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 ember 2005 adversely an{ec ed. by the _treatnment. with chl grine- However,
in the ozone 1s used for disinfection’ and formation of scale is eifectively

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




treatment with ozone, polyneric scale inhibitors are deconposed and the
nol ecul ar wei ght of the polynmeric scale inhibitors decreases since ozone
has stronger oxidizing ability than the agents cont aidfi peptembes3d98. The
average nol ecul ar wei ght of a polyneric scal e inhibitor has an opti nmum

- range in order to exhibit the effect of preventing formation of scale. The
ef fect decreases when the average nol ecul ar weight is either greater or

[ th th ti . t of L ymeri | e inhibit
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scal.e inhibitor due to the econposition into consideration and prevention
of troubl es nedeads: eiglat dfagtenpslymetic sealecinditd tade plRsidased shifce Szuglge has
~been attenpted. For exanple, in Japanese Patent Application Laid-Qpen No.
Hei sei 5( 1998} -stnp@eogxidizipgcdulity than theagemintconfainmgydiledneoolhng wat er
using a honopol yner. or. a cappl r of acrylic.acid or nethacrylic acid
having a wérgrEeapelesylar rﬁﬁ‘?é&;%ﬁg Hﬁ&‘@‘i’ﬁl‘: ggalq ,“g}(?)‘élt% has J3pePti@ust oposed.
However, i s- fouy e N\ I hat .. when the ove
process maskaé%%F}ggﬂgggﬁxkg?%?k§§%%%§¥?Hg%ﬁﬁggf%?@%%‘%8 F%ﬁemégg%onducted

in adccordapgectidReddR8 WRAREHE Ao Mgk noRoMar $AIShPY YIRS gre%@@J gr | nhi bi tor
was oxi di zed and deconposed with ozone. The nol ecul ar wei ght decreased and

the effect ofnableevia ixgoftommat izoigeof scale of the polyneric scale
‘inhibitor decreased. SUMVARY COF THE | NVENTI ON The present invention has an
obj ect of provi dHatetafope.cedemerig soale dahibitere paviogsipatsagamadesilan whi ch

Lt A R T e T LA
- systemin V"ﬁ%&@a%ﬂfﬁleilﬁolﬂéﬁgr fw%ﬁgﬁ%io? bk ﬁ&l&jn%ﬁc 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




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 effectively prevented i RlSepdauhdri2@05wat er
systemin which ozone was used for disinfection when the optinmum range of
t he average nol ecul ar weight for preventing formation of scale and the
relati on between the rate of supply of ozone and the rate of deconposition

f th i : i-hi. it r-e obtained, and a polyneric scale
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of scale after the polyneric scale inhibrtor was deconposed wth ozone was

added t o sthle isgiresens \isteewatdihgyspreSanthicheend iDasdibforbbsnfeaon! et ed based

on the know edge The present invention provides: (1) A process for

© prevent i igdithe dermaiionef scald is offsrarelygvprdded adding, into a water system

M whi ch ozone ,i S used for. disinfection olynmeric scale inhibitor having
r
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honopol ynmers and copol yners of acrylic acid, nethacrylic acid, maleic

aci d, - nmakenge ahHyadaveragamdolecalaoeightafirdpresentigs forin priac f scadescri bed -in
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i nhibitor and an effect of preventing formation
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




(ii) determning by é measurenent a rel ationship between a rate of supply
of the ozone and a rate of deconposition of the polyneric scale inhibitor,
(iii) determining an initial average nol ecul ar wei ght of the polyneric
scal e inhibitor which provides an average nol ecul ar weight within the
opti mum range for preventing formation of scale after the polymeric scale
i nhibitor is deconposed by the ozone fromthe rate of supp| ge@Rbmbdiogzone
and a period of time of contact between the polyneric scale inhibitor and
‘the ozone; and (iv) adding the polyneric scale inhibitor having the
determ @)eibténmirﬁrigaby amepggemant|aaopliaomuenghdf ani avemge helavaieweighisdfam 1t i s
anot her t | de .a process for preventlng
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3- aIIwawy 2- hydroxypropanesulfonlc acid, vinylsulfonic acid, acid
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met hyl styrene, styrenesulfonic acid, vinyltol uene, vinyI acetate and salts

thereof; or a neutralized salt of the polyner. 4 21 Septenber 2005 A
further obj dtit aodthetnbjgut ekiba prasantemiention toprévidepa process far prevantisg fdnoation

preventd @galé,%ﬂg?éiﬁ tHe polymeric scale inhibitor is a polymer obtained from {(a) one or more

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.



of scale, wherein the polyneric scale inhibitor is a terpolynmer soluble in
wat er which is obtained fromisoprenesulfonic acid, acrylic acid and

2- hydroxyet hyl methacrylate in amounts such that a ratio of anounts by
nol e of the isoprenesulfonic acid, the acrylic acid and the 2-hydrozyet hyl
met hacrylate is 20170110; and wherein the average nol ecul ar wei ght of the

polynmeric scale in hibitor in step (iii) is of 6000 to 265688mb&EBCR PTI ON

OF THE PREFERRED EMBODI MENTS I n the process for preventing fornmation of
scale, a polyneric scale inhibitor having a high nolecul ar wei ght which
gives an average nolecular weight within the opti mumrange for preventing

formation E‘gg%‘? lt%clarffttﬁé r%Q&tﬂRxleNﬁB?ﬂé?o é&@h@alpmegé Fo?'brév@nﬂ‘@Q’&M%ﬁd Wi th

ozone i s a . sy stemin ozone I s used
di si npeeagieswherpifethe golvpsre ﬁtxsle tslhlbutﬁrés §dar|pelvm@r fpliile 'W‘M@e'b\f"@é'é*é%o"@ﬁ'”%e
pr esefbml iEREHdsOiforfi@fcid, RRnAE Bl Ad 2ShyBRikyRAYItmdthdANAts il 4RblrRs sudpihai es of

t he conponents of scale i'nclude cal ¢i um carbonate, calcium sul fate,

cal ci (AOStipFRHES by a1Qle ohthe faopesesifonic acid e asnylic agid @nd the %hmf%ﬁgybhat e,

cal ci mar%a):aaé & 20770740; PHOBRRA Be atbRge M- dRightbithe fAYROMAEERIe iAI NC
silicate, um, silicate, nagne5|un1hydrOX|3 ferric hydroxide, iron
OX|dethﬂd"§ B(WiﬁéﬁQOOQﬁD%QQ9Poorganlsns 21 Septenber 2005 It is
preferable that the present invention is conducted in accordance with the
followi ng steps: (1) The optinumrange of the average nol ecul ar wei ght for
preventing formation of scale is obtained fromthe relation between the

. average 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 forpgRkicTraffove alrerivid PREETIGEED TM BT IRHENTYPes of substances

form ng scal e and suspended substances. In the present invention, the
met hod for nEasheipgcddacion\pesagain®d feaidtion sedcghd, aoﬁolyﬂernpcﬂcmﬁarl c 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.




inhibitor is not particularly limted as |long as the sane nethod is used.
Exanpl es of the nmethod include the osnotic pressure nmethod, the solution
viscosity nethod, the |ight scattering nethod, the uldhr3ememberdi§ati on

nmet hod and the gel perneation chromatography (GPC). Anpong these nethods,

- GPC can be preferably used Polyneric scale inhibitors which have the sanme
conposition and different average nol ecul ar wei ghts can be obtai ned by
synt hesi zi ng polllrén,eri c scale inhibjtors having different average nol ecul ar
wei ghts by pol yheriz @telsrabladehaty dhe ebresenldi invertdonris gonduetadi vel y, by

- synthesizin | [ | e i nhi bitor having a high nol ecul ar wei ght,
whi ch was t%lgﬁordgg%%‘%n%%stea%@éo%lfl r%eipﬁg into contact with ozone in water. To

obtain data_on (e nekab)@RAPLURED NEAUSEARS TRIERHLAWAELO, Of Lhe

polyneric scale inhibitor and the effect of preventing Ion of scale,
the deconpesétdmtingoformapidhysfesdate Hcobiainedhirbint e RAXiing backbah (ao! ecul ar
wei ght with ozone is advantageous since polynmeric scale inhibitors having
cont i nuousl| y‘t“’@%eéﬂ(ﬂ&v@ﬂa@@éﬂl@@m arlymerigiecslecahitherovhiah nedse4s Sept ember
2005 ‘The effﬁct f -B{,*%VG”“ ng.formation Qf scale (the dispersion effect)
of a pol ymefP% SedlgBhibater {thefisppisanplotnbe; weisr sveismpanddbegitfechel scal e
can be eval I rated solution of the conponent
for the evapg%‘%?%ﬁ%é %g%iaﬁéh?%g p%lwgl?rﬁéfr?é@%ggg & i bﬁegro(%tsbﬁ)ﬁ%‘cespr epar ed

sol ution angorpiieg RRlcahid BespdiRledABSANCA. T a8 @k dﬁﬂagerﬁpi@c'aﬁﬁbﬁ, tpeal e

i nhi bitor necessary for preventing separation and precipitation of the
conponent . Wethod fie memquoiventhecivetdpe molkb@ar sveiglgud pha gensdrhsicance, the
effect of preventing formation of scale of a polyneric scale inhibitor can

be eval uat edrIHYitpr épart pyrtrudady dinaiteshasionghes Eibsamngesthaddisnpedhe
Phe concent FRETBICGH hegbrgrenrdt BRGFEnthBrtor HebebabProhBiordecr easi ng
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.




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

rel ati on between the nol ecul ar wei ght of a polyneric scale inhibitor and
the effect of preventing formation of scale can be obtlabendembersiPOby
nmeasuring the rate of attachnment of scale on a surface of heat transfer.
(2) An aqueous solution of the polynmeric scale inhibitor is prepared.
Ozone is continuously supplied to the prepared solution and the change in
t he nol ecul ar wei ght of the polyneric scale inhibitor with tine is
measured. In this nmedBu effectt of phoveatingeformatioanofofcalld dilpoldisperdién scal e
inhibitor, the rate of supply of_ oQzone, the concentration of ozone, the

period of effse) sf aseplpmyrisiscaleoindibiter Wi resppelr tt areemmongat of the e changed
d th | at,i t th t f d i L f th i |

i bi tor - argl et B ERbub S bt  SPeRatbfreebiorbRt SR ozone. ar

obt ai ned fr Q&Ba%)g?erﬁ%@!tﬁ@gvﬂﬁﬁﬁon,(é}dihg thdPoRh &S seggé ﬁmﬁ}%ﬁf emphd Whi ch

ozone i s used di sinfection, the concentration e polyneric scale

i nhi bitor, pheparad eolitiodlaife phanbbiaiZid@5ths uppkyni@htioZ @RehaPdlfheris et ensi on
tinme of the polynmeric scale inhibitor in the systemare confirnmed. Using

t he data obsedleaehibitox Rgcessdyy fompreivanting verargtionwindquicaipitatioghtf thd t he
pol ynmeric scal e inhi bwr.Por ichis required for maintaini n‘ﬁﬁt he aver age
mol ecul ar "WETGRPRSREL hrYRePrie OPRARER P SCe 1R HUsPeRded suRstaicect of

preventing [ f.rer #4h I ric.scake.i,nhibitor is
feconposed W s Bt iRk ool or bR R G SRS PRI | T
decreased, he SAlaitbethy pfepalhify ROLYIRELENSERLEe ISMBLRILLO! ahaM"ghd he
initial nolecular weight obtained in (3) is added to the water systemto
whi ch the ppdyessicofcalet hdhipit@santhd peepated susienaippl hed thén obegaidance with

t he above process, the polyneric scale inhibitor is decoggsed’with ozone
and, after thfecongentypen ef Breapdymatic istale inhiditop @epessatofpolvetkasitee aver age

nol ecul ar . .
_ 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




wei ght of the polyneric scale inhibitor in the water systemis adjusted
within the optimum range which can exhibit the effect of preventing
formati on of scale- Therefore, the decrease in the effkeeptombpr2dnting
formati on of scale which is found in conventional processes due to de
conposition of polyneric scale inhibitors can be prevented. It is
preferabre'that the polyneric scale inhibitor which is used in the present
invention is rﬁ;ymar haV|ng carboxyl group and nore preferably a polyner

sel ected fr éi‘ﬁ’ therebaspseny Hpesolohe m:lesaBn@ seade dnhibitohaer yl i c

~acid, malei cid nal ri on| he copo mers of

acrylic aC|§ gn@FEE%Fg Ongfp%g ngﬁ%?%qgﬁ‘gﬁ %?@ ﬁ% i taconic
acid nmay be y f n p r.s obtai ned
From these. Peomey SRISAMN OH. S0P X3 FmefiD) QR SRbie! ﬁ’h%‘#?is%

mononers. Thequieab! fisremminfainiagr Yhé Cavahge mRItabeY WdiglaCivithi@ltgs c. acid,
mal ei ¢ anhydride and litaconic 7 21 Septenber 2005 acid nay be copol yners

havi ng two pybwmfram@nérewltmg thergffelcy nEpeevehtivgrigrhitiae of yeds  of
nmonomer units or., co avi.ng. four or nore pes of nononer units.
The ot her %851‘3}?9 \R/E]g’ I‘F%S‘E’S“p WE%P’F Fefeagimuesed W%lh ez%'@llé the yeatamcryl i c
acid, mal ei Gy ﬁldanm eﬂnSle% @H{réz £t I%rdecre co |1g OF P% S not particularly

linited. Exanp es o oner |nc ‘acryl am de,

2- hydroxyet hyl (@Bt hiRe rﬂb'l}%h@mc QScBl@EQKﬂSWGPWAWné @i AGLY [fd18eular .
2-met hyl -1, 3-but adi ene-1-sul fonic acid, 2-nethyl-1,3- butadiene "8 sul fonic

“acid, 2- et ptght oBtduneddn €3)ds 4dded i:@theCwaf.Hrd;ysﬂenBto paidbatiegiteedss sl f oni ¢
aci d, 1,3-pentadiene-2-sul fonic acid, 1,3-pentadiene- 3-sulfonic acid,
1, 3- pent adi Bifepeesent fusengioncisapmiied- dimwcpardanca it Hei elrme drosedsf oni ¢

acid, 2- matm | b%ly%l r?cntsga !aeln%JbLtosr%sf ag(lzo%lpaocsleg wgzhrrgztorrllel 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




pent adi ene-| -sul fonic acid, 2-nethyl-1, 3-butadiene-1, 3-disulfonic acid, 2-
~met hyl -1, 3-but adi ene-1, 4-di sul fonic acid, (neth)acryl am do-2-nethyl -

et hanesul foni ¢ acid, (neth)acryl ani do- 2- net hyl pr opanesuPgRisMBerRq0e, 3-
al I yl oxy- 2- hydr oxypr opanesul foni c acid, vinylsulfonic acid, acid
phosphooxyet hyl (meth)acryl ate, acid phosphooxyet hyl ene gl ycol
nmono( et h)acrylate, (meth)acrylonitrile, methyl (neth)acrylate, glycidyl

(meth)acrylate, N nethylol (nmeth)acryl am de, styrene, a-nethylstyrene,
styrenesul f é\ﬁ}dcma?é’i”'g? C?VH B H%‘ﬁé,g twontype%eéfngpeméﬁ&ngféi tarpplymerEse |
mononers. T r i ngl [0 ¢ ination of two or
Tore The pria SR rRREE b IRhGRT: UBAE S ORoly Blre BfRE RIS, MinEn  agent s
ot her than thge.6MaUEn&aa @nithi bi tor and ozone such as corrosion

inhibitors for nmetals, chelating agents, scale inhibitors which are not

pol yrmeri c (di speffhantthieranthndinsr nivbddhans scopvlyeierized nwidomerdice adikked in 8 21
Sept enber 2005 conbi nation in the object water system Exanples of the
corrosi on  fheroBicsasid, maleg) acidnaialele andivdsidefomitheanjalastd isratosl s such

as salts of zj.n d salts of nickel; salts of phosphonic acids such as
Saite of Cnpartasaty RRusEe; prBmBlc Heite it BEoBRGE pIBHBER: oxy! i
acids such ho gﬁgg et rg i,C id; f

pol ymeric pﬁ%%%ﬁ%%#@ag%ygs 2uch g@%@a ts(ogé%ggﬁ%%%bsg%% ?gﬁg%%gngnd
hexamet aphogpbet)aeryasied; 2ealelid-108-bpbatpho isalfagicd; acid, 0l 2met@pH1BY Nes.
Exanpl es of the scale inhibitors which are not polyneric include salts of
‘phosphoni c hutallienedtsudfopic pivadplfometialloXhirtadiens-tsylfewtt acidf p@-yneric
phosphoric aci ds_and esiers of phosphorj.c acid, Exanples of the

di si nf ect anPeBtadasns k1 eni5ed. nbPwaatatien et waHonis Reds Hohpemtadianes,

quaternary amORleM &3 13:peA ABRLE ANABIR L ELPLUNIRHSH TS B adiene-

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




chl orinated nethylisothiazoline, chlorinated or brom nated

- met hyl hi dantoin, 2-brono-2-nitro-1, 3-propanedi ol and 2, 2-di br ono- 3-

nitril opropionam de, glutaral dehyde and met hyl ene bi hPeri§aben2005The
process for preventing formation of scale of the present invention can be
applied to a water systemin which, when a conventional process is
applied, the average nol ecul ar wei ght of a polyneric scale inhibitor
decreases bel ow the optimumrrange of the average nol ecul ar weight and the

ef fect of preWORALRP fBr st CBIRChiValeh Wstider ef¥amplrre of dhedewapmeri ti on of

th | i. [ i_nhi bi i,t h ed, f di si nf,ect i o
e of dante b RBLE ik Ghotthd BaftE 3R G BRI h R me @IS HTICSS 20k oF "
mol ecul ar wejght, Qbtgipest afd@r L6 Re! MHRphSnis Calids isfmhg}ig OfaltsS o

deconposed with ozone is estimated and the initial nolecular wel gﬁt of the
pol yneri ¢ sdgideoiyebhideaediphoaghdift edid; vakts nEhplessphuabearbatylichgcidy er age

mol ecul ar wei ght obtained after the polyneric scale inhibitor is 9 21

Sept ember 2698k dic 5akE® S ap hsphorglurangtaicartorihc taeed; ogstltsrofpodygeriof t he
average nol ecul.ar.weight. The polyneric scal e inhibitor having the average
mol ecul ar wePgAREY s ag’glfus‘f'fég‘ i §Saof6‘i:‘i§ t tﬂghﬂgﬁ%ﬁphé’%t effidndath
excel I ent efif at L Rg. } f .C e hibitted. In
accordance vfl\llletgﬁlglte E%J}%rgg%cgrgés h@?’ %ﬁ%g%ﬁ)ggg% }ﬁo?ll{\(}ginc ?’o%i,al%f tag@h;?rlegﬁlfe%br :

deposi ti on @ixa®GAbe of MdI6lGEs ikKIHItOS RWRicAr A€ Uk olie St iNBuS shR&LF Ng t ubes,
heat exchangers, condensers, polynerization reactors and piping can be

prevent ed aplogploblieasidsushitaof phodplamoeardbxyléatcids assitenf palydeaiease in
the flow rate and | ocal_ corrosion can be effectivel yg&r event ed. EXAMPLES

The present Phasidpricomeids [ande egless rofb ehosadosics peid; f | Exrmpled tdf thf er ence to

~exanples 1N gt Berl Ol WP O EYSe il el 2R kb RS 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




not limted to the exanples Exanple | (Determ nation of the optinmmrange
of the average nolecular weight) [Synthesis of a tergolynerj into a
four-necked flask equipped with a stirrer, a reflux céhdepismaper 2085dr oppi ng
.funnel and an innlet for nitrogen gas, water as the solvent and hydrogen
peroxi de -as the polynerization initiator were placed and the atnosphere
inside the flask was purged wth nitrogen. While the flask was heated, an
aqueous sol ution containing isoprenesulfonic acid, acrylic acid and

2- hydr oxyet Hacomppsese Wiklytazone Ha wihin tbe enfémumpuanse ¥ thel everagd/ 70110)

was added dropwi se. After t addi ti on was conpl.eted, .the polynerization
was al | owed ‘ng@%‘ts&l%fh‘é’?gg‘%cgga.l’ Wé‘ﬁf‘caﬂ:&zeng étoioﬂ%‘ﬂnsef&eeﬁﬁ%ﬁﬂg%oo5

sol ution of I i ViRSu t he |ut.i rtially
neutralized}ﬁgﬁgM?gpﬁgggﬁéggftloﬁ&%?qgH%ﬂggugbﬁégggﬁgfggﬁ%g?%%ﬁea%nnoners,
the pol yner icketlian éfeqesfapriventihffopdBinh oFf sddRedahysl QRidedr oxhde and
the polynerization tine after the addition of the aqueous solution of the
mononer s wasiceendphes avithethe phaagedfahe Prdsypesnedntier, paltydenent bavi ng
aver age nnlg@glan mei%hts 100, 000, 50, Q0O, 30, 000, 26,000, 16,000,

f
13,000, 11, G§8os1EoBEH Seler %}1666 Erosioprafnes andilingg an dgatingdnlkasul ar

wei ght was I ccor ce w,th GPC.using . sodium . .

pol ystyr _enersm(j?? t)ér%ggaedg%gg’t%gldfglg%éf’e%%%?leflf%%?n of g@fﬂ’ﬁnﬁ?ﬁn@ﬁp’&g G %y t h

cal ci um i onlprevdrth® add FEHBIsCRRH GR hiRBRKEE of W85 2 bLEAFNAL Yocreds P DUF T er
solution containing boric acid and sodi um borate, an agqueous solution of a
t er pol yner &hel flaw rade end docabtarrogion cdn bakffedtivebhp@vetdedver e added
successively and 500 ml of a test solution having a pH of 8.5, a

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

10



concentration of the terpolynmer of 100 ng/liter and a cal ci um hardness of
50 ng CaCO3/liter was prepared. The anpunt of the used aqueous solution of
cal cium chl ori de was changed and test sol utions havi rdj eetemnben 2098r dnesses
of 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000 and 1,100 ny
CaCO3/liter were further prepared in accordance with the sanme procedures
as those conducted above. The conical beakers were sealed wth

pol yethyl ene films, placed in a thernostatted water bath kept at 90C and
“left standi sglutionref sehum hpdpoxidphwas addediadid fheosolutien tvesst padiialiy ons  with
gel formed by [ r. and cal ciumiopn was neasured. The

bi ndi f the ternpol
gr eat est calnt?flffﬁ?lﬁ%@gn STakh Ptﬁé‘ﬁgﬂég‘gthﬁaqqﬁ’f’lﬁ hlption af thegmppamexsy| ut i on

was defined 3 0 ' r ' l, formation.of a

t er pol ymer. tﬁg%%ﬁg%{?iea&%?xh%&?ﬁeﬁggth%%ﬁ%&%ﬁﬁ% dﬁg;sgﬁeh sfi r?é]enlfe?f g ept enber
2005 gel fogpatthehodfmaeritSiRPtiHERAfter (R AMTifos LABhE aliéEaofiidn soMPoNnent ,
staying dissolved in water without formng scale. [Test of prevention of
preci pitati éne oiommataswaphospkiddiveratcbangaDandl9 tors adl tehedkeers desal t ed
water, a pH_buffer solution contajning boric acid and sodi um borate, an

aqueous sol BVt averagecigleculan| weishés ofnl heAb 120.9%), u9.880.026.800¢er pol yner
and an .aque ol,ut { on .of od] te were added ccessively and
500 1 of o 100D dadrEF o oo UP b s B e gBeBheEn A roRee ¢ he
terpol ymer gfo1&uiB kel whs nesthdMb AtRaTReL fitl0 Bty wSREOHdilder _and a
concentration of phosphate ion of 10 ng PO43-/liter was prepared. The

- coni cal beakelystyaenardfoadte a¥ tha rafqrehyeet hyl ene fil mand placed in a :
thernostatted water bath kept at 60C. After 40 hours, the test solution
was filter elilashpblagmagionidigel wghmadciumavihg a pore diameter of 0.1 p.mand

: A6l dpsiciuiothg a_por of 01 1
Lhe concent at o e R oo PIORRILS LO0! § PG BRL 2LfiE, 1T ate

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 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 sﬁlutions 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



aqueous solution of the terpolymer was changed and the sanme procedures as
t hose descri bed above were conducted. Thus, test solutions having the
concentrations of the terpolynmer of 4, 5, 6, 7, 8, 9,211%ptambenizf052
ng/liter were further prepared and the sane neasurenent as the above was
conducted in accordance with the sane procedures as those conducted in the
above. The small est concentration of the terpolynmer which gave a residual
concentration of phosphate ion of 9 ng PO43-/liter or greater (a residual
fraction of gebferoratipreaf erderpelymgns threthoae stfdettheesicuh comppoéytrer
concentration for preventing, calcjium phosphate precipitation. The smaller
t he. threshﬁ?aé’”?%ii%ﬁﬁ%yﬁ@rmEig‘ﬁ‘?:re"ﬁ’ttb%‘t“i hR{r S4%%vent i ng cal ci um phosphat e

precipitati t : nting formation of
Ceal e i th [opelPr{RbBafXe B BlladotEe Rl MoaBhTD. "J00s [ Test of
prevention of pragbRi 56¢ ndncodfical HRAKEY WesXit&Elvakéd @ FHOANFH sdtefbgal
beaker, desalted water, an aqueous solution of a terpolyner, an agueous
sol uti on of ceddining hpdicoged aadboedaime, baate, aguapresus eblitticanoHéalsiaehh um
silicate No. 3, an aqueous solution of calcium chloride, an aqueous

sol ution of chiagHesprnmadgrasdution ohn wagpdsmsr agd| an panewis salwkien of)

~chloride were,.added suyccessi vel.y. . Finall. pH he. . sol ytion.was

i st ed w PR BTN SRS e autereh Bipb ol gt of F sl gt o 106 by
wei ght aquequs; S0 i ogj i t, sol ution
- having a pHﬁg m%. %fg%%go%g’eﬁt%é# %%X%?Q?ﬁﬁeg%ggﬁggﬁ? Oof?§ SIEgﬂn%%ls’i%er, a
cal ci um har cadessn bar@Ess wf) 1T @EBLCR COsliteagd easionnettaattiore sf phafpha®d ny
CaCx3/l'iter, a degree of 3M al kal'i of 250 CaC3/liter, a concentration
of silica o¥°n19%18@“€i1)@4 r{litey wagprerarse e dtbeatanginl dreaker ayas sesed of 10 ny

" Fel/liter was. prepared. The_coni cal beaker was sealed with a _polyethyl ene
filmand pl¥& Pﬁyg%ﬂ%%%’sne art dlesrdiiae Yermoriattedyatggdath 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




After being left standing there for 20 hours, the beaker was taken out and
t he concentration of iron dissolved in the supernatant sol ution was

measur ed. The ampunt of the aqueous sol ution of the tdrpeitgmber 2088 changed
and the sane procedures as those described above were conducted. Thus, 500
m each of test solutions having the concentrations of the terpolyner of

4, 5 6, 7, 8 9, 10, 11 and 12 were further prepared and the sane

measur enent as the above was conducted in accordance with the sane
procedur es gFedthipeevanibucifedetipithtion abva-hylbexideal | est concentrati on of
“the terpol yner which gave the residual concentration of iron ion of 9 ng
Fe/liter or greaiefoq 809 adicdnisnl beakeri depadied y0RteBrargaguons solusws def | ned as
the threshold terpol yner concentration fo eventing iron hydroxide

preci pitati én Y I’F’éra‘i‘?‘F‘é’“ﬁh?(@’s‘ﬂiﬂPd"f{ é%b‘l‘%/ idrggensar enBBr 2005

concentrati f t] i . I de_precipitati.on h re
xcel Tent  ASuERp RIEKER S adaio Rulbiel R 30 RSRL R BBy o dBislBp
hydroxi de. TRg®RSWA Sigbohd Gol@drs o@rﬁa?fi@é&ﬁxd BulfgR @nd- afallechs
Aver ageThreshol d cal ci umrhr eshol dThreshol'd nol ecul ar har dness

i nt er pol ynesbhitipal ofnesn{fH) ghloralegetbref aidwdt swenennednt rEhaipcpHodtheat i on f or
preventing for preventing terpolynmerng CaCGO3/1iter)cal ciumphosphate iron
hydr oxi de pselitisingsas @ijuﬁe@ﬂ]ﬁhfﬂa—'{% bF weight aqueous solution of sulfuric acid

or a 1% by weight aqueous solution of sodium hydroxide and 500 ml of a

to iron

~ test solution having a pH of 8.8, a concentration of the terpolymer of 3

- mgfliter, a calcium hardness of 250 mg CaCOg/liter, magnesium hardness
of 100 mg CaCOglliter, a degree of M alkali of 250 mg CaCOg/liter, a

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
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(mg/liter)(mg/liter) 100, 0001, 000104 50, 0001, 00094 30, 0001, 00094

. 26, 0001, 00074 16, 0001, 00064 13, 00080064 11, 00060065 8, 00050076 6, 00050078
As shown in Table 1, the greater the nolecul ar wei ght2lobenterabersid9dl yner of
i soprenesul fonic acid, acrylic acid and 2-hydroxyethyl nethacrylate (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 thecomndeattdtion ior giteveitieg sirah | bydidxédeefifredpitafiodd tRd Hepé enber
2005 preventing formation of scale with respect to cal ci um phosphate- The
st abl e excelereatlenéfiheatfogh of exeveptingdormating af fsale witht yespesicioaigen nol ecul ar
wei ght of 6,0Q0 to 26,000. Fromthese results of the tests, it is shown
that, int W‘t“g‘? system havi ng a cal ci um hardness, the optimum range of
the average nol I i L itk excel l ent effect of
preventing . forrrgpiggﬁglg}%g%g%égﬁé at%gh%d%:n?iq‘ghﬂo' the terpolyner with
respect to both of cal ci um phosphate and iron hydroxide is 6,000 to

26, 000. Exanple 2 (Deconposition of gatieepol ymer with ozone) As clearly
shown in Exanple 1, the optinmumrange of the average nolecular weight of

the terpol ymer 4Qf..ks0pr enegulli@ifnACl d, agh¥liofi aCld  hreshold

. molecular hardness in terpolymer terpolymer

weight of gel formation concentration concenfration

terpolymer for preventing for preventing

calctum phosphate iron hydroxide

precipitation precipitation
(mg CaCOgfliter) (mg/liter) {mg/liter)

100,000 _ 1,000 10 4
50,000 1,000 9 4
30,600 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
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and 2-hydroxyet hyl netbacrylate (the ratio of the amobunts by nol e:

20/ 70/ 10) as the scale inhibitor is 6,000 to 26,000. In accordance with
this know edge, a terpolyner of isoprenesulfonic acidl Sememberc2Qei d and 2-
hydr oxyet-hyl nethacrylate (the ratio of the anounts by nole: 20/70/10)
~having an average nol ecul ar wei ght of 13,000 was synthesized. This
~terpolynmer. was added to desalted water and | liter of a 200 ng/liter
aqueous solution of the terpolymer was prepared. The prepared aqueous

sol uti on waprptadiak iferngation iof ecalbeaithr respbitcty wasivih @hopplaned Thea
thernostatted water bath kept at 30C. Ozone generated by an ozone

generat or [ réhaRies&celiay ehipctrmaspxipbaediiothssims of the average ApdEONEr 250 t ype]

was blown into e ution j.n the beaker af a .rafe of. 50 ng/ hour
through s odeciahkPeOER g A sl ftest sroadS o Fls tebls. Rhhvet thry ne
aqueous sol yhigp ma&%@gﬁmﬁlﬁg gleaigR G fihsst 1 t%gw@&nge%wh he
average nol ecular wel ght of the terpolynmer was neasured 1'n “accordance with

GPC. | n accondaneembidcildrieeigRrpioctingahe a%cdlRos @108 lp:3ephgaAPer 2005
conducted in Exanple 1, the threshold cal cium hardness in gel formation,

t he t hr esholfermefigobi/smeie by Heeadditivh of thoterpolywentwitly rapkct torbgphe$ phat e
precipitation and the threshold terpolynmer concentration for preventing
iron hydroxicag‘llb‘i‘léthoﬁi’lﬁ%ﬁeiaé’ﬁhﬁ%‘?Ey‘é‘b’ﬁ‘ﬁi/eﬂé&soeﬂfé’ 2640 ts are shown in Table
- 2. Table 2 Time of AverageThreshol dThreshol dThreshol d

cont act nol ecul ar cal ci unt er pol ynerter pol ymer w t hwei ght

of har dnes sc a3GELIIE 3! (DRBSAPSRAbA 8F h Wrpoly88 whtRlozigvent i ng

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 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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for preventing ozoneterpol ynerformationcal ci um phosphate iron hydroxi de
precipitationprecipitation (hour)(ng CaCO3/liter)(nmg/liter)(ng/liter)

013, 00080064 02510, 70060065 0. 607, 50050076 0. 757, 100500Faptembey, 20640078

1. 55, 000400710 10.02,400<1008>12 As shown in Table 2, the terpolymer of

i soprenesul fonic acid, acrylic acid and 2-hydroxyethyl nethacrylate (the
rati o of the amounts by nole: 20170110) was deconposed wth ozone- The
~longer the time of contact w th ozone, the nore the average nol ecul ar

- wei ght . decr easddcteVie xialneple dy thatferenindld calcarm dririssdagred faadttiopel wth
calciumion tended to be fornmed and the effect of preventing formation of
scal e with rigibeesholdl tarpelymey spaserdeaiger fasayeveniare eHeiugm phesphatel, t he

~effect of preventi 16 Sept e r, 2005 formation of scale with respect
Co cal of urn PBSRHARED g Hist ToreEPadots TP BT VB LRt B st RO B L o

wei ght decr : Qﬁﬂﬁ t re t tre MIE g
disinfectioﬁﬂ?fgggﬁéﬁ%éfé con%ﬁ%%éﬂgﬁdt Qﬂ%gbngﬂ%ﬁ%ghagfgﬁ syg?ég?using t he
t er pol yner ofablsapr enesul fonic acid, acrylic acid and 2-hydroxyet hyl

nmet hacrylate (the ratio of the amounts by nole: 20/70110) as the scale

inhibitor, it is sufficient that the average nolecul ar weight of the
terpol ymer is maintained at 6,000 or Tgbledter and

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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that the period of tinme of contact of the terpolymer with ozone is kept at
1 hour or shorter when the terpolynmer having the average nol ecul ar wei ght
of 13,000 was used and ozone is blown into water at &1rZeapierolpersAD0S
ng/liter/hour. Exanple 3 (Deconposition of a copolyner with ozone) In place
of the terpolynmer of isoprenesulfonic acid, acrylic acid and

2- hydr oxyet hyl nmethacrylate (the ratio of the anpunts by nole: 20170110)
“used in Exanple 2, a copolyner of acrylic acid and acryl am do- 2-

met hyl pr opadfesuifiomiof skaled witlhecspatti to ehlcide phwphhte dyd mot eleci®@kd 0)

havi ng an average nol ecul ar wei ght of 8,000 was used. The copol yner was
brought i nt SPBIhIAEE thetayessgmmolesrlargveight degraasadne laisethoge bydhecul ar
wei ght of the copol yner he, t hreshal d .cal ci ym har dness i el _formation,
t et hr ashortrorepgetTekab o nin Rl Baei S bEoBRtan G Eatdbicdil srbipnat e
preci pi tat | Qo o' Gyalebf SPHB ubiGl ey B oI ARSI 88 ADBnic BEAYENt [ NG
iron hydroxide precipitation were oObtaine n accordance w th the same
procedur es asrylhostd anddia)Goxiethik aphardatdheRhtio 4f (ReaIRA by on of a
copolymer with ozone) 17 21 Septenber 2005 In place of the terpolymer of

i sopr enesul farlec 28500.0) sy Yhe scaleiighinebr, - ky dnfficietththat nbehaerygat e (t he
rati o of the (grr(gﬂnts b g&l ﬁ: 20/@’?‘/610) used in Exanple 2, a copol yner of
“acrylic aci PURGAE ﬁ’ieI‘%iTt \Pho terpolimasa s piaiawgiadg fi. (Ohey greeftreanditi o of

t he anmounts | e; . z ' ver nol ecul ar wej ght 10, 700
was used. Tﬁggtc%ﬁ% ef%roe%trséf]t\?g/alg Ogr%cl)%tggﬁ &:}rillt% c'fg dontact W\’?\nit%og%é%iégqqoartoflo hour s

and the avemhg@for BROLENAEN RS BYpoRindr1BVERPRH Y MRIragd RBIdATLshakLA: cal ci um

hardness in gel formation, the threshold terpolynmer concentration for
preventi ng ofll1§,000 wirospbdtsendoectyiis dilown artd whert At eshatdd of e5(pol yner

concentration for
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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preventing iron hydroxide precipitation were obtained in accordance with
t he sanme procedures as those conducted in Exanple 2. Exanple 5
(Deconposition of a copolymer with ozone) In. place dit $émembeplOpner of
isoprenesul fonic acid, acrylic acid and 2-hydroxyethyl methacrylate (the
rati o of the anpbunts by nole: 20170/10) wused in Exanple 2, a copol yner of
acrylic acid and 3-allyl oxy-2- hydroxypropanesul fonic acid (the ratio of
- the anounts by nole: 80/20) having an average nol ecul ar wei ght of 9,000
~was used. The copglpla@rof theSelolygbi of RbPremeRildstic Weidh asBMRdPAnd0 hours
and the average nolecul ar weight of the copol yner, the threshold cal ci um
har dness i n Zgaydrokyetiml methaghkte fibestadiodbfttbe pobguds byonolen20&0/d) f or
reventing cal ci um_phosphate precipitation and the threshol d terpolyner
Eoncent ra?i dgef oin %FWE% ing2i CORPLIPEY odf derpredcH tand off’raﬂélfoéfyéﬁt ai ned in

d ith _th aced th d i n Exanpl.e 2. Th
fecul to of EriervpdSo PIRBLeCRI (B Rl 1 e SARGESh TRy Bole BB 005 Tabi o
3 Threshol d HERES Qﬂla@eif&yeﬁﬁmkﬂaﬁw@gm o VE 760 K a8 sl UMThE BRIy AR

terpol ymer contact nol ecul ar
' was brought info 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 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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har dness concentration concentration with weight of in gel for preventing
“for preventing ozone copol ynerfornmation cal ci um phosphate iron hydroxide
(hour) (ng CaCO3precipitation precipitation (ng/liter)ding¢ptembe)2005iter)
Exanpl e 308, 000<100610 10.0<2, 500<1007>12 Exanpl e 4010, 70040098

10. 0<2, 500<10011>12 Exanpl e 509, 000800107 10.0<2,500<10012>12 As shown in
. Tabl e 3, the average nol ecul ar weights of the copolyner of acrylic acid
and acryl am do- 2- et hyl propanesul fonic acid and the copol ynmer of acrylic
acid and 3-allyl oxy-2-hydroxypropanesul fonic acid both decreased when

t hese copol yners were brought into cOnitlagt with ozone and the effect of
preventing formation of scale decreased with the decrease in the average

nol ecul ar wei ght 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 {mgfliter) (mg/liter)
fliter)
Example 3 0 8,000 <106 6 10
10.0 <2,500 <100 7 >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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Exanple 6 (The half-life of the average nol ecul ar wei ght of a terpolyner)

- In actual water systenms, in general, a polynmeric scale inhibitor is added
to cooling water in an amount of 10 to 30 ng/liter ardi $¢pemberidtddhtrati on
of ozone used for disinfection in the cooling water is 0.2 to 0.5
nmg/liter. Therefore, the ratio of the concentrations of the polyneric 19 21
Sept enber 2005 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

concentr at i cealef inlibitopdb yoweneofs 201t v I60Y/ |Siher mausuagmesiust sheut i on of
a polymeric scale inhibitor having a concentration of 150 ng/liter was
used and t heveragscpolsrulag eeighibelanpolymes as 6¥fﬁ@tﬂém a@pwratmeafrth@e of

supply of ozone an ftlﬁ |od of time of coogf\ % &one onthe rate
of deconposiA%FOR*bF ﬁg/tlﬁt%r UL BT HN B & POPRTA 8Me i n this
test, the rahhmhik Ha@ﬁx%&’@&%h‘%ﬁftioﬂr@' 15@me PRLY ELH LRg U0 oy St 2t a

sllghtly hi gher val ue than that of the wat er system ypes of

t he ter pol yrihe coficensepiodndihb holinterathdkate aﬁﬁdﬁplﬁ oB&dode ad tBe Byﬂb@xyet hyl
acrylate (the ratio of the amunts g%e nol e: 20/ 70/ 10) havi ng aver age
mol ecul ar mmeMfSOfwn@M withgeond or 0@ 6086 of decoi@y @difomhi die dymeesiynt hesi zed

in Exanple 1 aced into desal . water and six aqueous sol utions
each havi ng SﬁV\@dﬁégﬁW’F Fasdivadiatete {rt g}‘ﬁéﬁf%‘iﬁé}e r&fmfﬁ(‘)h?rﬁ?f}qeflﬁflam\%?e

prepared.  T09%Fe AOMMIAANT SR N eP 0, 2 ANBHDL 18Lndabld B, SRS RhaCed 10 10

liter beakers, pl sced oSt

at 30C. OzronengRnefiat 8fkibik, ARIPERRS of ANRHASIPMmek BRIY ?é%fegﬁff&h 9)4 #ASAH
TECHNI GLASS Co, . Ltd. % LABOZC]\E/%S(()) t ype] vvgs eb OWI’]I)I nto eaéh gqueous

solution’in at:f;éxctn&:ackend 2diydaoxgdithyloderphterghh autio OB thmdinb tets/Hyomble; 100
ng/ hour (10 rr%(llter/hour) or 200 ng/ hour (20 gt%allter/hour) t hrough a gas
di spersi on @ @fwd'ea‘@ﬂgaﬁvega%@deq axr weighes apdihggrange| dcliGOO0d ght of

the pol ymer Il% 0%}% ﬁmh 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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inhibitors in the agqueous sol utions was neasured with passage of the tine
in. accordance with GPO In this manner, the period of tinme of contact

with ozone before the average nol ecul ar wei ght of the2ipBeptensber 286r eased
to 1/2 of the initial average nol ecul ar wei ght by deconposition with ozone
was obtained. The results are shown in Table 4. 20 21 Septenber 2005 Tabl e
4 Initial average Half-life of average nol ecul ar wei ght (hour)

nol ecul arrate of supplyrate of supplyrate of supply wei ghtof ozone of ozone
of ozone 5 ng/liter/hourl0 ny/liter/hour20 nyg/liter/hour 100,00070174.0

~ 50,00068184.5 30, 00065163.5 26, 000721%#e3t 16, 00075183. 5 13, 00067174.0 As

shown i n Table-4—the terpolynerof isoprenesulfonic acid_ acrylic acid
and 2- hydr oxylithyhveaeeyl at e (t helalflife 6f a0éragheolammiidightimouriol e: 20/ 70/ 10)
‘was deconposed vvlth ozone ~The greatertherate of—suppty—of——ozone, the
greater the rafl ‘E‘“decorrpom ’Eﬁ“?gﬁsumﬁen t Héteeﬁsr‘i‘eﬁlﬁt r at |1@h’— obupplyhe

terpol ymer was R&EQE fold j n€¥%®€e in the °feee of supply

const ant
of ozone resulted in an about ?ﬂbﬁgh%l d 1Oreiiadey n  Hmeheeheyr

decorrp05| ti Gn—WFnThE—GGntenrrah—Un—Uﬁ—rhe—rerpm—yﬂer—de—t—he—r ate of
supply of o0zon&%4R8re hel d constdht, the ratel®f deconpositfon of the

terpol ynmer was smoat 68 18 4.5
30,000 65 16 3.5
26,000 72 | 16 45
16,000 75 _ 18 35
13,000 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 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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t he sane i ndependently of the initial average nolecul ar weight, in other
words, the half-life of the average nol ecul ar wei ght was about the sane.
‘These data show that, when the initial average nol ecl2laPepteingen2@6 t he
terpol ynmer, the concentration of the terpolynmer and the rate of supply of
‘ozone are decided, the average nol ecul ar wei ght of the terpolynmer after
the terpolyner is kept in contact wwth ozone for a specific tine can be 21
.21 Septenber 2005 estimated. When the concentration of the terpolymer is
150 ng/1i t erestinghtetl heWtahehefconttppatial ofthenerpolynié: 1FOIH0 menithpund t he
half-1ife of the average nolecular weight is about 17 hours. Under this
condi ti on, Vherrate ef puipjyref szamgvis iy meliter/hur, the balidde bt averageei ght of

100, 000, 26, 000 nd 13,000 are used,. the periods of tinme before the
aver age nol éﬁ%‘?ﬁ‘t‘ﬁrv\%ﬁe Efeébeaéeﬁ?t%f"&?oog‘?n&?ﬁ dhisc £0REtIoN, eWHER  ease i n

the effect i f.ar. i I hg .t er,pal hih respect
to iron hygrrﬂ(‘)ggq%égg%‘?ﬂ% a[:l elﬂgiadr%%&eg ge?%@ﬁg‘fllg%ﬁ'}%& tgoglla\%dtbﬁ!a%%ﬁ@bum i on,
are 68 hourand343/000r Sreaidd]l ThE Peiods' FSRAE bty theEXAMEE olediiar! €l ation
between the decrease in the average nol ecular weight of "a terpolynmer and
the effect ofeiphedentcanes tort®id, omhizh snalees)ththdeckexspoiny nhe seffekt of

i soprenesul fonic acid, acrylic acid and 2- hydroxyethyl nethacrylate (the
rati o of th@randums fogmate of xgalopighe frapeligesvwithgeespstiedal mpnwei ght s

of 100, 000, ,26,00Q an 3,000 were. .dissolved in.desalted water d 10

liters each hé’ghi’% er?ﬁ‘ﬂl 'ijhtee ngeRfdofsfor ]ﬂflicgrg:‘?i%ﬂbc%]:pﬁﬁﬁr‘%’- arfh gpr epar ed

aqueous sol gi,PN$s WeES ﬂdﬁpﬁﬁ”dlﬁ I Beéti\%gf beakers, which were then placed
at ep C.

in a thernostatted water t at Qzone generated by an ozone
generator [manufactured by ASAH TECHNI GLASS Co,. Ltd.; LABOQZONE 250 type]
was blown into each aqueous solution in the beaker at a rate of 100

mg/ hour (10Example 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 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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ng/ liter/hour) through gas dispersion tubes nade of a glass filter. Since
it is knowmn fromthe results in Exanple 6 that the half-life of the average
nol ecul ar wei ght of the terpolyner is about 17 hours &hS8epteinber 2005 of
supply of ozone is 10 nglliterlhour, it was estimated that, after the
terpolynmer 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 nol ecul ar wei ght woul d be decreased into the range of 6,000 to
26,000 in \dabehpéded @x€abl gt calther wiflolozphe BNIHONAohAY, Nkl QRrabe SCal e
woul d be exhibited. It was also estimated that the terpolyners having the
initial averdgeulapmetghtarowldilghlesrersed 3n@0theanmohe? ®f GHHODULE 00R iteconposed
with ozone mt‘ge ave{age | ecul ar wei ghts woul d be decreased to 2,500
or smal | er WoiRthe opicellent egg‘fte I preveREDEnermgliesr dfastade weuldche e woul d

deteriorate, .ern 5 I var L ecul ar i ght of the

t er pol ymer s eﬁg{sbh%r(%éagtug'gg a;isr? %Sg{é%% gnt%ggﬁ ﬁer@&k’nﬁ?{ﬁzﬁ’én% gl?epbq? rs
deconposed Wb RZRAEcWEF Reftitl 6€1£000 Snd B6,0b6 %ol bl QbR R Qigige! with
calciumion, the test of prevention of precipitation of cal cium phosphate
and t he t esbzafe apd thenvémage aholpewal Wetighits avodl ber drénsdd axi B00 Br
accordance with the same procedures as those conducted in Exanple 1. The

" results ar eseyaden i Rherpipyee the offgpt of preventing formation of scale would

Initial AverggeThr eshol dThr eshol dThreshol d
aver agenol e8EA1€a i unt er pol ynert er pol yner

ol ecul ar wei ght hagdnes GRRAC et Lk rat.i i gh fafterin gelfor
preventingfor pr event?ng {kér po%yneg‘ggl%lﬁju%gl;gsrfvgélhg??%%ggf%q& m% Sovgﬁ%at ei ron
hydr oxi de  measured in accordance with GPC and the terpolymers decomposed with

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 © 4
26,000 <2,500 <100 7 >12
13,000 <2,500 <100 ‘8 >12
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precipitationprecipitation (ng CaCO3/liter)(mg/liter)(mg/liter)

100, 00013, 5001, 0006 26, 000X2, 500<1007>12 13, 000<2, 500<100>12 23 21

“Sept enber 2005. As shown in Table 5, the terpol ynmers havSegemher 2008r age

nol ecul ar wei ghts of 26,000 and 13,000, which showed the excellent effect
of preventing formation of scale before the treatnent with ozone, were
deconposed with ozone and the average nol ecul ar wei ghts decreased- Thus,
the effect of preventing formation of scale deteriorated- In contrast, the

t er pol ymer havi ngstdh@win'int Tlle &Y S gepiphRes haﬁn}g%g hive P ge 1A0LEOR Was
deconposed with ozone and the excellent effect of preventing formation of
" scal e was ewriphtsedf 2600 tdnel dvdlOfgewhisheshdvaed whe giitcellentr edeer dfnt o t he
opti mumrange for exhibiting the effect of preventing formation of scale.
The above r &¥gyanting, dopmation of jscalq, befiirg clhes tregimppieith | rgnenavergecr ease
in the effect of preventing formtj,on of scale due to .t ecrease in the
aver age nol ?gﬁ I%Pg%v@i i e Bgonc?egglgrrpgls? i FTOREN I?ﬁle‘é‘;‘%e"f’elﬁﬁgs gf"&@@%esd‘

conpri sing g tld GRcPer SleSBStihS fhd 5 éf%éal(ejd)até}mrﬁlfdﬂ_ nqn_tc!slﬁtrgg,{ | mum
- range of the average nol ecul ar weight for preventing formation of "scal e
from t he relthé t@pobaisdenihf ehaidtiaDeverapesidlailaeiabht 6f 100060@P@hyMeri c
scale inhibitor and the effect of preventing formation of scale; (2)
obt ai ni ng dheompdsgd;with veenieand the excellent eifenipf lpye ehtoweodematidn ofie rat e of

decrease in the average pol ecul ar wei ght .of the polynmeric scale inhibitor
in  accor dafitdeW E’t%’i@%é%‘?ﬁ%? ?af%‘)ag%)lb‘%oé?‘iﬁlﬁ‘gw?'@g‘t dasrepsgd e thye

opt i mum gt HBhEC R R A THELAER B A B A M er ¢ scal e
i nhi bi tor
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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i s 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
period of time in which the added pol ymeric scal e i ni#ilSdpbemisdérédp95i n t he
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 nol ecul ar weight. 25
21 Septenmber 2005 CLAIMS: 1. A process for preventing formation of scale in
a wat er syst@mutiat hwateondyatars; andne) fatdigdi Sihef SsiyineficCaaly iishitgtor(i )
determ ni ng_by a measurenent an optinumrange of an average nol ecul ar

wei ght of ahgsinenkhe ebtaingfdnitishiaperage thelecwlgr wekdhgh.  nol ecul ar wei ght for
preventing formati on of scale after deconposition .of the polyneric scale
i nhi bitor by ozone, froma relationship between the average nol ecul ar

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

- formation of scale, (ii) determining by a neasurenent a relationship
between a rate of supply of the ozone and a rate of deconposition of the
pol ymeric scale inhibitor, (iii) determning an initial average nol ecul ar
wei ght of the polyneric scale inhibitor which provides an average

nol ecul ar weight wthin the opti numrange for preventing formation of
scale after the polyneric scale inhibitor is deconposed by the ozone from
the rate of supply of the ozone and a period of tinme of contact between
the polynmeric scale inhibitor and the ozone, and
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(iv) adding the polyneric scale inhibitor having the determined initial
average nol ecul ar weight into the water system 2. A process according to
claim1l1, wherein the polyneric scale inhibitor is a polynmer selected from
t he group consisting of (i) honopolyner(s) and (ii) copolymer(s) of
acrylic acid, nethacrylic acid, nmaleic acid, maleic anhydride and itaconic
acid. 26 21 Septenber 2005 3. A process according to clai & $eptamberel0f5t he
polynmeric scale inhibitor is a polyner obtained from(a) one or nore
nononer s Asﬁ}se,ct ed fromthe group consisting of acrylic acid, nethacrylic
acid, nmalei ¢ anhydride, and itaconic acid and salts thereof and (b) one or
nore nononers selected fromthe group consisting of (neth)acryl am de, 2-
hydr oxyet hyl (rmeth)acrylate, 2-hydroxypropyl (neth)acrylate, 2-nethyl-

1, 3- but adifemgoresulfoonpeeweitdng 2Eqmehlybr Io3sbatadire pewdtsu|syohern vadict,

2- et hyks 370Ut Adice sy 4a:8UnkOBE GorAChilpr s Rgent adi ene- | -sul fonic  acid,

1, 3-pent adi ene-2-sul fonic acid, 1,3-pentadi ene-3-sulfonic acid, 1,

3--pent adi ene-4-sul fonic acid, 2, 3-dinethyl-l, 3-butadiene-I-sulfonic
acid, 2-methyl) 1m%‘t_@%ﬂirﬁigigeﬁ?éﬁ@é'sﬁ@&h&ltaﬁhdo St BYhgel o3 an average

pent adi ene- 1-sul fonic acid, 2-nethyl-1, 3-butadiene-|,3-disulfonic acid,

2- et hyTQ]f@}Bﬁt‘éedigé‘ﬁe‘?f ,a4P8i1§1E€F’f‘JaniSEaja%iJdl,hlf’?'r%‘f’ﬁ)hé(‘fﬁw ghitdghr2-

nmet hyl etdlanes i fofiiget acdd prémehty)ac Fy e ida- 2f rmiaﬁél Eft)@ﬁﬁlﬁ&ﬁhﬁ@ﬁit&ionaci d,
3-al Iyl oxy-2- hydr oxypr opanesul foni ¢ acid, vinylsulfonic acid, aci
hosphotrienty L pRet Ry SE HelOeGs Bhciiepbe it dhe GRyCotohente Sthiten

nono( nethy aceyhadt aoléowldy) actyhionift the egoliyeehyd (dadth)@cibtltateand ghyci dyl
(et h) | at yl ol )acryl amde, styrene, .alpha.-

met hyl 2‘%{%@%6% %&g%gﬂtﬁ)fﬁ%gﬁ%@fm 3% g{’:gnly ‘tol uene, vinyl acetate and salts
t hereof ; or @inegetariizddgshyta gleasheeqpoityperelationship 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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4. A process according to claim1, wherein the polymeric scale inhibitor
is a terpolyner obtained fromisoprenesulfonic acid, acrylic acid and

2- hydroxyet hyl methacrylate, or a neutralized salt of the terpolyner. 5. A
process . according to claim1l, wherein the polyneric scale inhibitor is a
terpol ynmer obtained fromisoprenesul fonic acid, acrylic acid and
2-hydroxyethyl methacrylate in amounts such that a ratio & Seriapbat2)08y
~mol e of the isoprenesulfonic acid, the acrylic acid and the 2-hydroxyet hyl
met hacryl ate s 20/.70/10 r aneutralized salt of the terpolynmer. 27 21
Septenbéi fb0g§%fe%§ p?%ﬁgﬁggngcég?dfn%”?oﬁéleﬁh%rf}nwﬁgfei?ﬁzqégr%glfﬁ@%?c
scal e imhmitbitoor i$ sa palempol gireringd| fibire (ah wat err whire hndrmelbt aseledthiom

i sopren fan c i.d, VI j . 2- 0 | h I I
annuntsggﬁihggaa:ﬁgkr5?%%£%#h%%g%%3§§nyl%n?ég%?X%%%E¥§gg$%n§§%’fg%ﬁgkgacid,
the acryrivdri€id apd thecigy dicddy épflylsakies hakesdodt ends (b20/0n8/ 1O, awd

wher ei Npdigneaueragecoad e@fenartweelgmu 0fcohBes PRy B | fnet3GaEL IMiALPI BOr N
step (iii) is of 6000 to 26,000. 7. R process according to claiml1, wherein
the pol Y¥Era*gesiat eMSRARBIY TS s 2aMEHEENH RERY Inhifel R RS BBLEP ned 1MWl -
-acryl i ci1ppiitaddensaar-ghamite- Z2ciel hylpropanesileatCe@tid sudfod Nl i zed

salt of _th opo r..8. process according to claiml, wherein the
pol ymer f ST 8 4‘%8?%%?6%555%%& y et “4hi ch %fé"gsfla?%ee&erfa?ﬁ%ewfi c
aci d angcidcriyllapedioed-ametbhysypriopanesuldont C3aehdademysuatsfsiieh alchal a
ratio of, nts by ,nol e of. the acrylic acid to the acrylam do-2-. .

? 3 %Ue%% élene}itingufgjfonlcgo?c_l— ,, O%,I? camegh%fil f}. bgazilc%/le(r)l]a ?hseuzlfonlc

met hyl popanesul fonic acid 1's a neutr Zéd
_ acid, 2-methyl~1, 3-pentadiene-4-sulfonic acid, 3-methyl-1, 3-
pentadiene-1l-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-Z2-methylpropanesulfonic
acid, 3-allyloxy-2Z2~hydroxypropanesulfonic acid, vinylsulfonic acid,
acid phosphooxyethyl {meth)acrylate, phosphooxyethylene glycol
‘mone (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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copolyner. 9. A process according to claim11, wherein the polyneric scale
inhibitor is a copolynmer which is obtained fromacrylic acid and 3-

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

copol ymer. 10. A process according to claim1, wherein the polymeric scale
i nhi bitor is a copolyner which is obtained from acrylic amg and, 3-

al | yl oxy- 2- hydr oxypr opanesul fonic acid in anounts such t hat SePieEPe£09p

anounts by nole of the acrylic acid to the 3-allyl oxy-2-

hydroxy@r%pagséégsf %@'cgr@ﬁgdtbs };ﬂ% 9, 80hdr 10470, = gm@rﬂ?tgcra%le' zed  salt of

the copol yner. 28 21 Sept enber i1.7A proces cording to any one of
d ai s PHELEOL ighér é?%fpfalWFeSOJO#b@upbl‘&af@fr whechZ@nebtwr@dt Recmat er

systemissPeRedi® RQicNBédd,t GELPOW acld. akl PLOCESS: AGEYT did1G.aboy Blt: qRe of
Clains 1 to 11, wherein t he polynmeric scale inhibitor is in a

concentTRUPsR FHPLEhED als“@tﬁﬁ/?# taéf}ounitﬁ l?ihé‘ow}vﬁt%? st BPRTPgSUARSERACT OF

THE DI saﬂsuaaa RRGESS £GR BBE\/&MF IzNﬁy&EAFQ%EhQI\I kdtnae: A peocess for
preven es adding, . into wat er system

t.jn mat i on_of sca
Pnwht AP/ S96 R el Badr o 5 e P, DL fe) fReatoor st Soteta or
havi ng scaieghn molkecukatn weleght ihi dls gt veoancaxverege nol ecul ar wei ght
within an optimumrange for preventing formation of scale after the

polynmeric scale inhibitor is deconposed with ozone.
7. A process according to claim 1, wherein the polymeric scale

inhibitor is a copolymer which is obtained from acrylic acid and
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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In accordance with the process, the polyneric scale inhibitor having an
average nol ecul ar weight within the opti mumrange for preventing formation
of scale is present in the water systemin which ozone is used for
disinfection and formation of scale is effectively prevented.

21 September 2005

11. A process according to any one of Claims 1 to 10, wherein a rate
of supply of the czone into the water system is 0.2 to 50

mg/liter/hour.

12. A process according to any one of Claims 1 to 11, wherein the
polymeric scale inhibiteor is in a concentration of 10 to 150 mg/liter

in the water system.
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