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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an agent for preventing scale formation and a method for preventing scale
formation. More particularly, the present invention relates to an agent for preventing scale formation and a method for
the same which is effective in preventing scale formation in water systems, such as cooling water systems, boiler water
systems, and the like. The present invention is particularly effective in preventing calcium and silicate scale formation.
[0002] Scale obstructions are generated on heat exchange surfaces and inside pipes which are in contact with water
in a water system, such as a cooling water system, a boiler water system, or the like. The types of scales which are
deposited include calcium carbonate, calcium sulfate, calcium sulfite, calcium phosphate, calcium silicate, magnesium
silicate, magnesium hydroxide, zinc phosphate, zinc hydroxide, basic zinc carbonate, and the like. Scale formation is
particularly troublesome in water systems that employ high concentration operation. In, for example, an open circulating
cooling water system, high concentration operation is preferred to conserve resources and energy. However, when a
high concentration operation is performed by reducing the amount of cooling water blow to the outside of the system,
dissolved salts become concentrated in the water. In addition to the heat exchange surfaces becoming more likely to
corrode, the solubility of the dissolved salts declines, resulting in scale formation. The resulting scale obstructions can
become major impediments to the operation of boilers or heat exchange devices by reducing heat transfer efficiency
and by narrowing pipes.
[0003] Polymers which contain carboxyl groups, such as polymerized maleic acid, acrylic acid, itaconic acid, and
the like are often effective in inhibiting formation of calcium or magnesium scale. Furthermore, copolymers which com-
bine monomers with a carboxyl group and monomers which contain a sulfonic acid group, such as vinyl sulfonic acid,
allyl sulfonic acid, and 2-acrylamide-2-methylpropane sulfonic acid, are often used as scale preventing agents, de-
pending on the water quality. To inhibit formation of silica scale, scale preventing agents such as acrylamide polymers,
cation polymers, polyethylene glycol, and the like, have been proposed. Thus, different polymers have been used to
inhibit scale formation, depending on the type of scale. However, to date no universal scale formation preventing agent
has been described.
[0004] The water used in water systems is typically industrial water or tap water. These types of waters contain
numerous and various ions. Particularly when conducting high concentration operations in a cooling water system or
a boiler water system, for example, there is a need for a scale preventing agent which can effectively respond to all
scale types. Currently, there is no scale preventing agent which satisfies this requirement. Of particular concern is the
fact that there is no scale preventing agent which effectively prevents the adhesion of silica scale.
[0005] In Japanese Laid Open Patent Publication Number 61-107998, there is proposed a scale preventing agent
which has an excellent effect in preventing silica scale formation. The scale preventing agent proposed in this publi-
cation contains acrylamide polymer and acrylic acid polymer. When the silica concentration is low, acrylamide polymer
has a good scale preventing effect. However, when the silica concentration is high, the effect is reduced. In Japanese
Laid Open Patent Publication Number 7-256266, there is disclosed a water treatment method in which a water soluble
cationic polymer, halogenated aliphatic nitro alcohol, alow molecular weight carboxylic acid polymer, orphosphonic
acid are added. However, because the proposed cationic polymer is a quaternary ammonium salt, the cationic property
is extremely strong. Under these conditions, the components of the water treatment method can form gel reaction
products with silica. Furthermore, slime from microorganisms can also form easily. As a result, the use of the proposed
water soluble cationic polymer is disadvantageous, because of problems arising from the clogging of pipes.
[0006] In Japanese Laid Open Patent Publication Number 2-31894, a scale preventing agent containing polyethylene
glycol and a low molecular weight carboxylic acid polymer or phosphonic acid is proposed. However, although poly-
ethylene glycol is effective in controlling the adherence of scale when the silica concentration is low, it is easily influenced
by other ions, and the effect is not stable.

OBJECTS AND SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to provide a scale formation preventing agent and a scale formation
preventing method which is effective in preventing the adherence of various scales generated in water systems, such
as cooling water systems, boiler water systems, and the like.
[0008] It is another object of the present invention to provide a scale formation preventing agent and scale formation
preventing method which is effective in preventing the adherence of silica and calcium scales in water systems, such
as cooling water systems, boiler water systems, and the like.
[0009] Briefly stated, an agent for preventing scale formation and a method for preventing scale formation include
a polymer which has at least 50 mole % of N-vinyl formamide units or N-vinyl acetamide units and a phosphorus
compound added to water in a cooling water system, a boiler water system, or the like. The scale preventing agent
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and scale preventing method of the present invention are effective in preventing the adherence of various types of
scales which are generated in cooling water systems, boiler water systems, and the like. In particular, the present
invention is effective in preventing the adherence of silica and calcium scale.
[0010] According to an embodiment of the present invention, a scale formation preventing agent for use in a cooling
water system or a boiler water system comprises a polymer having at least 50 % of N-vinyl formamide units or N-vinyl
acetamide units and a phosphorus compound.
[0011] According to another embodiment of the present invention, a method for preventing scale formation in a
cooling water system or a boiler water system comprises the step of adding a polymer having at least 50 % of N-vinyl
formamide units or N-vinyl acetamide units and a phosphorus compound to water used in the cooling water system or
boiler water system.
[0012] The above, and other objects, features and advantages of the present invention will become apparent from
the following description.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] The present inventors have discovered that a scale preventing agent comprising a polymer which has at least
50 % of N-vinyl formamide units or N-vinyl acetamide units and a phosphorus compound has an excellent scale for-
mation preventing effect in a water system. Compared to the scale preventing agents of the prior art, the scale formation
preventing agent of the present invention shows an excellent effect in preventing the adherence of scale. It is particularly
effective for preventing the adherence of silica and calcium scale.
[0014] In the present invention, a polymer which has at least 50 % of monomer units containing N-vinyl formamide
as represented by formula [1], or N-vinyl acetamide as represented by formula [2], is used.

[0015] There are no particular limitations to the manufacturing method for the N-vinyl formamide and N-vinyl aceta-
mide monomers. For example, they may be made by reacting acetaldehyde with formamide or acetamide. The resulting
N-(α-hydroxyethyl) formamide or N-(α-hydroxyethyl) acetamide is etherified by contact with alcohol. Thereafter, the
etherified product is thermolyzed in the gaseous state at high temperatures. Alternatively, the etherified product can
also be heated in the liquid state, and then thermolyzed. The generated N-vinyl formamide or N-vinyl acetamide can
be removed during thermolysis.
[0016] In the present invention, polymers with at least 50 % of N-vinyl formamide units or N-vinyl acetamide units
may include: homopolymers of N-vinyl formamide; homopolymers of N-vinyl acetamide; copolymers of N-vinyl forma-
mide and N-vinyl acetamide; partially hydrolyzed products of an N-vinyl formamide homopolymer, partially hydrolyzed
products of an N-vinyl acetamide homopolymer; partially hydrolyzed products of a copolymer of N-vinyl formamide and
N-vinyl acetamide; or copolymers of N-vinyl formamide or N-vinyl acetamide and a vinyl monomer. All mixed polymers
and copolymers of N-vinyl formamide and N-vinyl acetamide may be used for the scale preventing agent of the present
invention, so long as the N-vinyl formamide units and the N-vinyl acetamide units total at least 50 %.
[0017] Vinyl monomers which are capable of polymerizing with N-vinyl formamide or N-vinyl acetamide may be used
without any particular limitations, so long as the copolymer or the copolymer obtained by further hydrolysis is water-
soluble. Examples of such vinyl monomers include nonionic monomers such as (meth) acrylamide, (meth) acrylonitryl,
N-methyl (meth) acrylamide, N, N-dimethyl (meth) acrylamide, methyl (meth) acrylate, ethyl (meth) acrylate, styrene,
allyl alcohol, hydroxyethyl (meth) acrylate, mono (meth) acrylate of (poly) ethylene oxide of mole number 1-30,
monoallyl ether of (poly) ethylene oxide of mole number 1-30, and monovinyl ether of (poly) ethylene oxide of mole
number 1-30; anionic monomers such as (meth) acrylic acid, alpha-hydroxyacrylic acid, crotonic acid, maleic acid,
fumaric acid, and itaconic acid; and alkali metal salts of these. Further, such vinyl monomers include vinyl sulfonic acid,
styrene sulfonic acid, 2-acrylamide-2-methyl propane sulfonic acid, 2-hydroxy-3-allyloxypropane sulfonic acid, iso-
prene sulfonic acid, and alkali metal salts of these. Further, such vinyl monomers include cationic monomers such as
allyl amine, quaternary ammonium salts or tertiary salts of dimethyl amino ethyl (meth) acrylate and diethyl amino ethyl
(meth) acrylate, and diallyl dimethyl ammonium chloride.
[0018] In the present invention, there are no particular limitations on the method of homopolymerization or polymer-
ization of N-vinyl formamide or N-vinyl acetamide monomeric units. Polymerization may be conducted as solution
polymerization or bulk polymerization, but because the homopolymers of N-vinyl formamide or N-vinyl acetamide or

HCONHCH=CH2 [1]

CH3CONHCH=CH2 [2]
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the copolymers of N-vinyl formamide or N-vinyl acetamide used in the present invention are preferably water soluble
or hydrophilic, water-based polymerization using water as the solvent is preferred. In water-based polymerization, an
aqueous solution or water dispersion solution of the monomer is prepared, and the pH may be adjusted as required.
After replacing the atmosphere with an inactive gas, the solution is heated to 50-100 °C. Polymerization is then con-
ducted by addition of a water soluble polymerization initiation agent. Examples of suitable polymerization initiation
agents include azo compounds, such as 2, 2'-azobis (2-amidino propane) dihydrogen chloride, azobis-N, N'-dimeth-
ylene isobutyl amidine dihydrogen chloride, and 4,4'-azobis (4-cyano valerianic acid)-2-sodium; persulfate compounds,
such as ammonium persulfate, sodium persulfate, and potassium persulfate; and peroxides, such as hydrogen perox-
ide, sodium periodate, and the like. Polymerization is normally completed after 3-6 hours. After cooling, an aqueous
solution or water dispersion solution of a polymer can be obtained. Polymerization of N-vinyl formamide or N-vinyl
acetamide monomeric units is not limited to being performed in an aqueous solvent, and may be conducted as solution
polymerization, suspension polymerization, or emulsion polymerization in a general organic solvent.
[0019] In the present invention, homopolymers or copolymers of N-vinyl formamide or N-vinyl acetamide may also
be hydrolyzed. Polymers containing a portion of N-vinyl formamide units or N-vinyl acetamide units hydrolyzed to N-
vinyl amine units may be used, so long as at least 50 % remain as N-vinyl formamide units or N-vinyl acetamide units.
There are no particular limitations to the conditions of hydrolysis. For example, hydrolysis may be conducted under
basic conditions by adding ammonia, primary amine, secondary amine orthe like to an aqueous solution or water
dispersion solution of the polymer, followed by addition of sodium hydroxide or the like. Alternatively, hydrolysis may
be conducted under acidic conditions by adding inorganic acids, such as hydrochloric acid or the like, to the aqueous
solution or water dispersion solution of the polymer, followed by heating.
[0020] In the present invention, the molecular weight of the polymer with at least 50 % of N-vinyl formamide units or
N-vinyl acetamide units is preferably between about 2,000 and about 1,000,000. If the molecular weight ofthe polymer
is less than about 2,000, the scale formation preventing effect may be inadequate. If the molecular weight of the polymer
exceeds 1,000,000, the viscosity of the solution becomes too great, and the solution may be difficult to handle. The
molecular weight of the polymer can be determined by any appropriate means, such as gel permeation chromatography.
[0021] In the present invention, one type of polymer with at least 50 % of N-vinyl formamide units or N-vinyl acetamide
units may be used alone, or two or more types may be combined and used.
[0022] The scale preventing agent of the present invention also contains a phosphorus compound. There are no
particular limitations on the phosphorus compound to be used. The following may be used with good results: sodium
tripolyphosphate; sodium hexametaphosphate; nitro trimethylene phosphonic acid (NTMP); hydroxy ethylidene diphos-
phonic acid (HEDP); ethylene diamine tetramethylene phosphonic acid (EDTP); phosphono butane tricarboxylic acid
(PBTC); amino methylene phosphonate (AMP); polyamino polyether methylene phosphonate (PAPEMP, Corrosion
'96, The NACE Annual International Conference and Exposition, Mar. 24-29, 1996, Denver, CO, USA, paper number
575); phosphono polycarboxylic acid (POCA, CAS Registry No. 110224-99-2); and bis(poly-2-carboxyethyl) phosphinic
acid (CAS Registry No. 71050-62-9). These phosphorus compounds may be used individually or in any combination.
[0023] There are also no particular limitations as to the form of the scale preventing agent. For example, a powder
which is a mix of polymer with at least 50 % of N-vinyl formamide units or N-vinyl acetamide units and the phosphorus
compound may be dissolved in water before use and then used. Alternatively, an aqueous solution containing the
polymer and the phosphorus compound may be used. Alternatively, a two-fluid type preparation containing an aqueous
solution of a polymer and a separate aqueous solution of a phosphorus compound may be used.
[0024] In the present invention, there are no particular limitations on the ratio of the amount of the polymer with at
least 50 % of N-vinyl formamide units or N-vinyl acetamide units to the phosphorus compound. However, a weight ratio
of polymer to phosphorus compound is preferably between 1:9 and 9:1. A weight ratio of polymer to phosphorus com-
pound between 5:5 and 8:2 is even more preferable.
[0025] The scale formation preventing agent of the present invention can be added as an aqueous solution which
is prepared at a concentration which is appropriate for the water system for which is to be used. Normally, it is preferable
for the total concentration of polymer and phosphorus compound to be such that a concentration of 1-100 mg/liter in
the water is achieved.
[0026] It is possible to use the scale formation preventing agent of the present invention together with one or more
other scale preventing agents as needed. Examples of scale preventing agents which may be used in conjunction with
the present invention include: polyacrylic acid, polymaleic acid, copolymers of acrylic acid and 2-acrylamide-2-methyl
propane sulfonic acid, a reaction product of N, N, N', N'-tetramethyl ethylene diamine with epichlorohydrin, and a
reaction product of N, N, N', N'-tetramethyl ethylene diamine with dichloroethyl ether. The scale formation preventing
agent of the present invention may be further mixed with corrosion preventing agents, such as organic phosphonate,
and/or antibacterial agents, such as hydrazine, and added as needed. Alternatively, these chemicals may be added
separately.
[0027] When using the scale formation preventing agent and scale formation preventing method of the present in-
vention, there are no particular limitations to the water quality or the operating conditions of the boiler or heat exchanging
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device. The present invention may be altered as described above to suit the operation requirements and water quality
of any standard boiler and heat exchange device. The scale preventing agent and the scale preventing method of the
present invention is effective in preventing scale such as calcium carbonate, calcium sulfate, calcium phosphate, zinc
phosphate, zinc hydroxide, magnesium silicate, silica and the like which are generated in boilers and cooling water
systems and which adhere to the heat transfer surface and the pipe walls. In particular, the present invention is effective
in preventing adherence of silica scales.
[0028] The mechanism of how the scale preventing agent and scale preventing method of the present invention is
particularly effective in preventing silica scale formation is not known. However, it is thought that the amide group of
the N-vinyl formamide unit or the N-vinyl acetamide unit and the phosphate group or the phosphonic acid group of the
phosphorus compound act synergistically against the silica hydroxide group, and effectively prevent adherence of silica
scales to the wall surface.

Embodiments

[0029] The present invention is described below in further detail. The present invention is not limited to these em-
bodiments.
[0030] The polymers and the phosphorus compounds used in the Embodiments and in the Comparative Examples
are described in Tables 1 and 2, respectively.

Scale adherence test method

[0031] An open, circulating, cooling water system having a heat exchange area of approximately 0.25 m2 and a water
capacity of 0.45 m3 was used. Distilled water and salts were added to Atsugi City water. This water was added to the
cooling water system as circulating water and make up water. The cooling water system was operated for 30 days

Table 1

Designation Polymer Molecular weight

A1 poly-N-vinyl formamide 80,000

A2 hydrolyzed product of poly-N-vinyl formamide (10 mole %) 90,000

A3 copolymer of N-vinyl formamide and acrylamide (mole ratio 6:4) 45,000

A4 copolymer of acrylic acid and hydroxyallyloxypropane sulfonic acid (mole ratio
8:2)

9,000

A5 Copolymer of N-vinyl formamide and acrylamide (mole ratio 4:6) 25,000

A6 sodium polyacrylamide 5,000

A7 copolymer of N-vinyl acetamide and acrylamide (mole ratio 6:4) 38,000

Table 2

Designation Phosphorus compound

P1 sodium hexametaphosphate

P2 hydroxy ethylidene diphosphonic acid

P3 phosphono butane tricarboxylic acid

P4 polyamino polyether methylene phosphonate [Calgon Co.]

P5 sodium tripolyphosphate

P6 nitro trimethylene phosphonic acid

P7 ethylene diamine tetramethylene phosphonic acid

P8 amino methylene phosphonate

P9 phosphono poly carboxylic acid

P10 bis (poly-2-carboxyethyl) phosphinic acid
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while maintaining the water quality at a constant value. The heat exchange device tube was made of material SUS304
(equivalent to 18-8 stainless steel, having 18 % chromium component and 8 % nickel component), and the outer
diameter was 19 mm. The temperature of the circulating water at the inflow was 30 °C, the temperature of the circulating
water at the outflow was 50 °C, and the circulating water flow rate was 0.5 m/s.
[0032] A fixed amount of scale formation preventing agent was added to the water system. Scale which adhered to
the heat exchange tube after 30 days was collected. After ashing the collected scale at 600 °C, the CaO content and
SiO2 content were measured through standard analytical chemistry techniques. The scale adherence rate was ex-
pressed in units of mg/cm2/month.

Embodiment 1

[0033] 15 mg/liter of polymer A-1 and 5 mg/L of phosphorus compound P-1 were added to a water having the following
water quality: pH 9.0, calcium hardness 350 mg/liter, M alkalinity 350 mg/liter, silica 150 mg/liter, and magnesium
hardness 150 mg/liter. Scale adherence was tested as described above. The scale adherence rate was 4 mg/cm2/
month for CaO and 2 mg/cm2/month for SiO2.

Embodiment 2

[0034] 15 mg/liter of polymer A-2 and 5 mg/L of phosphorus compound P-2 were added to water of the same water
quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 6 mg/cm2/
month for CaO and 1 mg/cm2/month for SiO2.

Embodiment 3

[0035] 15 mg/liter of polymer A-7 and 5 mg/L of phosphorus compound P-4 were added to water having the same
water quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 6
mg/cm2/month for CaO and 2 mg/cm2/month for SiO2.

Embodiment 4

[0036] 12 mg/liter of polymer A-1 and 3 mg/L of polymer A-4, and 5 mg/liter of phosphorus compound P-2 were
added to water having the same water quality as Embodiment 1. Scale adherence was tested as described above.
The scale adherence rate was 4 mg/cm2/month for CaO and 1 mg/cm2/month for SiO2.

Comparative Example 1

[0037] 20 mg/liter of polymer A-1 was added to water having the same water quality as Embodiment 1. Scale ad-
herence was tested as described above. The scale adherence rate was 21 mg/cm2/month for CaO and 16 mg/cm2/
month for SiO2.

Comparative Example 2

[0038] 20 mg/liter of polymer A-2 was added to water having the same water quality as Embodiment 1. Scale ad-
herence was tested as described above. The scale adherence rate was 25 mg/cm2/month for CaO and 13 mg/cm2/
month for SiO2.

Comparative Example 3

[0039] 20 mg/liter of polymer A-4 was added to water having the same water quality as Embodiment 1. Scale ad-
herence was tested as described above. The scale adherence rate was 48 mg/cm2/month for CaO and 38 mg/cm2/
month for SiO2.

Comparative Example 4

[0040] 15 mg/liter of polymer A-6 and 5 mg/liter of phosphorus compound P-2 were added to water having the same
water quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 39
mg/cm2/month for CaO and 59 mg/cm2/month for SiO2.
[0041] The results from Embodiments 1-3 and Comparative Examples 1-4 are shown in Table 3.
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Embodiment 5

[0042] 15 mg/liter of polymer A-1 and 5 mg/L phosphorus compound P-1 were added to a water having the following
water quality: pH 9.0, calcium hardness 350 mg/liter, M alkalinity 350 mg/liter, silica 200 mg/liter, and magnesium
hardness 200 mg/liter. Thus, this water contained higher levels of silica and magnesium hardness than that tested in
Embodiments 1-4. Scale adherence was tested as described above. The scale adherence rate was 5 mg/cm2/month
for CaO and 4 mg/cm2/month for SiO2.

Embodiment 6

[0043] 15 mg/liter of polymer A-2 and 5 mg/L of phosphorus compound P-2 were added to water having the same
water quality as Embodiment 5. Scale adherence was tested as described above. The scale adherence rate was 6
mg/cm2/month for CaO and 3 mg/cm2/month for SiO2.

Embodiment 7

[0044] 15 mg/liter of polymer A-3 and 5 mg/L of phosphorus compound P-3 were added to water having the same
water quality as Embodiment 5. Scale adherence was tested as described above. The scale adherence rate was 6
mg/cm2/month for CaO and 4 mg/cm2/month for SiO2.

Embodiment 8

[0045] 12 mg/liter of polymer A-1, 3 mg/liter of polymer A-4, and 5 mg/L of phosphorus compound P-2 were added
to water having the same water quality as Embodiment 5. Scale adherence was tested as described above. The scale
adherence rate was 3 mg/cm2/month for CaO and 2 mg/cm2/month for SiO2.

Comparative Example 5

[0046] 20 mg/liter of polymer A-1 was added to water having the same water quality as Embodiment 5. Scale ad-
herence was tested as described above. The scale adherence rate was 26 mg/cm2/month for CaO and 14 mg/cm2/
month for SiO2.

Table 3

Example Polymer Phosphorus
compound

Concentration (mg/L) Scale adhesion rate (mg/cm2/month)

CaO SiO2

Embodiment 1 A-1 15 4 2

P-1 5

Embodiment 2 A-2 15 6 1

P-2 5

Embodiment 3 A-7 15 6 2

P-4 5

Embodiment 4 A-1 12 4 1

A-4 3

P-2 5

Comp. Ex. 1 A-1 20 21 16

Comp. Ex. 2 A-2 20 25 13

Comp. Ex. 3 A-4 20 48 38

Comp. Ex. 4 A-6 15 39 59

P-2 5
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Comparative Example 6

[0047] 20 mg/liter of polymer A-3 was added to water having the same water quality as Embodiment 5. Scale ad-
herence was tested as described above. The scale adherence rate was 21 mg/cm2/month for CaO and 23 mg/cm2/
month for SiO2.

Comparative Example 7

[0048] 15 mg/liter of polymer A-5 and 5 mg/L of phosphorus compound P-2 were added to water having the same
water quality as Embodiment 5. Scale adherence was tested as described above. The scale adherence rate was 42
mg/cm2/month for CaO and 32 mg/cm2/month for SiO2.

Comparative Example 8

[0049] 20 mg/liter of polymer A-6 was added to water having the same water quality as Embodiment 5. Scale ad-
herence was tested as described above. The scale adherence rate was 28 mg/cm2/month for CaO and 94 mg/cm2/
month for SiO2.
[0050] The results of Embodiments 5-8 and Comparative Examples 5-8 are shown in Table 4.

Embodiment 9

[0051] 15 mg/liter of polymer A-1 and 5mg/L of phosphorus compound P-5 were added to water having the same
water quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 5
mg/cm2/month for CaO and 2 mg/cm2/month for SiO2.

Embodiment 10

[0052] 15 mg/liter of polymer A-2 and 5mg/L of phosphorus compound P-6 were added to water having the same
water quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 6
mg/cm2/month for CaO and 2 mg/cm2/month for SiO2.

Table 4

Example Polymer Phosphorus
compound

Concentration (mg/L) Scale adhesion rate (mg/cm2/month)

CaO SiO2

Embodiment 5 A-1 15 5 4

P-1 5

Embodiment 6 A-2 15 6 3

P-2 5

Embodiment 7 A-3 15 6 4

P-3 5

Embodiment 8 A-1 12 3 2

A-4 3

P-2 5

Comp. Ex. 5 A-1 20 26 14

Comp. Ex. 6 A-3 20 21 23

Comp. Ex. 7 A-5 15 42 32

P-2 5

Comp. Ex. 8 A-6 20 28 94
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Embodiment 11

[0053] 15 mg/liter of polymer A-3 and 5mg/L of phosphorus compound P-7 were added to water having the same
water quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 4
mg/cm2/month for CaO and 1 mg/cm2/month for SiO2.

Embodiment 12

[0054] 15 mg/liter of polymer A-1 and 5mg/L of phosphorus compound P-8 were added to water having the same
water quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 8
mg/cm2/month for CaO and 4 mg/cm2/month for SiO2.

Embodiment 13

[0055] 15 mg/liter of polymer A-2 and 5mg/L of phosphorus compound P-9 were added to water having the same
water quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 7
mg/cm2/month for CaO and 3 mg/cm2/month for SiO2.

Embodiment 14

[0056] 15 mg/liter of polymer A-7 and 5mg/L of phosphorus compound P-10 were added to water having the same
water quality as Embodiment 1. Scale adherence was tested as described above. The scale adherence rate was 6
mg/cm2/month for CaO and 4 mg/cm2/month for SiO2.
[0057] The results from Embodiments 9-14 are shown in Table 5.

[0058] Referring to Tables 3-5, it can be seen from these results that embodiments which used polymer A-1 having
100 mole % of N-vinyl formamide units, polymer A-2 having 90 mole % of N-vinyl formamide units, polymer A-3 having
60 mole % of N-vinyl formamide units or polymer A-7 having 60 mole % of N-vinyl acetamide units together with
phosphorus compounds had a low adherence rate of CaO and SiO2 scales, and there were excellent scale formation
preventing effects.
[0059] In contrast, Comparative Examples 1 and 5 included only polymer A-1 without any phosphorus compound.
Comparative Example 2 included only polymer A-2, and Comparative Example 6 included only polymer A-3. Scale
adherence rates for these comparative examples were relatively high. Therefore, scale formation was not prevented
if a phosphorus compound was not included with the polymer, even when the polymers contained at least 50 % of N-

Table 5

Example Polymer Phosphorus
compound

Concentration (mg/L) Scale adhesion rate (mg/cm2/month)

CaO SiO2

Embodiment 9 A-1 15 5 2

P-5 5

Embodiment 10 A-2 15 6 2

P-6 5

Embodiment 11 A-3 15 4 1

P-7 5

Embodiment 12 A-1 15 8 4

P-8 5

Embodiment 13 A-2 15 7 3

P-9 5

Embodiment 14 A-7 15 6 4

P-10 5
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vinyl formamide units.
[0060] Comparative Example 3 included a copolymer of acrylic acid and hydroxyallyloxypropane sulfonic acid, which
is widely used in the prior art as a scale preventing agent. Comparative Example 8 included sodium polyacrylamide,
which is also a prior art scale formation preventing agent. The scale adherence rate for these comparative examples
were high compared to the embodiments of the present invention. Therefore, the scale preventing agents of the present
invention demonstrate an excellent scale formation preventing effect, compared to the scale preventing agents of the
prior art.
[0061] Furthermore, the scale adherence rate of Comparative Example 4, which included polymer A-6 and phos-
phorus compound P-2 jointly, was high compared to Embodiment 2, which included polymer A-2 and phosphorus
compound P-2 jointly. Thus, the excellent scale preventing effect which is obtained by the joint use of polymers and
phosphorus compounds in the present invention is demonstrated only with polymers which include N-vinyl formamide
or N-vinyl acetamide units. Furthermore, as shown in Comparative Example 7, there is not an adequate scale preventing
effect by polymer A-5, which has 40 mole % of N-vinyl formamide units, even when used in conjunction with phosphorus
compounds. Therefore, the N-vinyl formamide units and the N-vinyl acetamide units must total at least 50 % to create
an adequate scale formation preventing effect.
[0062] Having described preferred embodiments of the invention, it is to be understood that the invention is not
limited to those precise embodiments, and that various changes and modifications may be effected therein by one
skilled in the art without departing from the scope defined in the appended claims.

Claims

1. A scale formation preventing agent for use in a water system, comprising:

a polymer having at least 50 % of N-vinyl formamide units or N-vinyl acetamide units; and
a phosphorus compound.

2. A scale formation preventing agent according to claim 1, wherein said polymer is at least one member selected
from the group consisting of homopolymers of N-vinyl formamide, homopolymers of N-vinyl acetamide, copolymers
of N-vinyl formamide and N-vinyl acetamide, partially hydrolyzed products of an N-vinyl formamide homopolymer,
partially hydrolyzed products of an N-vinyl acetamide homopolymer, and partially hydrolyzed products of a copol-
ymer of N-vinyl formamide and N-vinyl acetamide.

3. A scale formation preventing agent according to claim 1, wherein said polymer is at least one of a copolymer of
N-vinyl formamide and a vinyl monomer and a copolymer of N-vinyl acetamide and a vinyl monomer.

4. A scale formation preventing agent according to claim 3, wherein said vinyl monomer is at least one member
selected from the group consisting of (meth) acrylamide, (meth) acrylonitryl, N-methyl (meth) acrylamide, N, N-
dimethyl (meth) acrylamide, methyl (meth) acrylate, ethyl (meth) acrylate, styrene, allyl alcohol, hydroxyethyl (meth)
acrylate, mono (meth) acrylate of (poly) ethylene oxide of mole number 1-30, monoallyl ether of (poly) ethylene
oxide of mole number 1-30, monovinyl ether of (poly) ethylene oxide of mole number 1-30, (meth) acrylic acid, α-
hydroxyacrylic acid, crotonic acid, maleic acid, fumaric acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic acid,
2-acrylamide-2-methyl propane sulfonic acid, 2-hydroxy-3-allyloxypropane sulfonic acid, isoprene sulfonic acid,
allyl amine, quaternary ammonium salts of dimethyl amino ethyl (meth) acrylate, tertiary salts of dimethyl amino
ethyl (meth) acrylate, quaternary ammonium salts of diethyl amino ethyl (meth) acrylate, tertiary salts of diethyl
amino ethyl (meth) acrylate, and diallyl dimethyl ammonium chloride.

5. A scale formation preventing agent according to claim 3, wherein said vinyl monomer is an alkali metal salt of at
least one member of the group consisting of (meth) acrylic acid, α-hydroxyacrylic acid, crotonic acid, maleic acid,
fumaric acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic acid, 2-acrylamide-2-methyl propane sulfonic acid,
2-hydroxy-3-allyloxypropane sulfonic acid, and isoprene sulfonic acid.

6. A scale formation preventing agent according to claim 1, wherein said polymer has a molecular weight between
about 2,000 and about 1,000,000.

7. A scale formation preventing agent according to claim 1, wherein greater than one type of polymer having at least
50 % of N-vinyl formamide units or N-vinyl acetamide units is included.
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8. A scale formation preventing agent according to claim 1, wherein the phosphorus compound is at least one member
selected from the group consisting of sodium tripolyphosphate, sodium hexametaphosphate, nitro trimethylene
phosphonic acid, hydroxy ethylidene diphosphonic acid, ethylene diamine tetramethylene phosphonic acid,
phosphono butane tricarboxylic acid, amino methylene phosphonate, polyamino polyether methylene phospho-
nate, phosphono polycarboxylic acid, and bis(poly-2-carboxyethyl) phosphinic acid.

9. A scale formation preventing agent according to claim 1, wherein a ratio of said polymer to said phosphorus com-
pound is between 1:9 and 9:1.

10. A scale formation preventing agent according to claim 1, wherein a ratio of said polymer to said phosphorus com-
pound is between 1:1 and 4:1.

11. A scale formation preventing agent according to claim 1, further comprising at least one member selected from
the group consisting of a corrosion preventing agent, an antibacterial agent, polyacrylic acid, polymaleic acid,
copolymers of acrylic acid and 2-acrylamide-2-methyl propane sulfonic acid, a reaction product of N, N, N', N'-
tetramethyl ethylene diamine with epichlorohydrin, and a reaction product of N, N, N', N'-tetramethyl ethylene
diamine with dichloroethyl ether.

12. A method for preventing scale formation in a water system, comprising the step of adding a polymer having at
least 50 % of N-vinyl formamide units or N-vinyl acetamide units and a phosphorus compound to water used in
said cooling water system or boiler water system.

13. A method for preventing scale formation according to claim 12, wherein said polymer and said phosphorus com-
pound are added to said water at a final total concentration between 1 and 100 mg/L.

14. A method for preventing scale formation according to claim 12, wherein said polymer is at least one member
selected from the group consisting of homopolymers of N-vinyl formamide, homopolymers of N-vinyl acetamide,
copolymers of N-vinyl formamide and N-vinyl acetamide, partially hydrolyzed products of an N-vinyl formamide
homopolymer, partially hydrolyzed products of an N-vinyl acetamide homopolymer, and partially hydrolyzed prod-
ucts of a copolymer of N-vinyl formamide and N-vinyl acetamide.

15. A method for preventing scale formation according to claim 12, wherein said polymer is at least one of a copolymer
of N-vinyl formamide and a vinyl monomer and a copolymer of N-vinyl acetamide and a vinyl monomer.

16. A method for preventing scale formation according to claim 15, wherein said vinyl monomer is at least one member
selected from the group consisting of (meth) acrylamide, (meth) acrylonitryl, N-methyl (meth) acrlamide, N, N-
dimethyl (meth) acrylamide, methyl (meth) acrylate, ethyl (meth) acrylate, styrene, allyl alcohol, hydroxyethyl (meth)
acrylate, mono (meth) acrylate of (poly) ethylene oxide of mole number 1-30, monoallyl ether of (poly) ethylene
oxide of mole number 1-30, monovinyl ether of (poly) ethylene oxide of mole number 1-30, (meth) acrylic acid, α-
hydroxyacrylic acid, crotonic acid, maleic acid, fumaric acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic acid,
2-acrylamide-2-methyl propane sulfonic acid, 2-hydroxy-3-allyloxypropane sulfonic acid, isoprene sulfonic acid,
allyl amine, quaternary ammonium salts of dimethyl amino ethyl (meth) acrylate, tertiary salts of dimethyl amino
ethyl (meta) acrylate, quaternary ammonium salts of diethyl amino ethyl (meth) acrylate, tertiary salts of diethyl
amino ethyl (meth) acrylate, and diallyl dimethyl ammonium chloride.

17. A method for preventing scale formation according to claim 15, wherein said vinyl monomer is an alkali metal salt
of at least one member of the group consisting of (meth) acrylic acid, α-hydroxyacrylic acid, crotonic acid, maleic
acid, fumaric acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic acid, 2-acrylamide-2-methyl propane sulfonic
acid, 2-hydroxy-3-allyloxypropane sulfonic acid, and isoprene sulfonic acid.

18. A method for preventing scale formation according to claim 12, wherein said polymer has a molecular weight
between about 2,000 and about 1,000,000.

19. A method for preventing scale formation according to claim 12, wherein greater than one type of polymer having
at least 50 % of N-vinyl formamide units or N-vinyl acetamide units is included.

20. A method for preventing scale formation according to claim 12, wherein phosphorus compound is at least one
member selected from the group consisting of sodium tripolyphosphate, sodium hexametaphosphate, nitro tri-
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methylene phosphonic acid, hydroxy ethylidene diphosphonic acid, ethylene diamine tetramethylene phosphonic
acid, phosphono butane tricarboxylic acid, amino methylene phosphonate, polyamino polyether methylene phos-
phonate, phosphono polycarboxylic acid, and bis(poly-2-carboxyethyl) phosphinic acid.

21. A method for preventing scale formation according to claim 12, wherein a ratio of said polymer to said phosphorus
compound is between 1:9 and 9:1.

22. A method for preventing scale formation according to claim 12, wherein a ratio of said polymer to said phosphorus
compound is between 1:1 and 4:1.

23. A method for preventing scale formation according to claim 12, further comprising adding to said water at least
one member selected from the group consisting of a corrosion preventing agent, an antibacterial agent, polyacrylic
acid, polymaleic acid, copolymers of acrylic acid and 2-acrylamide-2-methyl propane sulfonic acid, a reaction prod-
uct of N, N, N', N'-tetramethyl ethylene diamine with epichlorohydrin, and a reaction product of N, N, N', N'-tetram-
ethyl ethylene diamine with dichloroethyl ether.

Patentansprüche

1. Mittel zur Verhinderung von Kesselsteinbildung zur Verwendung in einem Wassersystem, umfassend:

ein Polymer, das mindestens 50 % N-Vinylformamideinheiten oder N-Vinylacetamideinheiten aufweist; und

eine Phosphorverbindung.

2. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 1, wobei das Polymer mindestens ein Bestandteil
ist, der ausgewählt wird aus der aus Homopolymeren von N-Vinylformamid, Homopolymeren von N-Vinylacetamid,
Copolymeren von N-Vinylformamid und N-Vinylacetamid, partiell hydrolysierten Produkten eines N-Vinylformamid-
Homopolymeren, partiell hydrolysierten Produkten eines N-Vinylacetamid-Homopolymeren und partiell hydroly-
sierten Produkten eines Copolymeren von N-Vinylformamid und N-Vinylacetamid bestehenden Gruppe.

3. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 1, wobei das Polymer mindestens eines von einem
Copolymer von N-Vinylformamid und einem Vinylmonomeren und einem Copolymer von N-Vinylacetamid und
einem Vinylmonomeren ist.

4. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 3, wobei das Vinylmonomer mindestens ein Be-
standteil ist, der ausgewählt wird aus der aus (Meth)acrylamid, (Meth)acrylnitril, N-Methyl(meth)ocrylamid, N,N-
Dimethyl(meth)acrylamid, Methyl(meth)acrylat, Ethyl(meth)acrylat, Styrol, Allylalkohol, Hydroxyethyl(meth)acry-
lat, Mono(meth)acrylat von (Poly)ethylenoxid der Molzahl 1 bis 30, Monoallylether von Poly(ethylen)oxid der
Molzahl 1 bis 30, Monovinylether von Poly(ethylen)oxid der Molzahl 1 bis 30; Methacrylsäure, α-Hydroxyacrylsäu-
re, Crotonsäure, Maleinsäure, Fumarsäure, Itaconsäure; Styrolsulfonsäure, 2-Acrylamid-2-methylpropansulfon-
säure, 2-Hydroxy-3-allyloxypropansulfonsäure, Isoprensulfonsäure, Allylamin, quaternäre Ammoniumsalze von
Diethylaminoethyl(meth)acrylat, tertiäre Salze von Diethylaminoethyl(meth)acrylat und Diallyldimethylammonium-
chlorid bestehenden Gruppe.

5. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 3, wobei das Vinylmonomer ein Alkalimetallsalz
von mindestens einem Bestandteil aus der Gruppe ist, die besteht aus (Meth)acrylsäure, α-Hydroxyacrylsäure,
Crotonsäure, Maleinsäure, Fumarsäure, Itaconsäure, Vinylfulonsäure, Styrolsulfonsäure, 2-Acrylamid-2-methyl-
propansulfonsäure, 2-Hydroxy-3-allyloxypropansulfonsäure und Isoprensulfonsäure.

6. Mittel zur Verhinderung von Kesselstein nach Anspruch 1, wobei das Polymer ein Molekulargewicht zwischen etwa
2000 und etwa 1000000 aufweist.

7. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 1, wobei mehr als ein Typ Polymer mit mindestens
50 % N-Vinylformamideinheiten oder N-Vinylacetamideinheiten enthalten ist.

8. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 1, wobei die Phosphorverbindung mindestens ein
Bestandteil ist, ausgewählt aus der aus Natriumtripolyphosphat, Natriumhexametaphosphat, Nitrotrimethylen-
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phosphonsäure, Hydroxyethylidendiphosphonsäure, Ethylendiamintetramethylenphosphonsäure, Phosphonobu-
tantricarbonsäure, Aminomethylenphosphonat, Polyaminopolyethermethylenphosphonat, Phosphonpolycarbon-
säure und Bis(poly-2-carboxyethyl)phosphinsäure bestehenden Gruppe.

9. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 1, wobei das Verhältnis des Polymeren zur Phos-
phorverbindung zwischen 1 : 9 und 9 : 1 liegt.

10. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 1, wobei das Verhältnis des Polymeren zur Phos-
phorverbindung zwischen 1 : 1 und 4 : 1 liegt.

11. Mittel zur Verhinderung von Kesselsteinbildung nach Anspruch 1, weiter umfassend mindestens einen Bestandteil,
ausgewählt aus der aus einem Korrosions-verhindernden Mittel, einem antibakteriellen Mittel, Polyacrylsäure, Po-
lymaleinsäure, Copolymeren von Acrylsäure und 2-Acrylamid-2-methylpropansulfonsäure, einem Reaktionspro-
dukt von N,N,N',N'-Tetramethylethylendiamin mit Epichlorhydrin, und einem Reaktionsprodukt von N,N,N',N'-Te-
tramethylethylendiamin mit Dichlorethylether bestehenden Gruppe.

12. Verfahren zur Verhinderung von Kesselsteinbildung in einem Wassersystem, umfassend den Schritt der Zugabe
eines Polymeren mit mindestens 50 % N-Vinylformamideinheiten oder N-Vinylacetamideinheiten und einer Phos-
phorverbindung zu Wasser, das in diesem Kühlwassersystem oder Kesselwassersystem verwendet wird.

13. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 12, wobei das Polymer und die Phosphorver-
bindung zum Wasser in einer End-Gesamtkonzentration zwischen 1 und 100 mg/Liter gegeben werden.

14. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 12, wobei das Polymer mindestens ein Be-
standteil ist, der ausgewählt wird aus der aus Homopolymeren von N-Vinylformamid, Homopolymeren von N-
Vinylacetamid, Copolymeren von N-Vinylformamid und N-Vinylacetamid, partiell hydrolysierten Produkten eines
N-Vinylfarmamid-Homopolymeren, partiell hydrolysierten Produkten eines N-Vinylacetamid-Homopolymeren und
partiell hydrolysierten Produkten eines Copolymeren von N-Vinylformamid und N-Vinylacetamid bestehenden
Gruppe.

15. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 12, wobei das Polymer mindestens eines von
einem Copolymer von N-Vinylformamid und einem Vinylmonomeren und einem Copolymer von N-Vinylacetamid
und einem Vinylmonomeren ist.

16. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 15, wobei das Vinylmonomer mindestens ein
Bestandteil ist, der ausgewählt wird aus der aus (Meth)acrylamid, (Meth)acrylnitril, N-Methyl(meth)acrylamid, N,
N-Dimethyl(meth)acrylamid, Methyl(meth)acrylat, Ethyl(meth)acrylat, Styrol, Allylalkohol, Hydroxyethyl(meth)
acrylat, Mono(meth)acrylat von (Poly)ethylenoxid der Molzahl 1 bis 30, Monoallylether von Poly(ethylen)oxid der
Molzahl 1 bis 30, Monovinylether von Poly(ethylen)oxid der Molzahl 1 bis 30, α-Hydroxyacrylsäure, Crotonsäure,
Maleinsäure, Fumarsäure, ltaconsäure; Styrolsulfonsäure, 2-Acrylamid-2-methylpropansulfonsäure, 2-Hydroxy-
3-allyloxypropansulfonsäure, Isoprensulfonsäure, Allylamin, quaternäre Ammoniumsalze von Diethylaminoethyl
(meth)acrylat, tertiäre Salze von Diethylaminoethyl(meth)acrylat und Diallyldimethylammoniumchlorid ein.

17. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 15, wobei das Vinylmonomer ein Alkalimetall-
salz von mindestens einem Bestandteil aus der Gruppe ist, die besteht aus (Meth)acrylsäure, α-Hydroxyacrylsäu-
re, Crotonsäure, Maleinsäure, Fumarsäure, Itaconsäure, Vinylfulonsäure, Styrolsulfonsäure, 2-Acrylamid-2-me-
thylpropansulfonsäure, 2-Hydroxy-3-allyloxypropansulfonsäure und Isoprensulfonsäure.

18. Verfahren zur Verhinderung von Kesselstein nach Anspruch 12, wobei das Polymer ein Molekulargewicht zwischen
etwa 2000 und etwa 1000000 aufweist.

19. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 12, wobei mehr als ein Typ Polymer mit min-
destens 50 % N-Vinylformamideinheiten oder N-Vinylacetamideinheiten enthalten ist.

20. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 12, wobei die Phosphorverbindung mindestens
ein Bestandteil ist, ausgewählt aus der aus Natriumtripolyphosphat, Natriumhexametaphosphat, Nitrotrimethylen-
phosphonsäure, Hydroxyethylidendiphosphonsäure, Ethylendiamintetramethylenphosphonsäure, Phosphonobu-
tantricarbonsäure, Aminomethylenphosphonat, Polyaminopolyethermethylenphosphonat, Phosphonpolycarbon-
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säure und Bis(poly-2-carboxyethyl)phosphinsäure bestehenden Gruppe.

21. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 12, wobei das Verhältnis des Polymeren zur
Phosphorverbindung zwischen 1 : 9 und 9 : 1 liegt.

22. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 12, wobei das Verhältnis des Polymeren zur
Phosphorverbindung zwischen 1 : 1 und 4 : 1 liegt.

23. Verfahren zur Verhinderung von Kesselsteinbildung nach Anspruch 12, weiter umfassend mindestens einen Be-
standteil, ausgewählt aus der aus einem Korrosions-verhindernden Mittel, einem antibakteriellen Mittel, Polyacryl-
säure, Polymaleinsäure, Copolymeren von Acrylsäure und 2-Acrylamid-2-methylpropansulfonsäure, einem Reak-
tionsprodukt von N,N,N',N'-Tetramethylethylendiamin mit Epichlorhydrin, und einem Reaktionsprodukt von N,N,
N',N'-Tetramethylethylendiamin mit Dichlorethylether bestehenden Gruppe.

Revendications

1. Agent empêchant l'entartrage destiné à être utilisé dans un circuit d'eau, comprenant :

un polymère ayant au moins 50% de motifs N-vinylformamide ou de motifs N-vinylacétamide ; et
un composé phosphoré.

2. Agent empêchant l'entartrage selon la revendication 1, dans lequel ledit polymère est au moins un membre choisi
dans le groupe constitué des homopolymères de N-vinylformamide, des homopolymères de N-vinylacétamide,
des copolymères de N-vinylformamide et de N-vinylacétamide, des produits partiellement hydrolysés d'un homo-
polymère de N-vinylformamide, des produits partiellement hydrolysés d'un homopolymère de N-vinylacétamide,
et des produits partiellement hydrolysés d'un copolymère de N-vinylformamide et de N-vinylacétamide.

3. Agent empêchant l'entartrage selon la revendication 1, dans lequel ledit polymère est au moins un membre du
groupe constitué d'un copolymère de N-vinylformamide et d'un monomère vinylique, et d'un copolymère de N-
vinylacétamide et d'un monomère vinylique.

4. Agent empêchant l'entartrage selon la revendication 3, dans lequel ledit monomère vinylique est au moins un
membre choisi dans le groupe constitué du (méth)acrylamide, du (méth)acrylonitrile, du N-méthyl(méth)acrylami-
de, du N,N-diméthyl(méth)acrylamide, du (méth)acrylate de méthyle, du (méth)acrylate d'éthyle, du styrène, de
l'alcool allylique, du (méth)acrylate d'hydroxyéthyle, du mono(méth)acrylate de (poly)oxyde d'éthylène d'un nombre
de moles de 1-30, de l'éther monoallylique du (poly)oxyde d'éthylène d'un nombre de moles de 1-30, de l'éther
monovinylique du (poly)oxyde d'éthylène d'un nombre de moles de 1-30, de l'acide (méth)acrylique, de l'acide α-
hydroxyacrylique, de l'acide crotonique, de l'acide maléique, de l'acide fumarique, de l'acide itaconique, de l'acide
vinylsulfonique, de l'acide styrènesulfonique, de l'acide 2-acrylamido-2-méthylpropanesulfonique, de l'acide 2-hy-
droxy-3-allyloxypropanesulfonique, de l'acide isoprènesulfonique, de l'allylamine, des sels d'ammonium quater-
naire du (méth)acrylate de diméthylaminoéthyle, des sels tertiaires du (méth)acrylate de diméthylaminoéthyle, des
sels d'ammonium quaternaire du (méth)acrylate de diéthylaminoéthyle, des sels tertiaires du (méth)acrylate de
diéthylaminoéthyle, et du chlorure de diallyldiméthylammonium.

5. Agent empêchant l'entartrage selon la revendication 3, dans lequel ledit monomère vinylique est un sel de métal
alcalin d'au moins un membre du groupe constitué de l'acide (méth)acrylique, de l'acide α-hydroxyacrylique, de
l'acide crotonique, de l'acide maléique, de l'acide fumarique, de l'acide itaconique, de l'acide vinylsulfonique, de
l'acide styrènesulfonique, de l'acide 2-acrylamido-2-méthylpropanesulfonique, de l'acide 2-hydroxy-3-allyloxy-
propanesulfonique, et de l'acide isoprènesulfonique.

6. Agent empêchant l'entartrage selon la revendication 1, dans lequel ledit polymère a un poids moléculaire compris
entre environ 2000 et environ 1 000 000.

7. Agent empêchant l'entartrage selon la revendication 1, dans lequel plus d'un type de polymère ayant au moins
50% de motifs N-vinylformamide ou de motifs N-vinylacétamide est inclus.

8. Agent empêchant l'entartrage selon la revendication 1, dans lequel le composé phosphoré est au moins un membre
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choisi dans le groupe constitué du tripolyphosphate de sodium, de l'hexamétaphosphate de sodium, de l'acide
nitrotriméthylènephosphonique, de l'acide hydroxyéthylidènediphosphonique, de l'acide éthylènediaminetétramé-
thylènephosphonique, de l'acide phosphonobutanetricarboxylique, de l'aminométhylène-phosphonate, du polya-
mino-polyéther-méthylène-phosphonate, de l'acide phosphonopolycarboxylique, et de l'acide bis(poly-2-carboxyé-
thyl)phosphinique.

9. Agent empêchant l'entartrage selon la revendication 1, dans lequel un rapport dudit polymère audit composé
phosphoré est compris entre 1:9 et 9:1.

10. Agent empêchant l'entartrage selon la revendication 1, dans lequel un rapport dudit polymère audit composé
phosphoré est compris entre 1:1 et 4:1.

11. Agent empêchant l'entartrage selon la revendication 1, comprenant en outre au moins un membre choisi dans le
groupe constitué d'un agent prévenant la corrosion, d'un agent antibactérien, d'un acide polyacrylique, d'un acide
polymaléique, de copolymères d'acide acrylique et d'acide 2-acrylamido-2-méthylpropanesulfonique, d'un produit
de la réaction de la N,N,N',N'-tétraméthyléthylènediamine avec l'épichlorhydrine, et d'un produit de la réaction de
la N,N,N',N'-tétraméthyléthylènediamine avec le dichloroéthyléther.

12. Procédé pour empêcher l'entartrage dans un circuit d'eau, comprenant l'étape d'ajout d'un polymère ayant au
moins 50% de motifs N-vinylformamide ou de motifs N-vinylacétamide et d'un composé phosphoré à de l'eau
utilisée dans ledit circuit d'eau de refroidissement ou circuit d'eau de chaudière.

13. Procédé pour empêcher l'entartrage selon la revendication 12, dans lequel ledit polymère et ledit composé phos-
phoré sont ajoutés à ladite eau à une concentration totale finale comprise entre 1 et 100 mg/l.

14. Procédé pour empêcher l'entartrage selon la revendication 12, dans lequel ledit polymère est au moins un membre
choisi dans le groupe constitué des homopolymères de N-vinylformamide, des homopolymères de N-vinylacéta-
mide, des copolymères de N-vinylformamide et de N-vinylacétamide, des produits partiellement hydrolysés d'un
homopolymère de N-vinylformamide, des produits partiellement hydrolysés d'un homopolymère de N-vinylacéta-
mide, et des produits partiellement hydrolysés d'un copolymère de N-vinylformamide et de N-vinylacétamide.

15. Procédé pour empêcher l'entartrage selon la revendication 12, dans lequel ledit polymère est au moins un membre
du groupe constitué d'un copolymère de N-vinylformamide et, d'un monomère vinylique, et d'un copolymère de
N-vinylacétamide et d'un monomère vinylique.

16. Procédé pour empêcher l'entartrage selon la revendication 15, dans lequel ledit monomère vinylique est au moins
un membre choisi dans le groupe constitué du (méth)acrylamide, du (méth) acrylonitrile, du N-méthyl (méth)acryla-
mide, du N,N-diméthyl(méth) acrylamide, du (méth)acrylate de méthyle, du (méth)acrylate d'éthyle, du styrène,
de l'alcool allylique, du (méth)acrylate d'hydroxyéthyle, du mono(méth)acrylate de (poly)oxyde d'éthylène d'un
nombre de moles de 1-30, de l'éther monoallylique du (poly)oxyde d'éthylène d'un nombre de moles de 1-30, de
l'éther monovinylique du (poly)oxyde d'éthylène d'un nombre de moles de 1-30, de l'acide (méth)acrylique, de
l'acide α-hydroxyacrylique, de l'acide crotonique, de l'acide maléique, de l'acide fumarique, de l'acide itaconique,
de l'acide vinylsulfonique, de l'acide styrènesulfonique, de l'acide 2-acrylamido-2-méthylpropanesulfonique, de
l'acide 2-hydroxy-3-allyloxypropanesulfonique, de l'acide isoprènesulfonique, de l'allylamine, des sels d'ammo-
nium quaternaire du (méth)acrylate de diméthylaminoéthyle, des sels tertiaires du (méth) acrylate de diméthyla-
minoéthyle, des sels d'ammonium quaternaire du (méth)acrylate de diéthylaminoéthyle, des sels tertiaires du
(méth)acrylate de diéthylaminoéthyle, et du chlorure de diallyldiméthylammonium.

17. Procédé pour empêcher l'entartrage selon la revendication 15, dans lequel ledit monomère vinylique est un sel
de métal alcalin d'au moins un membre du groupe constitué de l'acide (méth)acrylique, de l'acide α-hydroxyacryli-
que, de l'acide crotonique, de l'acide maléique, de l'acide fumarique, de l'acide itaconique, de l'acide vinylsulfoni-
que, de l'acide styrènesulfonique, de l'acide 2-acrylamido-2-méthylpropanesulfonique, de l'acide 2-hydroxy-3-al-
lyloxypropanesulfonique, et de l'acide isoprènesulfonique.

18. Procédé pour empêcher l'entartrage selon la revendication 12, dans lequel ledit polymère a un poids moléculaire
compris entre environ 2000 et environ 1 000 000.

19. Procédé pour empêcher l'entartrage selon la revendication 12, dans lequel plus d'un type de polymère ayant au
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moins 50% de motifs N-vinylformamide ou de motifs N-vinylacétamide est inclus.

20. Procédé pour empêcher l'entartrage selon la revendication 12, dans lequel le composé phosphoré est au moins
un membre choisi dans le groupe constitué du tripolyphosphate de sodium, de l'hexamétaphosphate de sodium,
de l'acide nitrotriméthylènephosphonique, de l'acide hydroxyéthylidènediphosphonique, de l'acide éthylènediami-
netétraméthylènephosphonique, de l'acide phosphonobutanetricarboxylique, de l'aminométhylène-phosphonate,
du polyamino-polyéther-méthylène-phosphonate, de l'acide phosphonopolycarboxylique, et de l'acide bis(poly-
2-carboxyéthyl)phosphinique.

21. Procédé pour empêcher l'entartrage selon la revendication 12, dans lequel un rapport dudit polymère audit com-
posé phosphoré est compris entre 1:9 et 9:1.

22. Procédé pour empêcher l'entartrage selon la revendication 12, dans lequel un rapport dudit polymère audit com-
posé phosphoré est compris entre 1:1 et 4:1.

23. Procédé pour empêcher l'entartrage selon la revendication 12, comprenant en outre l'ajout à ladite eau d'au moins
un membre choisi dans le groupe constitué d'un agent prévenant la corrosion, d'un agent antibactérien, d'un acide
polyacrylique, d'un acide polymaléique, de ,copolymères d'acide acrylique et d'acide 2-acrylamido-2-méthylpropa-
nesulfonique, d'un produit de la réaction de la N,N,N',N'-tétraméthyléthylènediamine avec l'épichlorhydrine, et d'un
produit de la réaction de la N,N,N',N'-tétraméthyléthylènediamine avec le dichloroéthyléther.
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