21 Septenber 2005 PROCESS FOR PREVENTI NG FORVATI ON OF SCALE BACKGROUND CF
THE INVENTION 1. Field of the Invention The present invention relates to a
process for preventing formation of scale. Mre partiicsépémper 2008 present
invention relates to a process for preventing formation of scale in
accordance w th which a polyneric scale inhibitor having an average

nol ecul ar weight within the optimumrange for preventing formation of
scale is present | | N Whi i or disinfection
and formation of gﬁgﬁgﬁgé%g¥$é§%$€%F§Tg?%@@ﬁ?@éﬁﬂﬁgﬁﬁﬁggﬁﬂ#%tion of Rel ated
Art In cooling water systenms and water supply systens, polyners having

car boxyl group have been used as scale inhibitors and antifouling agents
to prevent attachnent of pagserovittheosaHRIEVEINTIEINI S contacting water,
deposition of sludge and | ocal corrosion under the fouling- In these water
systens, i nlgefésldlof tled Bivehé&ohi on i s conducted to prevent grow h of

m croorgani sns and formation of slinme. As the process far djsinfection,
the treat ment w the PresSIE Aavendio; redates do drreeesy for-prayvgetng formaier  syst ens

pol luted with organjc substances, ,agents containing. chlorine occasionally
cause forna?F%%ﬂ%fq%ﬁﬁ%ﬁ%ﬁgw%ﬁi%t@ﬁ%ﬁ%ﬁﬁﬁ§“ﬁﬁ?ﬁIl%r%msgﬁgﬂgggﬁﬁi§5_be
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restricted. e sufficiently safe process for disinfection which can
repl ace theiikibtbirbaving 4 acktapeimelectilae vaight within whé bptizmome range
increasing. In the treatnent with chlorine, polyneric scale inhibitors are
chemical |y $wrabterentide tfmafideof sodlepsavestitng & sratar spytenf isgdiiehj s not 21

Sept enber 2005 ~ . .
P ozone is used for disinfection and formation of scale i1s effectively

prevented.
2. Desecription of Related Art

In cooling water systems and water supply systems, polymers
having carboxyl group have been used as scale inhibitors and antifouling
agents to prevent attachment of scale on the surface of metals contacting
water, deposition of sludge and local corrosion under the fouling. In these
water systems, in general, disinfection is conducted .to prevent growth of
microorganisms and formation of slime. As the process for disinfection,
the treatment with chlorine is widely conducted. However, in water
systems polluted with organic substances, agents containing chlorine
occasionally cause formation of organohalogen compounds which are
suspected to be carcinogenic and the use of the agents containing chlorine
are being restricted. As the sufficiently safe process for disinfection
which can replace the treatment with chlorine, the treatment with ozone is
increasing. In the treatment with chlorine, polymeric scale inhibitors are

chemically stable and the effect of preventing formation of scale is not




adversely affected by the treatment with chlorine- However, in the
treatnent with ozone, polyneric scale inhibitors are deconposed and the

mol ecul ar wei ght of the polyneric scale inhibitors detlreepienbei{®8 ozone
has stronger oxidizing ability than the agents containing chlorine. The

- average nol ecul ar wei ght of a polyneric scale inhibitor has an optinum
range in order to exhibit the effect of preventing fornmation of scale. The
ef fect decregses en.th verag | ecul ar Lght is..either greater or
Sl L er ¢ hadarREe Attt B oA fsPBpgRt sl (s | CHEREPE. | TR Cor <
having an avRiREenIRlEaEekde, pWBndtic Waldidthib6rOpki MMMMLBREE A gnadded to
wat er without taking the decCréase in the nolecular wel ght o? the polyneric
scal e i nhi binidéculse wedglithe tidepslpmesictdcale inhilbtaenkicatared Eie a26nPr event i on
~of troubles caused by attachnent of scale and deposition of sludge has
been att enphed . stkmger exihping, abihty] tiwan tlye agente onippingcettlpune LalTlde Qpen No.
Hei sei 5(1993)- 123698, a pr.ocess fo treatnqnt of .recycl ed cooling water
using a hoA¥PABFHBPleEIaE %y B 9‘?@@0 meR§ e3¢ 1 -&Obﬁlaﬁ@%%ﬁlw aci d
havi ng a L aht - aver a [ f.1 0Q i r oposed.
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process was offa@Pdd@ehded WhNBERE aS¥Sle@MmbRcill Ghoishis INERRL) Q@S £oNnduct ed
in accordance with the treatnent with ozone, the polyneric scal e inhibitor
was oxi di zedmaildr dewotipogednwint rargeone. The nol ecul ar wei ght decreased and
the effect of preventing formation of scale of the polyneric scale

i nhi bi tor decr eaEeretolepnmimeyic pre i FORAYIRG 43y asBaAge malestlaon has an
obj ect of provi,ding,a process in 21 Septe r, 2005 accor dance wi.th which
Ohe’ pol yirer Pttt iy B Fr R urh s S SURgavater Wathodt thidng thd

decrease in the molecular weight of the polymeric scale inhibitor due to the

decomposition into consideration and prevention of troubles caused by

attachment of scale and deposition of sludge has been attempted. For

example, in Japanese Patent Application Laid-Open No. Heisei 5(1993)-
123698, .a process for treatment of recycled cooling water using a
homopolymer or a copolymer of acrylic acid or methacrylic acid having a
weight-average molecular weight of 1,500 to 35,000 1s proposed. However,
it was found by the present inventors that, when the above process was
applied to a water system 1n which disinfection was conducted in
accordance with the treatment with ozone, the polymeric scale inhibitor
was oxidized and decomposed with ozone. The molecular weight
decreased and the effect of preventing formation of scale of the polymeric

scale inhibitor decreased.

SUMMARY OF THE INVENTION

The present invention has an object of providing a process in



nol ecul ar weight within an opti numrange for preventing formation of scale
s present in a water systemin which ozone is used for disinfection and
the formation of scale is effectively prevented. As ZlHeeptashbart2005 ext ensi ve
studies by the present inventors, it was found that the formation of scale
could be effectively prevented in a specific water systemin which ozone
was used for disinfection when the opti num range of the average nolecul ar
wei ght f I Lon,of scale and.the relation between the rate
~ of suppl 3{ c%@dg}z{g@nylﬁdi lﬁﬁlgq%tﬂeh%?enﬁesg%lﬁp%‘sh?lﬁgocfnhﬁmtgh"’en PEFYA®Eri ¢ scal e
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aver age nol ecul ar wei ght which gives an average no ul ar wei ght within

t he opti somberiapgesdndrin pwavandistgm fiarwhich arond iseade ol dighidcfisnpol yneri c
scal e inhi hitor was deconposed with ozone was added to the water system

" The preséwd the dganatigmofyealgisaffecdrelyareeideded on the know edge The
present inventi provides: (1) A process for preventing formation of scale
whi ch conprisé?qﬁadﬁﬁ@#éiﬁﬁﬁP V%@ﬁ@*e%§%€%%fmﬁﬁﬁ¢dﬂ“ﬁ%ﬁﬁ%1??aﬁsed for
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whi-ch gi ves an average nol ecul ar wel ght wt an optinmumrtange for

preventi mgtéosyRéindn which$eahe waktwed thed RUNY AR ¥hesahe \X'Bamlﬁﬁt or is
deconposed with ozone; .(2) A process described in (1), erein the

pol yneri targeapletha Avdriage rmolscalar podighte forspiegen tinlg ffoomatiamopetaleer s and
-copol yners .of acrylic . acid, npethacrylic acid, nmaleic_acid, nmaleic

anhydr i d@2drdei relatan betweey; thanepte 33f supply fseronesand wbel mpm of 1) which -
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which gives an average molecular weight within the optimum range for
i;areven-ting formation of scale after the polymeric scale inhibitor was
decomposed with ozone was added to the water system. The present
invention has been completed based on the knowledge.
The present invention provides:
(1} A process for preventing formation of scale which comprises -adding,
int'o a water system in which ozoneé is used for disinfection, a polymeric
scale inhibitor having a high molecular weight which gives an average
molecular weight within an optimum range for preventing formation of
scale after the polymeric scale inhibitor is decomposed with ozone;
(2) A process described in (1), wherein the polymeric scale inhibitor is a
polymer selected from  homopolymers and coﬁolymers of acrylic acid,
methécrylic acid, maleic acid, maleic al'lhydrider and itaconic acid; and

(8 A process described in (1), which comprises




deconposition of the polyneric scale inhibitor by ozone, froma

rel-ati onship between the average nol ecul ar wei ght of the polyneric scale
inhibitor and an effect of preventing formation of scale, (ii) determning
by a neasurenent a relationship between a rate of supply of the ozone and a
rate of deconposition of the polyneric scale inhibitor, (iii) determning
an initial average nol ecul ar weight of the polyneric scal 4 g&hé,l%é,ogooghl ch
provides an average nol ecul ar wei ght within the opti mumrange f

‘preventing formation of scale after the polyneric scal e inhibi tor S
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3-all ylnnboyhéwalyadsysmnpr opanesul foni ¢ acid, vinylsulfonic acid, acid
phosphooxyet hyl (neth)acrylate, acid phosphooxyet hyl ene gl ycol
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monomers selected from the group consisting of acrylic acid, methacrylic acid, maleic
anhydride, and itaconic acid and salts thereof and (b) one or more monomers selected from the
group consisting of (meth)acrylamide, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, 2-methyi-1,3-butadiene-1-sulfonic acid, 2-methyl-1,3-butadiene-3-sulfonic acid,
2-methyl-1,3-butadiene-4-sulfonic acid, 1,3-pentadiene-1-sulfonic acid, 1,3-pentadiene-2-
sulfonic acid, 1,3-pentadiene-3-sulfonic acid, 1,3-pentadiene-4-sulfonic acid, 2,3-dimethyl-1,3-
butadiene-1-sulfonic acid, 2-methyl-1,3-pentadiene-4-sulfonic acid, 3-methyl-1,3-pentadiene-1-

. sulfonic acid, 2-methyl-1,3-butadiene-1,3-disulfonic acid, 2-methyl-1,3-butadiene-1,4-disulfonic
acid, (meth)acrylamido-2-methylethanesulfonic acid, (meth)acrylamido-2-methylpropanesulfonic
acid, 3-allyloxy-2-hydroxypropanesulfonic acid, vinylsulfonic acid, acid phosphooxyethyl
{meth)acrylate, acid phosphooxyethylene glycol mono{meth)acrylate, (meth)acrylonitrile, methyl

- (meth)acrylate, glycidyt (meth)acrylate, N-methylol{meth)acrylamide, styrene, .alpha.-
methylstyrene, styrenesulfonic acid, vinyltoluene, vinyl acetate and salts thereof; or a

neutralized salt of the polymer.




neutralized salt of the polymer. 4 21 Septenber 2005 A further object of
the present invention is to provide a process for preventing formation of
scal e, wherein the polyneric scale inhibitor is a terpolynmer soluble in
water which is obtained fromisoprenesulfonic acid, acrylic acid and
2-hydroxyet hyl nethacrylate in anpbunts such that a ratio of anmounts by

mol e of the isoprenesulfonic acid, the acrylic acid and 2hseRehyeir2onget hyl

met hacrylate is 20170110; and wherein the average nol ecul ar wei ght of the
polymeric scale in hibitor in step (iii) is of 6000 to 26,000_ DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS I n the process for preventing formation of

scal e, a paliyfes oﬁjeﬁllcﬁléﬁﬁ pﬂegé}hmvwonhévcj Baife Bi L8Pt pHEhRRtindEb@Hionhi ch

gl ves an aver age ar wel he op ti mum range r_eventl ng
f or maef %ﬁale@whe@mh@ palvmeric seale p%lbj}ﬁﬁé? @de@eb{rr@r ﬁ@ivhlmrt\mtei \ghlalé@&'??m@d with

ozoneghs W&'ﬂ;suff&ﬁ@a@d VRRBE 28Y 2hé& QlHyBrdﬂ'?étﬁfl n‘i&l@é’l@ylét@ W&ﬁ&ﬂt@éuch that a
di sinfection. The nponents of the 'scale to process of

pr es efAtiojgh aERHRIS r*i’yé‘ﬁ?‘le olye jssprenesiicaicFsid, B‘&r%ﬂ!‘ﬁ F"a‘.‘[jlayd I”ierﬁ F’%‘HOZYEQHM)I es of
the caigaeRAMS sSOio,vm@laﬂd wheleitiBie GRbabY MEEIURP RRigt ofiRé BblfesdIsdant ia,
calciumsulfite fum fluoride, calciumsilicate, calcium phosphate,
caIC|Uﬁ?@%ﬁﬁﬁ?ém)?ﬁﬁ@ombW&?éﬁQte zi nc hydroxi de, zinc carbonate, zinc
silicate, magnesium silicate, magnesi um hydroxide, ferric hydroxide, iron
oxi de, mud and flocks of mcroorganisns. 21 Septenber 2005 It is
preferable that the present invention is conducted in accordance with the

. followi ng steps: (1) The opti mumrange of the average nol ecul ar wei ght for

preventing formation of scale is obtained fromthe relation between the
DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the process for preventing formation of scale, a polymeric scale
inhibitor having a high molecular weight which gives an average
melecular weight within the optimum ranger for preventing formation of

- scale after the polymeric scale inhibitor is decomposed with ozone is added
into a water system in which ozone is used for disinfection. The
éomponents of the scale to which the process of the present invention can

~ be applied is not particularly himited. Examples of the components of
scale include calcium carbonate, calcium sulfate, calcium sulfite, calcium
fluoride, calcium silicate, calcium phosphate, calcium oxalate, zinc
phosphate, zinc hydroxide, zinc .carbonate, zinc silicate, magnesium
silicate, magnesium hydroxide, ferric hydroxide, iron oxide, mud and flocks

of microorganisms.




aver age nol ecul ar wei-ght of the polyneric scale inhibitor which is used as
the scale inhibitor (the dispersant) in the water system and the effect of
preventing formation of scale with respect to variou2t§gréembeér Zigbst ances
form ng scal e and suspended substances. In the present invention, the

- method for neasuring the average nol ecul ar wei ght of the polyneric scale
inhibitor is not particularly limted as long as the sane nethod is used.
Exanpl es of the t hod include the osnotic pressure nethod, the solution
vi scosity met hodlt t%e Prefgiible c Bhate thegpraseplodnvenidony| isr geadvetedugat i on

- nmethod and t I 1 ti chr omat ography (GPC). Anong these nethods,
GPC can be ﬁggcf%rgg ﬁo‘élt{l}gtgla f&(@?“f/lﬁlgrsf%)%cal e inhibitors which have the sane

conposi tion andgi f figeephtiAVE] 396 B0 Eht acfvei‘féeg%(?le&ﬁgr Qi@eigm gj,ped by
synt hesi zing polyneric scal e inhi gl tors having ditferent av&rage nol ecul ar
wei ghts by ppeVautarg fratistivnusidenle &y bledimantibinl gRSrastiorbetkeat tnel Yy, by
synthesizing a polyneric scale inhibitor having a high nol ecul ar wei ght,
whi ch was t Rearagsaeolepdae aveightindithe palynienicecelsnnhititonvwincbioneed as wat er . To
obtai'n data,, on the l.ati &ger-]get ween the average nol ecul ar weight of the

pol yneric &%Isféalre ARPiog 1sprrsagp Btheoaist syeiem ﬁﬁ&ftbﬁrﬁﬂffei%bﬁf of scal e,
e gt Cor P PRt ddheorR BB WFRELE HOR Euredl b U Ahud A% A BLARAT! Poul 20

wei ght wi.t h"ozone 1 vant ageous si nce nmeric s ¥S havi ng

cont i nuous| YorvdinpakaRv @ GasHEHdea Wbkt INTS E@MN ARG APLALAGHN, 2l Sept ember
2005 The effect of preventing formation of scale (the dispersion effect)

of a pol ynenathed filreneasurbig e avetdge mslpealar weightodnhe pelyimaic ddak: scal e
can be eval uated by preparing a supersaturated solution of the conponent
for the evalilibitenls aefdpagioherly e pe langadse thapame troethpd ishwedpr epar ed

sol uti‘on an%x%&%?esog tﬁie rlllilencgo& E‘r?cl&gen&%ngs%tt{copr}es?sfurtte rIlnee',tﬁg ,yt ersio ution
viscosity method, the light scattering method, the ultracentrifugation
method and the gel permeation chromatography (GPC). Among these
“methods, GPC can be preferably used. '

Polymeric scale inhibitors which have the same composition

and different average molecular weights can be obtained by synthesizing

polymeric scale inhibitors having different average molecular weights by
polymerization under varied conditions or, alternatively, by synthesizing a
polymeric scale inhibitor having a high molecular weight, which was then
decomposed by bringing into contact with ozone in water. To obtain data
on the relation between the average molecular weight of the polymeric
‘scale inhibitor and the effect of preventing formation of scale, the
decomposition of a polymeric scale inhibitor having a high molecular
weight with ozone is advéntageous since polymeric scale inhibitors having

continuously varied average molecular weights can be obtained.



scal e inhibitor necessary for preventing separation and precipitation of
the conponent. Wen the conponent of the scale is a suspended substance,
the effect of preventing formation of scale of a pol ydfePepiensben 2906nhi bi t or
can . be eval uated by preparing a suspension of the substance, adding the
polynmeric scale inhibitor to the prepared suspension and then obtai ning

the concentration of the polyneric scale inhibitor necessary for decreasing
t he speed of sedinentation of the suspended substance. Data on the

rel ati on between the Hud effattaof nedvghtingf foampeioyinel s@ls qelee dispbi-dioh or and
the effect of preventing formation of scale can be obtained al so by

measuri ng t §Eestad aopoliesicrivale indrbiderawithorespeaty bof acemonkabiof thansf er .

(2) An aque solution of th olynmeric scale inhibitor, is pr red.

Ozone i s CO%?E?%U(@&SF?/ egﬁp‘bqt?%}fgr%/%l% Ep PR rBF‘?dE)ﬁO gt H‘geﬁ?lange in
the nol ecul %mg;@mqntfopfmé BealRALiyHBAdding CRL BolyHM R %8{1 Wikiitht B8 th
measured. In this nmeasurenent, the concentration o the pofymerl C scale

i nhi bitor, phearad echitioaugmpl yhaf obzofieg theeconanagntisdiof @he Qolyagsne, the
period of time of supply of ozone and the tenperature of water are changed
and the rebeal¢ orybier nersasariidor prexenting eeqyprrptison tindrprefipitagiopalf yheer i ¢ scal e

i nhibitor and the rate_of supply of ozpne or the concentration of ozone are
obt ai ned fr SHPPHREYbt %M%&dt%&%/m@s?t Pﬁ&%caé%f%ﬁ%%wdswmqen whi ch

i | Si i i .of th | i I
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tinme of thephpQlwlBitbe HCBtéharif Al s@pehBiont G tBY SLBRANE, QM BRA. Usi ng
the data obtained in (2), the initial average nol ecul ar wei ght of the
pol ynmeri c spalyemerichichle rhibiorctv tls: prepqued edsgamsiompind ahen ndtdihen@ver age
nmol ecul ar wei ght within the optinmmrange and exhibiting the effect of
preventing thsy spmcetnaden gk theapolymeric scale 1nhibitor necessary for decreasing

the speed of sedimentation of the suspended substance. Data on the

relation between the molecular weight of a polymeric scale inhibitor and
the effect of preventing formation of scale can be obtained also by
measuring the rate of attachment of scale on a surface of heat transfer.

(2) An aqueous solution of the polymeric scale inhibitor is prepared.
Ozone is continuously supplied to the prepared solution and the change in
the molecular weight of the polyméric scale inhibitor with time is
measured. In this measurement, the concentration of the polymeric scale
inhibitor, the rate of supply of ozone, the concentration of ozone, the period
of time of supply of ozone and the temperature of water are changed and

~ the relations between the rate of decomposition of the polymeric scale
inhibitor and the rate of supply of ozone or the concentration of ozone are
obtained from the obtained data.

(3) In the object water system in which ozone is used for

-disinfection, the concentration of the polymeric scale inhibitor, the rate of



after the polynmeric scale inhibitor is deconposed with ozone in the water
system and the nol ecul ar weight is decreased, is obtained. (4) The

pol ymeric scal e inhibitor having the initial nolecul a¢l Sertegher ¥dai ned in
(3) is added to the water systemto which the process of the present
invention is applied. In accordance with the above process, the polyneric
scale inhibitor is deconposed with ozone and, after the polyneric scale

i nhibitor has been deconposed, the average nolecular weight of the

pol ymeri ¢ s&4PRY; 9finzene gnd; theimetengiqmn fimgyaf the plymario seald inbibiter ant he

S optinmumran which can exhibit the.effect. of preventin formatjon of
scal e- Therg %rsg?‘%tnhearaecé)?@gglgdi n “tHE 5?‘? edca?ta ti‘;’r“ﬁae‘ﬁ‘t &Hgthef i on of
scal e whi ch gkbsrfu@U j i r t:Qy . c si.tion of
ol ymer o senraey ML Ao aBh) S AP IRIERSAF, it | BLpine RERES' The

pol yneri ¢ seedirédhhfobi inuintaihialy ithe UsS@tabd inldRcRIHS Slight@MinORLES @

pol ymer havi ng carboxyl group and nore preferably a polyner selected from
honopol yner §ptmdie gpoiy apdexdibitiagropeiaffeat pfiprevenhiagriyinatiac oflscalal ei ¢
acid, mal eic_.anhydride and iageacrﬁgi)_c acid. The copal yners of acrylic acid,
met hacryl i c 256F 4he palvareicesale phubups 1s depeymorerd vathiozangdsribe veates may be

copol ymers ahlalath AR LGRS w TBHPIEIS O £ORGLIRLS oDl ai ned from These

nononers an nononers coporyneri za ése nononers. The

copol yners of Y TEe §fdlfmefBL AL Yhhibitde| BhvifiR! @leCinifib] j C
anhydri de and I?{tzjgconi cqj;ﬂ%il Sept ember 2005 aciicaz{grrtgifl5 bnéﬁ%log%ﬁﬂg&rrgfﬂé havi ng
two types oWemgriobbainadin ¢3) is adjed yoreheswata\dysteni b edidhyheprodessononmer
units or copolyners having four or nore types of nononer units. The other
nmonomer whi B¢ PEeseBharyeméionsdaniilied- adn ycpqrdapiadwith the above process,

the polymeric scale inhibitor is decomposed with ozone and, after the
polymeric scale inhibitor has been decomposed, the average molecular
weight of the polymeric scale inhibitor in the water system is adjusted
within the optimum range which can exhibit the effect of preventing
formation of scale. Therefore, the decrease in the effect of preventing
form__ation of scale which i1s found in conventional processes due to
deéomposition of polymeric scale inhibitors can be prevented.

It is preferable that the polyniéric scale inhibitor which is used in
the present invention is a polymer having carboxyl grdup and more
preferably a polymer selected from homopolymers and copolymers of
acrylic acid, methacrylic acid, maleic acid, maleic anhydride and itaconic
acid. The copolymers of acrylic acid, methacrylic acid, maleic acid, maleic
anhydride and itaconic acid may be copolymers obtained from these
monomers or copolymers obtained from these monomers and other
monomers copolymerizable with these monomers. The copolymers of

acrylic acid, methacrylic acid, maleic acid, maleic anhydride and itaconic




met hacrylic acid, maleic acid, maleic anhydride or itaconic acid is not
~particularly limted. Exanples of the other nononer include

(net h)acryl ani de, 2-hydroxyethyl (meth)acrylate, 2-hydresRIgRBeRA005
(meth)acrylate, 2-nethyl-1, 3-butadiene-I-sulfonic acid, 2-nethyl-1, 3-

but adi ene- 3-sul fonic acid, 2-nethyl-1, 3-butadi ene-4-sul fonic acid, 1, 3-
pent adi ene-| -sul fonic acid, 1, 3-pentadiene-2-sulfonic acid, 1, 3-pentadiene-
3-sul fonic ac%P, 1, 3- pent adi eng- 4-sul foni c afid, .
2, 3- di met hy e Bay be, gonalgmens g%‘rlflﬁﬁlwe typpg ol monomer units, terpolymers

2-nmet hyl -1, 3- ' -4- e i. - et hyl - 1. 3-

pent adi ene- ﬁfl-agglpé %e?@g?sd,%Fﬁoqn{éh?yfﬁ%w%ggﬁ?pé%s{ae{%res-%%f—l%if%‘llﬁ Polft€%acid, 2-
met hyl - 1, 3- hypadbfanendmér dhsyl fonic acid, (neth)acryl am do- 2- net hyl -

et hanesul fonic acid, (neth)acryl am do-2-mnethyl propanesul fonic acid, 3-

al | yl oxy- 2- hydr oiher ofere sadnioorer c whddhd ,is véopylysndrizedi e iadrylaciadid,
phosphooxyet hyl (neth)acrylate, acid phosphooxyethyl ene gl ycol

nono( net h) aépstbacwlic aehmadeipl andt maleic andydyide oreitayude dcid és nytyci dyl
(nmet'h)acryl at e,. t hyl ol (et h)acry] am de, ,styrene, a-nethyl.styrene,
styrenesul f@ﬁf@c‘yﬁqﬁ, h%ﬁ“h‘i‘/’ ol ﬁ%‘?ﬁ;iﬁsnﬁ db&t Ather, nporgmer” drelnfigse
nonomers. T gﬁﬂ-&grer RN d g1 i,n ! HPE ! f two or
nore. The p?%gggggﬁfl t he ’prgsentp’?yr?\li;gﬁti ghﬁgﬂé)ﬁcﬁgaﬂg’ppr?ggha R&ﬂ’gn agents
ot her than (laetldaemdatsalEmiethyil $-Butalith@130H0SHChacid CRMEQRKYRN,3-
inhibitors for nmetals, chelating agents, scale inhibitors which are not

pol ymeri ¢ (buspbesestsiifoand alidi #Fmettaitlss-butraliernchénulfenine agide dsed in 8 21
Sept enber 2005 -cqnbination in_the object water system Exanples of the
corrosi on PRAtaseRs-4-splpniceicd. sl wentatiencsulfoiic paid ilvpeptadigneal s such

g‘zl tsg'l E)fs of 3-s%.1i NGié Q(gd,sﬂhgpsen%.digﬂé:-!&gsluifoﬁ%l t}c%d,%S-Hpn?gt%g}ﬁT,iB— G %hgesnegucr] as
: l-sulfonic acid, 2-methyl-1,3-pentadiene-4-sulfonic acid, 3-methyl-1,3-
pentadiene-1-sulfonic acid, 2-methyl-1,3-butadiene-1,3-disulfonic acid, 2-
- methyl-1,3-butadiene-1,4-disulfonic  acid, (meth)acrylamido-2-methyl-
ethanesulfonic acid, (meth)acrylamido-2-methylpropanesulfonic acid, 3-
allyloxy-2-hydroxypropanesulfonic  acid, vinylsulfonic acid, acid
phosphooxyethyl (meth)acrylate, acid phosphooxyethylene glyeol
mono(meth)acrylate, (meth)acrylonitrile, methyl (meth)acrylate, glycidyl
(meth)acrylate, N-methylol(meth)acrylamide, styrene, c-methylstyrene,
styrenesulfonic acid, vinyltoluene, vinyl acetate and salts of these
monomers. The above monomer may be used singly or in combination of
two or more.
The process of the present invention can be applied also when
agents other than the above scale inhibitor and ozone such as corrosion
inhibitors for metals, chelating agents, scale inhibitors which are not

polymeric (dispersants) and disinfectants other than ozone are used in




hydr oxyet hyl i denedi phosphoni ¢ acid; salts of phosphonocarboxylic acids

- such as salts of phosphonobutanetricarboxylic acid; salts of polyneric
phosphoric acids such as salts of orthophosphoric aci4f 2griember 2005

hexanet aphosphori c acid; esters of phosphoric acid; azoles; and am nes.
Exanpl es of the scale inhibitors which are not polyneric include salts of
phosphoni c aci ds, salts of phosphonocarboxylic acids, salts of polyneric
phosphoric acids and esters of phosphoric acid. Exanples of the

di si nf ect antOBPRRIIAMAR BroRBIChSYUEE Fakorer ndxpmphess ohdheumsedion

guat ernary ammni um.sal t Qr i c_hal ogen,co unds, such as hl ari nat ed
Tet byl | 2ot hiaDariens foomegs AR Selg A TR RS HihAt anfic of

2- br omo- 2- nif0-hd3sROPaN kel 8e 2f IsPhOTR- idi dlch! ABT AtORAT de,

gl ut aral dehyde and net hyl ene bi st hi ocyanate. The process for preventing

f or mati on ofhydeatyetioflidehediphesgiinic ianide rialte nofcplilodpboadpirb et 1icoaddyat er
systemin which, when a conventional process is applied, the average

nol ecul ar webghtasopalss | th@n@n’éﬂ@etﬁcmﬁw}a@ramgwé% of Holymerit he
optimum ran of, the aver age | ecul ar, wej ght,.and the effect of preventing
formati on og’%'gﬁpﬂoémdeé‘f; se%““ggeaf’o 8 coﬁé)ogftpiogﬁo%’lhof‘ﬁe poftyntRd c scale

i nhi bitor w . - 1. d]Sl LoR. .C ; iL.th the process
of the pres éltﬁ?a]?lég nto:ggﬁ(%lét ﬁzéld’ g%%?%égﬁh%ﬁ%glg ﬁﬁcgaf?&mf%oﬁ%?o%&dg%ﬁ%%saf ter the
pol ymeric s@lagnledbbilicotcals inlBROFPRIERYE e tibt GHOARCHS ifdhidaiRre ofnd the
initial nolecular weight of the polynmeric scale inhibitor is adjusted in a
manner such phhathanie aener aglés ofiphesphamncavbogylic atidaj sets af tpetyrmdide pol yneric
scale inhibitor is 9 21 Septenber 2005 deconposed with ozone is within the
opt i num r an§Bogrharite agidsr 48d episrecef] ahoswdiogst acithe Bappnded ofsthd e

~inhibitor h%}/s!irqgcéarx]l% &1l 4% n ozone include quaternary phosphonium salts,

quaternary ammonium salts, organic halogen compounds such as
chlorinated methylisothiazoline, chlorinated or brominated
“methylhidantoin, 2-bromo-2-nitro-1,3-propanediol and 2,2-dibromo-3-
nitrilopropionamide, glutaraldehyde and methylene bisthiocyanate.

The pfocess for preventing formation of scale of the present
invention can be applied to a water system in which, when a conventional
process is applied, the average molecular weight of a polymeric scale
inhibitor decreases below the optimum range of the average molecular
weight and the effect of preventing formation of scale decreases due to
decomposition of the polymeric scale inhibitor with ozone used for
disinfection. In accordance with the process of the present invention, the
average molecular weight obtained after the polynieric scale inhibitor is
decomposed with ozone is estimated and the initial molecular weight of the
polymeric scale inhibitor is adjusted in a manner such that the average

molecular weight obtained after the polymeric scale inhibitor is




nmol ecul ar wei ght thus adjusted is added to the water systemand an
excel l ent effect of preventing formation of scale can be exhibited. In
accordance with the process of the present invention,2bbepiempentOtsr

.deposi tion of scale, sludge, corrosion products and slinme on heating tubes,
heat exchangers, condensers, polynerization reactors and piping can be
prevented and problens such as hindrance of heat transfer, a decrease in
the flow rate and | ocal corrosion can be effectively prevented. EXAMPLES
The present daso@rpsesh With |ozgee deswithbe dhaoertimpacirkhealdfythei thenagé er ence to

exanples in t fol | owi ng. wever, the presept .invention is not limted
to the exanﬁP§§m§%5H%f5£$‘( ePﬁ?ﬁﬁf?oﬁg%?lP 195+ ﬂﬂﬁ?rgﬁgévﬂﬁg?he

aver age ol afbloBilar WG enhSHREEA Ss UaRal & POLWIREL k8 Bohoby - necked
flask equi pped with a stirrer, a reflux condenser, a d opp1 ng funnel and

an inlet forexoéllamgeifecyast, pratrtingSothetis ofeathlandn kY dkp@aadperexi de as
the polynerization initiator were placed and the atnosphere inside the

flask was pucoadanie hwitht thegemcesthiof ehehprdsent Knvevdsorh eatttechment agueous
sol ution contai ni.ng isoprenesul fonic, acid, acrylic acid and 2-hydroxyet hyl
met hacr y| at SlePPHECR of serles slpfige. sarrgnion nsgdugs end shigperon heptinagubrsded

dropwi se. Aft it s _conpl eted,. the ol ri.zation s all owed
to 1I‘O urt her &egggegfal%%g%,éo%ﬁeﬁ%ﬁ%o%@?%mﬁt@éﬁ%ﬁgﬁ Xg%d)éplélglci?t"i f of
sodi um hydr @xi¢sht¥@anaqaeHleaRbuch @ sIahHE QR 04SP Bnsflr! ¥ det&%ggé glized. The

rate .of addition of the aqueous solution of the nonomers,
pol yneri zat ithe floengpées ahdileal tdreosasmcani bobffagddlhyehvegesd. per oxi de

EXAMPLES
The present invention will be described more specifically with
reference to examples in the following. However, the present invention is

not limited to the examples.

Example 1 (Determination of the optimum range of the average molecular
weight)
[Synthesis of a terpolymer]

Into a four-necked flask equipped with a stirrer, a reflux condenser,
a dropping funnel and an inlet for nitrogen gas, water as the solvent and
hydrogen peroxide as the polymerization initiator were placed and the
atmosphere inside the flask was purged with nitrogen. While the flask
was heated, an aqueous solution containing isoprenesulfonic acid, acrylic
acid and 2-hydroxyethyl methacrylate (the ratio of the amounts by mole:
20/70/10) was added dropwise. After the addition Was. corﬁpleted, the

polymerization was allowed to further proceed. Then, an aqueous
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and the polynerization tine after the addition of the agueous sol ution of

t he nononers was conpl eted were changed and 9 types of terpolyners having
average mol ecul ar wei ghts of 100, 000, 50, 000, 30, 000,2Y8emenber 285000,
13,000, 11,000, 8,000 and 6,000 were obtai ned- The average nol ecul ar

wei ght was nmeasured in accordance with GPC using sodium.

pol ystyrenesul fonate as the reference. [Test of formation of gel with
calciumion} . Into a 500 m conical beaker, desalted water, a pH buffer
“sol ution ce&nkudion; efgsebvinchadlogidenyas adidadnangy theesolutiomquasopsrtédiut i on of a

terpol ymer and. an aquequs sol utian of .cal ci um chl or.i de re added

successi vel feﬁFf&%%‘g ﬁfh%’fat‘éoffé@‘ﬁm%loﬁﬁ?eo%‘ﬁﬁw #Rjution pf {dre momomers, :
concentrati f - 0 1 jte ci um har dness of
50 ny CaCO?ﬂ;I 7 ?»819315\%:8&%@21'0& e@.ra%rg’ g&r%%%éddgg ({fhlgsggfskgﬁﬁ g fUe! ﬁ%oxugeol uti on of
cal ci um chl ghild@eWasyabangesh 6ol i@st tmmiti@ﬁ%fmﬁé/hgge&@w&ﬁan par dnesses
of 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000 and 1,100 ng

CaC®3/ | i t er tine meorfomdrievapreppleétl meracbangshand W typet ke tesprdymprocedur es

as those conducted above. The conical beakers were sealed wth

pol yet hyl endaFingnaveysiggcoglechlay vaighin of atdbe00WaRGP0Gha3h0RBpE6HP000C  and

l eft standi er r rs en, idit the taest solutions wth
gel fornmed Eg@@pn&%ngé’%ofl]lr‘@ft%?%%?‘}Hé’ﬂd“’&ﬁ/c?_%ﬁ’? n ﬁﬁ% it ured. The
great est cahiilmakAnaRSwibinedh GRS 8l RGrathdl didhy Gty LEk g&&mﬁ,g' ution
was defined as the threshold calciumhardness in gel Tformation of a

- ter pol yner . pdlyetygepaitfonhhead theash@bacecal ci um hardness in 11 21 Sept enber:

2005 gel formation of a terpolymer, the nore stable the cal ci um conponent,
st ayi ng di sfbistefifarmajimmnent gel wHbwaldemionl scal e.

Into a 500 ml conical beaker, desalted water, a pH buffer solution
containing boric acid and sodium borate, an aqueous solution of a
terpolymer and an agueous solution of calcium chloride were added
successively and 500 ml of a test solution having a pH of 85, a
conceniration of the ferpolymer of 100 mg/liter and a calcium hardness of
50 mg CaCOg/liter was prepared. The amount of the used aqueous
solution of calcium chloride was changed and test solutions having calcium

~ hardnesses of 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000 and 1,100
- mg CaCOg/liter were further prepared in accordance with the same
procedures as those conducted above. The conical beakers were sealed
with polyethylene films, placed in a thermostatted water bath kept at 90°C
and left standing there for 1 hour. Then, turbidity of the test solutions
with gel formed by binding of the terpolymer and calcium ion was
measured. The greatest calcium hardness which caused no turbidity in
the test solution was defined as the threshold calcium ilardness in gel

formation of a terpolymer. The greater the threshold calcium hardness in

11




[ Test of prevention of precipitation of cal cium phosphate] Into a 500 m
coni cal beaker, desalted water, a pH buffer solution containing boric acid
and sodi um borate, an aqueous sol ution of calcium cHlopepiemnbemn2®gueous
solution of a terpolyner and an aqueous solution of sodi um phosphate were
added successively and 500 M of a test solution having a pH of 8.6, a
concentration of the terpolynmer of 3 ng/liter, a calciumhardness of 100
mg  CaC03/liter and a concentration of phosphate ion of 10 ng PO43-/liter
was prepar egel fiymatom ebp iseedemnenathes ewire dtalie ttheacaleiuye coppenentt i | m and
placed in a thermgstatted wat er '2 th kept at . 60C. After 40 hours, the test
sol uti on vva§taf3’ilﬁ1£g’rsé VER LU Y ﬁ?‘t‘ r $¢@%having a pore dianeter of 0.1

p. m and the o i . ion in the obtained

filtrate mg@%@e;égg%v%_hk@ﬁg?gﬁ%%ﬁ%z{tg@ %Ilm%q oot%gﬁé%ll ution of the

terpol ymer was chapgegoams doagas MEBLEY, FeBAUEE Fat&S ol PAWMAESSNEfeY above

wer e conducted. Thus, test solutions having the concentrations of the

t er pol ynmer oéntdjnibg Wric7acid and, sodQym torated ab2aqupbls tsehutioapocdldiumher

prepared and the sane neasurenent as the above was conducted in accordance

with the saflopdgcanmadsonsselnber of anigueelsmer gnd: 2 agpests. sohidor 9fi| | est

~concentration,.of the terpolyner ich gave a i dual . concentration of
phosphat e i B8R Bﬁ?ﬁ%ﬁﬁﬁ?—eﬁ f’flg'\?w(ﬂmcﬁg%‘ﬁ? ra‘t‘ggﬁgﬁﬁdﬁaﬁ‘ %?"%a%’ﬁ?td?f‘ of 90% or
greater) wa i e,t t.graal C r.at} for

~ preventing gg gllfgjugn%gﬁégp%g’tg %;ng%%aﬁgltliogn@g ﬁ'léﬁagﬁrr%ﬁ%?ét!ﬁg}.]ﬂ%r%s hol d

t er pol yner cadnvembasdiesa of 300 preeCVetiisAiger ahd ianwncattosidavEphogpdiape t at i on,

t he nore excellent the efgf_e_ct of preventjin formation of scale with
respect to toR ef dhpedPratlider Faspreparide comas beaker gfasppealetht i on of

~precipitation_of iro dr oxi de
P P with a pofyealngne Bf(m anli placed in a thermostatted water bath kept at

60°C.  After 40 hours, the test solution was filtered through a filter paper
having a pore diameter of 0.1 ym and the concentration of the residuél
phosphate ion in the obtained filtrate was measured. The amount of the
aqueous solution of the terpolymer was changed and the same procedures
as those described above were conducted. Thus, test solutions having the
concentrations of the terpolymer of 4, 5, 6, 7, 8, 9, 10, 11 and 12 mg/liter
were further prepared and the same measurement as the above was
conducted in accordance with the same procedures as those conducted in
the above. The smallest concentration of the terpolymer which gave a
residual concentration of phosj)hate ion of 9 mg PO S3-/liter or greater (a
residual fraction of 90% or greater) was defined as the threshold
terpolymer concentration for preventing calcium phosphate precipitation.
The smaller the threshold terpolymer concentration for preventing calcium
phosphate precipitation, the more excellent the effect of preventing

formation of scale with respect to calcium phosphate.

12




Into a 500 m conical beaker, desalted water, an aqueous solution of a

ter pol ynmer, an aqueous sol ution of sodi um hydrogencarbonate, an aqueous
solution of sodiumsilicate No. 3, an aqueous sol uti ofl Sgptember209b '

chl oride, an aqueous sol ution of magnesi um sul fate and an aqueous sol ution
of iron(lIl) chloride were added successively. Finally, pH of the.

solution was adjusted with a 1% by wei ght aqueous solution of sulfuric acid
or a 1% by wei ght aqueous sol ution of sodi um hydroxide and 500 mM of a

test sol uti qledtafippevention cffpr8eifitatios oNenthydird:ade]of t he terpol ymer of 3
‘ng/liter, a calciumhardness of 250 ng CaCO3/liter, magnesi um hardness of
100 ng CaCOB/ | it énto abQRkgrlaenishl heakerad¢sabied 260 enprCaGERlkisptionsof
concentration of silica of 100 ng (ghOZ/Ii er .and a concentration of total

iron of 103mieMEONTEer MedIHEHaFYHIOTHY cotiiEh hskagcaRAnateaPBd with a
polyethy' eng, tbhid 8fiBh 3¢ Sahdh Sul gl RRShabh S LRI LLIRAL Rl dh 30C -

After being nding there 1o out s, aker "was en out and

the concent aldrQfR, Ofn IdRRBoEs SRANSAH df NmbhBReSHRELNRLAN and0hHT h QRS
measured. The anpunt of the aqueous sol ution of the terpolynmer was changed

and t he sameotimediresIH} chlvosle wlescaddeddsabassevelyer diaalgdupHad.the Thus, 500
m each of test solutions having the concentrations of the terpolynmer of

4, 5, 6, 7, sglutipn was adinsiedavith avkes by meighfarqyspapenlutionnfisulferic acide
e b R R RS SRS BELRETS o o
Lhe 1 POl Vgl Al 3RV IR ek ARGRRLIA LPIOLembl) BP0t O 0

concentration of silica of 100 mg SiOg/liter and a concentration of total iron

of 10 mg Felliter was prepared. The conical beaker was sealed with a
‘polyethylene film and placed in a thermostatted water bath kept at 30°C..
After being left standing there for 20 hours, the beaker was taken out and
the concentration of iron dissolved in the supernatant solution was
measured. The amount of the aqueous solution of the terpolymer was
" changed and the same procedures as those described above were conducted.
Thus, 500 ml each of test solutions having the concentrations of the
terpolymer of 4, 5, 6, 7, 8, 9, 10, 11 an_d 12 were further prepared and the
same measurement as the above was conducted in accordance with the
same procedures as those conducted in the above. The smallest
concentration of the terpolymer which gave the residual concentration of
iron ion of 9 mg Felliter or greater (a residual fraction of 90% or greater)
_ _w-as,deﬁned as the threshold terpolymer concentration for preventing iron

hydroxide precipitation. The smaller the threshold terpolymer

13




~concentration for preventing iron hydroxide precipitation, the nore
excellent the effect of preventing formation of scale with respect to iron
hydroxi de. The results of the tests are shown in Tabl&l Jeptaabee20D5

Aver ageThr eshol d cal ci umlrhr eshol dThr eshol d nol ecul ar har dness

i nterpol ynerterpol ymer wei ght ofgel formationconcentrationconcentration for
preventing. for preventing terpolynmerng CaCC3/liter)cal ci um phosphate iron
~hydroxide precipitation precipitation (ng/liter)(nmg/liter) 100,0001, 000104
50, 0001, 00024n&nt 0 (OO Igrev@hitifg Oikp 0B Ydrokeidc0Gidcipliatidn,1 300680064

11, 00060065 8, 00050076 6, 00050078 As shown in Table 1, the greater the

mol ecul ar weKetitenbfthe rffect of prepentingt formetipamisgpleorith reepert tacitgni ¢ aci d
and 2- hydro%gt% nmet hacrylate (the ratio of the amobunts by nol e:

20/ 70/ 10) , TERET-1 er the

The results of the tests are shown in Table 1.

Table 1
Average Threshold calcium Threshold Threshold
. molecular hardness in terpolymer terpolymer
weight of gel formation concentration concentration
terpolymer for preventing for preventing
calctum phosphate iron hydroxide
precipitation precipitation
(mg CaCOgfliter) (mg/liter) {mg/liter)
106,000 _ 1,000 10 4
50,000 1,000 9 4
30,000 1,000 9 4
26,000 1,000 7 4
16,000 1,000 6 4
13,000 : 800 6 4
11,000 600 6 5
8,000 500 7 6
6,000 500 7 8

As shown in Table 1, the greater the molecular weight of the
terpolymer of isoprenesulfonic acid, acrylic acid and 2-hydroxyethyl
methacrylate (the ratio of the amounts by mole: 20/70/10), the smaller the
tendency to form gel with calcium 1on and the more excellent the effect of
preventing formation of scale with respect to iron hydroxide. On the

other hand, the greater the molecular weight, the smaller the effect of

14




tendency to formgel with calciumion and the nore excellent the effect of

preventing formation of scale with respect to iron hydroxide. On the other

hand, the greater the nolecul ar weight, the smaller t3ieSeftémber 410514 21

Sept enber- 2005 preventing formation of scale with respect to cal cium

~ phosphate- The stable excellent effect was exhibited in the range of the
average nol ecular weight of 6,000 to 26,000. Fromthese results of the

tests, it is shown that, in the water system having a cal ci um hardness,

t he opti mumprangeind formeatiay ef agelenwithcrdsaectwini ghltivho phexphidie! | Tget he

excellent effect of preventing formation of scale by the addition of the

t er pol yner vﬁt{lwe%‘ﬂgw effgcihmanephibited in itherrprassqfithe averngei melacwipdr oxi de i s

ol ear 1y showiePht S & .6 TRET Hieh? Festie S6HEe Relatiior afess abFbcu ar
carly < ! F e PaebRboy
2 hydr oxyet g1 e RRE Ry o e {ERE R FARREh 1P R U ok St 087, 1)

as the scal evefdiidinbculay WeidRPfdre:x26hifRQ. the RxA6EeNE dHREE.MhleRehiths
know edge, a terpolyner of isoprenesulfonic acid, acrylic acid and 2-

‘hydr oxyet hy lformether nf/$caieby theaddition obthd repalymentvsitihyespetteto ROh 00/ 10)
~havi ng an average nol ecul ar wei ght of 13, 000 was synt hesi zed. This

t er pol ymer \fééi“ dperhriged) ity hydiogideds §.900 §0i26009% a 200 ny/liter

- aqueous solution of the terpolyner was prepared. The prepared aqueous
solution was placed in a 1 |iter beaker, which was then placed in a

t her DSt att gekWeIE® MRbGMEERLRbE 39GnoaRiiEwaRSsAYEd by an ozone
generator [manufactured by ASAH TECHNI'GLASS Co,. Ltd.; LABQZONE 250 type]

~was bl own into the dgubosisowolinfixampla 1t ke bpalein rabgaof @lceawrai® ny/ hour

t hrough a gas di spersion tube nade of a glass filter.
molecular weight of the terpolymer of i1soprenesulfonic acid, acrylic acid
and 2-hydroxyethyl methacrylate (the ratio of the amounts by mole:
'20/70/10) as the scale inhibitor is 6,000 to 26,000. In accordance with this
knowledge, a terpolymer of isoprenesulfonic acid, acrylic acid and 2-
hydroxyethyl methacrylate (the ratio of the amounts by mole: 20/70/10)
having an average molecular weight of 13,000 was synthesized. This
terpolymer was added to desalted water and 1 liter of a 200 mgﬂiter
aqueous solufion of the terpolymer was prepared. The prepared aqueous
solution was placed in a 1 liter beaker, which was then placed in a
thermostatted water bath kept at 30°C. Ozone generated by an ozone
generator [manufactured by ASAHI TECHNIGLASS Co,. Ltd;
LABOZONE 250 type] was blown into the aqueous solution in the beaker
at a rate of 50 mg/hour through a gas dispersion tube made of a glass filter.
Samples of the aqueous solution were taken out at a specific time interval

and the average molecular weight of the terpolymer was measured in

accordance with GPC. In accordance with the same procedures as those
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Sanmpl es of the aqueous solution were taken out at a specific tine.interval
and the average nol ecul ar wei ght of the terpol ynmer was neasured in
accordance with GPC. In accordance with the sane procddeemember 2096se 15 21
Sept enber 2005 conducted in Exanple 1, the threshold cal cium hardness in
gel formation, the threshold terpolynmer concentration for preventing

cal ci um phosphate precipitation and the threshold terpol ynmer concentration
~for preventing iron hydroxide precipitation were obtained. The results are
- shown in Tabhdu@mdTnmhmnﬁﬂaunﬂunﬂﬁmdmdgeihhaﬁﬂmh&mhméahmﬂﬁﬁhﬁ&&hpld

cont act nol ecul ar cal ci unt er pol ynert er pol ynmer w t hwei ght

of har dnesscdfie dhreshplbirepoloBie capparrationy fir ﬁrevermlweaimﬁg phesphatevent i ng

_ t I f t I h t h
or o0t pi ot | SHBPBOFAPE DA, BTGP oL CHOEBPF FPBIRPHAM 1 BIeHgPiPe or)

2}gé?ggggggf}icgg%}ﬁrolg@é?&’@cﬁp@aﬁ&? WAL BeR: " The LUIRAY e 1RG0 YP40078

Table 2.
Table 2
Time of Average Threshold Threshold Threshold
contact molecular calcium terpolymer terpolymer
with weight of hardness concentration concentration
ozone terpolymer ingel - for preventing for preventing
formation calcium phosphate iron hydroxide
precipitation precipitation
(hour) {mg CaCOjyfliter) {mg/liter) {mgfliter)
0 13,000 800 6 1
0.25 10,700 600 6 5
0.60 7,500 500 7 6
0.75 7,100 - 500 7 7
1.0 6,000 400 7 8
15 5,000 400 7 10
10.0 2,400 <100 8 >12

As shown in Table 2, the terpolymer of isoprenesulfonic acid, acrylic
-acid and 2-hydroxyethyl methacrylaté (the ratio of the amounts by mole:
20/70/10) was decomposed with ozone. The longer the time of contact
with ozone, the more the average molecular weight decreased. When the
average molecular weight decreased, gel with calcium ion teﬁded to be
formed and the effect of preventing formation of scale with respect to iron

hydroxide decreased. On the other hand, the effect of preventing
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10. 02, 400<1008>12 As shown in Table 2, the terpolymer of isoprenesulfonic
acid, acrylic acid and 2-hydroxyethyl nethacrylate (the ratio of the
anounts by nole: 20170110) was deconposed wi th ozone*l Jgpterhioerg®05t he ti e
of contact wth ozone, the nore the average nol ecul ar wei ght decreased.
When the average nol ecul ar wei ght decreased, gel with calciumion tended
to be forned and the effect of preventing formation of scale with respect
"to iron - hydroxi de decreased. On the other hand, the effect of preventing
16 21 Sept erfoena@@d»ffgalawiidn redpesic &b ealvidrh plespbate tlnl mat clearsaphosphat e
did not- decrease nuch when the average nol ecul ar wei ght decreased. It is
shown by t hénughBhen the avesagqmolecyiaeight deapatedet Lois shoman hethe | s

ducted with i t { ing the tetpol i

" copr enasul Fore e el YREE R SRR Garbort 1 otk pyrh ¢ (che
ti f th 4t ; 0 : LRAQiRLE I

i 11 clent RO TR siker BB K Py bOf R e PG 1 ©

mai nt ai ned alerydic0fd ahd P-Bad@kyethe] mebidicrilace pdeiratoof the ARoahtLpRt act of
the terpolynmer with ozone is kept at 1 hour or shorter when the terpol yner
havi ng t he avdeade/7ftlcad dhe wedlghnhilgfor] 3, GO6uffEicnisidert ahe @@oagei s bl own
into water at .a rate of 5 /Iiier/h_our._ Exanpl e 3 (Deconposition of a
copol yner witHegyah&peight ‘%Itgggeliﬂ) SR Bappntyinst asr6. 0oy sveaten awhi ¢ aci d,

~acrylic aci - t ryl at he.rati o of,the unts by
ol & 01 70118 the P UL B K B KRRt O 0fe & kil

acryl am do- ZnufBf BNORECRABR THE t& bgmfé‘ruf&viﬁg]alerﬁténg@ﬁmléaﬁh&r%igh@ by ol e:
90/10) having an average nol ecul ar wei ght of 8,000 was used. The copol yner

of 13,000 was used and ozone is blown info water at a rate of 50

mg/liter/hour.

Example 3 (Decomposition of a copolymer with ozone)

In place of the terpolymer of isoprenesulfonic acid, acrylic acid and
2-hydroxyethyl methacrylate (the ratio of the amounts by mole: 20/70/10)
used in Example 2, a copolymer of acrylic acid and acrylamido-2-

methylpropanesulfonic acid (the ratio of the amounts by mole: 90/10)

having an average molecular Weight-of 8,000 was used. The copolymer
was brought into contact with ozone for 10 hours and the average
molecular weight of the copolymer, the threshold calcium hardness in gel
formation, the threshold terpolymer conceﬁtration for preventing calcium
phosphate precipitation and the threshold terpolymer concentration for
preventing iron hydroxide precipitation were obtained in accordance with

the same procedures as those conducted in Example 2.

Example 4 (Decomposition of a copolymer with ozone)
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was brought into contact wth ozone for 10 hours and the average nolecul ar
wei ght of the copol yner, the threshold cal cium hardness in.gel formation,
the threshold terpol yner concentration for preventi n@icaémpembep®phat e
precipitation and the threshold terpol yner concentration for preventing -
i ron hydroxide precipitation were obtained in accordance wth the sane
procedures as those conducted in Exanple 2. Exanple 4 (Deconposition of a
- copolynmer with ozone) 17 21 Septenber 2005 In place of the terpol yner of
i soprenesul foni c Tagilske dfahyltbfpoaher andopRnbydfaxy atidy berichatd yhate (the
ratio of the anmounts by nole: 20/70/10) wused in Exanple 2, a copol ynmer of
acrylic aci @-mowﬁﬂwzm%ha@lamdﬂi@m@mﬁmgmmms byaobk: LOTE/YAt i 0 of
t he amounts by npl e; 85/iL5) havi ng an average_ nol ecul ar wei ght of 10, 700
was used. TRECRopb| Bramplas Br serpiYmPERt of Ashlicctackd tand 7&mByIosy-2t0 hour s

and t he aver | ecul ight of the copelymer. the threshald, calcium
hardness in hggf‘_’xyg’%?%‘%‘ﬁsgﬁ?% h%lé I‘F?tée.s ﬁ%ﬁ% #3?‘80?'?%?{:%%65%1& gﬁ( ]%I)I for
preventing akGidEh RBASRNALRCRILE GrdEh@bf PNT760\akNRelN RbRbSuIL ROl yner
concentration for preventing iron hydroxide precipitation were obtained in

accordance wdshbrédghtsaime prosadwitls @sni hios e1® diditst £6H i the Exedvake 2.
Exanpl e. 5 (Deconposition of a copolyner with ozone) In. place of the

terpol yner @tolpadpr seeghil dfdhe copdymer.aidreyibireshatd dalaivan hardgessanyasd hy |

bt Tt Ly AL B SPUTOL IO el e
acid (the rat] t ; S l.e: Vi n I nol ecul ar
wei gt of orbp e IEcRTRNEh Sl o Brec B ibpo B RN YRR AR TP ¢
ozone for 1@r&\@uheeRen hH8rd@® pERIpitation were obtained in accordance with

 the same procedures as those conducted in Example 2.

Example 5 (Decomposition of a copolymer with ozone)

~In place of the terpolymer of isoprenesulfonic acid, acrylic acid and
2-hydroxyethyl methacrylate (the ratio of the amounts by mole: 20/70/10)
used in Example 2, a copolymer of acrylic acid and 3-allyloxy-2-

hydroxypropanesulfonic acid (the ratio of the amounts by mole: 80/20)

having an average molecular weight -of 9,000 was used. The copolymer
was brought into contact with ozone for 10 hours and the average
molecular weight of the copolymer, the threshold calcium hardness in gel
formation, the threshold terpolymer concentration for preventing calcium
phosphate precipitation and the threshold terpolymer concentration for
preventing iron hydroxide precipitation were obfained in accordance with

the same procedures as those conducted in Example 2.

The results of Examples 3 to 5 are shown in Table 3.
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nmol ecul ar wei ght of the copol yner, the threshold cal cium hardness in gel
“formation, the threshold terpolynmer concentration for preventing cal ci um
phosphate precipitation and the threshol d terpol yner Zobertembart 2009 f or
preventing iron hydroxide precipitation were obtained in accordance with
the sane procedures. as those conducted in Exanple 2. The results of
.Exanples 3 to 5 are shown in Table 3. 18 21 Septenber 2005 Table 3
Threshol d Threshol d Threshold Ti ne of Average cal ci umterpol yner terpolyner
contact nol ecul ar hardness concentration concentration with weight of in
gel for preventing for preventing Table 3

Time of Average Threshold Threshold Threshold
contact  molecular calcium terpolymer terpolymer
with weight of hardness concentration concentration
ozone copalymer in gel for preventing for preventing
formation calcium phosphate iron hydroxide
precipitation precipitation
(hour) (mg CaCOg4 {mg/liter) (mg/liter)
fliter)
Example 3 0 8,000 <106 6 10
10.0 <2,500 <1030 T =>12
Example 4 0 16,700 400 9 8
10.0 <2,500 <100 11 >12
Example 5 0 9,000 800 10 7
10.0 <2,500 <100 12 >12

As shown in Table 3, the average molecular weights of the
copolymer of acrylic acid and acrylamido-2-methylpropanesulfonic acid
and the copolymer of acrylic acid and 3-allyloxy-2-hydroxypropanesulfonic
acid both decreased when these copolymers were brought into contact with
ozone and the effect of preventing formation of scale decreased with the

decrease in the average molecular weight.

Example 6 (The half-life of the average molecular weight of a terpolymer)
In actual water systems, in general, a polymeric scale inhibitor is

added to cooling water in an amount of 10 to 30 mgfliter and the

concentration of ozone used for disinfection in the cooling wai;eris 0.2 to

0.5 mg/liter. Therefore, the ratio of the concentrations of the polymeric
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ozone copol ynerformati on cal ci um phosphate iron hydroxi de (hour)(ng

- CaC03precipitation precipitation (nmg/liter)(ng/liter) /liter) Exanple :
308, 000<100610 10. 0<2, 500<1007>12 Exanpl e 4010, 700400%585c@erokex, 06<10011>12
Exanpl e 509, 000800107 10. 0<2,500<10012>12 As shown in Table 3, the average
mol ecul ar wei ghts of the copolyner of acrylic acid and

acryl am do- 2- et hyl propanesul fonic acid and the copol ymer of acrylic acid
and 3-al |yl oxy-2-hydroxypropanesul fonic acid both decreased when these
copol yners weak brlobgbt tondzoneoist 38 o t150:107 Fiscamiedshecaéiftcof thé
preventing formation of scale decreased with the decrease in the average
nol ecul ar  welvgrtgeeRaleprlar gvqighieofitapelymer és diffieHb img spnepatrasioncafithe wei ght

oo o7 050 P LD A 4 e SRR P, 2012,
S| ConECT 081 e 0 A Lo LR VBt B ROARE o1

pol yneri c 19hed tosepterierof280 polymer, the rate of supply of ozone and the period

of time of contact with ozone on the rate of decomposition of the polymeric

scale inhibitor was evaluated. In this test, the ratio of the concentrations

of the polymer to ozone was set at a slightly higher value than that of the

actual water system. Six types of the terpolymer of isoprenesulfonic acid,

acrylic acid and 2-hydroxyethyl acrylate (the ratio of the amounts by mole:

20/70/10) having average molecular weights in the range of 100,000 to

13,000 which were synthesized in Example 1 were placed into desalted

water and six aqueous solutions each having a concentration of the

terpolymer of 150 mg/liter were prepared. These solutions each in an

amount of 10 liters were placed in 10 liter beakers, which were then placed

in a thermostatted water bath kept at 30°C. Ozone generated by an ozone

generator [manufactured by ASAHI TECHNIGLASS Co,. Ltd;

LABOZONE 250 type] was blown into each aqueous solution in the beaker

at a rate of 50 mg/hour (5 mg/liter/hour), 100 mg/hour (10 mg/liter/hour) or

200 mg/hour (20 mg/liter/hour) through a gas dispersion tube made of a

glass filter. The average molecular weight of the polymeric scale

inhibitors in the aqueous solutions was measured with passage of the time

m accordance with GPC. In this manner, the period of time of contact

with ozone before the average molecular weight of the polymers decreased

to 1/2 of the initial average molecular weight by decompoéition with ozone

was obtained. The results are shown in Table 4.
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scale inhibitor to ozone is 20:1 to 150:1 Since neasurenent of the
average nol ecul ar weight of a polyner is difficult in a concentration of
the polynmer of 10 to 30 ng/liter, an aqueous sol uti o Sfptemben30P6ri ¢ scal e
i nhi bitor having a concentration of 150 ng/liter was used and the effect of
t he concentration of the. polynmer, the rate of supply of ozone and the
period of tinme of contact with ozone on the rate of deconposition of the
polymeric scale inhibitor was evaluated. In this test, the ratio of the
- concentrations of the polymer to ozone was set at a slightly higher val ue
“than that of the actual water systenfabBi4 types of the terpol ymer of

i sopr enesul f-eni ¢ I } - (the ratio
of the anpuntkithyavwedge: 20/ 70/ IMi-lifavingagvedager vBieCnar wei ghts in the
‘range of 100,000 to 13, 000whithwere synthestzed—+n—Exanmpte—1 were pl aced
into desal ted TWEEERT and six HfEewebsol utrtteptsverech haviategf srpebncent rati on
of the terpol yfEE%f 150 my/J i T e e pr%% These £6949%9 ons each in
an amount of 10 liters were PrEEEPFh 1019 "R ker & nelieEReWer e t hen
pl aced in athernostatted water batit kKept—at —36€C—OCzonegenerated by an
ozone gener at 81%9PRanuf act ured by®ASAH TECHNI'GLASS Co,. L#4.; LABOZONE
250 type] was bdomam i nto each aqweous solutiomin the beakes at a rate of
50 ng/ hour (5 ngydohter/ hour), 10Q.ng/ hour (10,41g/1i ter/houg or 200
mg/ hour (20 ng/liter/hour) throug{lsﬂ a gas.dispersion tube nade of a gl ass
filter. The ave®@§® nol ecul ar wei‘ght of the p¥i yneric scal &5 inhibitors in
t he agueous solmwtooons was neasurgs with passage of the tings in. accordance
with GPO. In tI‘E'S%Oi;ranner, the period of tinme gf contact Wj1 h ozone before
t he average nolecul ar wei ght of the polymers decreased to 1/2 of the
initial average nolecular Wei'ght Dy deconposition W th ozone was obtai ned.
The results are shown in Table 4. 20

. As shown in Table 4, the terpolymer of isoprenesulfonic acid, acrylic
acid and 2-hydroxyethyl acrylate (the ratio of the amounts Aby mole:
20/70/10) was decomposed with ozone. The greater the rate of supply of
ozone, the greater the rate of decomposition. When the concentration of
_the terpolymer was held constant, a two-fold increase in the rate of supply
of ozone resulted in an about four-fold increase in the rate of decomposition.
When the concentration of the terpolymer and the rate of supply of ozone
were held constant, the rate of decomposition of the terpolymer was about
the same independently of the initial average molecular weight, in other
words, the half-life of the average molecular weight was about the same.
. These data show that, when the initial average molecular weight of the
terpolymer, the concentration of the terpolymer and the rate of supply of
ozone are decided, the average molecular weight of the terpolymer after

the terpolymer is kept in contact with ozone for a specific time can be
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21 Septenber 2005 Table 4 Initial average Half-life of average nol ecul ar
wei ght (hour) nol ecul arrate of supplyrate of supplyrate of supply wei ght of
ozone of ozone of ozone 5 ng/liter/hourl0 ny/liter/ hdlirS€ptemben 2685/ hour

100, 00070174. 0 50,00068184.5 30, 00065163.5 26,00072164.5 16, 00075183.5

13, 00067174.0 As shown in Table 4, the terpolyner of isoprenesulfonic acid,
acrylic acid and 2-hydroxyethyl acrylate (the ratio of the anmounts by

.mol e: 20/ 70/ 10) was deconposed with ozone. The greater the rate of supply
of ozone, teseingitedl eWhchehe abrecditradeaoafbsitbipplymMhenischesaaseantr ati on of
the terpolymer was held constant, a two-fold increase in the rate of supply
, of ozone r dbalraéiof supply abetamefig - faglldei/hewre shehali-lifn of the evefage

~deconposition. en the concentrati of the terpolymer and the rate of
;suppl?/ of oi’&?ll@\‘{'&i\‘ér 3@% d‘st:(fﬁ’gfé(rf?n??fgsr ?ﬁén Fr g @pﬁﬁ%f@%ﬂ“gnwéﬁntehe

er pol yner : i ni

nol ecul ar M%O?pﬁg%s 1(1)% hgggﬁquglrt%#g, %fgﬁ%%ﬁ[g{)l’fex‘ll]% (va‘; etl)ﬁ‘ ttqgélbgvgro ag‘g{(’ | ecul ar
wei ght was aheut3fode sanBsed, THeSRrIAE HISHRAY Bdidte théheRehbE hblcbhBlL average
nol ecul ar wei ght of the terpolyner, the concentration of the terpolyner

and t he rat evaaght deptepsef to dy@ite whizhdenisde dhet dereaser Agehandfeetilodr wei ght
of the terpolyner after

_preventing formation of scale of the terpolymer with respect to iron
hydroxide and the tendency of formation of gel with calcium ion, are 68

hour, 34 hours and 17 hours, respectively.

Example 7 (The relation between the decrease in the average molecular
weight of a terpolymer and the effect of preventing formation of scale)

The terpolymers of isoprenesulfonic acid, acrylic acid and 2-
hydroxyethyl methacrylate (the ratio of the amounts by mole: 20/70/10)
having average molecular weights of 100,000, 26,000 and 13,000 were
dissolved in desalted water and 10 liters each of 150 mg/liter aqueous
solutions were prepared. The prepared aqueous solutions were placed in
10 liter beakers, which were then placed in a thermostatted water bath
kept at 30°C. Ozone generated by an ozone generator [manufactured by
ASAHI TECHNIGLASS Co,. Ltd.; LABOZONE 250 type] was blown into

"~ each aqueous solution in the beaker at a rate of 100 mg/l_mur (10
mg/liter/hour) through gas dispersion tubes made of a glass filter. Since
it is known from the results in Example 6 that the half-life of the average

‘molecular weight of the terpolymer is about 17 hours w_hen the rate of
supply of ozone is 10 mg/liter/hour, it was estimated that, after the

terpolymer having the initial average molecular weight of 100,000 was
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the terpolynmer is kept in contact wwth ozone for a specific time can be 21
21 Septenber 2005 estinmated. Wien the concentration of the terpolyner is
150 ng/liter and the rate of supply of ozone is 10 n¥f Beptembhio2005 t he

hal f-1ife of the average nolecular weight is about 17 hours. Under this
condition, when terpolyners having an initial average nol ecul ar wei ght of
100, 000, 26,000 and 13,000 are used, the periods of tinme before the
average nol ecul ar wei ght decreases to 6,000, which causes the decrease in
the effect @ecorppesedntli@Gof embéitate &fitls Gable Tbr 0 hbRFDAMEMRYeMEL h T espect
to iron hydroxide and the tendency of formation of gel with cal ciumion,
are 68 houmolgaulapwesghdrwiould beolacseased splcthieveinge oE6:068l ® 76,00hénr el ati on
bet ween the decrease in _the agverage nol ecular weight of a terpolyner and
the effect &fHIpR n%’FcﬁHe‘P‘bP&ﬁ‘Eti Breverins) formationr ofopsple reodd bé

i soprenesul £ 9njG, aci rylic [We| d, 2- hydroxyet hyl .nethacryl ate (the
rati o of thggg%%ﬁﬁtsﬂ%vgﬁg¢%%m¥%§?ﬁf%%ft%W%F%WSR§§3F ‘“ﬂ%&@%ﬂpéﬁ?weights
of 100, 000, a%@na%@%él@ém&?w(é%t%f £3,060 §ﬁ@ﬁ,@@0'&bﬂﬁ@h&@d&ﬂ%@&%ﬁﬁﬂd 10
liters each of 150 ng/liter aqueous solutions were prepared- e prepared
aqueous sol utérensndvehe apémge dnolaculdd weiglas vreal desdecndtisel tvex, 500 Ben pl aced
in a thernostatted water bath kept at 30C. Ozone generated by an ozone

- gener at or [ fEdlieRct Theginy, themffecrpCinp@mMEs Gormation of SCARCRONEL 250 t ype]
~was blown into .each aqueous solution in the beaker at a rate of 100

mg/ hour ( 10%®HE1r*%r/ hour) through gas dispersion tubes made of a gl ass
filter. Since ikgl | I at _the half-life
of the average %%#§§§P§§ﬂ3£$§%%ﬁgge%ﬁ%ﬂ#kﬁgkﬁgﬁéﬁﬁﬁg%gﬁgﬁﬂmgﬁv%%%rS when
the rate of meauitldyinOiccOZRiRe ivaitl GIP@LLH it8E tBIMNymbis MaSnfRkédTRLEAM t hat,

after the :
: ozone were subjected to the test of formation of gel with calcium ion, the

test of prevention of precipitation of calcium phosphate and the test of
prevention of precipitation of iron hydroxide in accordance with the same

procedures as those conducted in Example 1. The results are shown in

Table 5.
Table 5
Initial Average Threshold Threshold Threshold
average molecular calcium terpolymer terpolymer
molecular weight hardness concentration concentration
weight of after in gel for preventing for preventing
terpolymer 50 hours formation calcium phosphate  iron hydroxide
precipitation precipitation
(mg CaCOglliter) (mgfliter) {mgfliter)
100,000 13,500 1,000 6 4
26,000 <2,500 <100 7 >12

13,000 <2,500 <100 8 >12
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terpolymer having the initial average nol ecul ar wei ght of 100,000 was 22 21
Sept enber . 2005 deconposed due to the contact with ozone for 50 hours, the
‘average nmol ecul ar wei ght woul d be decreased into the2t Sepembér Bj0600 t o
26,000 in which the excellent effect for preventing formati on of scale

woul d be exhibited. It was also estimated that the terpolyners having the
initial average nol ecul ar weights of 13,000 and 26, 000 woul d be deconposed
with ozone and the average nol ecul ar wei ghts woul d be decreased to 2,500

or smaller. Thenafdoen ilBalaé beche Rrpslyaieeahivimhsl e bR Ablesc@ke Woul d
deteriorate. After 50 hours, the average nol ecul ar wei ght of the

"t er pol yner s weaghtsnefisif, @D iandadSdl0fanebichi shovGRC thadetdaliehie refilabty rafr s

deconposed with ozone were subjected to the test of formation of gel with

cal ci um i on Prevating dermation of citale befire pthec tisatment wigh esanei werphosphat e

and the test, of revention of pregipitation of iron hydroxide i

accor dance V%e{?%m%) Sé:’%s‘z’ivrlrii%1 Oﬁ?n(?cgggréls? gger?ﬁ%s%&gﬁwﬁﬂc‘f’%‘éﬂ{% BEEATI% 1. The
resul ts are§hQWhd dffect 8PhRventid@ Mt Rion of i

" Initial AverageThres hoeICdTﬁé eg holldghr es h%)cind0 scale deteriorated. In contrast,

aver agenol eché ssrpalyendntianpe byaRiitiel pedrip@molecular weight of 100,000 was
nol ecul ar wei ght har dnessconcentrati onconcentrati on wei ght ofafterin gelfor

pr event i ngf decgpeesedtwith ozengahd e 5ecellent sffent rodvirereading formptios pliat ei r on
X . P . ! . i . :
nydr oxide prect o Lot oY e B 1AL (1%, GR0F8/ L er) (el er) e/ 1 ten)

optimum range for exhibiting the effect of preventing formation of scale.

The above results shows that, as the process for preventing the
decrease in the effect of preventing formation of scale due to the decrease
in the average molecular weight by decomposition with ozone, the process
comprising the following steps is effective: (1) obtaining the optimum
range of the average molecular weight for preventing formation of scale
from the relation between the average molecular weight of the polymeric
scale inhibitor and the effect of preventing formation of scale; (2) obtaining
the relation between the rate of supply of ozone and the rate of decrease in
the average molecular weight of the polymeric scale inhibitor in
accordance with measurements; (3) obtaining the initial average molecular
weight which gives an average molecular weight within the optimum
range for preventing'formation of scale after the polymeric scale inhibitor
is decomposed with ozone from the rate of supply of ozone and the period of
time of contact between the polymeric scale inhibitor and ozone, i?e., the

- period of time in which the added polymeric scale inhibitor stays in the

water system before being removed to the outside of the water system, in
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26, 000X2, 500<1007>12 13, 000<2, 500<100>12 23 21 Septenber 2005 As shown in
Tabl e 5, the terpolyners having the average nol ecul ar weights of 26, 000
and 13,000, which showed the excellent effect of preieddptergbdrd@00&t i on of
scal e before the treatnment with ozone, were deconposed with ozone and the
aver age nol ecul ar wei ghts decreased- Thus, the effect of preventing
formation of scale deteriorated- In contrast, the terpolyner having the
initial average nol ecul ar wei ght of 100,000 was deconposed with ozone and
the excel | enin etifattwaler psyeant ang (Oramtihgrthef polgmakie wRa%e exhithidred since
t he average nol ecul ar wei ght decreased into the optinmmrange for
exhi biting lhlﬂ@l@‘ﬂ@dlbt@fnegrlm’i@haﬁfﬁ’gigﬁdmﬂﬁwl@nW@igh_fycal e. The above results
shows that, as the process for preventing the decrease in the effect of
preventing formati on of scale due to the decrease in the average nol ecul ar
wei ght by deconposition with ozone, the process conprising the follow ng
. steps is effective: (1) obtaining the optinum range of the average
nol ecul ar wei ght for preventing formation of scale .fromthe relation
bet ween the average nol ecul ar wei ght of the polyneric scale inhibitor and
the effect of preventing formation of scale; (2) obtaining the relation
between the rate of supply of ozone and the rate of decrease in the
average nol ecul ar wei ght of the polynmeric scale inhibitor in accordance
wi th nmeasurenents; (3) obtaining the initial average nol ecul ar weight
whi ch gives an average nol ecul ar weight within the opti num range for
preventing formation of scale after the polyneric scale inhibitor is
deconposed with ozone fromthe rate of supply of ozone and the period of
time of contact between the polyneric scale inhibitor and ozone, i.e., the
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period of tinme in which the added polyneric scale inhibitor stays in the
wat er system before being renoved to the outside of the water system in 24
21 Septenber 2005 an actual water system and (4) adding the polyneric
scale inhibitor having the obtained initial average nolecul ar weight. 25
21 Septenber 2005 CLAIMS: 1. A process for preventing formation of scale in
a water systemwhich contains ozone for disinfection conptPeptagber3ops
determ ning by a nmeasurenent an opti numrange of an average nolecul ar

wei ght E{Aﬁ¥ﬁolyneric scal e inhibitor having a high. nolecular weight for
preventi'ng formation of scale after deconposition .of the polyneric scale
i nhi bitor by ozone, froma relationship between the average nvol ecul ar

wei ght of the polynmeric scale inhibitor and an effect of preventing

f or mat i bn fofersead e Lofi PYeveténan frang thyn o fhreasie ement watee|satsiensiiiigh

bet ween.&,r-Ahe oAfncS¥PP! ¥ ah L BE HZBRANG 3. rate of deconposition of the
polynmeric scale inhibitor, (i11) determning an initial average nol ecul ar

wei ght of the polyneric scale inhibitor which provides an average
mol ecul ar wejght gedebi didgh8y OPtidReml ERAEE ahOSp DRME PLANY JrORABLI QR 0f
scale after the polyneric scale inhibitor is deconposed by the ozone from
‘the raI%P%ﬁﬂul§ﬁdﬁf 5t o% He PE2EREF Endcalperohitrr fiamdnafa dddttact bet ween
the pohyreniarsedlggti iy hirkoenaingd; thenozioneor adhiel ¥yt addickgmpdias tpehynmeri c
scal e ié%“éﬁet8£1§ﬁgﬁﬁggséiY% ggﬁfginggegy czone, from a relationship between
the average molecular weight of the polymeric scale inhibitor and an
effect of preventing formation of scale,
{ii) determining by a measurement a relationship between a rate
of supply of the ozone and a rate of decomposition of the polymeric
scale inhibitor,
(1iit) determining an initial average molecular weight of the
polymeric scale inhibitor which provides an average molecular weight
within the coptimum range for preventing formaticn of scale after the
polymeric scale inhibitor is decomposed by the ozone from the rate of
supply of the ozone and a period of time of contact between the
polymeric scale inhibitor and the ozone, and

(iv) adding the pclymeric scale inhibitor having the determined

initial average molecular weight into the water system.

2. A process according to claim 1, wherein the polymeric scale
inhibitor is a polymer selected from the group consisting of (i)
homopolymer (s) and (1i) copolymer(s} of acrylic acid, methacrylic

~acid, maleic acid, maleic anhydride and itaconic acid.
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initial average nol ecular weight into the water system 2. A process
-according to claim 1, wherein the polyneric scale inhibitor is a polyner
selected fromthe group consisting of (i) honopolyner(s) and (ii)
copolynmer(s) of acrylic acid, nmethacrylic acid, naleic acid, naleic
anhydride and itaconic acid. 26 21 Septenber 2005 3. A process according to
claim1, wherein the polyneric scale inhibitor is a polykbPeRBrBSIRSt rom
. (a) one or nore nononers sel ect ed fromthe group consisting of acryl | C
acid, nethacrylic aci gc‘:c ;81C nh¥a{n'1d‘_? ar}ldrltac nlc a d and sal
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(et h) atnlyi=bredeis 2= dnjdmexyattmihed nbtdy) der ybag enx thydn@wmpmpydalected
(meth) agryl afye. Zadet hlysid jf%&)%f’:‘dal &R8ik: %Hk&oﬁ&fﬁ? gllc acid,

led .
2-nmet hyl - 1, 3- butadi ene- 3-su oni ¢ acid ut adi ené- 4~saT foni ¢
aci d, 1a@hkﬁi§ﬁﬁad| ene- ktagdtioniasidacng, salBs pehe zadiferrad2 - (& fooai eragiode

1, 3- penkadine- 3osubiani £:a¢i the Jroup- -dé%@lééiiz%n%f‘l schonL £y B6ide, 20-

3-dinmethyl -1, 3-butadiene-I-sulfonic

2- met hyPYCir°3‘¥6Eh¥Jadiffée&é‘)aC§¥ﬂaftﬁmu8 %waysrmlhquethéa“ylater 2-methyl-

: gent aﬂl EIIB—kﬂrtSHiéMleain&uoz -dvetihyb- raet?yrybun ?mmadhe&w—ggu&mcc acagj d,
met iene- i sulfonic acid met 0- 2- ,

et byl SETRRRYAT FORTE AR 4o Crab By | a6 o- ek iy PBE R ASat T B ER 150 d,

3-al | yl-axid,2- Jh)deeuyqah@}maHESsmff@mc acidl, m IMteaitib & Deriec 3asi1_'liiﬁoniaciad:id

phOSphOf){%l en¥. Jgenet Ia)—g\g{s/olna}_tce acpl Sp O?ch @MYFWE 3gh§{’g¢‘9cll ne - sulfonlc

nono( et cry acryl on| (et h)yacry ate glycidyl
(et h) azead.at e, 2Nmﬁ'elt13hlﬁlol3(-p€m1¢ﬁ)daeny+famuaéons¢ yr emnesid,al ph&-methyl-1, 3-

et hyl sgeyrrt%@enélnyfs%@%yié oni g.a¢i d, y'rm%@hw' vens,, uhnyl.-acet 3t &1a30d; sal ts
thereof: or a neutralized salt of the po
ac1d Z2-methyl-1, 3-butadiene-1, 4- dlsulfonlc acid, (meth)acrylamido~2-

methylethanesulfonic acid, {meth)acrylamido-Z2-methylpropanesulfonic
acid, 3-allyloxy-2Z2~hydroxypropanesulfonic acid, vinylsulfonic acid,
acid phosphooxyethyl {meth)acrylate, phosphooxyethylene glycol
‘monc (meth)acrylate, (meth)acrylonitrile, methyl (meth)acrylate,
glycidyl (meth)acrylate, N-methylol (meth)acrylamide, styrene, .alpha.-
methylstyrene, styrenesulfonic acid, vinylteluene, wvinyl acetate and

salts thereof; or a neutralized salt of the polymer.

" 4. A process according to claim 1, wherein the pcelymeric scale
inhibitor is a terpolymer cbtained from isoprenesulfonic acid, acrylic
acid and Z-hydroxyethyl methacrylate, or a neutralized salt of the
terpolymer.

5. A process according to claim 1, wherein the polymeric scale
inhibitor is a terpolymer obtained from isoprenesulfonic acid, acrylic
acid and Z2-hydroxyethyl methacrylate in amounts such that a ratio of
amounts by mole of the isoprenesulfonic acid, the acrylic acid and the
2~hydroxyethyl methacrylate is 20/70/1C, or a neutralized salt of the
terpolymer. |
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4. A process according to claim1, wherein the polynmeric scale inhibitor
is a terpolyner obtained fromisoprenesul fonic acid, acrylic acid and

2- hydroxyet hyl . met hacryl ate, or a neutralized salt of the terpolyner. 5. A
process according to claim1l1l, wherein the polyneric scale inhibitor is a
terpol ynmer obtained fromisoprenesul fonic acid, acrylic acjid and

2- hydroxyet hyl nmethacrylate in anmounts such that a ratio of e%ﬁ%@ﬁﬁpoﬁy
nol e of the isoprenesulfonic acid, the acrylic acid and the 2-hydroxyet hyl

met hacryl at §,.L5. 20/, 20 10, a ral | .Sa : ymer. 27 21
Septenber|2.65 %, A pr%%gggEgc%%%'l%Q.%%Q%?%ikﬁﬁgL} e%éf%%%%ggpolyneric
scal e iMPBreoris ¢ Acirglpoeyneeluddleubhevdierwahesh isi ehtaiiegbfadmed from

i sopr enashih-bABEE @G E, a@td, Yhiey AL &R0y PYELaXYEIhNl1 r@@é@&%{iﬁe_e ik
amounts such that a ratio of anmpunts by nole of the iSoprenesulfonic acid,
t he acr3fiFEetacTHrandat e PROdPoAFCHIRYF TetRaer9f dthe tsorzgr?otdricand
V\/nerei( dike aw@][a&ggrlmelaaﬁild araweight-hofird hetpol y&mg@ry% gsi n hi bi mr in
step (iji).i,s.of 6000 to 26,000. 7. A process accqording to claim]1, erein
he’ pol PHPT 20 Scaba i Hoirb tbB o 4o BT ar ARAeH PO ot ZPHEH Fitorm

acryl i cdediandbiaorylmmtde- 2: et Ryl pr ofawesul 2@micc.aci d, or a neutralized
salt of the copolyner. 8. A process according to claim1l, wherein the

polymeric scale inhibitor is a copolyner which is obtained fromacrylic
acid and Rapryt<ad doclrdipchyb priopanésubicomic dkt polgmanburstcslguch that a

ratio of;3IPHNtS DY ORI EmAL FREAGEYLLG @eld el G L REL YA AT gog 2-
acrylamido-2-methylpropanesulfonic acid, or a neutralized salt of the

copolymer.

8. A process according to claim 1, wherein the polymeric scale
inhibitor is a copolymer which is obtained from acrylic acid and
acrylamido-Z-methylpropanesulfonic acid in amounts such that a ratio
of amounts by mole of the acrylic acid to the acrylamide-2-
methylpopanesulfonic acid is 90/10, or a neutralized salt of the

copolymer.

9. A process according to claim 1, wherein the polymeric scale
inhibitor is a copolymer which is obtained from acrylic acid and 3-
allyloxy-Z2-hydroxypropanesulfonic acid, or a neutralized salt of the

copolymer.

10. A process according to c¢laim 1, wherein the polymeric scale
inhibitor is a copolymer which is obtained from acrylic acid and 3-
allyloxzy-2-hydroxypropanesulfonic acid in amounts such that a ratio of
amounts by mole of the acrylic acid to the 3-allyloxy-2-
hydroxypropanesulfonic acid is 85 to 80/15 to 20, or a neutralized

salt of the copolymer.
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met hyl popanesul fonic acid is 90/10, or a neutralized salt of the
copolyner. 9. A process according to claim1l, wherein the polyneric scale
~inhibitor is a copolymer which is obtained fromacrylic acid and 3-

al Iyl oxy-2- hydr oxypropanesul fonic acid, or a neutralized salt of the

copol ymer. 10. A process according to cI aim1, wherein the polyneric scale
inhibitor is a copol ymer which is obtained fromacrylic aél ge@ﬁ@l‘bSEZO%
al Iyl oxy- 2 hydroxypropanesul fonic acid in anobunts such that a ratio of
anount s, p th ryli aC|dto yl o
hydr oxypr opa égﬁ Sor?lcgog%l%” 2t o ’%h@‘ lmszltl) i )%a neutra n1 P84 salt of
t he copof yweply 28F Z:JJeSemr@rmgtOth}%wMerﬁssmt@mess @ccordbhg to any one of
dainms J;4ql0pperein a rate of supply of the ozone into the water
systemis 0.2 to 50 nyg/liter/hour. 12. A process according to any one of
Clains 1 to 11, wherein the polynmeric scale inhibitor is in a
concentyat |A0ﬁrQ(EeSJs()aEQOJ;(§LQI bl ddLlonel Br LG 1WAt €r LS 1L efherddn ABSTRACT OF
THE DI SCLOSURE PROCESS FOR PREVENTI NG FORMATI ON OF SCALE A process for
pr eventiHg™ oI et G0 OFISEAPE Whildh ScEMRFTEEs “atRlitg 10 Fatleam@ét Eresyst em
~in whicih azengatsr uyededior di sinfection, a polymeric scale inhibitor
havi ng a hi gh nol ecul ar wei ght which gives an average
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nol ecul ar weight within an opti numrange for preventing formation of scale
after the polyneric scale inhibitor is deconposed with ozone. In accordance
with the process, the polyneric scale inhibitor havi2hgepiambes2page

nmol ecul ar weight within the opti numrange for preventing formation of
scale is present in the water systemin which ozone is used for
disinfection and formation of scale is effectively prevented.

ABSTRACT OF THE DISCLOSURE
PROCESS FOR PREVENTING FORMATION OF SCA-LE

A process for preventing formation of scale which comprises adding,
into a water system in which ozone is used for disinfection, a polymeric
scale inhibitor having a high molecular weight which gives an average
molecular weight within an optimum range for preventing formation of
scale after the polymeric scale inhibitor is decomposed with ozone.

In accordance with the process, the polymeric scale inhibitor having
an average molecular weight within the optimum range for preventing
formation of scale is present in the water system in which ozone is used for

disinfection and formation of scale 1s effectively prevented.
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