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FLUORESCENT-TAGGED POLYMERS FOR JJ:OILER 

INTERNAL TR.EATMf'.~I 

Field of tbe Invention 

The invention ]s a method for the detcnnining the concentration of additives in 

boiler water systems, more specifically, a method using polymers to monitor and treat 

the boiler water systems. 

Background of the In~~ll 

Deposits. particularly scale, can fonn on boiler tubc."5. Each contaminant 

constituting the source of scale has an established solubility in water and will 

precipitate when that solubility has been exceeded. If the v.·.Jter is in contact with a hot 

surface and the solubility of the contaminant is low~r at hi:;her temperatures. the· 

precipitate will fonn on the surface, causing scale. In acidition. the formation of steam 

bubbles at a surface causes increases in the concentration of soluble components at che 

steam/water interface that can cause precipitation. The most common components of 

boiler deposits are calcium phosphate. calcium carbonate (in l0w-;:>ressure boilers), 

magnesium hydroxide. calcium and magnesium silicates. various forms of iron oxide. 

and silica. 

At the high temperatures found in a boiler. deposits are a serious problem 

causing poor heat transfer and a potential for boiler tube :~1ilurc. In IO\".'-prcssurc 

boilers with low heat transfer rates. deposits may build up tl) a point where they 

completely occlude the boiler tube. 

In modem intennediat:! and higher pressure boilers \\."itn heat transfer rates in 

excess of 200.000 Btu/ft2hr (5000 cal.'m2hr), the presence- of e1:en extremely thin 

deposits will cause a serious elevation in the temperature of mhe metal. The deposit 

retards transfer of heat from the furnace gases into the boiler wate:-. This heat 

resistance results in a rapid rise in metal temperature to th:; point at which failure can 

occur. 

Deposits may be scale. precipitated in situ on a heated surface, or pr~viously 



W097/35192 PCT/US97 /05.S I 0 

- 2 -

precipitated chemicals, often in the form of sludge. These collect in low-velocity 

areas, compacting to form a dense agglomerate similar to scale. ln the operation of 

most industrial boilers, it is seldom possible to avoid formation of some type of 

precipitate at some time. There are almost always some particulates in the circulating 

boiler water which can deposit in low-velocity sections. 

Boiler feedwater, charged to the boiler, regardless of the type of treatment used 

to process this source of makeup. still contains measurable concem:-ations of 

impurities. In some plants. contaminated condensate contributes to feed water 

impurities. 

When steam is generated from the boiler water. water vapor is discharged from 

the boiler, with the possibility that impurities introduced in the fet!d water will remair: 

in the boiler circuits. The net result of impurities being continuously added and pure 

water vapor being withdr;nvn is a steady increase in the level of dissolved solids in tht! 

boiler water. There is a limit to the concentration of each component of the boiler 

water. To prevent exceeding these concentration limits, boiler water is withdrawn as 

blowdown and discharged to waste. Blowdown must be adjusted so that the 

concentration of impurities in the boiler water are maintained at prc:detennined limits. 

Scale inhibition has been accomplished by chelating agents which control the activity 

of metal ions by blocking the reactive sites of the metal ions thus preventing reactions 

between the metal cations and anions in the system. In addition, polymer pro,b'Tams 

work much like the chelating agents in controlling scaling in boikr water systems. 

Substantial heat energy in the blowdown re;m:sents a major factor detracting 

from the thermal efficiency of the boiler, so minimizing blowdown is a goal in every 

steam plant. 

One wa.Y. of looking at boiler blowdown is to consider it a process of diluting 

boiler water impurities by wi:hdrawing boiler water from the system at a rate that 

induces a flow of feed water into the boiler in excess of steam demand. 

Blowdown used for adjusting the concentration of dissoive<l solids (impurities) 

in the boiler water may be either intennittent or continuous. If ir.termittent, the boiler 
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is allowed to concentrate to a level acceptahle for the particular boiler design and 

pressure. When this concentration level is reached, the blowdo"'rn valve is opened for 

a short period of time to reduce the concentration of impurities, and the boiier water 

impurities are then allowed to re-concentrate until the control limits are again reached. 

In continuous blowdown, on the other hand, which is char.:icteristic of all high 

pressure boiler systems, virtually the norm in the industry. the: hlowdown valve is kept 

open at a fixed setting to rc:nove water at a steady rate, main~aining reiativdy const:m: 

boiler water conccnrration. 

U.S. Pat. ~o. 5,260.386 issued to Fong et al. on Nover:lber 9, 1993 discloses a 

method of preparing. by a (:rans) amidation reaction. a poiymer h~ving pendant 

fluorescent groups having ai.11inc-containing organic tluorcscc11t gmups having the 

fonnula: 

H-K-R4 

This is a method of tagging pre-existing polymers withom any deleterious effects on 

the polymer. 

U. $. Pit. No. 5.389,548 issued to Hoots ct al. on Februa:-y 1.:.;., I 995 te::ichcs a 

method of monitoring an<l controlling the concentration of polyeb.:lrolytes. A sample 

is drawn and a known amount of a f1uorochromatic rcag~nt is added. Analysis is 

completed hy measuring the amount of the dye available for ligilt absorption. A 

comparison of the fluorescence emission of the reagent to the fiuorescence emission of 

the polyelectroly1e and to the concentration of the polye!ec::rolyte, ~hereby allows the 

determination of the polyclectrolyte concentration. 

U.S. Pat. No. 5, llS,~19 issued to Fong et al. on Juiy 7, 1992 and U.S. Pat. No. 

5.216,086 issued to Fong et al. on June I, 1993, incorporated hereimo by reference, 

describe a post-pol}111erizarion derivation method for preparing polymers having 

pendant fluorescent groups. Polymers so marked or tagged may b::: monitored hy 
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fluorescence spectroscopy to determine the location. route, concentration at a given 

site and/or some property (for instance leachability) of these polymers and/or a 

substance in association with these polymers. As discussed herein, conventional 

techniques from monitoring polymers are generally time consuming and labor 

intensive, and often require the use of cumbersome and/or costly equipment. 

Most conventional polymer analysis techniques require the preparation of 

calibration curves for each type of polymer employed. which is particularly time 

consuming and laborious when a large variety of polymer ch~mi.:>tries are being 

employed. Conventional analysis techniques that determine analytically the 

concentration of a polymer's functional group arc gcncraily not practical for industrial 

use, particularly when it is desiiClJ to monitor a polymer on a frequent or continuous 

basis, or w'.ien rapid resu:ts are needed. lndiiect anJ.iys!s tcchr:iqucs may provide 

results faster using simple; techniques, but i:1 many ins!~mces C\"en faster and/or more 

accurate determinations are highly desirable. 

If the t1uores::ent group incorporated imo a polymer is derived from a highly 

fluon::scent molecule. its presence will permit :he monitoring of the polymer at 

concentration levels down to 0.1 ppm or less. even when the polymer is tagged with 

only one part by weight of the fluorescent group p~r l 00 parts by weight of polymer. 

The post polymcrizatior: is a (trans) amidation derivation of preexisting polymers 

having carbonyl-type ?endant groups. including pcmfar:t carboxylic acid. CJ.rboxylic 

acid ester and a.'Tiidc groups. 

This post-polymerization derivation method is exemplified in U.S. Pat. No. 

5,128,419 using a variety ofstarting~material polymers. inc!uding acrylic acid 

homopolymers. acrylic acidiacrylamidc co-polyme:-s. acrylic acid/acrylamide ter­

polymers \\·i:h snl!om~t\ylacrylamidc, vinyl acetate, acry!onit:-ilc and meth~cryiic 

acid. 

U.S. Pat. No. 4,783,314 issued lo Hoots et al. on November 8. 1988. 

incorporated hereinto by reference, provides a method for monitoring a water 

treatment componenr by incorporating at least one fluorescent compound as a tracer 
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into the treatment formulation to provide quantitative measurement/control of the 

treatment feed rate and performance. The concentration of a given fluorescent tracer 

in the aqueous system at a given point in time is generally determined by comparing 

the fluorescence emission of a sample from the system to a standard or a standard 

cuIVe of fluorescent tracer concentration verses emissivity. Suitable fluorescence 

tracers fo~ this method are substantially both water soluble and inert in the 

environment of the aqueous system in which they are used. 

U.S. Pat. No. 4,801,388 issued to Fong et al. on January 31. 1989, incorporated 

hereinto by reference, describes water-soluble polyelectrolytes which are effective as 

scale inhibitors and dispersants, and methods for preparing such polyelectrolytes by 

post-polymerization derivation. Such polyelectrolytes are examples of the wide range 

of mer unit types that may be included in a polymeric scale inhibitor. The amount of 

such polyelectrolytes used in an aqueous system is described as preferably in the range 

of from about l to about 200 ppm. The co-polymers and ter-polymers are described as 

having hydrocarbon roots containing an amino functionality. 

U.S. Pat. No. 4,048,066 issued to Cuisia et al. on September 13, 1977 discJoses 

a method for inhibiting scale on heating surfaces of aqueous systems. Compositions 

discussed include co-polymers of styrene sulfonic acid with acrylic or methacrylic 

acid, and water-soluble salts there of or mixtures of polystyrene sulfonic acid with 

polyacrylic or polyrncthacrylic acid and water-soluble salts thereof. 

U.S. Pat. No. 4,166, l 05 issued to Hirschfeld on August, 28, 1979 discloses a 

detection reagent reactive with an analyte body that is a polymer coupled to an 

antibody. The polymer has a plurality of fluorescent dye molecules coupled to it. 

covalently bonded through an aldehyde linkage at side reactive sites. The reagent can 

be a protein, antibody such as hepatitis B antigen. The reagent is used for antibody 

immunofluorescence. 

U.S. Pat. No. 5,411,889 issued to Hoots et al. on May 2. 1995, incorporated 

hereinto by reference, provides a target-specie responsive regulation of a water 

treatment agent feed is achieved by monitoring of a subject target-specie indicator or a 
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combination of an incipient and a target specie. The concentration adjustments are not 

contingent on water treatment agent residual level determinations. such as using 

calcium or iron concentrations in a system where the treatment agent is an anti-sealant. 

U.S. Pat. No. 5, 183.574 issued to Hwa et al. on February 2, 1993 discloses a 

method of dispersing iron in an aqueous system using a co-polymer of styrene sulfonic 

acid and methacrylic acid or its water-soluble salt thereof. The mole ratio of sodium 

styrene sulfonate to methacrylic acid is in the range of 5:95 to 95:5, 10:90 to 90: 10, 

and 20:80 to 80:20. 

U.S. Pat. No. SJ 24,04 7 issued to Quach et al. on J unc 23. 1992 teaches a 

method of inhibiting scale formation in aqueous systems using a!iylphosphonatc co­

polymers which exhibit characteristic properties of a treating agent. namely. strong 

calcium complexion. iron dispersion, inhibition of calcium CJ.ibonate sc:lie and 

inhibition of calcium phosphate deposition. 

U.S. Pat. No. 5,006,311 issued to Hoots et al. on April 9. l 991, incorporated 

herein lo by ref erencc, provides a method of analyzing the level of a treating agent. 

using inert transition metal tracer added in proportion to the treating agent by 

detennining the absorbance of a reagent dye added to a sample of the system. A 

second absorbance value is meac;ured when the dye is reacted at the same 

concentration with the tracer. A third absorbance value is measured when the dye is 

reacted at the same concentration with the transitional metal contained in the system. 

Resolving the difference between the second and third absorbance values al!ows 

determination of the concentration of the tracer. 

U.S. Pat No. 5, I 71.450 issued to Hoots ct al. on Dec::mbcr 15, I 992, 

incorporated hereinto hy reference, discloses a method monitoring a:id controlling 

dosage of a treating agent to inhibit scale or corrosion. The treating agent contains an 

amine-containing fluort!sccnt moiety tag covalently bum.led to th~ pr~-existing treating 

agent. 

Canadian Patent Application Ko. 2.116. 73 7, filed on !\fare h 1, 1994. covers a 

method for monitoring the concentration of tagged polym(!rs in boilers by obtaining 
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the absorption or emission spectrum of the system water and submitting this spectrum 

to chemometric analysis. However, the application doesn't provide a clear method to 

detennine if the polymer is degrading. The application assumes that when polymer 

degradation occurs, polymer degrades into a compound with little or no light 

absorbance or emission properties. In addition, changes in a "polymer concentration 

reading" can occur from a number of sources (besides polym~r degradation considered 

in the application), including contaminants, cell fouling changes in light source, and 

changes in transmission properties of fiber optics. 

Canadian Patent Applic~tion No. 2,116,816, filed on March 2. 199..t., discloses 

use of any w~ter soluble polymer that contains a spectroscopically-accessible moiety 

and a high Ca cloud point {good calcium ion tolerance). Chemistry systc:ns used 

include AAJSS for ha:-dness transport in boilers. The applicati(.)n also discusses 

monitoring any water soluble polymer having a spectroscopically-accessible moiety 

and a high Ca cloud point by obtaining the in situ absorption spectrum folbwcd by 

chcmometric analysis. 

U.S. Pat. No. 5,435.969 issued to Hoots et al. on July 25, 1995, incorporated 

hereinto by reference. discloses a method for a concentrarion-tluctuation responsive 

regulation of a treating agent feed. An incipient is added to the sample drawn from the 

water system, \\:hereby a concentration indicator is formed. Tb.: indicator is 

monitored by fluorescence analysis. determining at lca~t om: fluorcscer:ce emission 

value corresponding to the treating agent concentration in the: system. 

In many fields chat employ polymers. it may be di:!sirable to use polymers 

containing pendant fluorescent groups thereby facilitating the monitoring of such 

polymers. By the tc1m "'monitoring" is meant herdn any type of tracing or tracking to 

detennine the location or route of the polymers, and any type ot determination of the 

concentration of the polymer at any given site, including singular or intermittent or 

continuous monitoring. For instance, it may be desirable to monitor water treatment 

polymers in water systems, particularly industrial water systems, or to monitor 

polymers that may be present in waste fluids before disposal, particularly industrial 
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waste fluids, or to monitor the polymer used for down-hole oil well applications, 

particularly the route taken after introduction down-hole, or to monitor polymers that 

may be present in fluids used to wash a manufactured product, for instance a polymer­

coated product, to determine the amount of polymer washed or leached therefrom. By 

fluids or liquids as used herein generaily is meant aqueous, non-aqueous. and mixed 

aqueous/non-aqueous fluid systems. As seen from the above list ofpossibk 

applications of polymer monitoring. the purpose of such monitoring may be to trace or 

track or determine the level of the poiymer itself, o: to trace or track or determine tr.e 

level of some substance in associalion with the po!ymer, or to determine some 

property of the polymer or suhstance in association with the polymer. for inst:i.nc.e its 

leachability or consumption, including a hydrothermal reaction. ·within :iw system. 

Com·cnrional techniques for mo::ii~oring polymers arc generally timc­

consuming and labor intensi\•e, and often require the use of bulky andior costly 

equipment. :\1ost conventional polymer analysis techniques require the prcp:::ration of 

chemical reagents and calibration curves for each type of polymer employed, which is 

time-consuming and laborious, particularly when a large variety of polymer 

chemistries is being employed. and the originally prepared calibration curves lose their 

accuracy if the polymer ~tructures change, for instance an acrylic acid ester mer unit 

being hydrolyzed to an acrylic acid mer unit. Direct methods \Vherein the level of 

functional groups present in a polymer is detem1ined analytically are gt.:ncra!ly n1.1t 

practical for industrial use, particularly when it is desired to monitor a polymer on a 

frequent or continuous basis, or when rapid monitoring results are needed. Indirect 

methods of polymer monitoring may provide results using simpler techniques, but in 

many instances faster and/or more accurate determinations are desirable. 

Polymers containing pend:mt fluorescent groups are generally easily 

monitored. even when present at JO\\.' concentratioP.s. Highiy fluorescent molecules, 

that is molecules \'\.'hich have a fluorescent quantum efficiency. or fluorescent quantum 

yield. within the range of from about 0.02 to about 1.0, and a light absorbance molar 

extinction coefficient of at least 300. are typically detectable at concentration ranges of 
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parts per million ("ppm") to parts per bill ion ("'ppb ") or even less. The incorporation 

of such a highly fluorescent species, in this case sodium styrene sulfonate. into a 

polymer in the amount of from about one mole percent (based on polymer actives) to 

about 30 mole percc:"lt will permit the detection of such polymer at polymer 

concentration levels down to 0.1 ppm or Jess. :.fore preferably, an effective 

incorporation of the sodium st}Tcne sulfonate monomer is in the range from ahout 5 

mole percent to about 15 JTI()le percent. The most preferable incorporation range for 

the sodium styTene sulfonatc monomer is from ahout 8 mole percent to about 12 mole 

percent wherein I 0 mole percent is preferred. 

}[would be desirable to provide a method of using polymers containing 

pendant fluorescent groups. It 'vould be desirable to provide a method wherein such a 

polymer would permit instantar.cous and continuous monitoring of the water confined 

within the system, st:ch as monitoring the fecJ water poly:i1er conce::itration without 

the addition of chemical reagents or inert tracers. ft would be desirable to provide a 

method that minimizes lhe r~action steps requir~d a.'1d minimizes the time required for 

such monitoring as well as a method that does nor require an operator to obtain a 

system water absorption or emission spectra, or employ chemometric analysis. 

It would be desirable to provide a method in which the concentration of the 

polymer is compared to the concentration of an inert tracer to detect specific 

consumption of the polymer within the systt:m. suc:-i as precipitation and hydrothermal 

reaction. It would be desirable to provide such a method that can be utilized in 

detennining cycles of concentration \.Vi thin a p:ir:icular system. for example, th~ 

measurement of boiler cycles. 

It would he desirable to provide such a method wherein the system 

consumption. such as a hydrothem1al reaction, of the polymer ca:i be monitored 

spectroscopically. It would be desirable to provide such a method wherein a typical 

treatme:it dos~ge concentration of polymer may be utilized. 

It woulJ also be desirable to provide a method wherein the polymer e::nables 

accurate determination of the optimum product dos:ige needed for treatment within a 
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system. These and other objects are provided by the present invention which is 

described in more detail below. 

Summary of the Invention 

One embodiment of the invention is the method for detennining a 

concentration of an anionically charged water soluble boiler water treatment polymer 

in a boiler water system. The boiler water system includes a source of a feedwater 

stream to the system as a first system parameter, a source of a blowdown stream from 

the system as a second system parameter, as well as a source of the soluble polymer in 

the boiler water as a third system parameter. The soluble polymer may undergoe a 

hydrothermal reaction at boiler water system operating conditions. The soluble 

polymer contains at least 0.01 % mer units of spectrophotometrically emitting 

moieties bound to the polymer chain. The method comprises the steps of: 

a. measuring at least one spectrophotometric characteristic of the soluble 

polymer contained in a sample of the boiler water; 

b. converting the characteristic to an electrical signal corresponding to the 

concentration of the soluble polymer in the boiler water; 

c. comparing the electrical signal corresponding to the concentration of 

the soluble polymer in the boiler water to an electrical signal corresponding to a 

desired concentration of the soluble polymer in the boiler water; and then, 

d. determining a gain or loss of the soluble polymer in the boiler water. 

Brief Description of the Drawings 

FIGURE 1 is a line graph showing fluorescence intensity over time. 

FIGURE 2 is a line graph showing the comparison of the known concentration 

of a standard and the observed concentration of the standard using the invention. 

FIGURE 3 is a graph showing the real time detection of polymer precipitation. 

FIGURE 4 is a fluorescence contour plot showing the kinetics of the 

hydrothennal reaction. 

FIGURE 5 is a fluorescence contour plot showing the kinetics of the 
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hydrothermal reaction. 

FIGURE 6 is a fluorescence contour plot showing the kinetics of the 

hydrothermal reaction. 

FIGURE 7 is a line graph showing that the weighted summation yields a 

constant. 

FIGURE 8 is a line graph showing fluorescence measurement tracking a 

polymer recovery test. 

FIGURE 9 is a line graph sho-.:1;ing the comparision betv.:een pol_;. mer rc~overy 

as measured by a polymer wet chemistry test and by the fluorescence r:lethod 

described in the text 

FIGURE 10 is a graph showing tile decay of the hydrothermal reaction signal 

following an oxygen upset. 

Description of the Preferred Embodiments 

One embodiment of the inventior. is the method for determining a 

concentration of an anionically charged water soluble boiler water treatment polymer 

in a boiler wacer sysrem. The boiler water system includes a source of a fee<hvater 

stream to the system as a first system parameter, a source of a blowdown stream from 

the system as a second system paramcrcr, as well as a source of the soluble polymer in 

the boiler water as a third system parameter. The soluble polymer may m1dergoe a 

hydrothennal reaction at boiler water system operating conditions. The soluble 

polymer contains at least 0.01 % mer units of spectrophorometrically emitting 

moieties bound to th~ polymer chain. The method comprises the steps of: 

a. measuring at least one spectrophotometric characteris:ic of t!le soluble 

polymer contained in a sample of the boiicr water; 

b. cont·erting the characteristic to an electrical signal corresponding to the 

concentration of the soluble pol:yn1cr in the boiler water; 

c. comparing the electrical signal corresponding to the concemration of 

che soluble polymer in the boiler water to an electrical signal corresponding to a 

desired concentration of the soluble polymer in the boiler water; and then, 
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d. determining a gain or loss of the soluble polymer in the boiler water. 

According to another embodiment of the invention. a sample of the boiler 

water containing the soluble polymer may be continuously passed through a flow cell. 

As such, a spectrophotometric characteristic of the polymer may be continuously 

measured, thereby continuously determining the gain or Joss of soluble pol)mer in the 

system. Because the concentration (and uitimately, control of) treatment agents can be 

done monitoring the feedwater or the blowdown water. the use of the term boiler W3ter 

will include either analysis unless the analysis is otherwise specified. 

In addition, when the comparison of step d indicates the gain or loss of the 

soluble polymer. at least one of system parameters, namely, a feedwater stream flow 

rate into the boiler water system. a blowdown stream feed rate from the boiler waler 

system. and a rate at which the soluble polymer is added ro the feedwater stre:un of the 

boiler water system. may be altered, wht:reby the desired concentration of the soluble 

polymer is maintained in the boiler water. 

At least one of the spectrophotometrically emitting moieties may be a styrene 

sulfonate group. While the preferred form of the ;tyrene sulfonate group is the para­

styrene sulfonate group, other forms, including meta and ortho styrene sulfonate 

groups may be used. The soluble polymer may contain carboxylatc-containing mer 

units selected from the group consisting of acrylic aci<l, methacrylic acid. crotonic 

acid, vinyl acetic acid, 4-methyl-4 pentenoic acid. maleic acid. and itaccnic acid, as 

well as others. Additionally, the soluble polymer may contain non-carboxylatc 

containing mer units selected from the group consisting of sodium vinylsulfonate, 

vinylphosphonic acid, isopropenylphosphate. ally! polyethers, 2-acrylamido-2-

methylpropanc suJfonic acid, allylsulfonic acid, ally! alcohol, hydroxyerhyl 

mcthacrylatc. >J.-vinylimidazole, 2-vinylpyroli<lint:. 4-vinylpyridine. and vinyb.:cta~c. 

as well as others. The soluble polymer may con:ain at least 10 % mer units of acrylic 

acid or water soluble salts of acrylic acid. 

In another embodiment of the invention, the spectrophotometric characteristic 

sensed may be a fluorescent characteristic. The electrical signal corresponding to the 
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concentration of the soluble polymer may be continuously compared to the electrical 

signal corresponding to the desired concentration of the soluble pol)'mer. In addition. 

the electrical signal corresponding to the concentration of the soluble polymer may be 

intermittently compared to the electrical signal corresponding to the desired 

concemration of the soluble polymer. 

Another embodiment of the invention is the method for determining a gain or 

loss as well as the addition amount of an anionically charged water soluble boiler 

water treatment polymer in a boiler \'l!atcr system. The boiler water system include.; a 

source of a feedwater stream to the system as a first system parameter, a source of a 

blowdown stream from the system as a seco:1d system para::neter. as wc!l as a sour:::e 

of the soluble polymer in the boiler water as a third system parameter The soh!b!e 

polymer may undergoe a hydrothermal reactil)n al boiler v.:atcr system opc:a~i:"'l~~ 

conditions. The soluble polymer contains at least 0.0 l "i'O mer uni is cf 

spectrophotometricatly emitting moieties bound to the polymer chain. The me:hod 

comprises the steps of: 

a. adding a substantially inert tracer that is substantially inert to the system in 

a known ratio to the soluble polymer; 

b. measuring at least one spectrophotometric characteristic of th1::: soluble 

polymer and measuring at least one spcccrophotometric char::icter:istic of the tracer 

contained in a sample of the boiler \'later; 

c. converting each of the characteristics to electrical signals co:responding to 

the concentration of the soluble polymer and concentration of the trac;.:r, respccrively; 

and, 

d. comparing the electrical signal corresponding to the soluble pol.rn1er 

concentration to the electrical si!?nal co:i-csponding to !he t;-a:.:cr concentration. 

thereby determining the gain or loss of the soluble polymer in th~ system and the 

amour:r of soluble polymer added to the system. 

A sample of the boiler water containing the soluble polymer may be 

continuously passed through a ilO\v cell. As such, a spectrophotometric characteristic 
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of the polymer may be continuously measured, thereby continuously determining the 

gain or loss of soluble polymer in the system. 

In addition, an alam1 may be activated when the comparison of step d indicates 

a gain or loss of the soluble polymer. \Vhen such a gain or loss of soluble polymer is 

indicated, at least one of the system parameters, namely, a feed water stream flow rate 

into the boiler water system, a. blowdown stream flow rate from the boiler water 

system, and a rate at which the soluble polymer is added to the boiler water system, 

may be altered, whereby a desired concentration of the soluble polymer may be 

maintained in thi:: boiler water system. 

At least one of the spectrophotometrically emitting moieties of the soluble 

polymer may be a styrene sulfonate grou;:i. The soluble polymer may contain 

carboxylate-containing mer units selected frorn tl-:e group consisting of acrylic acid. 

methacrylic acid. crotonic acid. vinyl acetic acifl. 4-methyl-4 pentenoic acid, malcic 

acid, and itaconic acid. Additionally. the soluble polymer may contain non­

carboxylatc containing mer units selected from foe group consisting of sodium 

vinylsulfonate, vinylphosphonic acid, isoprnpenylphosphate. allyl polyethers, 2-

acrylamido-2-mcthylpropanc sulfonic acid. allylsulfonic acid, allyl alcohol, 

hydroxyethyl methacrylatc. N-vinylimidazo!e, 2-vinylpyrolidi:'lc, 4-vinylpyridine, and 

vinylacetate. The soluble polymer m::::y contain :i.t least 10 ~-6 mer units of acrylic acid 

or water soluble salts of acrylic acid. 

The electrical signal corresponding to the concentration of the soluble polymer 

may be continuously compared to the electrical signal corresponding to the tracer 

concentration. The electrical signal corresponding to the concentration of the soluble 

polymer may b:: intcrmittenlly comparl!d to the i;lectrical signal corTespon<ling to the 

tracer concentration. The spectrophotomctri::.: cl:aracteristics sensed may be 

fluorescent characteristics. 

Anothi::r emhodiment of the invention is a method of determining boiler cycles 

of concentration in a boiler water syster.1 containing an anionically charged water 

soluble boiler water treatment polymer. The boiler water system includes a source of 
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a feedwater stream to the system as a first system parameter, a source of a blowdown 

stream from the system as a second system parameter, as welJ as a source of the 

soluble polymer in the boiler water as a third system parameter. The soluble polymer 

undergoes a hydrothermal reaction at boiler water system operating conditions. The 

soluble polymer contains at least 0.01 % mer units of spectrophotometricaHy emitting 

moieties bound to the polymer chain. The method comprises the steps of: 

a. adding the soluble polymer to a feedwater stream entering the boiler water 

system; 

b. measuring at least one spectrophotometric characteristic of the soluble 

polymer contained i~ a sample of the feedwater stream; 

c. allowing at least a portion of the soluble polymer to hydrothermally react 

into a reaction product as the soluble polymer passes through the boiler water system; 

d. measuring at least one spectrophotometric characteristic of the remaining 

soluble polymer and measuring at least one spectrophotometric characteristic of the 

reaction product contained in a sample of the blowdown stream; 

e. converting each of the measured characteristics to electrical signals 

corresponding the concentration of the so1uble polymer in the feedwater stream, the 

concentration of th~ remaining soluble polymer in the blowdown stream, and the 

concentration of the reaction product in the bJowdown stream, respectively; and. 

f. using the concentration of the soluble polymer in the feedwater stream, the 

concentration of the remaining soluble polymer in the blowdown stream and the 

concentration of the reaction product in the blowdown stream to detennine the boiler 

cycles of concentration of the boiler system. 

The sample of the feed water stream containing the soluble polymer may be 

continuously passed through a flow cell. As such, at least one spectrophotometric 

characteristic of the soluble polymer may be continuously measured, thereby 

continuously determining the boiler cycles of concentration in the system. 

A sample of the blowdown stream containing the remaining soluble polymer 

and reaction product may be continuously passed through a flow cell. As such, at 
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least one spectrophotometric characteristic of the remaining soluble polymer and at 

least one spectrophotometric characteristic of the reaction product may be 

continuously measured, thereby the boiler cycles of concentration in the system is 

continuously determined. 

Another embodiment of the invention is a method for spectrophotometrically 

monitoring a soluble polymer recovery value in a boiler water system containing an 

anionically charged water soluble boiler water treatment polyrr.er. The boiler water 

system includes a source of a feedwatcr stream to the system as a first system 

parameter. a source of a blowdown stream from the systt!m as a second system 

parameter, as well as a source of the soluble polymer as a third system parameter. The 

soluble polymer passes through the boiler water system under boiler water system 

operating conditions. The soluble polymer contains 3t leas: 0.01 % mer units of 

spectrophotomctrically emitting moieties bound to the polymer chain. The method 

comprises the steps of: 

:i.. adding the soluble polymer to a feed,vatcr stream of the boiier system; 

b. allowing at least a portion of the soluble polymer to hydrothermally react 

into a reaction product as the soluble polymer passes through the boiler watc:::r system; 

c. measuring at least one spectrophotometric characteristic of the remaining 

soluble polymer and at least one spectrophotometric characteristic of the reaction 

product in a sample of the blowdown stream: 

d. converting each of the measured characteristics to electrical signals 

corresponding to the concentration of the remaining soluble:: polymer in the blowdO\vn 

stream and the concemration of the reaction product in t:ic hlowdown stream, 

respectively; and, 

e. using the concentrations of the remaining soiuble poiymcr in blow<lown 

stream and the concentration of the reaction product in the blov.<lm.vn stream to 

determine the soluble polymer recovery value within the boiler water system. 

A sample of the blowdown stream containing the remaining soluble polymer 

and the reaction product may be continuously passed thro•1gh a flow cell. As such, at 
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least one spectrophotometric characteristic of the remaining soluble polymer and at 

least one spectrophotometric characteristic of the reaction product may be 

continuously measured, thereby the soluble polymer recovery value within the boiler . . 
water system is continuously determined. 

The soluble polymer recovery value for the boiler water system may be used to 

detennine an optimum concentration of the soluble polymer needed to effectively treat 

the boiler water system. 

1) FEEDWATERCONTROL 

The polymer ofthe invention would allow for instantaneous and continuous 

monitoring of the feedwarer polymer concentration without the addition of chemical 

reagents or an inert tracer. This is accomplished by monitoring the fluorescence 

intensity of the treating agent at at least a single set of excit:i.t:on and emission 

wavelengths. As mass.flow rates in the boiler system cbng~. the concentration of 

polymer in the feedwater may also change. This change i:1 concentration would be 

reflected as a change in fluorescence intensity as measured at the set of excitation and 

emission wavelengths. This capability pem1its automated boikr chemical feed, with 

the feed rate of the internal treatment chemical (treating agent) automatically varying 

to adjust for swings in boiler feed water mass flow rates (which can be caused by 

varying steaming mies, blowdown flow rates and other variables). Yfonitoring of tht: 

polymer cou1d also be used to control rhe feed rate of other chemicals that would be 

delivered to the system in fixed proportion to the polymer. Ff GURE 1 shows an 

example of an on-line measurement of styrene su!fonate, "SS", fluorescence at various 

polymer concentrations. (Excitation \s.tavelength was 254 nm and emission 

wavelength was 300 run.) FrGURE 1 shows the detection limit measurement. 

FIGURE 2 shows an example of the correlation between the actual polymer 

concentration (measured using laborious laboratory based p:-occdures)and the 

concentration as measured hy SS fluorescence (for AA/SS as 95/5 mole%). 

2) P04YMER PRECIPITATION AND HYDROTHER.i'1tAL REACTIONS 

The pol)mcr concentration can he compar~d to that of the concentration of an 
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inert tracer to detect specific gain or loss of the polymer (treating agent) due to 

precipitation, re-dissolution, or hydrothermal reaction . This is accomplished by 

monitoring the fluorescence intensity of the treatment agent (polymer) at a single set 

of excitation and emission wavelengths and monitoring the fluorescence intensitv of 

the inert tracer at a different set of excitation and emission wavelengths. (As the 

polymer undergoes a gain or loss, such change is reflected in a ch:mge of intensity ;?.t 

the set of wavelengths, which ca:i be measured spectrophotomctrical!y.) For example, 

if a hardness upset occurred, it may cause precipitation of th::: polymer. \'Vhich could be 

monitored by following the decrease in the acrylic acid/ styrene sulfonatc polymer, 

.. AA/SS", fluorescence compared to the fluorescence of the ir,ert tracer in the boiier 

blowdown. 

An exam::>lc of this is giYc::n in FIGURE 3, showfr1g :rc.:ating a simulatc<l 

hardness upset with A.A/SS at 99:'1 mole%. In a boiler sy~tcm. h:rrsh focdwatcr 

hardness upset conditions were created by adding 5.5 ppm Ca (as CaC0.1) to the 

feedwatcr. The blowdown inert tracer, 1.0 ppm of 1,5-naphthalene <lisulfonic acid 

(NDSA), concentration represented by the <lashed line. \\'as unaffocled hy the upset, 

since it is inert. The ANSS polyme:- containing I mole p~rcent of SS. however. 

precipitated as a calcium salt, as indicated by the drop in A.A'SS ;:iolyrner fluorescence 

after the upset. The AA'SS polymer fluorescence is represented by the solid line. 

The AA/SS polymer fluorescence can also be uscJ to measure boiier cycies. 

Before this application can be described. it is necc.:ssary to giv~ some hackground 

information. Under conditions typical to many boilers. the AA/SS j:>Ol:ymcr undergoes 

partial hydrothermal re.iction. a:-J.d this reaction c:in be follo\s,'ed .:;pectroscopically. As 

the polymer undergoes the hydrothermal reaction, the ch:.i.ngc in concentration is 

reflected in a change in the spectrophotometric intensity al the wavelengths of the 

polymer. This was demonstrated by heating a :;olmion ofAA./SS polymer at 600 psig 

(254°C) and pH = 11 ancl measuring its fluorescence properties as a. function of time. 

The results arc summarized in FIGURES 4, 5. and 6. FIGlJRE 4 shows the 

fluorescence spectrum at the beginning of the test (at approximately 0. t hours). Since 
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no hydrothermal reaction has yet occurred, the spectrum is simply that of the AA/SS 

polymer. After heating for seven hours, a new fluorescence feature 

(spectrophorometrically measured at a different set of\vavdcngths) has appeared (see 

FIGURE 5), and this is due to a hydrothermal reaction product. Further heating for a 

total of 29.5 hours caused this reaction product to grow in intensity, with a 

concomitant decrease in the AA/SS polymer fluorescence.:, as seen in FIGURE 6. 

FIGCR.ES 7. 8, and 9 show a plot of the fluorescence signal of the AAJSS 

polymer, represented by the d:irk ci:-cl~.;. and the reaction product. represented by the 

dark squares, as a function of time. As the hydrothem1Jl reaction occurs, the polymer 

fluorescence decreased and the reaction product increased with time. (One would not 

need to know the chemical identity nf the reaction product m exploit this method nor 

does there need to be oniy a single reaction product that could be 

spectrophotometrically measured. A variety of s<.:ts of w~t\'ekagths could be used to 

monitor the polymer or the reaction product to follo\v the progress of the hydrothermal 

reaction.) A weighted summation of thes~ t'>VO signals is very nearly a constant. The 

weighted summation of the two signais, t:uore.scence intt.:nsity of the AA/SS polymer 

(90/10) as added to the system, I( poly), and the tluoresccncc intensity of the reaction 

product, !(reaction prod). rcspecrively, can be expressed JS: 

I(poly) + k f{reaction proc.!) = con~t:mt 

wherein "k'" is a weighring constant. Data taken al 600 psig (~5.FC); 800 psig 

(272°C); and 1000 psig {286"C) were subjected IO a fitting algo1irhm to extract the 

best fit value of "k". A;i ex1mp!c of this fit is shown in FIGURE 7. 

3) MEASUREME~T OF BOILER CYCLES 

Recently. boiler cycles have hcen measured using an inert tracer, a benchmark 

method in this area. Ho\vcv::-r, there may be applications -.vhen:in it is not desirable to 

add inert tracers to boiler systems. Even though the .!\.:\/SS polymer is not inert. and 

undergoes the above mentioned partial hydro~hennal reaction under boiler conditions, 

it is still possible to t:sc the: AA/SS polymer fluorescence to extract boiler cycles. 

Empirically. it has been discovered that cycles c;:m be cakula:ed using the following 
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expression: 

!(poly, bd) + k l(reaction prod. bd) 

Cycles == f X - - - - - - - - - - - - - - - - - - - - - - - -

!(poly, fw) 

wherein !(poly. bd) and I(poly, fw) are the fluorescence intensity of the AA/SS 

polymer in the boiler blowdown and feedwater, respectively. !(reaction prod, bd) is 

the fluorescence intensity of the hydrothennal reaction product in the blowdown ... k .. 

(weighted summation constant) is the constant extracted from the fitting algorithm 

described above. and .. f. (correction factor) is a correction factor to account for the 

kineticalJy rapid initial stage in the hydrothermal reaction of ANSS polymer. 

A demonstration of the determination of cycles of concentration using this 

method is summarized in Table I. The detennination of cycles. using the AA/SS 

polymer method. were made using values of k and f calculated using data collected 

from autoclave tests and applied to electric test boiler experiments. Tests were 

conducted at both 600 and 1000 pounds pressure. 
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TABLEl 

Measurement of cycles of concentration in an electric test boiler operating at 

600 psig pressure using a fluorescent inert tracer (fluorcscein) and the AAJSS polymer 

method detailed in this patent application are shown in Table I. Steaming rate of the 

boiler was held constant at 54 mliminute, and the blowdown rate was varied. 

fluorescent Inert Trac~r 

' 
Sample AA/SS Polymer Method Cycles (Fluorescein) •" I 

Cycles"' I 
1 12.0 11.:! l 
2 lU I tJ.:: 

-; 
l 

3 10.7 I 9.') 
I 

' 
4 30.7 28.9 I -
5 l 30.7 .N.9 _J 
6 26.9 26.9 I 

--.I 
7 26.6 24.i I 
8 28.5 21.0 ! 
9 34.7 29A ! 

l 
10 47.8 47.9 I 
ll 10.4 10.9 I . 
12 9.4 JO.! 

~ 13 10.5 10.2 

14 26.2 24.5 i 
I 

15 :no ' 25.t.. 
----; 

i 

16 25.8 24.6 _J 

*Boiler cycles as measured by the .-\A/SS polymer fluorescence tech;iique described 

above. 

**Boiler cycles as measured using an inert fluorescent tracer. 

TABLE JI 

Measurement of cycles of concentration in an electric test boiic:r opt:rating at 

1000 psig pressure using a fluorescent inert tracer (fluorescein) and the AAiSS method 
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detailed in this patent application are shown in Table II. Steaming rate of the boiler 

was held constant at 54 ml/minute. and the blowdov.11 rate was varied. 

Fhmrescent Inert Tracer 

Sample AA/SS Polymer Method Cycles (Fluorescein) "'* 

Cycles * 

l 8.9 10.l i 
2 9.6 9.2 l 
3 16.9 19.J i 

i 
____, 

4 15.S 16.9 j 

*Boiler cycles as measured by the AAJSS polymer fluorescence technique described 

above. 

**Boiler cycles as measured using an inert fluorescent tracer. 

4) POLY:\-'IER RECOVERY (THERMAL-STRESS RESPONSIVE 

POLYMER) 

The hydrothermal reaction of A.!i.JSS polymer under boiler conditions can be 

monitored spectroscopically, as described above. As a result. it is possible to cxplt)it 

this reaction to provide a probe of the stress conditions inside a boiler. Thus, 

fluorescence mc11surements can be used to dctennine the fraction of th:.:: A.A/SS 

polymer surviving passage through the boiler (referred to as "polymer recovery"). 

Polymer recovery can be calculated using the expression: 

!(poly. bu) 

Polymer Recovery ::;: x 
l(poly. bd) + k !(reaction prod, bd) 

wherein all of the tcnns are as described above. 

100 

This method is demonstrated in F!GlJRES 8 and 9. FIGURE 8 plots polymer 

recovery using both the new fluorescence and current wet-chemistry methods. The 

t\vo methods are in excellent agreement. as demonstrated in FIGURE 9, which plots 

fluorescence polymer recovery versus the current method of po\yme:- recovery. The 
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plot forms a line:: with a slope nearly equal to l .O, indicating close correlation. 

This fluorescent method of dctcnnining polymer recovery has several 

advantages over the current method. The current method utilizes a wet chemical test 

requiring two reagents, has moderate precision and accuracy, has a relacively high 

concentration detection limit, and can be more difficult to perform in the field . This 

new fluorescent method requires no chemical reagent.;. has a Jov,: concentration 

detection limit, good precision and accuracy, and is very easy to perfonn. As an aside, 

notice that the above equation does not contain any terms thar require :my 

measurements from foedw3t:;r samples. Thus. it is possible to detenninc polymer 

recovery using this method solely frorr. a blowdown sampie. :md it is not necessary to 

have knowledge of the boiler operating cycles. The current we:-chemist:}' m~thod 

requires measurements to be performed on both blowdO\.'.'O :md fcc<hvat~r sampks. 

and requires an inen tracer to measure ooikr cycles. 

S) CUSTOM DOSAGE OPTI.MIZA TIO:"/ 

The above described measurement of poiymer rel'overy using fluorescence 

enables AAJSS polymer to be utilized as a thcnnal-scrcss responsive polymer. This 

thermal-stress responsive polymer can be exploited to accurately derenninc the 

optimum product dosage needed for boiler internal treatment. For boiicrs that cxoosc 

treatment chemicals io high thcnnal stress. a high rreatmcm dosage is needed to 

accommodate the ineviw.ble hydrothermal reaction and d~:•truction of the internal 

treatment chemical (typically organic molecules). This is recognized in t!le fact that 

typically recommc::mled polymer dosage increases with increasing boiler operation 

pressure. However, operating pressure is tmly on:.: factor affecting the thermal 

exposure of an internal treatment product. .-\dditionally, boiier firir.g rate. holding 

time, flow dynamics, and riser-tube heat fluxes and other va.-iables all impact the 

thermal exposure of the treatment. This invention would provide a measurement of 

the thennal exposure oftl~e treatment amt would be: .sensitive to all of the above 

factors. Once the thermal exposure of the treatment is kno-.11m, an accurate 

determination of the optim.'.ll product dosage can be obtained for each boiler »ystem 
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under each specific set of operating conditions. Optimizing dosages in this manner 

can potentially improve both the perfonnance a:1d the cost-effectiveness of a treatment 

program. 

A specific boiler design can have very different fluid dynamics, based on how 

each individual boiler is constructed and fired. Additionally, many boilers are 

designed to allow operation at a wide variety of conditions; and variations of such 

conditions may alter the optimal dosages of treating agents. One example would be 

the same boiler design wherein one boiler is fired using natural gas and another boiler 

is fired by a coal stoker. A second example would b:::. using the same boiler design, 

wherein one boiler is fired and another boiler is used as a '".:aste heat boiler. Another 

example would be. using the same boiler design, v•;hcrc:in 0:'1e boiler is operated at 600 

psig and another boiler is operated at 1000 psig. Tf:e tbi;J dynamics of the boiler 

system operated ac 1000 ps:g can be: dram:.i:iL"ally \!ifferent than the fluid dynamics of 

the system operated at 600 psig. The dosage of treatment agent must be altered to met 

the requirements of the boiler system for e~ch ser of oper::iting variables. 

The following examples are presented lo describe preferred embodiments and 

utilities of the im•ention and are not :neant to limit the invention unless otherwise 

stated in the claims appt:nded hereto. 

Example 1 

Aqueous solutions of an 80/20 AtVSS polymer 'vere prepared such that the 

concentrations of SS moieties was 5 x Io·~· :vi, 2.5 x 10·5 Iv[. and l x I ff5 M, and the 

resulting solutions passed through an on-line fluornmeter. The fluorometer used a 

mercury lamp for excitation and an photomuitipli:::r tube for fluorescence detection. 

An optical filter having a transmission maximum at 254 nm with a 10 nm spectral 

width was used to select the excitation wavelength, and a filter with a transmission 

centered at 300 run and a 40 nm spectral width 'Nas used to select the detection 

wavelength. Deionized water was passed through th::: fluoromcrcr to establish a 

baseline. and then the five samples were in tum passed through the fluorometer, 

followed by deionized water to verify the baseiine. The resulting fluorescence data as 
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a function of time is shown in FIGURE 1. This data demonstrates how fluorescence 

from ANSS polymer can be used for on-line feedwater control. 

Examplel 

Aqueous solutions of a 95/5 ANSS polymer were prepared such that the 

concentration of the polymer ranged from 10 to l 00 parts per million (ppm), by 

weight. The resulting solutions were passed through an on-line fluorometer. The 

fluorometer used a mercury lamp for excitation and an photomultplier tube for 

detection of the fluorescence. An optical filter having a transmission maximum at 254 

run with a l 0 run spectral width was used to select the excitation wavelength, and a 

filter with a transmission centered at 290 run and a l 0 nm spectral width was used to 

select the detection wavelength. Two calibration solutions, one having I 00 ppm 

polymer and another containing only deionized water, were used to calibrate the 

instrument to make it possible to convert the fluorescence signal into a measured 

polymer concentration. A plot of the polymer concentrations measured in this manner 

versus the known concentrations of the solutions is shown in FIGURE 2. The data 

shows excellent linearity, and can be very accurately fit to a straight line. 

Example3 

An electric test boiler at 600 psig pressure was operated at 10 cycles of 

concentration on feedwater adjusted to pH== 10 which containe<l 10.2 ppm of 99/1 

AlVSS polymer having an average molecular weight of 74,000 as measured against 

polystyrene sulfonate standards. 30 ppm NaCl, and 0.1 ppm of 1,5-naphthaJene 

disulfonic acid (NDSA) as an inert tracer. Over a period of four days, the feedwater 

concentration of calcium was slowly increased from zero to 5.5 ppm. and the 

blowdown fluorescence of the inert tracer (NDSA) and the AA/SS polymer were 

monitored using on-line fluorometers. The NDSA fluorometer used 290 run for 

excitation and detected the fluorescence emission at 330 run, while the ANSS 

polymer fluorometer used the same wavelengths as in Example 1. FIGURE 3 shows 

some representative data. At times between zero and two hours, the feedwatcr Ca (as 

CaC03) concentration is 4.5 ppm and the polymer is still remaining soluble in the 
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boiler water. At a time of two hours. the fccdwater hardness was suddenly increased 

to 5.5 ppm, simulating a hardness upset. Shortly afterwards, the ./\.!\/SS polymer 

fluorescence signal in the blowdown began to steadily decrease relati\·e to the l\1DSA 

inert tracer, indicating precipitation of the calcium salt of ANSS polymer. This 

example shows how this invention can monitor in real time any polymer precipitation 

due to a sudden hardness upset. 

f_lilllp!U 

An electric test boiler at 600 psig pressure was operated oa feed water adjusted 

to pH = 10 which contained 10.0 ppm of 90/l 0 AAiSS polymer and l ppm fluorescein 

inert tracer. The steaming rate was set to 54 ml/minute. and the blowdown rate was 

varied to change the boiler cycles of concentration.:>. The resulting boiler operating 

cycles were measured by two independt!nt methods. First, cycles w1:re ca!Clllatcd by 

dividing the fluorescence intensity of fluorescein in the boikr blowdown by the 

intensity seen in the feedwater. Second, the cycles were determined by using the 

method described in this patent, using a value of k = 0.319 and f = 1.35 7. The results 

are summarized in Table I. Excellent agreement is seen between boilt,r cycles as 

c3lculated by these two mc!hods. 

Example 5 

An electric test boiler at 1000 psig pressure was operated on fecdwater 

adjusted to pH= lO which contained 7.0 ppm of90/!0 AAJSS polymer ::md 0.5 ppm 

fluorescein inert tracer. The steaming rate was sc:t to 54 ml/mi:1ute. and the blowdown 

rate was varied to change the boiler cycles of concentrations. The resulting boiler 

operating cycles were measured by two independent methods. First. cycles were 

calculated by dividing the fluorescence intensity of fluorescein in the boiler blowdown 

by the intensity seen in the feedwatcr. Second. the cycles were detcm:ineJ by using 

the method described in this patent. using a value ofk = 0.319 and f= 1.357. The 

results are summarized in Tahle IL Excellent agreement is seen bet\vccn boiler cycles 

as calculated by these two methods. 
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Example <i 

A 10.8 ppm solution of90/10 ANSS polymer at pH== 11 was heated in an 

autoclave at 254°C and 600 psig. After various amounts of time, a sample was 

collected, and the fluorescence intensity at various excitation and emission 

wavelengths were obtained. The data are displayed as contour plots in FIGlJRE 4. 

After 0.1 hours, the characteristic fluorescence spectrum of ANSS polymer is 

observed (FIGURE 4 ). After heating for .seven hours at 600 psig. a new fluorescence 

feature is observed to grow in intensity (see FIGURE 5). After a period of 29.5 hot.: rs, 

this new band is observed to continue to still further grow in in~ensity, with a 

concomitant decrease in the intensity of the A.AJSS polymer fluorescent peak, as 

shown in FIGURE 6. This example demonstrates how the hydrothem1al re;:iction of 

the polymer can be followed using fluorescence methods. 

Example 7 

A 10.8 ppm solution of90/10 AA/SS polymer at pH'"' l l was heated in an 

autoclave at 254° C and 600 psig. After various amounts of time. a sampl~ was 

collected, and the fluorescence intensity at various excitation and emission 

wavelengths was obtained. As shown in FIGURE 7. the fluorescence imensity of the 

AA/SS polymer (excitation wavelength= 228 nm, emission wavelength= 275) is 

observed to decrease in intensity as a function of time as hydrothermal reaction 

proceeds while the fluorescence intensity of the reaction product (excitation 

wavelength= 290 run. emission wavelength= 370 nm) is ohserved to increase in 

intensity as a function of time as the hydrothermal reaction proceeds. A weighted 

summation of these two quantities. using a weighted summarior: constant (k) of 0.319. 

is observed to yield a nearly constant value::, as shown in FIGURE 7. This 

fluorescence data was used to calculate the polymer recovery p~rcentage. as descrit>cd 

in this patent. 

The polymer recovery was also determined by quantit}·ing the amount of 

surviving polymer using a polymer turbidity test. In this test. a cationic surfactant is 

used to react with the anionic carboxylate functionality, forming an insoluble 
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polymeric complex. The concentration of this polymeric complex can then be related 

to the resulting turbidity of the solution. The following equation was applied: 

(turbidity of polymer in bd I turbidity of polymer in fw) 

% recovered = 100 X 
~~~~-~~~~~~~~~~~~~~~~~~-

polymer (Concentration of tracer in bd/Concentration of tracer in f\.v) 

Close agreement is seen between the two methods, as shown F:GURE S. This 

agreement is further highlighted in FIGURE 9, \\:hich plots the polymer recovery 

percentage as measured by the fluorescent method described i:i this patent 

( .. Fluorescence Method") as a function of the polymer recovery percentage as 

measured by the wet-chemistry polymer turbidity test (Polymer test reclwe:-y}. 

ExampkJ~ 

An electric test boiler was operated at 10 cycles on feedwat~r adjusted to pn 
10, which contained between 2.0 and 10.0 pp:n of90/10 ANSS. The boiler operating 

pressure was varied between 600 and 1500 psig. The polymer recovery was measured 

using the fluorescence method detailed in the text. The polymer rccov::ry was 98.6%. 

92.1%, 71.6% and 40.0% at 600, 1000. 1~00, and 1500 psig, respecrively. 

This is in reasonable agreement with the corresponding values of 96. l %. 

85.6%, 76.0%, and 35.3%, respectiveiy. measured with using the traditional wet­

chemistry method. This illustrates how polymer recovery can ch~mge in a single 

boiler by varying an operating parameter, in this case pressure. Other parameters, 

including boiler design, firing, and mass flow rates also influence polymer recovery in 

any specific industrial boiler. Thus, for a panicular boiler, the dosage of polymer fed 

to tht: system may be optimized based on the polymer recovery determir.:.uion. 

For example, using t!~e .boiler detailed above. and assuming that a 

concentration of 5.0 ppm of active treatment agent is desired in the bojk:- and the 

boiler is operating at 10 cycles, :he optimum amount of polymer to be added to the 

boiler feedwater is 0.51. 0.54, 0.60, anJ l .35 ppm for 600, l 000 . l 200, Jnd l 500 psig 

operating pressures. respectively. This concentration will yield a 5.0 ppm 
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concentration ofundecornposed polymer in the boiler water under the cycles and 

polymer recovery conditions detailed above. The optimum amount of feed will be 

unique for each individual boiler, and will differ even among boilers operating at the 

same pressure. 

Example 9 

An electric ksl boiler was operated at 25 cycles on feedwater adjusted to pH 

10, which contained 100 ppb of an inert fluorescent tracer. t .45 ppm of 90/lO ANSS, 

and Ca, Mg, and Si at concentrations typical of that found in sof~ened water. The 

fluorescence intensities of the inert fluorescent tracer (excitation wavelength= 470 

run, emission wavelength= 520 nm) and the AA/SS hydrothermal reaction product 

(excitation wavelength= 290 nm, emission ivavelength = 370) were monitored in the 

boiler blowdown. After a steady state condition was reached. the boi!er dcaerator was 

by-passed, and oxygenated foedwarer W.'.!S fed directly into the boiler for about l 0 

minutes, and then deacration of the feed water was resumed. High oxygen 

concentrations are known to produce rapid reactions with most organic molecules at 

boiler operating temperatures inciuding Boiler \Vater Treatment Polymers. The 

resulting on-line data was used to calculate t!':c polymer recovery (assuming no 

decomposition of the inert tracer) and the results arc shown in FIGURE I 0. \Vhen the 

oxygenated feedwak:r was addcc to the boilc:-, there was a sharp drop in polymer 

recovery due to extensive thermal reactions promoted by the oxygen. The polymer 

recovery gradua!Iy rose to the initial valu::: as the reaction products were purged &om 

the boiler via the boiler blowdown. Tbs, two identical boilers. having simil.:lr 

operating pressure, firing, and mass flow dyn:imics, may nonetheless have differing 

dissolved oxygen concentrations in their .feedwatcr, yielding different polymer 

recovery values. This difforc"!lce in polymer recovery would lead to diffe:-enccs in the 

necessary amount of treatment chemical in th.:; focdwatcr for optimum performance. 

Changes can be made in rhe composition. operation and arrangement of the 

method of the present invention described herein without departing from the concept 

and scope of the invention as defined in the following claims: 
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CLAIMS 

1. A method for determining a concentration of an anionically charged 

water soluble boiler water treatment polymer in a boiler water system, there being a 

source of a feedwater stream to the system as a first system parameter, a source of a 

blowdown stream from the system as a second system parameter. as well as a source 

of the soluble polymer in the boiler water as a third system parameter, and wherein the 

soluble polymer undergoes a hydrothermal reaction at boiler water system operating 

conditions, and the soluble polymer contains at least 0.01 % mer units of 

spectrophotometrically emitting moieties bound to the polymer chain, the method 

comprising the steps of; 

a. measuring at least one spectrophotometric characteristic of the soluble 

polymer contained in a sample of the boiler water; 

b. converting the characteristic to an electrical signal corresponding to the 

concentration of the soluble polymer in the boiler water; 

c. comparing the electrical signal corresponding to the concentration of 

the soluble polymer in the boiler water to an electrical signal corresponding to a 

desired concentration of the soluble polymer in the boiler water; and then, 

d. determining a gain or loss of the soluble polymer in the boiler water. 

2. The method according to Claim 1, wherein a sample of the boiler water 

containing the soluble polymer is continuously passed through a flow cell and therein 

continuously measuring a spectrophotometric characteristic of the polymer, whereby 

the gain or loss of soluble polymer in the system is continuously dctennined. 

3. The method according to Claim l, when the comparison of step d 

indicates the gain or loss of the soluble polymer, further comprising altering at least 

one of system parameters: a feedwater stream flow rate into the boiler water system, a 

blowdown stream flow rate from the boiler water system, and a rate at which the 

soluble polymer is added to the feedwater stream of the boiler water system whereby 

the desired concentration of the soluble polymer is maintained in the boiler water. 

4. The method according to Claim 1, wherein at least one of the 
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spectrophotometrically emitting moieties of the soluble polymer is a styrene sulfonale 

group. 

5. The method according to Claim 1, wherein the soluble polymer 

contains carboxylate-containing mer units selected from the group consisting of 

acrylic acid, methacrylic acid, crotonic acid, vinyl acetic acid, 4-methyl-4 pentenoic 

acid, maleic acid, and itaconic acid. 

6. The method according to Claim 1, wherein the soluble polymer 

contains non-carboxylate containing mer units selected from the group consisting of 

sodium vinylsulfonate, vinylphosphonic acid, isopropenylphosphate. allyl polyethers, 

2-acrylarnido-2-mcthylpropane sulfonic acid. aliylsulfonic J.cid. ally! alcohol, 

hydroxycthyl methacrylatl!. N-vinylimidazole, 2-vinylpyrolidin~. 4-vinylpyridine. and 

vinyl acetate. 

7. The method according to Claim J, wherein :be soluble polymer 

contains at least l 0 % mer units of acrylic acid or warer soluble salts of acrylic acid. 

8. The method according to Claim 1, whcrc::in tr.c:: ~pectrophotometric 

characteristic sensed is a fluorescent characteristic. 

9. The method according to Claim I, wherein the electrical signal 

corresponding to the concentration of the soluble polymer is continuously compared to 

the electrical signal corresponding to the desired concentration of the soluble polymer. 

10. The method according to Claim l. wherein th~ electrical signal 

corresponding to the conc.::ntration of the soluble polymer is i:ucrmittcntly compared 

to the electrical signal com:sponding to the desired concentration of the soluble 

polymer. 

11. A method for detennining a gain or loss i!nd addilion amount of an 

anionically charged water soluble boiler water treatment poly:ner in a hailer water 

system, there being a source of a feedwater stream to the system as a first system 

parameter, a source of a blowdown stream from the system as a second system 

parameter, as well as a source of the soluble polymer in the boiler water as a third 

system parameter, and wherein the soluble polymer undergoes :i hydrothermal reaction 
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at boiler water system operating conditions, and the soluble polymer contains at least 

0.01 % mer units of spectrophotometrically emitting moieties bound to the polymer 

chain, the method comprising the steps of: 

a. adding a substantially inert tracer that is substantially inert to the system in 

a known ratio to the soluble polymer; 

b. measuring at least one spectrophotometric characteristic of the soluble 

polymer and measuring at least one spectrophotometric characteristic of the tracer 

contained in a sample of the boiler water; 

c. converting each of the characteristics to electrical signals corresponding to 

the concentration of the soluble polymer and concentration of the tracer, respectively; 

and. 

d. comparing the "'iectrica! signal corresponding to the so!ubk polymer 

concentration to the electncal signal corresponding to the tracer concentration. 

thereby determining the gain or Joss of the soluble polymer in the system and the 

amount of soluble polymer added to the system. 

12. The method according to Claim 11, wht:rein a sample of the boiler 

water containing the soluble polymer is continuously passed through a flow cell and 

therein continuously measuring a spectrophotometric characteristic of the poiymer, 

whereby the gain or loss of soluble polymer in the system is continuously determined. 

13. The method according to Claim 1 L wherein an alarm is activated when 

the comparison of step d indicates a gain or loss of the soluhlc polymer. 

14. The method according to Claim 11. when the comparison of step d 

indicates gain or loss of soluble polymer, further comprising altering at least one of 

the system parameters: a feedwater stream flow rate into the boiler watt.!r system, a 

blowdown stream flow rate from the boiler water system, or a :ate at which the soluble 

polymer is added to the boiler water system whereby a desired concc:1tration of the 

soluble polymer is maintaiaed in the boiler water system. 

15. The method according to Claim l 1, wherein at le;:i;;t one of the 

spectrophotometrically emitting moieties of the soluble polymer is a styrene sulfonate 
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group. 

16. The method according to Claim 11, wherein the soluble polymer 

contains at least 10 % mer units of acrylic acid or water soluble salts of acrylic acid. 

17. The method according to Claim I 1, wherein the electrical signal 

corresponding to the concentration of the soluble polymer is continuously compared ro 

the electrical signal corresponding to the tracer concentration. 

18. The method according to Claim 11, \\.'herein the electrical signal 

correspo!1ding to the concentration of the soluble polymer is interrnittentiy compared 

to the electrical signal corresponding to the tracer concentration. 

19. A method of determining boiler cycles of concentration in a hoi !er 

water system containing an anionically charged water soluble boi!er \V:l~cr treatment 

polymer, there being a sourc~ of a fee<lwater stream to the system as a :irst system 

parameter. a source of a blowdown stream from the system as a second system 

paramece:-. as well as a source of the soluble polymer in the boiler water as a third 

system parameter. and wherein the soluble polymer undergoes a hydrothermal reaction 

at boiler water system operating conditions, and the soluble polymer contains at !east 

O. 0 l % mer units of spectrophotometrically emitting moieties bound to the polymer 

chain. the method comprising the steps of: 

a. adding the soluble polymer to a fecdwater stream entering the hoiler water 

system; 

b. measuring at least one spectrophotometric characteristic of the soluble 

polymer contained in a. sample of the fccdwarer stream; 

c .. allowing at least a portion of the soluble pol)' mer to hydrothermally react 

into a reaction product as the soluble polymer passes through the boik:r water systen~; 

d. measuring at least one spectrophotometric cha.r~lcte-ristic of the remaining 

soluble polymer and mea.mring at Icast one spectrophotometric characteristic of the 

reaction product contained in a sample of the blowdown stream; 

e. converting each of the measured characte1istics to eicctrical signals 

corresponding the concemration of the soluble polymer in the fcedwatcr stream, the 

lii1iWlT 
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concentration of the remaining soluble polymer in the blowdown stream, and the 

concentration of the reaction product in the blowdown stream, respectively; and, 

( using the concentration of the soluble polymer in the feedwater stream, the 

concentration of the remaining soluble polymer in the blowdown stream and the 

concentration of the reaction product in the blowdown stream to determine the boiler 

cycles of concentration of the boiler system. 

20. · The method according to Claim 19. wherci:1 a sample of the feed water 

stream containing the soluble poiymcr is continuously passed through a flow cell and 

therein continuously measuring at le:isl one spectrophotometric characteristic of the 

soluble polymer. whereby the boiler cycles of concentration in the system is 

continuously determined. 

21. The method according :o Ciaim 19, \Vhercin a sample of che blowdown 

stream containing the remaining soluble polymer and reactioa product is continuously 

passed through a 11ov .. · cell a~d therein continuously mcasurir!g at least one 

spectrophotometric characteristic of the remaining soluble polymer and measuring at 

least one spectrophotometric characteristic of the reaction prodcct, whereby the boiler 

cycles of concentration in the system is continuously determined. 

22. A method fcir spccErophoro:netrically monitoring a soluble polymer 

recovery value in a boile:- water system containing an anionically charged water 

soluble hoiler \Vater treatment polymer, there being a soun:e of a fecdwater stream to 

the system as a first syster.1 p:lrameter, a source of a bJowdown stre~un from the 

system as a second system p:i.rameter. as wdl as a source of the soluble polymer as a 

third system parameter, and wherein the soluble polymer p:isses through the boiler 

water system under boiler water system operating conditions, and the soluble polymer 

contains at least 0.01 % ml!r ur.its of spectrophotometricatly ~mitting moieties bound 

to the polymer chain. the method comprising the steps of: 

a. adding the sol uh le polymer to a feed water strea~n of the boiler system: 

b. allowing at least a portion of the soluble polymer to hydrothermally react 

into a reaction product as the soluble polymer passes through the boiler water system; 
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c. measuring at least one spectrophotometric characteristic of the remaining 

soluble polymer and at least one spectrophotometric characteristic of the reaction 

product in a sampJe of the blowdown stream; 

d. converting each oftbe measured characteristics to electrical signals 

corresponding to the concentration of the remaining soluble polymer in the blowdown 

stream and the concentration of the reaction product in the blowdown stream, 

respectively; and. 

e. using the concentrations of the remaining soluble polymer in blowdown 

stream and the concentration of the reaction product in the blowdown stream to 

detennine the soluble polymer recovery value within the boiler water system. 

23. The method according to Claim 22, wherein a sample of the blowdown 

stream containing the remaining soluble polymer and the reaction product is 

continuously passed through a flow cell and therein continuously measuring at least 

one spectrophotometric characteristic of the remaining soluble polymer and at least 

one spectrophotometric characteristic of the reaction product, whereby the soluble 

polymer recovery value within the boiler water system is continuously determined. 

24. The method according to Claim 22. wherein the soluble polymer 

recovery value for the boiler water system is used to determine an optimum 

concentration of the soluble polymer needed to effectively treat the boiler water 

system. 


