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H TLE OF THE | NVENTI ON WATER- TREATI NG AGENT AND METHOD T | NG TER:L
FI ELD OF THE | NVENTI ON The present invention relatesé% [3E¢§ngé¥§ -':&
wat er treating agent and a nmethod for treating water therewth. é@[ '
precisely, the present invention relates to a novel water treatl ng i[;@r%
which is used i boilers, cooling water systens; hot water systens and dust
collegpfng wat er plants for preventing themfrom being di sordered heat
transfer failure, flow rate depressionland | ocal corrosion to be Hﬁﬁéeﬁ@@%

adhesion o 05t sl udge and sline onto heating pipes,
exchangers?Iﬂgﬁdétstﬁ€,£$%é§§iﬁg for polynerization and various pipe |lines
in themd al so rglates t f i ' ter in
fhen. BAmmﬁﬁﬁﬂﬁ%ﬁMﬁ&@ 34%@? JK r*‘&#&"‘{%‘*é{ Sz yé
carboxylic acid polymers have been used in a scale inhibiting and fouling
preventing agent to be used in boilers, cooling water systens, dust

col l ecting water plants and EgkiboﬁggehﬁegggkgglaﬁstenB for the purpose of

preventing the adhesion. of s ces of the nmetal parts to be
gept 'n 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 preventing them from bging disordered by heat

transfer failure, 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 relates to a method of using the agent for treating

—

water in then.

BACKGROUND OF THE INVENTION
i Heretofore, poly phosphates: and carboxy%ic acid
= polymers have been used in a scale inhﬁzigipg an& fouling
.L; preventing agent to be used in boilefs, cooling water
; sysiems, dust collecting water plants and water supply
L¥ 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
|
L

—
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—<ontact with water, preventing the deposition of sludge 2 onto them and
preventing the local corrosion to occur in the area under the foul ed parts.
"However poly phosphates are defective in that they are easily hydr ol yzed
I do gi ve or t hophosphat es, whi ch precipitate as cal cium phosphate in
wat er systens having high pH and hi gh cal ci um hardness at hi gh tenperatures
to often accelerate scale troubles in them In addition, since waste
wat ers contai ni ng phosphorus are problLematic as causing eutrophication in
cl osed water areas such as | akes, nmar§Shes and island seas, the use of
‘phosphor uent@ obhemniang graventlingntdie bkotali tedroSiohhetdecuhand,
‘carboxylic acid polyners forminsoluble salts in water containing high
Toncent r atheoared ywder vahenfouked! pavts.and the salts precipitate therein,
with the result that the polyners are not effective in such water. In
particul ar, wiowevery gedlyy phosphesesppirecdefectaver inathag sheygareal ci um
+on concentration, the water .
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 phosphorus 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 polymers are applied to
water having a high calcium ion concentration, the water

becomes cloudy due to the calcium salts formed and

|
L

(. precipitated therein.
L; In Japanesé Laid Open Patent Application No. 2-9496,

? lr proposed is a phospho:us free water treating agent for
- scale inhibition, which comprises a copolymer of a.
i. conjugated dienesulfonic acid and (meth)acrylic acid and
- which is said to be effective even in systems having high
L metal ion concentrations without being precipitated therein.




bécomes .cloudy due to the calcium salts formed and precipitated
therein. In Japanese Laid Open Patent Application No. 2-9496, proposed is
~d phosphorus free water treating agent for scal e inhibition, which
' conprises a copolyner of a. conjugated dienesulfonic acid and (nmeth)acrylic
. acid and which is said to be effective even in systens having high netal
{ion concentrations without being precipitated therein. 3 Conparing this
: wi-t h sodi um pol yacryl ate whi ch has heret of ore been used in conventi onal
water treating agents, ;the fornmer is.éﬁperior to the latter, but is not
sati sf act GPmparifshd. thisr erwith | soddumesi peliyaerphaten whisher besating
agent having much inproved scale retarding and fouling preventing effects.
OBJECTS Ahgrehofaxey hgenrysediancoanertdodglevater treagingengenkdention is

to provide a phosphorus free water treating aaﬁnt whi ch does, not react with
poly val eHhe i ofRTMeXf ol | PUPEFHPE sHQ s BR® wAREkeRasbut 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 inhibiting and fouling

preventing effect, and also a method for treating water

—-

therewith. In addition, <the 'object of the present
L invention is to provide a water treating agent having an
excellent metal corrosion preventing effect, and also a
method for treating wate? 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-
methylalkanesulfonic acid unit exhibits an excellent scale
inhibit and fouling preventing effect. On the basis of

— this finding, we have completed the present invention.
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an excellent and long lasting, scale inhibiting and fouling preventing
effect, and also a nethod for treating water therewth. In addition,
the object of the present inventionis to provide a water treating
agent having an excellent nmetal corrosion preventing effect, and also a

met hod for treating water therewith.- W, the present inventors, have
assiduously studied so as to attain the above nentioned objects and, as a
tesult, have fqund that a ternary copdl yner conprising conjugated

di enesul fonic acid units, (neth)acrylic acid units and 2- hydroxyet hyl

(et h) acryl at Specificedlynet Bher yEdnstio- aspasthy| of katdeul fpresenti d unit
exhibits an excellent scale inhibit-and fouling preventing effect. On the
basi s of imvientiondisgtowprhwidecanpaterdtraatpngsagent Gempriusing a4 _
Specifically, the first aspect of the present invention is to provide
a wat er therperyg cRpakymespvhichgis taynkhesiagd| frem hi epnivgatedhesi zed

from.a conj ugated di enesuyl fonic acid and/or its salt ff {he foll ow ng
general dienesulfonic acid and/or its salt of the following genera

L formula [1]:
- R! 3 5
\ 'It /R -
/C-c-ca-.-c (13
R? R¢ \R' |

wherein R!, R2, ®R3, R4, RS and R6 each. represent a
= hydrogen atom, a methyl group or -S03x1, provided 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

. L represents a hydrogen atom, a monovalent metal, or an

ammonium group unsubstituted or mono substituted by an

("

organic group;
f' ' and a (meth)acrylic acid and/or its salts of the fbllowing
i‘ general formula [2]:
L
l R -
- c'ﬂ.=c/ (2]

\COOK’

L

-
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formula [1]: [err] wherein [err] and [err] each represent a hydrogen atom
a nethyl group or [err], provided that one or nore of [err] to [err] are
met hyl groups, one or nore of the remaining [err] to [err] are groups of .
Ferr] and [err] represents a hydrogen atom a nonoval ent nmetal, or an
anmoni um group unsubstituted or nono substituted by an organic group; and a
{{meth)acrylic acid and/or its salts of the followi ng general fornula [2]:
tlerr] 5 wherein [err] represents a hydrogen atomor a nethyl group; and
[err] represents a hydrogen atom a mbnovalent metal, or an annnniun1group

2 hycr oxyet hyl e KT Soladbéite” &l InpRpRIGE BREHD 021 Y PEhRT )¢
. 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
7/ :
CRe=C_ . (3]
COOCH,CHOH

- e c————— —n—————

wherein RS represents a hydrogen at'qm or a methyl

r

- group,
or a (meth)acrylamido-z-methylalkanesulfonic acid and/or
L its salt of the following general formula ([4]:
C 7 to
K A .
- Uie=c~ C~NH-C i M'f 903)(3 (4]

o th

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

S

or mono-substituted by an organic group.

-



Ferr] [3] wherein [err] represents a hydrogen atomor a methyl group, or a
(et h)acryl am do- 2- net hyl al kanesul fonic acid and/or its salt of the
followi ng general formula [4]: [err] [4] wherein RO and R10 each represent.
“a hydrogen atom or a nethyl group; and X3 represents a hydrogen atom a
nonoval ent netal, or an amoni um group unsubstituted or nono-substituted by
an organi c group. 6 As one enbodi nent of the first aspect of .the
Jdnvention, the ternary copolyner to be in the water treating agent
conprises from5 to 50 nol % of the @nit derived fromthe conjugated

di enesul f oni c pacioheathbodimbatSalft ther 6ir4€ hep8Otnof%ché iheenbiébngeri ved
fromthe (nmeth)acrylic acid and/or its salt, and from1 to 20 nol % of the
unit deritked ternary copolymer to be in the water treating agent
5 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
E (meth)acrylic acid and/or its salt, and from 1 to 20 mols
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

i invention, the water treating agent further comprises a

metal corrosion inhibitor.
;‘ As still another embodiment of the first aspect of the
i invention, the metal corrosion inhibitor to be optionally
L in the water treating agent comprises at least one selected

—



“$romthe 2-hydroxyethyl (neth)acrylate. As another enbodi nent of the first
aspect of the invention, the ternary copolynmer to be in the water
treating agent conprises from5 to 50 nol % of the unit derived fromthe
leonj ugat ed di enesul fonic acid and/or its salt, from40 to 90 nol % of the
unit derived fromthe (neth)acrylic acid and/or its salt, and from1 to 20
.ol % of "the wunit derived from the (met h) acryl am do- 2-

Jet hyl al kanesul fonic acid and/or its zal t. As still another enbodi nent of
the first aspect of the invention, the ternary copolymer to be in

the wat &romr ebhenggrnoept tonsistinghtofivepalyvaldnculnetaki galtd, f rom 500

to 300,000. As still another enbodinent of the first aspect of the
i nvent i ophosphonates, t r &arales ,agephosphates, corghosphocarhaxlakes,osi on
i nhirbitor. As still another enbodi nent of the first aspect of the

| inventiodMminRe andaphesphoricrestermitor to be optionally in the water
Treating agent conprises at | east gne sel ected . . )

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 i from a conjugated
dienesulfonic acid and/or its salt of the following general

formula [1]:

a R? R* - R¢
- N O Vd
/c=c-c_=c {11
. R: 1'21 \Rc
'_: _ wherein R1, Rz, R3, R4, RS and R6 each represent a

hydrogen atom, a methyl group or -s03xl, 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

L ammonium group unsubstituted or mono substituted by an

; organic group;

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

L' general formula [2]: A

_

& e e c——



— from the. group consisting of polyvalent netal salts, phosphonates,
azol es, phosphat es, phosphocar boxyl at es, am nes and phosphoric esters.
.The second aspect of the present invention is to provide a nethod for
(treating water, conprising adding to water systens a water treating agent
that conprises a ternary copolynmer gas synthesized from a conjugated
~di enesul fonic acid and/or its salt gthe follow ng general formula [1]:
Jerr] wherein [err] and [err] eac@,?gpresent a hydrogen atom a nethyl
group or [err] provided thatChRe@r nore of RL to Rg are nmethyl groups, one
- or nore of the remaining [err] toyerr] are groups[3ﬂ [err] and [err]

. .represents a hydrogen atom a nonovl EgpntalL or an | L _

. amoni um group unsubstituted or nono substituted by an organic group; and a
i (meth)acrylic acid and/or its salts of the follow ng general formula [2]: L

—r

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 R*
CH c/ |
. =
. COOCH,CH 0}
L‘ 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]:
§r- 4 ®
| : E : o ;
| Ute=c~ f=NA=g- OHs = §0sX7

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

— -

methyl group; and x3 represents a hydrogen atom, a

r
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g [err] wherein [err] represents a hydrogen atomor a nmethyl group; and

[err] represents a hydrogen atom a nonovalent netal, or an ammoni um group
unsubstituted or nono substituted by an organic group; and further a
2- hydr oxyet hyl (meth)acrylate of the follow ng general fornmula [3]:

[err] wherein R8 represents a hydrogen atom or a nethyl group, or a
(et h)acryl am do- 2- et hyl al kanesul fonic acid and/or its salt of the
following general fornmula [4]: [err] Vherein RO and R10 each represent a

hydrogen atom gordvilidit MEtdP; GPdas3 Jﬁ&ﬁiﬁﬁhﬁgﬁuﬂyﬁhgﬂﬁgtﬂﬂﬁﬁa

nonoval ent netal, or an amoni um group unsubstit
- or mono substituted by an organic group,

in an amount of from 0.1 to 1000 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 mols 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 weight-average molecular weight of

 t

from 500 to 300,000.

As still another embodiment of the second aspect of

("—_“"

the invention, the water treating agent further comprises a




or nono .substituted by an organic group, in an amount of fromO0.1 to 1000

ng/liter. As one enbodinent of the second aspect of the invention,

the ternary copolymer to be in the water treating agent conprises
:from5 to 50 mol % of the unit derived fromthe conjugated dienesul fonic
iacid and/or its salt, from40 to 90 nmol % of the unit derived fromthe
(meth)acrylic acid and/or its salt, and from1 to 20 nol % of the unit
derived fromthe 2-hydroxyethyl (net h)_lﬂcryl ate. As anot her enbodi nent of

- the second aspect of the invention, the tger.nar opolyner , to be in

" ‘the wat e?‘eg?gat??rﬁr%&fe‘m @dﬁﬁh%fﬂ&n 9‘5@&%@\{?70&%0 he t&XPRXYer i ved

¢ fromthe conjugated dienesulfonic acid and/or its salt, from40 to 90 nol %

~ of the unffP gﬁf‘%d fromthe (neth)acrylic acid and/or its salt, and froml
to 20 nol % of ey yl am do- 2-

;mﬁt hy! al kanesuﬁ QSF&ES::Taﬁéﬁrﬁjt\cl)regﬂ%‘Lrﬁ%nﬁt t&g §Plg|rr:sstel;[ } ne?s%%'ﬁ_dpr"reﬂt of
| vater trefnoiveRtithe LEHET o mERate, sortabton R RERE or B8, oBesoo 1o
i 300,000. A £bhdl1fNP4 h@fuee%%g%mir}:tea%fintgheagse%ctongoﬁﬁxofgés %ft least

one selected from the group consisting of polyvalent metal

i
t
i

Lo

; salts, phosphonates, azoles, phosphates,

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.

u 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

=

i formula [3] or a (meth)acrylamido-2-methylalkanesulfonic
L, acid and/or its salt of the following general formula {4}:
!

-




The invention, the water treating agent further conprises a L 10 netal
corrosion inhibitor in addition to the ternary copolyner. As still
-anot her enbodi nent of the second aspect of the invention, the netal

—-eorrosi on inhibitor to be optlonally the water treating agent conprises

at | east one selecte { he groHp con5|st|ng of polyvalent netal salts,

‘phosphonat es, oIe phosphat es, phosphocarboxyl ates, am nes
-and phosphoric esters EE@E&&I PTION OF THE DRAWNG Fig. 1 is a flow

di agram of the pil ot p ant ofy a“water-cooling systemas used here in
Exanples 19 to 21 angConpar qpl ve ﬁxarrpl es 41 to 42. BRJAI LED DESCRI PTI ON
_OF THE | NVENTI ON The water treating agent of the present invention
conprises a copolymer "Which is synthesized from a conjugated

di enesul fonic acid and/or its. salts of the '

——

R‘)
. . 7
- Ci=c i2)
cooXx:
_ ' R?
B \ | I3)
L= COOCH:CH,0H

- U= %‘Nﬁ—(\, eH, ~ SOJXJ’ 143

.
§

In formula [1], RI, 'R2, R3, R%, R3 and R® 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

[ ——

1 emenm———
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fol | owi ng general fornula [1], a (nmeth)acrylic acid and/or its salts of the
followi ng general fornula [2], and a 2- hydroxyethyl (neth)acrylate of
: the following general forrmula [3] or a

(et h) acryl am do- 2- et hyl al kanesul fonic acid and/or its salt of the
foll ow ng general fornula [4]: [err] [err] [err] [err] In formula [1],
{err] and [err] each represent a hydrogen atom a nethyl group or [err]
provided that one or nore of [err] 1» [err] are nethyl groups, one or nore

hydr ogen SREUnOL o3 Mtﬁéréﬁ.afin%oﬁff‘ﬁfeafﬁa#&ﬁ # ONRAREER e o or
| o0 SubSE il e et E §r 958" Rembls L' Bl fevincsiicet i

) mono substituted by an organic group. In formula [3], RS
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 substituted 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 organic group

includes, for example, methylamine, ethylamine, propylamine,
isopropylamine, butylamine, isobutylamine, sec butylamine,
tert butylamine, pentylamine, hexylamine, cyclohexylamine,

benzylamine, and monoethanolamine.

— o U

In the water treatlng agent of the present invention-

-which has the ability to mh:.b:.t 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)
inc];udes,l for example, meethyl-l,3-butadiene-1-su1fonic -

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

— — U

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

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

—



2 atomor a nethyl group; and [err] represents a hydrogen atom a
nonoval ent nmetal, or an amoni um group unsubstituted or nono substituted by
. an organic group. In fornula [3], [err] represents a hydrogen atomor a

. methyl group. In formula [4], [err] and [err] each represent a hydrogen

: atomor a nethyl group; and X3 represents a hydrogen atom a nonoval ent

. metal, or an ammonium group unsubstituted or nono- substituted by an
! brganic group. The ammoni um group a3 nono substituted by an organic group

f is an amqﬁy rngroupltgTﬁgnégaﬂgﬁ%FiLé¢¥¥§¢ﬁ$ reacthﬁg of [err]20§ - COCH

" with a prinar'y am ne & pri can give §uch an ‘ahfoni um

| Loup a5 SR RABHe-1LeR (BRIBNhE1 ] O nbBEYYCPPa- bRt BARERLE

' et hyl anine, am ne amne, 1S0 am ne

I sobut yl afldif ot bH&Y&am:!lﬁne ué;mb e%@amen@eméhamsc hgeyaani ne,

cycl ohexyl am ne, benzyl am ne, nonoet hanol am ne. In the water treatlng

agent of 2%ﬁl{ﬁ$qflt3Jbﬁh\‘.ﬁat1bﬁé-‘lhBﬂhibﬁiféﬁscatuéid,v Bad nzaﬁeth?pal ing and

to prevent foulling in water plants, [err] and [err] each are preterably an
al kal i Weiaﬂ-bdwda_ewﬁﬁmaah&umdhwaEme. conjugated dienesul fonic acid
[1]

of fornula

' The (meth)acrylic acid of formula [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]
%f includes .Z-hydroxyethyl acrylate and 2-hydroxyethyl
| methacrylate. 2;Hydroxyethy1 methacrylate is preferably

L . used in the water treating agent of the present invention.

i ' The method of copolymerizing the conjugated

- dienesulfonic acid and/or its salt of formula [1], the
L (meth)acrylic acid and/or its salt of formula [2], and the
2-hydroxymethyl (meth)acrylate of formula (3] or the
— (meih)acrylamido-z-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
L 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
L to be obtained through copolymerization of these monomers
is also soluble in water. Therefore, solution
L, polymerization using water as the medium is preferably
{
L.



- —————  S— - A B oot e b

=

i ncludes, for exanple, 2-nethyt-1, 3-butadiene-1-sulfonic acid,

2- et hyl - 1, 3- but adi ene-3-sul fonic acid, 2-nethyl-1,3- butadi ene-4-sulfonic
acid, 1, 3-pentadiene-1-sulfonic acid, 1,3-pentadiene-2-sulfonic acid,

T, 3- pent adi ene- 3-sul foni c 13 acid, 1, 3- pent adi ene-4-sul foni c

aci d, 2, 3- di net hyl but adi ene- 1-sul fonic acid, .
2-nmet hyl -1, 3- pent adi ene- 4-sul fonic d4id,

3-net hyl -1, 3- pent adi ene- 1-sul foni ¢ aci d,

2- met hyl - _ employrd dFencopol ymesdizeo kheseé cranomesa. 2- mwxample of
3-butadi ene: 1, 4-disul fonjc acid. The (net@?acryllc aci.d of fqornula [2]
incl udes Belytien ﬁ%ﬂ#ﬁ%ﬂﬂﬁ’\g RS by ecmsé.ian\cswpﬁshe#am y used

in the water tr$£i agent of the presenf invention gﬁthaCBélate
2- Hydr oxySPP}P ?eP¥%s?P%f VeRtIoReqiP nSHER FRAE: ERBeREPMy. agent

Gon] ugat SE#M%&?W&@% 78 ofkaeo¥ad I f 9htara | Ehen; pghe
(et e e ea s 0oty e SALbPls e Tl Eeh s 308k DEuEall SRRy ™ Y
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
f* ) 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,

r

copper sulfate, triethanolamine, glucose, formaldehyde

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



et h) acryl am do- 2- net hyl al kanesul fonic acid and/or its salt of formula
[4] to obtain the ternary copolyner for use in the present invention is not
specifically defined but may be any conventional one. The nononer of
formula [1], the nononer of formula [2] and the nononmer of formula [3] or
[4] are all soluble in water, and the ternary copol ynmer to be obtained

t hrough copol yneri zati on of these noniBrers is al so sol ubl e in water.
Therefore, sol ution pol yneri zati on usi ng wgier,as the nediumis
pref er abl y hydrogenspliitesycando 84801 yAerFhelabing AFMREr s Suthe a%anpl e

of solution _polynerization using water as_the pedjum which is enployable
in the predd¥cingeplapine ersgpdinnethylenedianinet ot rRACe AR e Al e
di ssol ved in ter, thegﬁthe atnnsghere around the resulting systemis

subst i t ut e®ewidedesd P58k, PRlYmeEL2abioR| 8YSEEMt cal pol yneri zati on

D : h LS h :
Lnittator s adqe e % fandFer ' dgent “tal' be 'sed ‘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,
o 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
D 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

i polymerization heat from the reactor, the time for the
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Fhe radical polynerization initiator includes, for exanple, hydrogen

peroxi de, sodium persul fate, potassium persulfate, anmoni um

persul fate, 2,2' -azobi s(2- am di nopropane) di hydrochl oride, and t

- butyl hydroperoxide. The polynerization initiator can be added successively
“or all at a tine. The anmpbunt of the polynerization initiator to be added
may be generally fromO0.01 to 5 parts by weight, preferably from0.1 to 3
parts by weight, relative to 100 partéﬁby wei ght. of the nononers in total
f it is | than 0. 0O arts by weight..the pgplyneri zation_of. .t he nononers
coul d not J‘Eéﬂﬁucﬂfedgggf MAngmers %&R”rfgﬁ FXOM o 0L 50 e 8 PHUES py

wei ght, the %ost gf %he C Lgly t, uneconom cally increases too nmuch. To
pronot e PRETFRAPLY rBﬁI; Pi 3PS 4 reduci ng agent, such -as sodium

O ucoser  for nFabR, ASSisABue thprothRarertlihBiore e B YN TG, | o,
Sodi um Ut QAg ML Cot AWfle Pifhedt ARG GHTBH nICLnds

L

~ ability to inhibit scaling and to prevent fouling in water

| —

plants comprises from 5 to 50 mol% of the unit derived from

T

— 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 or the unit derived

e

from the (meth)acrylamido-2-methylalkanesulfonic acid

("

and/or its salt. More preferably, the copolymer éomprises

from 10 to 30 molt of the unit derived from the conjugated

O

—

dienesulfonic acid and/or its salt, from 60 to 90 mol% of

_L; 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-

Fg~ hydroxyethyl {neth)acrylaté or the unit derived from the

j : (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

-

r— .0



grycine,.alanine or sodi um et hyl enedi am netetraacetate, can be added to the
pol yneri zati on system A chain transfer agent can be used as the agent for
controlling the nol ecul ar weight of the copolyner to be produced. The

-chain transfer agent includes, for exanple, nercaptans such as t

. dodecyl ner capt an, n tetradecyl mercaptan, octyl mercaptan, t

. hexyl mer capt an and n hexyl ner capt an, hal i des such as et hyl ene

: brrom de, hydrocar bons such as 9,10- di hydr oant hr acene, 1, 4-

! cycl ohexadi ene and 1, 4-di hydroant hracene, het er ocycl i ¢ conpounds such

. as 2,5-diofydthéunmater asreatihg asgemt meillly| beyrbowexkder s, Ifindtheant hogen
‘disulfides. In general, the chain transfer agent can be added in an anount

; of less tlante@tpaf sthg waightderived vérom ¥t pgmeshhpacrydightaciid t he
: nonorrers in total. The polynerization tenperature may be from-50 to +200
. G, preferapdyorr dbs+FRYb :150h€. copelymeymdsi ZfSorthanedfapodsd farom 0. 1
:to 30 hours, within which the radical polynerization shall be conducted. It
'i,s desiraBP&et othabcel8i vBPIt addthee semiererinhiditingolandr ifanling
reactor. In order to produce a_uniform conposition of the nononers added
and to rePyevensing effect of the water treating agent will be also
lowered. 1If 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,
s the scale inhibiting and fouling preventing effect of the
water treating agent will be also lowered.

. The copolymer to be in the water treating agent of the
L; present invention which has the ability to ihibit scaling

and to prevent fouling in water system may comprise any

r_.'.;._

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-hydroxymethyl (meth)acrylaté of formula [3] or the

[___ win

unit 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
s



pol yneri zation heat fromthe reactor, the time for the 16 addition of
the nmononers shall be from0.5 to 5 hours, preferably from1l to 3 hours. It
is desirable that the copolyner to be in the water treating agent of the
present invention which has the ability to inhibit scaling and to prevent

- fouling in water plants conprises from5 to 50 nol % of the unit derived

. fromthe conjugated dienesul fonic acid,and/or its salt, from40 to 90 nol %
i of the unit derived fromthe (rmeth)acrylic acid and/or its salt, and from1
: to 20 nol % of the unit derived fromthe 2-hydroxyethyl (meth)acrylate or

| the unit theseedndnamers i haccording) atoyl artdoknowR: Hethedhesul IBRi c

- acid and/or its salt. Mre preferably, the copol ymer_ conprises from 10 to
. 30 nol % ohonemexncopadymesiizabben Wishc ke gReRaMar e s ufPBRRLA adild rand/ or

i its salt, from60 to 90 nol % of the unit derived fromthe (neih)acrylic
aci d and/ thej menamer ofnforrysa2 (2d Bndtbe JroRoRey, Pt fermhéd {3dm the 2-

! Aydroxyet hyl. (nmeth)acrylate or the unit derived.fromthe
Y Y o¥ ( [4]) ¥nc1udes, for example, -allyloxy-2-

o - hydroxypropanesulfonic acid, vinylsulfonic acid, acid
'phosphoxyethyl methacrylate, acid phosphoxyethyl acrylate,
acid phosphoxy polyoxyethylene glycol monométhacrylate,
(meth)acrylamide, (meth)acrylonitrile, methyl
(meth)acrylate, glycidyl (meth)acrylate, N
;%Li 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

e to inhibit séaling and to prevent fouling in water systems

E i 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 weight of less than 500, the scale inhibiting and

LJ 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

.

noﬁ easy to handle.

I O

—



(et h) acryl am do- 2- net hyl al kanesul fonic acid and/or its salt. If the
content of the unit derived fromthe conjugated dienesul fonic acid and/or
its salt in the copolyner, which is in the water treating agent of the

Present invention having the ability to inhibit scaling and to
prevent fouling in water systens, is Iess than 5 nol % or nore than 50 nol %
‘the scal e i nhibiting and fouling preventing effect 17 of the water
treating agent will be | owered. | f tHe content of the unit derived from
the(rreth)acr lic amdgnd/or its salt [n the co |slessthan 40
‘ol % or nore haH egot ﬁDI%tthetrSEEi’ég |?1gﬁ‘5

t ffect of th t t t | | b | | If th
Dont ont . GRveREIGR ¢ Lu8y gwé'ﬁnﬂeﬁfgﬁe@@eﬁy 0 o V\Qe% yStemA l?ﬁ\ﬁﬁy%cﬂe )
t hat of th t d d
_(rrgt h;)acrs%g& e#ﬁ?#al aﬁﬁsgﬂlipgnpe th&cﬂb‘a&ﬁ&ﬁopfi t"?t?&'l {tQ 8 ess t han
L efufulBl s L6 AN S AEHbAGEe P 7

effect o
- alkalinity, the temperature of water and also the heat-

RV PR

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 the solid content

of the copolymer in the agent. In most cases, the amount

TSI BRI TR T S

: _ 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
o 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

fmamn——.y . s =

-
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water treating agent will be also | owered. The copolynmer to be in the water
treating agent of the present invention which has the ability to ihibit
‘sicaling and to prevent fouling in water system nay conprise any other
:mononmer units, in addition to the unit derived fromthe conjugated
idienesulfonic acid and/or its salt of formula [1], the unit derived
ifromthe (meth)acrylic acid and/or its_salt of forrmula [2], and the unit

i derived fromthe 2-hydroxynethyl (neth?@crylate of formula [3] or the unit
; deri ved from t he (et h) acryl am do-2- net hyl al kanesul foni c
aci d and/ doulisgsant tbemf dsnubh ppecifheatdpodefitned: tThe agent «wamri sing
. such additional nononmer units can be obt ai ned by copol ynerizing the nononer
. of fornul def sddedhdheresoealdl atoamylime Zjr, eithemnoermFtienthy ©1 3] or
:[4], "and a monomer copol yneri zable with 18 these nononers, according
ito any kEORYiRBEME4Y . The nononer copol ynerizable with the nononer of

fformula [1], the nononer of formula [2] and.the nmoponer _of .forul 3
o L] The water treating ageLt]can be use é?%gly by {%Eéﬁé ]

— but is preferably used along with a metal corrosion

g:
inhibitor to synergistically exhibit the metal corrosion
inhibiting effect.

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

3 - 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,
L; predetermined amounts of these can be previously mixed to
_ give one formulation.which shall be added to water systems,
L» 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

C—

further contain any other known water treating agents.

— -

“ - Known water treating agents include known scale inhibiting

r—
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or [ 4] i ncl udes, f or exanpl e, 3-al I yl oxy- 2-
hydroxypropanesulfonlc acid, vinylsulfonic acid, acid phosphoxyethyl
met hacryl ate, acid phosphoxyethyl acrylate, acid phosphoxy

pol yoxyet hyl ene glycol nononethacrylate, (neth)acrylam de,
(meth)acrylonitrile, met hyl (meth)acryl ate, gl yci dyl

(met h) acryl at e, N nmet hyl ol (nmet h)acryl am de, maleic acid, naleic
anhydri de, styrene, a nethylstyrene, 24 nyltol uene, p nethylstyrene, and
vinyl acetate. It is desirable that the copolyner to be in the water
treatingapgentopiihge B&%%@ﬂhh@ve%weﬂﬁc'a@\él ng niilte-oBiidiidels t of eI t
scaling and to prevént fouling in water systens has a wei ght average
nol ecul ape¥gi@itig Ofagentdn,508cias30hdOR1KaELIE .pr efMBeabkiofi 010 to

50,000. If the -copolyner in the water treating agent has a wei ght average
0ol ecul afnkebPhingf cheadckiisn ixludee Sonl exampilei,t ipuwl ek ¥latddsng
preventing effect of. the agent will be lowered. |If the copolyner has a

wei ght apelyaerybimidesr awd ghtheir mpartimh 3006)000/sihe prahodis,y of the
water treating agent conprising it will be too high so that the agent will
bPe not emalei® maid @olymers, J.taconlc acid polymers, and binary
acrylic copolymers 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 present invention .is described 4in more

- detail with reference to the following production examples

and examples, which, however, afe not intended 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




T9 To use the water treating. agent of the present invention, its
amount to be added to water systens shall be suitably sel ected, depending
ion the quality of water to be treated therewith, which includes its pH,
trardness and al kalinity, the tenperature of water and al so the heat -
transferring conditions in the system In general, the anopunt of the
water treating agent to be added shall be fromO0.1 to 1,000 ng/liter, in
terns of the solid content of the co@dlynmer in.the agent. |In nost cases,
the amount may be from1l to 100 ng/liter, in ternms of the solid content of
the copopysparenanheaigsiis solwEilen tompekeihbhe thgemoronedst arhe
satisfactory scale inhibiting and fouling preventing effect. The water
i treatingmafjent afattibe prEsehsoprenresudfiondcusextiidy dvaiyildre syadtbdb2- cool i ng
‘' water systens, industrial water supply plants, dust collecting water

pl ants, Uydrozmpetbyltemstbadrylayecobhi ngheysegueousn tselutioni ndastry, and

ash coolin9 systens in garbage incinerators, for preventing them from being

.di sorder 88/B§/h@at transfer failure and

— 228.7 g of water and 13.7 g of 30 wt.%$-hydrogen

i oA o e & e A+ e+ e ee

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 that 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 addition, the polymerization

I
B
3

was conducted for further one hour, and then 40.8 g

of r 48 wt.%-sodium hydroxide agqueous solution was

R 5 i T

ad&ed to the reaction mixture to partially neutralize it.
Thus was obtained a copolymef having a number average
T 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.

5 Example 1:

L

_ Test for Gelling of Scale inhibiting and fouling preventing
L Agent with Calcium Ion:




f1ow rat.e depression to be caused by adhesion or deposition of scale,
sludge and sline onto.the surfaces of netal parts in them and by | ocal

corrosion to occur in the area under the foul ed parts. The net hod of
addi ng to such water systens the water treating agent of the present
i nvention having the ability to inhibit scaling and to prevent L 20

fouling in themis not specifically defined. The agent can be added thereto
all at atinme or either intermttentl2d or continuously. The water treating
agent can be used singly by itself but is preferably used along with a

metal corrosi Qi 1iYed O S4ReEY Stigcal lpy exbiutirering Mekalueqbhosi on
Lnhibiting effect. The nmetal corrosion inhibitor includes polyval ent netal

salts suGdbnipridiNg SBbtrsc kel apdl t SodiBhy bt and tduM0sdRIrESof
phosphonat es; azoles such as triazoles; phosphates such as
Or t hophosfudtiues &tk peolfypheupimesulfonic 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
f 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, 900, 1,000, 1,100 or 1,200

mg/liter.
L_ The conical beakers each were sealed with a
polyethylene film, and left in a water bath filled with
Li water having a controlled temperature of 90_C, for 1 hour.
- After this, the degree of turbidity of each test liquid,
L which shall result from the gel to be formed therein
L through bonding of calcium ions to the copolymer of the
scale inhibiting and fouling préventing agent, was measured.
% L The test ligquids having a calcium concentration, in terms
L

-




phosphonocar boxyl at es; ami nes and phosphoric esters. The nmetal corrosion
inhibitor, if used, can be added to the copol yner having the ability to
inhibit scaling and to inhibit fouling in water systenms, in an anount of
fromO.1 to 10 parts by weight relative to one part of the copol yner. To
conbine the inhibitor and the copol yner, predeterm ned anounts of these can
be previously m xed to give one fornul ati on which shall be added to water
systems, or alternatively, the two c 4 be separately added to water systens
in such a_manner that predeterm ned ampunts of the two shall exist therein.
The wat ePft £850Bmg OfgetR0 oa( hetBF e S&NtLaSH Pt F 0AOkaPEPMENFURAA @i n any
ot her known water treating agents. Known water treating agents include
known scuhélentrhgise navingl aarcelebyni fgncens¥afirdy FheSPERSs of

- Scal o | nhPOPRr G chERD CBFCEH e BEReRe BeBRP oruBBi A Pt duipimult O

RO
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pol yacryl api des .an their arti al hydr ol IS rooduct s,
P Y ycafégum hardness (ca ¢lum % concéntta ion)r%ha 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
_i‘ 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
5, herein was 500 mg of CaCO3/liter.

- Comparative Example 1:

' L The same experiment as in Example 1 was repeated,
| except that a solution of sodium salt of isoprenesulfonic
L 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
L.
|
|
L,
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Tal eic acid polymers, itaconic acid polyners, and binary acrylic copolyners
.conprising 2-hydroxyethyl nethacrylate and hydroxyal I yl oxypropanesul fonic
~acid. The microbicides (slinme controlling agents) include, for exanple,

‘~ehl orine conpounds such as chlorine gas, sodium and’ pot assi um
hypochl orite, and sodlun1ch|or0|socyanurate i norganic and
or gani c, brom ne contai ning agents; organic nitrogen sul fur conpounds;

cand quaternary ammoni um salts. Next, 2% he present invention is
described in nore detail wth reference to the foll ow ng production

examl es Gk aaiglich WEbEN, diNCVELa1dr e i HitidIClasd T ERiligly the
_§cope of the present 1nvention. EXAMPLES Production 'Exanple 1. 189. g of

| sopr enesptdvETittina@gknt aastd hrlrdedin aas 1400 engorodd CaICOM/L e .aci d
content of 40 % by weight), 200.3 g of acrylic acid (connercially

avai | abl ecquipettatdiwe Examplaciad content of 80 % by weight) and 40.6 g of 2-
“hydr oxyet hyl methacryl ate (commrercially avail abl e product with an ester
~content of 95 Thebysameghejpewimemti xed tin Example "1 was 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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‘22 prepare an aqueous sol ution conprising the nononers. The nolar ratio
of isoprenesulfonic. acid/acrylic acid/2- hydroxyethyl nmnethacrylate in
the aqueous solution was 15/75/10. 228.7 g of water and 13.7 g of
30 wt. % hydrogen peroxi de aqueous solution were put into a one liter, four
neck separable flask equi pped with a séérrer a reflux condenser, a

-droppi ng funnel and ar-Ri4+egenrgasri-rifeduer-rg—tbBe, and the aqueous
ononer  solution th ::ha(L been [predared in {he jabove was dropw se added
thereto over a period|: fd2 2@ s whi | e [keeplii ng fhe § nner tenperature of the
flask at 100 C. After-hl'}?u-a |1|on t hd poljyner|zatf on was conducted for
further one - hour, d-l @)SOC(§ o| ol 48 w.%sodium
— . o o . .
hydr oxi de aqueous sol m:) )ZQas a@jed?sct reaft~on m xture to partially
neutralize it. Thus tgl ned accpol mer | havji ng a nunber average
‘ol ecul ar wei ght of (g) Fhe ¢opoljyner| wasjused in Exanple 2. In the
Sane nmanner as ab butLJ aryilng |the
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conpositjonal ratio of the nononers to be reacted, various copolyners
havi ng di fferent nononer conpositions were obtained as shown in Tables 1 to
4. Exanple 1. Test for Gelling of Scale inhibiting and fouling preventing
Agent with Cal ci um I on: 23 Dem neralizwd water, a pH buffering
sol ution conprising boric acid and sodium borate, a solution of sodium
salt of isoprenesulfonic aC|d/acryI|$ aci d/ 2- hydroxyet hyl

net hacrylate (20/75/5, by nol) cop ynmer having a wei ght -average

nol ecul ar wei ght of 14,000 (this is a scale inhibiting and fouling
preventing agent), and a solution of calciumchloride were put into a 500
m . coni cal beaker in that order; to prepare 500 ml of a test |iquid having
; a pH of 8.5, a solid content of the scale inhibiting and fouling preventlng
. agent of 100 ng/liter, and a cal ciumhardness, in terns of [err] content,

! of 50 ng/llter Wil e varying the anount of the cal ci um chl ori de
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sol uti on added, the sane process as above was repeated to prepare various
test liquids of 500 ml each, having a calciumhardness, in terns of [err]
content, of 100, 200, 300; 400, 500, 600, 700, 800, 900, 1,000, 1,100 or

4 200 ng/liter. The conical beakers each were sealed with a

pol yethylene film and left in a water bath filled with water having a
control | ed tenperature of 90_C, for 1 hour. After this, the degree of
turbidity of each test liquid, which2&hall result from the gel to be
formed therein through bonding -of calciumions to the copol yrer of the

scal e i nhi biti rgeagdalouihnibpt evgnindiof agkbing pesvercaing ealgenthe f@st

Liquids having a calciumconcentration, in terns 24 of [err] of 900
nmg/-liter ehithssthi danteti bgebhing ucbndentiriatdonhose Heghey ,a cahciken
concentration, in ternms of [err] of 1000 ng/liter or nore becane turbid.

The ni ni ndirssal vedm marenestsalilgal dinunwedesenheyingn) at hatgkhatalemie t he
test liquid cloudy (turbid) was defined to be the anti e
hardness while exhibiting a more stable scale inhibiting
LJ and fouling preventing effect. It is known from the
" results of_ the above 7mentioned examples and cémparative
examples that the scale inhibitihg and fouling preventing
égehts of the present invention, each comprising an
isoprenesulfonic acid/acrylic acid/2-hydroxyethyl
L, methacrylate copolymer, exhibit a rhigher anti gelling
ability and therefore can be dissolved more Stably in water
- having a high calcium hardnes§ than the gomﬁarative agent
L 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.

Tamma A . L

— Example 3:

; Test for Preventing Precipitation of Calciﬁm Phosphate:

- Demineralized water, a PpH .buffering ‘solution

. comprising boric acid and sodiunl~borate, a solution of

| calciuml chloride, a solution of sodium salt of

L isoprenesulfonic 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
| L; : inhibiting and fouling preventing agent), and a solution of

iﬁ

"



gelling concentration for the copolyner tested. According to this
definition, the anti .gelling concentration for the copolynmer of the scale
i nhibitiing and fouling preventing agent tested herein was 1000 ngy of
[err]/liter Exanple 2: The sane experinment as in Exanple 1 was repeated,
except that a solution of sodiumsalt of isoprenesulfonic-acid/acrylic
aci d/ 2 hydroxyet hyl nethacrylate (15/75/10, by nol) copol yner having a

wei ght average nol ecul ar wei ght of 128, 000 was wused as the scale
inhibiting and fouling preventing agent. The anti gelling concentration
for the i nfydiivini Hhospiraitd Ngetndplipuinbg pr S0RMIngage®]l thsakar hénei n was
500 ng of [err]/liter. Conparative Exanple 1: The sane experinent as in
Exanpl e 1 that ro@eat,edo @uegerd 500 anlsaifuta drest bighidn havingfa pH

5 i-soprenesul fonic acid/acrylic acid (25/75, by nmol) copol yner having a

WAL TR Mo

[

wei ght averfag®.6pl esul aolidi ghontdnt 0,600 bhes B6adeasiphabiting r884r di ng
and soil preventing agent. The anti gelling )
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

L liquid was taken out and filtered through a filer paper

e

having a pore diameter of 0.1 pm, and theiphosphate ion
s concentration remained in the resultigg filtrate was

measured to be 9.5 mg POg3-/liter.

Example 4:
L{. The same 'experiment as in Example 3 was repeated,
using the same scale inhibitihg and fouling prevenﬁing
$§L~ agent és that used in Example 3; eicept that the
. concentration of the agent was varied.to € mg, in terms of
- the solid content, per 1liter. The phosphatoe ion
tL‘ concentration remained in the filtrate was 4.2 mg P043“
| /liter.
L Example 5:
! : The same experiment as in Example 3 was repeated,
= except that a solution of sodium salt of isoprenesulfonic
L{ acid/acrylic acid/2-hydroxyethyl methacrylate (15/75/10, by
|
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Z5 concentration for the scale inhibiting and fouling preventing
agent tested herein was 400 ng of [err]/liter. Conparative Exanple 2: The
same experinment as in Exanple 1 -was repeated, except that a solution of
'sodi um salt of isoprenesul fonic acid/acrylic acid (25/75, by nol) copol yner
havi ng a wei ght average nol ecul ar wei ght of 15,000 was used as the scale
inhibiting and fouling preventing agent. The anti gelling concentration
#or the scale inhibiting and foulggng preventing agent tested herein
was 400 ng of [err]/liter. Conparative Exanple 3: The sanme experinment as in
Exanpl e 1™@a3 cepeaymer drydpg ehaeighsolanerageomal@fulnpagiahtyiafe
having a wei ght average nol ecul ar wei ght_of 5,000 was used_as_the, scal e
retardi ngl4aRf0 s¥pfF peedendfngth@getfale IpRIbIFRG gAN9 ngf XAt r at i on

for ‘the scale inhibiying and fouling preventing agent tested herein was 100
'my of [er PFEVPPEINITIRGS 3R] sthat tgﬁarﬁﬂ%e&agﬁ‘rﬂf of ke AR ati ve
_Exanples %agoégﬁgﬁ EHO erﬁg B%mgié“sélid content,'per liter. The
L 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
L_ 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 content, 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 ageht 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:

v v cer Eh GWm Smtvl M Wowe 4ol s POWE. b2 . . Geme wa b

e - e e e b isesms mes. b



26 [err] [err] [err] [err] [err] 27 [err] 28 The scale inhibiting and
fouling preventing agent, for which the anti gelling concentration.is

hi gher, can be dissolved nore stably in water having a high cal ci um
“‘hardness whil e exhibiting a nore stable scale inhibiting and fouling
preventing effect. It is knowmn fromthe

- ' ' 31

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
u 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

L= 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,
j except that a solution of sodium polyacrylate having a
- weight average molecular weiéht of 5,000 was used as the
L scale inhibiting and fouling preventipg agent and that the
: concentration of the agent was 12 mg, in terms of the solid
L- content, per liter. The phosphate ion concentration
. remained in the filtrate was 2.5 mg PO43-/liter.
- éomparative Example 8:
i :
—
|
y



results of the above nentioned exanpl es and conparative exanples that the
scale inhibiting and fouling preventing agents of the present invention,
each . conprising an isoprenesul fonic acid/acrylic :

&ci d/ 2- hydr oxyet hyl net hacrylate copolymer, exhibit a higher anti
gelling ability and therefore can be dissolved nore stably in water having
a high cal cium hardness than the co ative agent conprising a sodium

pol yacryl ate and even than the other conparative agents each conprising
an 'Soprenesghfeoni&mé%!! Hldrt 2850 GPPeuRBLe tii‘evf%l%”pi‘éEgéhi{Sdélge”ts
being referred to herein as sanples of prior art products. anple 3: Test
for Prevenidedd PrafdPit @hkon fimeCal §&40e Phagphistieingem ot al EdgdingWat er,

a pH buffering sol ution conprising boric acid and sodi um borate,” a
sol uti on pevealtingMageditl s dhat sed st Womparavive Bosmple 7seks  of

i soprenesul fonic acid/acrylic aci d/ 2- hydr oxyet hyl nmet hacryl ate
(20/ 75/ 5usleyt mnd thepolyhercdrmsnty et oy ghf -ty cagemet was evathed twei ght  of
14,000 (this is a scale inhibiting and fouling preventing agent), and a
sol ution8ofmg, in terms of the solid content, per liter. The

—

phosphate ion concentration remained in the filtrate was
1.0 mg PO43—/liter.
Comparative Example 9: |
L The same experiment as in Example 3 was repeated,
except that no scale inhibiting and fouling preventing
agent was added. The phosphate ion concentrétion 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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29 sodi um phosphate were put into a 50.0-m -conical beaker in that order,
to prepare 500 mM of a test liquid having a pHof 8.6, a solid content
of the scale inhibiting and fouling-preventing agent of 8 ng/liter, a
eal ci um hardness, in terns of CaCO3 content, of 100 ng/liter, and a
~phosphate ion concentration, in terns 05 [err], of 10 ng/liter. The coni cal
beaker was sealed wth a polyethyl ene flﬁm and left in a waterbath

filled with fWarer  hmaying] a gont ot Tefper prur ¢ of JoU L. fter 40
hour s, thetesﬁgi = Wwas takem outt and filferefl thfough a {ilef paper
havi ng a pore '-g & pf 0|1 p and the phpsphate jfon goncentrition
remained in jwhe yrébujting filtrate was meg}s”edto )695m
[err]/liter. B Ee;ﬂ: Me| st kperZnen® s i Exampl ¢ 5 ha | epeat ed,
using the sams@@amen nhi®i{i Fglaf| Ul i Rg| p¥Peveft in§* ageht t hat
used in Exarqgggé',l,. except t{hat | thd contenttation of the agent was
varied to 6 njg ongtfrnp of [the| sollid |content,| pel |[ter The
. phosphat oe i gf Poncentfati pn remaifed ijn the filtrale was 4} 2 ng [err]
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—/liter. Exanple 5: The same experinment as in Exanple 3 was repeated, except
that a solution of sodiumsalt of isoprenesulfonic acid/acrylic
aci d/ 2- hydroxyet hyl methacrylate (15/75/10, by L 30 nol) copol yner
—havi ng a wei ght average nol ecul ar wei ght of 14,000 was used as the scale
inhibiting and fouling preventing agent and that the concentration of the
~agent was 8 ng, in terns of the solid content, per litér. The phosphato
—ion concentration remained in the fi3dtrate was 9.1 ng [err]/liter. Exanple
6: The sane experinent as in Exanple 3 was repeated, except that the
~sanme scale inhibiting and fouling preventing agent as that.used in
_Exanple 5 was used and that the concentration of the agent was varied to 6
ng, in ternms of the solid content, per liter. The phosphate ion

HEMA: 2-Hydroxyethyl Methécrylate
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concentration remained in the filtrate was 2.8 ng [err] /liter. Conparative
Exanpl e 4: The sane experinent as in Exanple 3 was repeated, except that a
sol ution’ of sodiumsalt of isoprenesulfonic acid/acrylic acid (25/75, by
wol ) copol ymer having a weight average nol ecul ar wei ght of 15,000 was used
as the scale inhibiting and the fouling preventing agent and that the
concentration of the agent was 12 ng, in terns of the solid content, per

Mter. The phosphate ion concentgmtion remained in the filtrate was

9.2 nmg [err}/liter. Conparative Exanple 5:  -31 The sanme experinment as in
Exanpl e 3 was Afpcshedeférctptof thhe sorde sinbibiting anghi BpeliRe- and
fouling preventing agent as that used in Conparative Exanple 4 was used and

_that the PERVERLLAGI 0RIEML hdefestt WBERIWEY edth® BFAPIFRAE G s of the

" filtrate g@scium phosphate is 1

solid content, per liter. The phosphate i on congentr.ati on renmnined in the
H i i §29e§1 the test Hiqu&d 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
pPOg3-~/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 liquid containing the agent, the filtrate shall

. have a smaller phos?hate ion éoﬂtent.
L _ 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
L 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
L_ effect of the agent against the precipitation of calcium

—



6.3 ng [err]/liter. Conparative Exanple 6: The sane experinent as in
Exanpl e 3 was repeated, except that the sane scale inhibiting and .
fouling preventing agent as that used in ConparativeExanple 4 was used and
that the concentration of the agent was varied to 8 ng, in terns of the
solid content, per liter. The -phosphate ion concentration remained in
the filtrate was 3.2 ny [err]/Iiter Conpar ative Exanple 7: The sane
experinment as in Exanple 3 was repea? ‘except that a solution of sodium
pol yacryl ate having a wei ght average nDIecuIar wei ght of 5,000 was used as

the scal ephdépirte NArandhboudd RHGweAt | 68, a0t and,t hedaidex the
concentratlon of the agent was 12 ng, in terns of the solid content, per

Titer. fdheat hwspbat eschbe. congent ppbeedr enai nedisn t khehi | tthat e was
25ng[arUIMer Conmpar ati ve Exanpl e 8: 32
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 phosphaté
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
L. 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 POg3-/liter. Regarding the

other comparative agent comprising a sodium polyacrylate,

f_L- even when it was added to the same test liquid in an amount

5  of 12 mg, in terms of the solid content of the agent, per

L_ liter of the. test liquid, the phosphate ion cor entration

L; in the filtrate was only 2.5 mg PO43-/liter.

| Example 7:

Lo ~ Test for Preventing Precipitation of Zinc Phosphate:

fﬁ Demineralized water, a solution of calcium chloride, a

- solution of sodium salt of isopreﬁesulfonic acid/acrylic

é; acid/2 hydroxyethyl methacrylate (20/75/5, by mol)

.

-

r—
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~The sane experinent as in Exanple 3 was repeated, except that the sane
;scale inhibiting and fouling preventing agent as that used in

Corrpar ative Exanple 7 was used and that the concentration of the agent was
Lvaried to 8 mg, in terns of the solid content, ©per liter. The phosphate
ion concentration rermained in the filtrate was 1.0 ng [err]/liter.

- Conparative Exanple 9: The sane experinent as in Exanple 3 was repeated,
—except that no scale inhibiting an®7fouling preventing agent was added.
The phosphate ion concentration remained in the filtrate was 0.3 ng

Lol b besTiEs, LS 81 e Svechyel Coofepdhdy CBubpre! e
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 alkalinii:y, in terms qf CaCO; 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 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 9.4 mg/liter in

total of the two.
L Comparative Example 10:
ll The same experiment as in Example 7 was repeated
- except that a soiution of sodium salt of isoprenesulfonic

coin ey Sv 8 T ———n mtieeds Sie 4



34 [err] [err] 35 |If the effect of the scale inhibiting and fouling-
preventing agent tested against the precipitation of calcium
‘phosphate is larger, the test liquid to which the agent was added shal
produce a smaller anount of the precipitate of cal cium phosphate therein
and therefore the phosphate ion content of the filtrate fromthe test
liquid containing the agent shall be near to the original phosphate ion
content of the test liquid, which_jgs 10 ng [err]/liter. However, if
the effect of the scale inhibiting and fouling preventing agent tested
‘agai nst the precipitation of cal ciumphosphate is smaller, the test liquid
10 whi ch ddiel /agpayl iwas aaddied (2131715, pr bguc eod. )| acgpolymeunt havinbge a
preC|p|tate of cal ci um phosphat e therein.
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 remained in
the filtrate was 9.0 mg/liter.
“4' 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 5,000 was used as .the
scale inhibiting and fouling preventing agent 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:

Pl 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 zinc ion concentration remained in

o

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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Si nce the precipitate is renoved through the filtration of the test liquid
containing the agent, the filtrate shall have a snmaller phosphate ion
content. Fromthe results in Table 2, it is known that, when the scale

{nhi biting and fouling preventing agent of the present I nvention
conpri sing an | soprenesul foni c gcid/acrylic acid/2-hydroxyet hyl
‘met hacryl ate copol ymer _was added to tie test Jiguid in an anount of 8 ny,
in ternms of the solid fcont gﬂ af the agent, [per{litier of the test liquid,
t he phosphate ion concg nto OQI the Filtfate] wasl | arger than 9 ny
[err]/liter. This veri u_i‘_ 1 Hep |l enf effect|of |the agent against the
precipitation of calcijony § 865 phate o h the Kgst liquid or, that is,
agai nst the formation @f‘“?ﬁagé:;:j As| gppogef Jtlo this, when the
5 < e -h o : . :
.conparative agent mcmg)i’“l ®i i soprenesul fonic acid/acrylic
‘acid copol yner was added g hgnsv test Ifquid in an anount of 8 ny, i.n
Terms of the solid conteg Sof 8he dgent} pef lifer Jof the test liquid, the
phosphat e
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i-on concentration in the filtrate was only 3.2 ng [err] /liter. Thus,
there is a significant difference between the scale inhibiting and fouling
preventing agent of the present invention and the conparative agent in the
ability to prevent the precipitation of cal cium phosphate. Only when the
conparati ve agent was added in an -anmount of 12 ng, in terns of the solid

~content of the agent, per liter of the test liquid, the phosphate ion
~concentration in-the filtrate was | a4®@er than 9 ng [err]/liter. Regarding
; the other conparative agent conprising a sodium polyacrylate, even when it

- was added to the same test liquid in an amount of 12 ng, in ternms of the

o

ii

solid content of the agent, per liter of the test liquid, the phosphate
ion concentration in the filtrate was only 2.5 ng [err]/liter. Exanple 7:
Test for Preventing Precipitation of Zi nc Phosphate: Dem neralized water, a
solution of calciumchloride, a solution of sodiumsalt of isoprenesulfonic
acid/acrylic acid/2 hydr oxyet hyl met hacryl ate (20/75/5, by nol )

-

r—

—

—

2-Hydroxyethyl Methacrylaté

L
L )
| g
I =
[
L
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37 copol.yner having a weight average nolecular 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 mi
eoni cal beaker in that order. Last, an aqueous solution of 1 wt.% sodium
hydr oxi de was added thereto to adjust the pH of the resulting mxture.
Thus was prepared 500 ml -of a test quﬂhd having a pH of 8.6, a solid
content of the scale inhibiting and soi'l" preventi.ng agent of 4 ng/liter, a
calcium hardness, in terns of [err] content, of 100 ng/liter, an M
al kalinity, inygeryfe Obslegch] &PNLHR . 5051400 AMBii%g anahosdliisy | ON
concentration, in terns of [err] of 6.0 ng/liter and a zinc ion
concentraprefentingt agehtoftdAed . agdins® tBé! bretipihateeni oF Hiaker was
sealed with a polyethylene film and left in a water bath filled with water
having a phosphatediselbpeget)irehoftédr Qidiid@rtdOatiizk sthe heydrastwas qui d
was taken out and filtered through a filer paper having a pore dianeter of
0.1 [err] afideddshatlpposphateai smaddere moantowfatde ppredipitage of
concentration remained in the resulting filtrate were neasured to be 9.4
my/liter ghnc 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
L 'mglliter. " However, if.the'effect oflthe 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 filtration of the .test

liquid containing the agent, the filtrate shall have a

o

smaller -phosphaté ion content and a smaller zinc ion
content.

From the resulis in Table 3, it is known that both the
‘addition of the scale inhibiting and fouling preventing
agent. of the present in&ention comprising an
isoprenesulfonig acid/acrylic acid/2 hydroxyethyl

methacrylate 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 1ligquid and the addition of the comparative



Total of the two. Conparative Exanple 10: The sane experinment as in
Exanple 7 was repeated except that a solution of sodiumsalt of

i soprenesul fonic 38 acid/acrylic acid (25/75 by nol) copolyner
tiaving a ‘wei ght -average nol ecul ar wei ght of 22,000 was used as the scale
inhibiting and fouling preventing and-that the concentration of the agent
‘was 4 ng, in terms of the solid content, per liter. The sum of the
phosphate ion concentration and the g nc ion concentration remained in the
filtrate was 9 O ng/liter. Conparative Exanple 11: The sane experlnent as

baving o WEEBf 59@%333‘3“-%5%%6?SﬁsaéFé‘%ﬁgsi?'er‘*%{aS”aﬁidizd' SIS M
agont was SEBoRneE, tBEsRe"ERR, B BREGEaRR: ahplhe BfsSPPEETIA TG
of the QBQSp@%ﬁ% 'émbunt of the sum of the phosphate ion
concentration nnd the zinc ion éoncentratlpn remalned-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
-effecn 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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concentr.ation and the zinc ion concentration remained in the filtrate was
3.5 ng/liter. Conparative Exanple 12: The sane experinent as in Exanple
7 was repeated except that no scale inhibiting and fouling preventing
agent was added. The sum of the phosphate ion concentration and
the zinc ion concentration remained in the filtrate was 0.2 ng/liter. L
~The results of Exanple 7 and Conparative Exanples 10 to 12 are shown in
Jabl e 3. 39 [err] [err] [err] 493 err] _
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 solutibn of férric chloride wére put into a
"500-m1 conical beaker in that order. |lLast, an aéueous
-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 §H of 8.8, a solid content
of the scale inhibiting and foulﬁng—preventing agent of 5.0
mg/liter, a calcium hardhess, 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 bath filled with water having a

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



ferr] . 41 1f 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 anmount of
“the precipitate of zinc phosphate therein and therefore the sum of

t he phosphate ion content and the zinc ion content of the filtrate fromthe
‘test liquid containing the agent shall be near to the sum of the phosphato
<ion content and the zinc ion conten#4of the original test liquid, which is
9.5 ng/liter. However, if the effect of the scale inhibiting and fouling

preventiyhg beddeit wast eHl@®% oudgaiangt thet B spoaved LabhoBoAteatnefphosphat e
s smaller, the test liquid to which the-agent was added shall produce a

| ar ger ameurdup¥rridtamy echps t Bpaphtéd nd nplisplivé skdhewas nmeasbirede t he
.precipitate is renoved through the filtration of the test liquid
_cont ai niteg biehd Da@emtg, Fetld tleil.t rate shall have a smaller phosphate ion
content and a smaller zinc ion _
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 & 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

L
e e .

w4 e
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content.. Fromthe results in Table 3, it is known that both the addition of
the scale inhibiting and fouling preventing agent of t he present

I nvention conpri sing an isoprenesulfonic acid/acrylic acid/ 2

hydr oxyet hyl net hacryl ate copol ymer to the test liquid in an anount of 4
ng, in ternms of the solid content of the agent, per liter of the test
liquid and the addition of the conparative L 42 agent conprising an
soprenesul fonic acid/acrylic acid cdpolynmer to the sanmeé in the sane anount
resulted in alnost the same amount of the sum of the phosphate ion

concent r atd el ih & garitC ad PhaRORERA 3 icompaemiived Ekamphe fii3l Waat e,
which is about 9.0 nmg/liter. This verifies that the two agents have al nost

the sane qidertarrpaimst the Posceptiatiom opfthei agenphwaphehaeiedntot he

test” liquid. However, as has been known fromthe results in Table 2, the

ef fect of gte meal én nbetmé i of atite f sollidg oevemt j npeageitter. The
dissolved iron content of the supernatant was 7.8 mg

L’. g Fe/liter.

Comparative Example 15:

The same experiment as in Example 8 was repeated,

5 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’ iﬁ ﬁxample 8 was repeated,

except that the same scale inhibiting and fouling

preventing agent as that used in Comparative Example 15 was

uséd and that the concentration of the agent was varied to

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

I 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

S

C



of the present invention conprising an isoprenesul fonic acid/acrylic acid/?2
hydr oxyet hyl net hacryl ate agai nst the precipitation of cal cium phosphate is
hi gher than that of the conparative agent conprising an isoprenesulfonic
actid/acrylic acid against the sane. Fromthese, therefore, it is '
understood that the scale inhibiting and fouling preventing agent of the
present invention is preferable to the conparative agent, as being nore.
effectively applicable to various olgects than the | atter Regarding the .
ot her conparative agent conprising a sodium polyacrylate, even when it was

added to flae gpestest H%%EBQtHBga%dﬂ“¥6ﬁlﬂﬁg19x€9enhﬂnbe@6%dﬁ dhe solid
content of the agent, per liter Oof the test Iiquid, the Sumof the -

phosphat e tha® &hRC it atdith (dE ZhéCagentCHaeNyr.at ingy) raietegdsin the

filtrate was only 3.5 ng/liter. 43 Exanple 8: Test for Preventing

Preci pi t abifonthé IsohidXictmtant, reer 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 aqent 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 preventing agent and that the

= concentration of the agent was 10.0 mg, in terms of the
L solid content, per liter. The dissolved iron content of
the supernatant was 6.0 mg Fe/liter. |

L ComparativehExample 20:

. The same experiment as in Example 8 was repeated,
= ‘except that no scale inhibiting and fouling preventing
L; agent was added. The dissolved iron content of the
_ supernatant was 0.4 mg Fe/liter..

L; :

L



Hydroxi de: Demi neralized water, a solution of sodiumsalt of
isoprenesul fonic acid/acrylic aci d/ 2- hydr oxyet hyl net hacryl ate
5(20/75/5, by nol). copol yner having a wei ght- average mol ecul ar. wei ght of
%4,000 (this is a scale inhibiting and fouling preventing agent), a

sol ution of sodi um hydrogencarbonate, a solution of sodiumsilicate No. 3, -

‘a solution of calciumchloride, a solution of magnesium sulfate and a
solution of ferric chloride were put,4ntao a 500-m conical beaker in that
order. Last, an aqueous solution of 1 .% sulfuric acid was added

W
th ' he.pH of .th Lti ' . d 500 m
oAt St RS PR, el oB<aRBLeY ) THEL AT AL TR RhERRLS
| nhi bi { f oyl i.ng- | 0 mg/liter, | ci
nar dnesEXTR LR i 6P 20 Precsnpan SAoRabZs 5\ Ter o rmgnosi um

hardness., in terns of [err] content,* of 100 ng/liter, an Malkalinity, in
ternms of [err] content, of 250 ng/liter, a silica content, in terns of
Jerr], of 100 ng/liter and a total iron content, in terns of Fe, of 10

nmg/liter. The conical beaker was sealed with a polyethylene film and |eft
Tn a water bath filled with water having a :

e e e AP
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‘44 the beaker

After this,
Exanpl e 9: The
except that a solution of

20 hours.

for

and the dissolved iron content of the supernatant thus
i soprenesul fonic acid/acrylic acid/2 hydroxyethyl

control l'ed tenperature of 30 C,
separated in the beaker was neasured to be 10.0 ng Fe/liter.
sane experinent as in Exanple 8 was repeated,

was taken out,
sodium salt of
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TWei.ght - aver age nol ecul ar wei ght of 16,000 was used .as the scale inhibiting
and the fouling preventing agent and that the concentration of the agent
was 7.5 ng, in ternms of the solid content, per liter. The dissolved iron
eontent of the supernatant was 10.0 ng Fe/liter. Conparative Exanple 14:
The sane experinent as in Exanple 8 was repeated, except that the sane
;scale inhibiting and fouling f? preventing agent as that used in
Lonparative Exanpl e 13 was used and that the concentration of the agent was
varied to 5.0 ng, in terns of the solid content, per liter. The di ssol ved
iron content of the supernatant was 7.8 ng Fe/liter. Conparative Exanple
A5: The sane experinent as in Exanple 8 was repeated, except that a
solution of sodiumsalt of isoprenesulfonic acid/acrylic acid (25/75, by
nmol y copol ymer having a wei ght average nol ecul ar wei ght of 22,000 was used
_as the scale '
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T™nhi bitng and the fouling-preventing agent and that the concentration of
the agent was 7.5 nmg, in terms of the solid content, per liter. The

di ssolved iron. content of the supernatant was 10.0 ng Fe/liter.
Conpar ati ve Exanpl e 16: The sane experinent as in Exanple 8 was repeated,
except that the same scale inhibiting and fouling preventing agent
as that used in Conparative Exanple 15 was used and that the concentration
of the agent. was varied to 5.0 ng, in germs of the solid content, per
liter. The dissolved iron content of the supernatant was 8.0 ng Fe/liter.

Somacat e SRR shing SRS R S Thathe, B YRS bR e o
el i o el UL O20ERLAT 01 e SoBee o ugnagEheton of
di ssol ved nyi3%ing 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
| Lf 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
id 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
L_ terms of the solid content thereof, per liter, it could not
inhibit the precipitation of iron of 10 mg/liter. 1In order
L; to inhibit the precipitation of iron of 10 mg/liter in the
;
L_



content of the supernatant was 3.3 ng Fe/liter. Conparative Exanple 18: The
sane experinent as in Exanple 8 was repeated, except that a solution of

sodi um hexanet aphosphat e was used as the scale inhibiting and fouling
preventing agent and that the concentration of the agent was 7.5 ng, in
terns of the solid content, per liter. The dissolved iron content of the
supernatant was 2.4 ng Fe/liter. Conparative Exanple 19: The sane
experinment as in Exanple 8 was repeatesl, except that a solution of sodium
pol yacryl ate having a wei ght average nol ecul ar wei ght of 5,000 was used as

the scale iBBibyypRgaand. ULl RECBLEKEP! £89addCT!S aRg/ 1 1eer | hen terms

concentration o e agent was ng, I1n ternms of the solid content, per

liter. Thgedisgoluad d @mtenit e¥s dhel hbnphiatiateanigems o i) Fedt i ter.
Conpar ati ve Exanple 20: The sanme experinment as in Exanple 8 was repeated,

except thayjgdigcal RegBRidlhyi RAea R Heduldoiparatian | agertgentomprss imglded.
The dissolved iron "content of the supernatant was 0.4 ng Fe/liter.

- sodium hexametaphosphate or sodium polyacrylate of the
B 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

L with an acid content of 80 % by weight)'and 31.4 g of
acrylamido 2 methylpropanesulfonic acid (commercially

L. available product with an acid content of 98 % by weight)

were mixed to prepare an aqueous solution comprising the

—

monomers. The molar ratio of isoprenesulfonic acid/acrylic
aéid/acrylamido 2 methylpropanesulfonic acid in the aqueous

solution was 20/75/5.
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47 The results of Exanples 8 to 9 and Conparative Exanples 13 to 20
are shown in Table 4. 48 [err] [err] [err] 49 [err] [err] 50

—

52

228.7 g of water and 13.7 ¢ 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 shown in Tables 5 to 8.

- _
Example 10: .

L Test for Gelling of Scale inhibiting and fouling preventing

, Agent with Calcium Ion: |

L Demineralized water, a pH Dbuffering solution

f 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)

—



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 conponent as existing
in the test liquid shall be precipitated in the formof iron oxide hydrate
or iron hydroxide. Therefore, the effect of the scale inhibiting and
fioul i ng preventing agent as added to the test liquid for dispersing the
_iron oxide or iron hydroxide precipitate forned in the test liquid can be
. evaluated fromthe data of the dissolve® iron content of the supernatant
the test .liquid to,which the agent .was added..TFg sg?le

' df
: igﬁﬁ[)?: ?ng‘:ﬁ% i ﬁ‘@vﬁf‘gveﬁt i Yl entaYRTAR  IIESHAT | WEdHEon
: i Si [ |.f oni id/ [ i d/.2.hvd hyl
- methacryl ok b0, o SN O SReBGRERE | cor™ | RRAAlD SR¥ Tk ot or

i L eBdleddintdlid, cont el iR e or 1Tt Skia)BEEDILRRaLE.

g precipitaplo. I Ton o 10 ng/ |1 er,” e acting to conp
. and keep gy} andi1Fonliest al:&El.‘“‘ézoé‘*%s?BF?OSS? tRoihi Scoeﬁl MEF,  When

- the conparati Ve agént. conprising an isoprenesulfonic acid/acr acid
: copol yner Was deddighithavedde! Rl ebbldirdweigh® 880YS| 000 PtH¥s 18
;_ a scale inhibiting and foulig-preventing agent), and a
solution of calcium chloride Qere put into a 500-ml conical
.- beaker in that order, to prépare 500 ml of a test liquid -
haviné 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
L 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 1liquid,

e

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

—



terns of .the solid content thereof, per liter, it could not inhibit the
precipitation of iron of 10 ng/liter. In order to inhibit the precipitation
gf iron of 10 ng/liter in the L 51 test liquid, it was necessary to add
75 ng/liter, in terms of the solid content, of the conparative agent to
ithe test liquid. Regarding the other conparative agents conprising sodi um
. hexanet aphosphate or sodi um polyacrylate of the prior art, they could

f et inhibit the precipitation of iromgof 10 ng/liter in the test liquid
"even when they were added to the test liquid in an anount of 10 ng, in

'terms of ddifeexlddt Mt e1Y . t8ehs | bEetacoshT OB tWFeng/1itér Upgenekgod t hat
i the scale inhibiting and fouling preventing agent of the present invention

. has a mucly gopgrexsebdrdlt tofiae, {9hith SRACYIcbRBRiSXhEe @D | BAR

¢ hydroxide in water than the conparative agents conprising sodium
hexanet aptesipiipate olcbah ucopoeytrcayiat . ifkrbelrws | ofi €a@op| eocf: 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
5 - definition, .the anti gelling concentration for the
coéolymer of the scale inhibiting and fouling preventing

" agent (Al) tested herein was 1000 mg Sf CaCO03/liter.

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

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
1 anti gelling concentration for the copolymer of the scale
- inhibiting and fouling preventing agent (Bl) tested herein
L‘ 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) copdlymer having a weight average

[

-

molecular weight of 22,000 was used as the scale retarding
L; and soil preventing agent. The anti gelling concentration
L

D I



s S e e ks oot e anes e

252.1 g of isoprenesulfonic acid (comercially- available product wth
an acid content of 40 % by weight), 200.3 g of acrylic acid (comrercially
avai | abl e product with an acid content of 80 % by weight) and 31.4 g of
acrylamdo 2 nethyl propanesulfonic acid (conmercially avail able product
with an acid content of 98 % by weight) L were mxed to prepare. an
aqueous sol ution conprising the nononers. The nolar ratio of

+soprenesul fonic acid/acrylic acid/acrylam do 2 nethyl propanesul fonic acid
i n the agueous solution was 20/75/5. 5552 228.7 g of water and 13.7 g of
30 wt. % hydrogen peroxi de aqueous solution were put into a one liter, four
neck sepafabl eth¢ askcabei ppeiibdittingaseind efoudingf | prevendbngeragentir oppi ng
funnel and a nityogen gas-i broduci g.tube,. and the aqueous nonomner

sol uti on tRaterafebedn HPépg gdm9n°£H%a%%%6%lV%§'dropmﬁse added thereto
over a period of 2 hours while_keeping the inner tenperature of the flask
at 100 C. Cemparath¥eBiAPPeR, 2Lhe pol ymeri zation

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

o, S e et A S e 8

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

A

N weight average molecular weight of 5,000 was used as the
L, "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.



Wwas conducted for further one hour, and then 67.3 .g of an 48 wt . % sodi um
-hydroxi de aqueous sol ution was added to the reaction mxture to partially-
‘neutralize it. Thus was obtai ned a copol yner having a nunber average
ol ecul ar wei ght of 22,000. The copol ynmer was used in Exanple 11. In the
sanme manner as above but varying the conpositional ratio of the
nononers to be reacted and varying the anount of hydrogen peroxide to be
-added, various copol yners having di f {2 ent nonomer conpositions were
obt ai ned as shown in Tables 5 to 8. Exanple 10: Test for Celling of Scale
“inhibiting andrheuldexmlyevett i Bwarisled Wit hakal ci Wmahdn: Cdmparette zed
wat er, a pH buffering sol ution conprising boric acid and sodi um
“borate, Examples(2Al)ta 23| ateoshobn sixliTebbal$. of i soprenesul fonic

5 -acid/acrylic acid/?2 hydr oxyet hyl met hacryl at e (20/ 75/ 5, by nol)

T

TR A

.53 copolyner having a weight average nolecular weight of



14,000 -or (Bl) a solution of sodium salt of

| soprenesul fonic acid/acrylic aci d/'acryl am do- 2-

met hyl propanesul fonic acid (20/75/5, by nol) copolyner having a wei ght
average nol ecul ar wei ght of 15,000 (this is a scale inhibiting and

- foulig-preventing agent), and a solution of calciumchloride were put into

a 500-m conical ‘beaker in that order, s§yo prepare 500 ml of a test liquid

s

—
e—

having a pH of 8.5, a _solid content of the scale inhibiting and fouling
preventing agent of 100 py/litgr, gn cal giumpharfiness, in terns of [err]
i content, of 50 ng/litbg‘oV%|$E varylng he EnDth of the cal ciumchloride
i sglution added, the sggepgiqge S ag e was reé¢peajed to prepare various
“test liquids of 500 n{=e@ah,4 hay g agc B hagdhess, in terns of [err]
;contént, of 100, 200, Sﬂ@,mAQO, qQ, , 7 bO° 80® | 900, 1,000, 1,100 or
j 1200 mg/liter. The nhnmdér‘ eakdr s each mﬁre sealed with a
¢ pol yethylene film anng%ft nja wgter pathjfilled Wth water having a
“controlled tenperaturasq3 OWC| forl 1 Wour.}After this, the degree of
turbidity of each tes |1 qui d. |whidh halll result! from the gel to be
rforned therein L ' —;hro%gh Rondijng of cakciumions to the copol yner
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scale inhibiting and fouling preventing agent, was neasured. L The test

i quids conprising (Al) and having a cal cium 54 concentration, in
terms of [err], of 900 ng/liter or less did not become turbid, while those
«onprising (Al) and having a cal ciumconcentration, in terns of [err], of
1000 ng/liter or nore became turbid. The m nimum cal ci um hardness
(calciumconcentration) that shall nmake the test liquid cloudy (turbid) was
def ined to be the anti gelling congentration for the copol yner tested.
According to this definition, the anti gelling concentration for the
copolynmer of the scale inhibiting and fouling preventing agent (Al) tested
:herein was 1000 ng of CaCO3/liter. On the other hand, the test |iquids
conprising (B1l) and having a cal ciumconcentration, in terns of [err], O
500 ng/liter or less did not becone turbid, while those conprising (Bl) and
‘having a cal ciumconcentration, in terns-of CaCO3, of 600 ng/liter or nore
Pecanme turbid. The
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anti gel.ling concentration for the copolynmer of the scale inhibiting and
fouling preventing agent (Bl) tested herein was 600 ng of CaCQO3/liter.
Exanpl e 11: The sane experinent as in Exanple 10 was repeated, except that
& solution of sodiumsalt of isoprenesulfonic acid/acrylic acid/acrylam do
2 met hyl propanesul fonic acid (20/75/5, by nol) - copolymer having a

wei ght average nol ecul ar wei ght of 22,000 was used as the scale retarding
and soil preventing agent. The anti gglling concentration 55 for the
scal e |nhibiting and fouling preventing agent tested herein was 600 ng of

[err]/liter. exce sflﬁelﬁm%“& 1an3h@oag gggggg;ﬂagaé &Re Expgpl e 10

was repeated, af a solu Ion of "SoO enesu oni c

aci d/ acryljG ACi g 25J7 ¥17%h W&f?ﬂa@fbﬂ“gsa m avahadse
ol ecul ar mgight % d‘ OOBmas uée as the scale inhiﬁgﬁlng and fouling
preventing;ageibed Therantst88h{i th 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 scale 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

i 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
l than the other comparative agents each comprising an
L 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:

L Demineralized water, a pH buffering solution

comprising boric acid and sodium borate, a solution of

—

calcium chloride, a solution of sodium salt of

g isoprenesulfonic ~ acid/acrylic acid/acrylamido-2-

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

é Li ' having a weight average molecular weight of 15,000 (this is
-

— .
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concentration for the scale inhibiting and fouling preventing agent
tested herein was 400 ng of [err]/liter. Conparative Exanple 22: The sane
experinent as in Exanple 10 was repeated, except that a solution of sodium
salt of isoprenesulfonic acid/acrylic acid (25/75, by nol) copol ynmer having
a wei ght average nol ecul ar wei ght of 15,000 was used as the scale

iinhi biting and fouling preventing agent. The anti gelling concentration
for the scale inhibiting and foufdng preventing agent tested herein
was 400 ng of [err]/liter. Conparative Exanple 23: The sane experinent as
i'n Exanpl ea 1@cede rimiethEelingxanfdt fdelimy spkeventing sapink,poaydcyl at e
havi ng a wei ght average nol ecul ar wei ght of 5,000 was used as the scale

i nhi bi ti ngsahat faml ofHgsed bve phogphajentwerellmtaritritaga 150gmdoroadioadt i on
for the scale inhibiting and fouling preventing a%?nt tested herein was 100
ng of CaCO®¢akexrin theg Timlemsute sppépateafflesli®fiingd tesindigwigdarative

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 P043’, of 10

mg/liter.

The conical beaker was sealed with a polyethylene film,

C 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
f having a pore diameter of 0.1 pm, and the phosphate ion
| concentration remained in the resulting filtrate was
L 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

—

1 the solid content, per 1liter. The phospﬁate ion’
- concentration remained in. the filtrate was 2.4 mg PO43’
’ /liter.
| -]

Example 14:
L



Exanples 21 to 23 are shown in Table 5. 57 [err] [err] [err] 58 [err]
[err] 59 The scale inhibiting and fouling preventing agent, for which
the anti gelling concentration is higher, can be dissolved nore stably in
wat er having a high cal cium hardness while exhibiting a nore stable scale
i nhi bi ting
_ 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
..Q— 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.
l 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
L 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,
L except that a solution of sodium salt of isoprenesulfonic
. acid/aciylic acid (25/75, by mol) copolymer having a weight
L- average molecular weight of 15,000 was used as the scale
L 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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and foul.ing preventing effect. It is known fromthe results of the
above nentioned exanpl es and conparative exanples that the scale inhibiting
and fouling preventing agents of the present invention, each
eonprising -an isoprenesul fonic acid/acrylic aci d/ acryl am do

2 met hyl propanesul fonic acid copolynmer, exhibit a higher anti gelling
ability and therefore can be dissolveg nore stably in water having a high
cal ci um hardness than the conparative %gent conprising a sodium
polyacrylate and even than the other conparative agents each conprising an
i soprenesgohtent, perrd/ ddteki.c TBeéd phospbayeerion corcenhpati®hve
agents being referred to herein as sa Igs of _prikor_art products. Exanple
12: Test FSPaPPEQeHPiﬁBePFééFEPPQtV6ﬁn§f Cﬁﬁc?§ﬁ1Pﬁ$§Bﬁﬁte: Deni neral i zed
wat er, a ~pH  bufferin sol ution conprising boric acid and sodi um
bor at e, aC§GPGFF§hVéfEﬁémégﬁn?5=chloride, a solution of  sodium

sal t of isoprenesul fonic agi d/ aqgr

aci d/ acryl ami d&P8- §AReyPEPBRARERE| fAshi LN JiaFP B#J‘;SI"@,S Fsreabey-
copolymer Davb09 4l 0NEngVelale MISSHE A WRBEEiRE 1undP0 £50iendS
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
L 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
5 3.2 mg POg3-/liter. -
L :
Comparative Example 27:
L The same experiment as in Example 12 was repeated,
‘ except that a solution of sodium polyacrylate having a
L weight-average molecular weight of 5,000 was used as the
L ~ scale inhibiting and fouling preventing agent and that the.
concentration of the agent was 12 mg, in terms of the solid
|
¥
o

-



60 a scale inhibiting and fouling preventing agent), and a solution of

sodi um phosphate were put into a 500-m conical beaker in that order, to
prepare 500 mM of a test liquid having a pH of 8.6, a solid content of the
scal e inhibiting and fouling-preventing agent of 8 ng/liter, a calcium
hardness, in terns of [err] content, of 100 ny/liter, and a phosphate ion
concentration, in ternms of [err] of 10 ng/liter. The conical beaker was
Sealed with a polyethylene film and lggft in a water bath filled with water
having a controlled tenperature of 60 C. After 40 hours, the test liquid
was t aken coitentd figdrer edfigdy.oughThef | phosphpso haehngcangentsratinst er of
0.1 [err]m and the phosphate ion concentration renai.ned in the resulting
filtrate wwﬁmaﬁﬁﬁﬁuiajﬁh?tﬁih&tﬁt@gWPérﬂ}ﬁlFBePp4éxgﬁﬁF§r13: The sane

experinment as in Exanple 12 was repeated, using the same scale inhibiting
and foul i CpmpaagivenExegpde 38t hat used in Exanple 12, except that the

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 ﬁxamples -12 to 15 and Comparative

— Examples 24 to 29 are shown in Table 6.
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—that the concentration of the agent was varied to 6 ng, in terns of the
'solid content, per liter. The phosphate ion concentration remained in the
‘filtrate was 1.6 ng [err] /liter. Conparative Exanple 24: The sane
—experinment as in Exanple 12 was repeated, except that a solution of sodium
salt of isoprenesulfonic acid/acrylic acid (25/75, by nol) copol ymer having -
‘a wei ght average nol ecul ar wei ght of 15,000 was used as the scale

< nhibiting and the fouling preventitig agent and that the concentration of
the agent was 12 ng, in ternms of the solid 62 content, per liter.
The phosphate ion concentration remained in the filtrate was 9.2 ng

i;jerr]/liter. Conpar ati ve Exanple 25: The sanme experinent as in Exanple 12

was repeated, except that the sane scale inhibiting and fouling
.preventing agent as that used in Conparative Exanple 24 was used and t hat

“:the concentration of the agent was varied to
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T0 ng, .in terms of the solid content, per liter. The phosphate ion
concentration remained in the filtrate was 6.3 ng [err]/liter. Conparative
Exanpl e 26: The sane experinent as in Exanple 12 was repeated, except

+hat the sanme scale inhibiting and fouling preventing agent as that
used in Conparative Exanple 24 was used-and that the concentration of the
agent was varied to 8 ng, .in terns of the solid content, per liter. The
phosphate i on concentration remained i66 the filtrate was 3.2 ng
[err]/liter. Conparative Exanple 27: The sane experinment as in Exanple 12
was repeated, &kcdfte t BAfeatsarhit itde ofcabei URRNEMY | aBd HEM KNG L

wmei ght - average npl ecul ar wei ght of 5,000 was used as the L . scal e

i nhi bitin@rﬁﬁﬁanﬁ‘Finggﬁﬁéveg?ﬁﬁﬁdagéﬁlalgﬁ&t e { RF SIRIGRATIQAN 0Pt the
Eﬁgg;hg?gcéisggmcbﬁeégﬁgggfgﬁt %fﬁgffjtheeﬁzggnigaaid 8rwﬂfc(yfhe 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 content.
- From the results in Table 6, it is known that, when

the scale inhibiting and fouling preventing agent of the

present invention comprising an isoprenesulfonic

E i; acid/acrylic acid/acrylamido-z—metpylpropanesulfonic acid

copolymer was added to the test liquid in an amount of 8 mg,

L; ' in terms of the solid content of the agent, per liter of

f the test liquid, the phosphate ion concentration ih the

- filtrate was larger than 9 mg PO43~/liter. This verifies

L_ -the excellent effect of the agent aninst the precipitation
L

—

—

. e ehmm i u A



Termained in the filtrate was 2.5 ng [err]/liter. Conparative Exanple 28:

The sanme experinment as in Exanple 12 was repeated, except that the sane

iscale inhibiting and fouling preventing agent as that used in

Conpar ati ve Exanpl e 27 was used and that the concentration of the agent was

varied to 8 ng, in ternms of the solid content, per liter. _ The phosphate

ion concentration remained in the filtrate was 1.0 ng [err]/liter.

€onpar ati ve Exanple 29: The sanme expé®li nent as in Exanple .12 was repeated,

except that no scale inhibiting and fouling preventing agent was added. The

‘phosphat eof oradericent pavsphateneinectlien tlestfi Ligaid was, 0.thaty is,

Jerr]/liter. The results of Exanples 12 to 15 and Conparative Exanpl es

24 to 29 agairstowehe nfdabeién bfl sicale. 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 POg3-
./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 compris'ing 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.

L
Example 16:

bt Test for Preventing Precipitation of Zinc Phosphate:

t Demineralized water, a solution of calcium chloride, a

- .solution of sodium salt of isoprenesulfonic aéid/acrylic

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

—

-
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B4 [err] [err] [err] [err] 65 [err] [err] 66 If the effect of the
scale inhibiting and fouling preventing 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
“cal ci um phosphate therein and therefore the phosphate ion content of the
“filtrate fromthe test liquid contaiggng the agent shall be near to
~the origina

mol) copolymer having a weight average molecular weight of

ii 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 concentration, in terms of

P043', 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
liguid 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 éame experiment as in Example 16 was repeated

.except that a solution of sodium salt of isoprenesulfonic

U P Ve N
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Phosphato ion content of the test liquid which is 10 ng [err]/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 | arger anount of

the precipitate of cal cium phosphate therein. Since the precipitate is
‘renoved through the filtration of the test liquid containing the agent, the
filtrate shall have a smaller phosphate ion content. Fromthe results in
Table 6, it is known that, when the scale inhibiting and fouling preventing

agent ofadidyqureadid acidivqs/as, byonmollyi ngopolymer haopngneaul fonic L
acid/acrylic acid/acrylam do-2-net hyl propanesul fonic acid copol yner was
added t oveiphti-estedagguinblecwianneeighof o 22, 00 twassusdd the sbkei d
content of the agent, per liter of the test |iquid, the phosphate ion
concentrsnakﬂ1xnhxbm;ﬁnqtamdefau&nnunE#VQMMMBQ nge?braydlthet thehi s
verlfles the excellent effect of the agent against the greC|p|tat|on L
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 filtrate was 9.0 mg/liter.
Comparative Example 31:

The same experiment as in Example 16 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 an& that the
L; 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. 1In 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

—




67 of cal cium phosphate in the test liquid or, that is, against the
formati-on of scale. As opposed to this, when the conparative agent
conprising an isoprenesulfonic acid/acrylic acid copolynmer was added to
the sane test liquid in an anount of 8 ngy, in terns of the solid content of
the agent, per liter of the test liquid, the phosphate ion concentration in
the filtrate was only 3.2 ng [err] /liter. Thus, there is a significant
difference between the scale inhibiti and fouling preventing agent of the
present invention and the conparative agent in the ability to prevent the

preci pit at LoR:-Oht £ &N MPROSPHAL 8inc Py ¥bBRBehbLacioWakanaifeddei Wwas
added in an anount of 12 ng, in terns of the solid content of the agent,

per liter phetherteste ! wayi ¢l 2the/ Piephate ion concentration in the
filtrate was larger than 9 ng [err]/liter. Regarding the other conparative
agent conpri si nghé segulespokyarappaee l6ewnd Wumparatizve Eicewples t3k same
test liquid in an anmount of 12 ng, in terns of the solid content of the
agent, pertbdil2zraxré shewhebh Talle d7.the phosphate ion concentration in the
filtrate was only 2.5 ng [err]/liter. Exanple 16:

t— —
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Test for. Preventing Precipitation of .Zinc Phosphate: Dem neralized water, a
solution of calciumchloride, a solution of sodiumsalt of isoprenesulfonic
acid/acrylic acid/acrylam do 2 nethyl propanesul fonic acid (20/75/5, by.

68 nol ) copol yner having a wei ght average nol ecul ar weight of 22,000 (this
Is a scale inhibiting and fouling preventing agent), a solution of zinc
chloride and a solution of sodi um hydrtgencarbonate were put into a 500- n

¢oni cal beaker in tha ter—tasty—anagqugousTsotyt i on of 1 wt. % sodium
hydr oxi de was added thergtmdg adj pust {he gH oi the resulting m xture.
Thus was prepared 500 mz o1 ,%-at,gs;t; liquid havimg ajpH of 8.6, a solid
¢content of the scale \gk&tﬁtﬁ ﬁggqg fouling preventing agent of 4 ng/liter,
a cal ci um hardness, i tér Al-ef rP com ¢nt) {ofY LO0 ny/liter, an
Malkalinity, in terng§ & S Bhtent , oof r@g ®y{liter, a phosphate ion
concentration, in terf® &fo [pgor® 6.9 ny/lliter apd a zinc ion
concentration, in tefm2d g & ri=pf 3|5 ng/lifer.
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e conical beaker was sealed with a polyethylene film and left in a
*water bath filled with water having a controlled tenperature of 60 C
After 40 hours, the test liquid was taken out and filtered through a filer
per having a pore dianeter of 0.1 [err]m and the phosphate ion
cbncentration and the zinc ion concentration renmained in the resulting
filtrate were neasured to be 9.0 ng/liter in total of the two. Conparative
anpl e 30: The same experinment as in ®Xanple 16 was repeated except that a
EEIution of sodiumsalt of isoprenesulfonic 69 acid/acrylic acid

(25/75, by nol) copolyner having a weight-average nolecul ar wei ght of

22,000 was used as the scale inhibiting and fouling preventing agent and

S

S e
o

‘that the concentration of the agent was 4 ng, in terns of the solid
content, per liter. The sum of the phosphato ion concentration
and the zinc ion concentration remained in the filtrate was 9.0 ng/liter.
(S

i =

=

-

AMPS: Acrylamido-2-methylpropanesulfonic Acid



&bnparative Exanpl e 31: The sane experinent as in Exanple 16 was repeated
xcept that a solution of sodium pol yacryl ate having a wei ght average

frol ecul ar wei ght of 5,000 was used as the scale inhibiting and fouling
ireventing agent and that the concentration of the agent was 10 ng, in
erms of the solid content, per liter. In this, an aqueous solution of 1
M . % sodi'um hydr oxi de was used for the adjustnent of the pH of the m xture
{n the last step. The sum of the phosphdBe ion concentration and the zinc
.fon concentration_rengjined in the fil t 3; i ter. ratiye

- Exanpl e 32: The s&ﬁe%(%erelér%rﬁt ag§i né@agrrﬁ\fsggwu\?h/agmrée%% tgggg?c)g%?l%ﬁat

. no scale inQihiL a uling. die | RPENtH RS R4Ged onl hi an
| fqueous sol u?iljt%_rk{teg?’gfgwt%%en SOéI unﬁy%?%%é%g was upsed or theonadmjé_us%%%%t of
, the pH of thﬁha@ﬁgh%% K8 haﬁgh’z‘%t £8bCPesTheiguiHOto!t HR1PROEREAEGehOas 70

ﬁgncentratio the zinc i concentration'remained in
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
_L- 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 liquid

to which the agent was added shall produce a larger amount

; [~ of the precipitate of zinc phosphate therein. Since the
E“Ll . precipitate is removed through the filtration of the test
5 liquid containing the agent, £he filtrate shall have a
ﬂ;_ﬁ 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
: L 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
L _ :
El I
I
{
%
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the filtrate was 0.2 ng/liter. The results of Exanple 16 and Conparative
- Exanples 30 to 32 are shown in Table 7. 71 [err] [err] [err] 72 [err]
‘ferr] 73 If the effect of the scal-e inhibiting and fouling preventing
; agent tested against the precipitation of zinc

74
5. 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
gi the filtrate, which is 9.0 mg/liter. This verifies that
the two agents have the same effect against the
i ; precipitation of zinc phosphate in the test liquid.
ﬁ However, as has been known from the results in Table 6, the
f - effect of the scale inhibiting and fouling preventing agent
of the present invention comprising an isoprenesulfonic
acid/écrylic acid/acrylamido 2 methylpropanesulfonic acid

:f _ against the precipitation of calcium phosphate is higher

than that of the comparative agent comprising an

isoprenesulfonic acid/acrylic acid against the same. From

o kS e Al SRR

these, therefore, it is understood that the scale

C

% inhibiting and fouling -preventing agent of the present
% L; invention is preferable to the comparative agent, as being
g ‘ more effectively applicable to various objects than the
g L. latter

gi _ Regarding the other comparative agent comprising a
i sodium polyacrylate, even when it was added to the same
% LJ 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
; L; of the phosphate ion concentration and the zinc ion
L )

-

I L




phosphate is larger, the test liquid to which the agent was added shall
produce a snaller 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 fromthe 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 ng/liter. However, if the effect of the scale
inhibitng and fouling preventing &§ent tested against the
precipitation of zinc phos hat'eqid; smaller, the test liquid to _which_the

r

I
agent was SPRNGEEFAYr o ingdy gt Sfunt THEET RS prid’s pi PREE of*3inc
'phosphat e the/rei n.. Since the precipitate is renoved through the filtration
of the test™d ilq‘tf‘le(f’cont aining the agent, the filtrate shall have a smaller
phosphat e i At §at, and a smaller zinc ion content. Fromthe results in
Table 7, it IS$*known ‘that both the addition of the scale inhibiting and

Toling pre i g ] i N i Qs 3aC i $j an
[ soprenesuri%%trﬁ 2&)@ ?ngéleg?g%?yl [ CClp&t%gg:ag)/ aocfr y#gﬁqkd(;wude o%m 1:84

- met hyl propwxfi@gi:c acid copolynmer to the test liquid in an anmount of 4

i mg, interns of the solid content of the

; 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 solm_:i:ion of sodium

silicate No. '3, a solution of calcium ch_loride, 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 content of +the scale inhibiting and fouling

preventing agent of 5.0 mg/liter, a calcium hardness, in
L terms of CaCO3 content, of 250 mg/liter, a magnesium
hardness, in terms of CaCO3 content, of 100 mg/liter, an M
i
L alkalinity, in terms of CaCO3 content, of 250 mg/liter, a
. silica content, in terms of SiO3, of 100 mg/liter and a
' L total iron content, in terms of Fe, of 10 mg/liter.
L
|
L
1
oL
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‘agent, per liter of the test liquid and the addition of the 74
‘conparative agent conpri si ng an | soprenesul fonic acid/acrylic
;acid copolyner to the same in the sane anount resulted in the same anount
:af the sum of the phosphate ion concentration and the zinc ion
.concentration remained in the filtrate, which is 9.0 ng/liter. This
verifies that the two agents have the sane effect against the
iprecipitation zinc phosphate in the test | i quid. However, as has

been k f | Tabl e f al

and foul i ng L?L"vt e SSAAR BrdfbL S A i o, R g, 0
ki I acryl / | d

sgar et the PRaciN Tt ion 81 MAFef Lk beria ‘13%% : %?éhﬁégf—)%ﬁﬁ*%"f?' "5

the -conpar a&é?(@roflﬂ_&?tt?rﬁg étéifﬁgofaﬂo' EOpE‘SE}e%‘t‘J' rfY s ac ‘%’ 1 hg{ Cs aC' d

-jagai nst the Sane erefore,” it is un rstoo 't he
stal e i nhi bl&ﬁ@%ea@rf&é&'m&{%@tlaﬁm e i o 1R BIRRE HordtRNdon 1S
preferable to the conparative agent, as being

the supernatant thus separated in the beaker was measured

~—

to be 10.0 mg Fe/liter.

i = 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

C liter. The dissolved iron content of the supernatant was

10.0 mg Fe/liter.

i;L; Comparative Example 33:

The same experiment as in Example 17 was repeated,

L except that a solution of sodium 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

F"f"

—
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frore effectively applicable to various objects than the latter Regarding

[ he other conparative agent conprising a sodium pol yacryl ate, even when it
\as added to the sane test liquid in an anmount of 10 ng, in terns of the
soli.d content of the agent, per liter of the test liquid, the sumof the
phosphate ion concentration and the zinc ion 75 concentration
remained in the filtrate was only 3.5 ng/liter. Exanple 17: Test for
Preventing Precipitation of Iron Oxide dfd 1ron Hydr oxi de: Dem nerali zed
wat er, a sol ytd o f Il sal t S n oni : ' cr

‘haci d/ acryl am'%;o- gpgnerﬁﬁy'r%%péﬁtesgﬁ?omﬂc)égci (EIZ'O/ 7gll‘h56, g;}s%g):l)we?op% ?/frirer

naving a vei giy t%;ﬁ%r?;&etml gagle%a\e@hghhagf 1420008 fFbhhstes,a scale

nhibiting an ouling preventing agent), a Solution of sodium
nydr ogencar beRighrat ivel Eiaaplal 33di um

;__ .The same experiment as in Example 17 was repeated,

i
i

y 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

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

aqueous solution of 1 wt.%$-sulfuric acid was used for the
‘? adjustment of the pH of the mixture in the last step. The
%ﬂ dissolved iron content of the supernatant was 7.8 mg
L, Fe/liter. |
LL‘ Comparative Example 35:

The same experiment as in Example 17 was repeated,

except that a solution of sodium sa}t of isoprenesulfonic

(__,_ oy

S R e, WYL TSR TR B

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

ﬁ%imfr;;ﬂw

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.

C—

Comparative Example 36:

—




stlicate.No. 3, a solution of calciumchloride, a solution of nagnesium
sulfate and a solution of ferric chloride were put into a 500-m conical
beaker in that order. Last, an aqueous solution of 1 wt.% sulfuric acid was
added thereto to adjust the pH of the resulting m xture. Thus was
prepared 500 m of a test liquid having a pH of 8.8, a solid content of
~the scale inhibiting and fouling preventlng agent of 5.0 ng/liter, a
-cal cium hardness, in terns of [err] ébntent of 250 ng/liter, a

" magnesi um har dnegg, Ig?,{,g[e; r r‘]pggl[ngy,u £0N5g0! x£!5 101 Foh)dd Crep@ltd,

. alkalinity, in terms cont ent Iter, asilrc

~in terms of i n ot al; te in

i Fe, of 10 ng% ?k (gh é cgﬁ%ggl er ﬁggaggg Bg b dEiﬁ% §et%y|ene
. filnr and betewenlt&na \&%Teﬁ'i: aBathatf ugéedlw Eamﬁ@tzg{:lvéaﬂké‘ﬂplé‘ 3?9%9' led
i tenmperature of 30_C, 20 hours. After this, the beaker was taken out,

. and the di ssgledednid meaazorﬁr@tc&fcédteca%m et ame tdyents apad afoeied tde
i beaker was measured
' 5.0 mg, in terms of the solid content, per liter. 1In this,

an aqueous solution of 1 wt.$-sulfuric acid was used for
éi— 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 hexametaphesphate was used
as the scale inhibiting and fouling preventing agent and
i - 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
E i adjustment of the pH ef the mixture in the last step. The
; dissolved iron content of the supernatant was 3.3 mg
é L’ Fe/liter.

i ! 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



l

te be 10.0 ng Fe/liter. Exanple 18: The sanme experinment as in Exanple 17
as repeated, except that a solution of sodiumsalt of isoprenesulfonic
gcid/acrylic acid/acrylam do 2 nethyl propanesul fonic acid (20/75/5, by nol)
cepol ymer having a wei ght average nol ecul ar wei ght of 22,000 was used as

‘the scale inhibiting and fouling preventing agent and that the
.concentration of the agent was 5.0 ng, in ternms of the solid content, per
lliter. The dissolved iron content of thedsupernatant was 10.0 ng Fe/liter.

o

-

mpar at i ve Eé@"'rr?' %.t?:%i_sflfi%ugégea@i ewager&tseas fidt BHRITEustiat sPaated,
except that a solution of sodiumsalt of isoprenesulfonic acid/acrylic acid
(25/75, by mobg OIPOL ¥EB i RRULBY i Wehght adveraags, nol egel Aisweilgleld Ofron
IE,OOO was used as the scale inhibiting and the fouling preventing agent
ahd that the ggnReentraki @ReObupbenagent was 7.5 g Fesiesrs of the solid
content, per liter. |In this, an aqueous solution of 1 wt.%sulfuric acid

V\Fs used for tbmpadatusi-eepkampléhzo pH

The same experiment as in Example 17 was repeated,

!
A\

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
T concentration of the agent 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 Fe/liter.

Comparative Example 40:

The same experiment as in Example 17 was repeated,

éxcept that no scale inhibiting 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.



/7 of the mixture in the last step. The di ssolved iron content of
he supernatant was 10.0 ng Fe/liter. Conparative Exanple 34: The sane
sxperinment as in Exanple 17 was repeated, except that the sanme scal e
Thibiting and foling preventing agent as that used in Conparative Exanple
33 was used and that the concentration the agent was varied to 5.0 nyg,
-n terms of the solid content, per litel. In this, an aqueous sol ution of
- f—wt . % sul furi ga‘c:idlvas useld fof the adjjustnent pf thd pH ol thp mxture
-{n the last st¢B oThasdi|ssoljved {irop cgntent o the supernafant] was
1.8 ng Fe/literm Jrfbarlativie Expnpl ¢ 35: Theg sane expgrimen] as}in [Exanple
- fL7 was repeate gxggt t hat] aospl ot o:&,cf Ssqdiynm sal t 1of i spprehegul foni c
fdcid/acrylic a¢fae(@5 78, dyl ndl) gopolyirersHavieng a wai Tht hver age
. ¥ol ecul ar wei gl qf%ﬁ,(OO“ s~used hs't e ~sdal® | nfi bijting and } h& |f oul i ng
i Preventing agepy amd g hgt tHe coi‘ucen ratijon gf t ager\t was} 7.5 mg,{ in
. Yernms of the sbgig cdptdnt, Jper litef. |n tHis, jan aqyeous pol utionf of
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+w.%sulfuric acid was used for the adjustnment of the pH of the m xture
inthe last step. The dissolved iron content of the supernatant was
10.0 mg Fe/liter. Conparative Exanple 36: 78 The sane experinent as in
Exanpl e 17 was repeated, except that the sane scale inhibiting and
fouling preventing agent as that used in Conparative Exanple 35 was used
and that the concentration of the agent was varied to 5.0 ng, in terns of

'the solid content, per liter. In thi $! an aqueous solution of 1

w.%sul furic acid was .used for the adjustnment of the pH of the mxture in

" the last step. The dissolved iron content of the supernatant was 8.0 ny

Fe/liter. Conparative Exanple 37: The sanme experinment as in Exanple 18 was

‘fepeated, except that a solution of sodi um hexanet aphosphate was used as
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the scale inhibiting and fouling preventing agent and that the

-"poncentration of the agent was 10.0 ng, in terns

O
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-j0of the solid content, per liter. In this, an aqueous solution of 1
Ww.%sulfuric acid was used for the adjustnent of the pH of the
im.xture in the last step. The dissolved iron content of the
fisWpernatant was 3.3 ng Fe/liter. Conparative Exanple 38: The sane
-iexperinment as in Exanple 17 was repeated, except that a solution of sodium
; fhexanmet aphosphat e was used as the scale inhibiting and fouling preventing
agent and that the concentration of the 8&ent was 7.5 ng, in terns of the
Isolid content, per liter. In this, an aqueous sol ution 79 of 1

Swt. % sul furic acilf s sgade fighikiding asdndpuléngt RECERNELNEGhAIREN Lt LBe in
;ithe last step, The dissolved irgn ¢caontent  of the supernatant was 2.4

HFelliter. Cﬁﬁ%ﬁ*&tF?etEﬁadﬁ?%F3équﬁ€ §Hhei§xﬁéﬁid% ek P _E%&hpFE?l?naas
e o, st U AR AT RS LGRG 8 R Dl

not satisfactory, the iron component as existing in the

test liquid shall be precipitated in the form of iron oxide

¢ hm A R TTE  s  + ¢ 1t e e e

hydrate or iron hydroxide. Therefore, the effect of the
o scale inhibiting and fouling preventing agent as added to

the test 1liquid for dispersing the iron oxide or iron

Lt B N TR Y phecti et ¢ ket

hydroxide precipitate formed in the test 1liquid can be

B T i

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

e M BRGE  laBhn T4

the present invention comprising an isoprenesulfonic

acid/acrylic acid./acrylamido 2 methylpropanesulfonic acid

copolymer, when added to the test liquid in an -amount of 5

?QL; mg, in terms of the solid content thereof, per liter,

!

f; inhibited the precipitation of iron of 10 mg/liter, while
?L‘ acting to completely disperse and keep it in water in the
;EJ | test liquid. As opposed to this, however, when the

comparative agent comprising an isoprenesulfonic
L: 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

"~

L

—
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T

stale inhibiting and fouling preventing agent and that the concentration of
the agent was 10.0 ng, in terns of the solid content, per liter. In this,
an aqueous solution of 1 w.%sulfuric acid was used for the adjustnent of

the pH of the mixture in the last step. The dissolved iron content of
the supernatant was 6.0 ng Fe/liter. Conparative Exanple 40: The sane
experinment as in Exanple 17 was repeatgd, except that no scale inhibiting
and fouling preventing agent was added” In this, an aqueous solution of 1

wt.% sulfuric acid was used for the ad zstnent of the gH of . the mxture in
the | ast s$€ﬁ¢lPFﬁéth§SGﬁVé6°PrGﬁ d8nPEAL 1SRt AB EHﬁeF Stahtanad. 018 ny

Fel/liter. The results of Exa 17,10 18 an arative Exa lles 33
to 40 are YRSWPSIESSHTE BO adgpd|§an/%%ﬁ?ﬁ in tergg ot 'the solld

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 the 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 20, Comparative Example 41:
Scaling and Corrosion Tests in Pilot Plant of Open

L Recirculating, Cooling 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

F“f

AT A S Y e WS St © - Mge ¢ e e

[ 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
P Table 9. The quality of make up water as supplied to the
L; system. and that of the cooling water as circulating therein
4o
Hor
i
..
i
1L
HHE




- 82 [err] [err] 82 If no scale inhibiting and fouling preventing agent is
‘added to the test liquid or if the effect of the scale inhibiting and

i flouling preventing agent as added thereto is not satisfactory, the iron

: conponent 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 preventin

agent as added to the test Iliquid

: fior dispersing the iron oxide or iron g@droxide precipitate formed in the

" test

TS G Bl T et sheetesgonceontan

to which the agent was

- added. The scale LobEOhEERY A UL Pag¥endidith agkNiradlle 11. The

A O AR T S ey = oL £ 71

{

C

-

—

—

chemicals used herein and their concentrations are shown in

Table 12.
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the present invention conprising an isoprenesulfonic acid/acrylic

aci d/acrylam do 2 net hyl propanesul foni c acid copol yner, when added to the
test liquid in an amount of 5 ng, in terns of the solid content thereof,
per liter, inhibited the precipitation of iron of 10 ng/liter, while acting
to conpletely disperse and keep it in water in the test |iquid. As
opposed 'to this, however, when the conparative agent conpri si ng
an | soprenesul fonic acid/acrylic a@dd copol yner was added to the same
test liquid in an amount of 5 ng, in terms of the solid content thereof,
per liter, it coul @ahde Pnhi ¥aternhBapider piffPehing SYs®®m of 10

ng/liter. In order to inhibit the 83 precipitation of iron of 10
ng/liter in the test liquid It was necessary to add 7.8 ngy/liter _in terns
of the s¢lid content, of the conparativi agent to the test ligujd.
Regar di ng Apgung; EﬁrCPﬁAﬁBgaWaQ‘ﬁraélﬁt@ prising sodium osphat e
or sodiuﬂ1po|yacrxlate of the prior art, they could not i1hibig t he
precipitd EVAROEAtLPRLRES 1 hLlitexr/hr)
L, 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
(-

(*1) Cycles of COncentration
? = (amount of water make-up water, liter/hr)/( amount
; of total blowdown, liter/hr)
L (*2) Retention Time (hr)
: = {holding water volume of system, liter)/( amount
i _
= of total blowdown, liter/hr)
|
-
|
-
-
!
L



‘agai nst scal i n&°

my/liter, in the test liquid even when they were added to the test liquid in
an anount "of 10 ng, in terns of the solid content, per liter. From t hese,
it is understood that the scale inhibiting and fouling preventing agent of
the present invention has a nuch nore excellent effect for dispersing iron
oxi de and iron hydroxide in water than the conparative agents conprising
sodi um hexanet aphosphat e ‘or sodlun1pol%§crylate. Exanpl es 19 and 20,
Conpar ative Exanple 41:- Scaling and 8Corrosion Tests in Pilot Plant
of Open Recirculatin Cool i ng wat er stem (Cooling Tower), - Part 1:
Using a pilot plTaRl eagosrromallﬁtﬁfl gf MakenypndeEpPr (I QYRLLGERE of the
present inventian s tested with respect to its preventing effect
éx199b§PF8§lon therein. The test period was 23 -days. The
wat er bal ance in the cooling systemis shown |n Tabl e 9. The qual ity of.

SV St-om and t af—tha o antoa
SF‘rkiu?fEt.“ﬁg‘ herain b ke T OB
- ol 7.5-7.9 | 8.9-9.2
_ Electricalconductivity (uS/cm) 297-352 1,483~
- - - 1,760
5 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
f CaCO3/liter) | .
- M-alkalinity (mg CaCO3/liter) | 75-80 375-400
1_ Chloride Ion (mg/liter) 38-46 190-230
| Sulfate Ion (mg/liter) 16-22 80~110
. - |silica (mg Si0Oz/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
L (_C) Outlet of Heat Exchanger Part

| No. 4 (H/E 4) 47
o Skin Temperature of Heat Exchanger Tube (at
Lo outlet of H/E 4) ( C) 70
: Water Flow Velocity in Heat Exchanger (m/s) 0.6
L Heat Flux (kcal/m2.h) ' ' : 39,000
o Carbon
: : Materlal of Heat Exchanger Tubes ' Steel
-
B
-
L

r—



!
!

| 84 are shown in Table 10. The operational conditions for the heat
! exchangers used herein are shown in Table 11. The chem cals used herein

and their concentrations are shown in Table 12. 85 Table 9 - Water

Bal ance in Cooling System Amount of Cooling vater (Ilter/hr)

810 Evaporation Loss (liter/hr) 6 Total Anmpunt
of Blow Water (liter/hr) 1.5 Anpunt of Make-up Water

(Liter/hr) 7.5 Cyd7es of Concentration(*l)

5.0 Supply Water Tenperature ( ) Ret urn Wt er Tenperature (_O Hol ding

Water Volune (liter) le 12 - ChemicalsgHspdiention Tine(*2) (hr)
= (

63.(*1) Cycles of CCncentrati amount of water nake-up water,

liter/hr)/ (—anmount .
. - |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/HEM
~— . A(*6) _ - 11.0 -
IPS/RA(*7) - - 11.0
. (*3): 2-hydroxyethylidene—diphqsphonic Acid
L (*4): Benzotriazole
(*5): Isoprenesulfonic acid (IPS)/Acrylic acid
= (AA)/Acrylamido-z-methYlpropaneSulfonic acid (AMPS)
f Copolymer having a molar ratio, IPS/AA/AMPS of 15/75/10 and
a molecular weight of 15,000
L : (*6): IPS/AA/2-Hydroxyethyl methacrylate (HEMA) Copolymer
, having a molar ratio, IPS/AA/HEMA of 20/70/10 and a
L molecular weight of 13,000
' (*7): IPS/AA Copolymer having a molar ratio, IPS/AA of
-

25/75 and a molecular weight of 16,000



igf total. bl owdown, liter/hr) (*2) Retention Time (hr) = (hol ding water

ivol unme of system liter)/( anmount of total blowdown, liter/hr) 86 Tabl e
10 - Quality of Make-up Water and Quality of Cooling Water Make-up

Gool i ng wat er Wat er pH 7.5-7.9
8.9-9.2 Electrical conductivity ([err]S/cm 297- 352 1,483- 1,760
Total Hardness (ng CaCQB/liter) 91-120 455- 598 CaIC|un1Fbrdness
(g CaCa3/liter) 70-92 350- 489 Magnesi um Har dness (ng

17580 375 835 ORAIHRIGN 1360 | ok eALY 685 eibEhiqdes  as
1—90' 230 Su'ifnasttealll% (a@/t e.x.rn)let of the heat e:&:@la%%er No. 89 %EWE 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

i = 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

b Installation { Material of Rate of Corrosion (mg/dm?-day)
A of Electrode Electrode :
; Example 19 Example 20 Comparative
oy . Example 41
;i_ Inlet of
f H/E 1 Carbon Steel 5.5 _ 4.0 6.4
: (temperature .
o 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:
L T 47_Q)
: Copper 0.8 0.4 1.2
L :
!
L
§
-
-i At




Srlica (mg [err]/liter 29- 37 146- 184 Table 11
-Qpevational Conditions of Heat Exchangers Tenperature of Inlet of Heat

Exchanger Part Water No. 1 (HE 1) _ 40 (_O
@it | et of Heat Exchanger Part No. 4 (H E 4) 47 Skin
Tenperature of Heat Exchanger Tube (at 70 outlet of HE 4) (C Water Flow
Vel ocity in Heat Exchanger (m's) 0.6 Heat Ftux (kcal/n2.h)

39, 000 Carbon Material of Heat Exchanger Tubes St eel

87 Table 12 -Chem cal sphed fpnpagedi vt SfPé€ailthd gy e 20 e Exanple 4 1
Cor r osi on :

Heat Scaling Rate (mg/cm?-month)
- Exchanger .
Example 19 Example 20 [ Comparative
_ Example 41
- H/E 1
| (temperature 0.9 1.1 3.4
L 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)
=
L As is obvious from the test results menticned above,
l the compositions of the present invention of‘Examples 19
Lf and 20 are superior to the éomparative composition of
L‘ Comparative Example 41 as being more effective against the
corrosion of carbon steel and copper and against the
L‘ scaling of heat transfer tubes in the heat exchangers than
{' the latter.
ot The scale formed in this experiment consisted
§ essentially of magnesium silicate of 65 % of all the
- '
components constituting it in Comparative Example 41, while
‘_L_ the magnesium silicate content of the scale formed in
l Example 19 was 35 % and that of the scale formed in Example
L
|
-



nhi bitor  HEDP(*3) 4.0 4.0 4.0 (ng/liter) BT(*4)

0.5 0.5 0.5 Scal e , | PS/ AA/ AMP |nh|b|t|ng S(*5)

11.0 Agent (ng solid/- liter) IPS/AA/HENIA(*G) 11.0
IPS/ AA(*7) 11.0 (*3):

2- hydr oxyet hyl i dene- dlphosphonlc Acid (*4): Benzotriazole (*5):

| soprenesul fonic aci d (I1PS)/ Acgylic acid

(AA) / Acryl'am do- 2- net hyl propanesul fonic acid (AMPS) Copol yner

having a Mj}arygd AA? 3| PSRN AVRS.\QloubS/ £ O 1wtk ot i@t eEne e £ et ghb £0f
15,000 (*6): 1PS/ 2- Hydroxyet hyl met hacryl ate (HEMA) Copol yner having a

nol ar ratioghd PYotyodiVA s 20/70LA8 apfesent! et M ghigainsk3, @@e (*7):
I'PS/ AA Copol ymer having a nolar ratio, |PS/ AA of 25/75 and a nol ecul ar

wei ght of 1foff¥:ion of silica scale is higher than that of the

o

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
L{ a _corrosion . inhibitor, than .an isoprenésulfonic acid
: acrylic acid copolymer. |

L - Example 21, Comparative Example 42:

i Scaling and Corrosion Tests in the Pilot Plant of Open
= Recirculating, Cooling-water System (Cooling Tower) - Part
L 2:

_ _Using the same pilot plant under the same operational
L— conditions as in Examples 19 and 20 but varying the quality
E of water to be supplied into the plant, the water treating
- agent of the present invention was tested with respect to
L‘ 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

—

—



8 The corrosion rate of the test electrodes as installed at the
nl et -of the heat exchanger - No. 1 (HWE 1) and at the outlet of the heat
:xchanger No. 4 (H E 4) was neasured, using a corrosion nonitor (Corrosion
foni tor 500C Model, produced. by Toho G ken KK) in accordance with-a

I near pol arization nethod. . The results obtained are showmn in Table 13.
=f‘he scaling rate on the heat transfer Iub%lof each heat exchanger was
~measured and shown in Table 14. Table 13 -""Results of Corrosion Test
clinstallation -§RESEEShs Obmploy&Al RePlifOELPSEAR HERL @xchatdil Werd add Ode
. El ectrode Exanple 19 Exanple 20 Conparative Exanple 41 I'nlet of HE 1

. Carbon Steel game5a® those in PaMle 11. 6.4 (tenperature of water: 40 O

Q0.

=D

P e - I e, SO

The quality of water as supplied to the system - and
that of the cooling water 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
S pH 7.3-7.6 8.3-8.7
lL_ Electricalconductivity (uS/cm) 172-192 810-1,016
.g Total Hardness (mg CaCO3/liter) 42,55  196-305
ﬂd Calcium Hardness kmg CaCO3/liter) | 35-46 163=245
’ Magnesium Hardhess (mg 7—12 33-60
: L _ CaC03/liter)
' L’ M~alkalinity (mg CaCO3/liter) | 37-41 158-215
Chloride Ion (mg/liter) 29-32 134-167
-_LJ . |Sulfato Ion (mg/liter) 17-19 74-95
Silica (mg SiO3/liter) ' 9-11 40~60

: _,,r,ﬂ__




Laimi

-

—

Copper
7.4
0.8

t Heat

Exanpl e 20
1.1
11

—

0.5
6.3
0.4

0.5

10.1 (tenperature of water:
89 Table 14 -
Scal ing Rate (ng/cnR nonth) Exchanger
41 HE 1 (tenperature

1.2 L

Conpar ati ve Exanpl e

0.8 Qutlet of HE 4

47 C) Copper

Exanpl e 19
0.9

3.4 of water at inlet: 4% C) HE 2 0.9
3.5 _
Table 16 - Chemicals Used
Example 21 | Comparative Example 42
Corrosion
Inhibitor |SHP(*8) 3.0 3.0
(mg/liter)
NaH2PO4 1.5 1.5
pTC(*9) 3.0 3.0
ZnCl 6.0 6.0
Tr(*10) 0.5 0.5
Scale IPS/AA/HEM :
inhibiting |a(*11) 12.0 -
Agent (mg
solid/-
liter)
Ips/AA(*12 12.0

)

{(*8): Sodium Hexametaphosphate

(*9): Phosphonobutane-tricarboxylic Acid

(*10): Tolyltriazole

(*11): Same as (*6) in Table 12

(*12): Same as (*7) in Table 12

In the same manner as in Example 19, The rate

corrosion of the test electrodes and the scaling rate of

the heat-transfer tubes were measured.

are shown in Tables 17 and 18.

Car bon St eel

Results of Scaling Test

The data obtained



HE 3 . 2.0 1.0 ' 8.9 HE 4 (tenperature
2.6 1.8 12.7 of water at outlet: 47 C L

As is obvious fromthe test results nmentioned above, the conpositions of
the present invention of Exanples 19 and 20 are superior to the conparative"
conposition of Conparative Exanple 41 as being nore effective against the
corrosion of carbon steel and copper and agai nst the scaling of heat

transfer tubes in the heat exchangenﬁ&fmwlthe | atter. The scale forned

' hi ' ' Lal I f 65
hof 'l the L CompondRBReeddsti RAELAGE Y SOEEAB0n: Y8 Lol 6 41, i lo

- the magnesium silicate content. of the scale formed in Exanple 19 was 35

. %and that ref ot b et S P e oA TARIIIEET o ~Corrosion Rate
, : . Electrede {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.
- cm# -month
L Heat Exchanger Scaling Rate (mg/ )
Comparative
; Example 21 Example 42
- H/E 1 (temperature of
water at inlet: 40 C) 1.0 3.5
L __ H/E 2 1.0 3.3
: H/E 3 1.1 . 7.2
L 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



90 20 was 25 % It is obvious fromthese that the effect of the ,
conpositions of the present invention against the formation of silica
scale is higher than that of the conparative conposition. Accordlngly, it
i-s obvious fromthese data that the scale inhibiting and fouling preventing
agent of the present invention, which is obtained by introducing a third
conponent of acrylam do 2 nethylpropaggsukfonic aci d and/ or 2-hydroxyet hyl
net hacryl ate into an isoprenesul foni c”acid- acrylic acid copol yner,

exhibits a hlghg%ﬁggfecé?%gﬁgﬁl %rr%§5% q,@nd §§8#£Q9e§9199+f0n%¥§

when conblnea co t hdn SOpPr enes iC aC|d

acrylic aci y Exanpl e 21, Cbnparatlve Exanpl e 42:
Scal i ng andgﬁg??§§|§§E$eé gOl%m?ﬁe Pilot Plant of Open Recircul ating,

Cool rng-wat er Sygkenpg&00hddl) HURIDibed alih 2detaing 4A@ ShEHOMEYAedd ant

nder t he sanme operational conditions as in Exanples 19 and 20 but varying

the qualitycbncretely H¥reialovied Peheuppitend tﬂéatﬁ.hg gt bbe v er .
treatlng agent of the present invention was tested with respect to

. present invention, comprising a conjugated dienesulfonic

acid/(meth)acrylic acid/2-hydroxyethyl (meth)acrylate
L copolymer or comprising a conjugaﬁed dienesulfonic
i acid/(meth)acrylic . 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
L, by thermal efficiency depression and. water flow rate
| depression to be caused by_adhesion ér deposition of scale,
o sludge and slime onto heat exchaﬁgers, heat transfer
f heating pipes and pipe lines that constitute water systems.
- ‘ While the invention has been described in detail and
i_ 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 spiri£ énd scope thereof.

-

— —

[—



its effect against scaling and corrosion therein. The test

perl od lﬁ[ﬂﬂj “I‘ue wat er bal ance in the cooling L system
was the”ﬂg mﬁml I” Table 9. The operational L 91 conditions

enpl oyed* héreitn PorSthe heat exchanger were the sane as those in Table 11
" The quality of water as supplied to the systemand that of the cooling

i Water as circulating therein are sho in Table 15. The chemcals
used herein and their concentrati ons are shown in Table 16. Table 15 -

1 Quality of Naser s Miaamedds@ual ity of Cooling Water Make- up. Cool i ng
Wat er Water pH 7.3-7.6
8.3-8.7 Electrical.condactiyatéy (t{ﬁa’ﬂjﬁ{qir’r)agent comp:ﬂ%lh%Z a 8&dnadr9lo
Total Hardness (my CaCQB/liter) 42-58 196- 305 Cal ci um

| Hardness (nmpdpad@@ddsd t ewhich  is35-sifnthesidéd-24xom a conjugated

- dienesulfonic acid and/or its salt of the following general

formula [1]:
7

¢ (1)
AN

wherein R!, R2, R3, R4, R5 and R6® each represent a
hydrogen atom, a methyl group or —SO3X1, provided that
| one or more of Rl to R6 are methyl éroups, one or more
t . of the remaining Rl to R6 are groups of -s03xl, and x1
i 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]:
g ' THIS SHEET HAS BEEN
R’ _REPLACED
/ |
CH.=C (2]
- N
coox? : )

I

eet Has Been Re‘laced '

\\\\\\\\\\“\\\\\\\\\\ |




~Magne5| um Har dness (ng 7-12 33-60 [err]/liter)

Malkaﬂmty(rrg CaCO3/Titer) 37-41 158- 215 Chloride Ion
(rrg/llt 29- 32 134- 167 Sulfatolon(rrglllter)
ar 1o MR ro gereiiicen o1

Ta s- *Chem cal s Used Exanpl e 21 Conpar ati ve
.Exarrple 42 Corrosion Inhibitor SHP( * 8) 3.0 ' - 3.0
(ng/liter) [err] 1.5 96 1.5 PBTC(*9) 3.0
3.0 [err] Og7 - ydd6géR) atom or C}=t5met:hl
0.5 Scal e wr}%% ﬁEM r%r%s nts a ¥L g 9 aro 3 Agent
(g 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‘

L . /7 |
P CH:=C\ (3]
‘ COOCH;CHa0}

wherein R8 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]:

7 p
U‘lz.:Cf?*N” - D/H,. 803)0 (4]

B | | ° 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

o~ or mono substituted by an organic group.
: THIS SHEET.HAS BEEN
~ REPLACED
“ Siiiex‘xi‘i‘ilfﬂﬁ‘fﬁerii\““




<ol i d/ - . ©12.0 (*8): Sodium

Fbxanetaphos hat phonobutane tricarboxylic Acid (*10):
‘Tol yItrlaz m’(l!ﬂga (*6) in Table 12 (*12): Same as (*7) in Table
42 In the es S.in Exanple 19, The rate corrosion of the
t est electrodes and the scallng rate of the heat-transfer tubes were

-neasuredL The data obtained are shown in Tables 17 and 18. 93 Tabl e 17

= Results of Corrosion Test Install atf®dn of El ectrode Material of

Corr.osion Rate gl eCt‘I‘h‘éerzater tredfDAG chgbndalds OTRahéd | YR TR € 21
Exarrple 42 Inlet of HE

— : 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
L' one selected from the group consisting of polyvaient metal
| salts, phosphonates, azoles, phosphates, polyphoshates
i~ phosphonocarboxylates, amines and phosphoric esters.

is Sheet Has Been Refilaced

i ||||u it




Gf erature of water: Car bon St eel 1.6 5.8 40_C) Copper

0. 3 umm’muﬁnnﬂlll—VE 4 (temperature of water:  Carbon Steel 1.7

7.2 47 0.5 Table 18 - Results of Scaling Test Scaling

Rate ( /[err] rmn h) Heat Exchanger "Conparative Exanple 21 Exanpl e
42 HE (tamaauueofMMeratlmet 40 O 1.0 . 3.5

HE 2 1.0 3.3 HE 3 1.1

7.2 HE 4 (tenperature of water at out¥et: 47 O 1.5

81 Asin Exanpl 65 18 aRdndd Ad1e il ihd ML) "ol § DY | add DigVedt i ng

t agent of the present invention exhibited a hlgher ef fect against corrosion

- and scal i ngviakelthesyatansSYSt eateast edeleiagn, ayden anmdl nedmpicibes a
: corr05|on )
P ternary copolymer as synthesized from a conjugated

- dienesulfonic acid and/or its salt of the following general

formula (1]:

e — =

R! RS R*
= N s
C=C~-C=C (13

L vd 1 \
- R? R¢* R®
L . |

wherein RI, 32, R3, R4, RS and R® each represent a
'L‘ hydrogen atom, a methyl group or -S03xl, provided that
- one or more of Rl to R6 are methyl groups, one or more
. of the remaining R! to R® are groups of -so3xl, and x!
| _ represents a hydrogen atom, a monovalent metal, or an

ammonium group unsubstituted or mono substituted by an
L; ‘organic group;
, a (meth)acrylic acid and/or its salts of the following
- general formula [2]:
|
- R?
| g / _
- CH:=C (2]
L)

cooXx?*

e T ThiS SHEET HAS BEEN
, REPLACED
| ' _
Sl
— Replaced
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94 i nhi Mar ative, isoprenesulfonic acid- acrylic acid
copol yrreﬂ,l[,ﬂ[”‘@,ﬂllmr escribed in detail and denonstrated concretely °
her ei nab he LR m"eati ng agent of the present invention, conprising

a_conj ugat ed di endsulSfomic acid/ (meth)acrylic aci d/ 2- hydr oxyet hyl
(et h) acryl ate copol yner or. conprising a conjugated - dienesul fonic
acid/ (meth)acrylic aci &% met h) acr yl ami do- 2-

met hyl al kanesul f onj ci d gop it el ].e ti_scaling and
anti fouling effe“(l;:ﬂecﬁ'é’rjl‘“\k/vatRer g%éf%%%ﬁé%d@Caﬁyﬁgggéﬁor%ﬁ e\%lntawé[{eetrhyq
systens from bei L,SOr a&fdd '9%}{:33 SAEPTL5R

water. flow rat g&dﬂl 'gas%f%ﬁgzt %y?%gé%dgd Et)y Jad‘h%em on tor 'deapg(gnt%oar%%gl’f“ .
scal e, sludge anget$]] Br OBKO amifichiu®X IHUE" SnsuB§RLLubEANSELT r2eR | NY
pi pes and pipe lines that constitute water  systens. Wile the invention has
heen described i nséled @i tuedl By tdh reffdeine grhsuspeci fi c enbodi ment s
thereof, it will be apparent to one skilled in the art that various changes
and and a 2 hydroxyethyl (meth)acrylate of +the following

—

geheral formula [3]:

Rl
; | 4 |
- CH.=C : : _ {31

. N '

. - COOCH.CH,DH
wherein R8® represents a hydrogen atom or a methyl
- group, '
[ or a (meth)_ac'rylamido'zv methylalkanesulfonic acid and/or
: its salt of the following general formula (4]:

| P re

Ue=c- CoNH-Cc—oi,~§0:X7 0
| l
— Qo
_ | - ths
L wherein R? and R1Q 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,

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

! '- | THIS SHEET HAS BEEN
| REPLACED

This Sheet Has Been Reilaced -
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mdlflmmerein wi t hout departing fromthe spirit and

scope t " nt Application No. 9610500-2 Kurita Water
‘| ndust r ”H[’ DED" CLAI MS Japan Synt hetic Rubber Co Ltd 96 10500-2

TLAIMS 1 TO 16 1* Aswat er treating agent conprising a ternary copol yner
which is synthesized from a conjugated dienesulfonic acid and/or its salt
-of the follow ng general formula [I]: REPLACEMENT SHEET R3 [err] wherein
Terr] and [err] each represent a hydjpgen atom a nethyl group or - [err],
‘provided that one or nore of [err] to [err] are nmethyl groups, one or nore
of the remaining [err] to [érr] are groups of [err] and [err] represents a
- -hydr ogen atom a nonoval ent netal, or an ammoni um group unsubstituted or
nono substituted by an organic group; a (meth)acrylic acid and/or its salts

of the follow g9 ofhe @t Bk tkebting water as claimed in claim
B 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 uwnit 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 molv of the unit derived from the
{math)acrylic acid and/or ita asalt, and from 1 to 20 wolwn
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
.i , copolymer.

12. The method for treating water as claimed in élait

11, vwherein the metal corrosion inhibitor comprises at

: HIS SHEET HAS BEEN
| T REPLACED

Sheet Has Been Re; laoed
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R7 [er ~ [2] [err] wherein [err] represents a
hydrogemmﬁmmnmtu“lﬂnl group; and [err] represents a hydro- gen atom a
nonoval ert  tretal ,n Ofs amoni um group unsubstituted or nono substi- tuted
by an-organic group; and a (neth)acryl am do- 2- net hyl al kanesul fonic acid
and/or its salt of the follow ng general fornula [4]: 96 05 JUL 1999
[err] [err] wherein [err] and [err] eadflrepresent a hydrogen atomor a
rethyl groupje i\ bl rdei8BEEa BEGRS tRehYEbABEROALAEE i Ag TR0 \GR1G/a 1R A -
or an ammoni um group unsubstituted or nono substituted By an organic group.
2. The watergpd¢£pti Ngsaped! as phaspREnkBes) ai m hzonkerei n P siphakalisy,
copolymer com prises from5 to 50 nol % of the unit derived fromthe

conj ugat ed diengsndphesici d apRéophohscapboxylanes 40 t oaflinesl % ofandhe
~unit derived fromthe (nmeth)acrylic acid and/or its salt, and fromIl to 20
mol % of the phodpiericvesbdersn t he (et h)acryl am do- 2- et hyl al kanesul f oni ¢

—

—

—  — —

—

This Sheet Has Been Reilaced f
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o

-

_acid and/or its salt. 3. The water treating agent as clained in claim1 or
2, wherein the ternary copol yner has a wei ght-average nol ecul ar wei ght of
from 500 to 300,000. 4. The water treating agent as claimed in claim1l

__Which further conprises a.nmetal corrogion inhibitor. 5. The water treating

agent as clainmed in claim4,- mhereln 1%e metal corrosion inhibi- tor
. conprises at

. | east one sel ected fronlthe group consisting of pol yval ent
i metal salts, phos- phonates azol es@ phosphat es,

pol yphosphat es,
phosphonocarboxyla An§ nes wand p 3§pho- ric esters. 6. A method for
treating water, &0 r B

wafgr systens a wat
“that conprises aj§ f

—di enesul foni c amﬁj,‘a
97
‘[err] and [err] each
_prOV|ded t hat. one or
of the remaining [er
hydr ogen at om a

—

b JUL 1999 [err] [err] €

AN} at om a methyl group or - [err]
iry] are nethyl groupsik. one or nore
s of [err] and [err] }represents a

-

. Y]
&
y 7]
[ >
. m
[« 1Y
| y 3 }\§
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nonoval ent netal, or an amoni um group unsubstituted or nono substituted by
an organic group; a (neth)acrylic acid and/or its salts of the follow ng
gqgeral formula [2]: [err] wherein [err] represents a hydrogen atomor a
met hyl group; and [err] represents a hydro- gen atom a nonoval ent netal,
or an ammoni um group unsubstituted or nono substi- tuted by -an organic
group; and a (neth)acryl am do-2-nmet hy{g kanesul fonic acid and/or its salt
of"the follow ng general formula [4]: [err] [err] 98 wherein [err] and
[err] each represent a hydrogen atomor a nethyl group; and [err] repre-
sents a hydrogen atom a nonoval ent netal, or an ammoni um group

uksubstituted or nono substitut edAbgtEac®r gani c group, in an anount of from
0.1 to 1000 ny/liter. .The nmethod for treating water as clainmed in claim

Compr | ses T BN ”%@%‘%&” ERdebS e et ek bealERd e AoRagipesa

di encsul f orternanyt copdlymert whichtis fmhm:tzedgéruml%qﬂnjmmmm t derived
fromthe Qienesulfonic acid and/or its salt, a (meth)acrylic acid

- and/or its salts, and a 2-hydroxyethyl {meth)acrylate or a

(meth) acrylate-2-methylalkanesulfonic acid and/or its salct.
Furthermore, the invention relates to a method for :reating

water which comprises adding to a water system a water

. treating agent that comprises a ternary copolymer as
synthesized from a conjugated dienesulfonic acid and/oxr its

salt, a (meth)acrylic acid and/or its salts, and a 2-
hydroxyethyl (meth)acrylate or a (meth)acrylate-2-
methylalkanesulfonic acid and/or its salt.

[

—

THIS SHEET HAS BEEN
REPLACED
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|
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.(meth)acrylic acid and/or its salt, and from1l to 20 nol % of the unit

derived fromthe (neth)acryl am do-2-net hyl al kanesul fonic acid and/or its

salt. 8 . The nethod for treating water as clained in cf=ai T [
Rl ST

the ternary co- polyner to b& i'n the water treating age
average npl ecul ar weight of from 500 to 300,000. 9. Thelngthod for trea
water s clained in claim6 ,wherein the2 wat er treating|ager@e fIAN 1898

[

conprises a netal corrosion inhibitor in addition to th ernary copoly
10 . Thc nethod for treating water as clained in claim¥, ' e m
corrosion inhibitor conprises at | east ABSTRAEd ed frof the group

Pt

consi sting of polyvalent nmetal salts, phosphonates, azoles, phosphates,
pol yphosphat es, phosphonocar boxyl ates, am nes and phos- phoric esters.

REPLACEMENT SHEET 99 ' . . t hyl
group; and [err] represmwf&aﬁz Agght ﬂ&-ﬁeﬁoaquw gr rrgn d

anmoni um gr oup unsubstituted or nono substituted by an organi¢ group; and
a 2 hydroxyethyl (netlhedaventionaelatgs toya,water dreating sgeSOMRISAS Al a [ 3] :

ternary copolymer which is synthesized from a conjugated
dienesulfonic acid an/or its salt, a (meth)acrylic acid and/or
its salts, and a 2-hydroxyethyl (meth)acrylate or a
(meth)acrylate-2-methylalkanesulfonic acid and/or its salt.
Furthermore, the invention relates to a method for treating
water which comprises adding to a water system a water
treating agent that comprises a ternary copolymer as
synthesized from a conjugated dienesulfonic acid and/or its
salt, a (meth)acrylic acid and/or its salts, and a 2-
hydroxyethyl (meth)acrylate or a (meth)acrylate-2-
methylalkanesulfonic acid and/or its salt. (Fig.1 of Drawing)




[err] wherein R8 represents a hydrogen atom or a nethyl group, or a -
(meth)acrylam do 2 net hyl al kanesul fonic acid and/or its salt of the
following general fornula [4]: [err] [4] L wherein [err]
and [err] each represent a hydr mor a nethyl group; and [err]
represents a hydrogen atom a Mt metal, or an amoni um group
unsubstituted or

4 nono substituted by an organic group, in an anount of from
0.1 to 1000 ng/liter. L 100 [err]. The met hod f

claimed in claim7. wherein the ternary copol_}./rrer tﬁ*ﬂgwfﬂﬁ\%ﬁ@ 2

treating agent conprises fw+om5 t® 50 Ml of The unift der RERA mt hé

conj ugat ed di enesul fonic ael an it Ity frrpm 40 to 90 nol % of the’
unit derived fromthe (metﬁ) rylyg ciy d/ ®r s -salfq—and-from-1-to 20
mol % 9 S L 2 REPLACEN’ENT SHEET

26 JAN 1998
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of the unit derived fromthe 2 hydroxyethyl (neth)acrylate, 9. The nethod
for trusting water as clainmed in claim?7.

erein the ternary copolyner to
be*in the water- treating agent cofprises f 5 060 0 the ynit
derived fromthe conjugated di eneste+fonic angl/ Eéab, -ffPm 40 to
90 nol % of the unit derived from the (neth)acrylic acrd n& or i salt,
and from1 to 20 nol % of - the

unit derived from the -
(et h)acryl am do- 2- net hyl al kanesul fonic said and/or its salt. 10. The

net hod for treating water as claiped in,any one of clains 7 to 9. wherein
the ternary copolyn®r to b& in the wat e[, treating agent has a weight
average nol ecul ar weyj off fom BOP1t 0830p1000. 11. The net hod for

treating water as claijed igh wher Biln t he
further conprises a e} &l f@ si@ni]
0

copol ynmer. 12. The et Ho r treati.i
wherein the netal corrdgion ibité'-}coma

ed in claim1l

ses at |THi s16N4AR 1998 é
Repl aced -

H/E 4
H/E3
H/E1

==
=
H/E2 =

‘Circulation Pump

Cooling Tower
|
!
Blow

Fig. 1 FLOW DIAGRAM OIF PILOT PLANT OF WATER-COOLING SYSTEM .
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Patent Application No. 96105002

101 | easKumWEWased Bgtstried mmﬁheAgF% Eo0sksti ng of polyval ent netal
sal s, JapapfpwhétdnBibesr, Co Ltd  azo phosphat es, pol yphoaphat es,
pho«sphonocar boxyl at es, am nes and phosphoric esters.

o 79610500-2 ¢

1. A water treating agent comprising a terary copolymer which is synthesized from a
conjugated dienesulfonic avid and/or its salt of the following general formula [1]:

REPLACEMENT SHEET

05 JUL 1999

3

i

RT

\C == — C .

/ | rE (1

R'2
4

R

- wherein R, R?, R?, R%, R’ and RS each represent 2 hydrogen atom, a methyl group or —

 SOX!, provided that one or more of R! to R® are methyl groups, one or more of the
remaining R! to R? are groups of -S0;X’, and X' represents a hydrogen atom, a
monovalent metal, or an ammonium group unsubstituted or mono substituted by an

orgaric group;
a (meth)actylic acid and/or its salts of the following general formula [2]:

7
. /
H, == C N a2
coox?2 |

whercin R” represents a hydrogen atom or a methy! group; and XZ represents 2 hydro-

gen atom, a monovalent metal, or an ammonium group unsubstituted or mono substi-

tuted by an osganic group;
and a (meth)acrylamido-2-methylalkanesulfonic acid and/or its salt of the following general

formula [4]:

e

UL

qé Lafﬁo..z
S Aaa



' 96 REPLACEMENT SHEET
05 JUL 1999
RS R 10

0 | |

CHs

wherein R® and R'” each represent a hydrogen atom or a methyl group; and X° repre-
sents a hydrogen atom, a monovalent metal, or an ammonium group unsubstituted or

mono substitutcd by an organic group.

2. The water treating agent as claimed in claim 1, wherein the tcrary copolymer com-
prises 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 (meth)acrylamido-2-methylalkanesulfonic

acid and/or its salt.

3. The water (reating agent as claimed in claim I or 2, wherein the ternary copolymer

has a weight-average molecular weight of from 500 to 300,000.

4. The water treating agent as claimed in claim 1, which further comprises a metal

corrosion inhibitor.

5. The water treating agent as claimed in claim 4, wherein the metal c_orfosion inhibi-
‘tor comprises at least one selected from the group consisting of polyvalent metal salts, phos-

phonates, azoles, phosphates, polyphosphates, phosphonocarboxylates, amines and phospho-

ric esters.

6. A method for trcating 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]:
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wherein R', R, R, R%, R® and R® cach represent a hydrogen atom, a methyl group or —
SO;X', provided that onc or more of R' to R® are methy! groups, one or more of the
remaining R’ to R® are groups of ~-S0;X', and X' represcnts 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 general formula [2]:

R?
/7
CH, = C 31

N 2
COOX

wherein R7 represents a hydrogen atom or a methyl group; and X represeats a hydro-
gen atom, a monovalent metal, or an ammonium group unsubstituted or mono substi-

tuted by an organic group;
and a (meth)acrylamido-2-methylalkanesulfonic acid and/or its salt of the following general
formula [4):
RS r10
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wherein R’ and R? each represent a hydrogen atom or a methyl gronp; and x3 repre-
sents 2 hydrogen atom, a monovalent metal, or an ammonium group unsubstituted or
mono substituted by an organic group,

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

7 . The method for treating water as claimed in claimg , wherein the ternary copolymer
to be in the water-treating agent comprises from § to 50 mol% of the unit derived from the
conjugated diencsulfonic 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 | to 20 mol% of the unit derived from the

(meth)acrylamido-z-methylalkancsulfonic. acid and/or its salt.

8 . The method for treating water as claimed in claim 6 or 7 wherein the ternary co-

polymer to be in the water trcating agent has a weight average molecular weight of from 500

to 300,000.

9. The method for treating water as claimed in claim ¢, wherein the water treating

agent further comprises a metal corrosion inhibitor in addition to the ternary copolymer.

10. The method for treating water as claimed in claim g, wherein the metal corrosion
inhibitor comprises at least onc selected from the group consisting of polyvalent metal salts,
phosphonates, azoles, phosphates, polyphosphates, phosphonocarboxylates, amines and phos-

phoric esters.
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