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COMPOSITION AND METHOD FOR MEASURING ANIONIC POLYMER
CONCENTRATION IN INDUSTRIAL WATER SYSTEM AND USE OF THE
COMPOSITION

TECHNICAL FIELD
[0001] The application relates to a composition for measuring an anionic water soluble
polymer in an industrial water system, a method for detecting the anionic polymer in the

industrial water system using said composition and use of said composition.

BACKGROUND OF THE INVENTION

[0002] Generally, a large amount of water is needed in industry, for example, a large of
amount of cooling water or water steam is used in heat exchange devices. If untreated
water is used in these devices, scaling or deposit formation will usually occur in them,
which adversely affects the rate of heat transfer. Removal of such scales or deposits can
be troublesome and usually requires shutdown of the devices. In practice, anionic water
soluble polymers can be used to effectively prevent scale and deposit formation in
devices as, for example, a dirt dispersion agent. These polymers usually contain
carboxylate and sulfonate functional groups which can interact with cations, such as
calcium, in the industrial water to inhibit scale or deposit formation.

[0003] If the amount of the anionic polymer added into the industrial water system is
too low, scaling will usually occur. On the contrary, if the amount of the anionic polymer
is too high, it will not bring about a better scaling preventing effect, causes waste, and
also has a negative impact on corrosive inhibitor performance of the device. Therefore, it
is required in industry that when anionic polymers are present in the industrial water the
concentration of these polymers must be checked checked with the goal of maintaining
the polymer concentration at an optimal range for individual industrial water system.
[0004] Currently, in order to measure these anionic polymers, a cationic dye is often
used to interact with the anionic polymers in the aqueous solution, causing a color
change from which the concentration of the anionic polymers in the water system can be
determined quantitatively with a colorimetrical method. A series of cationic dyes directed
to common anionic polymers in industrial water have been disclosed, for example, US
6,214,617 used the dye Nile blue, WO 2008/147618 A1 employed dyes 1,9-dimethyl
methylene blue (DMMB), basic blue 17, and New methylene blue N. US 4,894,346 also

describes a number of dyes which include pinacyanol chloride, Nile blue A, neutral red,
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safrin O, methylene blue, methyl red, toluidine blue, new methylene blue, quinalizarin,
tetrechrome, brilliant blue G, and mordant black IL. All these dyes have a similar feature
in that they carry one or two positive charges and their main UV-Vis spectra peak usually
broadens and shortens when interacted with the anionic polymers in aqueous solution.
Such changes in the spectral peaks can be used to assay the anionic polymer
concentration in the aqueous solution quantitatively.

[0005] Certain shortcomings are associated with the current method for measuring the
concentration of the anionic polymers in industrial water using cationic dyes. First, since
the electrostatic interaction is an important factor for the association between the cationic
dye and the anionic polymer, conductivity of the water can severely affect the accuracy
of the measurement. Moreover, the cationic dyes described in most publications carry no
more than two positive charges, thus, their interactions with the anionic polymers are
often weak and prone to interferences by conductivity and other substances. Secondly,
the colorimetric measurement has a high background because the UV-Vis spectral peaks
of the dyes typically become shorter with the increase of the anionic polymer. Any minor
error in the dye concentration of the measuring device might cause great error in the
measurement.

[0006] The object of the invention is to overcome these defects and provide a more
reliable and accurate way to measure the concentration of the anionic polymer in an

industrial water system.

SUMMARY OF THE INVENTION

[0007] The invention provides a composition for measuring the concentration of an
anionic polymer in an industrial water system. The invention further provides a method
for measuring the concentration of the anionic polymer in the industrial water system
using said composition and use of said composition as a detection reagent for measuring
the concentration of the anionic polymer in the industrial water system. By using the
composition of the invention, the concentration of the anionic polymer in the industrial
water system can be rapidly measured, and the measurement is more accurate and
reliable with higher sensitivity as compared to convention methods.

[0008] It has surprisingly been found that the concentration of an anionic polymer in an
aqueous solution can be measured by combining an anionic dye and a cationic surfactant.
On such bases, the invention provides a composition for measuring the concentration of

an anionic polymer in industrial water, wherein the composition comprises an anionic
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dye and a cationic surfactant. The combination of the anionic dye and the cationic
surfactant enables use of said composition of the invention to measure the concentration
of the anionic polymer in the industrial water system.
[0009] The invention further provides a kit for measuring the concentration of an
anionic polymer in industrial water, wherein the kit comprises the aforesaid composition
comprising an anionic dye and a cationic surfactant.
[0010] The invention further provides a method for measuring the concentration of an
anionic polymer in industrial water comprising

(1) taking a sample from industrial water;

(i1) mixing the aforesaid composition with the industrial water sample into a
solution and allow it to develop a color; and

(iii) measuring concentration of anionic polymers with a colorimetrical method.
[0011] The invention further provides use of said composition as a detection reagent for

measuring the concentration of an anionic polymer in an industrial water system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1: A UV-Vis spectrum after the interaction between the composition of
the invention and Nalco-HSP (terpolymer of acrylamide, acrylic acid, and
acrylamidomethanesulfonic acid) at certain concentrations, as measured using a UV-Vis
spectrometer. The background absorption at 700 nm was eliminated using a borax buffer
system. 2-4 measurements were taken at each concentration of the polymer before
plotted together.

[0013] Figure 2: A UV-Vis spectrum of Nalco-HSP2 (copolymer of acrylamide and
2-acrylamido-2-methylpropane sulfonic acid) at certain concentrations using the
composition of the invention, as measured using a UV-Vis spectrometer. The background
absorption at 700 nm was not subtracted from said spectrum. Tris buffer system was used.
2-3 measurements were taken at each concentration of the polymer before plotted
together.

[0014] Figure 3: The calibration curve for measuring HSP and HPS2. After the
background at 700 nm was eliminated, the curve was plotted using the mean of the

absorbance readings at 606 nm and 615 nm verse the polymer concentration.

DETAILED DESCRIPTION OF THE INVENION

[0015] A composition comprising an anionic dye in combination with a cationic
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surfactant is disclosed. The composition can be used to measure the concentration of an
anionic polymer in a water system. When said combination is used to measure the
anionic polymer, the anionic polymer competes with the anionic dye in the combination
for the binding of the cationic surfactant as the substrate. While not wishing to be bound
by a particular theory, it is believed that the anionic polymer, as a polymer, will be
favored over the small molecular anionic dye to bind to the cationic surfactant in the
combination. In the invention, an appropriate amount of an anionic dye and a cationic
surfactant are added into a solution containing an anionic polymer, and then the anionic
polymer will displace the anionic dye to bind to the cationic surfactant which releases the
anionic dye into the solution. The concentration of the anionic polymer in the water
system is measured using a colorimetric method by the color change exhibited by the
anionic dye released.

[0016] On such basis, the invention provides a composition for measuring the
concentration of an anionic polymer in industrial water, wherein the composition
comprises a combination of an anionic dye and a cationic surfactant.

[0017] Anionic polymers used in current industrial water system are known to a skilled
artisan, which include those anionic polymers containing carboxylate and sulfonate
groups. For anionic polymers used in the art, for example, those disclosed in “Industrial
Polymers, Specialty Polymers, and Their Applications” (Manas Chanda, Salil K. Roy,
disclosed on July 18, 2008) can be used as reference (said disclosure is herein
incorporated in its entirety).

[0018] All common cationic surfactant can be used as the cationic surfactant in the
combination of the cationic surfactant and anionic dye in the invention. Preferably, the
cationic surfactant can be selected from those having low critical micelle concentrations
(CMC). Without wishing to be bound by theory, it is believed that a cationic surfactant
having low critical micelle concentrations have higher tendency to aggregate in an
aqueous solution and is more suitable for an anionic dye to aggregate on its surface and
develop a color. Moreover, when said anionic dye is displaced by an anionic polymer and
released, it can cause more significant color change, thus favors measuring the
concentration of the anionic polymer in the water system by a colorimetric method. In
the invention, it is desired that the critical micelle concentration of the cationic surfactant
be about 0.001-20mmol/L, preferably about 0.1-5 mmol/L, and more preferably about
0.1-1mmol/L. The cationic surfactant used in the invention is for example a quaternary

cationic surfactant, such as laureltrimethylammonium chloride,
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myristyltrimethylammonium chloride, cetyltrimethylammonium chloride,
stearyltrimethylammonium chloride, laureltrimethylammonium bromide,
myristyltrimethylammonium bromide, cetyltrimethylammonium bromide, and
stearyltrimethylammonium bromide.

[0019] As a binding matrix, the cationic surfactant is used in an amount also dependent
on the level of the anionic polymer contained in the industrial water to be measured.
Currently, the concentration of the anionic polymer in usual industrial water is about
0-100ppm. Given such a concentration of the anionic polymer, the level of the cationic
surfactant in the composition is usually about 5-500ppm, preferably about 10-300ppm,
and more preferably about 20-100ppm. Alternatively, the concentration of the cationic
surfactant in the industrial water is preferably about 0.05-2mmol/L, preferably about
0.05-1mmol/L, and more preferably about 0.1-0.4mmol/L. The aforesaid ppm
concentration is on the basis of the total weight of the solution obtained by mixing with
industrial water containing the anion-containing polymer. The level of the cationic
surfactant depends on the parameters such as concentration and charge density of the
anionic polymer contained in the industrial water to be measured.

[0020] In the invention, the anionic dye is selected from those having electrostatic
interaction with the cationic surfactant in the water system and having color change when
displaced by an anionic polymer. Preferably, the anionic dye is selected from those
having many negative charges and having large spectral change when interacting with
the cationic surfactant. Preferably, the anionic dye carries four or more anions which can
greatly reduce the interference from the water system itself and allow stable color
development due to strong electrostatic interaction with the cationic surfactant. A skilled
artisan is able to select the anionic dye. In the invention, calcium and magnesium
indicators such as methylthymol blue, ortho cresolphthalein complexone, arsenazo III,
and chlorophosphonazo III can be selected as the anionic dye.

[0021] The amount of the anionic dye used depends on the concentration of the anionic
polymer in the industrial water. In industry, the level of the anionic polymer in a water
system is generally about 0-100ppm. Given such an amount of the anionic polymer in the
water system, the corresponding level of the anionic dye is generally about 5-500ppm,
preferably about 10-300ppm, and more preferably, about 20-100ppm. The aforesaid ppm
concentration is on the basis of the total weight of the solution obtained by mixing with
industrial water containing the anion-containing polymer. The level of the anionic dye

depends on the parameters such as concentration and charge density of the anionic
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polymer contained in the industrial water to be measured. The concentration of the
anionic dye in the industrial water is, for example, about 0.02-1 mmol /L, preferably
about 0.02-0.5 mmol/L, and more preferably about 0.04-0.2 mmol/L.

[0022] In practice, the optimum amounts of the anionic dye and the cationic surfactant
are associated with the concentration, charge of the anionic polymer, which can be
determined by a person skilled in the art according to the disclosure herein. Moreover,
the amounts of the cationic surfactant and anionic dye used also depend on the types of
the cationic surfactant and the anionic dye specifically chosen. Generally, the amount of
the anionic dye or cationic surfactant used is comparative to the level of the anionic
polymer to be measured, for example, 0.2 to 5 times, preferably 0.3 to 3 times, and more
preferably 0.5 to 2 times of the mole number of the charge carried by the anionic
polymer.

[0023] Industrial water generally further contains divalent metal ions such as calcium
and magnesium. These metal ions can bind to the anionic polymer or the anionic dye to
interfere with the measurement. In order to eliminate the effect of the metal ions
contained in the water system on the measurement, a masking agent can be used to mask
these metal ions in the water system. Generally, a masking agent inert to other
components of the system and able to effectively mask the metal ions in the water system
is selected. Depending on different water systems, the masking agent can totally mask
divalent ions calcium and magnesium under appropriate conditions (for example, pH). A
skilled artisan is able to determine the type and level of the masking agent used
according to specific circumstance. For a common industrial water system, for example,
ethylenediamine tetraacetic acid can be used as the masking agent. The amount of the
masking agent used is, for example, about 10-20 mmol/L.

[0024] In order to maintain the pH of the industrial water system, an appropriate buffer
system is required. Any buffer system that can maintain the water system close to neutral
or close to alkaline range can be used in the invention, for example, those buffer systems
that can maintain the pH of the water system at the range of 5-13. The buffer system can
be selected from, for example, Borax or Tris-HCI buffer system.

[0025] The composition of the invention can further comprise other chemical reagents
such as filler or a preservative whose level can be determined by a skilled artisan.

[0026] The invention provides a kit for measuring the anionic polymer in industrial
water. The kit comprises the composition of the invention and a calibration curve

(standard curve) for determining the concentration of the anionic polymer. This kit
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enables rapid measurement of the color developed in an industrial water system and
determination of the concentration of the anionic polymer contained in the industrial
water system according to the calibration curve. This kit can further comprise other
active components for measuring the industrial water. These components can be included
in said composition or packaged separately from said composition.
[0027] The composition for measuring the concentration of an anionic polymer in
industrial water of the invention can be prepared by mixing the various components of
the composition. The composition of the invention can be in various forms, such as in a
form of a mixed powder or concentrated solution.
[0028] The invention provides a method for measuring the concentration of an anionic
polymer in industrial water comprising

(1) taking a sample from industrial water;

(i1) mixing the aforesaid composition with the industrial water sample into a
solution and allow it to develop a color; and

(iii) measuring the concentration of said anionic polymer with a colorimetric
method.
[0029] In step (ii), the composition of the invention can be added into a water sample
and mixed thoroughly to form a color development solution. Alternatively, the anionic
dye and the cationic surfactant contained in the composition can be added into the
industrial water sample separately to form the solution that contains the composition of
the invention. In order to obtain the solution, the anionic dye can be first added and then
the cationic surfactant is added into the water sample of the industrial water, and vice
versa.
[0030] In step (iii), the US-Vis absorption of the water sample is measured at
predetermined wavelength using a spectrometer (colorimeter). The concentration of the
anionic polymer in the industrial water is obtained by comparing it colorimetrically with
a absorption curve (calibration curve) of a stand solution containing the anionic polymer
obtained beforehand.
[0031] In order to obtain the aforesaid calibration curve, water samples of equial
volume having different known anionic polymer concentrations can be placed under
UV-Vis analysis to measure the absorption at each concentration. Subsequently, a
absorption vs. anionic polymer concentration curve is plotted according to the measured
data, which is the aforesaid calibration curve.

[0032] The composition of the invention allows measurement of anionic polymers of
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different concentration range. The desired measurement result can be obtained by
modifying the cationic surfactant and anionic dye in amounts according to need.
Generally, the composition of the invention can be used to measure an anionic polymer
in a level within the range of about 0-50 ppm, preferably about 0 up to 30 ppm, and more
preferably about O up to 20 ppm in an industrial water system.

[0033] The industrial water described in the invention comprises primary production
water, supplementary production water and auxiliary production water. The main
production water includes water directly used for the industrial production, including
process water and indirect cooling water. The supplementary production water is the
water used in the supplementary production devices that in turn serves the main
production devices, including water used for maintenance, boiler water treatment station,
air compression station, sewage treatment plant, storage and transportation, air blower
station, oxygen station, electrical repair, detection and testing, and the like. The auxiliary
production water is a collective name for various kinds of water for life use or other use
that serves the production within the plant area. When the aforesaid industrial water
contains an anionic polymer, the concentration of the anionic polymer in the water can be
measured using the composition described in the invention.

[0034] In the invention, an anionic ion dye is released by using the superior ability of
an anionic polymer to the anionic dye to bind to a cationic surfactant. Without being
bound by theory, when an anionic polymer is present in a solution, the anionic dye is
displaced from the surface of the micelle of the cationic surfactant and exhibits its normal
spectrum. Therefore, with the increase of the polymer concentration, the absorption at the
most sensitive wavelength or wavelength range will increase. The high background
absorption produced in the current techniques using the cationic dye-anionic polymer
system for color development is reduced due to color development from free anionic dye,
which increases the precision of the measurement.

[0035] Moreover, the cationic dyes used in the current techniques seldom carry more
than two positive charges. On the contrary, many anionic dyes have three, four or more
negative charges. Therefore, stronger electrostatic interaction is generated by using
anionic dyes with more negative charges in the dye-surfactant interaction in the invention,
which reduces the interference from the conductivity of the industrial water and other

factors.
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EXAMPLES
[0036] The invention is not limited by the following examples. The following examples
are provided for the purpose of illustration, rather than limiting the scope of the invention,

which is based on the appended claims.

[0037] Example 1

[0038] The formulation shown in Figure 1 was used to measure 0-20 ppm of Nalco
HSP (terpolymer of acrylamide, acrylic acid, and acrylamidomethanesulfonic acid). The
solution contains calcium (1000 ppm, in CaCO3) and has conductivity of 0-8ms/cm did
not interfere with the measurement. Borax buffer system was used. The spectra for the

HSP measurement are shown in Figure 1.

Table 1

Reagents concentration (mmol/L) in the industrial water
Methylthymol blue 0.059

Stearyltrimethylammonium chloride | 0.21

Sodium tetraborate 80

EDTA (disodium) 12

[0039] EXAMPLE 2

[0040] The formulation shown in Figure 2 was used to measure 0-20 ppm of Nalco
HSP-2 (copolymer of acrylic acid and 2-acrylamido-2-methylpropane sulfonic acid). The
solution contains calcium (1000 ppm, in CaCO3) and has conductivity of 0-8ms/cm,
which did not interfere with the measurement. Tris buffer system was used. The spectra

for the HSP-2 measurement are shown in Figure 2.

Table 2

Reagents Concentration (mmol/L)
Methylthymol blue 0.059
Stearyltrimethylammonium Chloride 0.21
Tris-hydroxymethyl amino methane 200

Tris-HCI 40

EDTA (disodium) 12

[0041] The duration of color development in Examples 1 and 2 was 1-2 minutes.
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[0042] As shown in Figures 1 and 2, it can be seen that background absorption exists in
the whole wavelength range due to the interaction of the anion polymer and the cation
surfactant in the aqueous solution. The effect of said background absorption on the
measurement can be eliminated by manually subtracting the background absorption at
the 700-900nm interval.

[0043] Figure 3 shows the calibration curve for Nalco HSP and Nalco HSP-2 of the
above Examples.

[0044] As compared to the conventional method using a cationic dye, the composition
of the invention enables reduction of background absorption and interference from
conductivity. The measurement is convenient, rapid and accurate. The composition of the
invention can also be packaged in a kit which is convenient to carry and measure an

industrial water system.

10
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CLAIMS
1. A composition for detecting anionic polymers in industrial water, wherein the

composition comprises a combination of anionic dyes and cationic surfactants.

2. The composition according to claim 1, wherein the cationic surfactant has a

critical micelle concentration of about 0.001-20mmol/L.

3. The composition according to claim 1 or 2, wherein the cationic surfactant is a

quaternary ammonium salt surfactant.

4. The composition according to any one of claims 1 to 3, wherein the anionic dyes

have three or more, preferably 3 to 4 anionic charges.

5. The composition according to any one of claims 1 to 4, wherein the anionic dye is

selected from a group consisting of calcium indicators and magnesium indicators.

6. The composition according to any one of claims 1 to 5, wherein the anionic dyes
are selected from methylthymol blue, ortho cresolphthalein complexone, arsenazo III,

and Chlorophosphonazo I1I.

7. The composition according to claim 1, wherein the cationic surfactants are
selected from dodecyltrimethylammonium, tetradecyltrimethylammoniu,

hexadecyltrimethylammonium, octadecyltrimethylammonium chloride and bromide.

8. The composition according to any one of claims 1 to 7, wherein the molar ratio of

cationic surfactants to anionic polymers is from about 1.5:1 to 10:1.

9. The composition according to any one of claims 1 to 8, wherein the molar ratio of

anionic dyes to anionic polymers is from about 1.5:1 to 5:1.

10. The composition according to any one of claims 1 to 9, further compries a buffer

system of pH at about 5 to 13.

11. The composition according to any one of claims 1 to 10, further comprises a

11
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masking agent for divalent metallic ions in the industrial water, preferably EDTA.

12. The composition according to claim 1, comprises

about 20 ppm to 100 ppm methylthymol blue;

about 20 ppm to 100 ppm octadecyltrimethylammonium chloride;
about 0 to 5000 ppm Borax or Tris-HCI; and

about 0 to 5000 ppm EDTA.

13. A method for detecting anionic polymers in industrial water, wherein the method
comprises

(i) taking a sample from the industrial water;

(ii) mixing the composition according to any one of claims 1 to 12 with the
industrial water sample into a solution and allow it to develop a color; and

(iii) measuring concentration of anionic polymers with a colorimetrical method.

14. The method according to claim 13, wherein in the solution, the anionic dye has a
concentration of about 0.02-1mmol/L, preferably about 0.02-0.5mmol/L, preferably
about 0.04-0.2mmol/L; and the cationic surfactant has a concentration of about

0.05-2mmol/L; preferably about 0.05-1mmol/L, preferably about 0.1-0.4mmol/L.

12
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