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MALEIC ANHYDRIDE HOMOPOLYMER AND MALEIC ACID
HOMOPOLYMER AND METHODS FOR PREPARING THEREOF, AND NON-
PHOSPHORUS CORROSION INHIBITOR AND USE THEREOF

TECHNICAL FIELD

The present disclosure generally relates to compositions useful for inhibiting
corrosion. In particular, the disclosure relates to corrosion inhibitor compositions that

do not comprise phosphorus and methods for making and using the same.

BACKGROUND

Corrosion inhibitors commonly used in the related art contain phosphorus.
However, due to an increasing concern about the environment, the requirements on
the content of phosphorus in wastewater have become stricter and as a result, the use

of phosphorus-containing corrosion inhibitors has been greatly limited.

Polymaleic acids can be used as corrosion inhibitors. The methods for the
preparation of polymaleic acid include an organic solvent polymerization method and
an aqueous solution polymerization method. At present, most commercially available
polymaleic acids (e.g., Belclene 200™) have a relatively broad weight-average
molecular weight distribution, such as around 1000 Daltons (Da), and around 8

repeating units.
BRIEF SUMMARY

The present disclosure relates to corrosion inhibitor compositions, methods of
manufacturing the corrosion inhibitor compositions, and methods of inhibiting

corrosion with the corrosion inhibitor compositions.

In ane embodiment, the present disclosure provides a method of inhibiting
corrosion of a metallic surface in an aqueous industrial system. The method
comprises adding a corrosion inhibitor to the aqueous industrial system, wherein the
corrosion inhibitor comprises a maleic anhydride homopolymer having from about 2 to

about 5 maleic anhydride repeating units, wherein a weight average molecular weight
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of the maleic anhydride homopolymer is in a range of about 200 to about 600 Da.

In another embodiment, the present disclosure provides a method of inhibiting
corrosion of a metallic surface in an aqueous industrial system. The method
comprises adding a corrosion inhibitor to the aqueous industrial system, wherein the
corrosion inhibitor comprises a maleic acid homopolymer having from about 2 to about
5 maleic acid repeating units, wherein a weight average molecular weight of the

maleic acid homopolymer is in a range of about 200 to about 600 Da.

In an additional embodiment, the present disclosure provides a method of
inhibiting corrosion of a metallic surface in an aqueous industrial system. The method
comprises adding a corrosion inhibitor to the aqueous industrial system, wherein the
corrosion inhibitor comprises a member selected from the group consisting of a
hydrolysate of a maleic anhydride homopolymer, a hydrolysate of a maleic acid
homopolymer, and any combination thereof, wherein a molecular weight of the
hydrolysate of the maleic anhydride homopolymer or the hydrolysate of the maleic

acid homopolymer is in a range from about 200 to about 600 Da.

fn a further embodiment, the present disclosure provides for the use of a
corrosion inhibitor to inhibit corrosion of a metallic surface in an agueous industrial
system, wherein the corrosion inhibitor comprises a member selected from the group
consisting of a maleic anhydride homopolymer, a maleic acid homopolymer, a
hydrolysate of a maleic anhydride polymer, a hydrolysate of a maleic acid
homopolymer, and any combination thereof.

The foregoing has outlined rather broadly the features and technical advantages
of the present disclosure in order that the detailed description that follows may be
better understood. Additional features and advantages of the disclosure will be
described hereinafter that form the subject of the claims of this application. It should
be appreciated by those skilled in the art that the conception and the specific
embodiments disclosed may be readily utilized as a basis for modifying or designing
other embodiments for carrying out the same purposes of the present disclosure. It
should also be realized by those skilled in the art that such equivalent embodiments
do not depart from the spirit and scope of the disclosure as set forth in the appended

claims.
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BRIEF DESCRIPTION OF THE DRAWING FIGURES

The drawing figures are used for further illustration of the various embodiments
disclosed herein. The drawings are used in combination with specific examples to
explain certain embodiments of the present disclosure and are not meant to limit the
disclosure. In the drawing figures:

Figure 1 is an MS spectrum of the product prepared by Example 1-1;

Figure 2 is an MS spectrum of the product prepared by Example 1-2;

Figure 3 is an MS spectrum of the product prepared by Example 1-3;

Figure 4 is an MS spectrum of the product prepared by Example 1-4;

Figure 5 is an MS spectrum of the product prepared by Example 1-5;

Figure 6 shows the tendency of the corrosion rate variation with time of a coupon
in the test sample comprising the product prepared by Example 1-3 via an
electrochemical method;

Figure 7 shows the tendency of the corrosion rate variation with time of a coupon
in the test sample comprising the product prepared by Example 1-2 via an
electrochemical method;

Figure 8 is an IR spectrum of the product prepared by Example 2-1;

Figure 9 is an ESI spectrum of the product prepared by Example 2-1;

Figure 10 is an MS spectrum of the product prepared by Example 2-2;

Figure 11 is an MS spectrum of the product prepared by Example 2-3;

Figure 12 shows the corrosion rates of a coupon in the test samples comprising
different amounts of the product prepared by Example 2-1 in the comparison sample
via a beaker test method;

Figure 13 shows the tendency of the corrosion rate variation with time of a
coupon in the test sample comprising the product prepared by Example 2-1 via an
electrochemical method;

Figure 14 shows the tendency of the corrosion rate variation with time of a
coupon in the test sample comprising the product prepared by Example 2-3 via an
electrochemical method; and

Figure 15 shows the tendency of the total iron ion concentration (T-Fe) variation
with time in the water solution comprising the non-phosphorus corrosion inhibitor

including the product prepared by Example 2-1 or the comparison sample via a pilot
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cooling tower (PCT) test method.

DETAILED DESCRIPTION

Various embodiments are described below. The relationship and functioning of
the various elements of the embodiments may better be understood by reference to
the following detailed description. However, embodiments are not limited to those

explicitly described below.

Certain embodiments of the present disclosure provide a corrosion inhibitor
composition comprising a maleic anhydride homopolymer and/or a maleic acid
homopolymer. The maleic anhydride homopolymer and the maleic acid
homopolymer have a relatively low molecular weight and a relatively narrow molecular
weight distribution. The embodiments of the present disclosure also provide a
non-phosphorus corrosion inhibitor and the use thereof, and the non-phosphorus
corrosion inhibitor may comprise the hydrolysate of the maleic anhydride

homopolymer and/or the maleic acid homopolymer.

The maleic acid homopolymer provided by certain embodiments of the present
disclosure has 2 to 5 repeating units of maleic acid and a weight average molecular
weight of about 200 to about 600 Da.

The maleic acid homopolymer provided by certain embodiments of the present
disclosure, due to having a low molecular weight and a relatively narrow molecular
weight distribution, can easily form a uniform protective film on a metallic surface,
thereby effectively inhibiting the metal from corroding. For example, the maleic acid
homopolymer provided by the embodiments of the present disclosure can effectively
inhibit ferrous metals from corrosion. Compared with the prior art inhibitors, the
presently disclosed corrosion inhibitors comprising the maleic acid homopolymer
and/or the maleic anhydride homopolymer exhibit a better corrosion resistance and

achieve a corrosion rate of less than 3 mpy (mil inch per year).

Furthermore, the corrosion inhibitors provided by the embodiments of the present
disclosure can also be used as non-phosphorus-containing corrosion inhibitors, which

are environmental friendly and can be widely used.

In one aspect, the present disclosure provides a corrosion inhibitor comprising a
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maleic anhydride homopolymer having from 2 to 5 repeating units of maleic anhydride

and a weight average molecular weight in the range of about 200 to about 600 Da.

In some embodiments, the number of repeating units of maleic anhydride may be

in the range of 2 to 4, such as 2 or 3.

In some embodiments, the weight average molecular weight of the maleic

anhydride homopolymer may be in the range of about 200 to about 500 Da.

In some embodiments, the homopolymer may comprise a “capping group.” The
capping group of the maleic anhydride homopolymer may be selected from, for

example, benzyl, methylbenzyl, phenylethyl and hydrogen.

In another aspect, the present disclosure provides a method for preparing the
maleic anhydride homopolymer. The method may comprise oligomerizing maleic
anhydride in an aromatic organic solvent in the presence of an initiator, under an inert
atmosphere, and at boiling point temperature of the aromatic organic solvent. The

method also comprises separating the resulting product from the solvent.

The progress of the oligomerization reaction can be monitored by detecting the
content of the maleic anhydride monomer in the reaction mixture by liquid

chromatography.

In some embodiments, the aromatic organic solvent may be selected from the
group consisting of toluene, xylene, mesitylene, ethyl benzene, and any combination

thereof.

In some embodiments, the initiator may be selected from the group consisting of
azobisisobutyronitrile, benzoyl peroxide, di-t-butyl peroxide, dicumyl peroxide,

di-t-amyl peroxide, and any combination thereof.

In some embodiments, the molar ratio of the maleic anhydride to the initiator may

be in the range of about 1:0.01 to about 1:0.2, such as about 1:0.1.

In a further aspect, the present disclosure provides a maleic acid homopolymer
having from 2 to 5 repeating units of maleic acid and a weight average molecular
weight of about 200 to about 600 Da, such as about 500 Da.

In some embodiments, the number of repeating units of maleic acid may be in the
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range of 2 to 3. In some embodiments, the weight average molecular weight of the

maleic acid homopolymer may be in the range of about 200 to about 400 Da.

In some embodiments, the maleic acid homopolymer may comprise a capping
group selected from the group consisting of benzyl, methylbenzyl, phenylethyl,

hydrogen, and any combination thereof.

Any of the presently disclosed corrosion inhibitor compositions comprising maleic
acid homopolymers and/or maleic anhydride homopolymers may be used in methods
for inhibiting corrosion of metallic surfaces, such as metallic surfaces contained in
aqueous industrial systems. The corrosion inhibitors may be added to the systems by
any means known in the art, such as manual or automatic addition, and may be added

in any amount necessary to achieve the desired level of corrosion inhibition.

The present disclosure also provides methods for preparing the corrosion
inhibitor compositions. In one aspect, a method for preparing a maleic acid
homopolymer comprises polymerizing maleic acid as a monomer in an aqueous
solution having a pH in the range of about 3 to about 5 in the presence of a chain

transfer agent, a catalyst and a redox initiator.

In some embodiments, the method may comprise adding the chain transfer agent,
the catalyst and a first redox initiator to an aqueous solution containing maleic acid.
The pH of the resuilting mixture may be adjusted to about 3, 4 or 5, and under an inert
atmosphere, a second redox initiator may be added into the aqueous solution so the

maleic acid is polymerized.

In some embodiments, the amount of the chain transfer agent may be in the
range of about 0.05 mol % to about 0.3 mol %, such as about 0.14 mol %. The amount
of the catalyst may be in the range of about 0.01 mol % to about 0.1 mol %, such as
about 0.015 mol %. The amount of the first redox initiator may be in the range of about
1 mol % to about 5 mol %, such as about 4.45 mol %, based on the amount of the

maleic acid.

In some embodiments, the chain transfer agent, the catalyst, and the first redox
initiator may be added at a temperature in the range of about 45 °C to about 55 °C,
such as about 50 °C, and the obtained aqueous solution of maleic acid may be

agitated for about 10 to about 60 minutes.
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In some embodiments, the pH of the aqueous solution may be adjusted by
adding an alkali solution such that the pH is in the range of about 3 to about 5, and

the temperature of the aqueous solution may be maintained below about 85 °C.

In some embodiments, the molar ratio of the second redox initiator to the maleic

acid may be in the range of about 0.5:1 to about 2:1, such as about 1:1.34.

In some embodiments, during the addition of the second redox initiator, the
temperature of the solution may be maintained in the range of about 80 °C to about
130°C, such as about 80°C, about 90 °C, or about 85 °C. The addition may be
performed over the course of about 3 to 4 hours, for example. After the addition is
completed, the mixture may be maintained at a temperature of about 80 °C to about
100 °C for about 2 to about 3 hours.

In some embodiments, the chain transfer agent may be selected from the group

consisting of sodium iodide, potassium iodide, and an organic iodide compound.

In some embodiments, the catalyst may be selected from one or more inorganic
and organic salts of Group VIl and Group IB metals in the periodic table of elements.

The catalyst may comprise, for example, iron salts and/or copper salts.

In some embodiments, the redox initiator may be selected from the group
consisting of hydrogen peroxide, sodium persulphate, ammonium persulphate,

potassium persulphate, and any combination thereof.

In some embodiments, the first redox initiator and the second redox initiator may
be the same or they may be different. In some embodiments, the first redox initiator
and the second redox initiator may be independently selected from the group
consisting of hydrogen peroxide, sodium persulphate, ammonium persulphate,

potassium persulphate, and any combination thereof.

In an additional aspect, the present disclosure provides a non-phosphorus
corrosion inhibitor comprising, as an active ingredient, a hydrolysate of any of the
maleic anhydride homopolymers disclosed herein and/or a hydrolysate of any of the
maleic acid homopolymers disclosed herein. In some embodiments, the
non-phosphorus corrosion inhibitor may further comprise one or more additional

corrosion inhibitors selected from the group consisting of zinc salts, molybdates,
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tungstate, silicate, and any combination thereof. In some embodiments, the weight
ratio of the active ingredient to the additional corrosion inhibitors may be in the range
of about 1:0.02 to about 1:50.

In a further aspect, the present disclosure provides for the use of the
non-phosphorus corrosion inhibitor of any of the embodiments of the present
disclosure for inhibiting corrosion if a metallic surface, for example, in an industrial

aqueous system.

When the hydrolysate of the maleic anhydride homopolymer and/or the maleic
acid homopolymer is used as a non-phosphorus corrosion inhibitor, the resulting
non-phosphorus corrosion inhibitor can exhibit an excellent corrosion inhibition effect.
Even if the concentration of the active ingredient of the maleic acid homopolymer
and/or maleic anhydride homopolymer is reduced to about 5 ppm or perhaps less, a

good corrosion inhibition effect can still be obtained.

In some embodiments, a method for preparing the maleic acid homopolymer may
comprise dissolving maleic anhydride in deionized water and heating the resulting
solution to between about 40 °C and about 60 °C, such as about 50 °C, such that the
maleic anhydride is hydrolyzed to form maleic acid. A chain transfer agent, a catalyst,
and a first redox initiator may be added to the solution and the resulting mixture may
be stirred at a constant temperature. The pH of the mixture may be adjusted by adding
an alkaline agueous solution. The pH may be adjusted in a range between about 3
and 5 and the temperature of the solution may be maintained between about 80 °C
and about 100 °C, such as at about 80°C, 85 °C, or about 90°C. A second redox
initiator may be added to the solution, under an inert atmosphere, while the

temperature is in the range of about 80 °C to about 100 °C for about 2 to 3 hours.

In the embodiment where Ki or Nal is used as the chain transfer agent, |, and OH
free radicals are produced upon a redox reaction in the reaction system. As a result,
the reaction mixture becomes a red and/or brown color due to the presence of the I..
As the redox reaction is preformed, the reaction mixture gradually becomes light

yellow.

Since the step of adjusting pH is exothermic, if the adjusting step cannot be

controlled properly, the temperature of the reaction mixture will increase sharply.

8
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Therefore, during the adjustment of pH, the temperature of the reaction mixture could
be controlled properly such that the temperature is maintained in the range of about
80 °C to about 130 °C. Furthermore, in the embodiment where the pH is adjusted by
adding a NaOH or KOH aqueous solution, a precipitate may form due to the
production of a maleate salt (maleate monosodium salt or maleate mono potassium

salt) having a low solubility in water.

If the second the redox initiator is added too quickly, the temperature of the
reaction mixture may suddenly rise. In such an event, |, can be observed in the inner
surface of the condenser and a precipitate could also be observed after the solution is

cooled to room temperature, which indicates a failure of the reaction.

Without limitation to any theory, in the method for preparing a maleic acid
homopolymer, the pH of the aqueous solution may be controlied within the range of
about 3 to about 5, whereby the dissolution and precipitation of the maleate salt in
water reach an equilibrium. As the polymerization reaction of the maleic acid monomer
is performed, the maleic acid monomer dissolved in the water is polymerized gradually
and, as a result, the equilibrium moves to dissolution of the maleate sait in water and
the amount of the precipitated maleate is reduced gradually, until the solid

precipitation disappears. Thereby, the polymerization reaction is complete.

Furthermore, in the method for preparing a maleic acid homopolymer, a chain
transfer agent can be used. The inventors unexpectedly discovered that when the
amount of the chain transfer agent is too high, the polymerization reaction is difficult to
carry out and, as a result, the molecular weight of the resulting polymer may be too
low. When the amount of the chain transfer agent is too low, the polymerization
reaction occurs to a greater extent and, as a result, the molecular weight of the
resulting polymer may be too high. Therefore, the amount of the chain transfer agent
needs to be controlled in a specific range, so as to obtain a maleic acid homopolymer
with a weight average molecular weight in the ranges defined in the present
application. Optionally, the amount of the chain transfer agent may be in the range of
about 0.05 mol % to about 0.3 mol %, such as about 0.14 mol %, based on the

amount of the maleic acid.

Moreover, the maleic anhydride homopolymers and the maleic acid

9
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homopolymers provided by the present disclosure may have a relatively low molecular
weight and/or a relatively narrow molecular weight distribution. For example, it can be
seen from Example 1-1 to Example 1-5 presented below that the maleic anhydride
homopolymer may have from 2 to 4 repeating units of maleic anhydride and it can be
seen from Example 2-1 to Example 2-3 that the maleic acid homopolymer may have 2
to 3 repeating units of maleic acid. Furthermore, since an acid can be obtained by
hydrolization of the corresponding anhydride, after the maleic anhydride homopolymer
18 hydrolyzed, a maleic acid homopolymer having the same number of repeating units

can be obtained.

The maleic acid homopolymers provided by the present disclosure, due to having
a low molecular weight and a relatively narrow molecular weight distribution, can
easily form a uniform protective film on a metallic surface, thereby effectively inhibiting

corrosion of the metal.

The presently disclosed corrosion inhibitors can be used in any environment
where metallic surfaces may need to be protected against corrosion. Manual and/or
automated methods may be used to add the corrosion inhibitors to industrial systems
including, but not limited to, cooling water systems, boiler water systems, wastewater
treatment systems, pulp and paper systems, and membrane separation systems used
by, for example, the aerospace industry, chemical industry, oil and gas industry,
pharmaceutical industry, mining and primary metals industries, power industry, food
and beverage industry, medium and light manufacturing industries, marine industry,
pulp and papermaking industry, commercial building and educational facilities,
hospital and medical centers, district heating and cooling, hotels, resorts, and

hospitality facilities.
EXAMPLES

To test the effectiveness of the corrosion inhibitors, electrochemical test methods
were utilized. Electrochemical measurements were carried out in a conventional three
electrode glass corrosion cell at about 50 °C with a graphite electrode and an AgCI/Ag
reference electrode. The working electrode was cut from a mild steel tube and was
embedded in Teflon. The exposed surface of the working electrode was 5 cm®. Prior to

all measurements, electrodes were polished with 600 grade sandpaper.

10
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The corrosion rate was obtained by measuring polarization resistance 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 with an electrochemical testing

instrument.

Pilot cooling tower (PCT) test methods were also utilized. The PCT methods
were performed according to HG/T 2160-2008 of Chemical Industry Standard of
China.

Additionally, beaker test methods were carried out according to GB/T18175-2000
of National Standard of China. Specifically, the beaker test methods were carried out
at temperatures of about 45°C, rotating speeds of about 100~150 RPM, and time
periods of about 3 days. For an initial step of preparing a water sample having zero
pH, 2L of RO water was added into each of 5 beakers, then, in each beaker, a stock
solution containing inorganic salts which have a corresponding volume (the inorganic
salts were CaCl,, MgCIl,/MgS0Q,, NaCl, Na,SO,, etc.) was added to prepare the water
chemistry needed (except for the alkalinity). The water bath was turned on and
maintained at about 45 °C. If a silicate was necessary as an inorganic salt, silicate

could be added first followed by acid addition to adjust the pH.

A chemical product to be tested in corresponding dosage was added into the
above solution. If necessary, the chemical product was first mixed with a dispersant.
Then, the pH of the solution was adjusted to about 6.5 by adding 0.1 mol/L of NaOH
or H,SO, aqueous solution, so as to eliminate the influence of the alkalinity/acidity on
the final solution. After that, an NaHCO; aqueous solution was added to adjust the
alkalinity such that it corresponds to the alkalinity of the aqueous solution to be

simulated.

If the pH needed to be controlled during the test, the pH was adjusted by adding
0.1 mol/L of NaOH or H,SO, aqueous solution, until the pH reached the set-point.
Then, the resulting solution was left to stand for 1~2 hours so as to attain an
equilibrium. The pH was checked and/or adjusted again before a coupon (an iron
flake) was inserted. If pH control is not necessary, the coupon could be directly
inserted about 1 to 2 hours after the solution attains equilibrium. The code and the

weight of the coupon were recorded before the test.

11
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During the test, due to the water evaporation, the volume of the water solution
was compensated to 2L twice per day. If pH changed, 0.1 mol/L of NaOH or H,SO,

aqueous solution was used to maintain the pH at the set-point.

The coupon was rotated in the corrosion environment for 3 days. No chemical
compensation was provided during the three days except in some special cases as
noted. The coupons were taken out after the test was finished. The coupons were
cleaned by using a 2.4 mol/L. hydrochloric acid aqueous solution comprising 0.8 wt %
hexamethylenetetramine as a corrosion inhibitor. Then, the coupons were rinsed with
RO water and acetone. The coupons were dried in a 60 °C oven for at least 2 hours
before weighing. Typically, in order to reduce the time for acid cleaning, the red rust
on the coupons could be physically removed before the acid cleaning. The time for

cleaning each coupon in acid can be reduced to less than 1 minute.

Before molecular measurement through ESI Mass, the products of the following
examples were dissolved with water so as to prepare samples to be measured. Thus,
the results shown by MS spectrum are the information of the hydrolyzed products of

the corresponding maleic anhydride polymers.
Example 1-1

(6.04 g) 0.06 mol of maleic anhydride in 210 mL of toluene solvent was refluxed
under N atmosphere. A solution of (1.0 g) 0.006 mol of AIBN as an initiator dissolved
in 40 mL of toluene solvent was added to the toluene solution containing maleic
anhydride for a period of 4 hours. Refluxing was continued for further 8 hours and the
obtained polymer was separated from the solution. Excess solvent was distilled off
and a sample of the polymer obtained was recrystallized in CHCI;. The product was a
white crystalline polymaleic anhydride. The MS figure of the resulted product is shown

in Figure 1.

It can be seen from Figure 1 that the major products in the sample produced by
using AIBN as the initiator are monomer of maleic acid and dimer of maleic acid
capped by a benzyl group (i.e., the number of the repeating units of maleic acid is 2).
The product also comprises relatively smaller amounts of the trimer and tetramer of
maleic acid capped by a benzyl group (i.e., the number of the repeating units of maleic

acid is 3 or 4).

12
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Example 1-2

(30.2 g) 0.308 mol of maleic anhydride in 210 mL of toluene solvent was refluxed
under N, atmosphere. (10.0g) 0.06 mol of AIBN as an initiator dissolved in 40 mL of
toluene solvent was added to the toluene solution containing maleic anhydride for a
period of 4 hours. Refluxing was continued for further 8 hours and the obtained
polymer was separated from the solution. Excess solvent was distilled off and a
sample of the polymer so obtained was recrystallized in CHCI;. The product was a
yellowish-brown colored crystalline polymaleic anhydride. The MS figure of the
resulted product is shown in Figure 2. It can be seen from Figure 2 that the major
products in the sample produced by using AIBN as the initiator are the dimer of maleic
acid capped by a benzyl group (i.e., the number of the repeating units of maleic acid is
2). The trimer and tetramer of maleic acid capped by a benzyl group are also present

(i.e., the number of the repeating units of maleic acid is 3 or 4).
Example 1-3

(60.4 g) 0.6 mol of maleic anhydride in 210 mL of toluene solvent was refluxed
under N, atmosphere. (1.0 g) 0.006 mol of AIBN as an initiator dissolved in 40 mL of
toluene solvent was added to the toluene solution containing maleic anhydride for a
period of 4 hours. Refluxing was continued for further 8 hours and the obtained
polymer was separated from the solution. Excess solvent was distilled off and a
sample of the polymer so obtained was recrystallized in CHCI;. The product was a
brown colored crystalline polymaleic anhydride. The MS figure of the resulted product
is shown in Figure 3. It can be seen from Figure 3 that the major products in the
sample produced by using AIBN as the initiator are the dimers, trimmers, and
tetramers of maleic acid, some of which are capped by a benzyl group (i.e., the

number of the repeating units of maleic acid is 2-4).
Example 1-4

This example is performed in the same manner as example 1-2, except that
toluene solvent was replaced with the same amount of xylene solvent. The MS figure
of the resulted product is shown in Figure 4. It can be seen from Figure 4 that the
major products in the sample produced by using AIBN as the initiator are the dimer of

maleic acid capped by xylyl group (i.e., the number of the repeating units of maleic
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acid is 2), the trimer of maleic acid capped by xylyl group (i.e., the number of the
repeating units of maleic acid is 3), and the tetramer of maleic acid capped by xylyl

group (i.e., the number of the repeating units of maleic acid is 4).
Example 1-5

This example is performed in the same manner as example 1-3, except that
xylene in the same amount was used as a solvent. The MS figure of the resulted
product is shown in Figure 5. It can be seen from Figure 5 that the major products in
the sample produced by using AIBN as the initiator are the dimer of maleic acid
capped by xylyl group (i.e., the number of the repeating units of maleic acid is 2), the
trimer of maleic acid capped by xylyl group (i.e., the number of the repeating units of
maleic acid is 3), and the tetramer of maleic acid capped by xylyl group (i.e., the

number of the repeating units of maleic acid is 4).
Test Examples 1: Electrochemical test
Test Example 1-1

The corrosion rate of a coupon in the test sample was detected by the
electrochemical test method. The test sample comprised (based on the total weight of
the solution) 25 ppm of the product prepared by example 1-3 and soft water. lons and

pH of the soft water are shown in Table 1. An iron flake coupon was used.

Table 1
Ca*' (ppm as CaCOs) 100
Mg®' (ppm as CaCO») 0
M-A (alkalinity) (ppm as CaCOs) 100
CI' (ppm as ion) 200
SO,™ (ppm as ion) 100
pH 8~8.3

The test results are shown in Figure 6. Figure 6 shows the tendency of the
corrosion rate variation with time of the coupon in the test sample comprising the

product prepared by Example 1-3 of the present invention via electrochemical method.

It can be seen from Figure 6 that the initial corrosion rate is about 20 mpy
because the metal surface is activated, but the corrosion rate rapidly decreases within

25 thousand seconds (1000s) and stays steady at less than 1 mpy after 100 thousand
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seconds. It is indicated that the product prepared by example 1-3, namely the maleic
acid homopolymer, has a good corrosion inhibition effect as a non-phosphorus

corrosion inhibitor.
Test Example 1-2

The corrosion rate of a coupon in the test sample was detected by the
electrochemical test method. The test sample comprised (based on the total weight of
the solution) 6 ppm of an AA/AMPS (acrylic acid/2-acrylamido-2-methylpropane
sulfonic acid) polymer, 10 ppm of product prepared in example 1-2 and 2 ppm of ZnCl,
as Zn ion, and soft water or high chloride water. lons and pH of the soft water are
shown in Table 1. lons and pH of the high chloride water are shown in Table 2. An

iron flake coupon was used.

Table 2
Ca”" (ppm as CaCO) 500
Mg>" (ppm as CaCOs) 380
M-A (ppm as CaCQ;) 200
CI' (ppm as ion) 600
SO, (ppm as ion) 600
pH 8.5~8.8

The test results are shown in Figure 7. Figure 7 shows the tendency of the
corrosion rate variation with time of the coupon in the test sample comprising the
product prepared by Example 1-2 via electrochemical method. It can be seen from
Figure 7 that the initial corrosion rate rapidly decreases within 10 thousand seconds
both in the soft water and the high chioride water and decreases to less than 1 mpy
within 20 thousand seconds and finally stays steady at less than 1 mpy. It is indicated
that the product prepared by example 1-2, namely the maleic acid homopolymer, can
obtain excellent corrosion inhibition effect when cooperating with zinc salts and other

corrosion inhibitors.
Example 2-1

In a 250 mL three-neck flask equipped with a condenser, 20 g of maleic
anhydride and 20 mL of RO water were added. The mixture was heated to 50°C in a
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water bath to hydrolyze maleic anhydride and get a clear solution. 8 mg of
FeS0,.7H,0 and 48 mg of KI were added in the above solution, then 1 g of H,O, (30
wt. %) was added and the resulting solution was stirred at 50 °C for about 30 minutes.
15 g of 50 wt. % sodium hydroxide aqueous solution were added dropwise into the
above solution for about 20 minutes and the temperature was maintained at less than
85 °C. After the temperature of the solution was increased up to about 85°C, 30 g of
H.O, (30wt. %) were added dropwise for 4 hours under N, atmosphere. Next, the
mixture was maintained at 85 °C for another 3 hours. The ES| Mass spectrogram of

the obtained product is shown in Figure 9.

It can be seen from Figure 9 that the major signal is at about 300, which indicates
that the main product comprises 2-3 repeating units. It is evident that the molecular
weight of the product produced in this example is relatively low and has a relatively
narrow distribution compared with the existing commercially available polymaleic acid

having a high molecular weight and a broad molecular weight distribution.

The IR spectrogram of the product is shown in Figure 8. The characteristic signal
of the polymaleic acid can be observed in Figure 8, and the peaks at 1570.23 cm ' and
1181.03cm’” respectively correspond to stretching vibration of C=0 and C-O in
polymaleic acid. It is indicated that the products prepared by example 2-1 mainly are

maleic acid polymers having 2 or 3 repeating units of maleic acid.
Example 2-2

This example is the same as example 2-1, except that the amount of Kl was 17
mg, the amount of H,O: firstly added was 0.22 g, the amount of H,0, secondly added
was 11.27 g, and the amount of the catalyst was 0.053 g. The ES| Mass spectrogram
of the obtained product is shown in Figure 10. It can be seen from Figure 10 that the
major molecular weight is between 200~400 Da. The molecular weight corresponds to
the dimer of maleic acid (i.e., the number of the repeating units of maleic acid is 2)
and the trimer of maleic acid (i.e., the number of the repeating units of maleic acid is
3).

Example 2-3

This example is the same as example 2-1, except that the amount of K| was 102
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mg, the amount of H,0 firstly added was 1.12 g, the amount of H,O, secondly added
was 45.11 g, and the amount of the catalyst was 0.0053 g. The ESI Mass spectrogram
of the obtained product is shown in Figure 11. It can be seen from Figure 11 that the
major molecular weight is between 200~400 Da. The molecular weight corresponds to
the dimer of maleic acid (i.e., the number of the repeating units of maleic acid is 2)
and the trimer of maleic acid (i.e., the number of the repeating units of maleic acid is
3).

In Examples 2-1 to 2-3, H,O, was selected as the first redox initiator (i.e., the
redox initiator firstly added) and the second redox initiator (i.e., the redox initiator
secondly added). Alternatively, the first redox initiator and the second redox initiator
may be independently one or more materials selected from the group consisting of
hydrogen peroxide, sodium persulphate, ammonium persulphate, potassium
persulphate, and any combination thereof. The first redox initiator and the second

redox initiator may be the same or different.

The amount of the first and second redox initiator added in the reaction may be

determined by one of ordinary skill in the art according to the need of the reaction.
Test Example 2 - Beaker Test

The corrosion rate of a coupon in the test samples and comparison sample was
detected by the beaker test method. The components of the test samples and

comparison sample are shown in Table 3 (in soft water), and an iron flake coupon was

used.
Table 3
Composition
maleic acid homopolymer
Sample AA/AMPS | PMA
(HOMA) prepared by Example | Zn ion (ppm)
(ppm)
(ppm) 2-1 (ppm)
Comparison
6 5 0 2
sample
6 0 25 -
Test sample 1
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_ 6 0 10 -

Test sample 2
6 0 10 2

Test sample 3
6 0 5 2

Test sample 4

The test results are shown in Figure 12. Figure 12 shows the corrosion rates
detected in the test samples comprising different amounts of the product prepared by

Example 2-1 and in the comparison sample via the beaker test method.

Zinc salt is known as a good corrosion inhibitor for carbon steel in cooling water.
However, it can be seen from Figure 12 that on the condition that Comparison sample
and Test samples 1-2 both comprise 6 ppm of AA/AMPS polymer, Test sample 1 or
Test sample 2 comprising 10 ppm or 25 ppm of maleic acid homopolymer prepared by
Example 2-1, respectively, have obtained better corrosion inhibition effect than the
Comparison sample comprising 2 ppm of zinc ion and 5 ppm of PMA (polymaleic acid).
Even if the concentration of the maleic acid homopolymer drops to 5 ppm, Test
sample 4 still exhibits a good corrosion inhibition effect (the corrosion rate less than 3
mpy) when the maleic acid homopolymer prepared by Example 2-1 cooperates with

zinc ion.
Test Examples 3 - Electrochemical test
Test Example 3-1

The corrosion rate of a coupon in the test sample was detected by the
electrochemical test method. The test sample comprised (based on the total weight of
the solution) 10 ppm of AA/AMPS polymer and 25 ppm of product prepared in
example 2-1 and soft water. ions and pH of the soft water are shown in Table 1. An

iron flake coupon was used.

The test results are shown in Figure 13. Figure 13 shows the tendency of the
corrosion rate variation with time of the coupon in the test sample comprising the
product prepared by Example 2-1 via the electrochemical method. It can be seen from
Figure 13 that the initial corrosion rate is about 10 mpy because the metal surface is
activated and the corrosion rate rapidly decreases within 5 hours and finally stays at

less than 4 mpy. It is indicated that the product prepared by example 2-1 cooperating

18




10

15

20

25

30

WO 2017/063308 PCT/CN2016/000575

with AA/AMPS polymer as corrosion inhibitor can obtain a good corrosion inhibition

effect.
Test Example 3-2

The corrosion rate of a coupon in the test sample was detected by the
electrochemical test method. The test sample comprised (based on the total weight of
the solution) 10 ppm of AA/AMPS polymer and 25 ppm of product prepared in
example 2-3 and soft water. lons and pH of the soft water are shown in Table 1. An

iron flake coupon was used.

The test results are shown in Figure 14. Figure 14 shows the tendency of the
corrosion rate variation with time of the coupon in the test sample comprising the
product prepared by Example 2-3 via the electrochemical method. It can be seen from
Figure 14 that the initial corrosion rate is about 13 mpy because the metal surface is
activated, but the corrosion rate rapidly drops to less than 4 mpy within 2 hours and
stays at less than or about 4 mpy within two days. It is indicated that the product
prepared by example 2-3 cooperating with AA/AMPS polymer as corrosion inhibitor

can obtain a good corrosion inhibition effect.
Test Example 4 - PCT test

Comparison sample comprises 6 ppm of AA/AMPS, 5 ppm of PMA and 2 ppm of

zinc ion. An iron flake coupon was used.

Test samples (the non-phosphorus corrosion inhibitor) comprise (based on the
total weight of the solution) 5 ppm of the product prepared in example 2-1, 6 ppm of
AA/AMPS polymer and 2 ppm of Zn ion.

The test results are shown in Figure 15. Figure 15 shows the tendency of the
total iron ion concentration (T-Fe) variation with time in the water solution comprising
the non-phosphorus corrosion inhibitor including the product prepared by Example 2-1

or the comparison sample via pilot cooling tower (PCT) test method.

Under similar water conditions, iron concentration in the cooling water directly
reflects the general corrosion rate of carbon steel. Higher iron concentration means
higher corrosion rate. It can be seen from Figure 15 that the iron concentration shown
in the curve of the non-phosphorus corrosion inhibitor is lower than that of the
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comparison sample, which indicates that the non-phosphorus corrosion inhibitor
comprising the product prepared by example 2-1 can obtain a good corrosion

inhibition effect.

The object to be tested was PCT heat exchanger tubes. The components of the
comparison sample and the non-phosphorus corrosion inhibitor are shown above. The
corrosion rate is detected by electrochemical testing instrument, and the test results

are shown in Table 4.

Table 4
corrosion rate (mpy)
comparison sample non-phosphorus corrosion inhibitor
3.8 221
3.5 1.4
2.84 1.38

It can be seen from Table 4 that compared with the comparison sample, the
non-phosphorus corrosion inhibitor comprising the product prepared by example 2-1
has a lower corrosion rate, which indicates that the product prepared by example 2-1,

namely the maleic acid homopolymer, has better corrosion inhibition effect.

Pitting results of the PCT heat exchanger tubes in the aqueous solutions
comprising the comparison sample or the non-phosphorus corrosion inhibitor are
obtained by using the Zygo interferometer with 1000 times magnification. The results

are shown in Table 5.

Table 5
. Average depth of top ) )
Deepest pit depth » Pit density
Treatment 10 Deepest pits R
(micron) (count/cm™)
(micron)
comparison sample 177 140.8 255
non-phosphorus
125 90.5 4.2
corrosion inhibitor
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It can be seen from Table 5, compared with the comparison sample, the
non-phosphorus corrosion inhibitor comprising the product prepared by example 2-1
presents lower values with respect to the deepest pitting depth, average depth, and
pitting density of the top 10 deepest pits. Such results demonstrate that the
non-phosphorus corrosion inhibitor comprising the maleic acid homopolymer provided
by the example 2-1 can effectively inhibit metal from corrosion, especially

iron-containing metal.
Test example 5

A corrosion inhibitor comprising 10 ppm of the maleic acid homopolymer
prepared by example 2-1 and 50 ppm of silicate (calculated by SiO;) was evaluated by
the beaker test under the water chemistry in Table 1. After testing for three days, the

final average corrosion rate was 0.5 mpy.

In a final set of experiments, the performance of various corrosion inhibitor
compositions was tested and the specific corrosion inhibitor compositions that were

used are seen below in Table 6.

Table 6

Programs Corrosion rate (mpy)

Working example # 1 as 30 ppm active ) 2.56
Working example # 1 as 20 ppm active 3.48
Working example # 1 as 10 ppm active + 2ppm Zn 1.77
Working example # 1 as 5 ppm active + 2ppm Zn 4
Working example # 1 as 30 ppm active + 10 ppm MoO4 1.45
‘Working example # 1 as 30 ppm active + 10 ppm SiO2 112
‘Working example # 1 as 30 ppm active + 10 ppm PO4 0.42
Working example # 1 as 20 ppm active + 20 ppm Tetra

Polymer dispersant 3.5
Working example # 1 as 30 ppm active + 2ppm Tin 1.82
Working example # 1 as 30 ppm active + 2ppm Cerium 2.2
Blank 21
Benchmark 74

In Table 6, “Working example #1” is defined as a maleic acid oligomer with 2-3

maleic acid repeating units. The “Tetra Polymer dispersant” is a polymer comprising
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AA, AMPS, t-butyl acrylamide, and itaconic acid.

“Working example #1” can be synthesized by charging about 200 g of DI water,
about 500 g of maleic anhydride, concentrated sulfuric acid, and a solid catalyst (as
described above) into a reactor under agitation. Steam is introduced into the jacket of
the reactor to heat the reactor to about 100 °C. Next, about 360 g H,O, (content 30%)
is dosed into the reactor over the course of about 9 hours with a temperature of the
reactor being less than about 115 °C. Once all H,O, has been added, the contents are
stirred for about 2 hours.

All of the compositions and methods disclosed and claimed herein can be made
and executed without undue experimentation in light of the present disclosure. While
this invention may be embodied in many different forms, there are described in detail
herein specific embodiments of the invention. The present disclosure is an
exemplification of the principles of the invention and is not intended to limit the
invention to the particular embodiments illustrated. In addition, unless expressly
stated to the contrary, use of the term “a” is intended to include “at least one” or “one
or more.” For example, “a polymer” is intended to include “at least one polymer” or
“one or more polymers.”

Any ranges given either in absolute terms or in approximate terms are intended
to encompass both, and any definitions used herein are intended to be clarifying and
not limiting. Notwithstanding that the numerical ranges and parameters setting forth
the broad scope of the invention are approximations, the numerical values set forth in
the specific examples are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily resulting from the standard
deviation found in their respective testing measurements. Moreover, all ranges
disclosed herein are to be understood to encompass any and all subranges (including
all fractional and whole values) subsumed therein.

Furthermore, the invention encompasses any and all possible combinations of
some or all of the various embodiments described herein. It should also be
understood that various changes and modifications to the presently preferred
embodiments described herein will be apparent to those skilled in the art. Such

changes and modifications can be made without departing from the spirit and scope of
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the invention and without diminishing its intended advantages. It is therefore intended

that such changes and modifications be covered by the appended claims.
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CLAIMS

What is claimed is:

1. A method of inhibiting corrosion of a metallic surface in an aqueous industrial

system, comprising:

adding a corrosion inhibitor to the aqueous industrial system, wherein the
corrosion inhibitor comprises a maleic anhydride homopolymer having from about 2 to
about 5 maleic anhydride repeating units, wherein a weight average molecular weight
of the maleic anhydride homopolymer is in a range of about 200 Daltons (Da) to about
600 Da.

2. The method of claim 1, wherein the maleic anhydride homopolymer comprises a
capping group selected from the group consisting of benzyl, methylbenzyl, phenylethyl,
hydrogen, and any combination thereof.

3. The method of ctaim 1 or 2, wherein the corrosion inhibitor excludes

phosphorus.

4. The method of any one of claims 1 to 3, wherein the corrosion inhibitor
comprises a member selected from the group consisting of a maleic acid
homopolymer, a hydrolysate of a maleic anhydride homopolymer, a hydrolysate of a
maleic acid homopolymer, a zinc salt, a molybdate, a tungstate, a silicate, and any

combination thereof.

5. The method of any one of claims 1 to 4, wherein the maleic anhydride

homopolymer comprises 2 or 3 maleic anhydride repeating units.

6. A method of inhibiting corrosion of a metallic surface in an aqueous industrial

system, comprising:

adding a corrosion inhibitor to the aqueous industrial system, wherein the
corrosion inhibitor comprises a maleic acid homopolymer having from about 2 to about
5 maleic acid repeating units, wherein a weight average molecular weight of the

maleic acid homopolymer is in a range of about 200 Da to about 600 Da.

7.  The method of claim 6, wherein the maleic acid homopolymer comprises a
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capping group selected from the group consisting of benzyl, methylbenzyl, phenylethyl,

hydrogen, and any combination thereof.

8. The method of claim 6 or 7, wherein the corrosion inhibitor excludes

phosphorus.

9. The method of any one of claims 6 to 8, wherein the corrosion inhibitor
comprises a member selected from the group consisting of a maleic anhydride
homopolymer, a hydrolysate of a maleic anhydride homopolymer, a hydrolysate of a
maleic acid homopolymer, a zinc salt, a molybdate, a tungstate, a silicate, and any

combination thereof,

10. The method of any one of claims 6 to 9, wherein the maleic acid homopolymer

comprises 2 or 3 maleic acid repeating units.

11. A method of inhibiting corrosion of a metallic surface in an aqueous industrial

system, comprising:

adding a corrosion inhibitor to the aqueous industrial system, wherein the
corrosion inhibitor comprises a member selected from the group consisting of a
hydrolysate of a maleic anhydride homopolymer, a hydrolysate of a maleic acid
homopolymer, and any combination thereof, wherein a molecular weight of the
hydrolysate of the maleic anhydride homopolymer or the hydrolysate of the maleic

acid homopolymer is in a range from about 200 Da to about 600 Da.
12. The method of claim 11, wherein the corrosion inhibitor excludes phosphorus.

13. The method claim 11 or 12, wherein the corrosion inhibitor comprises a member
selected from the group consisting of a maleic acid homopolymer, a maleic anhydride
homopolymer, a zinc salt, a molybdate, a tungstate, a silicate, and any combination

thereof.

14. The method of any one of claims 11 to 13, wherein the hydrolysate of the maleic
anhydride homopolymer comprises 2 or 3 maleic anhydride repeating units and the
hydrolysate of the maleic acid homopolymer comprises 2 or 3 maleic anhydride

repeating units.

15.  The method of any one of claims 1 to 14, wherein the corrosion inhibitor
comprises a polymer comprising acrylic acid, t-butyl acrylamide, itaconic acid, and
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2-acrylamido-2-methylpropane sulfonic acid.

16. The use of a corrosion inhibitor to inhibit corrosion of a metallic surface in an
aqueous industrial system, wherein the corrosion inhibitor comprises a member
selected from the group consisting of a maleic anhydride homopolymer, a maleic acid
homopolymer, a hydrolysate of a maleic anhydride polymer, a hydrolysate of a maleic

acid homopolymer, and any combination thereof.

26



WO 2017/063308 PCT/CN2016/000575

PiA-2 4%tolene (ESMS)#1-60 RT 001052 AV:60 NL: 201E8
T: FTMS -p ESIFull ms [100.00-1500.00)

100 11500238
A
95

90

85 WA +iuene
80 207.08575

2WAHoluene
INLITS0
75

70
65
60
55
50

45

Rel ative Abundance

40

35

30

25

ZWA+Aoluane
415.14040

20
15

10 45iA+ZAolvere

€47.18295
482.18262 624.15814 l 783.17414

L) L L} L) 8{'}0
miz

100 200 300 400 500 600 750

Figure 1

1/11



WO 2017/063308

PMA-12Y%t0luene (-ESIMS ] #1-60 Ri- 001052 AV 60 NL: 2.84k/

T: FIMS -p ESIFullms [100.00-1500.00]
100 11800237

WA
a5
20
85

80

85
60
55
50

45

Relative Abundznce

40
2548,

35 231 M4dn
30

25

20

101212

2i¢A, tholuene
5 32307747
184 p0R1 | 300.07271 [

JhA+oluena

PCT/CN2016/000575

4hdA+2toluens

0647.16288 76317302

100 200 300

Figure 2

2/11

43908873 5001_‘1'3054
400 sop

) ikl il el Rl i ol ot Bl Bl i |
700 800

miz



WO 2017/063308 PCT/CN2016/000575

PMA-24%toluene (ESMSI #1-60 RT: 001052 AV 80 NL: 755E7
T: FTMS - p ESIFuli ms [100.00-1500.00]
100 115.00239

WA
95

90
85
80
75

70

60
55
50

45

Relative Abundance

40
35

30 2.

25 3 ZhiAoluene
\ 32307754

671.11161 787.12254
A :
1 L) Ll L) L) T L] L) r L) 1 L]

700

miz

3/11



WO 2017/063308 PCT/CN2016/000575

PMA-12%xyiene (ESMS; #1-60 RT. 001052 AV 60 NL: B46E7
T: FIMS -p ESiFull ms [100.00-1500.00]

150 11500240

A
95

WA i zylarm
60 453.10451

55
50

45

Relative Abundance

PUA+rylaTa
87.00537

diiA+deTe
560.115683

62212841
08C.12708 730.1808
[N L
rertrorebtber

miz

Figure 4

4/11



WO 2017/063308 PCT/CN2016/000575

PMA-24%xyiene (ESMS)_150514154111 #1-60 RT: 0.01-052 AV: 60 NL: 4 38E7
T FTMS -p ESIFull ms [100.00-1500.09]

1009 115‘%38

IA+aytum

[=2]
(o=

453 10445

2] ~ -~
w Q o
[ASRARBEN]

:
i

33709354

(%)
(&}

o
o

Reiative Abundance
[3,]
=]

5
=]

[#]
o
Lo liaaglaag

203.05562
AbiAyions

o
L)

226.04806
259 S IR405407 562.11560

loass, 48110954

E 02312040
] |1e0o08 40006521 /523:14665 ““‘1'112595 789 169;

100 200 300 400 500 600 700 800

Figure 5

Figure 6

5/11



WO 2017/063308 PCT/CN2016/000575

10.00 -
9.00
-g—Soft water
8.00
T 7.00 --@—High Chioride
£
e 6.00
®
s
w 4.00
4
6 3.00
[ %)
2.00
1.00 -
0.00
000 1000 2000 3000 4000 5000 6000 7000
Time/1000s
Figure 7
A ‘”‘v\\
C \\ PRS- e o
w o B e e NM__\‘
b \\ / %
" i
W
= A
% % jfz
» 53
o 1.
N T A
e ] r %
Fx o
B
a5
b
&
L] g2 ) e on e T
Wb feet)
Figure 8

6/11



WO 2017/063308 PCT/CN2016/000575

PMA-5#1-30 RT:. 0.01-0.48 AV: 30 NL: 2.53E6
F. - p ESIFuli ms {530.00-1000.00}

100 31300
95
90
85
% 291,00

75
70
65
80
55
50

45
304.80

Relative Abundance

40
35
30
25
20
15

54 g " : 958.40

100 200 300 400 500 €00 700 800 800 1000

7/11



WO 2017/063308 PCT/CN2016/000575

PMA-1#1-30 RT: 0.01-0.52 AV: 30 NL: 3.09E5
F: - p ESIFull ms [50.00-1000.00)

100= 313.00

2 8 8
?IIIIHIII?IIIIHI

o) o] ~ ~ o]
[ TS
Lo Tl

?IIII%IIII?IIII

291.00

Relative Abundance
e v
L]

g P33
l|||l|?llll

273.00

2.8.8.,

394.87

N

-

TuJ.H’ulélln‘ﬂnl

111.00
87.00

511.00 580.73

89293 73693 872.80 928.80

100 200 300 400 500 600 700 800 900 1000

Figure 10

8/11



WO 2017/063308 PCT/CN2016/000575

PMA-3#1-30 RT:0.01-049 AV: 30 NL: 552E5
F: - p ESIFull ms [50.00-1000.00}

1005 31293

@ ™ © ©
L= ? a
1l dens

291,00

L B I ]
a O ¢ o ¢
dnnbeen ool lualnnlin

Relative Abundance
3 o
?l 14

273,00

N
o

ralerealagn

(2]
i

3 39487

416.93

)

498.87 55507

656.93 719.00 762.87 844.73 91457 982.73

[N STNRTTEN]

o

100 200 300 400 500 600 700 800 900 1000

Figure 11

Beaker test

[
k-3

-
N
;

H

[y
(=]

¢4}

corrosion rate/mpy

4
2 .
o 2

comparison Test sample Testsample Testsample Testsample
sample 1 2 3 4

Figure 12

9/11



WO 2017/063308 PCT/CN2016/000575

12 7

bic)

1

3

. L‘V’WMWJWUW‘ i g
o hisl E‘O 38

Corrosion rate [mpy)

o

» =0 k] i

immersion time / h

Figure 13

oCorrgsion, rate(MPY)

T

0 5 1 15 20 25

)
Time/ h

Figure 14

10/11



WO 2017/063308 PCT/CN2016/000575

T-Fe concentration

1 T B R G—G—G—— o *mn_phosphgrus. corrosion-inhibitor

—fi~comparison sample

o 2 4 & 8 10
time/day

Figure 15

11/11



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2016/000575

A, CLASSIFICATION OF SUBJECT MATTER
C23F 11/12(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C23F11/-

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPIL, EPODOC, CA, CNAPT, CNKlI:scal+, homopolymer?, hpma, maleic, inhibitor?, corrosion, male+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2009249735 A (HAKUTO KK) 29 October 2009 (2009-10-29) 1-16
paragraphs 0007-0008, 0018, claim 1
X US 4105581 A (DREW CHEMICAL CORPORATION) 08 August 1978 (1978-08-08) 1-2, 4-7, 9-16
claim 1, description column 4 lines 25-30
A US 5171451 A (NALCO CHEMICAL COMPANY) 15 December 1992 (1992-12-15) 1-16
claim 1
A US 4936987 A (CALGON CORPORATION) 26 June 1990 (1990-06-26) 1-16
claim 1
A WO 2007068176 A1 (ANJI MICROELECTRONICS SHANGHAI CO., LTDET AL.)21 1-16
June 2007 (2007-06-21)
claims 1-3
A CN 87103379 A (NALCO CHEMICAL COMPANY) 16 December 1987 (1987-12-16) 1-16
claim 21

I:l Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E» earlier application or patent but published on or after the international
filing date

“L,”> document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“p» document published prior to the international filing date but later than
the priority date claimed

“

“x»

“y»

“ &

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

20 December 2016 29 December 2016
Name and mailing address of the [SA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing REN,Weihua

100088
China

Facsimile No. (86-10)62019451

Telephone No. (86-10)82246917

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2016/000575
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
JpP 2009249735 A 29 October 2009 JpP 5121057 B2 16 January 2013
us 4105581 A 08 August 1978 Jp S$53149837 A 27 December 1978
BR 7800975 A 12 December 1978
GB 1581968 A 31 December 1980
DE 2806342 Al 24 August 1978
JpP 55948866 B2 29 November 1984
NL 7801850 A 22 August 1978
us 5171451 A 15 December 1992 KR 10019696 Bl 15 June 1999
DE 69214517 T2 06 March 1997
SG 44857 Al 19 December 1997
EP 0516305 Bl 16 October 1996
JpP 3202787 B2 27 August 2001
JpP HO05123698 A 21 May 1993
BR 9202005 A 12 January 1993
AU 1505492 A 03 December 1992
EP 0516305 Al 02 December 1992
ES 2095402 T3 16 February 1997
DE 69214517 D1 21 November 1996
™ 222611 B 21 April 1994
AU 641857 B2 30 September 1993
[N 4936987 A
WO 2007068176 Al CN 1982426 A 20 June 2007
CN 1982426 B 03 August 2011
CN 87103379 A 16 December 1987 DE 3780692 T2 10 December 1992
BR 8702350 A 17 February 1988
FI 872003 A0 06 May 1987
FI 872003 A 10 November 1987
EP 0244584 A3 20 July 1988
EP 0244584 A2 11 November 1987
JpP HO0143838 B2 22 September 1989
AU 597972 B2 14 June 1990
DK 171302 Bl 26 August 1996
TR 25006 A 26 August 1992
CN 1034684 C 23 April 1997
GR 3005830 T3 07 June 1993
CA 1330390 C 28 June 1994
DK 234887 A 10 November 1987
PT 84847 A 01 June 1987
JpP 563121682 A 25 May 1988
DE 3780692 D1 03 September 1992
PT 84847 B 08 February 1990
ZA 8703304 B 02 November 1987
[N 4752443 A 21 June 1988
AU 7247887 A 12 November 1987
FI 93738 C 26 May 1995
ZA 8703304 A 02 November 1987
EP 0244584 Bl 29 July 1992
FI 93738 B 15 February 1995
ES 2042509 T3 16 December 1993

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2016/000575
Patent document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) Y (day/month/year)
DK 234887 DO 08 May 1987
MX 170512 B 27 August 1993

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report

