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SIMULTANJ!:OUS USE OF WATER SOLUBLE POLYMERS 
WITH OZONE IN COOLING WATER SYSTEMS 

The use of ozone in cooling waters'/, .Particularly recirculating 

·cooling waters has been recently ~outed as an answer to control 

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 precipitates 

from accumulating and depositing on heat transfer surf aces, foul~ng 

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 ABT 

Examples of prior art include a teaching by Ikemizu, et. al., 

Chemical Engineer Commun., 34 (1-6), 77-85, 1985, wherein water 

soluble polymers are stated to be degraded by ozone and that the 

degradation rate is defined by change in the weight average 

molecular weight per unit time. Ikemizu teaches that the rate of 
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degradation for poly(oxyethylenes) was proportional to 1.5 to 2.0 

powers of the molecular weight and was 20 to 60 times higher than 

the rate of degradation of poly(acrylamides). He taught that the 

degradation rate of poly(sodium acrylate) 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(acrylamide) were not themselves 

attacked by ozone, these teachings and others, such as Imamura, et. 

al., in the Journal o·f Applied Polymer Science, 25(6), 997-1005, 

(1980), taught destruction of polymers and UV light acceleration of 

ozonation of water soluble polymers, particularly polyethylene 

glycol, polyacrylamide, and poly(vinyl alcohol). 

In general, chain c~eavage 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 formaldehyde and the presence in oligomers of 

ketones, carboxylic acids~ terminal aldehydes, and the like. (See 

for ~xample Suzuki, et. al., Journal Applied Polymer Science, 

24(4), 999-1006, (1979). 
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Numerous authors have determined that ozonation causes 

polymer degradation in aqueous solutions containing various water 

soluble polymers. 

It would have appeared then from these various treatments appearing 

in the prior art that water soluble polymers traditionally used to 

maintain calcium and other hardness components in solution in 

recirculating cooling waters would suffer in the 

presence of ozone. Ozone would be expected to degrade these 

polymers to the point where their usefulness would no longer 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 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 
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useful for scale inhibition in these industrial cooling 

waters. 

The polymers have initial molecular weights ranging from 

about 1500 to about 35,000 and initial calcium carbonate 

5 saturation ratios of at least 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 at least 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. 
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rhe preferred organic water soluble vinylic polymers are those 

polymers that contain at least 50 mole percent (meth)acrylic acid, 

preferably at least 60 mole percent (meth)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 le·ast 100, and most preferably at least 110. 
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By the term (mech}acrylic acid or its salts, we mean to include 

exclusively 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 polymerizing 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. 

Other 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 contain 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 hav~ 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 level at least 70 percent of the 

initial calcium carbonate saturation ratio obtained from the non­

ozonated polymer. 
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Preferably, these organic water soluble vinylic polymers 

contain at least 60 mole percent (meth)acrylic acid, and 

can also contain at least one of the following comonomers 

chosen from the group consisting of (meth)acrylamide, 

5 maleic anhydride, N-methylsulfonic acid-(meth)acrylamide, 

(hereafter AMS), N-ethylsulfonic acid-(meth)acrylamide, 

(hereafter AES), vinyl sulfonic acid, itaconic acid, 

c1 - c3 esters of acrylic acid especially the isopropyl 

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 general, 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. 
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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: 

where: 

R is H, CH3 , or mixtures thereof; 

R' is a linear or branched alkylene group containing from 

1 - 4 carbon atoms; 

and M is H, alkali metal, alkaline earth metal, 

protonated amine, ammonium, or quaternary_ ammonium, or 

mixtures 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, 
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which polymers are chosen from the group consisting of homopolymers 

of acrylic acid, homopolymers of ~ethacrylic 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 qzone 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 lSQ0-35,000, 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 molecular weight ranging from about 1500 to about 

25, 000, preferably from about 2, 000 to about 15, 000, and most 

preferably from about 2, 000 to about 10, 000. This molecular weight 
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is a weight average molecular weight as determined by aqueous gel 

permeation chromatography using a polystyrene 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, ci - C3 esters of acrylic acid, 

hydroxypropyl acrylate, N-tertiary butyl acrylamide, vinyl acetate, 

methyl vinyl ether, and the like. Again, the term {meth) acry_lamide 

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)acrylic acid and most preferable 

that it contains at least 70 mole percent of the (meth)acrylic acid 

monomers, or their salts. The most preferred copolymers 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 o.os ppm, based on the treated cooling waters, and to add 

polymers at rates sufficient to obtain an initial active polymer 
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concentration of at least two parts per million, and preferably 

from 5 to 100 parts per million, and most preferably from 5 to so 

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 

pH 

ca Hardness 

Mg Hardness 

Total Hardness 

Si02 

"M" alkalinity 

Range 

6.5 - 9.7 

20 - 2000ppm (as caco3) 

10 - lOOOppm (as caco3 ) 

30 - JOOOppm (as CaC03) 

0.10 - 125ppm (as sio2 ) 

20 - 2500ppm (as caco3) 

Temperature 10°c. - 6o0 c .. 

Although the initial concentrations of each element listed above in 

waters being treated are those within the lower limits of the 

ranges above, these limitations can increase when the waters are 

concentrated in a cooling water application, 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 
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concentration limits considerably higher than the upper limits 

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 million 

based on the treated cooling waters, and preferably at least o.os 

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 to 

concentrations nearing ozone saturation, such that ozone levels can 

range from at least 0.01 ppm up to concentrations, i.e. of 

approximately 2.0 - 2.5 parts per million ozone in water. Even 

with these exposures to ozone, the polymers maintain at least 70%, 

preferably at least 80%, of their initial calcium carbonate 

saturation ratio. Certain homopolymers and copolymers have shown 

particular propensity for usefulness in the· presence of ozone. 

These polymers are normally homopolymers of acrylic acid or 

copolymers of acrylic acid which contain at least 60 mole percent 

acrylic acid, preferably 70 mole percent acrylic acid or higher. 

The acrylic acid is most preferably copolymerized with acrylamide, 

itaconic acid, AMS, AES, AMPS, c1 - c3 esters of acrylic acid, 

hydroxypropyl esters of acrylic acid, or mixtures thereof. The 
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molecular weight of these homopolymers and copolymers normally 

range initially from 1500 to about 3?,000 although, as before, this· 

molecular weight is degraded in contact with ozone. Preferably, 

the polymers have an initial molecular weight of from 2, ooo -

15,000. In spite of this molecular weight degradation, the 

preferred polymeric 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 CCCSRl 

The calcium carbonate saturation test is completed as follows. A 

t~st solution i~ prepared by adding the chloride or sulfate salts 

of 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 calcium carbonate), and 15 parts per million 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 
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1 part per million ozone residual was maintained. During the final 

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

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 o, 30,_ 

60 and 90 minutes of ozonation, and tested for calcium carbonate 

inhibition activity via the calcium carbonate saturation ratio 

test, or CCSR test. 

This CCSR test involves the followinq: 

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 pH 

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 calcium 

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 
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calcium carbonate saturation ratio. The test procedure was 

repeated for different inhibitor solutions. The method 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, 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 reached •. 

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 4lst Annual Meeting, International Water Conference, 
Pittsburgh, Pennsylvania, October 20-22, 1980 
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program saturation ratio compensates for temperature, high ionic 

strength, ion paring effects, and the like. Other important 

factors included in the mineral solubility analysis are water 

composition, operating conditions, temperatures, break point pH, 

cycles of concentration, and acid control. A calcium carbonate 

saturation ratio is theoretically equal to the product of the 

concentration of calcium times the concentration of carbonate ions 

divided by the solubility product constant for calcium carbonate. 

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

inhibitor. 

Polymer Maintenance of Calcium Carbonate Saturation Ratios 

The homopolymers and copolymers found useful in our invention are 

those polymers that initially contain a calcium carbonate 

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

most preferably at least 110. Initial calcium carbonate saturation 

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

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

cases slightly higher. The homopolymers of acrylic acid normally 

have initial calcium carbonate saturation ratios ranging between 

about 110 and 137.5. The copolymers normally have initial calcium 

carbonate saturation ratios of at least 90, preferably at least 

100, and most prefer~bly from about 110 to about 135. 



.. 

17 

These polymers are added to representative test cooling waters and 

ozonated for 90 minutes. During the initial 60 minutes, the ozone 

level is maintained at concentrations 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 of 

ozone to these waters so that the residual is from about 1.0 to 

about 2. 3 parts· per million. The ozonation tests are run at 

temperatures ranging from ambient, about 18° c, to 60° c for a 

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 degradation relates to the initial molecular 

weight of the polymer added. However, even though these molecular 

weight degradations can range anywhere from as little as about 25 

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 70 

percent of the initial value, preferably so percent of the initial 

value 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 
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useful in combination with ozone in treating cooling waters. 

To further describe our invention the following tables are 

presented. These tables list certain polymers in terms of their 

chemical nature, molecular weight, initial and ozonated calcium 

carbonate saturation ratios, and give such other data as would be 

of interest. All 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. 
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SUM-1ARY O'F CAI.CIU"1: CAR8CNATE SATURATICN Rlt"TtO 
SCREEN'JXi TEST DATA 

Aetfylty Af!~[ Ozao1Ugo .. 
Hach Test ppm 

lnhjbitor (15 ppm\ Before Ozonatloo After Ozgnattoo Ozone Besjdual 

Polymer A 136.9 .:t. 6.8 124.8 .:t. 6.6 2.3 ppm + 

Polymer B 133.9 ;t.·6.6 138.8 :J:. 6.8 0.8 ·1.0 ppm 

Polymer B 119.9 .:t. 6.8 110.8. :J:. 6.8 1 .2 • 2.3 ppm + 

Polymer c 131.9 :J:. 6.8 128.9 :J:. 8.8 1.2 -2.3 ppm + 

Polymer D 113.7 .:t. 6.8 128.9 :J:. 8.8 1.0 • 1.8 ppm 

Polymer B 28.8 :J:. 6.8 80.0 :J:. 8.8 2.3 ppm+ 

Polymer p 97.1 .:t. 8.8 103.3 .:t. 8.8 
I 

2.3 ppm+ 

P6lymar G 97 .1 :J:. 8.8 97 .1 :J:. 8.8 1.3 • 2.3 ppm +· 

Pqlymer B 107.S .:t. 8.8 as.4 :. ·a.a 1.4 ppm 

Polymer I 125.9 :I! 8.8 97.1 .:t. 9.8 1.2 ppm 
~lymer J 85.4 .:t. 8.8 69.9 :J:. 8.8 1.8. ~-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 145.9 .:t. 6.8 ••sample precipitated 

HEDP 137.7 .:t. 6.8 " •sample precipitated 

Blank 3.0 :J:. 6.8 +•sample precipitated 

**Calcium Carbona'te Saturation Ratio 

*Unable to datarain• a saturation ratio value due to sample 
precipitation before calcima carbonate teat waa conducted. This 
indicate• a very lov re•ult and complete loss of calciwa 
carbonate inhibition activity. 
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In Table 1, you can see the results of adding various polymers to 

cooling waters and then ozonating these mixtures for a period of 90 

minutes, as described above. After this ozonation, the calcium 

carbonate saturation ratio is measured. The results in Table 1 

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 see 

that several organic phosphonates were tested. These materials 

have traditionally been used in treating cooling waters for 

hardness control and under ozonation conditions fail miserably. 

Blanks were also run to give the observer reasonable basis and 

background for the test results. 
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Summary of Ay1rag1 Molecular Weight and Mgftcular Number 

81sult1 for Ozonittd Polym1t1 

Berom Omaatlon 

Mw: 39,700 

Mn: 18.800 

Mw: 4,400 

Mn: 3,SOO 

Mw: 5,000 

Mn: 3,000 

After Ozonat1oa 

Mw: 2,400 

Mn: 2.000 

Mw: 2,800 

Mn: 2,100 

Mw: 2,500 

Mn: 2.000 

• 
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Table II, is a summary of the average molecular weight and 

molecular number results obtained for ozonated polymers. Certain 

polymers were tested before and after ozonation, and their 

molecular weights determined again by GPC chromatography. As can 

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. 

' 
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TABLE III 

POLYMER COMPOSITIONS 

Polyacrylic acid homopolymer neutralized with NaOH, MW: S,000 

Isopropyl ester of acrylic acid Clow ester content), 
Mw: 5,000 

Water soluble acrylic acid polymer, Mw: 5,100 

Water soluble acrylic acid polymer~ Mw: 5,800 

Water soluble acrylic acid polymer, Mwa 240,000 

Methyl sulfonic acid acrylamide, S0-60t acrylic acid/ 14-20% 
aminomethanesulfonate I remainder acrylamide, 
MWa 18,000-19,000 

70t acrylic acid I 30t acrylamide copolymer, Mv: 30,000 

Hydrolyzed polymaleic anhydride, MV1 1,000 

Terpolymer of acrylic acid, methacrylic acid and itaconic 
acid, Miia l,000 

Polymethacrylic acid, MWs 25,000 - 30,000 

Ethyl sulfonic acid acrylamide, (•AES•) taurine derivative, 
MVa 40,000 

70-80 mole• acrylic acid/20-30 molet hyd%oxypropylacrylate, 
Mva 6,000-10,000 

65-75 mole• acrylic acid/25-35 molet acrylam.idamethylpropane 
su~onic. ac141 J1111 1~,oo~-15,000 

*All molecular veigbi:a are weight average molecular veiqht• determined by 
GPC u•inq set atandarda of poly•tyrene aulfonate. 

The moleculac weights of polymers not macked by * above were molecular weights provided 
by the manufacturer and are believed to be weight average molecular weights. However, 
test procedures for moleculac weight determination ace not known. 
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Table III describes polymers A through M in terms of their chemical 

structure and initial molecular weights. In Table III,· the 

methylsulf onic acid, acrylamide polymers are those that contain 

from 50 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 Tables, up to Table XVIII, provides additional 

information 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 po~ymer degradation 

in terms of weight average molecular weight. 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. 
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Table rv; Benchtop Scale Inhibition Scretninq Test 
for calciUl!I carbonate 

Inhibitor: Polymer A 
Oosaqe:l5 ppm inhibitor a• active• 

ozonation Tim• 

no ozone 

2.5t Q3 output 

30 minute• 03 

60 ainutea 03 

2:St 03 gµtpuS; 

90 ainute• 03 

ozone Level• 

o.o PP• 

o.ss - o.a PP• 

o.ss - o.a PP11 

2.l PP• + 

• 

Saturation Ratio 

136.9 :t 6.6 

142.6 ± '·' 
144.l ± '·' 

124.1 ± '·' 

Polyamr A continued to behave •• a calciua carbonate inhibitor 
atter 410 •inute• of oaonation. However, after 30 additional 
minute• of expoaure to very high level• of ozone, there was a 
decrea•• in activity vbicb i• within experillental •rror. 

* ozone level va• deter.J.ned by th• Hac:ll t-t:. 
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mIE ·V ; Btnchtop scale Inhibition Scr11nioq Test 
Cor calcium Carbonate 

Inhibitor: Polymar B 
Oosaqe:l5 ppm inhibitor aa active• 

Ozonation Tim• 

no ozone 

2.5l 03 ou1;p»t: 

30 minut•• 03 

60 •inuta• 03 

l!t 03 gµtput; 

ozone Level• 

o.o ppa 

0.5 PP• 

0.4 PP• 

Saturation Ratio 

133.9 ± 6.6 

139.7 ± '·' 

90 minutu 03 0.1 - o.t ppa 131 .• 1 ± '·' 
Th• saturation ratio valu•• indicat• that Palymr B is . 
maintainiDCJ iu calcium carbonat• inhibition activity even at 
unrealistical~y higb oaon• levela. 

•oaon• lev•l vaa 4•t•zm1nad by th• coloria•tric Hach Test. 
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Table vr;~Btnchtop scale Inhibition Scr11ninq Tost 
for Calcium Carbonatt 

Inhibitor: Polymr B 
Oosaqt:l5 ppm inhibitor as actives 

ozonation Time 

no ozone 

2.5t 03 output; 

30 minute• 03 

60 minute• 03 

·t!t Q3 output; . . .... 

ozone Level• 

O.O ppa 

0.1 - o.a ppa 

o.• - 0.1 ppa 

1.2 ppa 

Saturation Ratio 

119.9 ± tS.tS 

131.9 ± tS.6 

137.7 ± 6.6 

110.45 ± '·' 
(113.7 recheck) 

Th••• •aturation ratio value• indicate that Jlalynm- B is 
increaainq in activity for th• tirat eo ainut .. ot lov l1v1l 
ozonation, and than drop• to approxiaately the .... pertormance 
level aa·th• .initial unosonatad •-pla. Wh~ coaparinC) this run 
ot the Polynm-8 s.,,i= to th• ruul ta in table I, note that th• 
unoaonated sample haa a lover aaturation ratio value to blCJin 
witJI, and uae4 a ditterent batch Allple. Thi• •aapl• also 
experienc:M oaone lave.la ot 2.3 pp11 and C)Z'eater, at 75 minutes of 
ozonation, vbil• tile bip-i: oaone reading recorded for table· I 
waa 1.0 ppa at 79 aimai:M ot oaonation.· 'l'!la MW i• -2,100, after 
ozonation. · . 
•oaone leYel. vaa detaninecl by th• coloriMuic Rach Tut. 
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Table VII c aenchtop Scalt Inhibition Screening Test 
for Calcium carbonatl 

Inhibitor: Polymer C 
oosaqe:l5 ppm inhibitor as actives 

ozonation Tim• 

no ozone 

2.5. 03 gutput 

30 minute• 03 

cso minute• 03 

l!t 03 gui:pR 

90 ainut•• 03 

Ozone Level• 

O.O PP• 

0.65 ppm 

0.6 ppa 

1.2 ppa 

Saturation Ratio 

131.9 ± 6.6 

125.9 ± 6.6 

121.9 ± CS.6 

121.9 ± cs.cs 
Th• aaturation ratio value• indicate that Polymr c ia 
maintainin9 it• calciua carbonate inhibition activity at hiqh 
ozone level•. Tb• ll'V of thi• sample is -5,100 and overall, is a 
vary good calciua carbonate inhibitor • 

. •ozone level vaa d•t•~ed by th• colorimetric Hach Test. 
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TabltXIIt Bencbtop Scalt Inhibition Screening Test 
!or calciwa Carbgnat1 

Inhi.bi tor: Polymer o 
Dosaqe:l5 PP• inhibitor a• active• 

Ozonation Tim• 

no ozone 

2.!t 03 gutput 

30 minute• 03 

tSO ainutea 03 

,,,, 03 qutpqt; 

ozone Level• 

o.o ppa 

0.65 ppa 

0.'55 PP11 

1.0 ppa 

Saturation Ratio 

113.7 ± '·' 

125.9 ± '·' 
134.1 :!: '·' 

121.t :!: '·' 
Th• •aturation ratio valu•• indicate that PoJ.ymr D 19 
actually bproviDfl in activity upon oaonation. Th• KV of this 
polYJier i• initially -s,aoo. 

!"paon• level vaa detenained by th• colorimetria Hach Test. 
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Tabl1 IX ; Benchtop Scali Inhibition Scr11ninq Test 
. !or CalciW!I Carbonate 

Inhibitor: Pol~ E 
oosaqe:l5 PP• inhibitor as actives 

ozonation Tim.• 

no ozone 

30 minutes 03 

60 minutes 03 

1,, 03 gµtmi1j 

90 ainutaa 03-

ozone Level• 

o.o ppa 

0.4 - 0.5 ppa 

0.3 ppa 

saturatior\ Ratio 

52 •• :!: ••• 

65.2 :!: '·' 

10.0 :!: ••• 

Th• saturation ratio values indicate that Palymm: B ia 
m.aintainiftCJ ita calciUll carbonate inhibition activity at 
unreali•tically bigb oaone levels. Note that it ia also a poor 
caco3 inhibitor to beqin vith (solution vu •li9htly turbid prior 
to oaonation), and oaonatlon increa••• the •&apl•'• performance. 
TJii• i• aoat prcmuly due to th• b191l molecular vei9ht ot th• i.Ili.tial 
i>olyaer (KV• 240,000). 

•ozone level vaa ~ by the colorimetric Hach Test. 
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Tabl• x ; Bencbtop Scali Inhibition Scr11ninq Test 
Cor Calcium carbon1t1 

Inhibitor: Polymer P 
oosaqe:l5 ppm inhibitor as actives : · 

ozonation Time 

no ozone 

2.5t 03 outpu1; 

30 11inute• 03 

60 11inute•·03 

2 ' ' 03 qut;put; 

90 •inut•• 03 

ozone Level• 

o.o ppa 

0.5 ppa 

o.t ppa 

2.3 ppa + 

Saturation Ratio 

97.1 ;t 6.6 

103.3 ;t '·' 

107.5 ;t 6.S 

103.3 ;t '·' 

'lh:xJ;b Polyimr r is not a sq:cior ealcim c:axbc:nat8 tmihitar init:ially, it is 

stil~ imPOrtant •inc9 oaonation at extr ... ly hi9b lav•l• does not 
deer•••• the •a.pl•'• activity·. Note that after a total ot 90 

minute• of osonatioa, the -turation ratio 1• equivalent to the 
'initial unoaonatecl sample. 

• ozone level va8 det:er.inecl by th• Hacb t .. t. 
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rabl• XI; Bens:btgq Scali Inhibition Scr1tninq T1st 
tor Calcium Carbon1t1 

Inhibitor: Polymer G 
Oo•a91:15 ppa inhibitor aa active• 

ozonation Ti•• 

no ozon• 

2.!I 03 Output; 

JO ainutu 03 

ao •inut•• 03 

l!t QJ.qu1jpql. 

90 ainut.. 03 

ozone Level• 

o.o ppa 

0.10 ppa 

0.10 ppa 

Saturation Ratio 

97.1 :!: '·' 

113.7 ± '·' 
122.1 :t. '·' 

17.l :t. ••• 

PolymrG !a a 70t aczy11o acicl / 30 t acryluid• polymer with a 
MW-30,000. Th• aaturation ratio valu .. troa thi• 1xperill1nt 
de110natrata t.bat even after to ainut•• of oaonation (30 minutes 
·at a hiCJll level), tbia polyaer haa th• •- level of performance aa the initial aaple. OYu-all hovever, tllia a&11pl• 1• not th• b .. t; inbibitor of clloic:e for a C)oocl calci• carbonate inhibitor. 

•oaone level va8 ~ by the color!Mtrio Jlac:ll 'l'••t. 
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Tablt ~II Benchtop Scali Inhibition Scretninq Test 
for Calcium carbonatl 

Inhibitor: Polymr H 
Oosaqe:l5 PP• inhibitor as actives 

ozonation Ti•• 

no ozone 

2.5t 03 outpu1j 

JO minut•• 03 

60 minut.. 03 

251 03 outat; 

90 •inut.. 03 

ozone Lavel• 

o.o ppa 

0.3 ppa 

0.45 ppa 

1.4 ppa 

Saturation Ratio 

107.5 :t 6.6 

122.t :t 6.4 

10'7.5 :t '·' 

. 85.4 ± '·' 

Thia i• an 1X1111pl• of a polymer that -in1:ainacl calcium carbonate 
inhibition ae1:1vi1:y for th• initial so ainut•• of ozonation, but 
after an additional 30 ainut•• of biqb oaonation, lo•t activity. 

• ozone level vaa da1:ez'llinld by th• Hacb t•at. 
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Tablt X]~~B1nchtop scale Inhibition Scrotninq Test 
Cor Calcium Carbgnatl 

Inhibitor: Pol~ I 
oosaqa:l5 ppm inhibitor as active• 

ozonaticn Tim• 

no ozone 

2.,t 03 output 

30 minute• 03 

60 minute• 03 

ozone Level• 

o.o ppa 

0.4 - 0.5 PP• 

0.4 - 0.5 PPll 

1.15 ppa 

Saturation Ratio 

125.9 ± 6.6 

116.8 ± 6.6 

11s.1 :t s.cs 

97.1± ••• 

PD1ylls :r, a terpoly.er ot acrylic acid, methacrylic acid and 
itaconic acid, alao lo•t calciua carbonate inhibition activity 
upon extended expo.ura to oaone • 

. * oaone level va• deterained by th• Rach teat. 
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Table XIV Benchtop Scale Inhibition Screening Test 
tor Calcium Carbonat1 / 

Inhibitor: Polynmr J 
oosaqe:l5 PP• inhibitor aa active• 

ozonation Tim• 

no ozone 

2.5t 03 gy1:pUt; 

30 ainut•• 03 

so ainut•• 03 

l!t 03 gu1:pU1j 

90 11inut.. 03 

ozone Level* 

O.O PPll 

o~a ppa 

0.5 PPll 

2.3+ ppa 

Saturation Ratio 

8!5.4 ± 6.CS 

ao.o ± cs., 
15.4 ± d.CS 

CSI. I ± CS.' · 

PolymmrJ'.!a a polymethacryllo acid vitll a Mw -25,ooo -lo,ooo and 
is not a v•J:Y qood calcium carbonate inhibitor. The saturation 

· ratio valu•• above, indicate that thi• •aapl• .. intaift9 activity 
.tor th• tint ao llinutu of lov lav•l oaonatlon (<1.0 ppa), but 
wben expo...S to higher concentratiou for an additional 30 
ainutea, it beflrina to loM activity. Altbo9' ~' thi.m matarW. .,,,,, nae m ~ 
*Qzcne i...J. WM dete1wl ... by the oolarimtric Bacb ir.t:. 
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Table XV : Benchtop Scale Inhibition Screening Test 
for Calcium Carbonate 

Inhibitor: Polymer L 
·Dosage:lS ppm inhibitor as actives 

Ozonation Time 

no ozone 

2.5"' 03 output 

30 minutes o~ 

60 minute• 0 8 

15" 03 output 

go minutes Oa 

Ozone Level• 

0.0 ppm 

0.60 ppm 

0.46 ppm 

1.23 ppm 

Saturation Ratio 

107.5 + 6.6 

110.6 + 6.6 

122.g + 6.6 

113.7 .± 6.6 

The saturation ratio values indicate that Polymer L, an acrylic 
acid / hydroxypropylacrylate copolymer does maintain calcium 
ca.rbonate inh~bition activity after oson&tion. The activity of 
the. sample before oson&tion and &fter 90 minutes of low and high 
exposure to osone &re essentially equivalent. 

• Ozone level wa.e determined by the indigo method and used a Ha.ch 
DR 2000 direct reading spectrophotometer. 



• 
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Table XVI : Benchtop Scale Inhibition Screening Test 
for Calcium carbonate 

Inhibitor: Polymer M . 
Dosaqe:l5 ppm inhibieor as actives 

Ozonation Tim• 

no ozon• 

2 • st 03 output · 

30 minute• 03 

60 minute• 03 

15t 03 output 

90 minute• 03 

o.o ppm 

0.6!5 ppm 

0.69 PP• 

1.39 ppm 

Saturation Ratio 

131.9 ± 6.6 

148.!5 ± 6.6 

131.9 ± 6.6 

131.9 ± 6.6 

Th• saturation ratio valu•• indicat• that Polymer M 
a 70 Mt acrylic acid / 30 Mt AMPS copolym•r, KW- 12,300, 

do•• maintain calciua carbonate inhibition activity after 
ozonation. Th• activity of th• sampl• b•for• ozonation and after 
90 minute• of lov and higb exposur• to ozon• are •••entially 
equivalent. In fact, th• saturation ratio• indicat• that this 
sampl• i• a v•r:y qood calciwa carbonat• inhibitor. 

* Ozone l.v•l v- d•t•rJlin-4 by th• indigo .. thod and used a Hach 
DR 2000 direct r.adinC) spectrophotom•t•r. 
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Tablt 
XVII 

Ozonatign. ot Phosphonat11 at 40 ~ t 

Inhibitor t Ol output 03 Ltytl Comm•nta 

Blank l2.5t -.25 PP• turbid att1r l!S min Of 03 

PBTC 12.5t <0.1 PP• turbid atter 30 min of OJ 

HEOP 12.!St <0.1 PP• turbid atter 15 min of 03 

Eacb of th••• pho•phonat•• wer• ozonattd in 360 ppa ca, 
200 ppa M9, 500 ppa alkalinity·(•• CaC03) water at 40 c. As the 
comment• above indicate, th• test solution becaae turbid within 
30 minute• of oaonation. Thi• indicated that th• critical 
brtalcpoin~ pB had paaaed and taatin9 a cloudy solution tor caco3 inhJbition would be meanin9l•••· Additional tt•t• by LC show•d 
th• d••truction of the pboapbonat••· 

PBTC - 1,2,4-t:ri-cart>oxy-2-pbo•phono-butane 

HEDP - 1-bydroxye~ylidina-1,1-diphosphonic acid 
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XVIII 
Tablo : Benchtop Scale Inhibition Screening Test 
for Calcium Carbonat• 

Inhibitor: PBTC - 18-20-C (Ambient Temperature) 
Dosa9e:lS PP• inhibitor a• activ•• 

ozonation Ti:m• 

no ozone 

2.5t 03 output 

30 minute• 03 

60 minute• 03 

15t Q3 gu1;w1i 

90 11inute• 03 

Ozone Lev•l• 

o.o ppm 

0.34 ppa 

0.66 ppa 

0.91 ppa 

Saturation Ratio 

143.2 .:!: 6.6 

134.8 ± '·' 

121.9 ± '·' 

ao.o ± '·' 

Th• saturation ratio value• indicate that the phoaphonate PBTC is 
not maintainiftCJ calcium car))onat• inhibition activity aftar 
pzonation. Th• laet ..-pl• collected attar 90 ainute• of 
ozonation vaa •lightly turbid in the bot.water bath (60 C), prior 
to th• saturation ratio tut. Kot• that betore ozonation, PBTC 
is an excellent acal• lnbibitor, but then dec:lin .. in activity 
with extended axpo8Un to oaone. 

• Oaon• l.vel vaa ~ by th• indiCJO -thod and u.ad a Hach 
oa 2000 direct: readiDI apectroplloto-ter. 
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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 

Mg Hardness 

Total Hardness 

Si02 

20 - 2000ppm (based on caco3 ) 

10 lOOOppm 

30 - JOOOppm 

0.1 - 125ppm (as Si02) 

50 - 2500ppm (as caco3 ) 

0.01 - 2.5+ (saturation) 

"M" alkalinity 

Ozone Residual concentration 

Temperature io0 c. - 6o0 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 least 90, said 

polymer containing at least so mole percent (meth) acrylic acid 

and having an initial weight average molecular weight ranging 

from about 1500 to about JS, ooo and further, said polymer 

capable of retaining at least 70 percent, 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 O. 1 

\ 
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parts per million and ranging to 2. 3 parts per million in 

cooling waters containing ozone such that after exposure to 

ozone at the above concentrations said polymers are reacted 

with said ozone in said cooling waters for at least 30 

minutes, preferably 60 and most preferably at least 90 minutes 
• 0 0 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: 

tftiHal 

Pol.)9 Ml:)letldcM 

~OfM 20a0 - is.oao 

~OftM 20a0 - 10.oao 

O::pll~ c£ ANttM a:xX> - 15,0CO 
~Of.MVldia !a. - JS,OOI 

Cl:110l~ °' ~ 291- 29.00I 
~ 

~OfW a.- 31.00I 
ei. ... 3 11t11Saea 

·~Of~ me-a.ooe 
~ 

~Ii- Of ».IW sa.-15,00I 

~Of-.,wa !Gii - 10,0GI 

• M • .::1r7llo _,. 
M•&MtWZJUacl4 
kJlm - cr,J-.-
.. • llJO"CMIMM ~ 

~ .. cw: *18 '91t:aa& ?.nitial C&lciaa 
knliA: Ac:i4 Otb9r !bl-· ~ S.tm:aticn il&Ci:J 

100• at i..c 110 

lOOt •tti.ccrUo •• lwc 90 

5-95' ~ 5 aetla:xylic acid , at lEB'3t g) 

50 - ts• s - sot ll:&fl.lllll&.d9 • 1eln 90 

50 - '°' 20--- • i..c 100 
0 •JOtAl:M .. , ... 2-• • i...-110 
Ci_.3-0fM ·-- 20--- atl..-90 
o-20tA1:M -o-- 20•mHR atl..-90 

70 - .. 20-- .. -~90 

... ¥-.''~ 
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THIS SHEET HAS BEEN 
REPLACED 

1. A method of treating recirculating cooling waters 

comprising containing both ozone and an organic water 

so·luble vinylic polymer characterized in that the polymer 

5 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 ranging from about 1500 to about 35,000, which 

polymer is further characterized in that after exposure to 

10 from 0.1 ppm to 2.3 ppm ozone in waters for at least 30 

minutes at temperatures ranging from about 18°C to about 

60°C, ·th~ polymer retains at least 70 percent of its 

original calcium carbonate saturation ratio. 

2. A method according to claim 1 wherein the organic 

15 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 

20 acid. 

4. A method according to claim 1, cla~m 2 or claim 3 

wherein the organic water soluble vinyli~ polymer is a 

copolymer of (meth)acrylic acid, and its water soluble 

salts thereof, with at least one of the vinylic monomers 

25 chosen from the group consisting of (meth)acrylamide, 

maleic anhydride, N-methyl sulfonic ac~d-(meth)acrylamide, 

N-ethyl sulfonic acid-(meth)acrylamide, itaconic acid, 

c1 - c3 esters of acrylic acid, hydroxypropylacrylate, N-
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t-butylacrylamide, acrylamido methyl propane sulfonic 

acid, and vinyl acetate. 

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 according 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 carbqnate saturation ratio of at least 100 • . .... ..... 

7. A method according to claim S·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 least one polymer having the 

15 characteristics: 

Initi&l Caal] IniW.1 
S.Curad.c:n P&t:io Mole Pw&:c:att MolA Other ~crer. .. at leMC Palymr k:Yllc Ad.d Weiclftc · and !<tile ?ucer:c -

80 aczylic ac:i.d/czyl..midll 60 - 95 5000-35,000 k:rf lami.da: S-40 

80 ac:zylic ~/Jdla 50 - 60 5000-20,000 Ntlr lO-SO 
Ac.Ms 0-40 

80 cql.f.o llddlMS/kla 50 - 90 10,000-40,000 Amt l0-50 
Al::/e.J 0-40 

8Q acsylio add. mtbm:lylll: 50 - 70 1,000-10,000 HMt s-so 
add. J...,,.,.tc Cd IAI 0-25 

90. ~U.c acid. 70 - 91 2,500-10,000 ~12-30 
C1•C3.._..0f ~of 

cqliac:W M:"/llc 
aiCd 

90 amyJ.ta~ 65 - 80 10,000-15,000 ,..., 20-35 

90 acsylic ad4,1IPA 70 - 80 5,000-10,000 HPAI 20-30 

I If Ill~ 1111~ 1111111111111111 . 
M S * 
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8. A method according to claim 5 or claim 6 wherein 

the ozone residual concentration is maintained at at least 

0.05 ppm, and the polymer is a homopolymer of methacrylic 

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 caco3 ) 

Mg Hardness 10 - 1000 ppm 

Total Hardness 30 - 3000 ppm 

0.1 - 125 ppm (as Si02 ) 

"M" alkalinity 20 - 2500 ppm (as CaC03 ) 

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 sufficient 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 
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wherein the polymer is at least one polymer having the 

following characteristics: 

Initi&l ~ Pccmd: Mol.8 P9l'Cmt Initial <:alcl.:.:m 

Polym ~w.t- "'&Uc 1C1.d ett.r~ Ca.dx:ln4t:m S&t:urat.:.at ~e..:.:J 

Hc:Pq:clywo of ·M 2000 - 15,000 100\ ae l.eatlt llO 

Hal:qx>lymr d MM 2000 - 10,000 100\ aatNr::zy lie at leut 90 

=~of~ 
~ .. · 

a:xn - 15,cm 5-95' 95 - 5 neda:xylic add at lBa'3t gJ 

• ymr' of M/1tCM 5000 - 35,000 50 - 95t 5 .. 50t w:q.i.-d9 &t 1-Mt 90 

~~ of 1IV»'8I 2SOO - 25,000 '° .. aot 20 .. 50t,.. at. la.Mt lOO 

~ 
0 - 30\ kM 

Q:ipolymr ot »I 2000 - 20,000 BO .. 91t. 2 .. 20t at lMat uo 

ct .. 3~otM Ci.-l!llesofM 

~,...otM/ml 2SDO - 25,000 60 .. 80t 20•-'0tM8 &t lMft '90 

Al::m 
0 .. 20• Ac#ll 

~°'.,..... 
10,000-15,000 65 - aa• 20-35 ... at l8Ut 90 

Cqlol.ymir °' .,.. s,000-10,000 10 - aot 20•30BM at i..- '90 


