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TITLE OF THE INVENTION
WATER-TREATING AGENT AND METHOD FOR TREATING WATER V//

FIELD OF THE INVENTION
The present invention relates to a novel water
treating agent and a method for treating water therewith.
More precisely, the present invention relates to a novel
water treating agent which is used in boilers, cooling
water systems, hot water systems and dust collecting water
plants for pfeventing them from being disordered by heat
transfer fallure, flow rate depression and local corrosion
to be caused by adhesion or deposition of scale, sludge and

slime onto heating pipes, heat exchangers, condensers,

‘reactors for polymerization and various pipe lines in themd

also reiates to a ﬁethod of using the agent for treating
water in then.
BACKGROUND OF THE INVENTION
Heretofore, poly phosphates: and carboxylic acid
polymers have been used in a scale 1nhﬁ”’/pg and fouling
preventlng agent to be used in boilers, cooling water
systems, dust collecting water plants and water supply
piping systems for the purpose of preventing the adhesion
of scale onto the surfaces of the metal parts to be kept in

contact with water, preventing the deposition of sludge
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onto them and preventing the local corrosion to occur in

the area under the fouled parts.

However,poly phosphates are defective in that they are
easily hydrolyzed to give orthophosphates, which
precipitate as calcium phosphate in water systems having
high pH and high calcium hardness at high temperatures to
often accelerate scale troubles in them. In addition,
since waste waters containing phosphorus are problematic as
causing eutrophication in closed water areas suéh as lakes,
marshes and island seas, the use of phoéphorus containing
chemicals must be limited. _

On the other hand, carboxylic acid polymers form
insoluble salts in water containing high concentrations of
poly valent metal ions and the salts precipitate therein,
with the result that the polymers are not effective in. such
water. In particular, where the po1ymers are applied to
water having a high calcium ion concentration, the water
becomes cloudy due to the calcium salts formed and
precipitated therein.

In Japanesé Laid Open Patent Application No. 2-9496,
proposed is a phospho:us free water treating agent for
scale inhibition, which comprises a copolymer of a.
conjugated dienesulfonic acid and (meth)acrylic acid and
which is said to be effective even in systems having high

metal ion concentrations without being precipitated therein.
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Comparing this with sodium polyacrylate which has

_heretofore been used in conventional water treating agents,

the former is superior to the latter but is not
satisfactorily good. ".l'herefore, it is desired to obtain a
water treating agent having much improved scale retarding

and fouling preventing effects.

OBJECTS AND SUMMARY OF THE INVENTION

The obﬁect of the present invention is to provide a

phosphorus free water treating agent which does not react

with poly valent ions to form insoluble salts and which has
an excellent and long lasting, scale inhib:‘:ting and fouling
preventing effect, and also a method for treating water
therewith. In addition, <the 'object of the present
invention is to provide a water treating agent having an
excellent metal corrosion preventing effect, and also a
method for treating _wate'i: therewith.

We, the present inventors, have assiduously studied so
as to attain the above mentioned objects and, as a result,
have found that a ternary copolymer comprising conjugated
dienesulfonic acid units, (meth)acryiic acid units and 2-
hydroxyethyl (meth)acrylate units or (meth)acrylamido-2-
methylalkanes‘ulfonic acid unit exhibits an excellent scale

inhibit and fouling preventing effect. On the basis of

this finding, we have completed the present invention.

e v o —————.
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Specifically, the first aspect of the present

_invention is to provide a water treating agent comprising a

ternary copolymer which is synthesized from a éonjugated
dienesulfonic acid and/or its salt of the following general

formula [1]:
C'C-?:C n]

wherein R!, R2, ®R3, R4, RS and R6 each. represent a
hydrogen atom, a methyllgroup or -5033;, frovided that
one or more of Rl to R6 are methyl groups, one or more
of the remaining Rl to R6 are groups of -so3x!, and x1
represents a hydrogen atom, a monovalent metal, or an
ammonium group unsubstituted or mono substituted by an
organic group;

and a (meth)acrylic acid and/or its salts of the fbllowing

general formula [2]:

R! -
. 4
CHi=C (2]
cooxs
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5
wherein R’ represents a hydrogen atom or a methyl

group; and x2 represents a hydrogen atom, a monovalent
metal, or an amdnium group unsubstituted or mono-
substituted by an organic group-;

and further a 2-hydroxyethyl (meth)acrylate of the

following general formula [3]:

Rl
(’ .
CHy=C . (3]
COOCH,CH,0H
wherein RS represents a hydrogen at'qm or a methyl

group,

or a (meth)acrylamido-z-methylalkanesulfonic acid and/or

its salt of the following general formula ([4]:
. g r\fo'
. - ) »» . 4
o He=c- ?‘*NH-&-W,“' 50.3)(3 (4
. b i
S .
. CHs
wherein R? and R10 each represent a hydrogen atom or a
methyl group; and x3 represents a hydrogen atom, a

monovalent metal, or an ammonium group unsubstituted

or mono-substituted by an organic group.
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As one embodiment of the first aspect of the invention,

. the ternary copolymer to be in the water treating agent

comprises fiom 5 to 50 mol% of the unit derived from the
conjugated dienesulfonic acid and/or its salt, from 40 to
90 mol% of the unit derived from éhe (meth)acrylic acid
and/or its salt, and from 1 to 20 mol% of the unit derived
from the 2-hydroxyethyl (meth)acrylate.

As another embodiment of the £first aspect of the
inveﬁtion, the ternary copolymer to be in the water
treating agent comprises from 5 to 50 molt of the unit
derived from the conjugated dienesulfonic acid and/or its
salt, from 40 to 90 mol% of the unit derived from the
(meth)acrylic acid and/or its salt, and from 1 to 20 mol%
of the unit - derived from <the (reth)acrylamido-2-
methylalkanesulfonic acid and/or its salt.

As still another embodiment of the first aspect of the
invention, the ternary copolymer to be in the water
treating agent has a weight average molecular weight of

rom 500 to 300,000.

‘As still another embodiment of the first aspect of the
invention, the water treating agent further comprises a
metal corrosion inhibitor.

As still another embodiment of the first aspect of the
invention, the metal corrosion inhibitor to be optionally

in the water treating agent comprises at least one selected



7 |
from the group consisting of polyvalent metal salts,

~phosphonates, azoles, phosphates, phosphocarboxylates,

amines and phosphoric esters.

The second aspect of the present invention is to
provide a method for treating water, comprising adding to
water systems a water treating agent that comprises a
ternary copolymer as _synthesized"from a conjugated
dienesulfonic acid and/or its salt of the following general

formula [1]:

R? R* - R
N N4
C=C~-C=C (11
7 LN
R? R R¢

wherein R1, Rz, R3, R4, RY and R6 each fepresent a
hydrogen atom, a methyl group or -s03xl, provided that
one or more of Rl to RS are methyl groups, one or more
of the remaining Rl to R6 are groups of -s03xl, and x1
represents a hydrogen atom, a monovalent metal, or an
ammonium group unsubstituted or mono substituted by an
organic group;

and a (meth)acrylic acid and/or its salts of the following

general formula (2]:

ca s e - cem——— —
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R?

4
CH.=c [2)

'BOQx:

wherein R7 represents a hydrogen atom or a methyl
group; and X2 represents a hydrogen atom, a monovalent
metal, or an ammonium group unsubstituted or mono

substituted by an organic group;

and further a 2-hydroxyethyl (meth)acrylate of the

following general formula [3]:

R.
CH,=C . . - £3
COOCH,CH,01

wherein RS represents a hydrogen atom or a methyl

group,

or a (meth)acrylamido-2-methylalkanesulfonic acid and/or

its salt of the following general formula [4]:

wherein R? and R10 each represent a hydrogen atom or a

methyl group; and x3 represents a hydrogen atom, a
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monovalent metal, or an ammonium group unsubstituted

or mono substituted by an organic group,
in an amount of from 0.1 to 1600 mg/liter.

As one embodiment of the second aspect of the
invention, the ternary copolymer to be in the water
treating agent comprises from 5 to 50 mol$ of the unit
derived from the conjugated dienesulfonic acid and/or its
salt, from 40 to 90 mol% of the unit derived from the
(meth)acrylic acid and/or its salt, and from 1 to 20 mol%
of the unit derived from the 2=-hydroxyethyl (meth)acrylate.

'As another embodiment of the second a_spect "of the
invention, the ternary copolymer to be -in the water

treating agent comi:rises from 5 to 50 mols of the unit

derived from the conjugated dienesulfonic acid and/or its

salt, from 40 to 90 mol% of the unit derived from the
(meth)acrylic acid and/or its salt, and from 1 to 20 mol%
of <the unit derived from the (meth)acrylamido-2-
methylalkanesulfonic acid and/or its salt.

As still another embodiment of the second aspect of
the invention, the ternary copolymer to be in the water
treating agent has a wéight-average molecular weight of
from 500 to 300,000. |

As still another embodiment of the second aspect of

the invention, the water treating agent further comprises a

T

n— A Sl aan o



e

=

10
metal corrosion inhibitor in addition to the ternary

copolymer.

As still another embodiment of the second aspect of
the invention, the metal corrosion inhibitor to be
optionally in the water ;reating agent con{prises at least
one selected from the group consisting of polyvalent metal
salts, phosphonates, azoles, phésphates,

phosphocarboxylates, amines and phosphoric esters.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a flow diagram of the pilot plant of a
water-cooling system as used here in Examples 19 to 21 and

Comparative Examples 41 to 42.

DETAILED DESCRIPTION OF THE INVENTION

The water treating agent qf the present invention
comprises a copolymer which is synthesized from a
conjugated dienesulfonic acid and/or its salts of the
following general formula (1], a (meth)acrylic acid and/or
its salts of the following general formula [2], and a 2-
hydroxyethyl (meth)acrylate of the .following general
formula [3] or a (meth)acrylamido-2-methylalkanesulfonic

acid and/or its salt of the following general formula {4}:
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R! R} R*
AN
t=C-C=C |
Y ke “pe (1]
R?
. 7
Ci=c i2)
co0oXxs
RI
\ . [3]
COOCH,CH,0H

, |
f "
Ute=c- %"”"'-f- o, ~

Q éf(s‘

S?ZZ,A("rsJ

In formula [1), R, R2, R3, R4, R3 and R6 each
represent a hydrogen atdm, a methyl group or -SO3X1,
provided that one or more of R! to R6 are methyl groups,
one or more of the remaining Rl to R6 are groups of -SO3X1,

and x1 represents a hydrogen atom, a monovalent metal, or
an ammonium group unsubstituted or mono substituted by an

organic group. In formula [2], R7 represents a hydrogen

[ ——

- —————— b
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atom or a methyl group; and X2 represents a hydrogen atom,

a monovalent metal, or an ammonium group unsubstituted or
mono substituted by an organic group. In formula [3], R8
represents a hydrogen atom or a methyl group. In formula
(4], R? and R10 each represent a hydrogen atom or a methyl
group; and x3 represents a hydrogen atom, a monovalent'
metal, or an ammonium group unsubstituted or mono-
substituted by an organic group. The ammonium group as
mono substituﬁed by an organic group is an ammonium group
to be formed through the reaction of -SO3H or -COOH with a
primary amine. The primary amine that can give such an
ammonium group as mono substituted by an o}.'ganic group
includes, for example, methylamine, ethylamine, propylamine,
isopropylamine, butylamine, isobutylamine, sec butylamine,
tert butylamine, pentylamine, hexylamine, cyclohexylamine,
benzylamine, and monoethanolamine.

In the water treating agent of the present invention:

-which has the ability to inhibit scaling and to prevent

fouling in water plants, X1 and X2 each are preferably an
alkali metal, more preferably sodium.

The conjugated dienesulfonic acid of formula {[1)

includes, for example, meethyl-l,3-butadiene-1-su1fonic -

acid, 2-methyl-1,3-butadiene-3-sulfonic acid, 2-methyl-1,3- .

butadiene-4-sulfonic acid, 1,3-pentadiene-l-sulfonic acid,

1,3-pentadiene-2-sulfonic acid, 1,3-pentadiene-3-sulfonic

v ome aam .

T T I
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acid, 1,3~-pentadiene-4-sulfonic acid, 2,3~

dimethylbutadiene-l-sulfonic acid, 2-methyl-1,3-pentadiene-

‘4-sulfonic acid, 3-methyl-1l,3-pentadiene-l-sulfonic acid,

2-methyl-1,3-butadiene-1,3-disulfonic acid, and 2-methyl-

1,3-butadiene~1,4-disulfonic acid.

The (meth)acrylic acid of forﬁula [2] includes acrylic
acid and methacrylic acid. Acrylic acid is preferably used
in the water treating agent of the present invention.

The 2-hydroxyethyl (me;h)acrylaté of formula [3]
includes 2-hydroxyethyl acrylate and 2-hydroxyethyl
methacrylate. 2;Hydroxyethy1 methacrylate is preferably
used in the water treating agent of the preseni invention.

The method of copolymerizing £he conjugated
dienesulfonic acid and/or its salt of formula [1], the
(meth)acrylic acid and/or its salt of formula [2], and the
2-hydroxymethyl (meth)acrylate of formula (3] or the
(meth)acrylamido-2-methylalkanesulfonic acid and/or its
salt of formula [4] to obtain the ternary copolymer for use
in the present invention is not specifically defined but
may'be any conventional one. The monomer pf formula (1],
the monomer of formula-[Z] and the monomer of formula [3]
or [4) are all soluble in water, and the ternary copolymer
to be obtained through copolymerization of these monomers
is also soluble in water. Therefore, solution

polymerization using water as the medium is preferably
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employed to copolymerize these monomers. One example of

solution polymerization using water as the medium, which is

employable in the present invention, is such that the pre-

determined monomers are dissolved in water, then the
atmosphere ardbund the resulting system is substituted with
nitrogen, a water soluble, radical polymerization initiator
is added thereto, and the system is heated. |

The radical polymerization initiator includes, for
example, hydrogen peroxide, sodium persulfate, potassium
persulfate, anmonium persulfate, 2,2f-azobis(2-
amidinopropane) dihydrochloridé, and t butyl hydroperoxide.
The polymerization initiator can be added suécessively or
all at a time. .

The amount of the polymeriiation initiator to be added
may be generally from 0.01 to 5 parts by weight, preferably
from 0.1 to 3 barts by weight, relative to 100 parts by
weight of the monomers in total. If it is less than 0.01
parts by weight, the polymerization of the monomers could
not be conducted efficiently, but if it is more than 5
parts by weight, the cost of the éatalyst uneconomically
increases too much.

" To promote the radical polymerization, a reducing
agent, such as sodium pyrobisulfite, ferrous sulfate,
copper sulfate, triethanolamine, glucose, formaldehyde

sodium sulfoxylate, L-ascorbic acid or its salt or sodium

" Voo Sy - >
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hydrégensulfite, and also a chelating agent, such as
glycine, alanine or sodium ethylenediaminetetraacetate, can
be added to the polymerization system.

A chain transfer agent can be used as the agent for
controlling the molecular weight of the copolymer t6 be
produced. The chain transfer agent includes, for example,

mercaptans such as t dodecylmercaptan, n

.tetradecylmercaptan, octylmercaptan, t hexyimercaptan and n

hexylmercaptan, halides such ~ as ethylene bromide,
hydrocarbons such as 9,10-dihydroanthracene, 1,4-
cyclohexadiene and 1,4-dihydroanthracene,‘ heterocyclic
compounds such as 2,5-dihydrofuran, as .well as o-
methylstyrene dimers, and xanthogen disulfides. In general,
the chain transfer agent can be added in an amount of less
than 10 parts by weight relative to 100 parts by weight of
thé monomers in total. |

The polymerization temperature may be from -50 to
+200_c, preferably from +50 to +150_C. The polymerization
time may be from 0.1 to 30 hours, within which the radical
polymerization shall be conducted. |

It is desirable to successively add the monomers to
the polymerization reactor. In order to produce a uniform
composition of the monomers added and to remove the

polymerization heat from the reactor, the time for the

- Cae . W ——— ——

o rmdre e BRI . TP S




e e e

e o h bR LR ST 782 5

i

. AL B A portmgn s s ae e a L

O

T

[

:

=

-

—

r— .0

16 -
addition of the monomers shall be from 0.5 to 5 hours,
preferably from 1 to 3 hours.

It is desirable that the copolymer to be in the water
tfeating agent of the present invention which has the
ability to inhibit scaling and to prevent fouling in water
plants comprises from 5 to 50 mol% of the unit derived from
the conjugated dienesulfonic acid and/or its salt, from 40
to 90 mol% of the unit derived from the (meth)acrylic acid
and/or its sélt, and from 1 to 20 mol% of the unit derived
from the 2-hydroxyethyl (meth)acrylate or the unit derived
from the (meth)acrylamido-2-methylalkanesulfonic acid
and/or its salt. More preferably, the cogol§mer éomprises
from 10 to 30 molt of the unit derived from the conjugated
dienesulfonic acid and/or its salt, from 60 to 90 mol% of
the unit derived from the (meth)acrylic acid and/or its
sait, and from 2 to 15 mol% of the unit derived from the 2-
hydroxyethyl {neth)acrylaté or the unit derived from the
(ﬁeth)acrylamidb-z-methylalkanesulfonic acid and/or its
salt.

If the content 6f the unit derived from the conjugated
dienesulfonic acid and/or its salt in the copolymer, which
is in the water treating agent of the present invention
having the ability to inhibit scaling and to prevent
fouling in water systems, is less than 5 mol% or more than

50 mol%, the scale inhibiting and fouling preventing effect
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cof the water +treating agent will be lowered. If the
_content of the unit derived from the (meth)acrylic acid
and/or its salt in the copolymer is less than 40 mol$ or
more than 90 mol%, the scale inhibiting and fouling
preventing effect of the water treating agent wili be also
lowered. If the content of the unit derived from the 2-
hydroxyethyl (meth)acrylate or that of the unit derived
from the {meth)acrylamido-2-methylalkanesulfonic acid
and/or its salt is less than 1 mol% or more than 20 mols,
the scale inhibiting and fouling preventing effect of the
water treating agent will be also lowered.

. The copolymer to be in the water ;reating agent of the
present invention which has the ability to ihibit scaling
and to prevent fouling in water system may comprise any
other monomer units, in addition to the unit derived from
the conjugated dienesulfonic acid and/or its salt of
formula (1), the unit derived from the (meth)acrylic acid
and/or its salt of formula [2], and the unit derived from
the 2-hfdroxymethyl (meth)acrylaté of formula [3] or the
ﬁnit derived from the (meth)acrylamido-2-
methylalkanesulfonic acid and/or its salt of formula [4].
The copolymer of this type comprising such additional
monomer units can be obtaiﬁed by copolymerizing the monomer

of formula {1], the monomer of formula [2], the monomer of

formula [3] or [4], and a monomer copolymerizable with
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these monomers, according to any known methods. The

_monomer copolymerizable with the monomer of formula {1],

the monomer of formula (2] and the monomer of formula (3]
or  [4) includes, for example, 3-allyloxy-2-

hydroxypropanesulfonic acid, vinylsulfonic acid, acid

'phosphoxyethyl methacrylate, acid phosphoxyethyl acrylate,

acid phosphoxy polyoxyethylene glycol monomethacrylate,
(meth)acrylamide, (meth)acrylonitrile, methyl
(meth)acrylate, glycidyl (meth)acrylate, N
methylol (meth)acrylamide, maleic acid, maleic anhydride,
styfene, a methylstyrene, vinyltoluene, p methylstyrene,
and vinyl acetate. . |

It is desirable that the copolymer to be in the water
treating agent of the present invention having the ability
to inhibit séaling and to prevent fouling in water systems
has a weight average molecular weight of from 500 to
300,000, more preferably from 5,000 to 50,000. If the
copolymer in the water treating agent has a weight average
molecular weiéht_df less than 500, the scale inhibiting and

fouling preventing effect of the agent will be lowered. If

" the copolymer has a weight average molecular weight of more

than 300,000, the viscosity of the water treating agent
comprising it will be to& high so that the agent will be

not easy to handle.
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To use <the water treating agent of the present

_invention, its amount to be added to water systems shall be

suitably selected, depending on the quality of water to be
treated therewith, which includes its pH, hardness and
alkalinity, the temperature of water and also the heat-

transferring conditions in the system. 1In general, the

amount of the water treating agent to be added shall be

from 0.1 to 1,000 mg/liter, in terms of thé solid content
of the copolymer in the agent. In most cases, the amount
may be from 1 to 100 mg/liter, in terms of the solid
content of the copolymer in the agent, in orde; to make the
agent exhibit a satisfactory scale inhibiting and fouling
preventing effect. |

The water treating agent of the present invention is
used in boiler systems, cooling water systems, industrial
water supply plants,. dust collecting water plants, drainage
systems and slug cooling systems in the iron industry, and
ash cooling _syétems in garbage incinerators, for preventing
them froin being disordered by heat transfer failure and
flow rate depression to be caused by adhesion or deposition
of scale, sludge and slime onto the surfaces of metal parts
in them and by local corrosion to occur in the area under
the fouled parts. The method of adding to such water
systems the water treating agent of the present invention

having the ability to inhibit scaling and to prevent

L L)
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fouling in them is not specifically defined. The agent can
be added thereto all at a time or either intermittently or
continuously.

The water treating agent can be used singly by itself
but is preferably used along with a metal corrosion
inhibitor to synergistically exhibit the metal corrosion
inhibiting effect.

The metal corrosion inhibitor dincludes polyvalent'
metal salts such as iinc salts, nickel salts, molybdates
and tungstates; phosphonates; azoles such as triazoles;
phosphates such as orthophosphates and polyphosphates;
phosphonocarboxylates; amines'and phosphor%c esters.

The metal corrosion inhibitor, if used, can be added
to the copolymer having the ability to inhibit scaling and
to inhibit fouling in water systems, in an amount of from
0.1 to 10 parts by weight relative to one part of the
copolymer. To combine the inhibitor and the copolymer,
predetermined amounts of these can be previously mixed to
give one formulation.which shall be added to water systems,
or alternatively, the two can be separately added to water
systems in such a manner that predetermined amounts of the
two shall exist therein.

The water treating agent of the present invention may
further contain any other _known water treating agents.

Known water treating agents include known scale inhibiting
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and fouling preventing chemicals, microbicides (slime
retarding agents), acids and alkalis. The known scale
inhibiting chemicals include, for example, polyacrylates,
polyacrylamiaes and their partial hydrolysis products,
maleic acid polymers, itaconic acid polymers, and binary
acrylic cbpolymers comprising 2-hydroxyethyl methacrylate
and hydroxyallyloxypropanesulfonié acid.

The microbicides (slime controlling agents) include,
for example, chlorine compounds such as chlorine gas,
sodium and potassium hypochlorite, and sodium
chloroisocyanurate; | inorganic and organic, bromine
containing agents; organic nitrogen sulfur compounds; and
quaternarf ammonium salts.

Next, the presént invention . is described 4in more
detail with ieférence to the following production examples
and examples, which, however, afe not intenéed to restrict
the scope of the present inventior.

EXAMPLES

Production Example 1:

189.1 g of isoprenesulfonic acid (commercially-
available product with an acid content of 40 % by weight),
200.3 g of 'acrylic acid (commercially available -producf
with an acid content of 80 % by weight) and 40.6 g of 2-
hydroxyethyl methacrylate (commercially available product

with an ester content of 95 % by weight) were mixed to

P OP P
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prepare an aqueous solution comprising the monomers. The
molar ratio of isoprenesulfonic acid/acrylic acid/2-
hydroxyethyl methacrylate in the aqueoﬁs solution was
15/75/10.

228.7 g of water and 13.7 g of 30 wt.%$-hydrogen
peroxide aqueous solution were put into a one liter, four
neck separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a nitrogen gas introducing
tube, and the aqueous monomer solution tha£ had been
prepared in the above was dropwise added thereto over a
period of 2 hours while keeping the inner temperature of
the flask at 100_C. After the additionm, tye pﬁlymerization
was conducted for further one hour, and then 40.8 g
of r 48 wt.%-sodium hydroxide agqueous solution was
ad&ed to the reaction mixture to partially neutralize it.
Thus was obtained a copolymef having a number average
molecular weight of 14,000. The copolymer was used in
Example 2.

In the same manner as above but varying the
compositional ratio of the monomers to be reacted, various
copolymers having different monomer compositions were
obtained as shown in Tables 1 to 4.

Example 1:
Test for Gelling of Scale inhibiting and fouling preventing

Agent with Calcium Ion:
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" Demineralizwd water, a pH buffering solution
comprising boric acid and sodium borate, a solution of
sodium salt of isoprenesulfonic acid/acrylic acid/2-
hydroxyethyl methacrylate (20/75/5, by mol) copolymer
having a weight average molecular weight of 14,000 (this is
a scale inhibiting and fouling preventing agent), and a
solution of calcium chloride were put into a 500 ml conical
beaker in that order, to prepare 500 ml of a test liquid
haviﬁg a pH of 8.5, a solid content of the scale inhibiting

and fouling preventing agent of 100 mg/liter, and a calcium

hardness, in terms of CaC0O3 content, of 50 mg/liter.
While varying the amount of the calcium chloride

solution added, the same process as above was repeated to

prepare various test liquids of 500 ml each, having a

calcium hardness, in terms of CaCO3 content, of 100, 200,
300, 400, 500, 600, 700, 800, 500, 1,000, 1,100 or 1,200
mg/liter.

The conical beakers each were sealed with a
polyethylene film, and left in a water bath filled with
water having a controlled temperature of 90_C, for 1 hour.
After this, the degree of turbidity of each test liquid,
which shall result from the gel to be formed therein

through bonding of calcium ions to the copolymer of the

scale inhibiting and fouling preventing agent, was measured.

The test liguids having a calcium concentration, in terms
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of CaC03, of 900 mg/liter or less did not become turbid,

while those having a calcium concentration, in terms of

CaC03, of 1000 mg/liter or more became turbid. The minimum

calcium hardness (calcium concentration) that shall make
the test liquid cloudy (turbid) was defined to be the anti
gelling concentration for the copolymer tested. According
to this definition, the anti gelling concentration for the
copolymer of the scale inhibitiing_and fouling preventing
agent tested herein was 1000 mg of CaCO3/liter.

Example 2:

The same experiment as in Example 1 'was repeated,
except that a solutibn of sodium salt of isoprenesulfonic
acid/acrylic acid/2 hydroxyethyl methacrylate (15/75/10, by
mol) copolymer having a weight average molecular weight of
14,000 was used as the scale inhibiting and fouling
preventing agent. The anti geiling concentration for the
inhibiting retarding and fouling preventing agent tested
herein was 500 mg of CaCO3/liter.

Comparative Example 1:

The same experiment as in Example 1 was repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/acrylic acid (25/75, by mol) copolymer having a weight
average molecular weight of 10,000 was used as the scale

retarding and soil preventing agent. The anti gelling
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concentration for the scale inhibiting and fouling

prevehting agent tested herein was 400 mg of CaCO3/liter.

Comparative Example 2:

The same experiment as in Example 1 .waé repeated,
except that a solution 6f sodium salt of isoprenesulfonic
acid/acrylic acid.(25/75, by mol) copolymer having a weight
average molecular weight of 15,0Q0 was used as.the scale
inhibiting and fouling preventing agent. The anti gelling
concentration for the scale inhibiting and fouling
preventing agent tested herein was 400 mg of CaCO3/liter.
Comparative Example 3:

The same expgriment as in Example '1 was repeated,
except ‘that a solution of sodium polyacrylate having a
weight average molecular wéight of 5,000 was used as the
scale retarding and soil prgventing agent. The anti
gelling concentration for the séale inhibiying and fouling
preventing agent tested herein was 100 mg of CaCO3/liter.

The results of Examples 1 and 2 and Comparative

Examples 1 to 3 are shown in Table 1.
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(1) Sodium Salt

IPS: Isoprenesulfonic Acid

Table 1
Scale - IPS/AA/HEMA Molecular- Amount Added 'Anti—gelling
inhibiting and (by mol) Weight (mg of solid Concentration
fouling content/liter). (mg of
preventing CaCco3/liter)
. Agent
IPS/AA/HEMA : B .
-fﬁample 1 Copolymer (1) 20/75/5 14,000 100 1000
_ IPS/AA/HEMA B
.ﬁfample 2 Copolymex (1) 15/75/10 14,000 100 500
Comparative IPS/AA :
Fxample 1 Copolymer (1) 25/75/0 10,000 100 400
|comparative IPS/AA _
Fxample 2 Copolymer(l) : 25/75/0 15,000 100 400
‘Comparative Sodium _
Fxample. 3 Polyacrylate 0/100/0 5,000 100 100
Hotes:




AA: Acrylic Acid

HEMA: 2-Hydroxyethyl Methacrylate
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The scale inhibiting and fouling preventing agent, for

which the anti gelling. concentration is higher, can be

dissolved more stably in water having a high calcium.

hardness while exhibiting a more stable scale inhibiting

and fouling preventing effect. It is known from the

" results of the. above 7mentioned examples and comparative

examples that the scale inhibitihg and fouling preventing
égehts of the present invention, each comprising an
isoprenesulfonic acid/acrylic acid/2-hydroxyethyl
methacrylate copolymer, exhibit a rhigher anti gelling
ability and therefore can be dissolved more Stably in water
having a high calcium hardnes§ than the comﬁarative agent
comprising a sodium polyacfylate and even than the other
comparative agents each 'comprising‘ an isoprenesulfonic

acid/acrylic acid copolymer, the comparative agents being

. referred to herein as samples of prior art products.

Example 3:

Test for Preventing Precipitation of Calcium Phosphate:

Demineralized water, a pH buffering solution

comprising boric acid and sodiunl~borate, a solution of
calcium chloride, a solution of sodium salt of
isoprenésulfonic acid/acrylic acid/2-hydroxyethyl
methacrylate (20/75/5, by mol) copolymer having a weighﬁ-
average molecular weight of 14,000 (this is a scale

inhibiting and fouling preventing agent), and a solution of

rap.————ps heh anh a W R
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sodium phosphate were put into a 500-ml conical beaker in

that order, to prepare 500 ml of a test liquid having a pH

‘of 8.6, a solid content of the scale inhibiting and

fouling-preventing agent of 8 mg/liter, a calcium hardness,

in terms of CaCO3 content, of 100 mg/liter, and a phosphate

ion concentration, in terms of PO43', of 10 mg/liter.

The conical beakér was sealed with a polyethylene film,
and left in a waterbath filled with water having a
controlled temperature of 60_C. After 40 hours, the test
ligquid was taken ou£ and filtered through a filer paper
having a pore diameter of 0.1 pm, and theiphosphate ion
concentration remained in the resultigg filtrate was
measured to be 9.5 mg POg3-/liter.

Example 4:

The same 'experiment as in Example 3 was repeated,
using the same scale inhibitihg and fouling prevenﬁing
agent as that used in Example 3; eicept that the
concentration of the agent was var;ed.ﬁo-s mg, in terms of
the solid content, per 1liter. The phosphatoe ion
concentration remained in the filtrate was 4.2 mg POg3-
/liter.

Example 5:
The same experiment as in Example 3 was repeated,

except that a solution of sodium salt of isoprenesulfonic

acid/acrylic acid/2-hydroxyethyl methacrylate (15/75/10, by

msmee
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mol) copolymer having a weight average molecular weight of
14,000 was wused as the scale inhibiting and fouling
preventing agent and that the concentration of the agent
was 8 mg, in terms of the solid content,'per liter. The
phosphato ion concentration remained in the filtrate was
9.1 mg POg3-/liter.

Example 6:

The same experiment as in Example 3 was repeated,

except that the same scale inhibiting and fouling

preventing agent as that used in Example 5 was used and
that the concentration of the agent was varied to 6 mg, in
terms of the solid contént, per liter. The'phOSphate ion
concentration remained in the filtrate ;was 2.8 mg' PO43"
/liter.
Comparative Example 4:

The same experiment as iﬁ Example 3 was repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/acrylic acid (25/75, by mol) copolymer having a weight

average molecular weight of 15,000 was used as the scale

inhibiting and the fouliﬂg preventing agent and that the

concentration of the agent was 12 mg, in terms of the solid

content, per liter. The phosphate ion concentration

remained in the filtrate was 9.2 mg PO43-/liter.

Comparative Example 5:
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The same experiment as in Example 3 was repeated,
except that the same scale inhibiting and fouling
preventing agént as that uéed in Cdmparative Example 4 was
used and that the concentration of the agent was varied to
10 mg, in terms of the solid content, per liter. The
phosphate ion concentration remained in the filtrate was
6.3 mg POg3-/liter.

Comparative Example 6:-

The same experiment as in Example 3 was repeated,
except that +the same scale .inhibiting and. fouling
preventing agent as that used in Comparative  Example 4 was
used and that the concentration of the agent.was varied to
8 mg, in terms of the solid content, per liter. The
phosphate ion concentration remained in the filtrate was
3.2 mg PO43-/liter.

Comparative Example 7:

The same experimént as in .Example 3 was repeated,
except that a solution of sodium polyacrylate having a
weight average molecular weiéht of 5,000 was used as the
scale inhibiting and fouling preventipg agent and that the
concentration of the agent was 12 mg, in terms of the solid
content, per liter. The phosphate ion concentration

remained in the filtrate was 2.5 mg PO43-/liter.

Comparative Example 8:
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The same experiment as in Example 3 was repeated,

except that the same scale inhibiting and fouling

preventing agent as that used in Comparative Example 7 was

used and that the concentration of the agent was varied to
8 mg, in terms of the solid content, per 1liter. The
phosphate ion concentration remained iﬂ the filtrate was
1.0 mg P043‘/1iter.

Comparative Example 9:

The same experiment as in Example 3 was repeated,

except that no scale inhibiting and fouling preventing

agent was added. The phosphate ion concentration remained

in the filtrate was 0.3 mg PO43—/liter.

The results of Examéles 3 to 6 and Comparative

Examples 4 to 9 are shown in Table 2.
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(1) Sodium Salt
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Table 2
o Scale IPS/AA/HEMA Molecular Amount Added | Phosphate Ion
inhibiting and (by mol) Weight (mg of solid Concentration
fouling content/liter) | Remained (mg
preventing POg3-/liter)
. Agent
i IPS/AA/HEMA ..
Fxample 3 copolymer (1) 20/75/5 14,000 8 9.5
IPS/AA/HEMA
Example 4 Copolymer(1) 20/75/5 14,000 6 4.2
1PS/AA/HEMA |
Example 5 Copolymer(1) 15/75/10 14,000 8 9.1
' IPS/AA/HEMA -
Example 6 Copolymer(1) 20/75/5 14,000 6 2.8 o
Comparative IPS/AA w
Example 4 Copolymer{1) 25/175/0 15,000 12 9.2
Eomparative IPS/AA
Example 5 copolymer(1) 25/75/0 15,000 10 6.3
'?bmparative IPS/AA
éomparative Sodium
Example 7 Polyacrylate 0/100/0 - 5,000 - 12 2.5
Comparative Sodium
Fxample 8 Polyacrylate 0/100/0 5,000 8 1.0
Comparative
E\:ample 9 Not Added. - - 0 0-3
Notes:
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IPS: Isoprenesulfonic Acid
AA: Acrylic Acid

HEMA: 2-Hydroxyethyl Methécrylate
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If the effect of the scale iﬁhibiting and fouling-
preventing agen£ ﬁested against the’ precipitétion of
;alcium phosphate is.larger, the test ligquid to.which the
agent was added shall .prqduce ‘a smaller amount of the
precipitate of calcium pﬁosphate therein and therefore the

phosphate ion content of the filtrate from theltest liguid

containing the agent shall be near to the original

phoéphate ion content of the test liquid, which is ld'mg
9043“/liter. However, if the effect of the scale
inhibiting and fouling preventing agent tested against the
precipitation of calcium phosphate is smaller, the test
liquid to ﬁhich the agent was added shall.préduce a la;ger
amount of the precipiﬁate of calcium pﬁosphate therein.
Since the precipitate is removed through the filtratién of
the test 1liquid containing the agent, fhe filtrate shall
have a smaller phos?hate ion éoﬂtent.

From the results in Table 2, it is known that, when
the scale inhibiting and fouling preventing agent of the
present invention = comprising an isoprenesulfonic
acid/aérylic acid/Z—hyd¥oxyethyl methacrylate copolymer was
added to the test liquid in an amount of 8 mg, in terms of
the solid content of the agent, per liter of the test
liquid, the phosphate ion concentration in ihe filtrate was

larger than 9 mg POg3-/liter. This verifies the excellent

effect of the agent against the precipitation of calcium
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phosphate in the test 1liquid or, that is, against the

. formation of scale. = As opposed to this, when the

comparative agent comprising an isoprenesulfonic
acid/acrylic acid copolymer was added to the same test
liquid in an amount of 8 mg, in terms of the solid content

of thé agent, per liter of the test liquid, the phosphate

ion concentration in the filtrate was only 3.2 mg POg3-

/liter. Thus, there is a significant difference between

the scale inhibiting and fouling preventing agent of the
present invention and the comparative agent in the ability
to prevent the precipitation of calcium phésphate;- Only
when the comparative agent was added in an -amount-of 12 mg,
in terms of the solid content of the agent, per liter of
the test 1liquid, the-phosphate ion concentration in the
filtrate was larger'than 9 mg PO43-/liter. Regarding the
other comparative agent comprising a sodium polyacrylate,
even when it was added to the same test liquid in an amount
of 12 mg, in terms of the solid content of the agent, per
liter of the. test liquid, the phosphate ion cor entration
in the filtrate was only 2.5 mg POg3-/liter.

Example 7:

Test for Preventing Precipitation of Zinc Phosphate:

Demineralized water, a solution of calcium chloride, a

solution of sodium salt of isoprenesulfonic acid/acrylic

acid/2  hydroxyethyl methacrylate (20/75/5, by mol)
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copolymer having a weight average molecular weight of

14,000 (this is a scale inhibiting and fouling preventing

. agent), a solution of zinc chloride and a' solution of

sodium. hydrogencarbonate were put into a 500 ml conical
beaker in that order. Last, an aqueous solution of 1 wt.%-
sodium hydroxide was added thereto to adjust the pH of the
result'ing -mixture. Thus was prepared 500 ml of a test
liquid having a pH of 8.6, a solid content of the scale
inhibiting and soil preventing agent of 4 mg/liter, a

calcium hardness, in terms of CaCO3 content, of 100

mg/liter, an M alkalinity, in terms of CaCO3 content, of

100 mg/litér, a phosphate ion concentration, in terms of

PO43-, of 6.0 mg/liter and a .zinc ion concentration, in

terms of zn2+*, of 3.5 mg/liter.

The conical beaker was sealed with a polyethylene film,
and left in a water bath fiiled with water having a
controlled temperature of 60_C. After 40 hours, the test
liquid was taken out and filtered through a filer paper
having arpore diameter of 0.1 um, and the phosphate ion
concentration and the zinc ion concentration remained in
the resulting filtrate were measured to be 9.4 mg/liter in
total of the two.
Comparative Example 10:

The same experiment as in Example 7 was repeated

except that a solution of sodium salt of isoprenesulfonic
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acid/acrylic acid (25/75, by mol) copolymer having a

- weight-average molecular weight of 22,000 was used as the

scale inhibiting and fouling preventing and that the
concentration of the agent was‘4 mg, in terms of the solid
content, per liter. The 'sum of the phosphate ion
concentration and the zinc ion concentration femained in
the filtrate was 9.0 mg/liter. '
Comparative Example 11:

The same eXpériment as in Example 7 was repeated
exéept that a solution of sodium polyacrylate having a
weight-average molecular weight of 5,600 was used as .the
scale inhibiting and fouling preventing agént.and that the
concentration of the agent was 16 mg, in terms of the solid
content, per liter._ The sum of the phosphate ion
concentration and the zinc ion concentration remained in
the filtrate was 3.5 ﬁg/liter...

Comparative Example 12:

The same experiment as in Example 7 was repeated
except that no scale inhibiting and fouling preventing
agent was added. The sum of the phosphate ion
concentration and the éinc ion concentration remained in
the filtrate was 0.2 mg/liter.

The results of Example 7 and Comparative Examples 10

to 12 are shown in Table 3.
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Table 3
- Scale IPS/AA/HEMA Molecular Amount Added Sum of
. inhibiting and (by mol) Weight (mg of solid Phosphate Ion
fouling . content/liter) | Concentration
preventing ' and Zinc Ion
Agent Concentration
Remained
(mg/liter)
N | IPS/AA/HEMA | |
Fxample 7 Copolymer(1) 20/75/5 14,000 4 9.4
‘Comparative IPS/AA
Example 10 Copolymer (1) 25/75/0 22,000 4 9.0
‘Comparative Sodium
Fxample 11 Polyacrylate 0/100/0 5,000 10 3.5
Comparative
Example 12 Not added. - - 0 0.2
- Nntes:

(1) Sodium Salt

IPS: Isoprenesulfonic Acid

. AA: Acrylic Acid
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If  the efféct of the scale inhibiting and fouling
preventing agent tested against the ﬁrecipitation of zinc
phosphate'is larger, the test liquid to which the agent was
added shall produce a smaller amount of the precipitate of
zinc phosphate therein and therefore the sum of the

phosphate ion content and the =zinc ion content of the

filtrate from the test liquid containing the agent shall be

near to the sum of the phosphato ion content and the zinc -

ion content of the original test liquid, which is 9.5

'mglliter. " However, if the effect of the scale inhibiting

and fouling préventing agent tested ':against the
precipitation of zinc phoéphate is smaller; the test liquid
to which the agent was added shall produce a larger amount
of the precipitate of zinc phosphate therein. Since the
precipitate is removed through the filtratioﬁ of the .test
liquid containing the agent, the filtrate shall have a
smaller -phosphaté ion content and a smaller zinc ion
content.

From the results in Table 3, it is known that both the

‘addition of the scale inhibiting and fouling preventing

agent of the present invention comprising an
isoprenesulfonig acid/acrylic acid/2 hydroxyethyl
metﬁacrylate copolymer to the test liquid in én amount of ¢
mg, in terms of the solid content of the agent, per liter

of the test 1ligquid and the addition of the comparative

P L
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agent comprising an isoprenesulfonic acid/acrylic acid
copolymer to the same in the same amount ;eSulted in almost
the same amount of the sum of the phosphate ion
concentration nnd the zinc ion éoncentratipn remained-in
the filtrate, which is about 9.0 mg/liter. This verifies
that the two agents have almost the same effect against the
precipitation of =zinc phosphate in the .test 1liquid.

However, as has been known from the results in Table 2, the

effect of the scale inhibiting and fouling preventing agent

of the -présent invention comprising an isoprenesulfonic
acid/acrylic acid/2 hydroxyethyl methacrylate against the
precipitation of calcium phosphate is higher than that of
the comparative agent comprising an isoprenesulfonic
acid/acrylic acid against the éame. From these, therefore,
it is understood that the scale inhibiting and fouling
preventing agent of the present'invention is preferable to
the comparative_agent,.as being more effectively applicable
to various objects than the latter

Regarding the other comparative agent comprising a
sodium polyacrylate, even when it was added to the same
test liquid in an amount of 10 mg, innterms of the solid
content-of the agént, per liter of the test liquid, the sum
of the phosphate ion conéentration and the zinc ion
concentration remained in the filtrate was only 3.5

mg/liter.
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Example 8:
Teét for Preventing Precipitation of Iron Oxide and Iron
Hydroxide:

Demineralized water, a solution of. sodium salt of
isoprenesulfonic acid/acrylic acid/2-hydroxyethyl
néthacrylate (20/75/5, by mol) copolymer having a weight-
average molecular ' weight of 14,000 ‘(this is a scale
inhibiting and fduling preventing agent), a solution of
sodium hydrogencarbonate, a solution of sodium silicate No.

3, a solution of calcium chloride, a solution of magnesium

sulfate and a solution of ferric chloride were put ‘into a '
"500-m1 conical beaker in that order. lLast, an aqueous

.solution of 1 wt.% sulfuric acid was added thereto to

adjust the pH of the resulting mixture. Thus was prepared
500 ml of a test liquid having a pH of 8.8, a solid content

of the scale inhibiting and fouling-preventing agent of 5.0

mg/liter, a calcium hardness, in terms of CaC03 content, of

250 mg/liter, a magnesium hardness, in terms of CaCO3
content, of 100 mg/liter, an M alkalinity, in terms of
Cacb3 content, of 250 mg/liter, a silica content, in terms
of Si0O2, of 100 mg/liter ‘and a total iron content, in terms
of Fe, of 10 mg/liter.

The conical beaker was-sealed-with-a polyethylene fiim,
and left. in a water batﬁ filled with water having a

controlled temperature of 30_C, for 20 hours. After this,
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the beaker was taken out, and the dissolved iron content of
the supernatant thus separated iﬁ the beaker was measured
to be 10.0 mg Fe/liter.
Example 9:

The same experiment as in Example 8 wés repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/acrylic acid/2 hydroxyethyl methacrylate (15/75/10, by
mol) copolymer having a weight average molecular weight of
14,000 was used as the scale inhibiting and fouling
preventing.-agent and that the concentration of ﬁhe agent
was 5.0 mg, in terms of the solid content, per liter. The
dissolved iron content of the supernétapt was 10.0 mg
Fe/liter. |
Comparative Example 13:

The same experiment as in Example 8 was repeated,
except that a solution of sodium salt o£ isoprenesulfonic
acid/acrylié acid (25/75, by mol) cépolymer having a
weight-average mblecular.wéight of 16,000 was used as the
scale inhibiting and the fouling preventing agent and that
the concentration 6% the agent was 7.5 mg, in terms of the
solid content, per liter. The dissolved iron content of
the supernatant was 10.0 mg Fe/liter.

Comparative Example 14:
The same experiment as in Example 8 was repeated,

except that the same scale inhibiting and fouling
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preventing agent as that used in Comparative Example 13 was

used and that the concentration of the agent was varied to

'5.0 mg, in terms of the solid content, per liter. The

dissolved iron content of the supernatant was 7.8 mg

Fe/liter.
Comparative Example 15:

The same experiment as in Example 8 was repeated,
except that a solution of sodium sa;t of isoprenesulfonic
acid/acrylic acid (25/75, by mol) copolymer having a weight

average molecular weight of 22,000 was used as the scale

inhibitng and the fouling-preventing agentf and that the

concentration of the agent was 7.5 mg)‘- in terms . of the
solid content, per liter. The dissolved iron. content of
the supernatant was 10.0 mg Fe/liter.
Comparative Example 16:

The same experiment as’ in ﬁxample 8 was repeated,
except that the same scale inhibiting and fouling
preventing agent as that used in Comparative Example 15 was

used and that the concentration of the agent was varied to

5.0 mg, in terms of the solid content, per 1liter. The

dissolved iron content of the supernatant was 8.0 ule

Fe/liter.
Comparative Example 17:
The same experiment as in Example 8 was repeated,

except that a solution of sodium hexametaphosphate was used
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as the scale inhibiting and fouling preventing ageht and

that the concentration of the agent was 10.0 mg, in terms

of the solid content, per liter. The dissolved iron
cdntent of the supernatant was 3.3 mg Fe/liter.
Comparative Example 18:

The same experiment as in Example 8 was repeated,
except that a solution of sodium hexametaphosphate was used
as the scale inhibiting and fouling preventing agent and

that the concentration of the agent was 7.5 mg, in terms of

the solid content, per liter. The dissolved iron content .

of the supernatant was 2.4_mg Fe/liter.
Comparative Example 19:

The same experiment as in Example 8 was repeated,
except that a solution of sodium polyacrylate having a
weight average molecular weight of 5,000 was used as the
scale inhibiting and fouling préventing agent and that the
concentration of the agent was 10.0 mé, in terms of the
solid content, per liter. The dissolved iron content of
the supernatant was 6.0 mg Fe/liter. |
ComparativehExample 20:

The same experiment as in Example 8 was repeated,

‘except that no scale inhibiting and fouling preventing

agent was added. The dissolved iron content of the

supernatant was 0.4 mg Fe/liter..
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The results of Examples 8 to 9 and Comparative

- Examples 13 to 20 are shown in.Table 4.
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(1) Sodium Salt
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Table 4
Scale IPS/AA/HEMA ‘Molecular Amount Added | Dissolved Iron
inhibiting and (by mol) Weight (mg of solid Concentration
fouling content/liter) Remained
preventing (mg Fe/liter)
. Agent
) IPS/AA/HEMA
ﬁxample 8 Copolymer (1) 20/75/5 14,000 5.0 10.0
' IPS/AA/HEMA ' -
.ﬁxample 9 Copolymer (1) 15/75/10 14,000 5.0 10.0
Comparative IPS/AA
|comparative IPS/AA
Fxample 14 Copolymer(1) 25/75/0. 16,000 5.0 7.8
‘Comparative IPS/AA
Comparative IPS/AA
'bbmparative Sodium
F.xample 17 Hexameta- - - '10.0 3.3
) phosphate
Comparative Sodium . : '
Example 18 Hexameta- - - 7.5 - 2.4
. phosphate
Comparative Sodium . :
Comparative
Example. 20 Not Added. - - 0 0-4
Notes:

14




IPS: Isoprenesulfonic Acid
AA: Acrylic Acid
HEMA: 2-Hydroxyethyl Methacrylate
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If no scale inhibiting and fouling preventing agent is

- added to the test liquid or if the effect of the scale

inhibiting and'fouling preventing agent as added thereto is
not satisfactory, the iron component as existing in the
test liquid shall be precipitated in the form of iron oxide
hydrate or iron hydroxide. Therefore, the effect of the
scale ihhibiting and fouling preventing agent as added to
the test liquid for dispersing the iron oxide or iron
hydroxide precipitate formed in the test iiqui& can be
evaluated from the data of the dissolved iron content of
the supernatént separated from the test liquid'to which the
agent was added.

The scale inhibiting and fouling preventing agent of.
the present invention comprising an iéoprenesulfonic
acid/acrylic acid/2 hydroxyethyl lmethacrylate copolymer,
when added to the test liguid in an amount of 5 mg, in
terms_of the solid content thereof, per 1liter, inhibited
the precipitation of iron of 10 mg/liter, while acting to
completely disperse and keep it in water in the test liqguid.
As opposed to this, however, when the comparative agent
cbmprising an isoprenesulfonic acid/acrylic acid copolymer
was added to the same test liquid in an amount of 5 mg, in
terms of the solid content thereof, per liter, it could not
inhibit the precipitation of iron of 10 mg/liter. 1In order

to inhibit the precipitation of iron of 10 mg/liter in the
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test liquid, it was necessary to add 7.5 mg/liter, in terms
of the solid content, of the comparative agent to the test
ligquid. Regarding the other comparative ageﬁts comprising
sodium hexametaphosphate or sodium polyacrylate of the
prior art, they could not inhibit the precipitation of iron
of 10 mg/liter in the test liguid even when they were added
to the test liquid in an amount of 10 mg, in terms of the
solid content, per liter. From these, it is understood
that the scale inhibiting and fouling preventing agent of
the present invention has a much more excellent effect for
dispersing iron oxide and iron hydroxide in Wwater than the
comparative agents comprising sodium hexametaphosphate or
sodium polyacrylate.

Production Example 2:

252.1 g of isoprenesulfonic acid (commercially-
avaiiable product with an acid éontent of 40 % by weight),
200.3 g of acrylic acid (commercially availéble product
with an acid content of 80 % by weight)'and 31.4 g of
acrylamido 2 methylpropanesulfonic acid (commercially
available product with an acid content of 98 % by weight)
were mixed to prepare an aqueous solution comprising the
mdndmers. The molar ratio of isoprenesulfonic acid/acrylic
aéid/acrylamido 2 methylpropanesulfonic acid in the aqueous

solution was 20/75/5.
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228.7 g of water and 13.7 g of 30 wt.%-hydrogen
peroxide agueous solution were put into a one liter, four
neck separéble flask equipped with astirrer, a reflux
condenser, a dropping funnel and a nitrogen gas-introducing

tube, and the aqueous monomer solution that had been

prepared in the above was dropwise added thereto over a

period of 2 hours while kéeping the inner temperature of

the flask at 100_C. After the addition, the polymerization

was conducted for further one hour, and then 67.3 g of an
48 wt.%-sodium hydroxide agqueous solution was added to the
reaction mixture to partially neutralize it. Thus was
obtained a copolymer having a number average molecular
weight of 22,000. The copolymer was used in Example 11.

In  the same manner as above but varying the
compositional ratio of the monomers to be reacted and
varying the amount of hydrogén peroxide to be added,
various copolymers having different monomer compositions
were obtained as shéwn in Tables 5 to 8.

Example 10:
Test for Gelling of Scale inhibiting and fouling preventing
Agent with Calcium Ion: |

Demineralized water, a pH Dbuffering solution

comprising boric acid and sodium borate, either (Al) a

solution of sodium salt of isoprenesulfonic acid/acrylic

acid/2 hydroxyethyl methacrylate (20/75/5, by mol)
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copolymer having a weight éverage molecﬁlar weight of
14,000 or (Bl) a solution of sodium salt of
isoprenesulfonic acid/acrylic acid/acrylamido-~-2-
methylpropanesulfonic acid (20/75/5, by mol) copolymer
having a weight average molecular weight of 15,000 (this is
a scale inhibiting and foulig-preventing agent), and a

solution of calcium chloride were put into a 500-ml conical

beaker in that order, to prépare 500 ml of a test liquid -

having a pH of 8.5, a solid content of the scale inhibiting
and fouling preventing agent of 100 mg/liter, and a calcium
hardness, in terms of CaCO3 content, of 50 mg]liter.

While varying the amount of the calcium chloride
solution added, the same process as above was repeated to
prepare various test liquids of 500 ml each, having a
calcium hardness, in terms of CaCO3 content, of 100, 200,
300, 400, 500, 600, 700, 800, 900, 1,000, 1,100 or 1,200
mg/liter.

The conical beakers each were sealed with a
polyethylene film, and left in a water bath filled with
water having a controlled temperature of 90_C, for 1 hour.
After this, the degree of turbidity of each test liquid,
which shall result from the gel to be formed therein

through bonding of calcium ions to the copolymer of the

scale inhibiting and fouling preventing agent, was measured.

The test 1liquids comprising (Al) and having a calcium

o g
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concentration, in terms of CaCO3, of 900 mg/liter or less

-did not become turbid, while those comprising (Al) and

"having a calcium concentration, in terms of CaC03, of 1000

mg/liter or more became turbid. The minimum calcium
hardness: (calcium concentration) that shall make the test
liquid cloudy (turbid) was defined to be the anti gelling
concentration for the copolymer tested. According to this
definition, .the anti gelling concentration for the
coéolymer of the scale inhibiting and fouling preventing

agent (Al) tested herein was 1000 mg of CaCO3/liter.

On the other hand, the test liquids comprising (B1)

and having a calcium concentration, in terms of CaCO3, of

500 mg/liter or less did not become turbid, while those

comprising (Bl) and having a calcium concentration, in

terms of CaCO3, of 600 mg/liter or more became turbid. The

anti gelling concentration for the copolymer of the scale

inhibiting and fouling preventing agent (Bl) tested herein

was 600 mg of CaCO3/liter.
Example 11:

The same experiment as in Example 10 was repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/aérylid acid/acrylamido 2 methylpropanesulfonic acid
(20/75/5, by mol) copolymer having a weight average
molecular weight of 22,000 was used as the scale retarding

and soil preventing agent. The anti gelling concentration

D I
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for the .scale inhibiting and fouling preventing agent
tested herein was 600 mg of CaCO3/liter.
Comparative Example 21:

The same experiment as in Example 10 was repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/acrylic acid (25/75, by mol) copolymer having a weight
average molecular weight of 10,000 was used as the scale
inhibiting and fouling preventing agent. The anti gelling
concentration for the scale inhibiting and fouling
preventing agent tested herein was 400 mg of CaCO3/liter.
Comparative Example 22: |

The same experiment as in Example 10 was repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/acrylic acid (25/75, by mol) coﬁolymer having & weight
average molecular weight of 15,000 was ﬁsed as the scaie
inhibiting and fouling preventiﬂg agent. The anti gelling
concentration for the scale inhibiting and fouling
preventing égent tested herein was 400 mg of'CaCO3/liter.
Comparative Example 23:

The same experiment as in Example 10 .was repeated,

except that a solution of sodium polyacrylate having a

weight average molecular weight of 5,000 was used as the

scale inhibiting and fouling preventing agent. The anti
gelling concentration for the scale inhibiting and fouling

preventing agent tested herein was 100 mg of CaCO3/liter.

N b
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The results of Examples 10 and 11 and Comparative

Examples 21 to 23 are shown in Table 5.
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Table 5
Scale IPS/AA/AMPS Molecular Amount Added | Anti-gelling
inhibiting and (by mol) Weight (mg of solid Concentration
fouling content/liter) | (mg of
preventing | caco3/liter)
Agent
IPS/AA/AMPS
hExample 10 Copolymer(1) 20/75/5 15,000 100 600
IPS/AA/AMPS
Example 11 Copolymer(l) 20/75/5 22,000 100 600
Comparative IPS/AA )
Example 21 Copolymer (1) 25/75/0 10,000 100 400
Comparative IPS/AA ' : '
Example 22 Copolymer (1) 25/75/0 15,000 100 400
Comparative Sodium '
Example 23 Polyacrylate 0/100/0 5,000 100 100

Notes:

(1) Sodium Salt

IPS: Isoprenesulfonic Acid

LS
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The scale inhibiting and fouling preventing agent, for
which the anti gelling concentration is higher, can be
dissolved more stably in water having a high calcium
hardness while exhibiting a more stable scale inhibiting
and fouling preventing effect. It is known from the
results of the above mentioned examples and comparative
examples that the_écale inhibiting and fouling preventing
agents of the present invention, ‘each comprising an
isoprenesulfonic acid/acrylic acid/acrylamido 2
methylpropanesulfonic acid copolymer, exhibit a higher anti
gelling ability and therefore can be dissolved more stably
in water haQing a high calcium hardness than the
comparative agent comprising a sodium polyacrylate and even
than the other comparative agents each comprising an

isoprenesulfonic acid/acrylic acid copolymer, the

comparative agents being referred to herein as samples of

prior art products.

Example 12:

Test for Preventing Precipitation of Calcium Phosphate:
Demineralized water, a pH buffering solution

comprising boric acid and sodium borate, a solution of

calcium chloride, a solution | of sodium salt of

isoprenesuifonic ~ acid/acrylic acid/acrylamido-2-

methylpropanesulfonic acid (20/75/5, by mol) copolymer

having a weight average molecular weight of 15,000 (this is
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‘a scale inhibiting and fouling preventing agent), and a
solution of sodium phosphate were put into a 500-ml conical
beaker in that order, to prepare 500 ml of a test liquid
havihg a pH of 8.6, a solid content of the scale inhibiting

and fouling-preventing agent of 8 mg/liter, a calcium

hardness, in terms of CaCO3 content, of 100 mg/liter, and a

phosphate ion concentration, in terms of P043’, of 10

mg/liter.

The conical beaker was sealed with a polyethylene film,
and left in a water bath filled with water having a
controlled temperature of 60_C. After 40 hours, the test
liguid was taken out and filtered through a filer paper
having a pore diameter of 0.1 pm, and the phosphate ion
concentration remained in the resulting filtrate was
measured to be 9.4 mg POg3-/liter.
.Example 13: | |

The same experiment as in Example 12 was repeated,

using the same scale inhibiting and fouling preventing

' agent as that used in Example 12, except that the

concentration of the agent was varied to 6 mg,'in terms of
the solid content, per 1liter. The phospﬁate ion’
concentration remained in. the filtrate was 2.4 mg PO43’
/liter. |

Example 14:



r———.

I O |

61

The.same experiment as in Example 12 was repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/acrylic acid/acryiamido 2 methylpropanesulfonic acid
(20/75/5, by mol) copolymer having a weight- average
molecular weight of 22,060 was used as the scale inhibiting
and fouling preventing agent and that the concentration of
the agent was 8 mg, -in terms of the solid content, per
liter. The phosphate ion concentration remained in the

filtrate was 9.2 mg P043'llitep.

Example 15:

The same experiment as in Example 12'was repeated,'

except that the same scale inhibiting and fouling
preventing agent as that used in Example 14 was used and
that the concentration of the agent was varied to 6 mg, in
terms of the solid content, per liter. The phosphate ion
concentration remained in the filtrate was 1.6 mg P043‘
/liter.

Comparative Example 24:

The same experiment as in Example 12 was repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/aciylic acid (25/75, by mol) copolymer having a weight
average molecular weight of 15,000 was used as the scale
inhibiting and the fouling preventing agent and that the

concentration of the agent was 12 mg, in terms of the solid
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content, per liter. The phosphate ion concentration

remained in the filtrate was 9.2 mg P043’/liter.

Coﬁparative Example 25:

The same experiment as in Example 12 was repeated,
except that the same scale inhibiting and fouling
preventing agent as that used in Comparative Example 24 was
used and that ;he concentration of the agent was varied to
10 mg, in terms of the solid content, per 1liter. The
phosphate ion concentration remained in the filtrate was
6.3 mg POg3-/liter.

Comparative Example 26:

The same experiment as in Example 12 was repeated,
except that the same scale inhibiting and fouling
preventing agenf as that used in qOmparative Example 24 was
used and that the concentration of the agent was varied to
8 mg, in terms of the solid content, per liter. The
phosphate ion concentration remained in the filtrate was
3.2 mg POg3-/liter. '
Comparative Example 27:

The same experiment as in Example 12 was repeated,

except that a solution of sodium polyacrylate having a

weight-average molecular weight of 5,000 was used as the

scale inhibiting and fouling preventing agent and that the.

concentration of the agent was 12 mg, in terms of the solid

e ——————— - o — oA T———— = s R o
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content, per liter. The phosphato ion concentration

remained in'the filtrate was 2.5 mg P043‘/liter.

Comparative Example 28:

The same exberiment as in Example 12 was repeated,
except that the same scale inhibiting and fouling
preventing agent as that used in Comparative Example 27 was
used and that the concentratioh of the agent was varied to
8 mg, in terms of the solid content, per 1liter. The
phosphate ion concentrétion remained in the filtrate was
1.0 mg POg3-/liter. -
Comparative Example 29:

The same experiment as in Example ...12 was repeated,
except that no scale inhibiting and fouling preventing
agent was added. The phosphate ion concentration remained
in the filtrate was 0.3 mg POg3-/liter.

The results of Examples -12 to 15 and Comparative

-

Examples 24 to 29 are shown in Table 6.

1ot —— b o
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Table 6

[ Scale IPS/AA/AMPS Molecular Amount Added | Phosphate Ion
inhibiting . (by mol) Weight (mg of solid Concentration
and fouling . content/liter) | Remained (mg
preventing PO43-/liter)

- Agent

e IPS/AA/AMPS ,

_T:-.‘}:ample 12 Copolymer(1) 20/75/5. 15,000 8 9.4

) IPS/AA/AMPS

Example 13 Copolymer (1) 20/75/5 15,000 6 2.4

IPS/ARA/AMPS '
Fxample 14 Copolymer (1) 20/75/5 22,000 8 9.2
1PS/AA/AMPS

'anmple 15 Copolymer(1) 20/75/5 22,000 6 ?.6

Comparative IPS/AA : .

Example 24 copolymer (1) 25/75/0 15,000 12 9.2

Comparative IPS/AA

txample 25 Copolymer(1) 25/75/0 15,000 10 6.3

Comparative IPS/AA

Fxample 26 Copolymer (1) 25/75/0 "15,000 8 3.2

Comparative Sodium _

Fxample 27 Polyacrylate 0/100/0 5,000 12 2.5

Comparative Sodium

Fxample 28 Polyacrylate 0/100/0 5,000 8 1.0

Comparative

]‘-'__\:ample 29 Not Added. - - 0 0-3

Hntes:

(1) Sodium Salt

1 2%
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IPS: Isoprenesulfonic Acid
AA: Acrylic Acid

AMPS: Acrylamido-2-methylpropanesulfonic Acid
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If the effect of the scale inhibiting and fouling
preventihg agent tested against the precipitation of
calcium phosphate is larger, the test liquid to which the
agent was added shall produce a smaller amount of the
precipitate of calcium phosphate therein and therefore the
phosphate ion content of the filtrate from the test liquid
containing the agent shall be near to the original
phosphato ion content of the test liquid which is 10 mg
POg3~/liter. However, if the effect of the scale
inhibiting.and fouling preventing agent tested against the
precipitation of calcium phosphate is smaller, the test
liquid to which the agent was added shall .produce a larger
amount of the precipitate of calcium phosphate therein.
Since the precipitate is removed through the filtration of
the test liquid containing the agent, the filtrate shall
have a smaller phosphate ion coﬁtent.

From the results in Table 6, it is known that, when
the scale inhibiting and fouliné'preventing agent of the
present invention comprising an isoprenesulfonic
acid/acrylic acid/acrylamido-2-methylpropanesulfonic acid
copolymer was added to the test liquid in an amount of 8 mg,
in terms of the solid content of the agent, per liter of

the test 1liquid, the phosphate ion concentration in the

filtrate was larger than 9 mg POg3-/liter. This verifies

-the excellent effect of the agent against the precipitation

“ = ememiee e
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of calcium phosphate in the test 1liquid or, that is,
against the formation of scale. As opposed to this, when
the comparative agent comprising an isoprenesulfonic
acid/acrylic acid copolymer was added to the same test
liquid in an amount of 8 mg, in terms of the solid content

of the agent, per liter of the test liquid, the phosphate

ion concentration in the filtrate was only 3.2 mg P043'

/liter. Thus, there is a significant difference between

the scale inhibiting and fouling preventing agent of the
present invention and the comparative aéent in the ability
to prevent the precipitation of calcium phésphate. Only
when the comparative agent was added -in an.amount of 12 mg,
in terms of the solid content of the agent, per liter of
the test ligquid, the phosphate ion concentration in the
filtrate was larger than 9 mg P043’/liter. Regarding the
other comparative agent compriging é sodium polyacrylate,
even when it was added to the same test liquid in an amount
of 12 mg, in terms of the solid content of the agent, per
liter of the test liguid, the phosphate ion concentration
in the filtrate was only 2.5 mg POg3-/liter.

Example 16:

Test for Preventing Precipitation of 2zinc Phosphate:

Demineralized water, a solution of calcium chloride, a

solution of sodium salt of isoprenesulfonic acid/acrylic

acid/acrylamido 2 methylpropanesulfonic acid (20/75/5, by.

B
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mol) copolymer having a weight average molecular weight of
22,000 (this is a scale inhibiting and fouling préventing
agent), a solution of zinc chloride and a solution of
sodium hydrogencarbonate were put into a 500-ml conical
beaker in that order. Last, an aqueous solution of 1 wt.%-
sodiﬁm hydroxide was added thereto to adjﬁst the pH of the
resulting mixture. Thus was prepared 500 ml of a test
liquid having a pH of 8.6, a solid content of the scale
inhibiting and fouling preventing agent of.4 mg/liter, a
calcium hardnesé, in terms of C€CaCO0O3 content, of 100
mg/liter, an M-alkalinity, in terms of CaCO3 content, of
100 mg/liter, a phosphate ion concentra?ion; in terms of
PO43-, of 6.0 mg/liter and a =zinc ion .concentration, in
terms of zn2+, of 3.5 mg/liter.

The conical beaker was sealed with a polyethylene film,
and left in a water bath fiiled with water having a
controlled temperature of 60_C. After 40 hours, the test
liquid was taken out and filtered through a filer paper

having a pore diameter of 0.1 um, and the phosphate ion

concentration and the zinc ion concentration remained in

the resulting filtrate were measured to be 9.0 mg/liter in
total of the two.
Comparative Example 30:

The same experiment as in Example 16 was repeated

.except that a solution of sodium salt of isoprenesulfonic

e e A ————— s - o - A
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acid/acrylic acid (25/75, by mol) copolymer having a

~weight-average molecular weight of 22,000 was used as the

scale inhibiting'and fouling preventing agent and that the
concentration of the agent was 4 mg, in terms of the solid
content, per liter. The sum of the phosphato ion
concentration and the zinc ion concentration remained in
the filﬁrate was 9.0 mg/liter.

Comparative Example 31:

The same experiment as in Example 16 was repeated
except that a solution of sodium peolyacrylate having a
weight average molecular weight of 5,000 was used as the
scale inhibiting and fouling preventing agent an& that the
concentration of the agent was 10 mg, in terms of the solid
content, per 1liter. In this, an agqueous solution of 1
wt.%~-sodium hydroxide was used for the adjustment of the pH
of the mixture in the last step. The sum of the phosphate.
ion concentration and the zinc ion concentration remained
in the filtrate was 3.5 mg/liter.

Comparative Example 32:

The same experiment as in Example 16 was repeated
except that no scale inhibiting and fouling preventing
agent was added. In this, an aqueous solution of 1 wt.%-
sodium hydroxide was used for the adjustment of the pH of

the mixture in the last step. The sum of the phosphate ion




LT A N RS ST

t— —

—

70

concentration and the zinc ion concentration remained in

the filtrate was 0.2 mg/liter.

The results of Example 16 and Comparative Examples 30

to 32 are shbwn in Table 7.

e N ot e 2® -
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Table 7
Scale IPS/AA/AMPS Molecular Amount Added Sum of
inhibiting and (by mol) Weight (mg of solid Phosphate Ion
fouling content/liter) | Concentration
preventing and Zinc Ion
Agent Concentration
Remained
(mg/liter)
| IPS/AA/AMPS
Fgample 16 Copolymer(l) 20/75/5 22,000 4 9.0 .
Comparative IPS/AA =
‘Comparative Sodium .
-r'xample 31 Polyacrllate 0/100/0 5'000 10 3.5
Comparative -
E:_\.:ample 32 Not added. - -— 0 0-2

Notes:

(1) Sodium Salt

ipPs:

AA: Acrylic Acid

Isoprenesulfonic Acid
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If the effect of the scale inhibiting and fouling

preventing agent tested against the precipitation of zinc
phosphate is larger, the test liquid to which the agent was
added shall produce a smaller amount of the precipitate of
zinc phosphate therein and therefore the sum of the
phosphate ion content and the zinc ion content of the
filtrate from the test liquid containing the agent.shall be
near to the sum of the phosphato ion content and the zinc
ion content of the original test 1liquid which is 9.5
mg/liter. However, if the effect_of the scale inhibitng
and fouling preVenting agent tested ' against the
precipitation of zinc phosphate is smaller,.the test liguid
to which the agent was added shall produce a larger amount

of the precipitate of zinc phosphate therein. Since the

. precipitate is removed through the filtration of the test

liquid containing the agent, £he filtrate shall have a
smaller phosphate ion content and a smaller zinc ion
content.

From the results in Table 7, it is known that both the
addition of the scale inhibiting and foling preventing
agent of the present invention comprising an
isoprenesulfonic acid/acrylic acid/acrylamido 2
methylpropanesulfonic acid copolymer to the test liquid in
an amount of 4 mg, in terms of the solid content of the

agent, per liter of the test liquid and the addition of the
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comparative | agent comprising | aﬁ isoprenesulfonic
acid/acrylic acid copolymer to the .same in the same amount
resulted in the same amount of the sum of the phosphate ion
concentration and the zinc ion concentration remained in
the filtrate, which is 9.0 mg/liter. This verifies that
the two agents have the same effect against the
precipitation of zinc phosphate in the test liquid.
However, as has been known from the results in Table 6, the
effect of the scale inhibiting and fouling preventing agent
of the present invention comprising an isoprenesulfonic
acid/écrylic acid/acrylamido 2 Imethylpropanésulfonic acid
against the precipitation of calcium phoséhate is higher
than that of the comparative agent comprising an
isoprenesulfonic_acid/acrylic acid against the same. From
these, therefore, it is understood that the scale
inhibiting and fouling -prevenéing agent of the present
invention is preferable to the comparative agent, as being
more effectively applicable to various objects than the
latter

Regarding the other comparative agent comprising a
sodium polyacrylate, even when it was added to the same
test liquid in an amount of 10 mg, in terms of the solid
content 6f the agent, per liter of the test liquid, the sum

of the phosphate ion concentration and the zinc ion
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concentration remained in the filtrate was only 3.5
mg/liter.
Example 17:
Test for Preventing Precipitation of Iron Oxide and Iron
Hydroxide:

Demineralized water, a solution of sodium salt of
isoprenesulfonic acid/acrylic acid/acrylamido-2-
methylpropanesulfonic acid (20/75/5, by mol) copolymer
having a weight average molecular weight of 15,000 (this is
a scale inhibiting and fouling preventing agent), a
solution of sodium hydrogencarbonate, a solgiion of sodium
silicate No. 3, a solution of calcium chloride, a solution
of magnesium sulfate and a solution of ferric chloride were
put into a 500-ml conical beaker in that order. Last, an
aqueous solution of 1 wt.% sulfuric acid was added thereto
to adjust thé pH of the resulting mixture. Thus was
prepared 500 ml of a test liquid having a pH of 8.8, a
solid coﬁtent of the scale inhibiting and fouling

preventing agent of 5.0 mg/liter, a calcium hardness, in

terms of CaCO3 content, of 250 mg/liter, a magnesium
hardness, in terms of CaCO3 content, of 100 mg/liter, an M
alkalinity, in terms of CaCO3 content, of 250 mg/liter, a

silica content, in terms of SiO3, of 100 mg/liter and a

total iron content, in terms of Fe, of 10 mg/liter.
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. The conical beaker was sealed with a polyethylene film,

and left in a water bath filled with water having a

" controlled temperature of 30_C, for 20 hours. After this,

the beaker was taken out, and the dissolved iron content of
the supernatant thus separated in the beaker was measured
to be 10.0 mg Fe/liter.

Example 18:

The same experiment as in Example 17 was repeated,
except that a solution of sodium salt of isoprenesulfonic
acid/acrylic acid/acrylamido 2 methylpropanesulfonic acid
(26/75/5, by mol) copolymer having a weight average
molecular weight of 22,000 was used as tbe scale inhibiting
and fouling preventing agent and that the concentration of
the agent was 5.0 mg, in terms of the solid content, per
liter. The dissolved iron content of the supernatant was
10.0 mg Fe/liter. |
Comparative Example 33:

The same experiment as in Example 17 was repeated,
except that a solution of éodium salt of isoprenesulfonic
acid/acrylic acid (25/75, by mol) copolymer having a weight
average molecular weight of 16,000 was used as the scale
inhibiting and the fouling preventing agent and that-the
concentration of the agent was 7.5 mg, in terms of the
solid content, per liter. In this, an aqueous solution of

1 wt.%$~sulfuric acid was used for the adjustment of the pH



ML e R a e s s amal s Aemaes e = meam o 4 e ae

(_"_._"_

e e et 8 L b« 3 ST

=

c-

(__,_ oy

ﬁ%imffé;“'

—

77

of the mixture in the 1last step. The dissolved iron
content of the supernatant was 10.0 mg Fe/liter.
Comparative Example 34:

.The same experiment as in Example 17 was repeated,
except that the same scale inhibiting and foling preventing
agent as that used in Comparative Example 33 was used and
that the concentration of the agent was varied to 5.0 mg,
in terms of the solid content, per liter. In this, an
aqueous solution of 1 wt.%$-sulfuric acid was used for the
adjustment of the pH of the mixture in the last step. The
dissolved iron content of the supernatant was 7.8 mg
Fe/liter. |
Comparative Example 35:

The same experiment as in Example 17 was repeated,
except that a solution of sodigm sa}t of isoprenesulfonic
acid/acrylic acid (25/75, by mol) copolymer having a weight
average molecular weight of 22,000 was used as the scale
inhibiting and the fouling preventing agent and that the
concentration of the agent was 7.5 mg, in terms of the
solid content, per liter. In this, an aqueous solution of
1 wt.%-sulfuric acid was used for the adjustment of the pH
of the mixture in the last step. The dissolved iron
content of the supernatant was 10.0 mg Fe/liter.

Comparative Example 36:
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The same experiment as in Example 17 was repeated,
except that the same scale inhibiting and fouling
preventing agent as that used in Comparative Example 35 was
used and that the concentration of the agent was varied to
5.0 mg, in terms of the solid content, per liter. 1In this,

an aqueous solution of 1 wt.%-sulfuric acid was used for

the adjustment of the pH of the mixture in the last step.-

The dissolved iron content of the supernatant was 8.0 mg
Fe/liter.
Comparative Example 37:

The same experiment.as in Example 18 was repeated,
except that a solution of sodium hexametaphésphate was used
as the scale inhibiting and fouling preventing agent and
that the concentration of the agent was 10.0 mg, in terms
of the solid content, per 1liter. In this, an aqueous
solution of 1 wt.%-sulfuric acid was wused for the
adjustment of the pH 6f the mixturé in the last step. The
dissolved iron content of the supernatant was 3.3 mg
Fe/liter.

Comparative Example 38:

The same experiment as in Example 17 was repeated,
except that a solution of sodium hexametaphosphate was used
as the scale inhibiting and fouling preventing agent and
that the concentration of the agent was 7.5 mg, in terms of

the solid content, per liter. In this, an aqueous solution
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of 1 wt.%-sulfuric acid was used for the adjustment of the

pH of the mixture in the last step. The dissolved iron
content of the supernatant was 2.4 mg Fe/liter.
Comparative Example 39:

The same experiment as in Example 17 was repeated,
except that a solution of sodium polyacrylate having a
weight average molecular weight of 5,000 was used as the
scale inhibiting and fouling preventing agent and that the
concentration of the ageﬁt was 10.0 mg, in terms of the
solid content, per liter. In this, an aqueous solution of
1 wt.%-sulfuric acid was used for the adjustment of the pH
of the mixture in the last step. The. dissolved iron
content of the supernatant was 6.0 mg Fé/liter.

Comparative Example 40:

The same experiment as in Example 17 was repeated,
except that no scale inhibitiﬁg and fouling preventing
agent was added. In this, an aqueous solution of 1 wt.%-
sulfuric acid was used for the adjustment of the pH of the
mixture in the last step. The dissolved iron content of
the supernatant was 0.4 mg Fe/liter.

The results of Examples 17 to l18 and Comparative

Examples 33 to 40 are shown in Table 8.
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Table 8
i Scale IPS/AR/AMPS Molecular Amount Added |Dissolved Iron
inhibiting and (by mol) Weight (mg of solid Concentration
fouling content/liter) Remained
preventing (mg Fe/liter)
Agent
IPS/AA/AMPS
Fxample 17 Copolymer (1) 20/75/5 15,000 5.0 10.0
) 1PS/AA/AMPS
prample 18 copolymer (1) 20/75/5 22,000 5.0 10.0
Comparative IPS/AA
Fxample 33 Copolymer(1) 25/75/0 16,000 7.5 10.0
~'(:.omparative IPS/AA
Comparative IPS/AA
Fxample 35 Copolymer (1) 25/75/0 22,000 7.5 10.0
}omparative IPS/AA
Fxample 36 Copolymer(1) 25/75/0 22,000 5.0 8.0
bomparative Sodium
Fxample 37 Hexameta- - - 10.0 3.3
i phosphate
Comparative Sodium
Fxample 38 Hexameta- - - 7.5 2.4
B phosphate
(‘omparative Sodium "
“omparative
]-jxample 40 Not Added. - - 0 0.4
lintes:

(1) Sodium Salt




IPS: Isoprenesulfonic Acid
AA: Acrylic Acid
AMPS: Acrylamido-2-methylpropanesulfonic Acid

18
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If no scale inhibiting and fouling preventing agent is
added to the test liguid or if the effect of the scale
inhibiting and foulihg preventing agent as added thereto is
not satisfactory, the iron component as existing in the
test liquid shall be precipitated in the form of iron oxide
hydrate or iron hydroxide. Therefore, the effect of the
scale inhibiting and fouling preventing agent as added to
the test 1liquid for dispersing the iron oxide or iron
hydroxide precipitate formed in the test 1liquid can be
evaluated from the data of the dissolved iron content of

the supernatant separated from the test liguid to which the

- agent was added.

The scale inhibiting and fouling preventing agent of
the present invention comprising an isoprenesulfonic
acid/acrylic acid./acrylamido 2 methylpropanesulfonic acid
copolymer, when added to the teét liquid in an -amount of 5
mg, in terms of the solid content thereof, per liter,
inhibited the precipitation of iron of 10 mg/liter, while
acting to completely disperse and keep it in water in the
test 1liquid. As opposed to this, however, when the
comparative agent comprising an isoprenesulfonic
acid/acrylic acid copolymer was added to the same test
liquid in an amount of 5 mg, in terms of the solid content
thereof, per liter, it could.not inhibit the precipitation

of iron of 10 mg/liter. In order to inhibit the
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precipitation of iron of 10 mg/liter in the test liquid, it
was necessary to add 7.5 mg/liter, in terms of the solid
content, of the comparative agent to the test 1ligquid.
Regarding the other comparative agents comprising sodium
hexametaphosphate or sodium polyacrylate of the prior art,
they could not inhibit the precipitation of iron of 10
hg/liter in the test liquid eéen when they were added to

the test liquid in an amount of 10 mg, in terms of the

. solid content, per liter. From these, it is understood

that éhe scale inhibiting and fouling preventing agent of
the present invention has a much more excellént effect for
dispersing iron oxide and iron hydroxide in water than the
comparative agents comprising sodium hexametaphosphate or
sodium polyacrylate.

Examples 19 and 26, Comparative Example 41:

Scaling and Corrosion Tests .in Pilot Plant of Open
Recirculating, éooling water System (Cooling Tower) - Part
1:

Using a pilot plant as shown in Fig. 1, the water-
treating agent of the present invention was tested with
respect to its preventing effect against scaling and
corrosion therein. The test period was 23 days.

The water balance in the cooling system is shown in
Table 9. The quality of make up water as supplied to the

system. and that of the cooling water as circulating therein
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are shown in Table 10. THe opérational conditions for the
heat exchangers used herein are shown in Table 1ll. The

chemicals used herein and their concentrations are shown in

Table 12.
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Table 9 - Water BAdlénck in Cooling System

Amount of Cooling Water (liter/hr) | 810
Evaporation Loss (liter/hr) 6 ;
Total Amount of Blow Water (liter/hr) 1.5 ?
Amount of Make-up Water (liter/hr) 7.5 %
Cycles of Concentration(*1l) 5.0 :
Supply Water Temperature (_C) 40
Return Water Temperature (_C) 47
Holding Water Volume (liter) : 95
Retention Time(*2) (hr) ' ] 63

(*1) Cycles of COncentration

= (amount of water make-up water, liter/hr)/( amount
of total blowdown,_litér/hr)
(*2) Retention Time (hr)

= {holding water volume of system, liter)/( amount

of total blowdown, liter/hr)
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Table 10 - Quality of Make-up Water and Quality of

Cooling Water

Make-up Cooling
water Water
pH . 7.5-7.9 8.9-9.2
Electricalconductivity (uS/cm) 297-352 1,483~
1,760
Total Hardness (mg CaCO3/liter) 91-120 455-598
Calcium Hardness (mg CaCO3/liter) |  70-92 350-460
Magnesium Hardness (mg ' 21-28 105-138
CaCO3/liter)
M-alkalinity (mg CaCO3/liter) 75-80 375-400
Caloride Ion (mg/liter) 38-46 190-230
Sulfate Ion (mg/liter) 16-22 80~110
Silica (mg SiO2/liter . 29-37 146-184

Table 11 ~ Opevational Conditions of Heat Exchangers

| Temperature of |Inlet of Heat Exchanger Part

Water No. 1 (H/E 1) 40
(_C) Outlet of Heat Exchanger Part
No. 4 (H/E 4) 47
Skin Temperature of Heat Exchanger Tube (at
outlet of H/E 4) ( C) 70
Water Flow Velocity in Heat Exchanger (m/s) 0.6
Heat Flux (kcal/m2.h)- 39,000
Carbon
: Materlal of Heat Exchanger Tubes Steel
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Table 12 - Chemicals Used

. |Comparativ
Example 19 | Example 20 [ ¢ Example
41
Corrosion: | . .
Inhibitor |HEDP(*3) . 4.0 4.0 4.0
(mg/liter)
Br(*4) 0.5 0.5 0.5 °
Scale IPS/AA/AMP ’
inhibiting [g(*5) 11.0 - -
Agent (mg ' : : .
solid/-
liter)
IPS/AA/BEM
A(*6) _ - 11.0 -
1ps/Aa(*7) - - 11.0
(*3): 2-hydroxyethylidene—diphqsphonic Acid
(*4): Benzotriazole
(*5): Isoprenesulfonic acid (IPS)/Acrylic acid
(AA)/Acrylamido-z-methYlpropaneSulfonic acid (AMPS)

Copolymer having a mo;a; ratio, IPS/AA/AMPS of 15/75/10 and
a molecular weight of 15,000

{*6): IPS/AA/2-Hydroxyethyl Methacrylaté (HEMA) Copolymer
having a molar ratio, IPS/AA/HEMA of 20/70/10 and a
molecular weight of 13,000

(*7): IfS/Ai. Copolymer having a molar ratio, IPS/AA of

25/75 and a molecular weight of 16,000
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The corrosion rate of the test electrodes as
installed at the inlet of the heat exchanger No. 1 (H/E 1)

and at the outlet of the heat -exchanger No. 4 (H/E 4) was

measured, using a corrosion monitor (Corrosion Monitor 500C

Model, produced by Toho Giken KK) in accordance with a
linear polarization method. The results obtained are shown
in Table 13. The scaling rate on the heat transfer tube

of each heat exchanger was measured and shown in Table 14.

Table 13 - Results of Corrosion Test

Installation { Material of Rate of Corrosion (mg/dm?-day)
of Electrode Electrode : .
Example 19 Example 20 Comparative
- Example 41
Inlet of
H/E 1 Carbon Steel 5.5 , 4.0 6.4
(temperature .
of water:
40_C)
Copper 0.5 0.5 0.8
Outlet of ’
H/E 4 Carbon Steel 7.4 6.3 - 10.1
(temperature | '
of water:
47_c)
Copper 0.8 0.4 1.2

I P
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Table 14 - Results of Scaling Test

Heat Scaling Rate (mg/cm?-month)
Exchanger .
Example 19 Example 20 [ Comparative
Example 41
H/E 1
(temperature 0.9 1.1 3.4

of water at
inlet: 40 C)

H/E 2 0.9 ' 1.1 3.5
H/E 3 2.0 1.0 8.9
H/E 4

(temperature 2.6 1.8 . 12.7

of water at
outlet: 47 C)

As is obvious from the'test ;esults mentioned above,
the compositions of the present invention of‘Examples 19
and 20 are superior to the. éomparative composition of
Comparative Example 41 as being more effective against the
corrosion of carbon steel and copper and against the
scaling of heat transfer tubes in the heat exchangers than
the latter.

The scale formed in this experiment consisted

essentially of magnesium silicate of 65 % of all the

components constituting it in Comparative Example 41, while
the magnesium silicate content of the scale formed in

Example 19 was 35 % and that of the scale formed in Example

e O e L L
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20 was 25 %. It is obvious from these that the effect of

' the compositions of the present invention against the

formation of ilica scale ;s higher than that of the
comparative composition.

Accordingly, it is obvious from these data that the
scale inhibiting and fouling preventing agent of the
present invention, which is obtained by introducing a third
component of acrylamido 2 methylpropanesulfonic acid and/or

2-hydroxyethyl methacrylate into an isoprenesulfonic acid-

" acrylic acid copolymer, exhibits a higher effect against

corrosion and scaling in water systems, when combined with
a _corrosion . inhibitor, than .an isoprenésulfonic acid
acrylic acid copolymer. | |
Example 21, Comparative Example 42:
Scaling and Corrosion Tests in the Pilot Plant of Open
Recirculating, Cooling-water 5y§tem (Cooling Tower) - Part
2: |

__Using the same pilot plant under the same operational
conditions as in Examples 19 and 20 but varying the quality
of water to be supplied into the plant, the water treating
agent of the present invention was tested with respect to
its effect against scaling and corrosion therein. The test
period was 23 days. The water balance in the cooling

system was the same as that in Table 9. The operational
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conditions employed herein for the heat exchanger were the
same as those in.Table 11. |

The quality of water as supplied to the system - and
that of the cooling watér as circulating therein are shown
in Table 15. The chemicals used herein. and their

concentrations are shown in Table 16.

Table 15 - Quality of Make-up Water and Quality of

Coocling Water

Make-up. ‘Cooling
Water Water
pH 7.3-7.6 8.3-8.7
Electricaiconductivity (usS/cm) 172-192 810-1,016
Total Hardness (mg CaCO3/liter) 42,55  196-305
Calcium Hardness kmg CaCO3/liter) | 35-46 163=245
Magnesium Hardhess (mg 7—12 33-60
CaC03/liter)
M~alkalinity (mg CaCO3/liter) | 37-41 158-215
Chloride Ion (mg/liter) 29-32 134-167
Sulfato Ion (mg/liter) 17-19 74-95
Silica (mg SiO3/liter) ' 9-11 40~60
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Table 16 - Chemicals Used

: Example 21 | Comparative Example 42
. Corrosion ' :
Inhibitor |SHP(*8) 3.0 . 3.0
. (mg/liter)
e NaH3PO4 1.5 1.5
" . |peTC(*9) 3.0 3.0
ZnCl2 6.0 6.0
- Tr(*10) 0.5 0.5
Scale IPS/AA/HEM : _
4 inhibiting |a(*11) 12.0 , -
j!_ Agent (mg '
{ solid/~-
? liter)
- 1ps/AA(*12 - ' 12.0
_ )
i {(*8): Sodium Hexametaphosphate
'E?- (*9): Phosphonobutane-tricarboxylic Acid
: (*10):_Tolyltriazole
[ :
(*11): Same as (*6) in Table 12
L (*12): Same as (*7) in Table 12
;L' - In the same manner as in Example 19, The rate
;éi corrosion of the test electrodes and the scaling rate of

the heat-transfer tubes were measured. The data obtained

are shown in Tables 17 and 18.




—

[

— -

93
Table 17 - Results of Corrosion Test

Installation of Electrode Material of * Corrosion Rate

Electrode {mg/dm? - day)
. Comparative

‘Example 2} .[ Example 42

Inlet of H/E 1

(temperature of water: Carbon Steel 1.6 5.8
40_C)
Copper 0.3 0.4
Outlet of H/E 4
(temperature of water: Carbon Steel 1.7 7.2
47_C) .
Copper 0.2 - 0.5

.Table 18 -~ Results of Scaling Test

. i 2.
Heat Exchanger Scaling Rate (mg/cm<4-month)
Comparative
Example 21 Example 42
H/E 1 (temperature of
water at inlet: 40 C) 1.0 3.5
H/E 2 1.0 3.3
H/E 3 1.1 . 7.2
H/E 4 (temperature of
|water at outlet: 47 C) 1.5 8.1

As in Examples 19 and 20, the scale inhibiting and
fouling preventing agent of the present invention exhibited
a higher effect against corrosion and scaling in the water

system tested herein, when combined with a corrosion
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inhibitor, than the comparative, isoprenesulfonic acid—
acrylic acid copolymer. |

As has been described in detail and demonstfated
concretely hereinabove, the water treating égent of the
present invention, comprising a conjugated dienesulfonic
acid/(meth)acrylic acid/2-hydroxyethyl (meth)acrylate
copolymer or comprising a conjugaﬁed dienesulfonic
acid/(meth)acrylic o acid/(meth)acrylamido-2~
hethylalkanesulfonic acid copolymer exhibits .an excellent
anti scaling and anti fouling effect in water systems and
can therefore prevent water systems from being disordered
by thermal efficiency depression and. water flow rate
depression to be caused by_adhesion ér deposition of scale,
sludge and slime onto heat exchaﬁgers, heat transfer
heating pipes and pipe lines that constitute water systems.
‘ While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

the spirit and scope thereof.



* C L M S *

95
WHAT IS CLAIMED IS:
— | o ‘1. A water treating agent comprising a ternary
copolymer which is synthesized from a conjugated

fi“ dienesulfonic acid and/or its salt of the following general

formula [1]:

< (1]
\

wherein R, R2, R3, R4, R5 and R® each represent a
hydrogen atom, a methyl group or —SO3X1, provided that

one or more of Rl to R6 are methyl groups, one or more

of the remaining Rl to R6 are groups of -s03xl, and x1

represents a hydrogen atom, a monovalent metal, or an
ammonium group unsubstituted or mono substituted by an
organic group;

a (meth)acrylic acid and/or its salts of the following

: L. general formula t2]:

L ' THIS SHEET HAS BEEN
R’ _REPLACED

/ |

L CH.=C (2]

: N

% coox? : )

I

eet Has Been Re‘laced '
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wherein R7 represents a hydrogen atom or a methyl
group; and x2 represents a hydrogen atom, a monovalent
metal, or an ammonium group unsubstituted or mono
substituted by an organic group;

and a 2 hydroxyethyl (meth)acrylate of the following

general formula [3]:

: .R‘

/7 |
CH\=C (3]
COOCH;CH,0H

wherein R8 represents a hydrogen atom or _ai methyl
group,
or a- (meth)acrylamido 2 methylalkanesulfonic acid and/or

its salt of the following general formula [4]:

1 ’°
N o ,
CHae=c- ((‘.“Nﬁ C;/ M’h 803)( (4]

© cH;

wherein R? and R10 each represent a hydrogen atom or a

methyl group; and. x3 represents a hydrogen atom, a
monovalent metal, ‘or an ammonium group unsubstituted

or mono substituted by an organic group.

THIS SHEET .HAS- BEEN
REPLACED

is Sheet Has Been Replaced
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2. The water treating agent as claimed in claim 1,

wherein the ternary copolymer comprises from 5 to 50 mol%
of the unit derived from the conjugated dienesulfonic acid.
and/or its salt, from 40 to 90 mols of the unit derived
. from the (meth)acrylic acid and/of its salt, and from 1 to
20 mol%¥ of the unit derived from the 2 hydroxyethyl
(meth)acrylate. | .

3. The water treating agent as c;aimed in claim 1,
wherein the ternary copolymer cémprises from 5 to 50 mol%
of the-uni£ derived from the conjugated dienesulfonic acid
and/or its salt, from 40 to 90 mol% of the unit.derived
from the (meth)acrylic acid and/or its.salt; and from 1 to
20 mol% of the unit derived from the imeth)acrylamido 2
methylalkanésulfonic acid and/or its salt.

4. The water treating agent as claimed in any one of
claims 1 to 3, wherein the ternary copolymer has'a weight-
avérage molecular weight of from 500 to 300,000.

5. The water treating agent as claimed in claim 1,
whiéh further comprises a metal corrosion inhibitor.

6. The water tréating agent as claimed in claim 5,
wherein the metal corrosion inpibitor comprises at least
one selected from the group consisting of polyvaient metal
salts, phosphonates, azoles, phosphates, polyphoshates

phosphonocarboxylates, amines and phosphoric esters.

his Sheet Has Been Refilaced

I lIII‘l T
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7. A method for treating water, comprising adding to

water 'systems a water treating agent that comprises a
‘ternary copolymer as synthesized from a conjugated
dienesulfonic acid and/or its salt of the following general

formula (1]:

e — =

R! R R®
A /
C=C~-C=C (1]
7 1\
R? R¢ R?

wherein RI, ﬁz R3, R4, R3 and R each represent a
hydrogen atom, a‘'methyl group or -SO3X1, provided that
one or more of Rl to R® are methyl groups, one or more
of the remaining R! to R® are groups of -so3xl, and x!
represents a hydrogen atom, a monovalent.metél, or an
ammonium group unsubstituted or mono substituted by an
‘organic group;

a (meth)acrflic acid and/or its salts of the following

general formula [2]:

Rr
g / _
CHe=C_ (2]
cooXx?*

| THIS SHEET HAS BEEN
REPLACED

eplaced
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wherein R’ represents a hydrogen atom or a methyl
group; and X2 represents a hydrogen atom, a monovalent
metal, or an ammonium group unsubstituted or mono

substituted by an organic group;

and a 2 hydroxyethyl (meth)acrylate of +the following

geheral formula [3]:

Rl
| , |
CH3=C\ : : . {31
' - COOCH.CH,0H

wherein R8® represents a hydrogen atom or a methyl
group, '
or a (neth)acrylamido'z-nethylalkanesulfonic acid and/or

its salt of the following general formula (4]:

._? __ .
an%w/—'r-o;-wm;goaxi 4]
RO

wherein R? and R1Q each represent a hydrogen atom or a
methyl group; and x3 represents a hydrogen atom, a
monovalent metai, or an ammonium group unsubstituted
or mono substituted by an organic group,

in an amount of from 0.1 to 1000 mg/liter.

THIS SHEET HAS BEEN
REPLACED

is Sheet Has Been Reilaced
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8. The method for treating water as claimed in claim
7, wherein the iernary copolymer to be in the water-
traating agent comprises from 5 to 50 mols of the unit
derived from the conjugated dienesulfonic acid and/or its
malt, from 40 to 90 mols of the unit derived from the
(meth)acrylic acid and/or its selt, and from 1 to 20 molx
of the unit derived from the 2 hydroxyethyl (meth)acrylate,
. 9, The method for trasting water as claimed im claim
- 7., wherein the termary copolymer to be in the water-

treating agent comprises from 5 to 50 mols of the unit
- derived from the conjugated dienesulfonic acid and/ox its
salt, from 40 to 90 mols of the unit dérived from the
(-ath)acrylii: acid and/or ita aslt, and from 1 t:o 20 molw
of the unit derived from the {meth)acrylamido-~2-
methylalkanesulfonic acid and/or its salt.

10. The method for treating water as claimed in any
one of claimzn 7 to $, wherein the ternary copolymer to he
in the water treating agent has & weight average molecular
weight of from 500 to 300,000,

1i. The method for treating water as claimed in claim
7, wherein the water treating agent further comprises a

e | metal corroaion inhibitor in addition to the ternary

copolymer.

o 12. The method for treating water as claimed in élait

f 11, wherein the metal corrosion inhibitor comprises at
-

L~ — ' B THIS SHEET HAS BEEN
| Sheet Has Been Re; laoed REPLACED
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least one selected from the group consisting of polyvalent -
metal salts, phosphonates azoles phosphates,
polyphoaphates, phosphonocarboxylates amines and

phosphoric esters.

This Sheet Has Been Re

R lill




