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answer toscontrol . mcrobiological growth in these recirculating waters,

and is also now being touted as a sole treatnent including possible
“inhibition of corrosion and for scale inhibition. Normal ly, certain
additives are added to cooling waters, particularly those cooling
wat ers that have characteristics that mght _lead to hardness
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microbiological growth in these recirculating waters, and is also

now being touted as a sole treatment including possible inhibition

of corrosion and for scale inhibition.

Normally, certain additives are added to cooling waters,
particularly those cooling waters that have characteristics that
might lead to hardness precipitates .such as calcium and/or
magnesium carbonate precipitates, to prevent these precipita;es
from accumulating and depositing on heat transfer surfaces, fouling
-these surfaces and contributing to lost energy efficiency in the
process. Because ozone is such a strong oxidizing agent, there are
many references to its reacting with organic materials, including
these agents purposefully added as scale inhibitors, to degrade
these organics. The presumption is that such degradation would
eliminate any scale inhibiting characteristics that might be

present when scale inhibitor chemicals are being used.

THE PRIOR ART

Examples of prior art include a teaching by Ikemiéu, et. al.,
Chemical Engineer Commun., 34(1-6), 77-85, 1985, wherein water
soluble polymers are stated to be degraded by 6zone and that the
degradation rate is defined by change in the weight averagé

molecular weight per unit time. Ikemizu teaches that the rate of

eol™ 42 %9



THE PRI OR ART Exanpl es of prior art i ncl ude a teaching by Ikem zu,

gt> al.,

Chem cal Engi neer Commun., 34(1-6), 77-85, 1985, wherein water

sOl ubl e polyners are stated to be degraded by ozone and that the
degradation rate is defined by change in the wei ght average nolecul ar

wei ght per unit tinme. |Ikem zu teaches that the rate of

2 degradation for poly(oxyethyl enes) was proportional to 1.5 to 2.0
powers of the nol ecul ar wei ght and was 20 to 60 tinmes higher than the rate
of degradation of poly(acrylam des). He taugh% that the degradation rate

of poly(sodium acryl ate) was proportional to

he 2.0 power of the

nol ecul ar wei ght. Hanasaki, in Kankyo G jutsu, 13(11), 817-20, (1984),

t aught t hat

pol y(acryl am de) was ozoni zed to renove it fromwaste waters.

H's observat h@pﬁ»aha@ii%it e PRl yqoRyR B Sle %%u%‘% ot iBdraAN¥MN 5 to 2.0
a al dehyde),

fashion and th

ozonat i1 on produCed a carbonyl car boxyl ate

functionalitigsward ket @he @bldRalad WRAuER RAGSWALES0 thAlko! REmaY B8gher than
groups in poly(acrylam de) were not thensel ves

the rate of degradation of poly(acrylamides). He taught that the
degradation rate of poly(sodium acrylaté) was proportional to the

2.0 power of the molecular weight.

Hanasaki, in Kankyo Gijutsu, 13(11), 817-20, (1984), taught that
poly(acrylamide) was ozonized to remove it from waste waters. His
observations indicated that chain severing occurred in a random
fashion and that ozonation produced a carbonyl(aldehyde),
carboxylate functionalities and ketone groups. Although he states
that the amide groups in poly(acryl&mide) were not themselves
attacked by ozone, these teachings and others, such as Imamura, et.
al., in the Journal of Applied Polymer Science, 25(6), 997-1005,
(1980), taught destruction of polymers and UV light acceieration of
czonation of water soluble polymers, particularly polyethylene

glycol, polyacrylamide, and poly(vinyl alcochol).

In general, chain cleavage of polymers was observed in the presence
of ozone, and this was accelerated in the presence of UV
irradiation. Various products were observed in - the ozonation
reaction including formaldéhyde and the presence in oligomers of
ketones, carboxylic acids, terminal aldehydes, and the like. (See
for example Suzuki, et. al., Journal Applied Polymer Science,

24(4), 999-1006, (1979).



at tacked by ozone,. these teachings and others, such as |manura, et. al.,
i the Journal of Applied Polyner Science, 25(6), 997-1005, (1980), taught
destruction of polyners and UV |ight acceleration of ozonation of water
sol ubl e pol yners, particularly polyethylene glycol, polyacrylamde, and

pol y(vi nyl

al cohol). In general, chain cleavage of polynmers was observed

in the.presence of ozone, and this was accelerated in the presence of W
irradiation. Various products were observed in the ozonation reaction
i'ncludi ng formal dehyde and ‘the presence in ®ligoners of ketones,
carboxylic acids, term nal al dehydes, and the |like. (See for exanple

Suzuki, et.
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al ., Journal Applied Polynmer Science, 24(4), 999-1006, (1979).
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It woul d have eared then fr ' .
polymer degradat%%% in aqueous sgqh Q%%% %%%%%ﬁ%l%@e%%r %h% water

soluble polymers.

It would have appeared then from these various treatments appearing
in the prior ﬁrt that water soluble polymers traditionally used to
maintain calcium and other hardness components in solution in
recirculating cooling waters would suffer in the

pfesence of ozone. Ozone would be expected ﬁo.degrade these
polymers to the point where their usefulness would no longer exist
for the purpose of maintaining calcium carboﬁaté in solution or
suspension and preventing scale formation on heat transfer surfaces

in contact with the waters containing hardness.

It is, therefore an object of this invention to describe certain
polymeric organic water soluble polymers, which are found to retain
and maintain their ability to keep hardness precipitates in
solution or in suspension in recirculating waters even in the
presence of ozone, and to provide a method of treating
recirculating cooling waters (especially those containing
certain degrees of calcium/magnesium hardness, certain "M"
alkalinities and operating in certain pH ranges) with both

ozone and organic vinylic polymers having the capability in

the presence of ozone to retain and maintain their calcium

carbonate saturation ratio indicating that they are still



in the prior art that water soluble polyners traditionally used to
maint ai n cal ci um and ot her hardness conponents in solution in
réecirculating cooling waters would suffer in the presence of ozone.

Ozone woul d be expected to degrade these polynmers to the point where their
useful ness would no | onger exist for the purpose of maintaining calcium
carbonate in solution or suspension and preventing scale formation on heat
transfer surfaces in contact with the waters contai ni ng hardness. I t
IS, therefore an object of this invention to‘gescribe certain polyneric
organi ¢ water soluble polyners, which are found to retain and maintain
their ability to keep hardness precipitates in solution or in suspension
in recirculating waters even in the presence of ozone, and to provide a

et hod of treatingsokGi Fo Adal@ GEAlINIGMH ArS RSG5 ool ing
containing certain degrees of cal ci um magnesi um hardness, certain "M

al kalinities and Qpeeaisi.ng in certain pH ranges) with both ozone and
organic vinylic polymers having the capability in the presence of ozone to
retain and maintain their calcium carbonate saturation ratio indicating
that they are still 4
The polymers have initial molecular weights ranging from
about 1500 to about 35,000 and initial calcium carbonate
5 saturation ratios of at leést 80, preferably at least 90,
and most preferably at least 100, which polymers when
exposed to ozone in the cooling waters retain at least 70
percent, and preferably at least 80 percent, of the
initial calcium carbonate saturation ratios measured.
10 This maintenance of their ability. to maintain calcium
carbonate at saturation levels or above is maintained in
spite of the fact that these polymers are, in fact,

undergoing molecular weight degradation apparently via

ozonation reactions.

15 Particularly preferred are those polymers that contain at
least 50 mole.percent (meth)acrylic acid or water soluble
salts thereof, and which polymers have initial calcium
carbonate saturation ratios of af 1éast 90, and after
ozonation in cooling waters at temperatures ranging from

20 18°C to about 60°C for 30 minutes or more, and preferably
90 minutes, have an ozonated calcium carbonate saturation
ratio that is at least 70 percent of the initial calcium

carbonate saturation ratio measured for the polymer.



useful for scale inhibition in these industrial cooling wat er s.

The polyners have initial nolecular weights ranging from about 1500
t'o about 35,000 and initial calcium carbonate 5 saturation ratios of

at |east 80, preferably at |east 90, and nost preferably at | east
100, which polynmers when exposed to ozone in the cooling waters
retain at |east 70 percent, and preferably at | east 80 percent, of

t he initial calciumcarbonate saturation ratios neasured. 10

Thi s mai ntenance of their ability to nainta%n cal ci um carbonat e at
saturation | evels or above is maintained in spite of the fact that

t hese polyners are, in fact, under goi ng nol ecul ar wei ght

degradati on apparently via ozonation reactions. 15

Particularly preferred are those polyners that contain at | east 50
nol e percent (nmeth)acrylic acid or water soluble ~ salts thereof, and
whi ch polyners have initial calcium carbonate saturation ratios of

at | east 90, Thed pfeferred orgapisniat®r i sotwblenyinléfs RRlYmayser arer &oose
rangi ng from 20 18[err] C to about 60[err]C for 30 m nutes or nore, and
preferably polymersy tiatucesrapayatakeassnz? P ke ReTGAN L (PG @crylic acid,
saturation ratio that is at least 70 €$rcent of the initial calcgium

carbonat e sapueseraklvadto Hast el nete (PergenYy rfpeth)acrylic acid, and most

preferably, from 70 to 100 mole percent (meth)acrylic acid, or as
water soluble salts thereof. These preferred polymers also have an
initial or original calcium carbonate saturation ratio of at least

90, preferably at least 100, and most preferably at least 110.



5 - The preferred organic water soluble vinylic polyners are those
polynmers that contain at |east 50 nole percent (meth)acrylic acid,
preferably at | east 60 nole percent (meth)acrylic acid, and nost

preferably,

from70 to 100 nole percent (neth)acrylic acid, or as water

. soluble salts thereof. These preferred polynmers also have an initial or

P original calciumcarbonate saturation ratio of at |least 90, preferably at
| east 100, and nost preferably at |east 110.

6 By the term(nmeth)acrylic acid or its salts, we nean to include
exclusively acrylic acid nononer, exclusiverGnethacryIic acid nononer, or
any adm xture of acrylic acid and nethacrylic acid '

By the term (meth)acrylic acid or its salts, we mean to include
ekclusively acrylic acid monomer, exclusively methacrylic acid
monomer, or any admixture of acrylic acid and methacrylic.acid
monomers, whether present as the free acid or partially neutralized
salt or completely neutralized salt of these free acids. To form
the salts, any common base alkali metal or alkaline earth metal,
ammonia, low molecular amine, or low molecular quaternary salt
hydroxides, may be used. For the most part, the (meth)acrylic acid
polymers are formed by polyﬁerizing the monomers, acrylic acid,
methacrylic acid, or mixtures thereof, or salts thereof, and the
polymers may be either partially or completely neutralized, as in
the sodium, potassium, ammonium or mixtures thereof salt forms.
Oother salt forms, either completely or partially neutralized,

however, are incorporated and included within the concepts of this

invention.

The organic water soluble vinylic polymers that contaiﬁ at least 50
mole percent (meth)acrylic acid, preferably have a weight average
molecular weight ranging from about 1500 to about 35,000 initially.
Exposure to ozone under varying conditions have been demonstrated
to lower this molecular weight average, but even though this
molecular weight average is lower, the calcium carbonate saturation
ratio must be maintained at a ievel at least 70 percent of the

initial calcium carbonate saturation ratio obtained from the non-

ozonated polymer.



nortoners, whether present as the free acid or partially neutralized salt
or conpletely neutralized salt of these free acids. To form the salts, any
common base al kali netal or alkaline earth netal, amonia, |ow nolecular
am ne, or |ow nolecular quaternary salt hydroxides, may be used. For the
nmost part, the (nmeth)acrylic acid polynmers are fornmed by polynerizing the
nononers, acrylic acid, nethacrylic acid, or mxtures thereof, or salts
thereof, and the polynmers may be either partially or conpletely
neutralized, as in the sodium potassium ni um or m xtures thereof

salt forms. Oher salt forns, either conpletely or partially neutralized,
however, are incorporated and included within the concepts of this

i nvention. The organic water soluble vinylic polymers that contain at
least 50 nole pescerdr-dbB)N) eRe¥Li 6rgahic watéer sblyblaveiaylecgpblamerage
nol ecul ar wei ght rangi ng from about 1500 to about 35,000 initially.
Exposure to ozoneoieein Vat yiagsto6di mbbaspareenbetmethbdoasylicedcifo boder
this ol ecul ar wei ght average, but even though this nolecul ar wei ght
average i s | ower, cameaksd ccomtainbahaleastt anat PEntheafedlawingheomonomers
mai ntai ned at a level at |east 70 percent of the initial_ calciumcarbonate
saturation ratio chwsemefiremotihe hgravn- copsafhing pél (Befh)acrylamide,

5 maleic anhydride, N-methylsulfonic acid-(meth)acrylamide,
(hereafter AMS), N-ethylsulfonic acid-(meth)acrylamide,
(hereafter AES), vinyl sulfonic acid, itaconic acid,

C., - C, esters of acrylic acid especially the isopropyl

1 3
ester, hydroxypropyl acrylate, N-t-butyl acrylamide, vinyl
10 acetate, vinYl ethers, acrylamidomethylpropane sulfonic
acid (AMPS), and other similar vinylic monomers, which are
successfully polymerized with acrylic acid, methacrylic
acid, or mixtures thereof. In genefal, the term (meth)
followed by a monomer identity is meant to include that

15 monomer, the methylated monomer, and mixtures thereof, as -

earlier explained for (meth)acrylic acid.



7

Preferably, these organic water soluble vinylic polyners

contain at |east 60 nole percent (meth)acrylic acid, and .can al so
contain at | east one of the follow ng conononers chosen fromthe
group consisting of (neth)acrylamde, 5 mal ei ¢ anhydri de,

N net hyl sul foni ¢ aci d- (et h) acryl am de, (hereafter AMDS)

N- et hyl sul foni ¢ aci d- (et h)acryl am de, (hereafter AES), vinyl

sul fonic acid, itaconic acid, Cerr] - Cerr] esters of acrylic
-acid especially the isopropyl ester, hydroxypropyl acrylate,
N-t-butyl acrylamde, vinyl 10 acet at e, §inyl et hers,

acryl am donet hyl propane sul fonic acid (AMPS), and other simlar
vinylic nononers, which are successfully polynerized with acrylic
acid, nethacrylic acid, or mxtures thereof. In general, the term
(et h) foll owed by a nmononer identity is meant to include that 15
nmononer, the nethylated nononer, and m xtures thereof, as earlier

expl ained for (nmeth)acrylic acid.

By the term "salts", when referring to our polymers, we mean any
completely or partially neutralized salt form of the polymer which
is water soluble, primarily amd preferably the sodium, potassium

salts, or mixtures thereof.

In general, the preferred sulfonated monomers useful in forming a

copolymer are illustrated by the formula:

I

R O
C - C - NH - R' - SO;M

H,C =
where:
R is H, CH3,.or mixtures thé;eof;
R!' is a linear or branched alkylene group containing from
1 - 4 carbon atons;
and M 1is H, alkali metal, alkaline earth metal,
protonated amine, ammonium, or quaternary ammonium, or

nixtures thereof.

Our invention, particularly, involves a method of treating
recirculating cooling waters comprising adding thereto in effective
amounts to inhibit microbiological growth and inorganic scale

formation on heat transfer surfaces in contact with said cooling

waters, of both ozone and organic water soluble vinylic polymers,



8 - By the term"salts", when referring to our polyners, we nean any
conpletely or partially neutralized salt formof the polynmer which is
wat er soluble, primarily and preferably the sodium potassium salts, or

“m xtures thereof. In general, the preferred sul fonated nononmers usef ul
in formng a copolyner are illustrated by the fornula:

R O HRC=C- C- NH-R - SJerr]M wher e:
Ris H CHerr], or mxtures thereof; R is a linear or branched
al kyl ene group containing from 1 - 4 carbon atons;

and Mis H alkali netal, alkaline earth netap, pr ot onat ed

am ne, anmmoni um or quaternary anmoni um or m xt ures thereof.

Qur invention, particularly, involves a nethod of treating recirculating
cooling waters conprising adding thereto in effective anounts to inhibit

mi crobi ol ogi calhgcAVHH1 pifrs "OF @ PHSsSF Frdm the group consisting of homopolymers
of acrylic acid,. homopolymers of methacrylic acid, and/or the
copolymers described above of acrylic acid and/or methacrylic acid,
or their water soluble salts. In the practice of the preferred
invention,'the ozone is maintained at a concentration of at least
0.01 parts per.million residual ozone in the recirculating waters,
and the ozone is added at a sufficient rate to maintain this
residual concentration of ozone. However, because of the reactive
nature of the ozone, the concept of maintaining 0.01 ppm ozone
includes the situation where, at the furthest point in the cooling
system from the ozone addition points, the concentration of ozone

may drop to zero.

Also, the polymer, which may have an initial weight average
molecular weight of from 1500-35,000, is added at a concentration
and rate that would be sufficient to maintain at least 2ppm active
polymer in the cooling waters treated. An initial active polymer
concentration ranging from at least two and preferably, from 5 to
100 parts per million polymer, based on cooling water treated is

normally achievable.

It is most preferable to treat these waters with homopolymers,
copolymers, or mixtures thereof, of acrylic acid which polymers
have an initial mnlecular weight ranging from ébout 1500 to about
25,000, preferably from about 2,00Q to about 15,000, and most

preferably from about 2,000 to about 10,000. This molecular weight



formation on heat transfer surfaces in contact with said cooling waters,

of both ozone

and organi c water sol uble vinylic polyners,

9" whi ch pol ymers are chosen fromthe group consisting of honopol yners

of acrylic aci

d, honopol ynmers of nethacrylic acid, and/or the copolyners

déscri bed above of acrylic acid and/or nethacrylic acid, or their water

.sol ubl e salts.
mai nt ai ned at

In the practice of the preferred invention, the ozone is
a concentration of at least 0.01 parts per mllion residual

ozone in the recirculating waters, and the ozgne is added at a sufficient
rate to maintain this residual concentration 0f ozone. However, because of

the reactive

nature of the ozone, the concept of nmaintaining 0.01 ppm

ozone includes the situation where, at the furthest point in the cooling
system fromthe ozone addition points, the concentration of ozone nay drop

to zero. Al

$Q. at heiBAkY HRerayl ableen1adVedghitNidd detdiniiHed S allfieous gel

nol ecul ar wei ght of frodm 1500-35, 000, is added at a concentration and rate

t hat woul d be

puthiatebh tchrondtciraphy | @83hg2ppnpalysterene sulfonate set of
standard polymers. All of the molecular weights reported in this
specification were determined by gel permeation chromatography

(GPC) using the same polystyrene sulfonate standard sets.

When copolymers are used in conjunction with ozone to treat cooling
waters, these copolymers are preferably copolymers of (meth)acrylic
acid or its water soluble salts with at least one of the vinylic
monomers chosen from the group consisting of (meth)acrylamide,
maleic anhydride, AMS, AES, AMPS (acrylamido methyl propane
sulfonic acid), itaconic acid, C1 - C3 esters of acrylic acid,
hydroxypropyl acrylate, N-tertiary butyl acrylamide, vinyl acetate,

methyl vinyl ether, and the like. Again, the term (meth)acrylamide

"is used to mean acrylamide, methacrylamide, or any mixtures

thereof. When copolymers are used containing at least one of these
other vinylic monomers, it is preferable that the copolymer contain
at least 60 mole percent of (meth)aérylic acid and most preferable
that it contaihs at least 70 mole percent of the (meth)acrylic acid
monomers, or their salts. The most preferred copolymefs are those

containing at least 70-100 mole percent acrylic acid.

As the waters to be treated are ozonated, it is most preferable to
maintain these cooling waters at an ozone residual concentration of
at least 0.05 ppm, based on the treated cooling waters, and to add

polymers at rates sufficient to obtain an initial active polymer



polynmer in the cooling waters treated. An initial active polyner
concentration ranging fromat |least two and preferably, from5 to 100
parts per mllion polynmer, based on cooling water treated is normally

achi evabl e.
honopol yner s,

It is nost preferable to treat these waters with
copol yners, or mxtures thereof, of acrylic acid which

polynmers have an initial nolecular weight ranging from about 1500 to about
25, 000, preferably from about 2,000 to about 15,000, and nost preferably
from about 2,000 to about 10, 000. This nol ecul ar wei ght

10 I's a wei ght average nol ecul ar wei ght at! det er mi ned by aqueous gel
permeati on chromat ography using a polystyrene sulfonate set of standard

polymers. All

of the nol ecular weights reported in this specification were

determ ned by gel perneation chromatography (GPC) using the sane

pol ystyrene subiQuaherat@Bflad S Sieast \VBGB HARRISY B R{L1USRI hAd preferably
conjunction with ozone to treat cooling waters, these copolyners are

preferably copptymesstef 160epAr8sr pbikCmillion, and most preferably from 5 to 50

parts per million of the active polymer being added to the cooling
waters. Mixtures of polymers may also be used when advantageous,
and when mixtures are used, the total polymer weight concentration

should be as above.

The Cooling Waters

The waters for the cooling systems being treated with both ozone

and polymers of this invention can have characteristics such as the

following:
Parameters Range
PH 6.5 - 9.7
Ca Hardness - 20 - 2000ppm (as CaCOj)
Mg Hardness 10 - 1000ppm (aé CaCo;)
Total Hardness _ 30 - 3000ppm (as CaCoOj)
S$io, 0.10 - 125ppm (as SiO,)
"M" alkalinity 20 - 2500ppm (as CaCo,)
Temperature 10°c. ~ 60°C. .

Although the initial concentrations of each element listed above in
waters being treated are those within the lower 1limits of the
ranges above, these limitations can increase when the waters are
concentrated in a Cooling water applicatiop, often from a factor
ranging from about 2 up to as high 60 or above, and can lead to

waters in the recirculation systems and blowdown system having



acidd or its water soluble salts with at | east one of the vinylic nononers

chosen fromthe group consisting of (nmeth)acrylam de, maleic anhydride,

- AMB, AES, AWPS (acrylam do nethyl propane sulfonic acid), itaconic acid,

. C - C3 esters of acrylic acid, hydroxypropyl acrylate, Ntertiary butyl

. acrylam de, vinyl acetate, nethyl vinyl ether, and the like. Again, the

term(nmeth)acrylamde is used to nean acryl am de, nethacrylam de, or any

m xtures thereof. Wien copolynmers are used containing at |east one of

these other vinylic nononers, it is preferafl,e that the copolymer contain

at | east 60 nole percent of (meth)acrylic acid and nost preferable that it

contains at least 70 nole percent of the (neth)acrylic acid nononers, or-

their salts. The nost preferred copolyners are those containing at |east

70- 100 nol e percent acrylic acid. As the waters to be treated are

ozonated, it | somsEntyafiomblénits nngiaierdbigsehdghkrrnghent etheatupper limit:

ozone residual concentration of at |least 0.05 ppm based on the treated

cool i ng wat er s,1liatted alamlce. pol yners at rates sufficient to obtain an

initial active polyner
Normally the recirculating cooling waters are treated with ozone
from any useful ozone generator, and there are many available i
the art, and the ozone is added to the recirculating waters at :
concentration sufficient to maintain in the recirculating cooling
waters, a residual ozone level of at least 0.01 parts per millio
based on the treated cooling waters, and preferably at least 0.0!

parts per million ozone, or above.

The polymers of primary interest in this invention are those
polymers, which can withstand ozonation at low concentrations up t
concentrations nearing ozone saturation, such that ozone levels cai
range from at least 0.01 ppm up to concentrations, i.e. o
approximately 2.0 - 2.5 parts per million ozone in water. Evei
with these exposures to ozone, the polymers maintain at least 70%,
preferably at least 80%, of their initial calcium carbonat:
saturation ratio. Certain homopolymers and copolymers have show
particular propensity for usefulness in the presence of ozone
These polymers are hormally homopolymers of acrylic acid o
copolymers of acrylic acid which contain at least 60 mole percen
acrylic acid, preferébly 70 mole percent acrylic acid or higher
The acrylic acid is most preferably copolymerized with acrylamide
ifaconic acid, AMS, AES, AMPS, C; - C; esters of acrylic acid

hydroxypropyl esters of acrylic acid, or mixtures thereof. Th



concentration of at least two parts per mllion, and preferably from5 to
100 parts per mllion, and nost preferably from5 to 50 parts per mllion
of the active polyner being added to the cooling waters. M xtures of

pol ymers nmay al so be used when advant ageous, and when m xtures are used,
t-he total polymer weight concentration should be as above.

The Cooling Waters The waters for the cooling systens being treated with
bot h ozone and polynmers of this invention can have characteristics such as

t'he follow ng: Par anet er s 13 Range pH

6.5 - 9.7 Ca Hardness 20 - 2000ppm (as CaCd err]) -
My Har dness 10 - 1000ppm (as CaCJerr]) Tot al

Har dness 30 - 3000ppm (as CaCJerr]) Sigerr]

0.10 - 125ppm (as Si(err]) "M alkalinity 20 -

2500ppm (as Cafd&sildr weighterger @hese homopolymers and cijjeerymjexs - normally
60[err]C. Although the initial concentrations of each elenent |isted above

in waters beifgnhde catiari=rey throxe 1600hta abeut 3®r000 mithafgh has befgye, this
above, these limtations can increase when the waters are concentrated in

a cool i ng wat elio beilaat vehghbf fendeguadedf dax erontagtyivwidth re#e®out Pyefigrably,
to as high 60 or above, and can lead to waters_in the recirculatiagn

systens and[ﬂtﬂmonplypgp§mnﬁﬁqngn initial molecular weight of from 2,000 -

15,000. In spite of this molecular weight degradation, the
preferred pqumeric polymers retain ozonated or oligomeric
components after ozone is reacted with these copolymers which
ozonated components maintains at least 70 percent and preferably 80

percent of the initial calcium carbonate saturation ratio of the

starting copolymer.

The Calcium Carbonate Saturation Ratio {(CCSR)

The calcium carbonate saturation test is completed as follows. A
test solution is prepared by adding the chloride or sulfate salts
o£ calcium and magnesium, the polymeric inhibitor, and a solution
of sodium bicarbonate to deionized water. Initial concentrations
of these salts should be adjusted to achieve 360 parts per million
calcium, 200 parts per million magnesium, 500 parts per million
bicarbonate (as célcium carbonate), and 15 parts per'millioh of the

polymeric inhibitor on an active solids polymer basis.

This inhibited hardness/bicarbonate solution was then ozonated at
ambient temperatures for a total ozonation time of 90 minutes.

During the first 60 minutes of ozonation, an ozone level less than



12 -~ concentration limts considerably higher than the upper limts

listed above. Normally the recirculating cooling waters are treated with

ozone from any useful ozone generator, and there are many available in
the art, and the ozone is added to the recirculating waters at a
concentration sufficient to maintain in the recirculating cooling waters,

‘a residual ozone level of at least 0.01 parts per mllion based on the
treated cooling waters, and preferably at least 0.05 parts per mllion
ozone, or above. The pol yners of primary ierrest in this invention are

those polymers, which can withstand ozonatioh  at | ow concentrations up to
concentrations nearing ozone saturation, such that ozone | evels can range
fromat |east 0.01 ppmup to concentrations, i.e. of approximately 2.0 -
2.5 parts per mllion ozone in water. Even wth these exposures to ozone,
t'he pol yners mai paaitnper htadiorn08gonereéeididy wes Inedsttadliéd .of Dubeng the fina:
initial calciumcarbonate

30 minutes of ozonation, the level of residual ozone was increasec

so as to maintain approximately 1.0 to 2.3 parts per million ozone.

During the test times, alkalinity, pH, and ozone residuals were

monitored at set time intervals.

Water samples from these test containers were collected at 0, 30,
60 and 90 minutes of ozonation, and tested for calcium carbonate
inhibition activity via the calcium carbonate saturation ratic

test, or CCSR test.
This CCSR test involves the following:

The collected solutions are placed in a hot water bath at
temperatures maintained at 140° F. The solution is stirred at all
times and pH is continuously monitored. The sample is titrated
with dilute sodium hydroxide (0.1 molar) at a constant rate of
addition. As the dilute sodium hydroxide solution is added, the pE
of the test solutions slowly increases, then decreases slightly,
and then increases again. The maximum pH prior to the slight
decrease is referred to as the "breakpoint pH". A mineral
solubility computer program is then used to calculate the calciun
carbonate supersaturation ratio defined below based on test
conditions at the breakpoint pH. This supersaturation ratio is

related to the calcium carbonate inhibition performance or the



saturation ratio. Certain honopol yners and copol ynmers have shown
particul ar propensity for useful ness in the presence of ozone. These
pol ymers are nornmally honopol ynmers of acrylic acid or copolyners of
acrylic acid which contain at |east 60 nole percent acrylic acid,
preferably 70 nole percent acrylic acid or higher. The acrylic acid is
nost preferably copolynerized with acrylam de, itaconic acid, AMS, AES,

AVPS, Cerr]

- C3 esters of acrylic acid, hydroxypropyl esters of acrylic

atid, or mxtures thereof. The

13 nmol ecul ar wei ght of these honDponnersl%nd copol yners normal |y

range initially from 1500 to about 35,000 although, as before, this

nol ecul ar wei ght is degraded in contact with ozone. Preferably, the

pol yners have an initial nolecular weight of from2,000 - 15, 000. In

spite of this sl acawbioghtedegatdanidon tatiopr ef direed tpstynprocedure was
polynmers retain ozonated or oligoneric conponents after ozone is reacted

Wi th these copelpgatiesl wifioeh ddffiement cinpbbibos reolutionsat | 8het method for
percent and preferably 80 percent of the initial cal ci um car bonat e

saturation ratdalcflatiang sCGPRi A§ ewsdiinpesy by Johnson, et. al., International

Water Conference, October, 1989%*, which reference is incorporated
herein by reference. The test procedure is also taught in Fong, et

al, U.S. 4,919,821, incorporated herein by reference.

Preferably, when completing multiple tests, all precipitated
calcium carbonate should be removed from test apparatus containers

prior to the next test. This inhibits nucleation, which would foul

the test results.

The theory behind the above test is dependent on the formation of
scale above a particular critical pH. Consequently, sodium
hydroxide is added to the test solution to increase the pH and to
supersaturate the test water until the breakpoint pH is reache¢u
Nucleation and crystal growth occur at this point. The measured
break point pH is then used in a computer program based on mineral
solubility prediction models to calculate a value called the
saturation ratio. The saturation ratio is simply an index for

predicting the formation of calcium carbonate and the computer.

*Computerized water modeling in the Design and Operation of
Industrial Cooling Systems by Don Johnson and Ken Fulks, presented
at the 41st Annual Meeting, International Water Conference,
Pittsburgh, Pennsylvania, October 20-22, 1980



. The Cal ci um Carbonate Saturation Rati o (CCSR) The cal ci um car bonat e
.saturation test is conpleted as follows. A test solution is prepared by
-allding the chloride or sulfate salts of calciumand magnesi um the

. polyneric inhibitor, and a solution of sodium bicarbonate to deionized
‘water. Initial concentrations of these salts should be adjusted to achieve
360 parts per mllion calcium 200 parts per mllion magnesi um 500 parts
per mllion bicarbonate (as cal cium carbonate), and 15 parts per mllion
of the polyneric inhibitor on an active soliﬂg pol ynmer basi s. Thi s

I nhi bi ted hardness/ bi carbonate sol uti on was thén ozonated at anbi ent
tenperatures for a total ozonation tinme of 90 mnutes. During the first 60
m nutes of ozonation, an ozone |evel |ess than

14 1 part per mllion ozone residual was maintained. During the final
30 m nutes of ozonation, the |evel of residual ozone was increased

program saturation ratio compensates for temperature, high ioni

strength, ion paring effects, and the 1like. Other importan

factors included in the mineral solubility analysis are wate

composition, operating conditions, temperatures, break point pH

cycles of concentration, and acid control. A calcium carbonat

saturation ratio is theoretically equal to the product of th

concentration of calcium times the concentration of carbonate ion

divided by the solubility product constant for calcium carbonate

The higher the CCSR, the better the polymer will be as a scal

inhibitor.

Polymer Maintenance of Calcium Carbonate Saturation Ratios

The homopolymers and copolymers found useful in our invention ar

those polymers that initially contain a calcium carbonat

saturation ratio (CCSR) of at least 90 preferably at least 100, an

most preferably at least 110. Initial calcium carbonate saturatio

ratios can be as high 120 - 140. Typical initial calcium carbonat

saturation values range from about 110 to about 135, and in som

cases slightly higher. The homopolymers of acrylic acid normall

have initial calcium carbonate saturation ratios ranging betwee:

about 110 and 137.5. The copolymers normally have initial calciw

carbonate saturation ratios of at least 90, preferably at leas

100, and most preferably from about 110 to about 135.



SO as to maintain approximately 1.0 to 2.3 parts per nillion ozone.

~During the test tines, alkalinity, pH and ozone residuals were nonitored
‘at set tine intervals. - Wat er sanples fromthese test containers were
collected at 0, 30, 60 and 90 minutes of ozonation, and tested for cal cium
carbonate. inhibition activity via the calciumcarbonate saturation ratio

test, or CCSR test. This CCSR test involves the follow ng: The
coll ected solutions are placed in a hot water bath at tenperatures
mei ntai ned at 140 F. The solution is stirred at all tines and pHis

continuously nonitored. The sanple is titratel with dilute sodium

hydroxide (0.1 nolar) at a constant rate of addition. As the dilute sodium
hydr oxi de solution is added, the pH of the test solutions slowy

i ncreases, then decreases slightly, and then increases again. The

maxi mum pH pri ahdse g dgdhtardad®Rat o Feptietentativeatedhte codnaakPOhlbrs an
pH'". A mneral solubility conputer programis then used to calculate the

cal ci um car boredenastgdrisat tamiomutreat.i 0 Dikefinge dhlecliadthiadedoonihates, the ozon
conditions at the breakpoint pH This supersaturation ratiois related to

t he cal ci um carlsoresk eis nhabntainedertoconsentyntioas ranging from about 0.01 to

about 0.8 parts per million and during the last 30 minutes, the
ozone residual is raised by increasing the rate of addition o
~ozone to these waters so that the residual is from about 1.0 t«
about 2.3 parts per million. The ozonation tests are run at
temperatures ranging from ambient, about 18° C, to 60° C for :
period of about 90 minutes as described. The last 30 minutes of

the test is at temperatures of about 40-60° C.

After the ozonation reaction has taken place, the molecular weight
degradation is observed in all cases. Sometimes, the degree of
molecular weight degradétion relates to the iniﬁial. ﬁoleculaz
weight of the polymer added. However, even though these molecula:
weight degradations can range anywhere from as little as about 2¢
percent to as much as 85 percent of the original molecular weight,
the calcium carbonate saturation ratio for those polymers that are
successfully used in our invention is maintained at about 7¢
percent of the initial value, preferably 80 percent of the initial
vaiue or higher. In some cases, ozonation actually increases the

calcium carbonate saturation ratio.

If a polymer does not maintain at least 70 percent of its initial
calcium carbonate saturation ratio, and more preferably at least

80% of its initial CCSR value, the polymer is not believed to be



15 cal cium carbonate saturation ratio. The test procedure was

- repeated for different 1inhibitor solutions. The nmethod for calculating
. CCSR is outlined by Johnson, et. al., International Water Conference,

. October, 1989*, which reference is incorporated herein by reference. The

| test procedure is also taught in Fong, et al, US 4,919,821, incorporated
" herein by reference. Preferably, when conpleting multiple tests, al

preci pitated calcium carbonate should be renoved fromtest apparatus
containers prior to the next test. This inhijpjts nucleation, which would
foul the test results. The theory behind e above test is dependent on
the formati on of scale above a particular critical pH. Consequent |y,

sodi um hydroxide is added to the test solution to increase the pH and to
supersaturate the test water until the breakpoint pHis reached.

Nucl eati on and ygeminligreombinatcionatithi szppénin Theatktagucedlihgeakters.
point pHis then used in a conputer program based on mneral solubility
predi ction nodels to calculate a value called the saturation ratio. The:
saturation ratio is sinply an index for

To further describe our invention the following tables are
presented. These tables list certain polymers in terms of thei.
chemical nature, molecular weight, initial and ozonated calciw
carbonate saturation ratios, and give such other data as would b
of interest. All of these tests were run in beakers and/o:

containers, which provide test results equivalent to those result:

expected in actual field use in recirculating cooling waters.



*Conput eri zed wat er
~Cool ing Systens by Don Johnson and Ken Ful ks,
~Meeting, Conf er ence,
' 1980

saturation ratio conpensates for tenperature

paring effects,

t enpergizuEes:
A cal ci um car bonat e

| nt er nati onal

and the |ike.

solubility analysis are water
break poisumpRy ot ZBLEIM CARBSNATE (SAAURAITNARATIACI d control .

Q her i npor?‘gl
conposition,

Pi t t sbur gh,

hi gh ionic

predicting the formation of cal cium carbonate and the conputer
nodeling in the Design and QOperation of
presented at the 41st Annual
Pennsyl vani a, Cctober
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| ndustri al

program

strength, ion

factors included in the

saturation r o$CEENENG [TESE BATAA| | y equal

operating conditions,

to the product

concentration of calciumtines the concentrati on of carbonate ions

di vided by the solubility product constant for cal cium carbonate. The
hi gher the CCSR, the better the polynmer will be as a scale inhibitor.
Activity After Ozonatlon.
_ Hach Test ppm

Folymer A 136.9 + 6.8 124.8 1 6.8 2.3 ppm +
Polymer B 133.9 +:6.6 138.8 + 6.8 0.8 -1.0 ppm
Polymer g 119.9 + 6.8 110.6. + 6.8 1.2 - 2.3 ppm +
Polymer C 131.9 + 6.6 128.9 + 6.6 1.2 -2.3 ppm +
Folymer D 113.7 + 6.8 128.9 ¢ 6.8 1.0 - 1.8 ppm
Polymer E 288 £ 66 80.0 + 6.8 2.3 ppm +
Polymer F 97.1 + 6.8 103.3 + 6.8 2.3 ppm +
Polymer G 97.1 + 6.8 97.1 & 6.8 1.3 - 2.3 ppm +
Polymer B 107.5 + 6.8 854 + 6.8 1.4 ppm
Polymexr I 3125.9 + 6.6 97.1 + 8.6 1.2 ppm
Polymer J 854 » 6.8 €9.9 + 6.6 1.8 - 2.3 ppm +
Polymer L 107.5 £ 6.6 113.7 £ 6.6 2.3 ppm +
Polymer M 131.9 + 6.6 131.9 + 6.6 2.3 ppm +
PBTC 1459 + 6.6 **sample precipitated -
HEDP : 137.7 + 6.8 % *sample precipitated
Blank 3.0 » 6.6 +*sample precipitated

**Calcium Carbonate Saturation Ratio

*Unable to determine a saturation ratio value due to sample
precipitation before calcium carbonate test was conducted. This
indicates a very low result and complete loss of calcium
carbonate inhibition activity.



~ Pol'ymer Mai ntenance of Cal ci um Carbonate Saturation Rati os. The

honmopol ynmers and copol yners found useful in our invention are those

polymers that initially contain a calciumcarbonate saturation ratio

 (CCSR) of at least 90 preferably at |east 100, and nost preferably at

|-east 110. Initial calciumcarbonate saturation ratios can be as high 120

- 140. Typical initial calciumcarbonate saturation values range from

about 110 to about 135, and in sonme cases slightly higher. The

homopol ymers of acrylic acid nornmally have iigfiaJ cal ci um car bonat e
saturation ratios rangi ng between about 110 d 137.5. The copol yners

normal ly have initial calcium carbonate saturation ratios of at |east 90,
preferably at |east 100, and nost preferably from about 110 to about 135.

17 These polyners are added to representative test cooling waters and

ozonat ed for 9@nnirabiesl,Dyounganhseaenitthiealregmlitisnafeadding omgrious @l yners tc
mai nt ai ned at concentrations ranging fromabout 0.01 to about 0.8 parts

per mllion andogdinggwakersaand3chen eaenating these mixtures for a period of 9¢

minutes, as described above. After this ozonation, the calciun
carbonéte saturation ratio is measured. The results in Table ]
show that those polymers which are preferred, are the polymers that
retain at least 70 and more preferably at least 80 percent of their
initial.calcium carbonate saturation ratio. In some cases after
ozonation the ozonated saturation ratio is higher than the initial
calcium carbonate saturation ratio. Also in Table 1, you can sec
that several organic phosphonates were tested. These materials
have traditionélly been used in treating cooling w;ters for
hardness control and under ozonation conditions fail miserably.
Blanks were also run to give the observer reasonable basis anc

background for the test results.



ozone residual is raised by increasing the rate of addition of ozone to
these waters so that the residual is fromabout 1.0 to about 2.3 parts per
mllion. The ozonation tests are run at tenperatures ranging from
"anbient, about 18 C, to 60 C for a period of about 90 m nutes as
described. The last 30 minutes of the test is at tenperatures of about
*40-60 C: After the ozonation reaction has taken place, the nol ecul ar

wei ght degradation is observed in all cases. Sonetines, the degree of

‘nol ecul ar wei ght degradation.relates to the,initial nolecular weight of
‘the pol yner added. However, even though the§é nol ecul ar wei ght
degradations can range anywhere fromas |little as about 25 percent to as
much as 85 percent of the original nolecular weight, the calcium carbonate
saturation ratio for those polymers that are successfully used in our
invention is maintained at about 70 percent of the initial val ue,
preferably 80 percent of the initial value or higher. In
ozonati on actTRBIEYIT ncr e BMIATK 0L o SR SEUBORE-E LM iHS HL -0

a polynmer does not mmintain at | eastRegQitpceddonated Polymersi al cal ci um
carbonate saturation ratio, and nore preferably at |least 80%of its

initial CCSR val ue, the polyner is not believed to be .
After Ozonatign
lahibitac Befars Qzonation

Polymer K Mw: 39,700 Mw: 2,400

Mn: 18,8600 Mn: 2,000

Mw: 4,400 Mw: 2,600

yoer B
FoX s 3,500 Mn: 2,100
Polymex A Mw: 5,000 Mw: 2,500

s 3,000 s 2,000



18 useful in conbination with ozone in treating cooling waters. To
further describe our invention the follow ng tables are presented. These
tables list certain polyners in terns of their chem cal nature, nol ecul ar
wei ght, initial and ozonated cal cium carbonate saturation ratios, and give
-such other data as would be of interest. Al'l of these tests were run in
-beakers and/or containers, which provide test results equivalent to those
‘results expected in actual field use in recirculating cooling waters.

19  TABLE 1: SUMVARY OF CALCI UM CAR TE SATURATI ON RATI O
. SCREENI NG TEST DATA tivity After Ozonatl on.
"Hach Test ppm I nhibitor (15 opm Bef ore Ozonation After

CZonation Ozone Resi dual

Table II, 1is a summary of the average molecular weight

anc

molecular number results obtained for ozonated polymers. Certair

polymers were tested before and after ozonation, and their

molecular weights determined again by GPC chrbmatography. As car

be seen, when molecular weight is relatively high, the degree of

degradation observed after ozonation is also high, when a molecular

weight starts relatively low the degree of degradation of molecular

weight is less, but there seems to be a fairly consistent molecular

weight measured for all polymers irrespective of the initial

molecular weight of these polymers. However, this data is limited,

and we cannot limit the invention in terms of the ozonated final

molecular weight.



Pol yrmer A 136.9 6.6 124.8 [err] 6.6 2.3 ppm +

Pol ynmer B 133.9 [err] 6.6 138.8 [err] 6.6 0.8 -1.0
- ppm Pol ymer B 119.9 6.6 110.6 6.6 1.2 -
2.3 ppm + Pol ymer C 131.9 [err] 6.6 128.9
[err] 6.6 1.2 -2.3 ppm + Pol ymer D 113.7
6.8 128.9 6.6 1.0 . 1.8 ppm Pol ynmer E

28.6 [err] 6.6 80.0 [err] 6.6 2.3 ppm + Pol ymer F

97.1 6.6 103.,3 6.6 2.3 ppm Pol yner G

97.1 6.6 97.1 [err] 6.6 1.3 - 2.3 %pm Pol ymer H

107.5 6.8 8.4 [err] 6.6 1.4 ppm Pol yner |

125.9 [err] 6.6 97.1 6.6 1.2 ppm Pol yner J

85.4 6.6 69.9 6.6 1.8-2.3 ppm + Pol ymer L

107. 5 [err] 6.6 113.7 + 6.6 2.3 PRABLE III Pol ymer M

131.9 6.6 131.9 + 6.6 2.3 ppm + PBTC

145.9 [err] 6.6 *sanpl e precipit

137.7 [err] 6.6 *sanpl e precipitatgtc%mmR CGMPOEFEEENS

3.0 [err] 6.6 sanpl e precipitated **Cal ci um Car bonate Saturation
Rati o *Unable to determne a saturation ratio value due to sanple
preci pitation before cal cium carbonate test was conducted. This

indicates a very low result and conplete | oss of calcium -car bonat e

i nhi bi tkip@lyafdd \A4 Y. Polyacrylic acid homopolymer neutralized with NaOH, Mw: 5,0¢

*Polymer B: Isopropyl ester of acrylic acid (low ester content),
Mw: 5,000 .

Polymer C: Water soluble acrylic acid polymer, Mw: 5,100

Polymer D: Water soluble acrylic acid polymer, Mw: 5,800

Polymer E: Water soluble acrylic acid polymer, Mw: 240,000

*Polymer F: Methyl sulfonic acid acrylamide, 50-60% acrylic acid/ 14-20:
aminomethanesulfonate / remainder acrylamide,
Mw: 18,000-19,000

*Polymer G: 70% acrylic acid / 308 acrylamide copolymer, Mw: 30,000

Polymer H: Hydrolyzed polymaleic anhydride, Mw: 1,000

Polymer I: Terpolymer of acrylic acid, methacrylic acid and itaconic
acid, Mws 1,000

Polymer J: Polymethacrylic acid, Mw: 25,000 - 30,000

*Polymer X: Ethyl sulfonic acid acrylamide, ("AES®) taurine doriﬁative,
Mw: 40,000

 *Polymer L: 70-80 mole$ acrylic acid/20-30 moles hydroxypropylacrylate
Mw: 6,000-10,000 ypropylacry ’

Polymer M: 65-73 moleld acrylic acid/25-35 molet acrylamidomethylpropane
- sulfonic acidy Mws 10,000-15,000

"All molecular weights are weight average molecular weights determined by
GPC using set standards of polystyrene sulfonate.

The molecular weights of polymers not marked by * above were molecular weights providac
by the manufacturer and are believed to be weight average molecular weights. However,
test proceduces for molecular weight determination are not known. :



20

In Table 1, you can see the results of adding various polyners to

cooling waters and then ozonating these m xtures for a period of 90

m nut es,

as descri bed above. After this ozonation, the calcium carbonate

saturation ratio is neasured. The results in Table 1 show that those

-pol ymers which are preferred, are the polyners that retain at |least 70 and
nore preferably at |east 80 percent of their initial calciumcarbonate
saturation ratio. In sonme cases after ozonation the ozonated saturation
ratio is higher than the initial calciumcarbonate saturation ratio. Al so
in Table 1, you can see that several organi@“phosphonates were tested.
These materials have traditionally been used in treating cooling waters
for hardness control and under ozonation conditions fail mserably.

Bl anks were also run to give the observer reasonable basis and background

for the test repidStII describes polymers A through M in terms of thelrzéhemlcal

TABLE i |

Summary at Average | ecul ar Wi ght and Mol ecul ar Nunb

Results for Ozom@i€euP®! WY Sinitial molecular weights. In Table IIIr the

methylsulfonic acid, acrylamide polymers are those that contain
from S0 to 60 mole percent acrylic acid, from 10 to 20 mole percent
acrylamido, N-methyl sulfonates (AMS) and the remainder acrylamide.
Polymer K also contains from 50 to 60 mole percent acrylic acid,
from 10 to 30 percent N-ethylsulfonic acid acrylamide(AES); the

remainder being acrylamide.

The remainder of the Tﬁﬁles, up to Table XVIII, provides additional
informatioﬁ'specifically for each of the polymers listed. Again,
these tests show the ability of the specified polymers to maintain
their calcium carbonate saturation ratio, even after the contact
with ozone for periods of time known to lead to polymer degradation
in terms of weighf avefage moleculér wéight. in spite of this
polymer degradation, certain of these polymers still maintain their
ability to inhibit calcium carbonate scale formation in the

presence of ozone.



I nhi bitor Bef ore QOzonati on _ After Ozonation Polyner K

Mwv.  39. 700 Mv. 2, 400 vh: 18, 600
vh: 2,000 Pol yrmer' B Mn, . 4. 400 Mv 2. 600
vn: 3, 500 vn: 2.100 Pol ynmer A Mv 5, 000

~ Mwv. 2.500 vh: 3, 000 vh: 2,000

. 22 Table I'l, is a sunmary of the average nol ecul ar wei ght and nol ecul ar

. nunber resutts obtained for ozonated polyners. Certain polynmers were

. tested before and after ozonation, and their ,.nol ecul ar wei ghts determ ned
- agai n. by GPC chromat ography. As can be seen,”“when nol ecul ar weight is
relatively high, the degree of degradation observed after ozonation is

al so high, when a nol ecular weight starts relatively |ow the degree of

degradati on of nol ecul ar

. Benc] Scale Inhibiti |
for calcium carbonate _

Inhibitor: Polymer A
Dosage:15 ppm inhibitor as actives

Ozonation Tinme Ozone Levelr Saturation Ratio
ne ozone 0.0 ppm 136.9 + 6.6
2.3% Q3 output

30 minutes O3 0.55 - 0.6 ppm 142.6 + 6.6

60 minutes O3 0.5% - 0.6 ppm 144.3 + 6.6

23% 03 output

90 minutes O3 2.3 ppm + 124.8 + 6.6

Polymar A continued to behave as a calcium carbonate inhibitor
after 60 minutes of ozonation. However, aftar 30 additional
ninutes of exposure to very high levels of ozone, there was a
decrease in activity wvhich is within experimental error.

N Ozone level was determined by the Hach test.



wei'ght is less, but there seens to be a fairly consistent nolecular weight
nmeasured for all polyners irrespective of the initial nolecular weight of
" tthese pol ynmers. However, this data is |limted, and we cannot |imt the
invention in terms of the ozonated final nolecular weight.

23 . _ TABLE 11|

POLYMER COWVPCSI Tl ONS *Pol ynmer A: Pol yacrylic acid honopol yner
neutralized with NaCH, Mx 5,000 *Polymer B: Isopropyl ester of acrylic
acid (low ester content), Mv. 5,000 Pol ymer C. \Water

soluble acrylic acid polyner, Mwv 5,100 Pol*ymer D  Water soluble acrylic
acid polyner, M: 5,800 Pol ymer E: Water soluble acrylic acid polyner,
M/: 240, 000 *Pol ymer F: Methyl sulfonic acid acrylam de, 50-60% acrylic
acid/ 14-20% am nomet hanesul fonate / renai nder acryl am de,

Mv. 18, 000-19,000 *Polynmer G 70[err] acrylic acid / 30% acryl am de

copol yner, Mwv 30,000 Polynmer H  Hydrolyzed pol ynmal ei ¢ anhydri de, Mw

1, 000
TMBIE YV : PBenchtop §cale Inhibition Screening Test
for calcium Carbopate

A

Inhibitor: Polymar B
Dosage:15 ppm inhibitor as actives

Ozonation Tino_ Ozone Level® Satur;tion Ratio
no ozone 0.0 ppm 133.9 + 6.6
2.3% Q) output
30 minutas 03 0.5 ppm 136.5 + 6.6
60 minutes O3 0.4 ppm 139.7 + 6.6

- 3% 03 output _
90 minutes 03y 0.8 - 0.9 ppm 13{.8 * 6.6

The saturation ratio values indicate that Polymsr B is -
maintaining its calcium carbonate inhibition activity even at
unrealistically high ozone levels. .

*0Ozone level wvas determined by the colorimetric Hach Test.



Potymer |: Terpolymer of acrylic acid, mathacrylic acid and itaconic
acid, Mv 1,000 Polyner J: Polynethacrylic acid, Mwx 25,000 - 30, 000
¥Polyner Ki Ethyl sulfonic acid acrylam de, ("AES') taurine derivative,
Ms: 40,000 *Polymer L: 70-80 nole% acrylic acid/20-30 nole [err]

hydr oxypr opyl acryl at e, Mv. 6, 000-10, 000 Polymer M 65-75
nol e% acrylic acid/25-35 nol e% acryl am donet hyl pr opane

sul fonic acid, Mv 10,000-15, 000 *Al'l ol ecul ar wei ghts are wei ght
average nol ecul ar wei ghts determ ned by GPC usj ng set standards of

pol ystyrene sul fonate. The nol ecul ar wei ghts "of polynmers not marked by *
above were nol ecul ar wei ghts provi ded by the manufacturer and are believed
to be wei ght average nol ecul ar wei ghts. However, test procedures for

nol ecul ar wei ght determ nation are not known.

24 Table I'll describes polyners A through Min terns of their chem cal
structure and initial nolecular weights.: In Table 11, the

met hyl sul foni ¢ acid, acrylam de polynmers are those that contain from50 to
60 nol e percent acrylic acid, from10 to 20 nole percent acryl am do,

N- net hyl sul f de. er K al so
contains from 30 percent
N-et hyl sul fo

Inhibitor: 'Polymr B
Dosage:13 ppm inhibitor as actives

Ozonation Time Ozone Lavel® _ Saturation Ratio
no ozone 0.0 ppm | 119.9 + 6.6
2.3% Q3 output

30 minutes O3 0.7 - 0.8 ppm 131.9 + 6.6

60 minutes 0y 0.6 - 0.7 ppm 137.7 + 6.6

'13% 03 outpuf

90 minutes 03 1.2 ppm 110.6 + 6.6

(113.7 recheck)

These saturation ratio values indicate that Polymer B is
increasing in activity for the first 60 minutes of low level
ozonation, and then drops to approximately the same performance
level as-the initial unozonated sample. When comparing this run
of the PFolymerB sample to the results in table I, note that the
unozonated sample has a lover saturation ratio value to begin
with, and used & different batch sample. This sample also
experienced ozone levels of 2.3 ppm and greater, at 73 minutes of
ozonation, while the highest ozone reading recorded for table I
wvas 1.0 ppm at 7S minutes of ozonation.  The Mw is ~2,100, after
ozonation.

*Qzone lcvol vas determined by the colorimetric Hach Test.



r erfai nder bei ng acryl am de. The remai nder of the Tables, up to Table
XVI11, provides additional information specifically for each of the
polymers listed. Again, these tests showthe ability of the specified
polyners to maintain their calciumcarbonate saturation ratio, even after
t-he contact w th ozone for periods of tine knowmn to lead to pol yner

degradation in terns of weight average nol ecul ar wei ght. In spite of
this polyner degradation, certain of these polyners still maintain their
ability to inhibit calciumcarbonate scale fojgmation in the presence of
ozone. 25 Tabl e 1v:
Benchtop Scale Inhibition Screening Test for cal cium Carbonate |nhibitor:
Pol ynmer A Dosage: 15 ppminhibitor as actives Ozonation Tine ozone
Level * Saturation Ratio no ozone 0.0 ppm
136.9 6.6 :
VII
for calcium Carbonate

Inhibitor: Polymer C
Dosage:15 ppm inhibitor as actives

Ozonation Time Ozone Level# Saturation Ratio
no ozone 0.0 ppn 131.9 + 6.6
2.3% 03 output

30 minutes 03 _ 0.65 ppa 128.9 + 6.6

60 minutes 03 ; 0.6 ppm 128.9 + 6.6

13% Q3 output

90 ainutes O3 1.2 ppm 128.9 + 6.6

The saturation ratio values indicate that Polymsr C is
maintaining its calcium carbonate inhibition activity at high
ozone levels., The Mw of this sample is ~5,100 and overall, is a
very good calcium carbonate inhibitor.

*Ozone level was determined by the colorimetric Hach Test.

My = Weight average molecular weight by GPC chramatography using
polystyrens sulfonate standards. ]



2. '5[err] 03 output 30 minutes O[err] 0.55 - 0.6 ppm 142. 6
6.6 60 mnutes 03 0.55 - 0.6 ppm 144.3 + 6.6 25% 03 out put
90 m nutes 03 2.3 ppm + 124.6 6.6 Pol yner A
continued to behave as a cal cium carbonate inhibitor after 60 m nutes of

. oxonation. Hoevoer, after 30 additional m nutes of exposure to very high

" levels of ozone, there was a decrease in activity which is within
experinmental error. * QOzone level as determ ned by the Hach test.

26 TABI E v: Benchtoo Scal e Inhibition _Screening Test for Cal cium
Car bonat e | nhi bitor: Polyner B Dosage: 15 @fminhibitor as actives
Ozonation Tine Ozone Level * Saturation Ratio no ozone
0.0 ppm 133.9 6.6 2.5[err] O[err] output

TableVIIi Benchtop Scale Inhibition Screening Test
for calcium Carbonate

Inhibitor: Polymer D
Dosage:15 ppm inhibitor as actives

Ozonation Time Ozone Lavelr Saturation Ratio
no ozone 0.0 ppm 113.7 £ 6.6
2.3% 03 output

30 minutes O3 0.635 ppa 125.9 + 6.6

60 minutes 0,y 0.63 ppi 134.8 * 6.6

13% 03 output

90 minutes 03 1.0 ppm 128.9 + 6.6

The saturation ratio values indicate that Polymar D is
actually improving in activity upon ozonation. The Mw of this

polymer is initially ~S,800.

*Ozone level was deteramined by the colorimetric Hach Test.



30 ‘mi nutes 03 0.5 ppm 136.5 6.6 60 ninutes O[err]

0.4 ppm 139.7 6.6 15[err] 03 output 90 mnutes O[err]

0.8 - 0.9 ppm 138. 8 6.6 The saturation ratio values indicate
that Polyin Bis maintaining its calciumcarbonate inhibition activity
even at unrealistically high ozone |evels. *Ozne | evel was determ ned by

the calorinetric Hach Test. 27

Tabl e VI: Benchtop scale Inhibition Screening Test for Cal cium Carbonate
I'nhi bitor: Polynmer B Dosage: 15 ppminhibitor_as actives Ozonation Tinme

Ozone Level * Saturation Ratio no oZone 0.0 ppm
119.9 + 6.6 2.5[err] 03 output 30 m nutes 03 0.7 - 0.8 ppm
131.9 6.6
IX 3
- for calcium carbonate

Inhibitor: Polymer E
Dosage:1S5 ppa inhibitor as actives

Ozonation Time : Ozone Level® Saturation Ratio
no ozone 0.0 ppm 28.6 + 8.6
2.3% 03 output

30 minutes 04 0.4 - O.Slpyl 32.6 + 6.6

60 ninutes O3 0.3 ppm 65.2 + 6.6

13% Q03 output

90 minutes O3y 2.3 ppme 80.0 + 6.6

The saturation ratio values indicate that rolymar E is
maintaining its calcium carbonate inhibition activity at

unrealistically high ozone levels. Note that it is also a poor
CaCO3 inhibitor to begin with (solution wvas slightly turbid prior
to ozonation), and ozonation increases the sample’s performance.
This is most probably due to the high molecular weight of the initial

polymer (Mw -~ 240,000).
*Qzone level was determin¥d by the colorimetric Hach Test.



60 'm nutes 03 0.6 - 0.7 ppm 137.7 6.6 |15t 03 oumt 90

m nutes 03 1.2 ppm 110.6 6.6

(113.7 recheck) These saturation ratio values indicate that olymer B is
increasing in activity for the first 60 m nutes of |ow |evel ozonation, and
then drops to approximately the sanme performance |level as the initial
unosonat ed sanple. Wen conparing this run of the Polynmer B sanple to the
results in table I, note that the unozonated sanple has a | ower saturation
rati o value to begin with, and used a differgnt batch sanple. This sanple
al so experienced ozone | evels of 2.3 ppmand”greater, at 75 m nutes of
ozonation, while the highest ozone reading recorded for table | was 1.0 pmm
at 79 mnutes of ozonation. The NWis -2,100, after ozonation. *QOzone | evel
was deteried by the coloriuetrio Hach Test.

28 Table VII Benchtop Scal e I nhibition Screening Test for Cal ci um
Car bonat e I nhibitor: Polynmer C Dosage: 15 ppminhibitor as actives
Ozonation Tine . Ozone Level * Saturation Ratio no ozone
0.0 ppm 131.9 + 6.6

Table X ; Benchtop Scale Inhibition Screening Test

for calcium Carbonate |

Inhibitor: Polymer F
Dosage:15 ppm inhibitor as actives

Ozonation Time Ozone Lavel® Saturation Ratio
no ozone 0.0 ppm 97.1 + 6.6
2.5% 93 output

30 ainutes 03 0.5 ppm 103.3 + 6.6

60 minutes 03 0.9 ppm - 107.8 + 6.6

23% 93 qutput .

90 minutes O3 2.3 ppm + 103.3 + 6.8

Pis nnt.c:n;n:io:¢=uniun<=uixnnt.'uinhiumrinitnuuy, it is

Thaqfx?nhn-c

still important since ozonation at extremely high levels does not
decrease the sample’s activity. Note that after a total of 90
minutes of ozonation, the saturation ratio is equivalent to the

initial unozonated sample.
* Ozone level wvas determined by the Hach test.



2.5% 03 output 30 mnutes 03 0. 65 ppm 125.9 + 6.6 60
m nutes 03 0.6 ppm 128.9 + 6.6 15 03 output 90

m nutes 03 1.2 ppm 128.9 6.6 The saturation ratio
val ues indicate that Polymer Cis maintaining its cal cium carbonate
i-nhi bition activity at high ozone levels. The Mv of this sanmple is -5, 100

and overall, is a very good cal cium carbonate inhibitor. *QOzone |evel was
determ ned by the calorinetric Hach Test. w Wight average nol ecul ar

wei ght by GC chr omat ogr aphy using pol ystyygne sul fonat e standar ds.

29 Table VII Benchtop Scale Inhibition Screening Test for Cal cium
Car bonat e I nhibitor: Polynmer D Dosage:|5 ppa inhibitor as actives
Ozonation Tine Ozone Level * Saturation Ratio  no ozone
0.0 ppm 113.7 6.6

1nn1n_295___nan9n:9n_5sal:.lnhihi:ién_ss::sninn_xazz
for calcium carbopnate

Inhibitor: Polymer G
Dosage:13 ppm inhibitor as actives

Ozonation Time Ozone Lavel® Saturation Ratio

no ozone 0.0 ppm 97.1 + 6.6

2.5% 03 output

30 ainutes O3 0.10 ppm 113.7 » 6.6
60 minutes 03 0.70 ppm 1223.9 + 6.6
13% Q) output

90 minutes O3 ~2.0-2.3 ppa+ 97.1 + 6.6

Polymer G 18 a 708 acrylic acid / 30 % acrylamide polymer with a
MN-30,000. The saturation ratio values from this experiment
demonstrate that even after 90 minutes of ogonation (30 minutes
‘at a high level), this polymer has the same level of performance
as the initial sample. Overall however, this sample is not the
best inhibitor of choice for a good calcium carbonate inhibitor.

- *Ogone level wvas dot.nind by the colorimetric Hach Test.



2.5[err] 03 output 30 mnutes 03 0. 65 ppm 125.9 6.6

60 m nutes 03 0. 65 ppm 134. 6.6 15[err] 03 output 90
M nutes 03 1.0 ppm 128.9 6.6 The saturation ratio
values indicate that Polyner Dis actually inproving in activity upon
ozonation. The NV of this polymer is initially -5 800. *QOzone |level was
determ ned by the calorinetric Bach Test.

30 Table I X2 Benchtop Scale Inhibition Screening Test for Cal ci

Car bonat e I nhibitor: Polynmer E Dosage: 15 m i nhibitor as actives
Ozonation Tinme ozone Level * turation Ratio no ozone

0.0 ppm 28.6 6.6 2.5[err] 03 output 30 mnutes 03

0.4 - 0.5 ppm 52.6 6.6

Table XII _ Benchtop Scale Inhibition Screening Test
for calcium Carbonate

Inhibitor: Polymer H
Dosage:15 ppm inhibitor as actives

Ozonation Time Ozone Lavel® Saturation Ratio
no ozone ' 0.0 ppm 107.5.: 6.6
2.3% 03 output

30 minutes O3 0.3 ppm 122.9 + 6.6

60 minutes O3 "~ 0.45 ppm © 107.5 + 6.6

253 01 output

90 minutes O3 1.4 ppa - 88.4 £ 6.6

This is an example of a polymer that maintained calcium carbonate
inhibition activity for the initial 60 minutes of ozonation, but
after an additional 30 minutes of high ozonation, lost activity.

# Ozone level was determined by the Hach test.



60 ‘m nutes 03 0.3 pps 65.2 6.6 15[err] 03 out put

90 m nutes Of[err] 2.3 ppm 80.0 6.6 The saturation ratio
val ues indicate that Polyme E is maintaining its cal cium carbonate
inhibition activity at unrealistically high ozone levels. Note that it is
al so a poor CaCOerr] inhibitor to begin vith (solution was slightly turbid
prior to ozonation), and osonation increases the sanple's perfornmance. This
i s nost probably due to the high nolecular weight of the initial polyner (W
-- 2400, 000). *Ozone | evel was determ ned byzﬁpe colorinmetric Hach Test.

31 Table X:  Benchtop Scal e I nhibition Screening Test | nhi bitor:
Pol ymer F Dosage: 15 ppminhibitor as actives Ozonation Tine ozone
Level * Saturation Ratio no ozone 0.0 ppm
97.1 + 6.6 2.5%03 output 30 mnutes 03 0.5 ppm
103.3 + 6.6

Table X*ILIBenchtop Scale Inhibition Screening Test

for calcium Carbonata

Inhibitor: Polymer I
Dosage:15 ppm inhibitor as actives

Ozonation Time - Ozcne Lavel® Saturation Ratio
no ozone 0.0 ppna 128.9 + 8.6
2.5% 03 output |

30 ninuf‘. O3 0.4 - 0.5 ppa 116.8 » 6.6

60 minutes O3 0.4 - 0.5 ppm 116.8 + 6.6

233 03 qutput

90 ainutes 03 1.15 ppm 97.1 + 6.6

Polymsr I, a terpolymer of acrylic acid, methacrylic acid and
itaconic acid, also lost calcium carbonate inhibition activity

upon extanded exposure to ozone.
.~ Ozone level was determined by the Hach test.



60 ‘m nutes 03 0.9 pm 107.5 6.6 25% 03 output 90
m nutes 03 2.3 ppm + 103.3 6.6 Though Polynmer F is
Mot a superior calciumcarbonate inhibitor initially, it is still inportant
since ozonation at extrenely high | evels does not decrease the sanpl's
~activity. Note that after a total of 90 minutes of ozonation, the

- saturation ratio is equivalent-to the initial unozonated sanple. * ozone

| evel was determ ned by the Hack test.

32 Table Xl: Benchtop Scal e Inhibigion Screening Test for
Cal ¢i um Carbonate Inhibitor: Polynmer G Bosage:lS ppm i nhi bitor as
actives Ozonation Tine Ozone Level * Saturation Ratio
no oxone 0.0 ppm 97.1 + 6.6 30 m nutes 03
0.10 ppa 113.7 6.6

XIV

for calcium Carbonatae 7

Inhibitor: Polymer J
Dosage:1S ppm inhibitor as actives

" Ozonation Time | Ozone Lavels Saturation Ratio
no ozone 0.0 ppm 88%.4 + 6.6
2.3% 03 output
30 minutes 04y 0.8 ppi‘ . 80.0 + 6.6
60 minutes O3 0.5 ppm 85.4 + 6.6
133 03 output -

90 minutes 04 2.3+ Ppl' 69.9 + 6.6

PolymsrJ 'is a polymethacrylic acid with a Mw -25,000 -30,000 and
is not a vo:y‘azgs calcium carbonate inhibitor. The saturation
* ratio values e, indicate that this sample maintains activity
for the first 60 minutes of low level oczonation (<1.0 ppm), but
w?;nicxpo::d toigiq::ziconc.ntiazions for an additional 30
minutes ose activity. Although functicnal, this

1mn:x1a12nnnaezz1:.¢nuhznum. Y . !

*0zcne level vas determined by the colorimetric Hach Test.



60 m nutes 03 0.70 ppm 122.9 6.6 15% 03 out put 90
m nutes 03 -2.0-2.3 ppmt+ 97.1t 6.6 Polymer Gis a
70[err] acrylic acid / 30 % acrylam de polynmer with a Mw 30, 000. The
saturation ratio values fromthis experinment denonstrate that even atter
90 m nutes of ozonation (30 mnutes at a high level) this polyner has the
sane | evel of performance as the initial sanple. Overall however, this
sanple is not the best inhibitor of choice for a good cal ci um carbonate
inhibitor. *Ozone |evel was determ ned by the calorinetric Hach Test.

33 . Table XI| Benchtop Scal e | nhibitiorf®creening Test for Cal ci um
Car bonat e I nhi bitor: Polynmer H Dosage: 15 ppminhibitor as actives
Ozonation Tine Ozone Level * Saturation Ratio no ozone
0.0 ppm 107.5 6.6 2.5%03 output 30 mnutes 03 0.3
ppm 122.9 6.6

Table XV : Benchtop Scale Inhibition Screening Test

for Calcium Carbonate

Inhibitor: Polymer L
Dosage:15 ppm inhibitor as actives

Ozonation Time Ozone Levelx Saturation Ratio

no ozone 0.0 ppm 107.5 + 6.6

2.5% 03 output

30 minutes U, 0.680 ppm 110.6 + 6.6
680 minutes O, 0.48 ppm 122.9 + 6.8

15% 03 output

90 minutes 0,4 1.23 ppm 113.7 + 8.6

The saturation ratio values indicate that Polymer L, an acrylic
acid / hydroxypropylacrylate copolymer does maintain calcium
carbonate inhibition activity after ozonation. The activity of
the. sample before ozonation and after 90 minutes of low and high
exposure to ozone are essentially equivalent.

* Ozone level was determined by the indigo method and used a Hach
DR 2000 direct reading spectrophotometer.



60 "'m nutes O[err] _ 0.45 ppm 107.5 + 6.6 25[err] 03
output 90 mnutes O[err] 1.4 ppm 85.4 6.6 Thi s
i*s an exanple of a polynmer that maintained cal cium carbonate inhibition
activity for the initial 60 m nutes of ozonation, but after an additional
30 m nutes of high ozonation, lost activity. ozone |evel was determ ned by

+ the Hach test. 34 Tabl e
XI'll Benchtop Scal e Inhibition Screening Test for Cal cium Carbonate
I'nhi bitor Polymer | Dosage: |5 ppminhibitor as actives Ozonation Tine
Qzone Level * Saturation Ratio no oZzbne 0.0 ppm
125.9 + 6.6 2.5% 03 output 30 m nutes 03 0.4 - 0.5 ppm
116.8 + 6.6 60 m nutes 03 0.4 - 0.5 ppm 116.8 6.6

25[err] 03 out put

Table XVI_: Benchtop Scale Inhibition Screening Test
for Calcjum Carbonate

Inhibitor: Polymer M
Dosage:15 ppm inhibitor as actives

Ozonation Time Ozone Lavel* Saturation Rﬁtio
no ozone 0.0 ppm 131.9 + 6.6
2.5% 03 oytput -

30 minutes O3 0.65 ppm 148.% + 6.6

60 minutes 09 . 0.69 ppn 131.9 + 6.6

15% 03 output

So'minutos 03 1.39 ppm _ 131.9 + 6.6

The saturation ratio values indicate that Polymer M

a 70 M% acrylic acid / 30 M% AMPS copolymer, MW~ 12,300,
does maintain calcium carbonate inhibition activity after
ozonation. The activity of the sample before ozonation and after -
90 minutes of low and high exposure to ozone are essentially
equivalent. In fact, the saturation ratios indicate that this
sample is a very good calcium carbonate inhibitor.

# Ozone level was determined by the indigo method and used a Hach
DR 2000 direct reading spectrophotometer.



90 m nutes 03 1.15 ppm 97.1 [err] 6. 6 Pol ymer 1,
a terpolyser of acrylic acid, nethacrylic acid and itaconic acid, also |ost
cal ci um carbonate inhibition activity upon extended exposure to ozone. *
ozone level as determ ned by the Hach test.

35 Tabl e XI'V Benchtop Scal e I nhibition Screening Test for Cal ci um
Car bonate I nhibitor: Polyner J Dosage:|5 ppminhibitor as actives
Ozonation Tine Ozone Level * Saturation Ratio . no ozone
0.0 ppm 85.4 + 6.6 2.5[err] 03 ggtput 30 mnutes 03

0 8 ppm 80.0 + 6.6 60 m nutes 0.5 ppm

85.4 6.6 15[err] 03 output 90 mnutes Oferr] 2.3+ ppm

69.9 + 6.6

XVII _of P! |
Inhibitox % Q3 gutput Q3 Lavel conments

Blank 12.5% ~.25 ppa turbid after 15 min of 0;
PBTC 12.5% <0.1 ppm turbid after 30 min of 0;
HEDP 12.5% <0.1 ppm turbid after 1S5 min of 03

Each of these phosphonates were ozonated in 360 ppm Ca,

200 ppm Mg, 500 ppm alkalinity (as CaCO3) water at 40 C. As tha

comments above indicate, the test solution became turbid within
30 minutes of ozonation. This indicated that the critical
breakpoint pH had passed and testing a cloudy solution for Caco;
inhibition would be meaningless. Additional tests by LC showed
the destruction of the phosphonates.

PBTC - 1,2,4~-tri-carboxy-2-phosphono-butane
HEDP - 1l-hydroxyethylidine-1,1-diphosphonic acid



Polymer J'is a polymethacrylic acid with a Mv -25,000 -30,000 and is not a
very good cal ci um carbonate inhibitor. The saturation ratio val ues above,
indicate that this sanple nmaintains activity for the first 60 m nutes of

| ow | evel ozonation (<1.0 ppn), but when exposed to higher concentrations
for an additional 30 minutes, it begins to lose activity. Al though
functional, this nmaterial would not be preferred. *Ozone |evel was
determ ned by the colorimtric Hach Test.

36 Table XV: Benchtop-Scal e I nhibition Screening Test for Cal ci um
Car bonat e I nhi bitor: Polyner L Dosage: 15 ppAPinhibitor as actives
Ozonation Tine Ozone Level * Saturation Ratio no ozone
0.0 ppm 107.5 + 6.6. 2.5%03 output 30 mnutes O[err]

0.80 ppm 110.6 + 6.6 80 mnutes Oferr] 0. 48 ppm

122.9 + 8.8 15% 03 out put

XVIII ] bit] |
for calcium Carbonate '

Inhibitor: PBTC - 18-20°C (Ambient Temperature)
Dosage:15 ppmn inhibitor as actives

Ozonation Tine Ozone Level®* Saturation Ratio
no ozone 0.0 ppn 143.2 + 6.6
2.3% 03 output

30 minutes 03 0.36 ppa 134.8 + 6.6

60 minutes 03 0.66 ppm 128.9 + 6.6

13% 93 output

90 minutes O3 0.98 ppm 80.0 & 6.6

The saturation ratio values indicate that the phosphonate PBTC is
not maintaining calcium carbonate inhibition activity atter
ozonation. The last sample collected after 90 minutes of
ozonation was slightly turbid in the hot water bath (60 C), prior
to the saturation ratio test. Note that before ozonation, PBTC
is an excellent scale inhibitor, but then declines in activity
with extended exposure to ozone.

* Ozone level vas determined by the indigo method and used a Hach
DR 2000 direct reading spectrophotomater.



90 minutes O[err] 1.23 ppm 113.7 + 6.6  The
saturation ratio values indicate that Polynmer L, an acrylic acid /

hydr oxypr opyl acryl ate copol yner does nmintain cal ci um carbonate inhibition
activity after ozonation. The activity of the sanple before ozonation and
‘after 90 minutes of |ow and high exposure to ozone are essentially

equi valent. * (Ozone |level was determ ned by the indigo nethod and used a
Hach DR 2000 direct readi ng spectrophotoneter.

37 Tabl e XVI: Benchtop Scal e Inhib%tion Screeni ng Test for

Cal ci um Car bonat e | nhi bitor: Polynmer M Dosage: 15 ppminhibitor as actives
Ozonation Tine Ozone Level * Saturation Ratio no ozone

0.0 ppm 131.9 + 6.6 2.5% 03 output 30 m nutes 03

0. 65 ppm 148.5 + 6.6

Our invention has been set forth above and includes not only those
methods described above, but also a method of inhibiting hardness
scale formation on heat transfer surfaces in contact with ozonated

cooling waters, which waters have the following characteristics:

Parameters Range
pH 6.5 - 9.7
Ca Hardness : 20 - 2000ppn (based on.Caco3)
Mg Hardness : 10 - 1000ppm
Total Hardness 36 - 3000ppm
8io, 0.1 - 125ppm (as $i0,)
"M® alkalinity 50 - 2500ppm (as CaCOj)
Ozone Residual Concentration 0.01 - 2.5+ (saturation)
Temperature 10°c. - 60°c.

which method comprises adding to said ozonated cooling waters
at least 2 parts per million, based on treated waters, of an
organic, water soluble, vinylic polymer having an initial
calcium carbonate saturation ratio of at 1least 90, said
polymer containing at least 50 mole percent (meth)acrylic acid
and having an initial weight average molecular weight ranging
from about 1500 to about 35,000 and further, said polymer
capable of retaining at least 70 perceﬁt, preferably at least
80 percent, and most preferably at least 85 percent of its
original and initial calcium carbonate saturation ratio after

exposure to ozone at ozone concentrations of at least 0.1



60 minutes 03 0. 69 ppm 131.9 + 6.6 15% 03 output 90
m nutes 03 1.39 ppm 131.9 + 6.6 The saturation ratio
val ues indicate that Polyner M a 70 Mo acrylic acid / 30 Mb AWPS
copol yner, MWV 12,300, does mamintain calciumcarbonate inhibition activity
.after ozonation. The activity of the sanple before ozonation and after 90
m nutes of | ow and hi gh exposure to ozone are essentially equivalent. In
fact, the saturation ratios indicate that this sanple is a very good

cal cium carbonate inhibitor. * Ozone |evel was determ ned by the indigo
met hod and used a Hach DR 2000 direct readi nf!kpectrophotoneter.

38 Tabl e Ozonati on of Phosohonates at 40 |nhibitor [err] 03
out put 03 Level Comments Bl ank 12. 5% -. 25 ppm turbid
after 15 min of O[err] PBTC 12. 5% <0.1 ppm turbid after

30 mn of 03 HEDP 5% . < t yr ki r 15 m.n,of .
03 Each of these pﬁgfﬁﬁofaeg%sév{\?é%léo%zgﬁgt %@ﬁ#%ot%p%'gafba%%gpgeﬁg,mlg&d‘o" in
ppm al kalinity (as %ﬁ%ﬁgr ]w)at‘@serc&i'{tbafig-‘ivq\ﬁ ﬁ?zn&g% %&ﬁfgf@ﬁﬁtag‘f\ﬁ%r gxposure to

i ndi cate, the test soO n becane tur es of o0zona

This indicated that sbRgeChit! itdRd AVRAKPGbMEettdBToRsSS8daapd1yaeirs"@r2 reacted

cloudy solution for CaCJerr] inhibition would be meaningl ess. “Addi ti onal

tests by LC showed {/aiendesdidiClozomedl ihhasPipspaeNdngs. waters for at least 30
minutes, preferably 60 and most preferably at least 90 minutes

at temperatures ranging from about 18° C to about 60° C.

Our methods include those methods of treating ozonated cooling
waters with polymers as described above where the polymer is added
to the ozonated cooling waters to obtain an initial total polymer
concentration of at least 2ppm active polymer(s) and preferably,
from about 5 to. about 100 parts per million total active polymer
based on treated waters and wherein the polymer is chosen from at

least one polymer having the following characteristics:

deial Mols Percmnt  Mole Percmmt Initial Calcium
Polymas Mole Waight Aczylic Acid  Other Mmnomars Qms.mr_ldm?a:‘.a
Hoecpolymas of AR 2000 - 13,000 1006 - at least 110
" Emopolyser of MA 2000 - 10,000 - 1000 sathaczylic  at least 30

Gopolymer of AMPA 00 - 15000 5-9%5% 959 5 methacrylic acid at least
Copolymax of AWAcka 3000 - 13,000 50 - 958 S = 300 aczylamide ot least 30

Copalymar of AWNEY/ 2900 - 25,000 S0 - 00 20 - 500 NG &t least 100
A 0 = 308 Achm _
Cpolymas of AV 2000 ~ 20,000 0 - 98 2~ 208 at lesst 110
G.yburct Q. 3btar ot A
‘Copalyanw of AVAER/ 2900 - 29,000 6 - 208 20 - 408 28 at least 30
Acim . - g-mm
Copolymer of AW/NES 5000 - 13,000 63 - 308 20 - 358 Nes at least 50
Cypolymer of AVMPA 3000 - 10,000 0 - 0% 20 - 300 WA at lasst %0

* AA = acrylic acid ANS = H20-CHODKCE (R S0,
MA = ssthaczylic acid : NES =
:‘?_qm lﬁ(mzr'”
® HBO-OXXMEI S0

S = 5,0-CHCCO0N, N,



PBTC - 1,2,4-tri-

‘car boxy- 2- phosphono-but ane HEDP -

:|-hydrofmemh thBﬂﬁRklkmﬂiphOSphoniC aci d

39 I abl e Bencht op Scal e | nhi biti ¢THIS: SHEET HAST

for caIC| | nhi bitor: PBTC - 18-20[err] C (Anbi ¢nt qumquggrgﬁgn
Dosage: 1 ppn1|n as actives ozonation Tine Oromre—t-ev-et
Saturation Ratio no ozone 0.0 ppm 143.2 6.6

L
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m nutes O[err9
val ues indicate t
carbonate inhibit
after 90 m nutes
C, prior to the
an excellent sca

10

15

20

25

ppm 804% 6.6 The saturation ratio

hgt t he phosphonate PBTC i s not maintaining calcium

tivity after ozonation. The | ast sanmple collected
£, 07oneh, BB5HB8 5K PIRLE; YT Bt 0, 065 R AL B0
CohpPL 44§ colttths hiARG QSEL'BQSné”aﬂﬁté¥'6¥ganlc water
soluble vinylic polymer characterized in that the polymer
has an initial calcium carbonate saturation ratio of at
least 80, contains at least 50 mole percent (meth)acrylic
acid, or its salts, and has a weight average molecular
weight réﬁging from about 1500 to about 35,000, which
polymer is further characterized in that after exposure to
from 0.1 ppm to 2.3 ppm ozone in waters for at least 30
minutes at teméeratures ranging from about 18°C to about
60°C, ‘the polymer retains at least 70 percent of its
original calcium carbonate saturation ratio.
2. A method according to claim 1 wherein the organic
water soluble vinylic polymer is a homopolymer or
copolymer of (meth)acrylic acid, and its water soluble
salts. '
3. A method according to claim 1 or claim 2 wherein
the polymer contains at least 60 percent (meth)acrylic
acid.
4. A method according to claim 1, claim 2 or claim 3
wherein the organic water soluble vinyliq polymer is a
copolymer of (meth)acrylic acid, and its water soluble
salts fhereof, with at least one of the vinylic monomers
cﬂosen from the group consisting of (meth)acrylamide,
maleic anhydride, N-methyl sulfonic acid-(meth)acrylamide,
N-ethyl sulfonic acid-{meth)acrylamide, itaconic acid,

Cl - C3 esters of acrylic acid, hydroxypropylacrylate, N-



W th ext mone. * (zone | evel was deterined by the indigo

et hod andmpsgd,
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et hods .deﬂ’
formati on
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Hach DR 2000 direct readi ng spectrophotoneter.
e aedbeen set forth above and includ j
| ﬂbut al'so a method of inhibiting ha'd
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6.5 - 9.7 Ca Hardness
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| 000ppm Total Hardness 330 - 3000ppm Sigerr]

0.1 - 125ppm (as

CaCd err]) Ozone Residu

Tenperature
met hod conpri ses

SRR Bicpansao wpy: opopdf e (o

ration saturation)
acid, and vinyl ace#&terr]C - 60[err]C whi ch
adding to said ozonated cooling waters
5. A method according to any one of the preceding

claims wherein an ozone residual concentration of at least

5 0.01 parts per million, based on cooling waters treated is
maintained.
6. A method acéording to claim 5 wherein the polymer
is a homopolymer of acrylic acid having an initial
molecular weight of from 2,000 - 10,000 and an initial
10 calcium carbonate saturation ratio of at least 100.
7. A method according to claim 5 wherein the ozone
level is maintained at a concentration of at least
0.01 ppm, based on treated cooling waters, and wherein the
copolymer is at leaét one polymer having the
15 characteristics:
Initial Cut03 : . Initial
Saturation Ratio Mole Peromt Mols Cther Monomer,
at lsast Polymar acrylic Acid Weight - and Wle Percenc
80 aczylic acid/acrylaxide 60 - 98 5000-35,000 Acrylamide: 3-40
8a actylic acid/NS/cla 50 - 60 5000-20,000 AMS; 10-30
Achm; 0-40
80 acTylic acid/AES/Acim 50 - 30 10,000~40,000 AES: 10-50
Acim; 0-40
80 axylis acid, methacrylic 50-7 1,000-10,000 MAA: S-50
acid, itaconic acid . IAs 0-25
9% - acrylic acid, 70 - 98 2,500~10,000 Iscpropyl 2-30
Cy = Cy estars of ' estar of
aceylic
_ aczylic acid 34
9% . acTylic scid/nee 65 - 80 10,000-15,000 MMPS; 20-3%
S0 aczylic acid/BPA 70 - 90 S,000-10,000 HPAs 20-30
_—
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at Teast 2 parts per nmillion, based on treated waters, of an or gani c,

. wat er sd@hi t H ﬁiﬁﬁi“ﬁblyner having an initial cal ci um car bonat e
saturati l|l east 90, said pol ymer cont aifng P
nol e perj Ea . lll i'c acid and having an initi e|'ﬂ§.3§$r@@r Qg@‘
R ﬂn :

nol ecul ar wei ght rangi ng ‘from about 1500 to about 38 and- ther
sai d pol yner capabl e of retaining at |east 70 percent, preferably at

| east: and nost preferably at | east 85 percent of its
‘ot gi nullluHuﬁﬂmﬂlmmm ci um car bonat e sat urg&i on ratio after
.exposurt to dzofe at dzone concentrations of "at |east 0.1 o _
4l partg.per M bl iinddd dapaiding & cLdld '6° diflcaldd '@ WHdkein
cooling waters containing ozone such that after exposure to ~ ozone at
the above concent gkl 823nedirdsRAMETE O tRAGIRA is maintdilfed iy HZAsst
in said cooling waters for at |east 30 m nutes, preferably 60 and
most preferably ap.bsagpm)0amidntthes polymer dls = Nafiopidlvefer @ inktHacrPlic
about 18 C to about 60 C

acid having an initial molecular weight of from 2,000 -

5 25,000, and an initial calcium carbonate saturation ratio
-of at least 80.
9. A method according to any one of the preceding
claims wherein the cooling waters being treated have the

following characteristics:

10 Parameters Range
pH 6.5 - 9.7
Ca Hardness 20 ~ 200 ppm (based on CaC03)
Mg Hardness ) 10 ~ 1000 ppm
Total Hardness . 30 -~ 3000 ppm
15 Sio2 0.1 - 125 ppm (as Sioz)
"M" alkalinity 20 -~ 2500 ppm (as Cacos)

Ozone Residual Concentration 0.01 - 2.5 (saturation
Temperature 10°C - 60°C
10. A method according to any one of the preceding
20 claims wherein the polymer is added to the recirculating
cooling waters either incremently or continuously at a
rate suffiéient to obtain an initial active polymer
concentration in the cooling waters of at least 2 ppm,
based on treated cooling waters.
25 11. A method according to any one of claims 1 to 4
wherein the polymer is added to the ozonated cooling
waters to obtain initial total polymer concentrations of

from about 5 to about 50 ppm, based on treated waters, and



Qur nethads include those nethods of treating ozonated cool ing waters with
pol ymers as describhed abeve where the polymer is added to the ~ozonat ed
~cooling waters to obtain an initial total polymer conc! ?gf i - }

| east . 2 “'IWI““H‘MM'W(S) and preferably, from abot A %N
parts pQ active polynmer based on treated in
. the pol yr‘rer i - cHosén fromat |east one pol ymer having the foll ow ng

characteristics: [err] [err] of AA  2000- 15, 000
100% - at Least 110 [err] ,f MAA 2000-10, 000 -
~100[err] methecrylic at Least 90 Copol ymer of AA/ MAA 2000-15, 000 5 -95%

5 nethecrylic acid at |east 9 ok ¥Ngk 9Ea 44V Hhe p5m9m985h988n95§
95[err] 5-50[ ewheraépyFhf 889Y§§9| %ést 90 Copol mer of AANA/  2500- 25, 000

50- 800 20- 500 : [err] 0 -
300 [err] Copol ?ﬁiioUFnﬂAthQ%%S%%-Qg&lggo 80-98[ err] 2- 20[err]  at
| east 110 (Jerr]-[err] [err] of AA Copolyner of AA/[err] 2500- 23, 000

60- 80[ err] 20-400 [err] at | east 90 Coppolyner of AA/[err]

5000- 15,000 65-80[err] 20 - 350 [err] at least 90 Copol ynmer of

AA/[err] 5000 - 10,000 70-80[ err] 20 - 30 at least 90 * AAu o
acrylic acid [ er trfieial Mole Percant Mple Percent mnr:s: o 2ares
CLAI MB soiymar A Bt hod Oftole sightng AERAHeE | LTS

conprising addrng thereto, in.effecihhye angants to inkibit mcrebilessgital
growt h and i nseFahPe stie for ITB.tI on i ncl udi ng cal cium car &onat € G el B8t
transfer surfgees mobigaroneoamd 1u0®r ganrc wat er I nyl i°C pol yner

having an initial. Cal cium Carzggnaﬁeaﬁat ur‘sangl & — 5 methacrylic acid at least 90

cmfmc of ;wm $000 - 35,000 - 95% s - S0% acrylmsids at least 90
) - - 80% 20 - SO0 NS at least 100
Copolymer of AN/ 2500 ~ 25,000 53 20 - 508
at lsast 110
onpol.yu-: 2000 = 20,000 80 - 98%. 2 - 208
%0
- - 90% 20 - 408 AES at least
cxoly-dml 2%00 - 25,000 60 20 -
. Least 90
Copolymae of AVNEE 20 - 35 W98 at
000=13,000 65 - 808 _
- o ' 20 = 30 A at least 90

Copolymer of AVEPA  3,000-10,000 70 = 89¢

This Sheet Has Been Reilaced
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Ratio of at |least 90 and containing at |east 50 nole percent (neth)acrylic
agid, or its salts, and having a wei ght average nol ecul ar wei ght rangi ng

f fom about 1500 to about 35,000, which polyner is further characterized in
that after exposure to at least 0.1 ppmozone in waters for at |east 30
m:nut es- at tenperatures ranging from about 18 err] C. To about 60[er] C. ,
the polyner retains at |east 70 percent of its original calciumcarbonate
saturation ratio, wherein ozone is added to the cooling waters at
sufficient rate to nmaintain an ozone residuahg concentration of at |east
0.01 parts per mllion, based on cooling waters treated, and further
wherein the cooling wat essMbeTAgEOUSalSE ORVRATER $0LUBLENGOLYMERS

characteristics: Paranmeters Range pH

6.5-9.7 Ca Hardness WITH OZONE 2N WOLINGNWARERBYSTENSrr|CJ err])
My Har dness 10- 1000 ppm Tot al Hardness

30-3000 ppm Sierr] 0.1-125 ppm (as Sigerr])
"Malkalinity 25- 2500 ppm (as CaCIB) Ozone Resi dual

Concentration 0.01-2.5 (saturatlon) Te
10[err]C -60[err]C.

RFPLACENMENT SHEET 43 has been inserted.

2. The nethod of claim1l mhereln the or ni.¢c wa soluble vinylic

po: ylr)r:sr i sI a honopol ymer SPTEGHE VRee 0 %mé’&%?i“le&?ﬁm the, ’ﬁsse%‘aet &t
sol ubl e sa aim erein e

honmopol yner of achPSE 35| aﬁg&P%S%&ﬁ At oA ﬁbF@E H‘méfgq%y é%ﬁ%rol

2, 000-10, 000 and afckBbibabgiakd! B0 (el il B t@Ie al | east

effectiveness of these polymers is not substantially
negated by ozone. The preferred polymers are homopolymers
and copolymers containing at least 50 mole percent of

10 acrylic acid or methacrylic acid or mixtures thereof.
Certain other monomers may be used with the acrylic acid
and methacrylic acid monomers, and still function as scale
inhibitors and corrosion inhibitérs in the presence of
6zone in industrial waters. The industrial waters are

15 particularly recirculating cooling waters.



4. % The nmethod of claim?2 wherein the ozone residual concentration is
mai nt ai ned at | east 0.05 ppm and the polyner is a honopol yner of -

methacrylic ac'gmm : i al nol ecul ar wei ght of from 2, 000-25, 000, .

and an initial'“ mumllﬁmmnme saturation ratio of at | REPLABDMENT SHEBT

The met hod of ciai fm 1" wHer & n*the organic ter soluble vi nyQi% W S
90!,

a copolyner of (nmeth)acrylic acid, and its er soluble salts

with at | east one of the vinylic nononers chosen fromthe group conSisting
of (meth)acryl anide, maleic anhydride, N SHIM3 sul fonic '

aci d- (net h) acryl am de, N-et hyl | £.@ni &,’% : r.yl.an istaconic
acid, (err]-(err] gs‘t erg‘ g%tg(%?yﬂ%clt%glag,g ro%%cr%gpy la?r %%é)tlé'%g _
N-t-butyl acryl ayhgersaebibaisdagmaddy hgdtaeee oS Ui RiIff 2%iithe AMDUHLY Ito
acetate, and further wherein the organic water soluble vinylic polyner
initially containbibtitl sdsrobdodobdcpdr geowtdf afdetimorgeyliicc sg@l® or its
salts. 6. _The nmethod o l.aim5 _wherein the ozone level is | nt ai ned
at_a concentrat formaFigp F"E&tslf“%é.n? GHHCLHES & rbl‘?nﬁt@atoé‘q _ |tr¥§‘r\%$eé:r s,
and wherein thesGOpQLYEEr HbthCBI3GR hHAMah@xgaouR GRS %l atidyaas!
one pol yner having the characteristics:

44 polymer having an initial. Calcium Carbonate Saltmirtatdlon
Initial Cerr]CJerr] . Initial
Saturation RatijRatio of at least 90 and contgdmndng.atedieast 5 mele

Qt her anogﬁ(rj I\BFgEEIé;‘Eaiﬁetﬁgla%%gic acid, or its salts ﬁ%a(&mﬂ(?é&réc'ad

Wei ght rce dcrylic acld/adry

60- 95 5, 00Re35h808vetabyl arldeularieight $Anging oM iabout 1500
aci d/ acryl am de 50- 60 5,000-20.000 N-nethylsulronic acid-
net hyl sul f oni ¢ &ei @bpHst RPafPP-awhdeh polymer is furthemhacantanised
10-50 . cryl.am de ~ .

Acryl am de; 11&8519’\'-’1E a%gngFf{POés&r(?/ to at least 0.1 ppm A5 17

10. 000- 40,00 {hebbyl suhf @i Qed@td30 minutes at t@'r?‘éﬁﬂt%ﬂe@piﬂaﬁiging

aci d- (et h) 8cr Yl ani dc/ (et h)acryl am de; 10-50
N- et hyl sul f oni cEaomdaboeth)Ll&Cr @l alfbodebout 60° C., the polyhemi xketains at
Acryl am de 0-40 80

~acrylic acid, '_rré?ﬁggrgpi percent of its. gg_igénal .calﬁiwb_cj@(;,h%@te

't aconi ¢ Agi d; GegBrationygatio, whedEih JAdRONs i o the coolipg,,
~2,500-10,000 @heeth- Gkesiffficient rate to maintain an ozone residual
concentration of at least 0.0l1 parts per million, based
on cooling waters treated, and further wherein the
cooling waters being treated have the following

characteristics:

Parameters Range

. pH 6.5-9.7
Ca Hardness 20-2000 ppm (based on C,CO,)
Mg Hardness . 10-1000 ppm
Total Hardness 30-3000 ppm
Si0, 0.1-125 ppm (as Si0,)
“*M”alkalinity 25-2500 ppm (as CaCO,)
Ozone Residual Concentration 0.01-2.5 (saturation)

Temperature ' 10°C.-60°C.

VV\,Q/V\-K e OUU\



qerr]= rylic ac d RFPLACEMENT SHEET
ester of acr | i¢c acrylic acid/

65-$0 ”Hm mamAﬂyl am dorret hyl pr opane 2 5M1993

Acryl a sulfonic acid - MiYsul fonic
acid; 20-35 acrylic acid/ 70- 80

5, 000- 10, 000 Fwdroxypropyl Acryl ate, 43 Hydr oxypropyl acryl ate
20- 30 : 7. The met hod of claims 1, 2, 3, 4, 5 or 6 wherein the

pol ymer is adoesl heen hinsextedul ati ng cooling waters either incremently or

continuously at a rate suff|C|en 0 obtain n injti acti ve, pol yner
concentration in the Q%éé?é otatp 1e ?r?lﬁpﬁ?ebaggﬁnb WgéﬁFed

cool i ng mater 0. har.d e
formatron - AATLAHY VHTY 1.8%%1 REEs 0L bRl Ay 10F G551 gk ot
cont act mﬁth @@gﬁﬁﬁgﬁkg&&&lg@ndwugm@ ey i wgcéhesdDhbDa 8glteharacteri stics:

Par anet ers ) Range pH )
6.5-9.7 Ca Fbrdné%s The method of claim 2 wherein tb@-Egbﬂmﬁﬁni§based on

%te ;lr] (l_:grg:];] qmol\goﬂ?medzr‘] egts acrylic acid havi%% %Obnbfﬂﬁ-’ll gnal.gf;é?gg ppm

0.1-125 ppm (asightd&SF rdom M @d&al0 060 and an initial calcium
25- 2500 ppm (as CxB) Qzone' Residual Concentration

0.01- 2.5 (satasrhomape saammneaqmeratlo of at least 100.

10[err]C -60[err] C ich co es, addi to said ozonated coolln
vva'Eers] at IEaast] Zppm™ V@%S‘E‘ﬂtl?)‘?l t? e 'foe‘f’ ergin g, GERRE, ]

residual concentration is maintained at least 0.05 ppm,
and the polymer is a homopolymer of methacrylic acid
having an initial molecular weight of from 2,000-25,000,
and an initial calcium carbonate saturation ratio of at
least 80.

. 5. The method of claim 1 wherein the organic water
soluble vinylic polymer is a copolymer of (meth)acrylic
acid, and its water soluble salts thereof, with at least
.one of the vinylic monomers chosen from the group
consisting of (meth)acrylamide, maleic anhydride, N-
methyl sulfonic acid- (meth)acrylamide, N-ethyl sulfonic
acid- (meth)acrylamide, itaconic acid, C;-C; esters of
acrylic acid, hydroxypropylacrylate, N-t-butylacrylamide,
acrylamido methyl propane sulfonic acid, and vinyl
acetate, and further wherein the organic water soluble
vinylic polymer initially contains at least 60 ﬁole
percent of (meth)acrylic acid, or its salts.

6. The method of claim 5 wherein the ozone level
is maintained at a concentration of.at least 0.1 ppm,
based on treated cooling waters, and wherein the
copolymer is chosen from the group consisting of at least

one polymer having the characteristics:



REPLACEMENF-SHEET 45

wat er solu ' \ ‘J(OI ymer having an initial . calcium carbonate
saifurat.“m‘ @mg‘m‘a\m east 90, said polyner havi nGFRRACEMENTBEHRET ght

~averagel'h e W8I ght ranging from about 1500 to abowd 933¥R0GI] and
further, said polyner capable of retainjgg at least 70 perceny of its
original calciumcarbonate saturation ratio after _exposure to ozone at.

ozone concemEarEpgls—of at 1east 0.1 ppmin said cesghlng waters for at
| east 30 mi nsuBfonaito tenperatures rangi ng Moedreeag) epfatc s 60[ err] C
ed

9. The methoet et c| BAWperg . i ic Ac 5 A
cooling waters #® obt &ptesdplae total pol iigr cojiecimhmbai.angbiis idiom

~about 5 to about*® 50 Rl s@dnaiciiaat ed wat ers, and whdm appisits 18 ymer
is chosen from at | eAstlamine pol yner having the foll ow ng 333 aracteristics:

Initial Calciumg, scrylic acid/ 50-90 10,00040,000  N-ethylsulfonic acid-

Car bonat e N-ethylsulfonic acid-{meth)acrylamide/ Initi dpeeeneids 198 cent

Mol e Percent Actylamide yr at i on  Pol yner o S

Mol e Wi ght Acrylic AalichifmbiRéy®dbnomer s 50-70 RAG-1060  Pstres Bﬂgjg‘r’ 0 of

2,000- 1 5, 000 1089 jtaconic acid - foool e{%ﬁ%g“?i“’fo Acrylic
; acrylic acid 70‘58 2,500—@. R y

Acid Honopol ym# of E¥F 5 of acryiic acid "2, 000-10, 000 ester of acrytic acid; 2-301 0 0%

met hacrylic %0  ateoliesist 90 Methncryli i d 100G 8Py rispiapfomsypropene

2,000-15,000 5- 95yferiamignyhggean SONEISE  h boo-lop@s thyGprAeapbi

Aci d/ Met hacryl | ¢ ACi d Hydroxypropy! acrylate netli#¥Ylic acid

7. The method of claims 1, 2, 3, 4, S5 or 6 wherein
the polymer is added to the recirculating cooling waters
either incremently or continﬁously at a rate sufficient
to obtain an initial active polymer concentration in the
cooling waters of at least 2 ppm, based on treated
cooling waters.

8. A method of inhibiting hardness scale formation
including calcium carbonate on heat transfer surfaces in

contact with ozonated cooling waters having the following

characteristics:

Parameters Range

pH 6.5-9.7

Ca Hardness 20-2000 ppm (based on C,CO;)
Mg Hardnesé 10-1000 ppm
Total Hardness _ 30-3000 ppm

Sio, ' 0.1-125 ppm (as SiO,)
»M”alkalinity 25-2500 ppm (as CaCO;)
Ozone Residual Concentration Q.01-2.5 (saturation)
Temperature 10°C.-60°C.

which comprises adding to said ozonated cooling waters at

least 2 ppm, based on treated waters, of an organic,



Copol yner  of 5,000- 35,000  MELASEMENT SHEET,
at | east 90 Acrytic AcidfAcryl ani de
acriyl am de 2, 500- 25205()&“ 'g@ 80%

20 50% ”mmmllml” rml 'H"ll east 100 Acrylic Acid/ N nethyl sul P84 ¢
anl s

i d- (et h) aer N- net hyl sul foni ¢ aci d-
Acryl am de 45
(met h)acryl am. de
0- 30%

Acryl ani de Cbﬁ%??ﬁErSS}Uble' vinylic polymer hav1ng ggo;getegé caggiggos,

Acryl am de carb £ap ggﬁfé
2, 000- 20, 000 a8x(5 %%aerr? gg@n ratio of at least goét SFeaspoiwe/Ecryl iC

acid having an 1n1t1a1 weight average molecﬁﬂakrheﬁght]rEﬁbﬁthf

Clerr]-[err] Ester of lic Acid
Acrylic Acid d@ﬁapyﬁggugflsoo to about 35,000, and fgrgberzSSaﬁd 60- 80%

20- 40% east d/ N- e yl sul a ,
aci d- et h) acr)ﬁoj'mer capgfslé 8z rQQaéSEMﬁ %FAg?gﬁFf Beadf'gfaag ﬁgt F'_j:s
éxcrz%!)/am de  original calcium carbonate saturation ratio afE‘EE‘yl am de

- 0 M
Acryl am de CoRfBesurefto ozone at ozone concentratifofi8Oef5af000east65-80%

20- 35% . . ;at_least 90 AcryLic Acid/ Acryl am domet hyl pr opane
sul foni ¢ acidPP™ in said c°°f1n9 W%E?Wah?ﬁo‘?‘r’ét ﬂ??ﬁFoBQn@antes at |
sul fonic aci d «Qpaly, - 10, 000 70- 80%
20- 30% éf'@ﬁré’é r 96r cry A:m (ﬁq%uroxprdpyl acryl ate

Hydr oxypropyl acrylste The method of clalm 8 wherein the polymer is
added to the ozonated cooling waters to obtain initial
total polymer concentrations of from about 5 to about 50
ppm, based on treated waters, and wherein the polymer is

chosen from at least one polymer having the following

characteristics:
Initial Calcium
Carbonate
© Inftial Mole Percent Mole Percent Saturation
Polymer * Mole Weight  Acrylic Acid Other Monomers Ratio
Homopolymer of 2,000-15,000 100% — at Jeast 110
Acrylic Acid -
Bomopolymer of . 2,000-10,000 -— 100% methacrylic at Jeast 90
" Methacrylic Acid
Copolymer of 2,000-15,000 5-95%  95%-5% at Jeast 90
Acrylic Acid/Methacrylic Acid methacrylic acid .
Copolymer of ) ) 5,000-15,000 50-95%  5-50% at Jeast 80
Acrylic Acid/Acrylamide acrylamide
Copolymer of 2,500-25,000 50-809:  20-50% at least 100
Acrylic Acid/N-methylsulfonic acid-(meth)acrylamide/ N-methylsulfonic acid- .
Acrylamide (meth)acrylamide
. 0-30%

. Acrylamide :
Copolymer of ) 2,000-20,000 80-98%  2~20% . at Jeast 110
Acrylicacid . C;-3 Ester of
Cly.3 Ester of ) . Acrylic Acid
Acrylic Acid
Copolymer of 2,500-25,000 60-80%: - 20-40% 8t least 90
Acrylic Acid/N-cthylsulfonate acid-(meth)acrylamide/ N-ethylsulfonic acid-{meth)

Acrylamide , acrylamide
0-20%
: Actylamide
Copolymer of - 10,000-15,000 65-809%  20-35% at Jeast 90
Acrylic Acid/Acrylamidomethylpropane sulfonic acid Acrylamidomethylpropane
: sulfonic acid
Copolymer of 5,000-10,000 70-80%  20-30% at least 90

Acrylic Acid/Bydroxpropy! acrylate - Hydroxypropyl acrylate




