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SPECIFICATION

METHOD FOR PROCESSING COOLING WATER SYSTEM

TECHNICAL FIELD
[0001]

The present invention relates to a method for treating a cooling water systen:.
Specifically, it relates to a method for treating a cooling water system which, in a cooling
water system having low caleium hardness, prevents metal corrosion of heat-transfer surfaces

of a heat exchanger and the like.

BACKGROUND ART
[0002]

Metal members installed in an open circulating cooling water system, for example, a
heat exchanger, a reaction tank, and a pipe made of carbon steel, copper, or a copper alloy
become corroded by coming in contact with cooling water.  Therefore, there 1s generally
provided an anti-corrosion treatment by addition of a chemical agent.

In order to suppress corrosion of the heat exchanger, the reaction tank, and the pipe
made of carbon steel, there is being added to the cooling water a phosphorous compound such
as an orthophosphoric acid salt, a hexametaphosphoric acid salt, a hydroxyethylidene
phosphonic acid salt, a phosphonobutane tricarboxylic acid salt, and the iike. There are also
cases where a heavy metal salt such as a zinc salt and a bichromate salt are added solely or in
a combination.

Particularly, in water quality of low calcium hardness, an anti-corrosion effect due to
a calcium hardness component cannot be expected and, therefore, the metal members are
easier to be corroded than in water quality of high calcium hardness.  Especially when the
calcium hardness is 100 mg CaCQO+/L or less, a certain amount or more of an anti-corrosion
agent such as a phosphoric acid salt and the like needs to be added, and a low molecuiar
weight polymer for dispersing the anti-corrosion agent needs to be added in a high
concentration (see Kurita Water Industries” Chemicals Handbook Editing Committee (Eds.) ,
“Kurita Water industries’ Chemicals Handbook (4th ed.),” Entry 178, “7.3.1 Prevention of
Corrosion of Carbon Steel, Figure 7.29.). However, this method for treating water is

contrary to a frend of recent years to reduce environmental loads.
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{0003}

For this reason, when water of low calcium hardness is used as makeup water for the
cooling water, there has been desired a potymer for dispersing the anti-corrosion agent, which
will enable the anti-corrosion agent to exhibit a high anti-corrosion effect at a lower
concentration.

As a treatment method with 2 reduced environmental load in a water quality
condition where the caleium hardness is low and metal members are easily corroded, there
have been proposed methods for improving anti-corrosion effects by means of adjusting water
guality components.

For example, in Patent Literature 1, there is disclosed a method for suppressing
corrosion of metal in an open circulating cooling water system, comprising: adjusting water
quality so that a Langelier index becomes 1.5 or more, and a product of a silica concentration
and calcium hardness becomes 2000 or more; and adding a copolymer of maleic acid and
1sobutylene.

In Patent Literature 2, there is disclosed a method for suppressing corrosion of metal
comprising adding, m a specific ratio, a maleic acid-based polymer A and a copolymer B of
maleic acid and the like and a nenionic mono-ethylene-based unsaturated monomer to a water
system which has been adjusted so that a Langelier index becomes 1.5 or more, and a product
of a silica concentration and calcrum hardness becomes 2000 or more,

In Patent Literature 3, there is disclosed a method for suppressing corrosion of metal
in a water system, comprising: adding a phosphoric acid salt, a zinc salt, and an M alkalinity
component; and adjusting respective concentrations of total phosphoric acid and total zinc to
! mg/L or less, and a Langelier index at 30°C to 1.2 or more.

However, in water quality of low calcium hardness, all methods of the Patent
Literatures | to 3 need addition of an enormous amount of a chernical agent in order to adjust
the calctum hardness, the silica concentration, and the Langelier index to certain values.
[0004]

On the other hand, as a polymer which shows a high scale inhibiting effect and a
high anti-corrosion effect in a water system of high calcium hardness, Patent Literature 4
discioses a {meth)acrylic acid-based polymer having a sulfonic acid group at a main chain
terminal, whereby, it is described, gelation resistance performance is improved and an
excellent anti-corrosion effect is exhibited even in a water system of a high calcium

concentration. However, the Patent Literature 4 does not disclose anything about an anti-
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corrosion effect in a water system of low caleium hardness which has z high tendency to

corrode.

CITATION LIST
PATENT LITERATURE
[0003]

Patent Literature 1: Japanese Patent Application Publication No. H4-33868

Patent Literature 2: Japanese Patent Laid-Open Publication No. 2007-119835
Patent Literature 3: Japanese Patent Laid-Open Publication No. 2009-299161
Patent Literature 4: Japanese Patent Laid-Open Publication No. 2005-264190

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0064]

The present invention was made in view of the above-mentioned circumstances, and
an object thereof is to provide a method for treating a cooling water system, which, in a water
systemn where water of low calcium hardness 1s used as makeup water, prevents metal
corrosion of heat-transfer surfaces of a heat-exchanger, a pipe, and the like without addition of

a chemical agent of a high concentration.

MEANS FOR SOLVING THE PROBLEMS
{0007]

The present inventors conducted diligent research in order to attain the object and, as
a result, found that the object can be attained by adding a treatment agent to a cooling water
system of low calcium hardness, the treatment agent containing a {meth)acrylic acid-based
copolymer which comprises a structural unit (a) derived from a specific (meth)acryiic acid-
based monomer and a structural unit (b) derived from a specific (meth)allyi ether-based
monomer in specific amounts, has a specific weight average molecular weight, and at least
one of main chain terminals of which is a sulfonic acid group or a salt thereof. This finding
led to completion of the present invention.
[0008]

That is, the present invention provides a method for freating a cooling water system

comprising adding, in a cooling water system of calcium hardness of 250 mg/L or less as
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CaCO;, a treatment agent consisting of a (meth)acrylic acid-based copolymer, wherein the
(methjacrylic acid-based copolymer comprises a structural unit (a} derived from a
(meth)acrylic acid-based monomer (A) represented by the following general formula (1) and a
structural unit (b) derived from a (meth)allyl ether-based monomer (B) represented by the
fbllowing general formula (2), a content of the structural unit (b) is 1 to 15 mol% relative to
100 mol% of structural units derived from all the monomers, a weight average molecular
weight of the (meth)acrylic acid-based copolymer is 7,000 to 28,000, and at least one of main
chain terminals of the (methjacrylic acid-based copolymer is a sulfonic acid group or a salt
thereof.
[0009]
[Formula 1}

R1
H2C=C< (1)

COOX
wherein R’ represents & hydrogen atom or a methyl group; and X represents a hydrogen atom,
a metal atom, an ammonium group, or an organic amine group; and
[0010]
[Formula 2]

R2
HQC=C< (2)

CHQOCHg—HC,)wY

H.C—2Z2

wherein R? represents a hydrogen atom or a methyl group; Y and 7 each independently
represent a hydroxyl group, or a sulfonic acid group or a salt thereof; and at least one of Y and
Z represents a sulfonic acid group or a salt thereof. There is also provided a method for
treating a cooling water system comprising adding, in a cooling water system of calcium
hardness of 250 mg/L or less as CaCQs, a treatment agent consisting of a {(meth)acrylic acid-
based copolymer, wherein the (meth)acrylic acid-based copolymer comprises a structural unit
(a) derived from a (meth)acrylic acid-based monomer (A) represented by the following
general formula (1), a structural unit (b) derived from a (meth)allyl ether-based monomer (B)
represented by the following general formula (2) and a structural unit (¢} derived from the
other monomer {C),

wherein the other monomer (C) is one kind or two or more kinds selected from 2-
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{methjacrylamide-2-methyipropanesulfonic acid, (meth)allylsulfonic acid, vinvlsulfonic acid,
styrenesulfonic acid, 2-sulfoethyvi methacrylate, and salts thereof, N-vinylpyrrolidone, N-
vinytformamide, N-vinylacetamide, N-vinyl-N-methylformamide, N-vinyl-methylacetamide, N-
vinyloxazolidone, (meth)ecrylamide, NN-dimethylacrylamide, N-isopropylacrvlamide, 3-
(meth)allyioxy-1,2-dibhvdroxypropane, (methjallyl alcohol, isoprencl, 3-(methjallyioxy-1,2-
di(poltyjoxyethylene ether propane, a compound obtained by adding 1 to 100 moles of ethylene
oxide to {meth)allyl alcohol, methyl {meth)acrylate, ethyl {meth)acrylate, buiyl (meth)acrylate,
hydroxyethyl {meth)acrylate, itaconic acid and styrene;
a content of the structural unit (b) is 1 to 15 mol% relative to 100 mol% of structural
units derived from all the monomers; and
a weight average molecular weight of the {meth)acrylic acid-based copolymer is 7,000 to

28,000, and at least one of main chain terminals of the Guneth)acrylic acid-based copolymer is a
sulfonic acid group or a salt thereof:
[Formula 1]

R'i
HzCﬂC< (1)

COOX
wherein R' represents a hydrogen atom or a methyl group; and X represents a hydrogen atom, a
metal atom, an ammonium group, Or an organic amine group; and
[Formuia 2}

RZ
H,C =C/ (2)

CHZOCHZ—"H?”‘Y

H,C—2Z

wherein R’ represents a hydrogen atom or a methyl group; Y and Z each independently represent
a hydroxyl group, or a sulfonic acid group or a salt thereof; and at least one of Y and 7. represents
a sulfonic acid group or a salt thereof.
EFFECT OF THE INVENTION
[0011]

According to the present invention, there can be provided a method for treating a cooling
water system, whicl, in 2 water system where water of low calcium hardness is used as makeup
water, effectively prevents metal corrosion of heat-transfer surfaces of a heat-exchanger, a pipe,

and the ke without addition of & chemical agent of a high concentration.
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MODE FOR CARRYING OUT THE INVENTION
[0012] _

The method for treating a cooling water system of the present invention comprises
adding, 1 a cooling water system having calcium hardness of 250 mg/L or less as CaCO5, a
treatment agent containing a (meth)acrylic acid-based copolymer having a specific structure
and weight average molecular weight thereto, and thereby preventing metal corrosion of heat
transfer surfaces of a heat exchanger, a pipe, and the like.

[6013]
[(Meth)acrylic acid-based copolymer]

The (methlacrylic acid-based copolymer contained in the treatment agent used in the
method for treating a cooling water system of the present invention comprises a structural unit
(a) derived from a (meth)acrvlic acid-based monomer {A) represented by the following
general formula {1) and a structural unit (b} derived from a {meth}allyl ether-based monomer
{B) represented by the following general formula (2), wherein at least one of main chain
terminals is a suifonic acid group or a salt thereof:

[0014]
[Formula 3]
R1
H2{3=C< (1)
COOX
wherein R’ represents a hydrogen atom or a methy] group; and X represents a hydrogen atom,
a metal atom, an ammonivm group, or an organic amine group; and
[0015]
[Formula 4}
R?_

e
Hzcxc\ (23
CHQOCHQ-"—HCII——Y

H,C—2Z
wherein R* represents a hydrogen atom or a methyl group; Y and Z each independently
represent a hydroxyl group, or a sulfonic acid group, or a salt thereof; and at least one of Y
and Z represents a sulfomc acid group or a salt thereof.
The structural unit {(a) and the structural unit (b} specifically refer to structural uniis

represented by the following general formulas (3) and (4), respectively:
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[Formula 5]
R1
WCHZ*CIEM {3)
g}OOX
wherein R' and X are the same as in the general formula (1); and
[0017]
[Formula 6}
R2
—CH—— ()
éHQOCH;——H?-Y

Ho,C—2
wherein R%, Y, and Z are the same as in the general formula (2).
10018]
((Meth)acrylic acid-based monomer (A))

The (meth)acrylic acid-based monomer (A) is one represented by the general formula
(1). Here, as X in the general formula (1), a specific example of a metal atom includes, for
example, lithium, sodium, potassium, and the like; and a specific example of an organic
amine group includes, for example, monoethanolamine, diethanolamine, triethanolamine, and
the like.

A specific example of the (meth)acrylic acid-based monomer (A) includes, for
example, acrylic acid, methacrylic acid, and salts of these (for example, sodium salts,
potassium salts, ammonium salts, and the like). Among these, acrylic acid, sodium acrylate,
and methacrylic acid are preferable, and acrylic acid (AA) is more preferable.  These can be
used solely or in a combination of two or more kinds.

Meanwhile, the term “(meth)acrylic acid-based” refers to both “acrylic acid-based”
and “methacrylic acid-based.” The same applies to other similar terms.

[0019]
{((Meth)allyl ether-based monomer {(B))

The (meth)allyl ether-based monomer (B} is one represented by the general formula
(2). However, among a sulfonic acid group and a salt thersof which correspond to Y and Z
in the general formula (2), a specific example of a metal salt includes, for example, salts of

sodium, potassium, lithium, and the like, among which sodium is preferable.
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A specific example of a salt of an organic amine group includes salts of
monoethanolamine, diethanolamine, triethanolamine, and the like.

A specific example of the (meth)ally! ether-based monomer (B} includes, for
example, 3-(meth)allyloxy-2-hydroxy-1-propanesulfonic acid and a salt thereof, and 3-
(meth}ailyk}xy—1-h.ydroxyw2~propanesuifon_ic acid and a salt thereof. Among these, sodium
3-(meth)allyloxy-2-hydroxy-I-propanesulfonate is preferable and sodium 3-allyloxy-2-
hydroxy-1-propanesnlfonate (HAPS) is more preferable.  These can be used solelyorina
combination of two or more kinds.

Meanwhile, the term “(meth)ally! ether-based” refers to both “allyl ether-based” and
“methallyl ether-based.” The same applies te other similar terms.

100201
<Molar ratio>

The (meth)acrylic acid-based copolymer is a copolymer comprising a structural unit
(a) derived from a (methjacrylic acid-based monomer (A) and a structural unit (b) derived
from a (meth)allyl ether-based monomer (B), wherein a content of the structural unit (b),
relative to 100 mol% of structural units derived from all the monomers, 1s 1 to 15 mol%,
preferably 2 to 10 mol%, and more preferably 3 to 7 mol%. When the content of the
structural unit (b) is less than 1 mol%, ability of the copolymer to disperse an anti-corrosion
component becomes low and the copolymer becomes unable to exhibit its performance.
When the content exceeds 15 mol%, the copolymer disperses the anti-corrosion component
too welt for an anti-corrosion film to be formed, and thus anti-corrosion performance
deteriorates.

On the other hand, from the viewpoint of anti-corrosion performance, the content of
the structural unit {a) relative to 100 mol% of structural units derived from all the monomers
is preferably 99 to 50 mol%, more preferably 98 to 60 mol%, even more preferably 97 to 80
mol%, and further even more preferably 97 to 90 mol%.

Furthermore, in the (methjacrylic acid-based copolymer, a molar ratic of [{meth)allyl
ether-based monomer (B))/[(meth)acrylic acid-based monomer (A)] is, from the viewpoint of
anti-corrosion performance, preferably 0.01 to 0.2, more preferably 0.02 t0 0.15, even more
preferably 0.02 to 0.10, and further even more preferably 0.03 to 0.07.

The (meth)acrylic acid-based copolymer may contain a structural unit other than the
structural unit (a) and the structural unit (b) in a range which does not impair an effect of the

present invention, but the copolymer preferably does not contain other structural unit.
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A total content of the structural unit (a) and the structural unit (b} is, relative to 100
mol% of structural units derived from all the monomers, preferably 60 to 100 mol%s, more
preferably 70 to 100 mol%, even more preferably 80 to 100%, and further even more
preferably 90 to 100 mol%.

[6021]
<Weight average molecular weight>

A weight average molecular weight of the (methlacrylic acid-based copolymer is,
from the viewpoint of anti-corrosion performance, 7,000 to 28,000 and preferably 8,000 to
26,000, When the weight average molecular weight is outside the range, the anti-corrosion
effect decreases.

Additionally, the weight average molecular weight is a standard polvacrylic acid-
equivalent value according to a gel permeation chromatography method {(GPC method).
[0022]

(Otﬁer monomers (C))

The {(meth)acrylic acid-based copolymer suffices if it comprises at least the structural
unit (b) in a ratio of 1 to 15mol% relative to 100 moi% of structaral units derived from all the
monemers.  However, it is preferable that the structural unit {a) is confamed in the
aforementioned ratio.  In addition to these, the copolymer may contain a structural unit (c)
derived from other monomers {C) which are copolymerizable with the (meth)acrylic acid-
based monomer {A) or the (meth)ally! ether-based monomer (B). In this case, a proportion
of the structural unit (¢) relative to 100 mol% of structural units derived from all the
monomers is preferably 10 mol% or less, and more preferably 5 mol% or less.

A total content of the structural unit (2), the structural umit (b), and the structural unit
(¢) is, relative to 100 moi% of structural units derived from all the monomers, preferably 60 to
100 mol%, more preferably 70 to 100 mol%, even more preferably 80 to 100 mol%, and
further even more preferably 90 to 100 mol%.

[0023]

The other monomers (C) inctude, for example, sulfonic acid group-containing
unsaturated monomers such as 2-(methjacrylamide-2-methylpropanesulfonic acid,
{meth)allylsulfonic acid, vinyisulfonic acid, styrenesulfonic acid, 2-sulfoethyl methacrylate,
and the like, and saits thereof; N-vinyl monomers such as N-vinylpyrrolidone, N-
vinylformamide, N-vinylacetamide, N-vinyl-N-methylformamide, N-vinyl-methylacetamide,

N-vinyloxazolidone, and the like; nitrogen-containing nonionic unsaturated monomers such
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as (methjacrylamide, N,N-dimethylacrylamide, N-isopropylacrylamide, and the like;
hydroxyl group-containing unsaturated monomers such as 3-(methjallyloxy-1,2-
dihydroxypropane, (meth)allyl alcohol, isoprenol, and the like; polyoxyethylene group-
containing unsaturated monomers such as a compound obtained by adding about 1 to 260
moles of ethylene oxide to 3-(methjallyloxy-1,2-dihydroxypeopane (3-(meth)alivioxy-1,2-
di{poly)oxyethyiene ether propane), a compound obtained by adding about 1 to 100 moles of
ethylene oxide to (meth)allyl alcohol, and the like; (methjacrylic acid esters such as methyt
(meth)acrylate, ethyl (meth)acrylate, butyi (methjacrylate, hydroxyethyi (meth)acrylate, and
the like; unsaturated dicarboxylic acid monomers such as itaconic acid and the like; and
aromatic unsaturated monomers such as styrene and the like.

These monomers (C) can be used solely or in a combination of two or more kinds.
[6024)

{Method for production})

A method for producing the {methjacrylic acid-based copolymer includes a method
of polymerizing a monomer mixture containing the monomers (A), (B), and (C) which is used
if necessary (heremnafter, also referred to simply as the “monomer mixture™) in the presence of
a polymerization initiator.

100257
<Polymerization initiator>

As the polymerization initiator, there can be used a publicly known one.  For
example, suitable are hydrogen peroxide; persulfates such as sodium persulfate, potassium
persulfate, ammonium persulfate, and the like; azo-based compounds such as dimethyl 2, 2'-
azobis (Z-methylpropionate), 2, 2'-azobis (isobutyronitrile}, 2, 2'-azobis (2-
methylbutyronitrile), 2, 2'-azobis (2,4-dimethylvaleronitrile), 2, 2'-azobis (4-methoxy-2,4-
dimethylvaleronitrile), dimethyl 2, 2'-azobis (isobutyrate), 4,4"-azobis (4-cvanovaleric acid), 2,
2'-azobis (2-methylpropionanudine) dibydrogen chioride, 2, 2'-azobis [N-(2-carboxyethyl)-2-
methyipropionamidine) n-hvdrate, 2.2"-azobis [2-(2-imidazolin-2-viypropane] dihydrogen
chloride, 2,2'-azobis [2-(2-imidazoim-2-yDpropane] disulfuric acid dihydrate, 1,1°-
azobis(cyclohexane- | -carbonitrile), and the like; organic peroxides such as benzoyl peroxide,
lauroyl peroxide, peracetic acid, di-t-butyl peroxide, cumene hydroperoxide, and the like.
Among these polymerization initiators, the after-mentioned persulfates are preferably used

from the viewpoint of improving gelation resistance of the polymer obtained.
{00261
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An amount of use of this polymerization initiator is not particularly limited as long as
it is an amount that can initiate copolymerization of the monomer mixture. However, except
the case particularly described in the following, the amount of the mnitiator 1s, relative to 1
mole of the monomer nixture, preferably 15 g or less, and more preferably 1 to 12 g.

10027]
<Chain transfer agent>

In the method for producing the (methjacrylic acid-based copolymer, if necessary,
there may be used a chain transfer agent as a molecular weight adjusting agent in a range
which does not adversely affect the polymerization.

Specifically, the chain transfer agent includes thiol-based chain transfer agents such
ay mercaptoethanol, thioglycerol, thioglycolic acid, 2-mercaptopropionic acid, 3-
mercaptopropionic acid, thiomalic acid, octyl thiogiycolate, octyl 3-mercaptopropiocnate, 2-
mecaptoethanesulfonic acid, n-dodecyl mercaptan, octyl mercaptan, buty! thioglycolate, and
the like; hatides such as carbon tetrachloride, methyiene chioride, bromoform,
bromofrichioroethane, and the like; secondary alcohols such as isopropanol, glycerin, and the
like; lower oxides and salts thereof such as phosphorous acid, hypophosphorous acid, and
salts thereof (sodium hypophosphite, potassium hypophosphite, and the like), and sulfurous
acid, bisulfurous acid, dithionous acid, metabisuifurcus acid, and salts thereof (hereinafier,
also referred to as the “bisulfurous acids (bisulfites}.” The bisulfites include, for example,
sodium bisulfite, potassium bisulfite, sodium dithionite, potassium dithionite, sodium
metabisulfite, potassium metabisulfite, and the like); and the like. The chain transfer agents
can be used solely or in a combination of two or more kinds,

(00281

When these chain transfer agents are used, the molecular weight of the copolymer
produced can be prevented from becoming higher than necessary, and a low molecular weight
copolymer can be produced efficiently. Among these, in the copolymerization reaction
pertaining to the present invention, i is suitable to use the bisulfurous acids (bisuifites).
Herewith, it becomes possible to introdace a sulfonic acid group efficiently at a main chain
terminal of the copolymer obtained and it alsc becomes possible to improve the gelation
resistance.  Further, it is preferable to use the bisulfurous acids (bisulfites) as a chain transfer
agent, because, by doing so, a color tone of the copolymer (composition) can be improved.

An amount of the chain transfer agent to be added is not particularly limited as long

as it is an amount which allows the monomer mixture to polymerize satisfactorily. However,
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except the cases particularly described in the following, the amount of the chain fransfer agent
is, relative to 1 mole of the monomer mixture, preferably | to 20 g, and more preferably 2 to
15¢g

(6029}

<[nitiator gystem>

[z the method for producing the (meth)acrylic acid-based copolymer, as an initiator
system (a combination of a polymerization initiator and a chain transfer agent), it is desirable
to use one or more kinds of persulfate salts and bisulfurous acids (bisulfites), respectively, in
combination. Herewith, a sulfonic acid group can be efficiently introduced at a main chain
terminal of the polymer, and there can be obtained a low molecular weight, water soluble
polymer which is excellent not only in dispersing ability and chelating ability but alse in
gelation resistance.  Thus, it becomes possible for the function and effect of the present
invention to be effectively exhibited. By adding the bisulfurous acids (bisulfites) to the
initiator system in addition to the persulfates, the molecular weight of the polymer obtained is
prevented from becoming higher than necessary, and a low molecular weight polymer can be
produced efficiently.

The persulfates specifically includes sodium persulfate, potassium persulfate,
ammeonium persulfate, and the like.

Furthermore, m the present invention, the bisulfurous acids (bisulfites) are as
described above, but preferable among them are sodium bisulfite, potassium bisulfite, and
ammoniun: bisulfite.

[0030]

As regards a ratio of addition when the persulfates are used together with the
bisulfurcus acids (bisulfites), the bisulfurous acids (bisulfites) are added, relative to 1 mass
part of the persulfates, in a range of preferably 0.1 to 5 mass parts, more preferably 0.2 to 3
mass parts, and even more preferably 0.2 to 2.5 mass parts. When the amount of the
bisulfurous acids {bisulfites) is less than 0.1 mass part relative to 1 mass part of the
persulfates, the effect due to the bisulfurous acids (bisulfites) tends to decrease.  Therefore,
an amount of the sulfonic acid group introduced at the terminal of the polymer decreases, and
gelation resistance of the copolymer tends to decrease.  Further, the weight average
molecular weight of the (ineth)acrylic acid-based copolymer fends to increase.  On the other
hand, when the amount of the bisulfurous acids (bisulfites) exceeds S mass parts relative to 1

mass part of the persulfates, the bisulfurous acids (bisuifites) tend to be supplied in excess
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(consumed uselessly) in the polymerization reaction system in a situation that the effect of the
bisulfurous acids (bisulfites) 1s not obtained as expected from the ratio of addition.

Therefore, the excess bisulfurous acids {bisulfites) are decomposed in the polymerization
reaction system, resulting in generation of a large amount of sulfurous acid gas (SO, gas). In
addition, many impuriiies are generated in the (meth)acrylic acid-based copolymer, and
performance of the (meth)acrylic acid-based copolymer tends to deteriorate.  Furthermore,
during storage at low temperature, impurities tend to precipitate easily.

[0031]

As regards the amount of addition when the persulfates and the bisulfurous acids
(bisulfites) are used, the total amount of the persulfates and the bisulfurous acids (bisulfites) is,
relative to 1 mole of the monomer mixture, preferably 2 to 20 g, more preferably 2to 15 g,
even more preferably 3 fo 10 g, and further even more preferably 4 10 9 g, When the amount
of addition of the persulfates and the bisulfurous acids (bisulfites) is less than 2 g, the
molecular weight of the polymer obtained tends to increase.  In addition, the amount of the
sulfonic acid group introduced at the terminal of the (methjacrylic acid-based copolymer
obtained tends to decrease,  On the other hand, when the amount of addition exceeds 20 g,
the effect of the persulfates and the bisulfurous acids (bisulfites) becomes unable to obtam as
expected from the amount of addition and, on the contrary, purity of the {meth)acrylic acid-
based copolymer tends fo decrease.

[0032]

The persulfates may be added in a form of a persulfate solution {preferably an
aqueous solution} by dissolving the same in the after-mentioned solvents, preferably water.
When the persulfates are used as a solution (preferably an agueous solution), the
concentration thereof is preferably 1 to 35 mass%, more preferably 5 to 35 mass%, and even
more preferably 10 to 30 mass%. Here, when the concentration of the persulfate solution is
less than 1 mass%, the concentration of the product decreases, resulting in cumbersome
transportation and storage. On the other hand, when the concentration of the pesulfate
solution exceeds 35 mass%, handling of the product becomes difficult.

10633}

The bisulfurous acids (bisulfites) may be added in a form of a sclution (preferably an
aqueous solution) of bisulfurous acids (bisulfites) by dissolving the same in the after-
mentioned solvents, preferably water.  When the bisulfurous acids (bisulfites) are used as a

solution (preferably an aqueous solution), the concentration thereof is preferably 10 to 42
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mass%, more preferably 20 to 42 mass%, and even more preferably 32 to 42 mass%. Here,
when the concentration of the solution of the bisulfurous acids (bisulfites) is jess than 10
mass%, the concentration of the product decreases, resuiting in cumbersome transportation
and storage. On the other hand, when the concentration of the solution of the bisulfurous
acids {bisulfites) exceeds 42 mass%, handhing becomes difficult.

[0634]

<(ther additives>

In the method for producing the (meth)acrylic acid-based copolymer, as additives
other than the initiator and the chain transfer agent, which can be used in the polymerization
reaction system when polymerizing the monomer mixture in an aqueous solution, there can be
added an appropriate amount of a suitable additive, for exampie, a heavy metal concenfration
adjusting agent, a pH adjusting agent, and the like in a range which does not affect the
function and effect of the present mvention.

[0035]

The heavy metal concentration adjusting agent is not particularly limited and, for
example, polyvalent metal compounds or elementary substances can be used.  Specifically,
there can be mentioned water soluble polyvalent metal salts such as vanadium oxytrichloride,
vanadium trichloride, vanadyl oxalate, vanadyl sulfate, vanadic acid anhydride, ammonium
metavanadate, ammonium hypovanadous sulfate: [{(NHa)S0#VEO46H,0], ammonium
vanadous sulfate: [(NH;)V(SO4)012H0], copper(Il} acetate, copper(il}, copper{ll) bromide,
copper(Il) acetylacetate, ammontum cupric chloride, ammonium copper chloride, copper
carbonate, copper(ll) chloride, copper(ll) citrate, copper(Il} formate, copper(1l) hydroxide,
copper nitrate, copper naphthenate, copper(Il) oleate, copper maleate, copper phosphate,
copper{ll) sulfate, cuprous chloride, copper(l) cyanide, copper iodide, copper{l) oxide, copper
thioevanate, iron acetylacetate, ammonium iron citrate, ammonium ferric oxalate, ammonium
iron sulfate, ammonium ferric sulfate, iron citrate, iron fumarate, iron maleate, ferrous lactate,
ferric nitrate, iron pentacarbonyl, ferric phosphate, ferric pyrophosphate, and the like;
polyvalent metal oxides such as vanadium pentoxide, copper(ll} oxide, ferrous oxide, ferric
oxide, and the like; polyvalent metal sulfides such as iron(IIl) sulfide, iron(II) sulfide, copper
sulfide, and the like; copper powder, iron powder, and the like.

In the method for producing the (meth)acrylic acid-based copolymer, the
concentration of the heavy metal ions in the (meth)acrylic acid-based copolymer obtained is

preferably 0.05 to 10 ppm, and therefore it is desirable to add, if necessary, an appropriate
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amount of the heavy metal concentration adjusting agent.
[0036]
{Polymerization solvent)

In the production of the (meth)acrylic acid-based copolymer, the monomer mixture is
usually polymerized in a solvent, whereat the solvent used in the polymerization reaction
system is preferably an agqueous solvent such as water, alcohels, glycols, glvcerin,
polyethylene glycols, and the like, with water being especially preferable. These can be
used solely or in a combination of two or more kinds.  Furthermore, in order to improve
solubility of the monomer mixture in the solvent, there may be suitably added an organic
solvent in a range which does not adversely affect polymerization of each monomer.

[0037]

As the organic solvent, specifically, there can be used one kind or two or more kinds
by selecting from lower alcohols such as methanol, ethanol, and the like; amides such as
dimethylformamde and the like; and ethers such as diethyl ether, dioxane, and the like,

An amount of the solvent to be used is, relative (o the total amount of the monomer
mixture, in a range of preferably 40 to 200 mass%, more preferably 45 to 180 mass, and
even more preferably 50 to 150 mass%. When the amount of the solvent to be used is less
than 40 mass%, a molecular weight of the copolymer becomes high.  On the other hand,
when the amount of the solvent to be used exceeds 200 mass%, the concentration of the
{meth)acrylic acid-based copolymer produced becomes low and, depending on the situation,
removal of the solvent becomes necessary. Meanwhile, while much or ali of the solvent may
be charged in a reaction vessel at an initial stage of polymerization, a portion of the solvent,
for example, may suitably be added (dropwise) solely into the reaction system. Or the
portion of the solvent may be added {dropwise) into the reaction system during
polymerization together with the monomer mixture component, the initiator component, and
the other additives in a form of a solution obtained by dissolving these i the solvent
beforehand.

[0038]
(Polymerization temperature)

Polymerization temperature of the monomer mixture is not particularly Hmited.
From the viewpoint of producing a polymer efficiently, the polymerization temperature is
preferably 50°C or higher, and more preferably 70°C or higher; or preferably 99°C or lower,

and more preferably 95°C or lower.  When the polymerization temperature is less than 50°C,
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the molecular weight becomes high, impurities increase, and additionally the polymerization
time becomes too long, resulting in decreased productivity.  On the other hand, when
bisulfurous acids (bisulfites) are used as an initiator system, setting the polymerization
temperature at 99°C or lower is preferable because it can prevent generation of a large amount
of sulfurous acid gas due to decomposition of the bisulfurous acids (bisulfites). Here, the
term “polymerization temperature” refers to the temperature of a reaction solution inside the
reaction system.

[0039]

Especiaily, in a method of initiating polymerization at from room temperature (room
temperature initiating method), when polymerization is carried out, for exampie, for 180
minutes per batch (180 minute recipe), the temperature of the reaction solution is designed so
that it reaches a preset temperature {may be within the above range of polymerization
temperature, but is preferably about 70 to 90°C and more preferably about 80 to 90°C) within
76 minutes, preferably 0 to 50 minutes, and more preferably 0 to 30 minutes. It 1s desirable
that, thereafter, the preset temperature is maintained until completion of the polymerization.
When heat-up time deviates from the above range, there is a fear that the molecular weight of
the (methlacrylic acid-based copolymer obtained may become high. Meanwhile, the above
shows an example where the polymerization fime is 180 minutes but, when a prescribed
polymerization time is different, the heat-up time is desirably set with reference to this
example so that a proportion of the heat-up time to the polymerization time becomes similar.
[0040]

(Pressure of reaction system, reaction atmosphere)

When carrying out the polymerization of the monomer mixture, pressure in the
reaction system is not particularly limited and may be under any of normal pressure
{(atmospheric pressure), reduced pressure, and increased pressure.  When bisulfurous acids
(bisulfites) are used as an initiator system, the polymerization is preferably carried out under
normal pressure or under increased pressure with the reaction system being closed in order to
prevent discharge of a sulfurous acid gas and to make reduction of the molecular weight
possible. Furthermore, when the polymerization is catried out under normal pressure
(atmospheric pressure), there is no need to nstall a pressurizing device and a pressure
reducing device together, and also there is no need to use pressure-tight reaction vessels and
pipes. Therefore, from the viewpoint of production cost, normal pressure {atmospheric

pressure) is preferable.  That is, depending on a purpose of use of the (meth)acrylic acid-
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based copolymer obtained, there may be arbitrarily set the most appropriate pressure
condition.

An atmosphere in the reaction system may continue to be an air atmosphere but is
preferably changed to an inert gas atmosphere.  For example, it is desirable to replace the
inside of the reaction system with an inert gas such as nitrogen and the like prior to the start of
the polymerization. Herewith, it can be prevented that an atmosphere gas (for example, an
oxygen gas and the like) inside the reaction system dissolves in a liquid phase and acts as a
polymerization inhibitor.  As a result, decrease of the initiator (persulfate and the like) due to
deactivation is prevented, and further reduction of the molecular weight of the copolymer
becomes possible.

[G041]
{Degree of neutralization during polymerization)

In the method for producing the (methjacrylic acid-based copolymer, the
polymerization reaction of the monomer mixture is preferably carried out under an acidic
condition. By carrying out the reaction under an acidic condition, a viscosity mecrease of an
aqueous solutien of the polymerization reaction system can be suppressed and a low
molecular weight (methjacrylic acid-based copolymer can be produced efficiently.

Moreover, because the polymerization reaction can be run under a condition of higher
concentration than before, production efficiency can be substantially improved, Especially,
by setting a degree of neutralization during polymerization low in a range of 0 to 25 moi%, an
effect due to the reduction of the amount of mitiator can be improved synergistically, and the
impurity reducing effect can be markedly improved. Further, it is desirable to adjust pH of a
reaction solution during polymerization to 1 to0 6 at 25°C. By carrying out the
polymerization reaction under such an acidic condition, the polymerization can be conducted
in high concentration and in one step, making it possible even to skip a concentration step.
Therefore, productivity is substantially improved, and increase in production cost can also be
suppressed.

[0042]

Among the acidic conditions, the pH at 25°C of the reaction sofution during
polymerization is preferably 1 to 6, more preferably 1 to 5, and even more preferably 1 1o 4.
In case the pH is less than |, when, for example, the bisulfurous acids (bisulfites) are used as
an initiator system, there is a fear that generation of a sulfurous acid gas and corrosion of the

equipment may occur.  On the other hand, in case the pH exceeds 6, when the bisulfurous
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acids (bisulfites) are used as an initiator system, efficiency of the bisulfurous acids (bisulfites)
decreases, and the molecular weight increases.

A pH adjusting agent to adjust the pH of the reaction solution includes alkali metal
hydroxides such as sodium hydroxide, potassium hydroxide, and the like; alkaline earth metal
hydroxides such as calcium hydroxide, magnesium hydroxide, and the like; organic amines
such as ammonia, monoethanolamine, triethanolamine, and the like. These may be used
solely or in a combination of two or more kinds.  Among these, alkali metal hydroxides such
as sodium hydroxide, potassium hydroxide, and the like are preferable, and sodium hydroxide
is especially preferable. In the present specification, these materials may also be referred to
simply as the “pH adjusting agent” or the “neutralizing agent.”

[0043]

The degree of neutralization of a carboxylic acid during polymerization 1s preferably
in a range of 0 to 30 mol%, more preferably 1 to 25 mol%, and even more preferably 2 to 23
mol%. When the degree of neatralization during polymerization is in such a range,
copolymerization can be carried out most efficiently, and a polymer can be produced with
reduced impurities and with good gelation resistance. Furthermore, a low molecular weight
polymer can be produced efficiently without increase in viscosity of the aqueous solution in
the polymerization reaction system. Moreover, because the polymerization reaction can be
made to proceed under a condition of higher concentration than before, production efficiency
can be improved substantially.

On the other hand, when the degree of neutralization during polymerization exceeds
25 mol%, there are cases that chain transfer efficiency of the bisulfurous acids (bisulfites)
decreases and the molecular weight increases.  In addition, as the polymerization proceeds,
increase in the viscosity of the aqueous solution of the polymerization reaction system
becomes pronounced.  As a result, the molecular weight of the polymer obtained increases
more than necessary, and it becomes impossible to obtain the low molecular weight polymer.
Furthermore, there is a case where the effect of reduction in the degree of neutralization 1s not
exerted sufficiently and, in some cases, it becomes difficult to reduce impurities substantially.
10044]

Here, a method of neutralization is not particularly limited. For example, a salt of
(meth)acrylic acid such as sodium (meth)acrylate and the like may be used as part of the raw
materials, or neutralization may be carried out during polymerization using an alkali metal

hydroxide such as sodium hydroxide and the like as the neutralizing agent, or these methods
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| may be used together. In addition, a form of the neutralizing agent to be added when

carrying out neutralization may be a solid or an aqueous solution dissolved in a suitable
solvent, preferably water.

When an agueous sclution is used, the concentration thereof is preferably 10 to 60
mass%, more preferably 20 to 55 mass%, and even more preferably 30 to 50 mass%. When
the concentration of the agueous solution is less than 10 mass%, the concentration of the
product decreases, and transportation and storage thereof become cumbersome.  When the
conceniration exceeds 60 mass%, there is a fear of precipitation, and liquid transport of the
product becomes cumbersome because the viscosity thereof also increases.

[0045]
{Conditions for adding raw materials)

When carrying out the polymerization, the monomer mixture, the initiator, and the
other additives such as the chain transfer agent and the like are preferably dissolved
beforchand in suitable solvents (preferably the same kind of solvent as that of the solution
which is added dropwise) to form a monomer mixture solution, an inifiator solution, and a
solution of other additives such as a chain transfer agent solution. It is preferable that the
polymetization is carried out by continuous dropwise addition of each of these over a
prescribed time of dropwise addition to an {aqueous) solvent (if necessary, temperature of
which is adjusted to a predetermined value) charged in a reaction vessel.  Further, a part of
the agueous solvent, apart from the initially charged solvent which 1s added beforehand s the
vessel in the reaction system, may be added dropwise later.  However, the present mvention
is not limited to such a production method.

For example, with regard to a method of dropwise addition, the solutions may be
added dropwise continuously or they may be added in several portions intermittently. A part
or all of one kind or two or more kinds of the monomers may be charged mitially.
Furthermore, rates of dropwise addition (amounts of dropwise addition) of one kind or two or
more kinds of the monomers may be the same all of the time from the start to the end of the
dropwise addition, or the rates of dropwise addition (amounts of dropwise addition) may be
changed with time depending on the polymerization temperature and the like. Furthermore,
when each component is added dropwise in a form of a solution, the solution to be added
dropwise may be heated to the same level as the polymerization temperature in the reaction
system. - Having it done this way, temperature fluctuation becomes less and temperature

adjustment becomes easier when the polymerization temperature is kept constant.
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Asregards a time of dropwise addition of the monomer when polymerization is
carried out, completion of the dropwise addition of the monomer (B) is earlier than
completion of the dropwise addition of the monomer {A) preferably by 1 to 50 minutes, more
preferably by 1 to 40 minutes, and even more preferably 1 to 30 mmutes,

[0046]

When the bisulfurous acids {bisuifites) are used as the initiator system, the molecular
weight at the early stage of polymerization greatly affects the final molecular weight,
Therefore, in order to lower the initial molecular weight, it is desirable to add {dropwise} 5 to
40 mass¥% of the bisulfurous acids (bisulfites) or a solution thereof preferably within 60
minutes, more preferably within 30 minutes, and even more preferably within 10 minutes
from the start of the polymerization. Especially, as will be described later, this 1s effective
when polymerization 1s initiated from the room temperature.

Additionally, among the components added dropwise when carrying out the
polymerization, when the bisulfurous acids (bisulfites} are used as the initiator system, the
dropwise addition of the bisulfurous acids (bisulfites) or a solution thereof is completed
earlier than the dropwise addition of the monomer (A) preferably by | to 30 minutes, more
preferably 1 to 20 minutes, and even more preferably by 1 to 15 minutes.  This makes it
nossible to decrease the amount of the bisulfurous acids (bisulfites}) after completion of
polymerization and can effectively and efficiently suppress generation of the sulfurous acid
gas and formation of impurities due to the bisulfurous acids (bisulfites). Thus, impurities
produced after completion of the polymerization by dissclution of the sulfurous acid gasina
gas phase into a liquid phase can be decreased dramatically. When the bisulfurous acids
(bisulfites) are remaining after completion of the polymerization, they may form impurities
which may lead to deterioration of performance of the polymer, precipitation of impurities
when stored at low temperature, and the like. Therefore, at the end of polymerization, it is
desirable that the initiator system containing the bisulfurous acids (bisulfites) is consumed and
is not remaining.

(00471

Here, when the dropwise addition of the bisulfurous acids (bisulfites) (solution) can
be completed earlier than the dropwise addition of the monomer (A) by only less than one
minute, there are cases where the bisulfurous acids (bisulfites) remain after completion of the
polymerization. Such cases include a case where the dropwise addition of the bisulfurous

acids (bisulfites) ends at the same time with the dropwise addition of the monomer (A), and a
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case where the dropwise addition of the bisulfurous acids (bisulfites) ends later than the
dropwise addition of the monomer (A). In such cases, it tends to be difficult to suppress
generation of the sulfurous acid gas and formation of impurities effectively and efficiently,
and the initiator which remains may exert harmful effects on thermal stability of the polymer
obtained, On the other hand, when the dropwise addition of the bisulfurcus acids (bisulfites)
or a solution thereof is completed earlier than the dropwise addition of the monomer (A) by
more than 30 minutes, the bisulfurous acids (bisulfites) are consumed before completion of
the polymerization. Therefore, the molecular weight tends to increase.  In addition,
because the rate of dropwise addition of the bisulfurous acids {bisuifites) is fast relative to the
rate of addition of the monomer (A) and, because a large amount is added dropwise 11 a short
time period, impurities and a sulfurous acid gas tend to be generated in a large amount during
this period of dropwise addition.

[0048]

Further, among the components added dropwise when carrying out the
polymerization, when a persulfate salt (solution) is used as the initiator system, completion of
the dropwise addition of the persulfate salt (solution) is desirably delayed than compietion of
the dropwise addition of the monomer (A} preferably by 1 te 30 minutes, more preferably 1 to
25 minutes, and even more preferably by 1 to 20 minutes.  This makes it possible to
substantially decrease impurities due to residual monomers. For example, the amount of the
monomer component remaining after completion of the polymerization can be decreased.
[0049]

Here, when completion of the dropwise addition of the persulfate salt (solution) can
be delayed than completion of the dropwise addition of the monomer (A) by only less than
one minute, there are cases where the monomers are remaining after completion of the
polymerization. Such cases include a case where the dropwise addition of the persulfate salt
(solution) ends at the same time with the dropwise addition of the monomer (A), and a case
where the dropwise addition of the persulfate salt (solution) ends earlier than the dropwise
addition of the monomer (A}, In such cases, if tends to be difficult to suppress formation of
impurities effectively and efficiently.  On the other hand, when completion of the dropwise
addition of the persulfate (solution) is delayed than completion of the dropwise addition of the
monomer {A) by more than 30 minutes, there is a fear that the persulfate or decomposition

products thereof remains after completion of the polymerization and form impurities.
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{Polymerization time)

When carrying out the polymerization, even when polymerization temperature is
lowered and bisulfurous acids (bisulfites) are used as an inifiator system, if is more important
to suppress generation of a sulfurous acid gas and prevent formation of impurtties.

Therefore, the total time of dropwise addition when carrying out the polymerization is
desirably extended to preferably 130 to 600 minutes, more preferably 160 to 450 minutes, and
even more preferably 180 to 300 minutes.

When the total time of dropwise addition is less than 150 minutes, effects of the
persulfate salt solution and the solution of bisulfurous acids (bisulfites) which are added as the
initiator systems tend to decrease, and thus an amount of the sulfur-contaming group such asg
the sulfonic acid group and the like, which are introduced at the main chain terminal of the
(methjacrylic acid-based copolymer obtained, tends to decrease.  As a result, the weight
average molecular weight of the polymer tends to increase.

Furthermore, dropwise addition into the reaction system, which is carried out in a
short period of time, may cause bisulfurous acids (bisulfites) to exist in excess. Therefore, in
some cases, such excess bisulfurous acids (bisulfites) decompose to generate a sulfurcus acid
gas, which may be discharged out of the system or may form impurities. However, this can
be improved by carrying out the polymerization with the polymerization temperature and the
amount of the initiator being set in low, specific ranges.

On the other hand, when the total time of dropwise addition exceeds 600 minutes,
generation of the sulfurous acid gas is suppressed and, therefore, performance of the polymer
obtained is good. However, productivity decreases and there are cases where the use
purpose of the polymer is limited. Here, the term “the total time of dropwise addition” refers
to the fime period from the start of dropwise addition of the first component o be added
dropwise (not necessarily one component) to the completion of dropwise addition of the last
component to be added dropwise (not necessarily one component).

[0051]
(Solid centent concentration of polymerization solution based on monomer}

A solid content concentration of an aqueous solution {that is, a solid content
concentration of the polymerization solution, including the monomer, the polymerization
initiator, and the chain transfer agent} at completion of dropwise addition of all of the
monomer, the polymerization initiator, and the chain transfer agent is preferably 35 mass% or

more, more preferably 40 to 70 mass%, and even more preferably 42 to 65 mass%. When
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the solid content concentration at the end of the polymerization reaction is 35 mass% or more,
the polymerization can be carried out in high concentration and in one step.  Therefore, a
iow molecular weight (meth)acrylic acid-based copolymer can be obtained efficiently and
thus, for example, a concentration step can be skipped. Therefore, production efficiency and
productivity of the copolymer can be substantially improved and a production cost can be
suppressed.

Here, when the solid content concentration of the polymerization reaction system is
increased, increase in viscosity of the reaction solution becomes prominent with progress of
the polymerization reaction, and the weight average molecular weight of the polymer
obtained also tends to increase substantially. However, by carrying out the polymerization
reaction in an acidic side (a range where the pH is 1 to 6 at 25°C and the degree of
neutralization of the carboxylic acid 1s 0 to 25 mol%), the increase in viscosity of the reaction
solution with progress of the polymerization reaction can be suppressed. Therefore, a low
molecular weight polymer can be obtained even when the polymerization reaction is carried
out under a high concentration condition, and the production efficiency of the polymer can be
improved substantially.

[0052]
{Aging step)

In the method for producing the {meth)acrylic acid-based copolymer, there may be
provided an aging step with an aim to improve conversion of the monomer and the like after
completion of dropwise addition of all of the monomer. A time period of aging is usuaily 1
to 120 minutes, preferably 5 to 90 minutes, and more preferably 10 to 60 minutes. When the
time period of aging 1s less than ! minute, 2 monomer component sometimes remains due to
insufficient aging, and there is a fear that impurities attributable to the residual monomer are
formed and invite deterioration of performance and the like.  On the other hand, when the
time period of aging exceeds 120 minutes, there is a fear that the polymerization solution may
discolor.

A preferable temperature of the polymer selution in the aging step is in the same
range as the polymerization temperature.  Therefore, the temperature here may also be kept
at a constant temperature {(preferably the temperature at the end of the dropwise addition), or
the temperature may be changed with time during the aging.

[0053]

{(Post-polymerization step)

[
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In the method for producing the (meth)acrylic acid-based copolymer, it is preferable
to carry out the polymerization under an acidic condition as described above.  Therefore, the
degree of neutralization of the carboxylic acid (the final degree of neutralization of the
carboxylic acid) of the {meth)acrylic acid-based copolymer may, if necessary, be setin a
predetermined range by suitably adding, as an aftertreatment, an appropriate alkaline
component after completion of the polymerization. The alkaline component includes alkali
metal hydroxides such as sodium hydroxide, potassium hydroxide, and the like; alkaline earth
metal hydroxides such as calcium hydroxide, magnesium hydroxide, and the like; and organic
amines such as ammonia, monoethanolamine, diethanolamine, triethanolamine, and the like.

The final degree of neutralization is not particularly limited because it differs
depending on the use purpose of the (meth)acrylic acid-based copolymer.

Especially, when the (meth)acrylic acid-based copolymer is used as an acidic
polymet, the final degree of neutralization of the carboxylic acid is preferably 0 to 75 mol%,
and more preferably 0 to 70 mol%. When the (meth)acrylic acid-based copolymer is used as
a neutral or an alkaline polymer, the final degree of neutralization of the carboxylic acid is
preferably 75 to 100 mol%, and more preferably 85 to 99 mol%. Furthermore, when the
(meth)acrylic acid-based copolymer is used as a neutral or an atkaline polymer, there is a fear
that the final degree of neutralization exceeding 99 mol% may lead to discoloration of an
aqueous solution of the polymer.

Further, when the (meth)acrylic acid-based copolymer is used as an acidic material
without neutralization, there are cases where a toxic sulfurous acid gas remains in the reaction
system and the atmosphere thereof because it is acidic in the reaction system. In such a case,
it is desirable to decompose the sulfurous acid gas by addition of peroxides such as hydrogen
peroxide and the like or to have the sulfurous acid gas flushed out by introduction of (blowing
with) air and a nitrogen gas.

In addition, the method for producing the (meth)acrylic acid-based copolymer may
be batch-wise or confinucus.

[0054]

The thus obtained (meth)acrylic acid-based copolymer can suppress corrosion of
metals in the cooling water system. A mechanism thereof is not necessarily clear,

However, because the structural unit (b) derived from the (methjallyl ether-based monomer
(B) represented by the general formula (2) has little interaction with a calcium ion and has

high solubility, it can effectively prevent gelation when the copelymer contains the structural
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unit (b} in an amount of 1 to 15moi% relative to 100 mol% of structural units derived from all
the monomers. Also, because the copolymer contains a sulfonic acid group or a salt thereof
at a main chain terminal, it has excellent gelation resistance performance. On the other hand,
the carboxyl group of the structural unit (a) derived from the (methjacrylic acid-based
monomer (A) represented by the general formula (1) has a strong affinity for an caleium jon
which is a scale component, and is thought to inhibit growth of crystal by adsorbing to a
growth point thereof. Furthermore, because it is known that a material containing a carboxyl
group has an anti-corrosion performance, it is thought that the copolymer becomes capable of
providing a high anti-corrosion effect because it contains the structural unit {a), especially
because if contains the structural unit (a) in a ratio of 99 to 50 mol% relative to 100 mol% of
structural units derived from all the monomers.

Furthermore, when the weight average molecular weight of the (meth)acrylic acid-
based copolymer is 7,000 to 28,000, it shows an excellent anti-corrosion effect and also it
hardly gels, and therefore the copolymer is thought to be capable of effectively performing
suppression of metal corrosion in the cooling water system.

The (meth)acrylic acid-based copolymer used in the present invention is preferably
one comprising a structural unit (a) derived from one kind or two or more kinds of
{meth)acrylic acid-based monomers (A) selected from acrylic acid, methacrylic acid, and
sodium acrylate, and a structural unit (b) derived from sodium 3-(meth)allyloxy-2-hydroxy-1-
propanesulfonate, wherein at least one of main chain terminals is a sulfonic acid group or a
salf thereof.

[00557

Next, the method for treating a cooling water system of the present invention will be
described.

IMethod for treating cooling water systemt}

In the method for treating a cooling water system of the present invention, a
treatment agent containing the (meth)acrylic acid-based copolymer is added to a cooling
water system having the following water quality to suppress corrosion of metals in the cooling
water system.

The {meth)acrylic acid-based copolymer is as described above but is especially
preferably a copolymer comprising a structural unit (a) derived from one kind or two or more
kinds of {meth)acrylic acid-based monomers (A) selected from acrylic acid (AA), methacrylic

acid (MAA), and sodium acrylate (SA); and a structural unit (b) derived from sodium 3-
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allyloxy-2-hydroxy-1-propane sulfonate (HAPS). More specifically, examples include
copolymers such as AA/HAPS, MAA/HAPS, AA/SA/HAPS, AA/MAA/HAPS, and the like,
Among these, AA/HAPS is preferable.

Meanwhile, operating conditions when applying the treatment method of the present
invention are not particutarly limited.
[0056}

(Water quality of cooling water system)

The method for treating a cooling water system of the present invention is applied to
a cooling water system having a water quality where calcium hardness is 250 mg/L or less as
CaCQs. Preferably, the method is suitably applied to a cooling water system having a water
quality where caleium hardness is preferably 230 mg/L or less, more preferably 200 mg/L or
less, even more preferably 100 mg/L. or less, and further even more preferably 50 mg/L or less,
and preferably 5 mg/L. or more, more preferably 10 mg/L or more, even more preferably 20
mg/L or more, and further even more preferably 20 mg/L or more.

A method of addition of the anti-corrosion agent comprising only the (methjacrylic
acid-based copolymer (hereinafter, also referred to as a “copolymer-based anti-corrosion
agent”), which is added to such a cooling water system as described above, is not particularly
Hrnited and may be added to a position which is desired to be prevented from cotrosion,
immediately before the position, or the like.

In addition, an amount of addition of the anti-corrosion agent is not particularly
limited and can be suitably selected depending on the water quality of the cooling water
system to which the agent is added. However, it is desirable to add the agent so thata
concentration of the copolymer-based anti-corrosion agent (that is, the {meth)acrylic acid-
based copolymer) becomes usually 0.01 to 100 mg/L, preferably 0.1 to 80 mg/L, more
preferably 1 to 70 mg/L, and even more preferably 2 to 50 mg/L.

A treatment agent containing the {(meth)acrylic acid-based copolymer may contain
other components in a range which does not impair the effect of the present invention,

An amount of addition of the treatment agent containing the (meth)acrylic acid-based
copolymer, which is added to the cooling water system, is not particularly imited, but it is
desirable to add the treatment agent so that the concentration thereof becomes usually 0.01 to
100 mg/L, preferably 0.1 to 80 mg/L, more preferably 1 to 70 mg/L, and even more
preferably 2 to 50 mg/L..

(00571

b2
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The copolymer-based anti-corrosion agent can, if necessary, be used together with
other scale inhibitors, anti-corrosion agents, and slime controlling agents.
{Anti-corrosion agent which can be used together}

The anti-corrosion agent which can be used together mcludes, for example,
phosphonic acids such as hydroxyethylidene diphosphonic acid, phosphonobutane
tricarboxylic acid, ethylenediamine tetramethylene phosphonic acid, nitrilotrimethyl
phosphonic acid, and the like; normal phosphates; polymeric phosphates; phosphoric acid
esters; zine salts, nickel salts; molybdenum salts; tungsten salts; oxycarboxylic acid salts;
triazoles; amines; and the hke.

[6058]
{Scale inhibitor which can be used together)

The scale inhibitor which can be used together includes phosphonic acids such as
hydroxyethylidene diphosphonic acid, phosphonobutane tricarboxylic acid, ethylenediamine
tetramethylene phosphonic acid, nitrilotrimethy! phosphonic acid, and the like; normal
phosphates; polymeric phoshates; polymaleic acid; poiyacrylic acid; maleic-acid copolymers;
copolymers such as maleic acid/acrylic acid, maleic acid/isobutylene, maleic acid/sulfonic
acid, acrylic acid/sulfonic acid, acrylic acid/monionic group-containing monomer; terpolymers
such as acrylic acid/sulfonic acid/nonionic group-containing monomer; and the like.

The sulfonic acid includes, for example, vinylsulfonic acid, allylsulfonic acid,
styrenesuifonic acid, isoprenesulfonic acid, 3-allyloxy-2-hydroxypropanesulfonic acid, 2~
acrylamido-2-methylpropanesulfonic acid, 2-methacrylamido-2-methyipropanesulfonic acid,
4-sulfobuty] methacrylate, allyloxybenzenesulfonic acid, methallyloxybenzenesulfonic acid,
and metal salts thereof.

Further, the nonionic group-containing monomer includes, for example, an
alkylamide (alkylamide having an alkyl group of | to 5 carbon atoms), hydroxyethyl
methacrylate, a mono {meth)acrylate of a (poly) ethylene/propyiene oxide where the number
of moles of addition is 1 to 30, a monovinyl ether ethylene/propylene oxide where the number
of moles of addition is 1 to 30, and the like.

[0059]
(Slime controlling agent which can be used together)

The slime controlling agent which can be used together includes, for example,
quaternary ammonium salts such as alkyldimethylbenzylammonium chloride and the like,

chloromethyltrithiazoline, chloromethylisotliazoline, methylisothiazoline, or
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ethylaminotsopropylaminomethylthiatriazine, hypochlorous acid, hypobromous acid, a
mixture of hypochlorous acid and sulfamic acid, and the like. These may contain an enzyme,
a bactericidal agent, a coloring agent, a perfume material, a water-soluble organic solvent, a
defoaming agent, and the like.

The scale mhibitor, the anti-corrosion agent, and the slime controlling agent

respectively may be used solely or in a combmnation of two or more kinds.

EXAMPLES
[0060]

Hereinafter, the present invention will be described in more detail with reference to
Examples, but the present invention 1s limited in any way by these Examples.

Meanwhile, an anti-corrosion test was carried out according to the following method,
and measurement of a weight average molecular weight and confirmation of presence or
absence of a terminal sulfonic acid group were performed according to the following methods.
[0061]

{1) Anti-corrosion test

A test piece of low-carbon steel (JIS G3141 SPSS-SB) having a size of 50 mm x 30
mm % 1 mm and 2 surface area 0f 0.31 dm?, which was polished with #400 emery paper and
degreased with toluene, was selected as a sample.  Mass of the sample was measured, and
the mass was taken as the mass before test.

To a 5000 ml plastic container, there was charged water obtained by dechlorinating
water of Tochigi Prefecture Shimotsuga County Nogi Town in an amount of 5000 ml minus
the amounts of respective reagents 10 be added.  After adding thereto an aqueous solution of
sodium hydrogen carbonate, an aqueous solution of sodium silicate, a polymer solution
containing (meth)acrylic acid-based copolymer shown in Table 2 which will be described later,
an agueous solution of magnesium sulfafe, an aqueous solution of sodium chloride, a
phosphoric acid solution, an aqueous solution of calcium chloride, and an aqueous solution of
zine sulfate, pH thereof was adjusted with a small amount of an aqueous solution of sodium
hydroxide and an aqueous solution of sulfuric acid to obtain test waters of water quality A and
water quality B shown in Table 1. That 1s, test waters of water quality A and water quality B
used in after-mentioned Examples | to 9 and Comparative Examples 1 to 6 contain, as a
polymer in Table 1, the {(methjacrylic acid-based copolymers shown in Examples 1 t0 9 and

Comparative Examples 1 to 6 in Table 2, respectively.
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About 1000 mi of the test water was transferred to a 1000 mi beaker, the beaker was
placed in a constant temperature bath of a corrosion festing device maintained at 40°C, and
the test piece was screwed onto a rotating shaft, which was dipped in the water and rotated at
170 rpm.  The remainder of the test water was injected continuously into the 1600 ml beaker
by a roller pump at a rate of 0.8 mi/min.

The test piece was taken out 3 days after it was dipped, the surface of which was
washed with an acid to remove corrosion products which adhered, mass of which was
measured after drying, and the mass was taken as the mass after test.  Subsequently, from the
change in mass of the test piece, the corrosion rate (mdd) was calculated according to the
following equation and anti-corrosion performance was evaluated:

Corrosion rate (mdd) = {mass before test (mg) — mass after test (mg)} / {surface area
of test piece (dm™) x number of days of test (days)}.

The test result was evaluated as “A” when the corrosion rate was less than 10 mdd,
“B” when the corrosion rate was 10 mdd or higher and less than 20 mdd, “C” when the
corrosion rate was 20 mdd or higher and less than 30 mdd, and “D” when the corrosion rate

was 30 mdd or higher.

[0062]
[ Table 1]
Table 1
Water Water
[tem guality guality
A B
pit - 7.4 8.0
M alkalinity mg/L, as CaCO3 30 200
Calchym hardness me/l., as CaCO3 3G 206
Magnesium me/L, as CaCG3 i5 100
hardness
Silica mg/L, as Si07 3 20
Total phosphoric mg/L., as PO4 6 4
acid
Zing ion mg/L, as Zn 2 2
Polymer mg/l., as Solid 5 5
[0063]

(2) Measurement of weight average molecular weight of copolymer
A weight average molecular weight of a {methjacrylic acid-based copolymer was

measured using gel permeation chromatography (“HLC-8320 GPC” manufactured by Tosoh

Corporation} under the following conditions:
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Detector; RI,

Column: Shodex Asahipak GF-310-HQ, GF-710-HQ, and GF-1G manufactured by
Showa Denke K.K.;

Eluent: 0.1 N aqueous sodium acetate;

Flow rate: 0.5 ml/min;

Column temperature: 40°C; and

Calibration curve: POLYACRYLIC ACID STANDARD (manufactured by Sowa
Science Corporation}.
[0064]
{3) Confirmation of presence or absence of terminal sulfonic acid group in copolymer

From a copolymer {aqueous sclution), ptl of which had been adjusted to 1, water
was distilled off under reduced pressure at room temperature to be dried.  Subsequently, 'H
NMR meagsurement was performed by using deunterated water as a solvent, and a suifonic acid
group at the polymer main chain terminal of 2 copotymer was confirmed by presence or
absence of a pealk at 2.7 ppm derived from introduction of the same group.
[0065]
<Examples 1 1o 9 and Comparative Examples 1 to 6>

Copolymers in the polymer solutions used in Examples | to 9 and Comparative
Examples 1 to 6 are copolymers obtained by pelymerizing monomers in proportions shown in
Table 2, respectively.  The weight average molecular weights of and presence or absence of
the terminal sulfonic acid groups in the copolymers were as shown in Table 2, respectively.

Furthermore, the corrosion rates {mdd) as results of performing the anti-corrosion
performance evaluation tests using the test waters of water quality A and water quality B
containing these copolymers were as shown in Table 2, respectively.
[0066]
[Table 2}
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Table 2

{Methjacrylic acid-based c?pc)ymer Anti-comrosion
fest
Monomer {mol¥) Weight ) Corroston rate
. Terminal e
average
Composition moﬁccfiar sulfonic (mde)
A HAPE HAPS/AA e acid group Water Water
we
{molar e quaiity | qualiy
ratio} A B
Example 1 | AA/HAPS 98 2 007 9,500 Present A B
Example 2 | AA/HAPS [+3] 2 6,02 22,500 Present A B
Bxample3 | AARIAPS g5 5 .05 8,060 Presen A A
Example 4 AAHAPS G5 5 0.05 12,000 Prasent A A
Example 5§ AA/MAPS a5 5 0.05 15,000 Present A A
Bxample 6 | AAMAPS ] A 0,05 20,000 Present A A
Example 7 | AA/HAPS 05 4 005 25,500 Present A A
Exampie 8 | AAMHAPS o} 10 0.11 9,500 Present B A
Bgample & | AAMAPS G0 if 0.1 15,000 Present B A
Comparative AA 166 - — 3,300 -- D D
Example 1
Comparative | AA/HAPS 05 5 0.05 5,000 Present C C
Esample 2 i
Comparative | AA/HAPS 85 1 13 0.1%8 P7.000 None C A
Example 3
Comparative | AAHAPS g2 18 .22 3,000 Present C B
Example 4
Comparative | AA/HAPS R0 20 0.25 5,800 None C B
Exampie §
Comparative | AAHAPS 95 5 0.05 12,500 MNone B C
Bxample 6 | i

AA: acrylic acid

HAPS: sodium 3-allyloxy-2-hydroxy-1-propanesulionate
[0067]

In the anti-corrosion tests in Table 2, if can be seen that the corrosion rate in the test
water of water guality B (calcium hardness is 200 mg/L as CaCOs) decreases n the order of
Comparative Example ! > Comparative Exampies 2 and 6 > Comparative Examples 4 and 5,
Examples | and 2 > Comparative Exarapie 3, Examples 3 t0 9. It can also be seen that,
when a copolymer containing HAPS is used, the corrosion rate decreases and, further, when a
copolymer is used containing HAPS in an amount of 1 to 15 mol%, having a molecular
weight of 7,000 to 28,000, and having a sulfonic acid group at a main chain terminal, the
corrosion rate can be decreased remarkably.  In Comparative Example 2, it 1s thought that
the anti-corrosion effect deteriorated because a weight average molecular weight of the
copolymer is small.

It can be seen that, in test waters of water quality A having lower hardness {calcium
hardness is 30 mg/L as CaCOs3), the corrosion rate decreases in the order of Comparative

Example 1 > Comparative Examples 2 to 3 > Comparative Example 6, Examples 8 and 9 >
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Examples 1 to 7. It can also be seen that, when a copolymer containing HAPS is used, the
corrosion rate decreases and, further, when a copolymer is used containing HAPS in an
amount of 1 to 15 mol%, having a molecular weight of 7,000 to 28,000, and having a sulfonic
acid group at a main chain terminal, the corrosion rate can be decreased remarkably. 1Itis
thought that this is because, by having a sulfonic acid group at a main cham terminal,
performance of the copolymer to prevent precipitation of calcium phosphate is enhanced, and
calcium phosphate which is an anti-corrosion component forms an anti-corrosion film on a
metal surface without precipitating in water.

When Comparative Example 6 and Example 4 are compared, it can be seen that the
anti-corrosion effect is improved by the presence of a sulfonic acid group at a main chain
terminal.

From the above-mentioned results, it can be seen that the polymer which could
decrease the corrosion rate in both test waters of water quality A and water quality B was a
polymer comprising acrylic acid and HAPS wherein a content of HAPS is 1 to 15 mol% and a
weight average molecular weight is 7,000 to 28,000, and further a polymer, wherein at least
one of main chain terminals is a sulfonic acid group or a salt thereof, has a higher anti-

corrosion effect in water quality where calcium hardness is fow.

INDUSTRIAL APPLICABILITY
[0068]

The method for freating a cooling water system of the present invention can
effectively prevent metal corrosion of heat-transfer surfaces of a heat exchanger, a pipe, and
the like without adding a chemical agent of high concentration in a water system where water

of low calcium hardness is used as makeup water.
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CLAIMS

[Claim 1]

A method for treating a cooling water system comprising adding, in a cooling water
system of calcium hardness of 250 mg/L or less as CaCQs, a treatment agent consisting of a
(meth)acrylic acid-based copolymer, wherein the (meth)acrylic acid-based copolymer
comprises a structural unit {a) derived from a (meth)acrylic acid-based monomer (A)
represented by the following general formula (1) and 2 structural unit (b) derived from &
(meth)allyl ether-based monomer (B) represented by the following general formula (2}, a
content of the structural unit (b} is 1 to 15 mol% relative to 100 mol% of structural units
derived from all the monomers, a weight average molecular weight of the (meth)acrylic acid-
based copolymer is 7,000 to 28,000, and at least one of main chain terminals of the
(meth)acrvlic acid-based copolymer is a sulfonic acid group or a salt thereof:
[Formula 1]

R

/
HC=C_ (1)
COOX

wherein R! represents a hydrogen atom or a methyl group, and X represents a hydrogen atom,
a metal atom, an ammonium group, OF an organic amine group; and
[Formula 2}

R2

7
H2c3=(‘3\ (2y
CH;}OCHEMH{{:—Y

HC—Z
wherein R? represents a hydrogen atom or a methyl group; Y and Z each independently
represent a hvdroxyl group, or a sulfonic acid group or a salt thereof; and at least one of Y and

Z represents a sulfonic acid group or a salt thereof,
[Claim 2]

A method for treating a cooling water system comprising adding, in a cooling water system of
calciim hardness of 250 mg/L or less as CaCO,, a treatmoent agent comsisting of a

(meth)acrylic acid-based copolymer, wherein the (methjacrylic acid-based copolymer
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comprises a structural unit (a) derived from a (methjacrylic acid-based monomer (A)
represented by the following general formala (1), a structural umit (b) derived from a
(meth)allyl ether-based monomer (B) represented by the following general formula (2) and a
structural unit (c) derived from the other monomer (C),
wheremn the other menomer (C) is one kind or two or more kinds selected from 2-
(meth)acrylamide-2-methylpropanesulfonic acid, (meth)allylsulfonic acid, vinylsulfonic acid,
styrenesulfonic acid, 2-sulfoethyl methacrylate, and salts thereof, N-vinylpyrrolidone, N-
vinylformamide, N-vinylacetamide, N-vinyl-N-methylformamide, N-vinyl-methylacetamide,
N-vinyloxazolidone, {meth)acrylamide, N,N-dimethylacrylamide, N-isopropylacrylamide, 3-
(meth)allyloxy-1,2-dihydroxypropane, {methjaliyl aicohol, isoprenol, 3-(meth)allyloxy-1,2-
di(poly)oxyethylene ether propane, a compound obtained by adding 1 to 100 moles of
ethylene oxide to (methjallyl alcohol, methyl (methjacryiate, ethyl {methacrylate, butyl
(meth)acrylate, hydroxyethyl (meth)acrylate, itaconic acid and styrene,
a content of the structural unit (b) is 1 to 15 mol% relative to 100 mol% of structural
pnits derived from al} the monomers; and
a weight average molecular weight of the (meth)acrylic acid-based copelymer is
7,000 to 28,000, and at least one of main chain terminals of the (meth)acrylic acid-based
copolymer is a sulfonic acid group or a salt thereof:
[Formula 1]
R
Hzc—-:C( (1)
COOX
wherein R' represents a hydrogen atom or a methyl group; and X represents a hydrogen atom,
& metal atom, an ammonium group, or an organic amine group; and
[Formula 2}
R2

7
HZCwC\ (2)
CHyOCH—HC—Y

HgC“’“‘"Z
wherein R? represents a hydrogen atom or a methyl group; Y and Z each independently

represent a hydroxyl group, or a sulfonic acid group or a salt thereof; and at least one of Y and

Z represents a sulfonic acid group or a salt thereof.
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[Claim 3]

The method for treating a cooling water system according to claim ! or claim 2,
wherein the (meth)acrylic acid-based copolymer comprises a structural unit {a) derived from
one kind or two or more kinds of (meth)acrylic acid-based monomers (A) selected from
acryiic acid, methacrvlic acid, and sodium acrylate, and a structural unit (b) derived from

sodium 3-{methjaliyloxy-2-hydroxy-1-propanesulfonate.

[Claim 4]

The method for treating a cooling water system according fo any of claims 1 to 3,
wherein the (methacrylic acid-based copolvmer comprises a structural unit (a) derived from
acrylic acid and a structural unit (b) derived from sodium 3-allyloxy-2-hydroxy-1-

propanesulfonate.

[Claim 5]
The method for treating a cooling water system according to avy of claims | to 4,
wherein a content of the structural unit (b) in the (meth)acrylic acid-based copolymer is 2 to

10 mol% relative to 100 mol% of structural units derived from all the monomers,

[Claim 6]
The method for {reating a cooling water system according to any of claims 1 to 5,
wherein a content of the structural unit {(a) in the (fneth)acrylic acid-based copolymer is 98 fo

50 mol% relative to 100 mol% of structural units derived from all the monomers.

[Claim 7)
The method for treating a cooling water gystem according to any of claims 1 to 6,
wherein a molar ratio of [{meth)aliyl ether-based monomer (B)/(meth)acrylic acid-based

monomer (A}] in the (meth)acrylic acid-bdsed copolymer is G.01 to 0.2,

[Claim 8]
The method for treating a cooling water system according to any of claims 1 to 7,

wherein a weight average molecular weight of the (methjacrylic acid-based copolymer is
8,000 to 26,000,
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[Claim 9]
The method for treating a cooling water system according to any of claims 1 1o 8,
wherein metal corrosion of a heat-transfer surface of a heat exchanger or a pipe is prevented

by adding the treatment agent.
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