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DISPERSANT COMPOSITION, METHOD FOR  CONTROLLING,
PREVENTING AND/OR REDUCING FORMATION OF INORGANIC SCALE
AND DEPOSITS, AND USE OF COMPOSITION

Field of the invention

The invention relates to a dispersant composition and its use according to the
preambles of the enclosed independent claims. The present invention also
relates to a method for controlling, preventing and/or reducing the formation
of inorganic scale and/or deposit in an industrial aqueous system.

Background of the invention

Scaling of undesired, sparingly-soluble inorganic salts onto process surfaces
is a major problem in several industrial processes. Scaling occurs when a
solution contains more dissolved solute than it is possible for saturated
solution and salt precipitates spontaneously from the aqueous phase,
generally onto different surfaces in the process environment and forms scale.
For example, when water is heated or cooled, scale is typically formed on
heat transfer equipment, such as heat exchangers, condensers, evaporators,
cooling towers, boilers and pipe walls. The formation of scale on heated
surfaces causes the heat transfer coefficient to decline with time. Often the
only option is to shut down the process and perform a cleanup. Scaling may
also cause equipment failures, production losses, costly repair and higher
operating costs.

There is a constant need in various industries, such as e.g. oil exploitation
and refinery, geothermal resource production, coal gasifiers, for improved
inorganic scale inhibitors, which could tolerate harsh process conditions and
elevated temperatures.

One problematic application finds in coal gasification process in CTX (coal-
to-chemical) industry, when using poor-quality coal application with high Fe
and S content as a raw material. Coal gasification is a technological process
that can convert any carbon-based raw material such as coal into fuel gas,
also called as syngas. Gasification is performed in a gasifier, generally a high
temperature/pressure vessel where oxygen and/or air and water steam are
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directly contacted with the coal or other feed material causing a series of
chemical reactions to occur that convert the feed to fuel gas and ash/slag
(mineral residues). The fuel gas is a syngas mixture consisting primarily of
carbon monoxide (CO), hydrogen (Hz), and carbon dioxide (CO,). Hangtian
Lu (HT-L) gasification technology developed by Hangtian company is one of
the dominant gasification technologies in CTX industry. HT-L gasifier
compared to other gasification technologies could take all kinds of coal as
raw material. However, some coals with high ash, iron and sulphur content,
such as brown coal, would lead to tiny suspended solids and more
complicated impurities in the grey water (process water) of the gasification
process. In addition, it has been observed that formation and accumulation of
slimes and deposits will be aggravated when using coal with high ash and
sulphur content as raw material. Also, corrosion of equipment and iron
scaling and deposition is increased due to high Fe and S coal. Therefore,
there is a need for efficient composition for preventing and inhibiting scale
and deposit formation and for inhibiting corrosion. Same kind of need is also
present in other industrial effluents/process streams with high water hardness,
high temperature, high solid suspension and high iron content.

Summary of the Invention

It is an object of the present invention to reduce or even eliminate the above-
mentioned problems appearing in prior art.

An object of the present invention is to provide a composition having good
dispersant performance of suspended inorganic particles. Especially, an
object is to provide a composition having a good dispersant performance also
at high temperatures and an object of the present invention is especially to
provide a dispersant composition for use in processes having high
temperatures.

An object of the present invention is especially to provide a dispersant
composition for preventing iron scaling and deposition and also preventing
corrosion in an industrial aqueous system.

In order to achieve among others the objects presented above, the invention
is characterized by what is presented in the enclosed independent claims.
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Some preferred embodiments of the invention will be described in the other
claims.

The embodiments and advantages mentioned in this text relate, where
applicable, both to the composition, the method as well as to the uses
according to the invention, even though it is not always specifically
mentioned.

A typical dispersant composition according to the invention comprises

- a copolymer of phosphono and carboxylic acid,

- at least 5-weight-% of a terpolymer consisting of (meth)acrylic acid and
maleic acid monomers or their salts, optionally acrylic acid monomers
containing sulfonic acid groups,

- at least 10 weight-% of acrylic acid-2-acrylamido-2-methylpropane
sulfonic acid copolymer (AA/AMPS), and

- at least 5 weight-% of at least one monomeric or polymeric
phosphonate comprising at least one phosphonic acid group, or its
salt(s),

calculated from the total weight of the constituents in the composition.

The composition according to the present invention is typically used in
controlling, preventing and/or reducing the formation of inorganic scale
and/or deposit.

Typical method according to the present invention for controlling, preventing
and/or reducing the formation of inorganic scale and/or deposits in an
aqueous system comprises adding a composition according to the present
invention to the aqueous system.

Now, it has been found that a composition according to the present invention
provides good dispersion performance of suspended inorganic particles,
especially in harsh process conditions, e.g. at high temperature and/or high-
pressure conditions. By using a composition according to the present
invention, deposition of inorganic particles on equipment and/or pipes may be
reduced or even prohibited. A composition according to the invention is
suitable for use in processes having high temperatures and/or high-pressure
conditions. A composition according to the present invention tolerates high
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temperatures, even temperatures > 240 °C. Especially, it has been found that
a composition according to the present invention controls, prevents and/or
reduces efficiently iron scaling and deposition. Especially, the scale inhibition
and iron dispersion at high temperature (>240 °C) is enhanced largely. A
composition according to the present invention may also prevent corrosion of
equipment. Inhibition of corrosion will prolong equipment service life.

In addition to iron dispersant performance, it has also been observed that the
composition according to the present invention has also high efficiency in
carbonate scale and sulfate scale control. The dispersant composition
according to the present invention also tolerates high hardness of water in an
industrial aqueous system. Hardness tolerance of the composition according
to the present invention is observed to be more than 1000 mg/L as calcium
carbonate content. The composition of the present invention is not only
capable of effectively reducing or eliminating the scale formation on the
surfaces of process equipment even at high process temperatures, but it is
also effective in aqueous environments having high water hardness.

The composition according to the invention is able to provide several
advantages simultaneously, such as high temperature tolerance, good iron
dispersant performance and inhibition of corrosion, and high carbonate
and/or sulphate scale inhibition effect. The composition according to the
present invention can be widely used in different applications, wherein iron
dispersant performance is required. Especially, the composition according to
the present invention provides iron dispersant for applicable to use in the
harsh temperature and/or pressure conditions. The composition according to
the present invention is able to function as a dispersant and to control scale
formation in industrial systems having elevated temperature and/or pressure
conditions, for example, in heat exchangers and/or evaporative equipment. It
is also suitable for use in processes having temperature above 100 °C, more
typically above 120 °C and even the systems having temperature above
240°C. The composition according to the present invention does not loss its
effectiveness in harsh conditions. A composition according to the present
invention can be used e.g. in coal gasifiers in CTX industry, desalination
process, steam locomotive, low pressure boilers, crude oil evaporation,
petroleum pipeline, industrial circulating cool water systems or the like.
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Detailed description of the invention

A composition according to the present invention comprises the following
constituents:
a copolymer of phosphono and carboxylic acid,
a terpolymer consisting of (meth)acrylic acid and maleic acid
monomers or their salts, optionally acrylic acid monomers containing
sulfonic acid groups,
- at least one monomeric or polymeric phosphonate comprising at least
one phosphonic acid group, or its salt(s), and
- acrylic acid-2-acrylamido-2-methylpropane sulfonic acid copolymer
(AA/AMPS),
wherein the synergistic effect of the constituents provides high temperature
tolerance, improved scale inhibition and good dispersant performance for
inorganic particles, and especially iron dispersion is enhanced largely.

The composition according to the invention comprises a copolymer of
phosphono and carboxylic acid, also called as phosphono-carboxylic acid
(PCA) or POCA, for providing good dispersant performance and also good
scale inhibition performance for calcium carbonate and sulphate scale.
Further, good temperature resistance of the composition according to the
present invention is achieved by means of a copolymer of phosphono and
carboxylic acid. The composition according to the invention comprises a
copolymer of phosphono and carboxylic acid in an amount of 20 — 80 weight
-%, calculated from the total weight of the constituents in the composition, by
depending on the amounts of other constituents in the composition.
According to an embodiment of the present invention, the composition
comprises preferably 40 — 60 weight-% and more preferably about 50 weight-
% of a copolymer of phosphono and carboxylic acid, calculated from the total
weight of the constituents in the composition.

The composition according to the invention comprises at least 5-weight-% of
a terpolymer consisting of (meth)acrylic acid and maleic acid monomers or
their salts, optionally acrylic acid monomers containing sulfonic acid groups,
calculated from the total weight of the constituents in the composition, for
providing and improving high temperature resistance of the composition. A
terpolymer is a polymer that results from copolymerization of three discrete
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monomers. A terpolymer according to the present invention is an acrylate-
maleate terpolymer consisting of (meth)acrylic and maleic acid monomers or
their salts, and optionally acrylic acid monomers containing sulfonic acid
groups, preferably 2-sulfoethyl methacrylate. In an embodiment according to
the invention the composition comprises a sodium salt of poly(acrylic acid-co-
maleic acid) or a sodium salt of acrylate maleate terpolymer containing 2-
sulfoethyl methacrylate. Further, said acrylate-maleate terpolymer provides
excellent dispersion performance for not only calcium carbonate, but also
sulfate scale. An acrylate-maleate terpolymer may have a weight average
molecular weight MW of 500 — 5000 g/mol, preferably in a range of 1000 -
3000 g/mol. The molecular weights are determined by using gel permeation
chromatography (GPC).

An acrylate-maleate terpolymer may have the molar ratio of acrylate to
maleate monomers from 1:10 to 10:1 respectively. Further, an acrylate-
maleate terpolymer may have acrylic acid ester monomers containing
sulfonyl groups in the range of 0.05 — 10 molar percent of the total weight of
the monomers.

According to one embodiment of the invention the dispersant composition
comprises said acrylate-maleate terpolymer or its salt(s) in an amount of 5 —
20 weight-%, preferably 10 — 15 weight-% and more preferably about 10
weight-%, calculated from the total weight of the constituents in the
composition.

The composition according to the invention comprises at least 10 weigh-% of
acrylic  acid-2-acrylamido-2-methylpropane  sulfonic acid  copolymer
(AA/AMPS), calculated from the total weight of the constituents in the
composition, for improving iron dispersion effect and fine corrosion
performance of the composition. Further, common scale inhibitor and
corrosion inhibitor properties are achieved by using AA/AMPS as one of the
constituents of the composition. The AA/AMPS copolymer may consist of
acrylic acid (AA) monomers and 2-acrylamido 2-methylpropane sulfonic acid
(AMPS) monomers in the molar ratio between 1:50 to 50:1 respectively.

According to one embodiment of the invention the composition comprises the
AA/AMPS in an amount of 10 — 40 weight-%, preferably 20 — 40 weight-%
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and more preferably about 30 weight-%, calculated from the total weight of
the constituents in the composition.

The composition comprises further at least 5-weight-% of at least one
monomeric or polymeric phosphonate comprising at least one phosphonic
acid group, calculated from the total weight of the constituents in the
composition. At least one monomeric or polymeric phosphonate is used as a
scale inhibitor and/or chelating agent. The monomeric phosphonate may also
comprise any suitable salt(s) thereof. The phosphonate may be selected from
hydroxyethylene diphosphonic acid (HEDP), amino tris(methylenephosphonic
acid)(ATMP), 2-phosphonobutane-1,2,4-tricarboxylic acid (PBTC),
diethylenetriaminepenta(methylene phosphonic acid) (DTPMPA),
hexamethylenediamine tetramethylenephophonic acid (BHMTPMPA),
polyamino polyether methylene phosphonic acid (PAPEMP) or any
combination of them. According to one preferable embodiment the
phosphonate comprises diethylenetriaminepenta(methylene phosphonic acid)
(DTPMPA), since its good calcium carbonate inhibition performance and
metal chelation.

In an embodiment according to the present invention, the total amount of
monomeric and/or polymeric phosphonates of the composition may be 5 — 30
weight -% or 5 — 20 weight-% and preferably about 10 weight-%, calculated
from the total weight of the constituents in the composition.

The amounts of the constituents of the dispersant composition are dependent
on the process conditions of the application and can be adjusted for each
application for achieving optimal results.

According to one preferred embodiment of the present invention, the
composition comprises a copolymer of phosphono and carboxylic acid
(POCA; CAS:71050-62-9), a sodium salt of acrylate maleate terpolymer
containing  2-sulfoethyl methacrylate  (CAS:52255-49-9), AA/AMPS
(CAS:40623-75-4) and DTPMPA (CAS:15827-60-8). In one preferred
embodiment according to the present invention, the composition comprises

- 50 weight-% of a copolymer of phosphono and carboxylic acid (POCA),

- 10 weight-% of a sodium salt of acrylate maleate terpolymer

containing 2-sulfoethyl methacrylate,
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- 30 weight-% of AA/AMPS, and
- 10 weight-% of DTPMPA,
calculated from the total weight of the constituents in the composition.

The dispersant composition according to the present invention can be used
in any operation temperatures, but it also tolerates high temperatures, i.e. itis
effective also in high temperatures. The composition according to the present
invention can also be added to the industrial systems having temperature of
higher than 100 °C. The temperature tolerance of the composition according
to the present invention has observed to be even over 250 °C. According to
one embodiment, the operating temperature of the process to which the
composition is added may be in the range of 120 - 280 °C. The system may
have a pressure between 6 - 60 bar at the location where the composition is
dosed.

The composition according to the invention may be used in any dose,
depending on the nature of the inorganic scale and/or other conditions in the
system where it is used. For example, according to one embodiment of the
invention the addition of the composition may be in the range of 5 — 120 ppm,
preferably 5 — 70 ppm, and more preferably 5 — 50 ppm.

The composition according to the present invention may be used at any
process stage of suitable application, where there is a risk for inorganic scale
formation and need for good dispersion performance of suspended solid
particles. According to one embodiment of the invention the composition
according to the present invention may be used for reducing or eliminating
the formation of inorganic scale, such as iron scale and/or calcium carbonate
scale and/or sulphate scale, in the aqueous system of a desalination plant of
flash vaporization equipment, a low pressure boiler, crude oil evaporator,
petroleum pipeline, an industrial circulating cool water system, a heat
exchanger and/or a coal gasifier at high temperature, typically in a
temperature of the system being above 100 °C, more typically above 120 °C
and even the systems having temperature above 250 °C.

One target of the present invention is to provide a dispersant composition for
use in the poor-quality coal application with high ash content and high S and
Fe in CTX industry. The composition of the invention provides a novel high
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temperature tolerant dispersant for used in a coal gasifier in CTX industry.
Especially, the composition of the present invention is observed to be
advantageous in HT-L gasifier. As disclosed already in the disclosure of the
background, one advantage of HT-L gasifier compared to other gasification
technologies is that it could take all kinds of coal as raw material. However,
some coals with high ash and high sulphur and iron content, such as brown
coal, would lead to tiny suspended solids and more complicated impurities in
the grey water (process water) of the gasification process. In addition, it has
been observed that formation and accumulation of slimes and deposits will
be aggravated when using coal with high ash and sulphur content as raw
material. High sulphur content may also cause corrosion of equipment and
iron scaling and deposition. Therefore, the composition of the present
invention is especially beneficial to be used in HT-L gasifier by reducing or
even eliminating problems appeared when using coal with high ash and
sulphur and iron content as raw material. The composition makes possible to
utilize poor quality coal efficiently. The quality of coal as raw material is not
critical, when using a composition according to the present invention in the
coal gasification process. Shutdowns of the process for cleaning can also be
reduced since the deposition and scaling is inhibited and/or reduced. The
composition according to the invention may be used e.g. for reducing or
eliminating calcium scaling in washing tank(s), heat exchanger(s) and/or
pipeline; and/or for iron scaling in washing tank(s) and/or flask tank(s). In
HT-L gasification process or other gasification processes, the composition
according to the invention can be added to any suitable stream for preventing
scaling and deposition. It may be added prior to and/or after gasifier, since it
tolerates also high temperatures present in the gasifier. It may also be added
to washing tank(s) and/or tower(s), flash tanks(s) and/or any process stream
prior to or after them.

A better understanding of the present invention may be obtained through the

following examples which are set worth to illustrate but are not to be
construed as the limit of the present invention.

EXPERIMENTAL PART
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Dispersion stabilization of Fe is studied under different dispersant
compositions. By the means of ICP determination, the Fe concentrations
before and after reaction are investigated. Further, the effects of the
dispersant composition according to present invention on Ca scaling are
studied.

Evaluation method for Iron dispersant performance

- Solution A: cation CaCl; liquid, Ca** concentration 300ppm.
- Solution B: Scale inhibitor to be tested.

- Solution C: 5g(FeS04-7H0)/L.

- Solution D: 500ppm Na2B4O: liquid.

Blank test: 50mL solution A + 12mL deionized water + 1mL solution C + 37mL
solution D (in order).

Scale inhibition test: 50mL solution A + 12mL deionized water + defined
dosage of solution B + 1mL solution C + 37mL solution D (in order).

Three parallel tests were conducted under the same condition.
pH was kept at about 8.7.

Scale inhibitors to be tested are pre-treated in hydrothermal synthesis reactor
at 240 °C for 3h. The dosage of the scale inhibitor composition was 40 ppm
and 60 ppm.

After all the chemicals are added into the bottle, the bottles are shaken well
for 15 min. Then, the bottles are put into the water bath (T = 90 °C) and
heated for 20h.

The bottles are taken out from the water bath and stand for 1h. Fe content is
determined by ICP.

The dispersion of Fe in water is calculated using equation:
n=(X2-X1)/(10 - X1),
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wherein

X1 is Iron (Fe) concentration after blank test without water treatment
agent, mg/L,

X2 is Iron (Fe) concentration after dispersion test with water treatment
agent, mg/L, and

10 is the initial concentration of iron, mg/L.

Scale inhibitors used in the tests:

Kemquard 11-350C, Kemquard 11-320C and Kemquard 5876 are
commercial product for scale inhibition,

Formula 1 consisting of 50 weight-% of KemGuard 5876 and 50
weight-% of POCA,

Formula 2 consisting of 50 weight-% of KemGuard 5876 and 50
weight-% polyacrylamide,

DTPMPA (CAS:15827-60-8),

PAA is polyacrylamide,

Formula 3 is the novel high temperature tolerant dispersant according
to the present invention. Formula 3 consists of 50 weight-% of a
copolymer of phosphono and carboxylic acid (POCA; CAS:71050-62-
9), 10 weight-% of a sodium salt of acrylate maleate terpolymer
containing 2-sulfoethyl methacrylate (Kemquard 5876; CAS: 52255-
49-9), 30 weight-%of AA/AMPS (CAS: 40623-75-4), and 10 weight-%
of DTPMPA (CAS:15827-60-8).

Table 1 shows results of the residual iron rate (%).

The result shows that the composition according to the present invention has
excellent iron dispersant performance at temperature of 90 °C. It was clearly
proven that the ingredients in Formula 3 have together a synergistic effect in
dispersing iron at high temperature. Compared to acrylate-maleate-
copolymers or terpolymers with 2-sulfonyl methacrylate alone, a chelating
agent alone or polyacrylic amide alone, the composition of Formula 3 has a
superior efficiency in dispersing iron.
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Table 1. Iron dispersion performance at 90 °C, residual iron rate at different

dosage amounts.

Residual iron rate [%]

Scale inhibitor 40 ppm dosage 60 ppm dosage
Kemquard 11-350C 0.13 1.01

Kemquard 11-320C 0.31 0.96

Formula 1 0.98 5.00

Formula 2 1.01 3.01

Kemquard 5876 -0.15 0.02

DTPMPA 19.62 19.63

PAA 1.83 5.57

Formula 3 63.88 61.37

Evaluation method for Ca scale inhibition rate

- Solution A: cationic CaCl, liquid
- Solution B: anionic NaHCOs liquid

- Solution C: Scale inhibitor to be tested

Blank sample: 50 mL solution A + 50 mL solution B

Reference sample: 50 mL solution A + 50 mL deionized water
Test sample: 50mL solution A + defined dosage of solution C + 50 mL

solution B

After all the chemicals of each sample are added into respective bottles, the
bottles are shaken well. Then, the bottles are put into the water bath at 80 °C
for 24h. The bottles are taken out from the water bath. The solution from
each bottle is filtered and Ca®* concentration in the filtrates are determined

using inductively coupled plasma (ICP) instrument.

Calculation of inhibition rate (%):

n = (X4 — X3) / (X2 — X3),

wherein

X2 is Ca?" of reference sample, mg/L,
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X3 is Ca®* of blank sample, mg/L, and

X4 is Ca®* of test sample of a scale inhibitor, mg/L.

PCT/CN2019/080542

Scale inhibition rate is determined after 240 °C treatment for 3 h in the
hydrothermal synthesis reactor, wherein initial Ca®** is 600 mg/L. The
dosages of the scale inhibitor compositions are 80, 60 and 40 ppm. The
results are presented in Table 2. The scale inhibitors Formula 1, Formula 2
and Formula 3 are same as in the iron dispersant performance above.

Table 2. Scale inhibition rate (%) after 3 hours at 240 °C in the hydrothermal

synthesis reactor

80 ppm dosage | 60 ppm dosage | 40 ppm dosage
Formula 1 75.1 68.2 60.1
Formula 2 77.9 65.3 60.2
Formula 3 85.5 78.2 75.2

As shown in Table 2, the composition according to the invention (Formula 3)
is stable even at high temperatures and inhibition rate stays good. The
behaviour is better than reference compositions.
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Claims

1. Dispersant composition, characterized in that the composition comprises

- a copolymer of phosphono and carboxylic acid,

- at least 5-weight-% of a terpolymer consisting of (meth)acrylic acid and
maleic acid monomers or their salts, optionally acrylic acid monomers
containing sulfonic acid groups,

- at least 10 weight-% of acrylic acid-2-acrylamido-2-methylpropane
sulfonic acid copolymer (AA/AMPS), and

- at least 5-weight-% of at least one monomeric or polymeric
phosphonate comprising at least one phosphonic acid group, or its
salt(s)

calculated from the total weight of the constituents in the composition.

2. The composition according to claim 1, characterized in that said
terpolymer has a weight average molecular weight MW of 500 — 5000 g/mol,
preferably 1000 — 3000 g/mol.

3. The composition according to claim 1 or 2, characterized in that the
composition comprises said terpolymer in an amount of 5 — 20 weight-%,
preferably 10 — 15 weight-% and more preferably about 10 weight-%,
calculated from the total weight of the constituents in the composition.

4. The composition according to any of the preceding claims, characterized
in that the composition comprises the AA/AMPS in an amount of 10 - 40
weight-%, preferably 20 — 40 weight-% and more preferably about 30 weight-
%, calculated from the total weight of the constituents in the composition.

5. The composition according to any of the preceding claims, characterized
in that the composition comprises monomeric and/or polymeric
phosphonate(s) in an amount of 5 — 30 weight-% or 5 — 20 weight-% and
more preferably about 10 weight-%, calculated from the total weight of the
constituents in the composition.

6. The composition according to any of the preceding claims, characterized
in that the monomeric or polymeric phosphonate may be selected from
hydroxyethylene diphosphonic acid (HEDP), amino tris(methylenephosphonic
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acid)(ATMP), 2-phosphonobutane-1,2,4-tricarboxylic acid (PBTC),
diethylenetriaminepenta(methylene phosphonic acid) (DTPMPA),
hexamethylenediamine  tetramethylenephophonic acid (BHMTPMPA),
polyamino polyether methylene phosphonic acid (PAPEMP) or any
combination of them.

7. Use of dispersant composition according to any of preceding claims 1 to 6
for controlling, preventing and/or reducing the formation inorganic scale
and/or deposits in an aqueous system.

8. Use according to claim 7, characterized in that temperature of the
aqueous phase in the aqueous system is at least 100 °C, preferably at least
120 °C, more preferably in the range of 120 — 280 °C.

9. Use according to claim 7 or 8, characterized in that the aqueous system
is the aqueous system of a desalination plant of flash vaporization equipment,
a low-pressure boiler, crude oil evaporator, petroleum pipeline, an industrial
circulating cool water system, a heat exchanger or a coal gasifier.

10. Use according to claim 7 or 8, characterized in that the aqueous system
is HT-L gasification process.

11. A method for controlling, preventing and/or reducing the formation
inorganic scale and/or deposits in an aqueous system, the method comprising
adding a composition according to any of claims 1 to 6 to an aqueous system.

12. The method according to claim 11, characterized in that the addition of
the composition is in the range of 5 — 120 ppm, preferably 5 — 70 ppm, and
more preferably 5 — 50 ppm.
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