formula (I) and water soluble
polymer at a weight ratio of from about 1:5 to about 5:1.

[0026] In certain embodiments, the composition further comprises an additive at a weight
ratio between the compound of formula (I) and the additive of from about 50:1 to about 1:50.
In certain embodiments, the composition further comprises an additive at a weight ratio
between the compound of formula (I) and the additive of from about 20:1 to about 2:1. In
certain embodiments, the composition further comprises a zinc salt at a weight ratio between
the compound of formula (I) and the zinc salt of from about 15:2 to about 2:1. In certain
embodiments, the composition further comprises a molybdate at a weight ratio between the
compound of formula (I) and the molybdate of from about 50:1 to about 2:1. In certain
embodiments, the composition further comprises a tungstate at a weight ratio between the
compound of formula (I) and the tungstate of about 500:1 or less. In certain embodiments,
the composition further comprises a tin salt at a weight ratio between the compound of
formula (I) and the tin salt of about 10:1 or less. In certain embodiments, the composition
further comprises a silicate at a weight ratio between the compound of formula (I) and the
silicate of from about 50:1 to about 2:1.

[0027] A person skilled in the art will understand that certain components of the
composition may be unstable if mixed together with other components of the composition.
Thus, in certain embodiments, the composition of the present application may be formulated
by mixing all of the components together, or the components in the composition of the
present application may be added to separately to an aqueous solution to inhibit or reduce

corrosion. The components of the corrosion inhibitor composition of the present application
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may be added directly into an aqueous solution for inhibiting or reducing corrosion
simultaneously or separately in any sequence.

[0028] In certain embodiments, the composition does not comprise a phosphorus-
containing compound.

[0029] In certain embodiments, a compound of formula (I) is added to an aqueous
solution used to inhibit and/or reduce corrosion at a concentration of from about 1 ppm to 50
ppm, based on weight of the aqueous solution. In certain embodiments, a water soluble
polymer is added to an aqueous solution used to inhibit and/or reduce corrosion at a
concentration of from about 1 ppm to 50 ppm, based on weight of the aqueous solution.
[0030] In certain embodiments, a zinc salt is added to an aqueous solution used to inhibit
corrosion at a concentration of from about 1 ppm to about 5 ppm, based on weight of the
aqueous solution. In certain embodiments, a molybdate salt is added to an aqueous solution
used to inhibit corrosion at a concentration of from about 5 ppm to 50 ppm, based on weight
of the aqueous solution. In certain embodiments, a tungstate is added to an aqueous solution
used to inhibit corrosion at a concentration of at least about 500 ppm, based on weight of the
aqueous solution. In certain embodiments, a tin salt is added to an aqueous solution used to
inhibit corrosion at a concentration of at least about 10 ppm or less, based on weight of the
aqueous solution. In certain embodiments, a tin salt is added to an aqueous solution used to
inhibit corrosion at a concentration of from about 5 ppm to about 100 ppm, based on weight
of the aqueous solution.

[0031] In another embodiment, the composition is used as a corrosion inhibitor to inhibit
corrosion of ferrous metal or galvanized steel. In certain embodiments, the composition is

used as a corrosion inhibitor to inhibit corrosion of carbon steel.

EXAMPLE 1
PREPARATION OF N-SUBSTITUTED 2-AMINO-3-HYDROXYSUCCINIC ACID
DERIVATIVE
[0032] In the Examples, unless otherwise specifically stated, all chemical agents were
purchased. The corrosion rate was determined according to GB/T 18175-2000 (2000
Edition). N-substituted 2-amino-3-hydroxysuccinic acid derivatives were prepared as shown
below.

[0033] Preparation of disodium cis-epoxy succinate
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[ + Hy0,(30%) + NaOH + NaWo,2H,0 —=

Maleic acid Disodium cis-epoxysuccinate

[0034] To a 1-liter, 5-neck, round bottom flask equipped with stirrer, thermometer, and
dropping funnel was charged a filtered solution of 116 g. (1.0 mole) of maleic acid in 300 ml.
of distilled water. To this was added a solution of 60 g. (1.5 moles) of sodium hydroxide in
100 ml. of water. The heat of neutralization caused a rise in temperature to about 70°C. To the
warm solution was added 6.6 g. (0.02 mole) of sodium tungstate dihydrate. Standard pH
electrodes were inserted into the solution and 1.2 moles of 30%, hydrogen peroxide was
added in portions. The strongly exothermic reaction was held at 63-65°C by cooling with an
ice bath for about 15 min, during which time, the pH fell from about 5.5 to about 4.11. In
order to maintain the pH at a minimum of 4, a solution of 0.5 mole of sodium hydroxide in
100 ml. of water was added dropwise as needed throughout the remainder of the reaction.
After an additional hour at 65°C, the solution was cooled to 40°C and treated with the
remainder of the sodium hydroxide solution. After vacuum concentration at 40°C, 176 g.
(100%) of disodium cis-epoxy succinate was obtained as product.

[0035] Preparation of N-substituted 2-amino-3-hydroxysuccinic acid derivatives

O
O
NeO F'ﬂ\q on-a5eg Naly
+ y N
NaO RN HO 80 NH-R
O

[0036] To areaction vessel was added 9.35 g (1 mole) of cis-Epoxy succinate and 1 mole
of respective amine and 25 ml of water at room temperature. The reaction vessel was closed.
The mixture was refluxed under stirring at 90°C-95°C for 12 hours, and reaction mixture was
dried in rotary evaporator to yield the product. The purified product was characterized using
NMR spectroscopy.

[0037] As known in the art, the corresponding dicarboxylic acid or monocarboxylic acid
compound of the above disodium salt may be obtained through neutralization with an acid.
[0038] The compounds of formula (I) may be synthesized using the above method or a

known method.
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EXAMPLE 2

ELECTROCHEMICAL METHOD FOR TESTING CORROSION RATE
[0039] Electrochemical test method for corrosion rate was as follows:
A. Specimen

1. Metallurgy - C1010 mild steel seamless specimens

2. Dimension — %2” long, 12" O.D.

3. Finishing - Grit #600

(1-3 above are specifications for the specimens)

4. Mounting - The tubular specimen was mounted on the specimen holder with
two Teflon Spacers and a Delrin end cap. The specimen was inspected before mounting and
the following questions were asked — Is it a seamless specimen (any welding mark on the
inside surface)? Is there any major defect/pit/scratch on the metal surface? Do not use the
specimen if it is not seamless or if you find any defects.

5. Polishing - The mounted specimen was polished with #600 SiC paper gently
again prior to the test.

6. Cleaning - The specimen was cleaned by rinsing with acetone and wiped clean
with Kimwipes.

7. After cleaning, white nylon gloves were used to handle the specimen to avoid
transferring any fingerprints or oil from the fingers.

8. Coating - The edges of the mild steel specimen were then painted with
Microstop Lacquer paint to minimize crevice corrosion. A heat gun was used to dry the paint.
The specimen holder was then attached to the shaft of the rotator.

9. Specimen Holder - Teflon tape was wrapped around the stainless steel
specimen holder to electrically isolate the stainless steel holder from the system, leaving only

the mild steel specimen exposed.

10. No pre-passivation was needed.
B. Test Solution
1. Solution with specific water chemistry was prepared and heated to 50°C.
2. Volume - Introduce 800 ml of test solution into the glass cell.
3. Temperature/Gas — Turn on the temperature controller to 120° F and purged

the solution with air (very low rate).
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4. pH - Calibrated the pH meter/probe (two point calibration) before each test.
Inserted the calibrated pH probe in the test solution. Adjusted the solution pH to setpoint
(with dilute KOH or H,SO; or CO») after the system temperature and pH reached steady state
values.

5. Dosed in inhibitor at 25 ppm active chemical (prepared 4 gm/L active stock
solution of the inhibitor solution and adjusted its pH to setpoint; added 5 mL of the stock

solution to the cell)

C. Electrochemical Measurements
1. Rotating Cylinder Electrode — The rotator speed was set to 500 rpm.
2. Polarization Resistance (Rp) — Rp measurements should be conducted 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.

3. Tafel Plots — At the end of each experiment, potentiodynamic polarization
measurements were performed to obtain the cathodic and the anodic Tafel plots at a potential
scan rate of 0.5 mV/second. The cathodic Tafel scan was conducted first from (Ecorr- 350
mV) to Ecorr. The anodic scan was then conducted from Ecorr to (Ecorr + 350 mV).

4. Calculations of Corrosion Rate

(1) Tafel Extrapolations - The Tafel plots were extrapolated to the corrosion
potential to determine the corrosion rate in mpy (Gamry software, E/Log I plot), the cathodic
Tafel slope (Bc), and the anodic Tafel slope (Ba).

2) Polarization Resistance — The values of Ba, Bc (obtained in (1) above), and Rp
were used to determine the corrosion rate based on the Stern-Geary equation (Gamry
software). A corrosion rate (mpy) versus time curve was plotted using the Gamry software.
Determined the steady state corrosion rate with this plot.

3) Determined the average corrosion rate calculated from Tafel Extrapolations
and Rp measurements.

[0040] Additionally, the water chemistry of the tested water used in the following
examples is shown in the following Table 1.

Table 1
Ca hardness (ppm as CaCOs) 180

Mg hardness (ppm as CaCOs) 66
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Alkalinity (ppm as CaCO;) 170
Cl- (ppm by weight as ion) 256
SO, (ppm by weight as ion) 63
EXAMPLE 3
TEST FOR CORROSION RATE

[0041] Another test method for corrosion rate (or effect on slowing down the corrosion)
was as follows:

1. To a 2L beaker, 2L of deionized water was added. In addition to alkalinity,
corresponding volume of the solution of mineral salts (such as calcium chloride, magnesium
chloride, sodium chloride, sodium sulfate and so on) was added first, so as to formulate the
corresponding water quality. The solution was heated to 45°C.

2. After the corresponding products were added (normally add agent containing
dispersant first, and then products which need to be dispersed, such as zinc salts, phosphate
and so on), the pH value was adjusted to about 6.5 using the diluted sodium hydroxide
solution/diluted sulfuric acid solution (to eliminate the acidity/alkalinity brought by the
products), and then added corresponding NaHCOs to adjust the alkalinity.

3. If pH value of the tested water quality needs to be controlled, the pH value of the
solution can be adjusted by diluted sodium hydroxide solution/diluted sulfuric acid solution.
After counterbalancing for 1~2 hours at 45°C, the coupon was placed therein after the pH
value was determined/adjusted. If there was no need to control pH value of the water quality
after counterbalancing for 1~2 hours, the coupon can be placed therein directly. The coupon
number and its corresponding weight were recorded before placing it.

4. Due to water evaporation, each beaker should be refilled to the corresponding
volume with water 2 times/day.

Steps 1-4 were carried out at a temperature of 45°C and at a rotational speed of 100 to
150 rpm.

5. The test period was three days. The test was stopped three days later. Removed the
coupon, used paper to absorb water on its surface, and then dried it in the oven. Photos were
taken of both the upper and lower sides before cleaning. The coupon was cleaned as follows:
removed the rust floated on the surface by physical method, washed with 0.8%(w/v) of

9
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hexamethylene tetramine in the chlorhydric acid solution (diluted one part of concentrated
chlorhydric acid in four parts of water), washed with deionized water, wiped it dry, washed
with acetone, and then weighed after drying in the oven. The acid washing duration for each
coupon did not exceed 1 min.

[0042] Additionally, the water chemistry of the tested water used in the following
Examples is shown in the following Table 2.

Table 2

Ca hardness (ppm by weight as CaCOs) 100

Mg hardness (ppm by weight as CaCO3) | 50

Alkalinity (ppm by weight as CaCOs) 100

Cl- (ppm by weight as ion) 200

SO4 (ppm by weight as ion) 100
EXAMPLE 4

CORROSION INHIBITOR COMPOSITION
[0043] A corrosion inhibitor comprising polymaleic acid, disodium 2-(n-butyl) amino-3-
hydroxysuccinate, and ZnCl, was prepared. The weight ratio between the polymaleic acid
and the disodium 2-(n-butyl) amino-3-hydroxysuccinate was 5:5 and the weight ratio
between the disodium 2-(n-butyl) amino-3-hydroxysuccinate and the ZnCl, was 5:2.

[0044] The corrosion inhibitor was obtained by mixing the three components together.

EXAMPLE 5

TESTING THE CORROSION RATE OF CORROSION INHIBITOR M AND
COMPARATIVE COMPOSITIONS E-F

[0045] In this Example, the components of composition M and comparative compositions
E-F were added directly to the tested aqueous solution with the concentration shown in Table
3. Composition M and comparative compositions E-F were tested according to the method
recited in Example 2.

[0046] The constitutions of the composition M and the comparative compositions E-F

and the test results are shown in Table 3.

10
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Table 3
disodium 2-(n-butyl) polymaleic )
composition amino-3- acid  ( oo
p hydroxysuccinate ( ppm by ( rate)
ppm by weight) weight) mpy
M 20 10 0.1
Comparative E 30 0 0.2
Comparative F 0 30 0.3

[disodium 2-(n-butyl) amino-3-hydroxysuccinate: X=NH, R=n-butyl, disodium salt]

[0047] The disodium 2-(n-butyl) amino-3-hydroxysuccinate was produced according to

Example 1 and the polymaleic acid was purchased from Wujin Fine Chemical Factory.

EXAMPLE 6
TESTING THE CORROSION RATE OF CORROSION INHIBITORS A-D AND
COMPARATIVE COMPOSITIONS G-J
[0048] In this Example, all the components of compositions A-D and comparative
compositions G-J were added directly to the tested aqueous solution with the concentrations
showed in Table 4. Compositions A-D and comparative compositions G-J were tested
according to the method recited in Example 3.
[0049] The constitutions of compositions A-D and comparative compositions G-J and the

test results are shown in Table 4.

Table 4
ZnCl, disodium 2-(n-butyl) polymaleic )
(ppm AMino-3- acid (| Corrosion
composition by . rate
. hydroxysuccinate (ppm | ppm by
weight . . (mpy)
) by weight) weight)
A 2 15 4 0.56
Comparative G 2 15 0 2.7
B 2 10 4 0.80
Comparative H 2 10 0 14
C 2 5 4 1.0
Comparative | 2 5 0 16
Comparative J 2 0 5 16
D 0 5 4 3.2

11
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[disodium 2-(n-butyl) amino-3-hydroxysuccinate: X=NH, R=n-butyl, disodium salt]

[0050] Disodium 2-(n-butyl) amino-3-hydroxysuccinate was produced according to
Example 1 and the polymaleic acid was purchased from Wujin Fine Chemical Factory.
[0051] In this embodiment, the polymaleic acid acts as a scaling inhibitor, and the zinc
salt acts as a corrosion inhibitor.

[0052] Table 4 shows that the corrosion inhibition effects of the combination of zinc salt
and the compound of formula (I) or the water soluble polymer are less than to those of the
combination of zinc salt, the compound of formula (I), and the water soluble polymer. From
the data for comparative composition I and comparative composition J in Table 4, it can be
seen that the significant enhancement of the corrosion inhibition effect does not result from
the combination of additive zinc salt and the compound of formula (I) or the water soluble
polymer, but results from a synergistic effect between the compound of formula (I) and the
water soluble polymer.

[0053] From the data for compositions A, B and C in Table 4, it can be seen that the
corrosion inhibition effect was enhanced with the increase of the amount of the compound of
formula (I). The addition of zinc salt would significantly enhance the synergistic effect
between the compound of formula (I) and the water soluble polymer as indicated by the
comparison between the test results of C and D in Table 4.

[0054] Table 3 shows that the use of a combination of compound of formula (I) and the
water soluble polymer was significantly superior to that of the compound of formula (I) or
the water soluble polymer alone, which shows that there was a synergistic technical effect

between the compound of formula (I) and the water soluble polymer.

EXAMPLE 7
TESTING THE CORROSION RATE OF CORROSION INHIBITOR N AND
COMPARATIVE COMPOSITIONS K-L
[0055] In this Example, the components of composition N and comparative compositions
K-L were added directly to the tested aqueous solution with the concentrations shown in
Table 5. Composition N and comparative compositions K-L were tested according to the
method recited in Example 3.
[0056] The constitutions of composition N and comparative compositions K-L and the

test results are shown in Table 5.

12
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Table 5
ZnCl, disodium 2-(n-butyl) polyacrylic acid | Corrosion rate
y (ppm by amino-3- (ppm by (mpy)
Composition weight) hydroxysuccinate weight)
(ppm by weight)
Comparative K 2 0 5 20
Comparative L 2 5 0 16
N 2 5 5 3.0

[disodium 2-(n-butyl) amino-3-hydroxysuccinate: X=NH, R=n-butyl, disodium salt]

[0057] Disodium 2-(n-butyl) amino-3-hydroxysuccinate was produced according to

Example 1 and the polyacrylic acid was purchased from Nalco.
[0058]

result from the combination of dzinc salt and the compound of formula (I) or water soluble

Table 5 shows that a significant enhancement of corrosion inhibition does not

polymer, but results from the synergistic effect between the compound of formula (I) and the
water soluble polymer.
[0059]

of the present application, which is not intended to make any formal or essential limitation to

The present disclosure is an exemplification of the principles of the embodiments

the present application or limit the present application to the particular embodiments
illustrated. It is apparent to a person skilled in the art that elements of technical schemes, the
compounds, polymers, components, compositions, preparations, processes of the
embodiments of the present application could vary, change, modify and evolve without
departing the principle, spirit and scope of the embodiments and technical schemes of the
present application as disclosed above, for example, as defined in the claims. These varied,
changed, modified and evolved embodiments are included in equivalent embodiments of the
present application, which are included in the scope of claims in the present application.
While embodiments of the present application may be embodied in many different forms,
there are described in detail herein some embodiments of the present invention. Additionally
embodiments of the present application include any and all possible combinations of any,
some and all elements of various embodiments described herein. Any and all patents, patent
applications and other references recited in the present application or in any recited patent,
any recited patent application or other cited data are hereby incorporated herein by reference

in their entirety.
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[0060] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0061] The above disclosure is intended to be illustrative and not exhaustive. This
description will suggest many variations and alternatives to a person skilled in the art. All
these alternatives and variations are intended to be included within the scope of the claims
where the term "comprising” means "including, but not limited to".

[0062] The use of the terms “a” and “an” and “the” and “at least one” and similar
referents in the context of describing the invention (especially in the context of the following
claims) are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The use of the term “at least one”
followed by a list of one or more items (for example, “at least one of A and B”) is to be
construed to mean one item selected from the listed items (A or B) or any combination of two
or more of the listed items (A and B), unless otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing”
are to be construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless
otherwise noted. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the invention.

[0063] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as

appropriate, and the inventors intend for the invention to be practiced otherwise than as
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specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS:

1. A corrosion inhibitor composition comprising a water soluble polymer and a

compound of formula (I) or a salt thereof:

HO CO,H
R
Ny COH )
5 wherein X is NH, NRI, or O, and

R and R' are independently selected from the group consisting of hydrogen, Ci.1o

hydrocarbon, and aryl.

2. The composition of claim 1, wherein X is NH and R is Cy.1o alkyl group.

3. The composition of claim 1, wherein X is NH and R is n-butyl group.

10 4. The composition of claim 1, wherein X is NR! and R and R! are Ci.10 alkyl.
5. The composition of claim 1, wherein X is NR' and R and R' are methyl.
6. The composition of any one of claims 1-5, wherein the compound of formula

(I) is a salt selected from the group consisting of a mono-, di-, or tri-salt of sodium, potassium,

ammonium, calcium, magnesium, and combinations thereof.

15 7. The composition of any one of claims 1-6, wherein the water soluble polymer
is selected from the group consisting of polymaleic acid, polyacrylic acid, copolymers of
acrylic acid and maleic anhydride, copolymers of acrylic acid and 2-acrylamido-2-

methylpropyl sulfonic acid, and a combination thereof.

8. The composition of claim 1, wherein the composition comprises polymaleic

20  acid and wherein X is NH and R is n-butyl.

9. The composition of any one of claims 1-8, wherein the composition further
comprises an additive selected from the group consisting of a zinc salt, a molybdate, a

tungstate, a tin salt, a silicate, and combinations thereof.
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10. The composition of any one of claims 1-9, wherein the composition does not

comprise a phosphorus-containing compound.

11. The composition of any one of claims 1-9, wherein the weight ratio between

the compound of formula (I) and the water soluble polymer is from about 1:5 to about 5:1.

12. The composition of claim 9, wherein the weight ratio between the compound

of formula (I) and the additive is from about 20:1 to about 2:1.

13. Use of the composition of any one of claims 1-12 as a corrosion inhibitor for

inhibiting the corrosion of ferrous metal or galvanized steel.
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