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BACKGROUND OF THE INVENTION 1. Field of the Invention The plebeftN 2007
invention relates to a process for preventing forrratlon of scale. Mire-
particularly, the present invention relates to a 'process for preventing
formati on of scale in accordance with which a polyneric scale inhibitor
havi ng an average. nol ecular weight within the opti numrange - for

preventing formati orpROCESY EORPREVENTING FORMAGTONOFSCADNEWI ch  ozone
is used for disinfection and formation of scale is effectively prevented.

2. Description of Related Art In cooling water systems and water supply

systens, polynmers having carboxyl aro have been used as scale inhibitors
and antifouling agents to mm&#mmm@%n t he surface of

met al s cont act sition of sludge and | ocal corrosion under

the fouling. | g‘ﬁ@&"f%tl ‘8%” % ens, in general, disinfection is conducted
to prevent growth m‘i ﬂ?dc.le IRE]IF process
for disinfection, %ﬁ%‘%@%ﬁﬁ W t IQE%IJS e |£shnfv(\)n93)g?{/é co uctté1 -n )
However, in wajf@ealeSyMop8papiitdluilgithe preseniinvenition Relabeictsa pAaess for

contalnlng chlorine occasionally cause formation of organohal ogen
conpounds whi mwmmgmpm@mﬂwabammmm&hmdcha@qhsaem scale agents

cont ai ning chlo |ne are being restri ciently safe process
for disinfecti W%ﬁnr”é’ﬁF%mf’ﬁFé‘“g‘eﬁ?‘ﬁg ﬁa‘etﬂpﬁl‘i“ﬁ'@
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ozone is used for disinfection and formation of scale is effectively
prevented.
2. Description 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 treatmént with chlorine, polymeric scale inhibitors are

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



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

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

mol ecul ar wei ght of the polymeric scale inhibitors decreases since ozone
has stronger oxidizing ability than the agents containing chlorine. The
average nol ecul ar wei ght of a polyneric scale inhibitor has an opti num
range in order 4dvepsdlyDaffectdte 19 (RS trdftnitn®VRTthi BRIOEREMEHARew), $h34R: The
ef fect decreases when the average nol ecul ar weight is either greater or

smal | er than t hzreaptémbmwithaozgee, pddymerit ceale iphibjtoes iace decingposallidnd thes
havi ng an average no| ecul ar weight within the optimumrange are added to
wat er wit hout tmRrlegylarieeight of the polymearifesqnle e@mBetprméwghese@fsmweomqmeri c
scal e inhibitor, due to the..deco ition into consideration and prevention
of troubles caﬁ@dsﬁwgﬁt?ﬂéﬁﬁggﬁy t} éi‘ﬁr?@eﬂ FEtaipg shlarmeyg s

b tt t ed. | P - ' | d- No.
i sei 5 1005) - “E A FUMILE: wolkid B8 g Rohio RO bl ah el o

using a honDpolayigsin Vrdér EPBEHibTRRe effedCdnirefemting fotindtRiniCdckld. C Tafi d
having a weight-average nol ecul ar weight of 1,500 to 35,000 is proposed.

However, it weeffechdacrelayes tvhepribseavierages swlaudar wwaight ik evitHeln ezrahtereor
process was applied to a water systemin which disinfection was conduct ed
in accordance Smaljer;thanithe opHmWM §aRge-ozone, the pol ymeric scal e inhi bitor

was oxi di zed and degpmpopsed with ozone, The .ol ecul.ar wei ght decreased and
the effect of preventing fot Rﬁlivflb co?"agec’éﬁli‘gb%?rsﬁﬁ’é’%fl? fase mowcylar
i nhi bi tor decr eﬁéi%ﬁt witliYRRY ogl::iniliﬁﬁ ﬂah!gg'él}é Q¥ded to water without taking the

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 i‘ecycled 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 is proposed. However,
it was found by the present inventors that, when the above process was
applied to a water system in 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



The present invention has an object of providing a process in 2 accordance
with which the polyneric scale inhibitor having an average nvol ecul ar

wei ght within an optimumrange for preventing formation of scale is
present in a water systemin which ozone is used for disinfection and the
formation of scale is effectively prevented. As the result of extensive
studies by the present inventors, it was found that the formati on of scale

could be ef f eCliokilind RGN WifH thé pRRffibdil %cal\é’glhﬁﬁ}iﬁ%sﬁﬁﬁhé Ty Bl 02 0ne

was used for disintection when the Optinmum range of the avérage noleécul ar

wei ght for prewssleddlar gt Wihi@fansgﬁdiﬁumﬂ&dng@%xr ?fe%hﬁﬁg%{rm_ﬁantd?e rate
of supply of ozone and the rate of econposition of the polyneric scale

i nhi bi t or wer e scdleds peeseatdna wpterysystens is ovhich ioatmdist wsednfay idiginfdetionni t i al
aver age nol ecul ar tggi ght  which g}i,ves an average nol ecul ar weight within

the optinmum raﬁﬁé for%?@}'bﬂffﬁcﬂ _lﬁ&ﬁ‘?ﬁttlYﬂﬁPé*PV@é%d-e after the polyneric
The present i nven: A8 oSSR o0 LS Edishy T rosenk FETpa t YHE
present | nvent kghd¥Hat e formlablon/bREA T3 K ofRlcBVER1 IRl 1Rl LI B0RE Scal @

whi ch conprises adding, 1nto a water systemin ozone is u

di sinfection, avatet yystemdn whichezondivaktused fawdidthfectivrOWheR tRE épaimumei ght

whi ch gives an average nolecular weight within an optimumrange for

preventing for rangeont the average mélecular ivecight farepreventing dornmitidn bHscdle

deconposed w th 82 ne; ]%2) 3}proces descri bed in(&l), wherein the

pol yneri ¢ scal 82 nkhepFelation Jefweey tg fcsunidy rof proRe rassh theraase #fd

copol yners of | C:@C] t ryl.ic_acid ei C_aci nmal.ei c

anhydri de and ?.%(go\éﬁoé]o%éﬁéﬂc fjdé‘ t]gg; dj@fnggnc scate 1hhﬁ;%or were o%‘ta.med and a
polymeric scale inhibitor having 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 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,
into a water system in which ozoné€ 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 copolymers of acrylic acid,
methacrylic acid, maleic acid, maleic anhydride and itaconic acid; and
(8) A process described in (1), which comprises (1) obtaining, in

accordance with a measurement, the optimum range of the average



(3) A process described in (1), which conprises (1) obtaining, in
accordance with a neasurenent, the optinumrange of the average 3
mol ecul ar wei ght for preventing formation of scale froma rel ation between
an average nol ecul ar wei ght of the polyneric scale inhibitor and an effect
of preventing formation of scale; (2) obtaining, in accordance with a
nmeasurenent, a relation between a rate of supply of ozone and a rate of
deconposi tion ' il bl tor i nihbng an initial
aver age nol ecuﬁ%?fe\j\bgagﬁ%e\{%i?{ﬁoﬁﬁ%%b& W éééglll; of élc%%ﬁ %?'%‘gar r%ﬁ%%%%%é‘ an
average nol eculaa av&hgélEndll_adtﬂbf\wbiyh_t%Pﬁ:hayﬂlyhﬁ@ﬂ:%cﬁwmﬁﬂﬁ&ﬁr&ﬂﬂﬁn ef@¢gmat i on
of scale after the polyneric scale inhibitor is deconposed wt ozone from
the rate of sumflprevéntingnformation gk scald; ¢2) vbtainiag, dana@oidareet wadn at he
pol yneric scale inhibitor and ozone; and (4) adding the polyneric scale
i nhi bi tor havi Faeasywemenhi : selaftigntheiween arvage ofrsnprly| ofrozoneiagdta irateooft he
wat er system DESCRI PT|.ON THE PREFERRED E | MENTS | n_the process for
preventing for PEETBRC OEC%: 1€ go %rs?"?esle %tor; E& phtagning gn dgitialhi gh
nol ecul ar wei g L CL 1§ u I- gt hin t he
opti num range ;Hg? %eeelg%c}i% ?%i;%}ét% F %«?8?1'}9%%% Aé:gg ?’%rlﬁ?ire%bﬁ?\/ﬁ‘gﬁ &scal e
i nhibitor is desermesetblwédlir oF6ight | withiidalle bpliRud Yahgs ﬁh’-SPf‘e{Vehﬁ I ch
ozone is used for disinfection. The conponents of the scale to which the
process of the fpmeation of seadatafen tharpolymeripptalednhibitostis dacdmpotedr with
limted. Exanples of the conponents of scale include calcium carbonate,
cal ci um sul f at @2oR;frqm the pate 1of supplycpfiarome amd iagpetied |of itime wif| dombacs,
cal ci um phosph cal.ci umioxal.ate, ;zi.ng.. .phosphate, zin droxi de, zinc
carbonate, zi n%ggvlv?‘?%gﬁ%,p%‘é]ﬁ’élg i Fiale iftibitdh SR abie;” a &B/ adding the
polymeric scale inhibitor having the obtained initial average molecular

weight into the water system.

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
molecular weight within the optimum range 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
components of the scale to which the process of the present invention can
be applied is not particularly limited. 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.



silicate, magnesium hydroxide, ferric hydroxide, iron oxide, mud and flocks
of mcroorganisms. 4 It is preferable that the present invention is
conducted in accordance with the follow ng steps: (1) The optimum range of
the average nol ecul ar weight for preventing formation of scale is obtained
fromthe relation between the average nol ecul ar wei ght of the polyneric
scal e i nhibitor which is used as the scale inhibitor (the dispersant) in
the water system anggt fie ;ﬁ{ei’e‘%ﬁ 10 thal" e HrbLtht' %@%tdo%“ &8“ céx?é‘dcgedé"' fa
respect to various types ‘of substances fdrmng scal'e and suspende
substances. | n gdaerdames ith thwPllbwdiy stepg nethod for neasuri ng t he average
nol ecul ar wei ght of the polymeric scale inhibitor is not particularly
limited as long as t(ke <Skire optinioxd rangesefl. theExveralgesmolecular MRidlad fomncl ude
the osnotic pressure: nethod, the solution viscosity nethod, the |ight

scattering met Rygventing Lf?‘tnP%Fé@h'h of is?ﬁdgaif] iObPPing%témm tbﬁcrelaté:clgbetgtﬁ@nnﬂmtdi on
h GPO) . A t t hods an Jpreferabply used.
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i nhibitors having different average nol ecul ar wei g pol'ymert zati on

under varied cqidvéniing fornatiid 6f sald welhyresP¥ctSton¥disisZiypds af sERYABIS C
scal e inhibitor having a \k;imglh nol ecul ar wei ght, which was then deconposed

by bringing i ntforming seale hsuspended subwiances. Tin dhe qiresedﬁtiavenﬁioﬁ,ﬁ%e
rel ati on between the average nolecul ar wei ght of the polymeric scale
i nhi bi tor and tAgtheddfar megpuringiheayergee mi%ﬁql%welrghé ehtke pelymeric scale

deconposi tion ﬁ)hﬁ)i&)?lix %ﬁ:ip%rﬁgﬁa%lyi lri'lrr]liit%idtaosr loggval.snﬁleasa% rrlnquﬁl)& Ss' lu%éd.

Examples of the method include the osmotic pressure method, the solution

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 advantageous since polymeric scale inhibitors having

continuously varied average molecular weights can be obtained.



wei ght with ozone is advantageous since polyneric scale inhibitors having
continuously varied average nol ecul ar wei ghts can be obtained. 5 The effect
of. preventing formation of scale (the dispersion effect) of a polyneric
scale inhibitor with respect to a conponent of the scale can be eval uated
by preparing a supersaturated solution of the conponent for the

eval uation, adding the polyneric scale inhibitor to the prepared solution
and then obtaining the c ' ri iahi bi.t or
necessary for preventi ng/ﬂs?%%?reéﬁ%gﬂ%‘ﬁefd‘tﬁgﬁ%#% éﬁs%aﬁgta@% d%%’r%%ﬁ%nt.
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preventing formation of scale of a polyneric scale inhibitor can be

eval uat ed by pseqdarc¢ay be evadpatedi by prepating sallsapersatyrabelisobutidre of ghkyneri c
scale inhibitor to the prepared suspension and then obtaining the
concentration §pmpaRenjoloy he e¥aluasion, ﬁﬁm&h@rPMQﬁgéﬁleﬂahﬂﬂ@srteébeng

t he speed of sedi nentatjqn of &\%g suspended .subst ance.. Data.on the |
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the effect of i F%@H}% 0, L ned.-al.s
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(2) An aqueous copbhé) Whéd)Ehdedrip@ridnt oFGBE Bcalelis Bi ddpehGePEBRILRL,
Qzone is continuously supplied to the prepared solution and the change in

t he nol ecul ar tkeé giectof prévenpimg\foanatios ofiscald oftd polymerivistddetinhibitos can
measured. In thi s‘giasurerrent, t he concentration of the polyneric scale
i nhi bitor, thebpagvalyated by nreparing ohsuspension ot dhersnbstancsi adding thenhe
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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 polymeric scale inhibitor with time is
measured. In this measurement, the concentration of the polynieric scale
inhibitor, the rate of supply of ozone, the concentration of ozoné, 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.

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

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



obtained fromthe obtained data. (3) In the object water systemin which
ozone is used for disinfection, the concentration of the polyneric scale
inhibitor, the rate of 6 supply of ozone and the retension tinme of the
polymeric scale inhibitor in the systemare confirnmed. Using the data
obtained in (2), the initial average nol ecular weight of the polyneric
scale inhibitor which is required for maintaining thﬁfaverage ol ecul ar :
wei ght within t | Lol L t ef fect ._preventing

f or grgrat ion of sca Blyogﬁiear%]t%n?%%l %%Sﬁ&yg%? éplalnelﬂﬁb@?'?ﬁmisga@éﬁl gt with
ozone in the waheraysheis!Hd aditfirkita. MUEKIRE IithWbtadrdd IBC(HIIAE inithal

obt ai ned. (4) The polyneric scale inhibitor having the initial nol ecul ar
wei ght obt ai nedivierage3 ) moleculdreweight t 6 that polymygsiceseale inhildtort Rehigh oigess of
the present inventjon is applied, In accordance with the above process,

the pol ymeric dJegwixed nfarhmajntaiging dbapeverasei nvlesndare waight awithin tthe
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formation of segbemMihg thé sdlevulal woigho iy @dtrésnea) isbesasges due to
deconposition of polyneric scale inhibitors can be prevented. It is

preferabl e that the(4ol fierpadymeaices¢aldiinhibitorwhavingi theu saitiial rtglolelnalapr Iesent
invention is a pqlyner having carboxyl group and nore preferably a polyner
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acrylic acid,

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
formation of scale which is found in conventional processes due to
decomposition of polymeric scale inhibitors can be preventéd.

It is preferable that the polymeric scale inhibitor which is used in
the present invention is a polymer having carboxyl group and mo_ré
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



anhydride and itaconic acid nmay be copol yners obtained fromthese nononers
or copolyners obtained fromthese nonomers and other nonomers

copol yneri zable with these nononers. The copol yners of acrylic acid,

met hacrylic acid, maleic acid, naleic anhydride and itaconic 7 acid may be
copol ynmers having two types of nmonomer units, terpolynmers having three
types of nononer units or copolynmers having four or nore types of nononer

units. The othe 'mﬂﬁﬂﬁ ' ' 1gﬂg I | | rvl:1.C i
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(met h) acryl am de, 2-hydroxyethyl (neth)acrylate, 2-hydroxypropyl

(et h) acryl at e,typesref impherheB8ubitsadi ene-1-sul fonic acid, 2-nethyl-1, 3-

but adi ene-3-sul fonic_acid, 2-nethyl-1,3-butadi ene-4-sulfaonic acid, 1,3-

pent adi ene- | - sul f onikhea@ther manomer: Fhich ds ccopolymasrizeda With acrylipeaniddi ene-

3-sulfonic acid , 3- pent adi ene- 4- sul.f oni.c. aci.d,, . . . <y -

2, 3- di met hyl ) Taetlinenfiio g, Fhaic Siif MRlfiq anbydride or itaconic acid is not

2-methyl -1, 3-p | = 4. ni c ' 3-ethyl - < .

pent adi ene- 1-s on*{ag Ci Hﬁﬂ -dor'ret h%?i&'?%%sbuﬁ | eneélt?,g]é-_ |°§lt?ﬁe5ni1€daﬂ:qed., 2-

met hyl - 1, 3- but qeietARrclyldnddsul 2oRydroRfdtlyl (n@idthrerylhed]i do-R-dwsiibpyl

et hanesul fonic acid, (meth)acryl am do-2-nmnethyl propanesul fonic acid, 3-

al | yl oxy- 2- hy dr(megblacpdats ul 2-vreithylel; 8- butadiepé-didulfonicc acidd, 2amethyl-1,3-

phosphooxyet hyl (net h)acryl ate, acid phosphooxyet hyl ene ycol |
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(meth)acryl ate, N thlo%ﬂ(]{rethar am de,. styre . a- net hyl st yrene
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mononers. The aQYiforliP AL, 3 EbhthEieHs Ak oA Xci®) 2,5 HimABR1 1S bAtadne-
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-methyl-
ethanesulfonic 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, glycidyl
(meth)acrylate, N-methylol(meth)acrylamide, styrene, a-methylstyrene,
styrengsulfonic 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



two or nore. The process of the present invention can be applied also when
agents ot her than the above scale inhibitor and ozone such as corrosion
inhibitors for netals, chelating agents, scale inhibitors which are not

pol yneric (dispersants) and di sinfectants other than ozone are used in 8
conbination in the object water system Exanples of the corrosion
inhibitors for nmetals include salts of nmultivalent netals such as salts of

zinc and salts QfmiihGH6h ;inS &hd sobs»éctpm@egh%sm?wi@%ﬁmb @3%3'&&09{0

hydr oxyet hyl i denedi phosphoni ¢ acid; salts ‘of phosphonocar i c aclds
such as sal ts adhhjiitepHfonamtabnimchideasabzxof maltieileht matdls sath PRI AR b
phosphoric acids such as_salts of orthophosphoric acid and

hexanet aphosphofine and daltssebmickel; salis pefophesphoni; agidsl euch sasd salts nefs.

Exanpl es of the scal e inhibitors ich are nqgt polyneric include salts of
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di si nfectant ot é’?‘ g%%%itgz‘?)fngﬁ?%%gggw%g%%%ﬁg?ﬁh%@%h%ﬁﬁ% s%?]%n,e_nc

quaternary a \ddfhéré t Sacidy 080t hal 08410 COFPUHKHHIEFELAS aefd OfHnaat ed

met hyl i sot hi azol i ne, chlorinated or brom nated nethyl hidantoin,

2- br ono- 2- ni t r chekamgtaplpesphdriolacal) cbsferd -of i ghrospherde acidt mizbleg; and eneimesle,

gl ut ar al dehyde and netg%lene bi st hi ocyanate. The process for_ preventing

formation of sdaxamplesofshe sealejnhibitepe whieh areynobhpolymesiricciacludessaltst off

systemin which, when .a convent.i onal ocess, i s..applied, .the, average

nol ecul ar wei gtﬁh"ﬁ?ﬁ%mﬁoar rsiaitss‘ggﬁ’léosgﬁﬂﬂ‘?oﬁfslfwhﬁ ‘iesass@%tsb‘éq B%ymgw

opti mum r ange B0y €5 486 r ' d,tl-he f _preventing

formati on of sggpegﬁoecr eases %ﬂl}iee({égé ' of Vﬂg@{]ﬁoﬁ@ adid! eé{aqﬁ{ﬂeg of " the
disinfectant other than 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-8-
nitrilopropionamide, glutaraldehyde and methylene bisthiocyanate.

The process 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 pblymeric scale inhibitor with ozone used for
disinfection. In accordance with the process of the present invention, the
average molecular weight obtained after the polymeric 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



decon?osition of the polynmeric scale inhibitor wwth ozone used for
disinfection. In accordance with the process of the present invention, the
aver age nol ecul ar wei ght obtained after the polyneric scale inhibitor is
deconposed with ozone is estimated and the initial nolecular weight of the
pol yneric scale inhibitor is adjusted in a manner such that the average
nol ecul ar wei ght obtained after the polyneric scale inhibitor iIs 9

deconposed wi t hdqeaiséd withhézdnk 8 R(HiA¢Re" 8 falbige AU LRY FQ%\e:CU' ar
wei ght. The pol yneric scal e inhibitor having t aver age nol ecu i ght

t hus adj usted imolkddlad weighte (Bhieepolynsirmseald mmbmm:hhbﬁigt thd faera®s
preventing formatjon of scale can be exhibited. In accordance wth the
process of the Pelesular weighhthys a‘hﬂ%@éhﬁeﬁ@d@ todbﬂdwatelrowswms@md @n

'Ef’mﬁm Sl PLRrvspERg Brarpngo: & : fplt ang bE oD df; %t
gnd | ocal corrg%c%d&%gﬁ P%&?%c\?rg%s&g{rige\r/gn%gﬁ @%ﬁﬁﬁ}és téflEe presoernt

invention will d@odﬁﬁmroﬂas@dlenshﬂgs Peetdsiditpiodudts dhd émeroa%tﬁ% fRup! es
in the following. However, the present invention is not limted to the

exanpl es. Exarrrh@tlexsmnwm cartdensersf polymerjativnreaatuye amkl piping ean dge
nol ecul ar weight) [S ntréep of a terpolyner] Into a four-necked flask
equi pped with Prevente roglenms suchopg biidaance of hgat spangfer, andrareagedinan

inlet for nitr s_the salv dr ogen,per oxi de as the
pol yneri zat | anglgrq fatP\g\%élﬁgcaglcg%rgﬁlogﬁan?:ﬁeefeec&vely)ﬁreve%%ed
- 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 completed, the

polymerization was allowed to further proceed. Then, an aqueous
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at nosphere inside the flask was purged with nitrogen. Wile the flask was
heat ed, an aqueous sol ution containing isoprenesul fonic acid, acrylic acid
and 2- hydroxyethyl nethacrylate (the ratio of the amounts by nol e:

20170110) was added dropw se. After the addition was conpleted, the

pol yneri zation was allowed to further proceed. Then, an aqueous 10

sol ution of sodi um hydroxi de was added and the solution was partially
neutralized.  ThgnifhPoPlodlfl hiaftaRie WAS ARNACHS $AL WohRlin kal e HRAGTS" S
the pol ynerization tenperature; the anount of used hydrogen peroxide® and
the pol ymeri zatne@bralize®. aThetateltE additionl dTthehqidtasaahtdnolrthé Hongees, the
nononmers was conpl eted were changed and 9 types of terpolyners having
aver age nol eculthe pelymétigatadn tOOpOGOUre; the Cinodgt, M osed2bydfdvgen peioXide,

13, 000, 11,000, 8, Q00 %nd 6, 000 were gbtaj ned. The average nol ecul ar

wei ght was nea e pplymepzation fimg aierthe additioncof dheaqueous solution of

pol ystyrenesul fpnate as the reference. [Test of,.formation o el., wth

ol ot um ton] 1 iR6 Thoafiets wah SBREIEE e anded eBd Bavee Sk odlpoiyiiace,

sol ution cont 3jRiMld Refdde AfICkuBRd wiistitd %Mﬁ@,bge, 80,086, 80.600° 02(5,%062“ of a
terpol yner and an aqueous sol ution of cal cium chloride were adde
successivel y ané,(800 18,000, 11,086t 8900 Uand 6,060 iwege colitkdnetl. 8 The average
concentration of the terpolymer of 100 ng/liter and a cal ci um hardness of
50 ng CaCOB/| i meolegylsr yreighr was mpasuzadunt acsprdamee it G0 caring sedivm i on of

cal cium chl ori de, was changed and test sol utions having cal cium hardnesses
of 100, 200, 3@8!3'%@8?9%38’,“%6?“%{%&%8?- 900, 1,000 and 1,100 ny

CaC3/liter vverg?ee%%gg&%atg) e%ggﬁi%ﬂ;fﬁ'% ﬂ)ql ce with the sane procedures

as those condu ove. Séa €rs were seal ed
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 aqueous solution of calcium chloride were added
successively and 500 ml of a test solution having a pH of 8.5, a
concentration of the terpolymer 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 sblutions 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 cpnical 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 célcium ion was
measured. The g'reatesf calcium hardness which caused no turbidity in
the test solution was defined as the threshold calcium hardness in gel

formation of a terpolymer. The greater the threshold calcium hardness in
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wi th polyethylene filns, placed in a thernostatted water bath kept at 90C
and left standing there for 1 hour. Then, turbidity of the test solutions
with gel forned by binding of the terpolymer and calciumion was neasured.
The greatest cal ci um hardness which caused no turbidity in the test
solution was defined as the threshold cal cium hardness in gel formation of
a terpolynmer. The greater the threshold cal cium hardness in 11 gel
formati on of a I oft e ' ayi ng
i 5301 ved i n weCLiORPUIES of Eelflinds SR GplyCetale” e LRI e ponedl

preci pi tation Qitagiakdissslwiddaptates vithou® fanhd@ sedleconi cal beaker, desalted
water, a pH buffer solution containing boric acid and sodi um borate, an
aqueous sol ut i d¥estf ofgekevéntinn efiprecipitationof eajoivau phesphatélon of a terpol yner
and an aqueous sol ution of sodi um phosphate re added successively and
500 m of a test solptqaPpo Pﬂ’g‘cﬁl lﬁﬁ‘ﬁ%ﬂ' éeséx\tgﬁ waisteh PEhbuter selutiga

| f 3 AN . | ci .h f 100 COB/ |.i d
content rati on SPaBsapr aefadd SUURLPRRIE M bl eoTO0R of cofeiuRe
coni cal beaker g ,gAt,ﬁQ%uwumoﬁmmﬂ YEL RleRAmdy 4K Qﬂdattﬁigﬁwtﬁ§golh@io of

thernostatted water ept at 60C. Aftér 40 hours, est solution

was filtered thpaiigh phosphiterwerpsdidednaiccagivelyp and soamtbena wht Solhtipm and
the concentration of the residual phosphate ion in the obtained filtrate

was neasured. TeyisgreupH of Siheca congenbrationopfithe texpolyther of Bpuigfliter, aas .
changed and the_sane pracedur describ ve. wer.e,conduct ed.
Thus,g test sol Lf?‘?%‘rl]%l ‘ﬁ%‘@f‘ ﬁ%s ?ﬁ@o %%n(?:imga roansd %?9 It“%glgiaglro oqffrl?ﬂls&%)#{j%, 5,
6, 7, 8, 9, 10,jod bratm2 PB4t wal'prépdred! M"Bhe RERIRAT BEalIOwhd GeSREE

nmeasurenent as the above was conducted in accordance with the sane
procedures as tiigRa polyéinglc@d filth and 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 pym 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 phosphate ion of 9 mg PO 3-/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.
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the above. The smallest concentration of the terpolyner which gave a

resi dual concentration of phosphate ion of 9 ng PO43-/liter or greater (a
residual fraction of 90% or greater) was defined as the threshold '
terpol ymer concentration for preventing cal ci um phosphate precipitation.
The smaller the threshold terpol ymer concentration for preventing cal cium
phosphate precipitation, the nore excellent the effect of preventing
formation of s ' ' QE;HQ@:E' 12 [Test of
prevention of g%gﬁgélgﬁ%?l&gg?%gg%&%%m Sg] I nt 01821] 500 m coni cal

beaker, desalted watlato a#00aaliedtical behkir, desabied Wate® 410h iR us sBRtRHALEGOUS
sol ution of sodi um hydrogencarbonate, an aqueous solution of sodium

silicate No. 3,a derpaiymensapohquéans edlutioncoflsodicim drydiegerear usn
sol ution of magnesium sul fate and an_aquequs _ solution of iron(ll])
chloride were Afinegus gelution; ofs .unFiS#éﬂar“;/?‘%lopﬁ, an aqueous; splytips i calcivm; ust ed

wth a 1% by wejhght ;aqueous sol ut hon of sul furi.c aci or 1% by wei ght
aqueous sol uti ocrﬁo%?e’s%%i %%‘ﬁ?;‘ar%%‘ﬁ%“a dmgéaemfsu.ﬂ’ate[ @é‘g aB ﬁﬁ?‘%ﬂ?shavi ng
a pH of 8.8, a GARSENLE ALhATYhldriR WwerdQiddEsucdbsesivel D/ Finh Ry, i um
har dness of 250 ng CaCGs/ | fitmgr, magnesi um har dlﬁesss eofgloo rrg’ %gcgdlhl%i ter,
a degree of M aokation whs a8fhstal with@31% byareight aqieoas 8élatibh 0f selifust htida of
100 ng Si2/liter and a concentration of total iron of 10 ng Fe/liter was
prepared. The @3 34 bypaeight agueoye splaion; oftpodium diydeedtige and 500 mil afic

pl aced in a thernopstat.ted water t pt at 30C... After beipg left
standing there tP?ﬁ' s‘éﬁ lﬂﬁﬂ?aé’,mg ﬁepbﬁe‘%kég’ fheronpenization, o éh‘?j texpolymer of 3
concentration Ghgfitéy) alialGAhyBErdnesd HE250'RE OACOMI S0 i driRSiuiR ha: &E@%Uf ed.
The amount of the aqueous solution of the terpol yner was changeé and the
sane procedur eofakdX s Cadkdlitebed dedppee ofM ealkali bf2500mg CaCOglliter, a

concentration of silica of 100 mg Si()_zlliter and a concentration of total iron

of 10 mg Felliter was prei)ared. 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)
was defined as the threshold terpolymer concentration for preventing iron

hydroxide precipitation. The smaller the threshold terpolymer
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Thus, 500 ml each of test solutions having the concentrations of the
terpolymer of 4, 5, 6, 7, 8 9, 10, 11 and 12 were further prepared and the
sanme neasurenent as the above was conducted in accordance with the same
procedures as those conducted in the above. The snallest concentration of
the terpolynmer which gave the residual concentration of iron ion of 9 ng
Fe/liter or greater (a residual fraction of 90% or greater) was defined as
the threshol d t@meeht¢iEibn CRIC PRéveRting ifdd HYIRNERS | Pbcidifition)Y HPXhik
precipitation. The smaller the threshold terpolynmer™ 13 concéntration for
preventing i r onedegHemixtlse effectoifipreasntig forheation 6f sle WitleRéspele tefifgct of
preventing formatjon of scale with respect to iron hydroxide. The results
of the tests arlydp®ige. in Table 1. Table 1 Average Threshol d cal ci um
Threshol d Threshol d ,nol ecyl ag . hardness |n terpolyner terpolyner weight of
gel formation concerﬁl}%qsﬂﬁsegw?s&*@howpép%% for preventing for
preventing cal ci um phosphate. iron hydroxide precipitation precipitation
(mg CaCOB/liter) (ng/liter) (nmg/liter) J00 1,000 10 4 50,000 1,000 9 4

30,000 1,000 9 4 26,000 1,000 7 4 16,0 , 000 6 4
Average Threshold caleium Threshold Threshold
- molecular hardness in terpolymer terpolymer
weight of gel formation concentration concentration
terpolymer for preventing for preventing
calcium phosphate . iron hydroxide
precipitation precipitation
(mg CaCOglfliter) (mgfliter) (mgfliter)
100,000 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
-7 8

6,000 500

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 ion 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
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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 nol ecul ar wei ght of the terpolyner of

i soprenesul fonic acid, acrylic acid and 2-hydroxyethyl methacrylate (the
ratio of the anounts by nole: 20/70/10), the smaller the tendency to form
gel 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 nol g bﬁfmﬁﬁ’oﬂhﬁtmﬁ e s%HB' Weth bgedf {68 Chlcim ﬂlfos?hg]‘/ ent'l"ﬂ?eg

formati on of scale with respect to cal ci um phosphate. The excel | ent
effect was exhi dfabldescalléniceffoet gas ekhibitdavchaganpobfthe drerageh@iécultir 6, 000
to 26,000. Fromthese results of the tests, it is shown that, in the water
syst em havi ng aweighéofi6:088 fe136.990. tﬁmnbphe?amﬁwlémgfethete&thet isehovanthat,

nmol ecul ar wei ght for exhibiting t.he excel |l ent effec eventi ng
formation of scilytheya ﬁéyafﬁmﬁ?‘eﬁg&rc From Y‘E‘%é’ﬁ%&‘l of thepot h

of — cal ci um phogphale 11'1&10%%!\9 &Xérﬁﬁbitﬁgth 08«:% é’ec? of Hrgr?’ 15167

(Deconposition of a’terpolyner ozone ear

the optimum r angematiohd® séebgdBe alRitRMUfahe Nméifwithere o@% boRd opf
| soprenesul fonic acid, acrylic acid and 2- hydroxyethyl acrylate (the

rati o of the amalaumplyosphhman&ﬁbﬂ%ﬂﬁ@mdmst&@ﬂ@sm&mahl b| tor is 6,000 to
26, 000. I n accordance with this know edge, a terpol yner of
i soprenesul fonic acid, acrylic acid and 2- hydroxyethyl nethacrylate (the

ratio of the a | e: / 70/,.10 aV|n n age nol ecul ar wei ght
of 13,000 was sr@?ﬂ ]Selhg °°‘H?°§Q‘°n°fa rpolyner itk odbne) 9 J

As clearly shown in Example 1, the optimum range of the average
molecular weight of the terpolymer of isoprenesulfonic 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 méthacrylate (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 mg/liter
aqueous solution 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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terpol yner was added to ‘desalted water and 1 liter of a 200 ng/liter
aqgueous solution of the terpolynmer was prepared. The prepared agueous
solution was placed in a 1 liter beaker, which was then placed in a
thernostatted water bath kept at 30C. Ozone generated by an ozone
generator [manufactured by ASAH TECHNI GLASS Co,. Ltd.; LABOZONE 250 type]
“was blown into the aqueous solution in the beaker at a rate of 50 ny/hour

through a 9as. dighGeRid3 EtkhiEpo the thibsIbR i flrine Sl kA oRhatils,

aqueous sol ution were taken out at a Speclfl

average 1ol ecul ghie thiégHild GérpoliendesonebNiFRtiodsr PRASHERS chlbiuRGYHRIGE Wi th
GPC. In accordance with the sanme procedures as those 5 conducted 1 n
Exanpl e 1, the piecipitation aud ¢he thieshdive serpblynge cdnoemtrhtion for phevenliingshol d
terpol ymer concentratjon for preventing cal cium phosphate precipitation
and the t hr eshoren thydsexidegregipfaban  wereopbtadnedsr lhenreswlts areoshowynrioxi de
precipitation V\ﬂllﬁ bt ai ned. The results are shown in Table 2. Table 2

Ti me of Average P&shol d Threshol d Threshol d contact nol ecul ar cal ci um
terpolymer terpolynmer wth weight of hardness concentration concentration
ozone terpolyner in gel for preventing fgj.Rreventing formation cal cium
phosphate iron hydroxide- precipitation precipitation (hour) (ng

Cac/liter) (mollhafefl) (MUehde™) Gndaudfi®0 8000f dad 2° T 0300 © °

contact molecular calcium terpolymer terpolymer
with , weight of hardness concentration concentration
ozone - terpolymer in gel for preventing for preventing
formation calcium phosphate  iron hydroxide
precipitation precipitation
(hour) (mg CaCOglliter) (mg/liter) (mg/liter)
0 13,000 800 6 4
0.25 10,700 600 6 5
0.60 7,600 500 7 6
0.756 7,100 500 7 7
10 6,000 400 7 8
1.5 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 methacrylate (the ratio of the amounts by mole:
20/70/10) was decomposed with ozone. The longer the time of contacﬁ
with ozone, the more the average molecular weight decreased. When the
average molecular weight decreased, gel with calcium ion tendéd 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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0.60 7,500 500 7 6 0.75 7,100 500 7 7 1.0 6,000 400 7 8 1.5 5,000 400 7
10 10.0 2,400 <100 8 >12 As shown in Table 2, the terpolyner of

i soprenesul fonic acid, acrylic acid and 2-hydroxyethyl nethacrylate (the
ratio of the anounts by nole: 20/70/10) was deconposed with ozone. The

| onger the tinme of contact w th ozone, the nore the average nol ecul ar

wei ght decreased. Wen the average nol ecul ar wei ght decreased, gel with

cal ciumion teggathiidh BE scdie’ whH Aldfedthedr ehlbRih pHosPhéedid 16t aksRké ON Of

scale with respect to iron hydroxide decreased.” On the other hand, the
ef fect of prevenichnwher 6hé avergeanoletulae avedght ddvreasefdeclit iscshbazln:byl the
phosphate di d not decrease nuch when the average nol ecul ar weig

decreased. |t Bbowhaesnlts thfﬁe whero fhe r"é%i‘-ﬂchgotlh‘a@athlst n@dncser%wéthu on

treatment is conducted w ozone i.n wat er .S u3| n ter ymer
of isoprenesul PHREILG 2 era%W?‘Pcus&Eg hg igrBol %‘l‘ﬁ?g sﬁ’&%‘?&‘c?&

(the ratio of t |t S
8oL TP e e CHESE  AP

nai nt ai ned at & 0020170408 3lsCthe? Béhle tiliBibiloR CitP Ry befficRint Lihae 1Bk &&é}héét of
the terpolynmer with ozone is kept at 1 hour or shorter when the t er pol ynmer
havi ng t he avenmjeculnt weightrofwhe géripolymiierlis, rﬁé)ﬁtamdma;nwdgzmmand bl own.

into water at a rate of 50 nog/liter/hour. 1,gle 3 Decorrp05|t|on of a
copol yner wit hthﬁfdﬂve)pemdmfme@fcqntec&@rtbgltg er wiibzene dukerinatcl aci d,

acrylic aCI d aﬂ our or shorter when the terpolymer having the average molecular weight

of 13,000 was used and ozone is blown into 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 contéct with ozone for 10 hours and the average
molecular weight of the 'copolymér, 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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2- hydr oxyet hyl nethacrylate (the ratio of the amounts by nole: 20/70/10)
used in Exanple 2, a copolynmer of acrylic acid and acryl am do- 2-

met hyl propanesul fonic acid (the ratio of the anobunts by nole: 90/ 10)

havi ng an average nol ecul ar wei ght of 8,000 was used. The copol yner was
brought into contact with 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 G’ﬁaifé ' | | G LAE ate
precipitation and tg}e&r@ﬁ?ees 0 g&%@#&%r(r%?gogg%%éﬁ%%%%ggéfa%wmp?é\agaﬁlwng

i ron hydroxi de nhegidiybelyl Methatla!(@hd eatid bf SCARMBaRE by rdle: 20MF0/16)TE
procedures as those conducted in Exanple 2. Exanple 4 (Deconposition of a
copol yner with wsednehp Eix#&mple p2,ace cpolyheert of padrylier acil iandpBerbdonyf-2ni c
acid, acrylic acid and 2-hydroxyethyl et h.acrfyl ate (the ratio_of the
amount s by nol dydroxymgepanesulioni aeidethenatiooof the: apsupte byomolesr84/18) aci d

and 3-allyl oxy-2- .hydr oxypropanesul f oni £, aci e ratiaq of .the unts by
nol e: 85/ >1/5) ymﬂé.ana_%&%?ﬂ’ﬁge Qi ot\gpéhp i W%Og‘l}ﬁa‘?pﬂ BET The
copol yrrer . vas PAOUBheh!) iR BAAGE With/pRZRN Rl 90 hOdOURS B ddFadiyer age
nol ecul ar wei ght of t1§ copol ynmer, the tﬂresho d cal ci um har dness 11 gel

formation, the rhblegtlae vigkt SO @poly@iki¢ the tresholll Waldi@VeAtdnBss frakel UM
phosphat e precirfpi tation and the threshold terpol yner concentration for
preventing i rorformdtion, the fhreshald terpolymewconceniration dor preventingaabdumi t h
t he sane proceduyres as those conducted in Exanple 2. Exanple 5

( Deconposi t i on Riosphatgpregmitatign ﬁnézf@ﬁe')hrﬁ‘?hoﬁéé@o&m?hé‘o{l%&% forof

i soprenesul foni¢c acid. _acrwl igc agid and. 2-hydroxyet.hyl.methacrylate,(the
ratio of the a rﬁ%’ﬁ%?%tl.%lr ?’l@rd&:’%{,@g é)/riﬂsnta%on )évere o%gam&'!l mn accoraaXce 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 f.he average
molecular weight of the copolymer, the threshold calcium hardness in gel
formation, the threshold terpolymer concentratibn 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.

The results of Examples 3 to 5 are shown in Table 3.
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used in Exanple 2, a copolyner of acrylic acid and 3-allyl oxy-2-

hydr oxypr opanesul fonic acid (the ratio of the ampunts by nole: 80/ 20)
havi ng an average nol ecul ar wei ght of 9,000 was used. The copol yner was
brought into contact with ozone for 10 hours and the average nol ecul ar

wei ght of the copolymer, the threshold cal ciumhardness in gel formation,
the threshol d terpol ynmer concentration for preventing cal cium phosphate
precipitation and the threshold terpol ynmer concentration for preventing

i ron hydroxi de precipitation were obtai nggeign accordance with the same
procedures as those conducted in Exanple 2. The results of Exanples 3 to 5

are shown in Table 3. Toqbl vgi'ae vera Ttiulr shol d,l{rhr slhol d
Threshold contact nol ec t%g ymer LenDalymer i Jei ght of

har dness concentrati on cqmﬁent mgp RAGRE CORBhARLtionN IShn, ﬂ£“g5event|ng
for preventing formationoGad Ci spoisRBOSPhilel | I Offordpyébemtidgde R p8&bRtidgat i On
precipitation (hour) (nmg CaCO3 (ng/| ifokedayion( Nedldinh @hospheitd | ix0h hydrsadepl € 3 0
8,000 <100 6 10 10.0 <2,500 <100 7 >12 Exanpl predpitatiaf), 700prddiitatio8 10. O

<2,500 <100 11 >12 Exangh@) 5 0 9, 0004806ct) 7 Afers2: 500 GhQerf2 >12

fliter)
Example3 0 8,000 <100 6 10
10.0 <2,500 <100 7 >12
Example 4 0 10,700 400 9 8
10.0 <2,500 <100 11 >12
Example 6 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-ally10xy-2-hydroxypropanesu]foﬁic
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 mg/liter and the

concentration of ozone used for disinfection in the cooling water is 0.2 to

0.5 mg/liter. Therefore, the ratio of the concentrations of the polymeric
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As shown in Table 3, the average nol ecul ar wei ghts of the copol yner of
acrylic acid and acryl ani do- 2- et hyl propanesul foni ¢ acid and the copol yner
of . acrylic acid and 3-allyl oxy-2-hydroxypropanesul fonic acid both
decreased when these copol yners were brought into contact with ozone and
the effect of preventing formation of scale decreased with the decrease in
the average nol ecul ar weight. Exanple 6 (The half-life of the average

mol ecul ar wei ghdcaldf ihibfioP Woy 6Bk id 20AC k' A5OVEL ESingy SThedSwremBnd UREGR! .+ 2 -
polymeric scale inhibitor is added to cooling water in an amount of 10 to
30 ng/liter ancavenage nolwalirweightiobd polyarer indiffictiltin dicohedntedticinof thet he
cooling water is 0.2 tg 0.5 ng/liter. Therefore, the ratio_of the

concent r at i ons Rsympe ofl0 ke B0cmeliter cam aaquapnsselutionoofoa medyrerie Gealet o

T fieult i o CBHUGHPRRS A oBRoqpEntiostpy il g ioeh wag gt a%ﬁltﬁgéff‘%tg% ‘Sf
' | Lphlhi t CQ ntrati,on o
190 1 rer weme dendpr GRS e dERicr, Wi oB ublly BB BB RG] 01

the rate of supgitim@bf extact with dzofe PRthe Yatedf debspNiti6R of 86 pdyidarRRZone
on the rate of deconposition of the polyneric scale inhibitor was

eval uat ed. | n tdeale inbititortvms ewtluatedf I éhisdaste the witiocosfthe @bndeerayidngner to
ozone was set at, a slightly higher value than that of the actual water
system Six typddhepolymen igzeng was s¢f at aoplichtyhigheryalue ¢han thatcefithec aci d

- hy| I he,. ' f.th ts.b le.. 20/ 70/10)
havi ng aver age EMHTREF Syl Sif FRtet i fergbag ot dpreipsalienisini oh
were synt hesi zeg4i £ofd @Bhsz-ﬂym&;ebﬂk,ﬁ&&gm@ t(fheq‘aaﬁ‘%lotf%ﬂe aBhfits Wﬂ?oiﬁzéo

aqueous sol utions each having a concentration of the terpolymer’ o
mg/liter were ROFIILEChaviigSeverage nhdloculeA@rightsan 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 (6 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
in 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 decomposition with ozone

was obtained. The results are shown in Table 4.
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anount of 10 liters were placed in 10 liter beakers, which were then placed
in a thernostatted water bath kept at 30C. Ozone generated by an ozone
generator [manufactured by ASAH TECHNI GLASS Co, . Ltd. LABQOZONE 250 type]
was bl own into each aqueous solution in the beaker at a rate of 50 ng/ hour
(5 ng/liter/hour), 100 ng/hour (10 ng/liter/hour) or 200 ngy/hour (20
ng/liter/hour) through a gas dispersion tube made of a glass filter. The
average nol ecul ar wei ght of the polyneric scale inhibitors in the aqueous
sol utions was neasured with passage of tpg;fjme in accordance with GPC. In
this manner, the period of tine of contact wth ozone before the average

mol ecul ar wei ght_of .The polyners de To 17,2 of The jnmilrat average
mol ecul ar wei ght TP &8&¥8posi tion V\ﬁﬂﬁﬁggfgﬁﬂ agg eyt ApigidhoYhe results are

shown in Table 4. 2f.d@pl e 4 |nilddles age ,talf e of g*g%g | ecul ar
wei ght (hour) nol geihetr rate of aygaﬁéﬁiate Olof SbaD ‘kb y rate @ ﬁng

wei ght of ozone of ozone of ozoreEm§itEhdurt er {0 BgHtedkbulO/ | mgl@/hb@%mzo
ng/liter/hour 100,000 70 17 4.0 50,000 68 18 4.5 30,000 65 16 3.5
26,000 72 16 4.5 1@@0@00 75 18 3.5 43,000 67 1744.0 As showy Ajn Tabl e 4,
t he terpol ymer of s%ﬁrenesulfonlc acid, acrylic_acid and 2- hy roxyethyl
acrylate (the ratit*¥ the amounts B¢ nole: 18

30,000 65 16 35
- 26,000 72 16 45
16,000 75 18 3.5
18,000 67 17 4.0

As shown in Table 4, the terpolymer of isoprenesulfonic acid, acrylic
acid and 2-hydroxyethyl acrylate (the ratio of the amounts .by mole:
20/70/10) was decomposed with ozone. The greater the rate of supply of
ozone, the greater the rate of decompesitio_n. 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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20/ 70/ 10) was deconposed with ozone. The greater the rate of supply of
ozone, the greater the rate of deconposition. Wen 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
deconposition. Wen the concentration of the terpolyner and the rate of
supply of ozone were held constant, the rate of deconposition of the

terpol yner was about, .thg,sa i ndependent | y..of, the initi average

nol gcu%/ar wei gHfEtRated, hg@eqr;@ed:gg .“ﬁ;&h%ﬁ ?tytl eftgr%‘ﬁy?ﬁrelsagéq g’ggzmi‘?glaélgul ar
vei ght was abolgheliage 5PGEpply bR BaheiR'R) BN MGks, 0O TALIE di'tht ladbrfiéer 20°
nol ecul ar wei ght of the e]Ypo ymer, the concentration of the terpolyner
and the rate ofmslephlay @eightzeaalvne UPChéled, t Uadaw ethag ccomditton)l ahewei ght
of the terpolymer after the terpolyner is kept in contact with ozone for a
specific time derpdpmepdhawingaatinifial\Wveragemoleonkae meight of 0000, 26,000

terpolyner is 150 [liter an he rate of .supply of ozone is 10

mgl 11 ter/ hour 3Tk 1RAH0D. aumer o5k t@lﬁepewéﬁa&feﬁmﬁg @‘\ém the purrpve mologplare 17
e, o HUHE B o B0y S RS e o b e 20°
time before tNGaysidge BRhaGbh Ut sthid Gt CEpaRATr frith WeheotoCitonauses
the decrease in the effect of preventing formation of scale of the

t er pol ymer wi t thydesxidetaridothe tomdehsst od forgeativmdoft #ed with daldiymoion] @r&®g8i on of
gel with calciumion, are 68 hour, 34 hours and 17 hours, respectively.
Exanpl e 7 ( The hosira84 bautscandbhhowws, teespeeldedyi n t he average nol ecul ar

wei ght of a terpolynmer and the effect of preventing formation of scale) The
terpol ynmers of isoprenesulfonic acid, acrylic acid and 2- hydroxyet hyl

nethacrylate ( tﬂ?arﬁﬁfei P (’Pﬂe 06 B HENr SerP ¥nd b reasddid $he %)verage 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. Thé 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/hour (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 when 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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havi ng average nol ecul ar wei ghts of 100, 000, 26,000 and 13, 000 were

di ssolved in desalted water and 10 liters each of 150 ng/liter aqueous

sol utions were prepared. The prepared aqueous solutions were placed in 10
liter beakers, which were then placed in a thernostatted water bath kept
at 30C. Ozone generated by an ozone generator [manufactured by ASAHI

TECHNI GLASS Co,. Ltd.; LABOQZONE 250 type] was blown into each aqueous

sol ution in thQiepGakeded@iud o2tk Sbnth! vﬁgﬂn&gﬁe (£h9 5Woh¥%{e{1{eh3? Pagh N ough
gas dispersion tubes nmade of a glass tilter. Since 1t 1I's Known Tromthe
resul ts in Examélecllai haiglitheolld He ddckeasell ihbetlay RI@cf MOEEs'2600WeHONt Of
the terpolymer is about 17 hours when the rate of supply of ozone is 10
my/ | i ter/ hour, whichethecexdeHant ¢ffeetafor preventingefortmation! gfrscalbawbuld bhe
initial average ppl.ecul ar wei ght of 100,000 was 22 deconposed due to the
contact with of3AI HVRS Riso esthpa dhe tprnolymens haviggthoduitialpe

for prevent i ng aatgeifidEcfor welihls bE1EfoR30a g8 a0l iild bp defpteBoedrith | o'
esti mat ed t hat i s Lt v I
nei ghts of |13 GEOR AELREL WiBtape iMlBtlal WoikRis Waild, I BA0d Y S O o

aver age nol eculsaralleei gftherefiore| dhb ceffbet rof gpRdehting . fofilafon EallE fwould
Therefore, the effect of preventing formation of scale would deteriorate.
After 50 hour sdetexiorateer age nol ecul ar wei ght of the terpol ynmers was

measured in accordange w.th GPC and the terpglynmers deconposed with ozone
were subjected to tﬁ'&ef'gb oy¥s, £8¢ ﬁmrﬁgﬁmﬁe%@%rwxaﬁte&hﬁ terpolpmery was t est
of prevention i D ' f_.cal G sphat & and the test .of.
prevent ron of st B habidhod i\ R0 B AR BBt HEGmigeRnd ith same
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) (mg/liter) (mg/liter)
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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procedures as those conducted in Exanple 1. The results are shown in
5. Table 5 Initial Average Threshold Threshold Threshold average nole
cal ciumterpol yner terpolyner nolecular weight hardness concentration

concentration
terpol ymer 50
precipitation

wei ght of after in gel for preventing for preventing
hours formation cal ci um phosphate iron hydroxi de
precipitation (ng CaC3/liter) (nmg/liter) (mg/liter)

, : 00 7 212 000 <2, 5 00
010005, 260, ol i e NS

wei ghts of 26,

QRUeRRd of DAL MY B GO WRHichh ShewsE the NbxRiIEEC tetREt of

preventing formatton of scale beforée the treatnment with ozone, were
deconposed Wi t lprevartingdornhdtgorn i soade before utlar tiwait@bht withr &paed werdhus,

the effect of

preventing formati on of scale deteriorated. In contrast,

t er pol ymer havidegompesednwithaozonee andcthep heenage rmolecylar wéighto de@easeb

deconposed wit
scal e was exhi

ozone d the excellent effect of preyenting_formation
'hcl@dag% P?%é:tf’ eé{%?lag&rmﬂt&qﬂfléﬁalﬁé%&ﬂora edBaatTASh

Tabl e
cul ar

8
ar

t he

of
t he

The above-r esultfs tEiblndn b BheriBal aftrall O BhRRH o0 wEE e, .
in the effect QecdthfyRAlwitH d26h4TBhE The Bkcellent BFEM O pRetdiRifiSoLAAEBN dfN t he

aver age nol ecul ar wei ght by deconposition with ozoné, the process

scale was exhibited since the average molecular weight decreased into the

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
scé.le 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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conprising the following steps is effective: (1) obtaining the optinmm
range” of the average nol ecul ar wei ght for preventing formation of scale
fromthe relati on between 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 polyneric scale inhibitor

in accordance t ak ol th Jnitial gverage

nmol ecul ar "fvﬁ &%@ﬁé'gf'e\?e a%ma\(?gd aglg g&p‘hggﬁ Of fc Waﬁ %gﬂg’r

opti num range mngtmmx{amﬂwe oﬁeﬂaevaﬁ the pol yneric scale
inhibitor 1is deconposed with ozone fromthe rate o supply of ozone and

the period of tine of contact between the polyneric scale inhibitor and
ozone, i.e., the period of tine in which the added pol yneric scal e
inhibitor stays in the water system before being renoved to the outside of
the water system in 24 an actual water system and (4) adding the
polynmeric scale inhibitor having the obtained initial average nol ecul ar
weight. 25 N 1111 CLAIMS 1. A process for preventing formation of scale
whi ch conprises adding, into a water systemin which ozone is used for
disinfection, a polyneric scale inhibitor having a high nol ecul ar wei ght
whi ch gives an average nolecular weight within an optimumrange for
preventing formation of scale after the polyneric scale inhibitor is
deconposed wth ozone. 2. A process according to Claim1, wherein the
polyneric scale inhibitor is a polyner selected from honopol yners and
copol ymers of acrylic acid,
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met hacrylic acid, maleic acid, naleiT amhydride—anrd—+taconic acid. 3 A
process according to Caiml, which c ning, in accordance
wi'th a measurenent, the optl nmum rangeTﬂ'l"ml l@wﬂimﬂ I ecul ar wei ght for
prevent| ng for rratlon of scale froma reél ation tweenr an average nol ecul ar
wei ght of the polyneric scale inhibitor and an effect of preventing
formation of scale; (2) obtaining, in accordance wwth a neasurenent, a

rel ati on between a rate of supply of oz a rate of deconposition of
the polyneric scale inhibitor; (3) obtarning an initial average nol ecul ar
wei ght of the polyneric scale inhibitor which gives an average nol ecul ar
wei ght within the optimumrange for preventing formation of scale after
the polyneric skalA proéassifoopréwntimgofopmation wif tsealeowhith dontpriddscaddihg, of
supply of ozone and a period of tine of contact between the polyneric

scal e i nhi bi t orinip@ WabTeSystam lpzwyhlshmzngetlmlsetb&lyﬁr@mf@ctymaepo megict or

i.nto the water
23\5/![ 2?71 t gg obta] afd | nh}tloglha%%/negr ggh.lgﬁvmo cul%.r welg L‘?W ich g?ves 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 according to Claim 1, wherein the polymeric scale inhibitor
is a polymer selected from homopolymers and copolymers of acrylic acid,
methacrylic acid, maleic acid, maleic anhydride and itaconic acid.

3. A process _accordjng to Claim 1, which comprises (1) obtaining, in
accordance with a measurement, the optimum range of the average
molecular weight for preventing formation of scale from a relation between
an average molecular weight of the polymeric scale inhibitor and an effect
of preventing formation of scale; (2) obtaining, in accordance with a
measurement, a relation between a rate of supply of ozone and a rate of
decomposition of the polymeric scale inhibitor; (3) obtaining an initial
average molecular weight of the polymeric scale inhibitor 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 a period of time of contact
between the polymeric scale 1n]nb1tor and ozone; and (4) adding the
polymeric scale inhibitor having the obtained initial average molecular

weight into the water system.
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