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

the boiler water systems.

Background of the Invention

Deposits, particularly scale, can form on boiler tubes. Each contaminant
constituting the source of scale has an established solubility in water and will
precipitate when that solubility has been exceeded. If the water is in contact with a hot
surface and the solubility of the contaminant is lower at hizher temperatures, the
precipitate will form on the surface, causing scale. In acdition, the formation of stea
bubbles at a surface causes increases in the concentration of soluble components at the
steam/water interface that can cause precipitation. The most common components of
boiler deposits are calcium phosphate, calcium carbonate (in low-pressure 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 scrious problem
causing poor heat transfer and a potential for boiler wbe fatlure. In low-pressure
boilers with low heat transfer rates, deposits may build up to 2 point where they
completely occlude the boiler tube.

In medern intermediate and higher pressure boilers with heat transfer rates in
excess of 200.000 Btw/f*br (5000 cal/m’hr), the presenca of even exwemcly thin
deposits will cause a serious clevation in the temperaturs of tube metal. The deposit
retards transfer of heat from the fumace gases into the boiler water. This heat
resistance results in a rapid rise in metal temperature to the point at which failure can
occur.

Deposits may be scale, precipitated in situ on a heated surface, or previously



magnesi um hydr oxi de, cal cium and nmagnesium silicates. various fornms of iron
oxide. and silica. At the high tenperatures found in a boiler,
depasits are a serious problem causi ng poor heat transfer and a potenti al
for boiler tube failure. In lowpressure boilers with |ow heat transfer
rates, deposits may build up to a point where they conpletely occlude the
boi I-er tube. WO9%135192| n npdem i nt er medi at e and hi gher pressuP€/Be7/oe118 with
heat transfer rates in excess of 200.000 Btu/ft[err] hr (5000
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transfer of heat fromthe furnace gases _.into the boiler water. This heat
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PCT/ US97/ 054 bépst 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 concentrations of
impurities. In some plants, contaminated condensate contnbutes to feed water
umpurities.

When steam is generated from the boiler water, water vapor is discharged from
the boiler, with the possibility that impunitics introduced in the feed water will remain
in the boiler circuits. The nct result of impurities being continuously added and purc
water vapor being withdrawn is a steady increase in the level of dissolved solids in the
botler water. There is a limit 1o 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 impuritics in the boiler water are maintained at predetermined 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, polvmer programs
work much like the chelating agents in controlling scaling in boiler water systems.

Substantial heat energy in the blowdown represents a major factor detracting
from the thermal efficiency of the boiler, so minimizing blowdown is a goal in every
steam plant.

One way of looking at boiler blowdown is to consider it a process of diluting
boiler water impurities by withdrawing boiler water from the svstem 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 dissolved solids (impurities)

in the boiler water may be either intermittent or continuous. If intermittent, the boiler
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H-N-R®
[
R!

This is a method of tagging pre-oxisting polymers withomt any deleterious eifects on
the polymer.

U. 5. Pzat. No. 5.389,548 issued to Hools et al. on February 14, 1995 teaches a
method of monitoning and controlling the concentration of palyelactrolytes. A sample
is drawn and a known amount of a fluorochromatic rcagent is added. Analysisis
completed by measuring the amount of the dye available for ligit absorption. A
comparison of the fluorescence emission of the reagent to the fluorescence emission of
the polyelectrolyte and to the concentration of the polyelectrolyte, thereby allows the
determination of the polvelectrolyte concentration.

1J.S. Pat. No. 5,128,519 issued to Fong et al. on July 7, 1992 und U.S. Pat. No.
5,216,086 issued to Fong et al. on June 1, 1993, incorporated hereinto by reference,
describe a posi-polymenzation derivation method for prepanng polvmers having

pendant fluorescent groups. Polymers so marked or tagged may be monitored by



One way of | ooking at boiler blowdown is to consider it a process of
diluting boiler water inpurities by w thdraw ng boiler water fromthe
systemat a rate that induces a flow of feed water into the boiler in

excess of steam demand. Bl owdown used for adjusting the
concentration of dissolved solids (inpurities) in the boiler water may be

ei ther inter WMQ%881%20r continuous. |If intermttent, the boiR@rUSITH5410 WO
97/ 35192

PCT/ US97/ 05418 -3 - is all owed

-4- . . ;
to concentrate to a | evel acceptable for the particular boiler design and
pressure. Wien this concentratign Ievekglﬂ%&tr eached, the hl omdown valve is
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havi ng the fornmul a:
consuming and laborious when a large variety of polymer chemistries are being
employed. Conventional analysis techniques that determine analytically the
concentration of a poivmer’s functional group are generaily not practical for industrial
use, particularly when it is desired to monitor a polymer on a frequent or continuous
basis, or when rapid resuits are needed. Indirect analys:s technigues may provide 8
results fastcr using simpler techniques, but in many instances even faster and/or more
accurate determinations are highly desirable.

If the fluorescent yroup incorporated into a polymer is derived from a highly
fluorescent molecule, its presence will permit the monitoring of the polvmer at
concentration levels down to 0.1 ppm or less, even when the polymer is tagged with
only one part by weighi of the fluorescent group per 100 parts by weight of polymer.
The post polvmerization is a (trans) amidation denivation of preexisting polymers
having carbonyi-type pendant groups, including pendant carboxylic acid. carboxylic
acid ester and amide groups.

This post-polymerization derivation method is exempiified in U.S. Pat. No.
5,128,419 using a variety of starting-matenal polymers, including acrylic acid
homopolymers. acrylic acid/acrylamide co-pelymers. acrylic acid/acrylamide ter-
polymers with suitomethylacrvlamide, vinyl acetate, acrylonitrile and methacryiic
acid.

U.S. Pat. No. 4,783,314 issued lo Hoots =t al. on November 8. 1988,
incorporated hereinto by reference, provides a method for monitoring a water

treatment component by incorporating at least one fluorescent compound as a tracer



HNRerr] This is a nethod of tagging pre-existing polyners wthout
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WO 97/ 35192 the fluorescence emission of a sample from the system to a standard or a standard
PCT/ US97/ 05410
curve of fluorescent tracer concentration verses emissivity. Suitable fluorescence
tracers for 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 agueous system is described as preferably in the range
of from about 1 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 discloses
a method for inhibiting scale on heating surfaces of aqueons 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 polymethacrylic acid and water-soluble saits thereof.

U.S. Pat. No. 4,166,105 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 molccules 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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inhibition of calcium phosphate deposition.
U.S. Pat. No. 5,006,311 issued to Hoots et al. on April 9. 1991, incorporated
hereinto by reference, provides a method of analyzing the level of a treating agent,
using inert transition metal tracer added in proportion to the treating agent by
determining the absorbance of a reagent dye added to a sample of the s;}stcm. A
second absorbance value 1s measured 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 absorpance values allows
determination of the concentration of the tracer.
U.S. Pat. No. 5,171.450 issued to Hoots ¢t al. on December 15, 1992,
incorporated hereinto by reference, discloses a method monitoring and controlling
dosage of a treating agent 1o inhibit scale or corrosion. The treating agent contains an
amine-containing {luorescent moiety tag covalently bonded to the pre-existing treating
agent.
Canadian Patent Apphcation No. 2,116,737, filed on March 1, 1994, covers a

methed for monitoring the concentration of tagged polvmers in boilers by obtaining
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use of any water soluble polymer that contains a spectroscopically-accessible moiety
and a high Ca cloud point {good calcium ion tolerance). Chemistry systems used
include AA/SS for hardness transport in boilers. The application also discusses
monitoring any water soluble polymer having a spectroscopicaliy-accessible moiety
and a high Ca cloud point by obtaining the in situ absorption spectrum followed by
chemometric analysis.

U.S. Pat. No. 5,435,969 issucd to Hoots et al. on July 25, 1993, incorporated
hereinto by reference. discloses a method for a concentration-tluctuation responsive
regulation of a treating agent feed. An incipient is added to the sample drawn from the
water system, whereby a concentration indicator is formed. The indicator is
monitored by fluorescence analysis. determining at least one fluorescence emission
value corresponding to the treating agent concentration in the system.

In many fields that employ polymers, it may be desirable to use polymers
containing pendant fluorescent groups thereby facilitating the monitoring of such
polymers. By the term “monitoring” is meant herein any type of tracing or tracking to
determine the location or route of the polymers, and any type of determination of the
concentration of the polymer at any given site, including singular or mntermittent 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 prescnt in wastc fluids before disposal, particularly industrial
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I nhibiting scale on heating surfaces of aqueous systens.
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level of some substance in association with the polvmer, or to determine some
property of the polymer or substance in association with the polvmer. for instance its
leachability or consumption, including a hydrothermal reaction, within the svsten:.
Conventional techniques for monitoring polymers are generally time-
consuming and labor intensive, and ofien require the use of bulky and/or costly .
equipment. Most conventional polymer analysis techniques require the preparation of
chemical reagents and calibration curves for each type of polymer empioved, which is

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

chemistries is being employed, and the originally prepared calibration curves losc their

accuracy if the polymer structures changs, for instance an acrylic acid ester mer unit
being hydrolyzed to an acrylic acid mer unit. Direct methods wherein the level of
functional groups present in a polymer is determined analytically are gencrally not
practical for industrial usec, 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 resuits using simpler technigues, but in
many instances faster and/or morc accurate detsrminations are desirable.

Polymers contaming pendant fluorescent groups are generally easily
monitored, cven when present at Jow concentrations. Highly flucrescent molecules,
that is molecules which have a fluorescent quantum efficiency, or tluorescent quantum
yield, within the range of from about 0.02 to about 1.0, and 2 light absorbance molar

extinction coefficient of at least 300, are typically detcctable at concentration ranges of



acid and nethacrylic acid or its water-soluble salt thereof. The nole ratio
of Sodium styrene sulfonate to nethacrylic acid is in the range of 5:95 to
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Resol vi ng t heodéchfratiosriewissivnge A. itppen erdessniffossptefetsibhl ambEetivance val ues

al lows deternination of the concentration of the. tracer. .o U,S. Pat.
No. 5, 171. 450RFOSRuEPneE HesatiumatyTee sUlpRasJBUIRST 118 theerps from phayf bor at ed
hereinto by rgdiep&b&eto MobCISARES parcekt NRCmBN PirQLHIE theaRErBoRtangt kdrng dosage
of a treating agent to inhibit scale or corrosion. The treating agent
contai ns an BRodBUTCHER YW iAERtE MgBeraddeiiem B9 fyralaperesy i @il 12 Belsded to

20 SRR AR s g o Paent Aol i on Mo
concentration of faggstibpddsysnis ® provideod methsd diusolgtpal vmengeontaining
pendant fluorescent groups. It would be deswrable to provide a method whercin such a
polymer would permit instantancous and continuous monitening of the water confined
within the system, st:ch as monitoring the feed water polvmer concentration without
the addition of chemical reagents or inert tracers. It would bz desirable to provide a
method that minimizes the reaction steps required and minimizes the time required for
such monitoring as well as a method that does not require an operator to obtain a
system water absorptign or cmission spectra, or employ chemometric analysis.

It would be desirable to provide 2 method in which the concentration of the
polymer is compared to the concentration of an incrt tracer to detect specific
consumption of the polymer within the system, such as precipitation and hydrothermal
reaction. It would be desirable to provide such a inethod that can be utilized in
determining cycies of concentration within a parucuiar system, for example, the
measurement of boiler cycles.

It would be desirable to provide such a method wherein the system
consumption. such as a hydrothermal reaction, of the polymer can be monitored
spectroscopically. 1t would be desirable to provide such 2 method wherein a typical
treatment dosage concentration of polymer may be utilized.

It would also be desirable to provide a method wherein the polymer enables

accurate determination of the optimum product dosage needed for treatment within a
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absarption or enission spectrumof the systemwater and submitting this
spectrum to chenonetric anal ysis. However, the application doesn't
provide a clear nethod to determne if the polyner is degrading. The

appl'i cati on a¥OMe8%¢ hat when pol ynmer  degradati on occurs, PS3YYSAR5410 -
degrades into a conpound with little or no light absorbance or em ssion
properties. In addition, changes in a "pg{ynmer concentration readi ng" can
occur from a nunber of sources (besides polynmer degradation considered I n

the application incl udi ng cqnt am nant ell fouling changes,in |ight
source, and ??ﬁgfﬁb eﬁeﬁné ?%Ffs ?’gsl W’rﬁ?’%ﬁ%‘%ﬁ Jrhggre(ﬁ?mf?”%@r‘m’o iR
Canadi an Pat egdscAyalin fidtd deiilNRlow?, 116, 816, filed on March 2. 1994,

di scl oses wuse of any water soluble polynmer that contains a
spectroscopi cal | y-accessi bl e noi ety and a high Ca cloud point (good

calciumion t%ﬁ#%%&mﬁﬁ%%ﬁ&ry systens used include AA/SS for hardness
transport in DoOITers. € application also discusses nonitoring any water
sol ubl e pol yner hamemgntedsypatoftbe nomtoalid e asted foddeenmiingtay and a high Ca

cl oud point by obtaj.ning the j%lSihtu bsorggi cin S,E)ectrum foll oned by
chenomet ric afPRFSARLOn ofan anionic)lyChage wajqr Solubly beiles sgter teatmaninolppest s et

al. on July 23.a bbA8SvatérGREROTHE BslicPeaRE 8RN 168 BRE or Qfeﬁﬁ;\*f?ées a

met hod for a concentration-fluctuation responsive regulation of a treating
agent feed. /streamdo thiegysten gs afisbsysten parmmetergpioaragrofwirlowdown tshreammEbmr

system wher §RY 2 CORGARLEA b bRGIERE QL whit af QLR of IS ohB SR 1 S
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. deiermining a gain or loss of the soluble polymer in the boiler water.

ief iption o rawij

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 2 graph showing the real time detection of polymer precipitation.

FIGURE 4 is a fluorescence contour plot showing the kinetics of the
hydrothermal reaction.

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



nonitored by fluorescence analysis. determning at |east one fluorescerce
em ssion value corresponding to the treating agent concentration in the
system In many fields that enploy polyners, it may be desirable
to ‘'use pol ynmers containi ng pendant fluorescent groups thereby facilitating
the nonitoring of such polynmers. By the term"nonitoring” is neant herein
any type of tPR¥AYbr tracking to detennine the |ocation of FEIE 8 t he-
polymers, and any type of determ nation of the concentration of the polyner
at any given site, including singular arjjintermttent or continuous

nmoni toring. For instance, it may be desirable to nonitor water treatnent

polynmers in . particularly industrial water systens, or to
noni t or polyﬁg%g&Pﬁﬁﬁiﬁgékgé present in waste fluids before disposal,

particul arly i ndusfFiGUHE 6 is a fluorescenViX BDivouB pibBshowing the kinetics of the
PCT/ US97/ 05410 . -8 - wast e
fluids, or tol¥iPesr! feAti%8ol yrer used .for down-hole oil well applications,

particularly the rogfiRd alkanindigtph shdWih®dMchk ARigHRWRaMRkEsn GEIGEQ MONI tOr
polyners that nmay be present in fluids used to wash a manufactured

product, for ¢amstapince a pol yner- coated product, to determ ne the anount

of pol ymer washed . " i Jlaui.ds as used
herein generally i@brlféggraﬁ Egagﬁégﬁdé?%‘)%%lg%%bsﬁé%&an%%g{éené%&qngd
polymer recovery test.

FIGURE 9 is a line graph showing the comparision between polymer recovery
as measured by a polymer wet chemistry test and by the fluorescence method
described in the text.

FIGURE 10 is a graph showing the decay of the hydrothermal reaction signal
following an oxygen upset.

iption of the Preferred Embodiment

One embodiment of the inventior. is the method for determining a
concentration of an anionically charged watcr soluble boiler water treatment polymer
in a boiler water system. The boiler water system includes a source of a feadwater
stream to the system as a first system parameter, a source of a blowdown stircam from
the system as a second system paramcier, as well as a source of the soluble polymer in
the boiler water as a third system paramecter. The soluble polymer may undergee 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 boticr water;

b. converting the characteristic to an electrical signal corresponding to the
concentration of the soluble polymer in the botler water; |

c. comparing the electrical signal corresponding to the concentration of
the soluble polymer in the botler watcr to an electrical signal corresponding to a

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



aqueous/ non-aqueous fluid systems. As seen fromthe above |ist of possible
applications of polyner nonitoring, the purpose of such nonitoring may be
to trace or track or deternmine the |level of the polynmer itself, or to
trace or track or determne the |evel of sone substance in association
with the poIX’ or to determ ne sone property of the polyner or '
subst ance | nW&XB89%tion with the polynmer, for instance itFCIEREP ity
or consunption, including a hydrothermal reaction, within the system
Convent i onal technl ques for nonitoring polymers are generally tine-

consum ng and | abor intensive, and often require the use of bul ks and/ or

costly equi pnent t,.conventional, 0o nal nj gues require
the preparation of chgﬁlm@?i Mg notréosg h%cé?’“ r&?%ﬁ“@ds%g%d*:?&ﬁ“éach type
of pol ymer enpl oyg@ordi 16 Bndtler ehboEinRANETUNSE ifGentiDsl 2 ARl oTuse bopf ti cul arly
when a |l arge variety of polyner chemstries . is being enployed, and the

original |y pragegoadingg ‘?‘BF%?‘?IGHOIE@FW%V berostipupuply pa%@%ﬁw iafflomheellpol yer

Structur e cRange, o LG MBLARGS AkBEHYld rRGol RS L tBhHbLc(Pel N

hydrol yzed to an acryli unit. Dre t met erern the |level of
functional gnewpsdpheserdoniimiogsip dbtynm'ning $hmtremrdmsa®cﬂ soslmbib ypblyeatl inthar e
general |y not tgra%‘sl cal hfor mc{:}agst r‘B,s i artlicg.L Wnen it is desired
to nonitor aYPoPymErauont"s SPETRR uét&fﬂﬁ’ﬁ’tﬁ?ﬂgnt? freat Wamcaln&ﬁ-

noni toring rd%%blh{oﬁlt@{r% tH@ﬂd&@hterldﬂﬁle@&iddmtd?cﬁéirstbefzsep&itN%Pm BBk Lkd:Ng MRY
provide results using sinpler techniques, but in many instances faster

and/ or nor e addutledeceitheraanlysinunlpssiee welysig issithashise specified. Pol yner s
t d d,
contai ni ng pendanf ,{440r GRGERL c%@#ﬂﬁ; é‘ﬁ?ﬁﬁﬂﬁmﬁg the %ﬁ%?’og%{‘%&or €d, even

when present at |'ow conéenfration uor esce that is
nol ecul es V\/rspmhler;@%mea aftlaaslroesoés;ttcnplmmmmarehﬁmclwemfewwmr strtearaflescent
quantumyield, .wt e of about 02 to abogt 1.0, and a

m
Gt " abaor B HS1eAera B HRRTLTEHE (6. A TOELOE PG e
typically dejashable rat sCOREEMe salub@RolyARIRSIGK 10 the feedwater stream of the

boiler water svsicm, may be altered, whereby 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 styrene sulfonate group is the para-
styrene sulfonate group, other forms, including meta and ortho styrenc sulfonate
groups may be used. The soluble polymer may contain 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, as
well as others. Additionally, the soluble polymer may contain non-carboxylate
containing mer units selected from the group consisting of sodium vinylsulfonate,
vinylphosphenic acid, isopropenylphosphate, allyl polyethers, 2-acrylamido-2-
methylpropanc sulfonic acid, allylsulfonic acid, allyvl alcehol, hydroxyethyl
methacrylate. N-vinvlimidazole, 2-vinylpyrolidine. 4-vinylpvridine. and vinylacetaic,
as well as others. The soluble polymer may contain at least 10 % mer units of acrvlic
acid or water soluble salts of acrylic acid.

In another embodiment of the invention, the spectrophotometric characteristic

sensed may be a fluorescent characteristic. The electricul signal corresponding to the
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PCT/US97/ 05410 parts per mllion ("ppnt) to parts per billion ("ppb")
or even less. The incorporation of such a highly fluorescent species, in

t hi's case sodium styrene sulfonate, into a polynmer in the amount of from
about one nol e percent (based on polyner actives) to about 30 nole percent
will permt tRO¥SEBRtion of such pol ymer at pol ynmer concenf¢ 4t o4 vel s
dowmn to 0.1 ppmor less. Mre preferably, an effective incorporation of
the sodi um styrene sul fonate nonomer is i;p_the range fromabout 5 nole
percent to about 15 nole percent. The nost preferable incorporation range
for the sodiunlstérene sulfﬁm%}e nonomnme nt to

Loout 13 ot b SoRsplon G SRR fo T S e Sa e B h e e BRREP M | |

woul d be desi rs?gxlaﬁcohes@h@mgetemadén%&ae&m@ﬁmm agh@%meb&yﬁ@ﬂtmlaamgn
pendant fluorescent groups. It would be desirable to provide a nethod

wher ei n such dhe elentdisphsignaloerresprsing tp thepopemntratinacy sheselblorn ymerauzy be
et St b S BN cof Bk APl el BB BRI O RecRSg MO0 L OF | O

the feed water ncentration w thout tron o chem ca
reagents or |memkn&mamefsmsbmbmqmbdmhe desirable to provide a met hod t hat
mnimzes the reactAlngtrg}ers én?bodxment g{‘ Iilggnvgrrxltgonrg tr1]1le rngze %fgrha%t}r;n%’i; de c:fg}l rm? d for
loss as well as the addition amount of an anionically charged water solubie boiler
water treatment polymer in a boiler water system. The boiler water system includes a
source of a feedwater stream to ths system as a first system parameter, a source of 2
blowdown stream from the system as a second system parameter, as well as a source
of the soluble polymer in the boiler water as 2 third system parameter The soluble
polymer may undergoe a hydrothermal reaction at boiler water svstem operating
conditions. The soluble polymer contains at least 0.01 %% mer umis of
spectrophotometrically emitting moieties bound to the polymer chain. The method
comprises the steps oft

a. adding a substantially mert tracer that is substantialiy inert to the system in
a known ratio to the soluble polymer;

b. measuring at least one spectrophotometric characteristic of the solubls
polymer and measuring at least one spectrophotometric charactenstic of the tracer
contained in a sample of the boiler water;

c. converting cach of the characteristics to electrical signals corresponding to
the concentration of the soluble polymer and concentration of the tracer, respectively;
and,

d. comparing the electrical signal corresponding to the soluble polymer
concentration to the electrical signal corresponding 1o the tracer concentration,
thereby determining the gain or loss of the soluble polymer in the system and the
amourt of soluble polymer added to the system.

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

continuously passed through a flow cell. As such, a spectrophotometric characteristic



such .nonitoring as well as a nmethod that does not require an operator to
obtain a system wat er absorption or em ssion spectra, or enploy
chenonetric anal ysi s. It would be desirable to provide a nethod in
whi ch the concentration of the polynmer is conpared to the concentration of
an inert tracer to detect specific consunption of the polyner within the
system such YRIBERi pitati on and hydrothermal reaction. | tPGRAUS/OB0
desirable to provide such a nmethod that can be utilized in determning
cycles of concentration within a particylkar system for exanple, the

measur enent of boiler cycles. It would be desirable to provide such

hod wh d I
ot o pol ymst R kO (R0 B Lo ARSIk Ao MR o B e b€ 2l o

to provide sqghcﬁhﬁebhaﬂMMhﬁmgmﬂwaﬁL&pnan treat nent dosage concentration
of polymer may be utilized. It would al so be desirable to provide a

met hod wherein t h&® ?ﬁﬂ“y’ﬁ‘ei‘“ drrapresbe agtixiiphyBerdbe evmparaen ofstaprd indisatept i mum

product _d0Sage,ReRdRd of B sbibbRpABRler. WhiH ficfta gain or loss o ¥BBIY b is
indicated, at least one of the system parameters, namely, 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 boiler water system,
may be altered, whereby a desired concentration of the soluble polymer may be
maintained in the boiler water system.

At least one of the spectrophotometricaliy cmitting moieties of the soluble
polymer may be a styrene sulfonate group. The soluble polymer may contain
carboxylate-containing mer units sclected irom the group consisting of acrylic acid,
methacrylic acid, crotonic acid. vinyl acetic acid, 4-methvi-4 pentenoic acid, maleic
acid, and itaconic acid. Additionally. the soluble polymer may contain non-
carboxylate containing mer units selected from the group consisting of sodium
vinyisulfonate, vinylphosphonic acid, 1sopropenylphosphate. allyl polyethers, 2-
acrylamido-2-methylpropane sulfonic acid, allvlsulfonic acid, allyl alcohol,
hydroxyethyl methacrylate. N-vinylimidazole, 2-vinylpyrolidine, 4-vinylpyridine, and
vinylacetate. The soluble polymer may contain ar least 10 % mer units of acrylic acid
or watcr 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 clectrical signal corresponding to the concentration of the soluble
polymer may bc intcrmittently compared to the clectrical signal corresponding to the
tracer concentration. The spectrophotometric characteristics sensed may be
fluorescent characteristics.

Another embodiment of the invention is a mcthod of determining boiler cvcles
of concentration in a boiler water systera containing an anionically charged water

soluble boiler water treatment polymer. The boiler water system includes a source of



- 10- system These and other objects are provided by the present
invention which is described in nore detail bel ow Summary of the

‘I nvention One enbodi ment of the invention is the nethod for
determining a concentration of an anionically charged water sol uble boiler
water treatnment polymer in a boiler water system The boiler water system
i ncludes a sOtRP¥SSHY a feedwater streamto the system as aP$VFPEY&etem -
paranmeter, a source of a bl owmdown streamfrom the systemas a second
system paraneter, as well as a source Qqfisthe soluble polymer in the boiler
water as a third system paraneter. The sol ubl e polynmer may undergoe a
hydr ot her nal rt@ﬁﬁ}. | a8, ' | k4l The

sol ubl e pol yamer catlt)e%{g té%&lnsgg‘%é %%st %ﬁés?égét&ng?&%ﬁ%ﬁ hggngé)@tdd 816885

spect r ophot orsatam el thie sysicht asngecand ispdténe paroetex] at well lea pategrfthechai n. The
met hod conprises, the step f.: a. measuring_at | east one

spect r ophot o ﬁ@¥°@°bﬁéﬁ’ éfb‘?’% g?%@f atepps 4 fhad %t%PgaﬁﬂF&gg&e SEWE\%EBOH@EFH n a
sanmpl e of 't hguRghb&r, NY@ofermal reaction atBoiter wab? BYRérh bﬁ@atmﬁ%oﬁﬁiﬂﬁﬁs?tﬁﬁ'é' stic to
an electrical signal Corresponding to the conctentration of the sol uble

pol ymer in t selublgipolymepetnsains at least 0.01c% mer ugitnqfapéatrgrhdiemestiealtyranmutingsi gnal

correspondi ng_t.q. t he ngent i . Of 0. r i-n the boiler
water to an g’foe]%fersgglﬁ%qg&éz gfy%ﬁz%?l?aé%p%i%gﬁ eﬁPEOJt%%zf% %g%’%/%gpscogncent ration of

t he sol ubl e pol ymer adding thesdiablt pslymedte i fecdivetet fteam entering thethoiler wted er mi ni ng
a gain or loss of the soluble polyner in the boiler water. Brief

Descri ption &Y5%Me Drawi ngs FIGURE | is a |line graph show ng

fl uorescence integsi r‘ﬂ?ed’t 125108 tronhotond aractesist dek h show ng
t he conpari son of 'tsrhéea)g'll(n Wn concgﬁ%eféct’g 8n g a stgﬁ ar cﬁfaﬂr%ﬁoglﬁgepobser ved
concent r at i opolyfnet énntainedricasainnis pithe fdedwitenstmaon. FIGURE 3 is a

91 250 ShoN 10 e i Ao B R R e,
hydr ot her mal iteaedabioh product as thd3oURp dyrh& passtd thedugh GRtotercORtéQiyEtent Ot
showi ng the kinetics of the . .. ..

d. measuring at least one spectrophotomectric 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;

¢. converting each of the measured characteristics to electrical signals
corresponding 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, 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
conceniration of the reaction product in the blowdown stream to determine the botler
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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PCT/ US97/ 05410 hydr ot her mal reacti on. FIGURE 6 is a

fl uorescence contour plot showing the kinetics of the hydrothermal
reaction. FIGURE 7 is a line graph show ng that the wei ghted
summation yields a constant. FIGURE 8 is a |line graph show ng -

fl uorescence YBR%8¥8hent tracking a polyner recovery test. PCTAUSIT05418 GURE
9 is a line graph showi ng the conpari sion between pol ynmer recovery as

measured by a polyner wet chem stry tes_tma_nd by the fluorescence nethod
described in the text. FIGURE 10 1s a graph show ng the decay of

t he hydrothermal reaction signal, follow ng an gxygen upset. Description
of the Pref er*%"%@ﬂf%&f?@gim Cham“te’é‘féoéﬁ‘ﬁéﬂ?aﬁr@ﬂ$ sQipble pelymsy#ikaton i s the

met hod for defest BhdiphrophéiomesRhatdi@ikiobs AR rABiHir6dlct agBar ged water
soluble boiler water treatnent polynmer in a boiler water system The boiler

wat er syst em ¢ontihuptely measisek gerady the Hodletyates of coneengmiiemintthesysigstiem as a

first system AIBLE Yaredyagr ce of a blowdown streamfromthe systemas a
second systerrélaggr arr%1 g?t,eméusl%\ui\ell as a source of the soluble polynmer in the

boil er water as a Armitetleislyalieent pathan®leation 1§ BensHdUS PepidBmetialy Under goe
a hydrothermal reaction at boiler water system operating conditions. The
sol ubl e pol yriePrOHRE aseiebls polymasiecqyenvalyeria p bailgrtigtes System containing an

spect r ophot ongidntGa) Laeug:mate# RGubR ibgitiérgxsdtcp%ﬂ%ek&oﬁﬁﬁer.p?k?%[er%Jl?eir n. The

met hod conprises the steps of. nmeasuring at [east one
spect r ophot orsgsteingnaliizs astvesd of ifesdopfater brecagob Wis system as a first system

parameter, a source of a blowdown stream from the system as a seccond system
parameter, as well as a source of the soluble polymer as a third system paramecter. The
soluble polymer passes through the botler water systcm under boiler water system
operating conditions. The soluble polymer contains at leas: 0.01 % mer units of
spectrophotometrically emitting moieties bound to the polyiner chain. The method
comprises the steps of:

a. adding the soluble polymer to a feedwater stream of the boiier system;

b. allowing at least a portion of the soluble polymer to hvdrothermally react
into a reaction product as the soluble polymer passes through the boiler water system;

¢. 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 cach of the measured characteristics 1o 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 soiuble polymer in blowdown
stream and the concentration of the reaction product in the blowdown 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 through a flow cell. As such, at



pol ymer contained in a sanple 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.
sol ubl e polyner in the boiler water to an electrical signal correspondi ng
to.a desired WO%HT ati on of the soluble polymer in the boil éﬁE%Q%éw; and
t hen. WD 97/ 35192
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d. determning a gain or |loss of the soluble polyner in the boiler

wat er . | Accordiqg to anghheu ngog%ngntigf th@b%nv ntion @ sanpl e
of the boil er 'A8F SREGHIPRPIRMTH G RABLEISI8 BSSFPHENS SRV P ELoBEIT AitEus! v

passed t hr ouglkast oht §cehbtomedi BaiGleridicoP GRireRARVbRERIt oy behar act eri stic
of the polynmer may be continuously measured, thereby continuously.
det erm ni ng t pentigaeuslygpeasyed threbydhemidlppalypereqoedyalue ithinte bPd¥ause t he

conpentration“&%pgr%hﬁggﬁﬁﬁb ] Pg&ﬁkdpf) treatment agents can be done
nmonitoring the te dwat er - or %ﬁ@&% owdown water, the use of the term boiler
water w il incl udEzeesbhxbR_rpo_aamlr ysveerynilesior tHeem;a\craﬂ.z@tai sgste® mﬁyhgnm@e&ne
Sg_?ﬁl I)Ir e?b Ss Sq:thnri]%?l ar;l o%ggilu}nl c%gc’en\!lz\"gtleoql (}f% s%ﬁj%‘%as’oaysn%r} n(c):];dea ttg gffc%tiL'gg Itr%:?it es the

the boiler water system.

1) FEEDWATER CONTROL

The polymer of the invention would allow for instantaneous and continuous

monitoring of the feedwater 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 excitation and emission

wavelengths. As mass.flow rates in the boiler system changg, the concentration of

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

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

emission wavelengths, This capability permits automated boiler chemical feed, with

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

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

varying steaming rates, blowdown flow rates and other variables). Monitoring of the

polymer could also be used to control the feed rate of other chemicals that would he

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

example of an on-line measurement of styrene sulfonate, “SS", fluorescence at various

polymer concentrations. (Excitation wavelength was 254 nm and emission

wavelength was 300 nm.) FIGURE | shows the detection limit measurement.

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

concentration (measured using laborious laboratory based procedures)and the

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

2) POLYMER PRECIPITATION AND HYDROTHERMAL REACTIONS

The polymer concentration can be compared to that of the concentration of an



sol ubl e polyner. at |east one of system paraneters, nanely, a feedwater
streamflow rate into the boiler water system a blowlown streamfeed rate
fromthe boiler water system and a rate at which the soluble polyner is
added to the feedwater stream of the boiler water system may be altered,
wher eby the desired concentration of the soluble polynmer is maintained in
t he "boi | er wal*8PF735192 At | east one of the spectrophot om@cFiuseddsyio
emtting noieties may be a styrene sulfonate group. Wile the preferred
formof the styrene sulfonate group is tjye para- styrene sulfonate group,
other forms, including neta and ortho styrene sul fonate groups nmay be used.
The sol ubl e paol yner ma%( cont aﬁn car b?xgl g&e-cont ajning mer units sel ected
from the groul®RSRET &R FHE Sreclic B of 195t PHthe RRYRSEIRFRINE 38eRtydusiot oni ¢ aci d,
vinyl acetic petigitatibn/Ridiébhulo) @PhRNGhSmACtetion TR & a8Ghdhtisi¥aG,yi t aconi c
acid, as well as others. Additionally, the soluble polyner may ¢ont ai n

non- car boxyl aP8AIQTEEHRE hiasesconss iSO Eeatment Rewindeng) Yusingbnst st i ng of
sodi um vi nyl s A | ' ' ' ropenyl phosphate, allyl
ol yet hers, 2 aoryan ey My BB DRARARIS P thorlsh MY ARRRYEE PRGN P o
acid, allyl athcotedltracinata diffeenhset ofechannphatmissibh wal- dlytoitl dazake,

2-vi nyl pyroli dilne. 4-vi n%l pyridine. gnd vinylacetate, as well as others.
The sol ubl e pPSYREMAGEEOSSEAE % [o56. sp g0S ilseled i ¢hengsrofavtensityet aci d or

wat er sol ubl ehe adtbbwafel@pind] WiticB&ate measured spedtfbpBNeLREH: al?y”)bgg} %E)Ie()f the
I nvention, the spectrophotonetric characteristic senseé may be a ’

f1 uorescent chaP#HERSE BRI} eccumife itaw s Picipitademad! teopal mpowtichgod!d bt he

monitored by following the decrease in the acrylic acid/ styrene sulfonate polymer,
“AA/SS", fluorescence compared to the fluorescence of the irert tracer in the boiler
blowdown.

An examplc of this is given in FIGURE 3, showing treating a simulated
hardness upset with AA/SS at 991 mole %. In a boiler system. harsh fecdwater
hardness upset conditions were created by adding 5.5 ppm Ca (as CaCO,) to the
feedwater. The blowdown inert tracer, 1.0 ppm of 1,5-naphthaiere disulfonic acid
{NDSA), concentration represented by the dashed line. was unaffecied by the upset,
since it is inert. The AA/SS polymer containing | molc percent of SS. however,
precipitatgad as a calcium salt, as indicated by the drop in AA'SS polymer fluorescence
after the upset. The AA/SS polymer fluorcscence is represented by the solid line.

The AAJ/SS polymer fluorescence can also be used 1o measure boiler cycies.
Before this application can be described. it is necessary to give some background
information. Under conditions typical to many boilers, the AA/SS polymer undergocs
partial hydrothermal reaction, and this reaction can be followed spectroscopically. As
the polymer undergoes the hydrothermal reaction, the change in concentration is
reflected in 2 change in the spectrophotometric intensity at the wavelengths of the
polymer. This was demonstrated by heating u solution of AA/SS polymer at 600 psig
(254°C) and pH = 11 and measuring its fluorescence properties as a function of time.

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

fluorescence spectrum at the beginning of the test (at approximately 0.1 hours). Since
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concentration of the soluble polyner nmay be continuously conpared to the
el ectrical signal corresponding to the desired concentration of the

sol uble polyner. In addition, the electrical signal correspondl to t
concent rat i onWEP8H& sol ubl e pol ymer may be internittent!y "ESHS gﬁﬁ“&o t he
el ectrical signal corresponding to the desired concentration of t he .
sol ubl e pol yner. Anot her enbodi ngnt of the invention is the nethod
for determning a gain or | oss as well as the addi ti on anount of an

anionically cha sol bIe b0|Ier erdr t fokN @
boi l er water 8% éf"g%f’ reﬁcnoi“ S YRPETES stlt]ees e‘f ner hsg gg%asgﬁtlrhgem%ﬁéa
f eedwat er st rgsgmt0 Aftﬁh&yﬁgﬁfﬁs&&n&toﬁﬂsf&fﬂc&ﬁﬂﬁr&ﬂhﬁﬁlﬁ&ﬁﬁé er, a source of a

bl owdown streamfromthe systemas, a second Sy‘\%/é para ter as well as a
source  of tﬁ@e%‘@P’EﬂS‘i”@e‘ﬁEﬂnyr?%ﬁas‘tr?fi RbErnt apt afpgsle ‘tstﬂPPE"f%‘&@?eem

paramet er Thepgalpbbe . PRINIEL taamyatagerrgﬂ@eaenmaaatchefma L&RAS kR at

boi | er wat er system operating conditions. The sol uble polynmer €ontains at
| east 0.01 %msmioﬂzﬂiBomcausqdehrsr@ptrmtwnmettmb\hynemnsrty,mghrml eties bound

to the polyner chain. The net s_the steps of

addi ng a substRRPTHY Jeqrvess © 1F ‘rgﬁ‘esrsc R%” OB Etant 15T fnyF IG5 6 + o the
systemin a known FiatiRES 0 8t 41@ osBbw Rlpot OIHE ARBEescence signal HF théBAISE | g at
| east one spectrophotonetric characteristic of the soluble polynmer and

nmeasuring at H"éﬂ@?f t?ﬁ@s%“yﬁ@dt"r‘bﬁo%‘t Bifaesr A LBREAGHONSTGRIET: FCPEFCRIFEDY Pacer

contained in Iéimtes R f&ﬂ%o?&*t}rﬁ M\@gh@ﬁ}'drothemml rea&:on%%?rtﬁé PiyRech of

the characteri st f'o electrical signals’ corresponding to
concentrat i onflgfrescéree sedredstdeandchgmmrtioapcbdeanneatsedw itlonmef (Qdrevtuldoer
respectively; neegpodknow the chemical identity of the reaction product o exploit this method nor
does there nezd 1o be only a single rcaction procduct that conld be
spectrophotometrically measured. A variety of scts of wavelengths could be used to
monitor the polymer or the reaction product to follow the progress of the hydrothermal -
reaction.) A weighted summation of these two signals is very nearly a constant. The
weighted summation of the two signals, fiuorescence intensity of the AA/SS polymer
(90/10} as added to the systen, I{poly), and the fluorescence intenstty of the reaction
product, I(reaction prod}. respectively, can be expressed as:

I(poly) + k Kreuction prod) = constant
wherein k™ is a weighting constant. Data taken at 600 psig (234°C); 800 psig
{272°C); and 1000 psig (286°C) were subjccied 10 a fitting algonithm to extract the
best fit value of “k”. An example of this fit is shown in FIGURE 7.
3) MEASUREMENT OF BOILER CYCLES

Recently, boiler cycles have been meusurad using an inort tracer, a benchmark
method in this aree. However, there may be applications wherein it is not desirable to
add inert tracers to boiler systems. Even though the AA/SS polvmer is not inert, and
undergoes the above mentionsd partial hydrothermal reaction under boiler conditions,

1t is still possibie to use the AA/SS polymer fluorescence 1o extract boiler cycles.

Empirically, it has been discovered that cycles can be calculated using the following



d. conparing the electrical signal corresponding to the sol uble polyner
concentration to the electrical signal corresponding to the tracer
concentration. thereby determ ning the gain or |oss of the sol uble polyner
in the systemand the amount of soluble polynmer added to the system

A sanpl e of the boiler water containing the soluble polynmer may be

cont i nuous! yWSE8882t hrough a flow cel|. As such, a spectr A0S ¢ -
characteristic WD 97/ 35192

PCT/ US97/ 05410 -20 - 14  of the

pol ymer may be continuously neasured, t%er eby continuously determ ning the
gain or loss _of soluble polynmer in the system In addition, an

al arm may be “HETT8t ed when' t he conpari son of step d indicates a gain or
| oss of the soluble polyner. bBNbEUEEI(BeaBtdinDréd, bipss of sol uble polyner is .
i ndi cated, at |east one of the system paraneters, nanely a feedwater stream
flowrate into theelessr{ e water-systent -a” bl owdown streamflow rate from

t he boiler water system and a%ﬁgbﬁ f@j whi ch the sol ubl e pol yner is added
to the boiler water system nmay be altered, whereby a desired

concent r at i owhekintlfpelys bl andd(ppby, fwdmre ti flutwescence intensity of the AA/SS

polymer in the boiler blowdown and feedwater, respectively. I(reaction prod, bd) is
the fluorescence intensity of the hydrothermal 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
kinetically rapid initial stage in the hydrothermal reaction of AA/SS polymer.

A demonstration of the determination of cycles of concentration using this
method 1s summarized in Table I. The determination 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.



mai ntai ned in the boiler water system At | east one of the
spectrophotonetrically emtting noieties of the soluble polyner may be a
'styrene sul fonate group. The sol uble polymer may contain

carboxyl ate-containing mer units selected fromthe group consisting of
acrylic acid, hacrylic acid. crotonic acid. vinyl acetic I :
4-met hyl -4 pe‘ﬁgg%ﬂﬁlcz acid, malcic acid, and itaconic acid. Aadi %@ﬁgm y.
t he sol ubl e polymer may contain non- carboxylate containing mer units
selected fromthe group consisting of sgdi.um vinyl sul fonate,

vi nyl phosphoni ¢ aci d, isopropenyl phosphate. allyl polyethers, 2-

acryl am do- 2- met hyl propane sul foni c agi,gy g@f !yl sul fonic acid, allyl

al cohol , hydroxyethyl methacrylate. N-vinylimdazole, 2-vinylpyrolidine,
4-vinyl pyridi ne aviebsuiemghtadeydtsnf chinensaionlx & gedtymest bodyr opendtiag at at | east

10 % ner unjts of acrylic agid or water soJuble salts  of | j c acid.
The el ectri catOtRIP i aE BOHiFeRE™ o1 e LR e r O REo kB! o

pol yner may DbgeGedddisiausins aampaspfcatiod atd@ovh artdbiCRISt&k@nataicamhespondi ng
to the tracer concentration. The electrical signal corresponding to the
concent r at i onbapler wischelrhtanbipret at fbmyménuterayd e blowderrirate s variedonpared to t he
el ectrical signal corresponding to the tracer concentration. The
spectrophotonetric characteristics sensed may be fl uorescent

characteristics. Anot hgr enbodi ment of |tiheresamansiOacer $§ a nmet hod of
determ ni ng boiler |cyckeg,0f JORLASbJAL: Mnbd | ACRAL Irffor ML SYyStEem
contai ning an anionically charjged water sol uble boiler water jtreatnent
pol ymer. The boil erj wat er systen1iné¥ﬂﬁés a source of WO 97/ 35192
PCT/ US97/ 05410 1 12.0 1.2

2 11.2 10.3

3 10.7 R :

4 30.7 289 '

5 30.7 299

6 26.9 26.9

7 26.6 241

8 285 235.0

5 347 294

10 47.3 47.9

11 10.4 16.9

7 94 10.1

13 10.5 10.2

14 26.2 315 ’

i35 37.0 350 §

16 25.8 24.6

*Boiler cycles as measured by the AA/SS polymer fluorescence techniqus described
above.
**Botler cycles as measured using an inert fluorescent tracer.
TABLE H
Measurement of cycles of concentration in an electric west boiler operating at

1000 psig pressure using a fluorescent inert tracer {fluorescein) and the AAYSS method



15 .a feedwater streamto the systemas a first system paraneter, a source
of a blowdown streamfromthe systemas a second system paraneter, as well
as a source of the soluble polymer in the boiler water as a third system
parameter. The sol ubl e pol yner under goes a hydrothermal reaction at

boi | er wat er stem operating conditions. The soluble polynmer contains at

| east 0.01 %W%??Bé]’?lzt s of spectrophotonetrically enmitting #ieP7esipound

to the polynmer chain. The nethod conprises the steps of: a. adding
the soluble polymer to a feedwater streagmentering the boiler water
system b. neasuri ng at | east one spectrophotorretri c characteristic

of the sol ub Id ch)m%{hls patgnq gcgt?%at%sh%wnz t?ie ?If Sttearr},mg: L geh le otfof\'té{ (rarglml y

?tal

c. allowing a 1'€4s ort B0t So1'tible pol

react into aagaaatmmnpﬁzcsdmwmmtelm tﬁaﬂmb&mmt=y~mrvaaa@ses through the
boil er water syste d _nmeasuring at least one spectrophotonetric
characteristic of fhe remainijng soluble poI yinBrerargpt g dacting at | east one
spect rophot onet ri ¢ | chaamgk er i|SAMSS Bfiyshdn dfethb® dC Cvdn (Picddtesd *eontained in a
sanpl e of the bl owglown stream Cyeles +€. COrjverting each of fhe neasured
characteristics tolelectricall signals correspgonding the concentration of

t he sol uble polynef in the f dedwat er®%t ream {the con®éntration of the

remai ni ng sol ubl e porymar T n|The DI oygiown ST T[eam an?[g’rh‘e—‘cmﬁcent ration of

t he reaction produ¢t—i-n-t-he—hl-owdown gLL-@@-:q—--L-es-pecl_weLgL,._amd f.
usi ng the concentrati on>of the sol ubf pol yngr in t he-f eedwatler stream the
concentration of the remai ni ng sol ublié poI ymer in thle‘!ibl owdozrn‘ stream and
t he concentrati on of-the-reactton—product—rn—the—bto eamto
determ ne the boiler cycles of concentration of the boiler system

The sanpl e ofBéile c¥adchs weh@ireddfyrtbaAeSpcdy merlpotdaecnsolctidliquepirboived may be
continuously passed through a flow cell. As such, at |east one

spect r ophot onetri”g’ “%haracteristic of the sol uble pol ymer may be

conti nuous| y*fmagtiER s ot ReiaRY usiapbh %ﬁ%b&s&ﬁi@fc@l ning the boiler cycles
of concentration in the system A sanpl e of the bl owdown stream
contai ning the remaining sol uble polyner and reaction product may be

cont i nuousl ypaspgg yaE RUSNCEVERMIIPERM A5 sTRERS B sPONSIVE

POLYMER)

The hydrothermal reaction of AA/SS polymer under boiler conditions can be
monitored spectroscopically, as described above. As aresult, it is possible to exploit
this reaction to provide a probe of the stress conditions inside a boiler. Thus,
fluorescence mcasurements can be used to determine the fraction of the AA/SS
polymer surviving passage through the boiler {referred to as “polymer recovery™).
Polymer recovery can be calculated using the expression:

I{(poly. bd)
Polymer Recovery = --cemcommcmna e X 100
I{poly, bd) + k {{reaction prod, bd}
wherein all of the terms are as described above.

This method is demonstrated in FIGURES 8 and 9. FIGURE 8 plots polyiner
recovery using both the new fluorescence and current wet-chemistry methods. The
two methods are in excellent agreement, as demonstrated in FIGURE 9, which plots

fluorescence polymer recovery versus the current method of polymer recovery. The
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one spectrophotonetric characteristic of the renaining sol uble polyner and
at | east one spectrophotonetric characteristic of the reaction product nmay
be continuousl nmeasured, thereby the boiler cycles of concentration in
the systemis WORUM uously det er ni ned. Anot her enbPAI"HEHESHP t he-
invention is a nethod for spectrophotonetrically nonitoring a soluble

pol ynmer recovery value in a boiler water.gystemcontaining an anionically
char ged wat er soluble boil er water treatnent polyner. The boiler water

system i ncl udese Rt fift Witn SRR &b P RAQuELoSREERGE @ T11 St

system para a source strfeam mthe systéemas a
second system parlazlamﬂlmrqscmmn@bﬁoﬁ@ctmongpzﬁymérrtdme@dtmkﬂvmapolyrrer as a

third system paraneter. The sol ubl I a hrou h the oi |l er
wat er syst em (ATHETHES PY S IS GTER: magis eﬂ?‘ >é gﬁcﬁ@g BrERS &i c?ﬁ% CMPRE 1SH1 ubl e

pol ynmer cont ai @guighg fwRAeigeRs dhs %Haﬁtewcrs%n%d a&%ﬁp rmb%zgw\rmsﬁl ly
emtting noieties bound to the ol ymer chain. The net conprises the

steps of: Concenafailfadwmgon lttreﬂ Soil gl e rp@ﬂﬂﬁrfécult 0 parrb@ewm GeldstTream of

the Dboi | er Sy%} S Buoresc nltmcthod re%knrgs noQ:gcmxcal réd cntaahagg A <o gnncgf a lr(])(r:i sol uble
pol ymer to hy Fother ma react” 1nto a reactl e 8ol ubl e

pol yner passesietear @w@hittd@ﬁd betikien andicetirady ah®RIvery casy to peﬁfomﬁr&a§hﬂ adag, at
A oM S D e vk Sauation Goes St contain ady tohe tat 1oguite o
e 2 equire any

measurements from feedwater samples. Thus, it is possitle to determine polymer
recovery using this method solely from a blowdown sampiz. and it is not necessarv to
have knowledge of the boiler operating cycles. The current wei-chemnisirv method
Feguires measurements o be performed on both blowdown and feedwater samples,
and requires an mern tracer 10 measure deiler cycles.
5) CUSTOM DOSAGE OPTIMIZATION

The above describad measurement of poivmer recovery using fluorescence
enables AA/SS polymer to be utilized as a thermal-siress responsive polymer. This
thermal-stress responsive polymer can be exploited to accurately determine the
optimum product dosage needed for boiler internal treatment. For boijers that expose
treatment chemicals to high thermal stress, a high reatment dosage is needed o
accommodate the inevitable hydrothermal reaction and destruction of the intermnal
treatment chemical (typically organic molecules). This is recognized in the fact that
typically recommended polymer dosage increases with increasing boiler operation
pressurc. However, operating pressure is only one factor affecting the thermal
exposure of an intcrnal treatment product. Additionally, boiler firing raze, holding
time, flow dynamics, and riser-tube heat fluxes and other vasiables all impact the
thermal exposure of the treatment. This invention would provide 2 measurement of
the thermal exposure of the treatment and would be sensitive 1o all of the above

factors. Once the thermal exposure of the treatment is known, an accurate

determination of the optimal product dosage can be obtained for each boiler system



sol ubl e pol yner and at | east one spectrophotonetric characteristic of the
reaction product in a sanple of the bl owdown stream d. converting
each, of the nmeasured characteristics to electrical signals corresponding to
the concentration of the remai ning soluble polymer in the bl owdown stream
and the concentration of the reaction product in the bl owdown stream
respectivel y; Waid3s5192 e. using the concentrations of thecrasedgsng ..
sol ubl e pol yner in bl omdown stream and the concentration of the reaction
product in the bl owdown streamto deterp{pp t he sol ubl e pol ymer recovery
value within the boiler water system - A sanpl e of the bl owdown
stream cont ai ni ining solublﬁnpolyner.and the reacti on product

the r .
may be contin g‘ﬁ? 5%{??&%‘5&%” HEPPECPIGRNE PR mIARE dpages igghis manner WD

97/ 35192 can potentially improve both the performance and the cost-cifectivene
PCT/ US97/ 05410 P P ¢ aac the cost-oflectivensss 902 treatmentst one
spect r ophot on¥egRE- characteristic of the remai ning sol uble polynmer and at

| east one spectrop ' \ct.eristic.of e..reaction prodyct my be
conti nuously rreasu&%&?ﬂ?ﬁéﬁlégﬁﬁa%%rkh&"ﬁb?r%%g%rci?&r@?‘drdé(%\’/lé?’ya{)fﬁlf’ﬁ o%i t hi n
the boiler vatleindsydtbiilesiscomntiotd s FredeRediTbibai, many boilers ald1e Sol ubl e
pol ymer recovdg:r.y val ug for the boiler water system may be used to

det er mi ne an GFBMLIMAEDY CRFRHCLA! 8 idh VRl of spidionsiaKyaEttionsefiaht o

effectively tdhg@tiondhS NRE I8 oLpMRLIRIosa¥SE &M ating 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 bz, using the same boiler design,
wherein one boiler is fired and another boiler is used as a waste heat boiler. Another
example would be, using the same boiler design, wherzin one boiler is operated at 600
psig and another boiler is operated at 1000 psig. Tre fluid dvnamics of the boiler
system operated at 1000 psig cun be dramatically different 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 each s=t of operating variables.

The following examples are presented to describe preferred embodiments and
utilities of the invention and are not meant to limit the invention unless otherwise
stated in the claims appended hereto.

Example 1

Agqueous solutions of an 80/20 AA/SS polymer were prepared such that the
concentrations of SS moieties was 5 x 10~ M,25x 107 M,and 1 x 10° M, and the
resulting solutions passed through an on-line fluorometer. The fluorometer used a
mercury lamp for excitation and an photomuitiplicr tube tor fluorescence detection.
An optical filter having a transmission maximum at 254 nm with a 10 nm speciral
width was used to select the excitation wavelength, and a filter with a transmission
centered at 300 nm and a 40 nm spectral width was uscd to select the detection
wavelength. Deionized water was passed through ths fluorometer to establish a
haseline, and then the five samples were in tumn passed through the fluorometer,

followed by dcionized water to verify the baseline. The resulting fluorescence data as



1) FEEDWATER CONTROL The polyner of the invention would allow for
i nst ant aneous and conti nuous nonitoring of the feedwarer polyner
.concentration wi thout the addition of chem cal reagents or an inert tracer.
Thi's is acconplished by nonitoring the fluorescence intensity of the
treating agent at at least a single set of excitation and eqlLss|

wavel engt hs. Y@L flow rates in the boiler system change%f@gmylo
concentration of polyner in the feedwater may al so change. This change in
concentration would be reflected as a chgnge in fluorescence intensity as
measured at the set of excitation and em ssion wavel engths. This capability
P b ML OTRRG Sl i BRI GORE 1, Wrl bl o G EhE, Alorkiifich "t e nal
treatment chenica reat1 ng agent) automatically varying to adjust for
swings in boi frem £A&88 palirer camteuiséd onon-ihefedwdrchnteddn be caused by varyi ng
st eam ng rateE, bl ondown fl ow rates and other variables). Mnitoring of the
pol ynmer coul used to control the feed rate of other chem cals that
woul d be del i ver edadi@od\1e¥ad &8 Isis ARSEhabfR Hebd SBpdrQ Sublf papiger . Fl GURE
| shows an exanple Of an on-line neasurenent of styrene sulfonate, "SS',

f1 uor escence eomnceumtiousf thopolymer ranged ot i to d A¢ partsper miidion (pmjalwel engt h was
254 nm and eni.ssi wavel engt h was_300 El GURE. | shows the, detection
limt measur e‘ﬁ%‘ﬁﬁt.' OIEJF E‘ﬁﬁ%n%sﬁ%‘mﬁ Yan p&%eﬁp%"%lfantoﬁgmg Pe ettclrbﬁh?)et ween t he
actual pol ynefluszoneenistdh inertuiyiens feredcitstion gnd Aalhotonudipliahoseafopr y based
procedures)and the concentration as neasured by SS fluqrescence (for AA/'SS
as 95/5 nol e dggectionef the Npgpsprrcr AREEHEAT filen haKinE Ry APFPRREHRANMENFRt A6% | ONS

The pol yner Al -Qf: e tion of
The poly q\g\nogg[g;a ggtfgggbe&m wifih GRURRH &8sl thB Bkcifiod BEvARBRC A 2

PCT/ US97/ 054 1ffiter with a transmission centered at 290 nm and a 10 nm spectral width was used to

select the detection wavelength. Two calibration solutions, one having 100 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.

Example 3

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

concentration on feedwater adjusted to pH = 10 which contained 10.2 ppm of 99/1
AA/SS 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-naphthalene
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 nm for
excitation and detected the fluorescence emission at 330 nm, while the AA/SS
polymer fluorometer used the same wavelengths as in Example 1. FIGURE 3 shows
some representative data. At times between zero and two hours, the feedwater Ca (as

CaCO,) concentration is 4.5 ppm and the polymer is still remaining soluble in the



- 18-« inert tracer to detect specific gain or |oss of the polyner
(treating agent) due to precipitation, re-dissolution, or hydrothermal
reaction . This is acconplished by nonitoring the fluorescence intensity
of the treatnent agent (polyner) at a single set of excitation and

en ssion wavel engths and nonitoring the fluorescence intensity of the
inert tracer %P3 3ﬂP¥ferent set of excitation and em ssion wavalisenghs. (As
t he pol ymer undergoes a gain or |oss, such change is reflected in a
change of intensity at the set of mave[gggths, whi ch can be neasured
spectrophotonetrically. ) For exanple iT"a hardness upset occurred, it nmay
cause preC|p|EOl |on of h coul noni t or ed. by follomﬁng

d
the decrease It & ke TF‘@QQE\X‘V oé’fsy?hé erduater lﬁaﬁg‘f"és &t Spdesnly incageds:

f | uor escence mw:ﬁobxmmamfgea hdrdiRsesRan SloRl ahBSvakReht M@SEBM& the boiler
bl owdown. An exanple of this is given in FIGJ how ng treating

a simulated HugTERseRcs S[Eﬁ%‘éf‘ th oW densdesn gfeadilydsiesasg relaivatotios NBSAsy st em

e R R, PR Bacfhag § e

1, 5- napht hal emnmimbmmw tiﬂs:lndent:@N%A')mmﬁb@EtCﬁﬂlttfrﬂéa@rbol\QfFHr@ﬁﬁ @GPy the
dashed l'ine. unaf f ect % % the upset, since it is inert. The AA/'S

pol ymer conta ?@s‘l’ dﬁﬁﬁ%r pEr &t of SS. however, precipitated as a

cal cium salt ,EM@I cated by the drop in AA'SS polyner fluorescence
after the upset. The AA 'SS polyner fluorescence is represented by the
solid line. An greririasSRilgar goRpsie prusreyrsnpeatdnn Mcdvabeadjsed t o

necossary t o PislEanic Eaah& H SnfBNd FPAARY et aaRd podhieisgit cal o
many boi | er s.intrheacr\ Bfs smahayngamemedftg@%mlti&i’:tdt@anmmw\\k&fﬂ&htcRx%@Ct' on.

and this reactl 0 ch be fé)l I ovvefi ect roscopically. As the pol
under goes t he’ HVS’P AEe AR bYISEOEIEs AL Cof"ﬁ@“(?ﬂ%fhgérhf: FFSElbRg Boier amr@trmg s

reflected in cgcledRagendasuréd iy SRAAIHORRALAIRMS! FiriNG RIS WeVe Aleul & by

wavel engt hs of the
dividing the fluorescence intensity of fluorescein in the boilsr 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= 1.357. The results
are summarized in Table I. Excellent agreement is seen between boiler cycles as
calculated by these two methods.
Example 5

An electric test boiler at 1000 psig pressure was operated on feedwater
adjusted to pIi = 10 which contained 7.0 ppm of 90/10 AA/SS polymer and 0.5 ppm
fluorescein inert tracer. The steaming rate was set to 54 m/minute, and the blowdown
rate was varied to change Lhe boiler cycles of concentrations. The resulting boiler
operating cycles were measured by two independent methods. First. cycies were
calculated by dividing the fluorescence intensity of fluorescein in the hoiler blowdown
by the intensity scen 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= 1.357. The
resuits are summarized in Table Il. Excellent agrcement is scen between boiler cycles

as calculated by thesc two methods.



pol ymer. This was denonstrated by heating a solution of AA/SS pol ynmer at
600°psig (254[err]C) and pH = 11 and neasuring its fluorescence properties

.as a function of tine. The results are summari zed in Fl GURES 4, 5.
and 6. FIGURE 4 shows the fluorescence spectrum at the begi nning of the
test (at approxinmately 0.1 hours Si nce WO 97/ 3519

PCT/ u(597/ 0221&Y°97’35’92y . _leé’QSWmﬂ -

hydr ot hermal reaction has yet occurred. the spectrumis sinply that of the
AA/SS polymer. After heating for sevenshours, a new fluorescence feature
(spectrophotonetrically nmeasured at a different set of wavel engths) has

appear ed (seeﬁ&w 5), and this is due to a hydrothermal reaction
product. Furt ing for a total of 29.5 hours caused this reaction

product to grow i nAiyt&psh sotution df B0A0 ACORS polytnanit piiee I wvsehdaredtihen AN SS

pol ymer fluorescence, as seen in Fl %RE 6. A FIGURES 7. 8, and 9
show a pl ot oPUCRAEYE §35F EsTPOR PEig g AREr WIropHamuRISES timsof sATAHE Wasr esent ed

by the dark cichgd-Ry; ardfl HllResk &RE i @BitPLOMHELs exERRIBSRNEAGsiIBY the  dark
squares, as a function of time. As the hydrothernmal reaction occurs, the

pol ymer  fl uomesdenatis wiee plraised Eediataties displayed encotouplots indfdGERE with
:)Ir (r)Tgu C,E O,:g \gg&ﬁ%}' {} ?;hm‘\ f%%@‘;‘éu"‘é &uo?es%@n%@ s;g:e%lrurln %? WA/%%&%&“&? reaction

observed (FIGURE 4). After heating for seven hours at 600 psig, a new fluorescence
feature is observed to grow in intensity {see FIGURE §). Afier a period 0f29.5 hours,
this new band is observed to continue to still further grow in intensity, with a
concomitant decrease in the intensity of the AA/SS polymer fluorescent peak, as
shown in FIGURE 6. This example demonstrates how the hyvdrothermal reaction of
the polymer can be followed using fluorcscence methods.
Example 7

A 10.8 ppm solution of 90/10 AA/SS polymer at pH = 1| was heated in an
autoclave at 254° C and 600 psig. Afler various amounts of time, 2 sample was
collected, and the fluorescence intensity at various excitation and emission
wavelengths was obtained. As shown in FIGURE 7, the fluorescence intensity of the
AA/SS polymer (excitation wavelength = 228 nm, emission wavelength = 275) is
obscrved to decrease in intensity as a function of time as hvdrothermal reaction
proceeds while the fluorescence intensity of the reaction product {excitation
wavelength = 290 nm, emission wavelength = 370 nm) 1s observed to increase in
intensity as a function of time as the hydrothermal reaction proceeds. A weighted
summation of these two quantities, using a weighted summation 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 percentage, as described
in this patent.

The polymer recovery was also determined by quantifving 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 insofuble



does there need to be only a single reaction product that could be
spectrophotonetrically neasured. A variety of sets of wavel engths coul d be
used. to nonitor the polymer or the reaction product to follow the
progress of the hydrothermal reaction.) A weighted summation of these two
signals is very nearly a constant. The weighted sunmmation of the two '
sigrals, fl ucﬂ"égfz‘%@e intensity of the AN SS polymer (90/ 18)Trass7added to_.
the system 1(poly). and the fluorescence intensity of the reaction
product, |(reaction prod), respectively,,can be expressed as:

| (poly) + k I(reaction prod) = constant lerein "k" is a weighting
constant. Data,taken at 60(}_5 254 [err]C); 800 psig (272[err]C); and
1000 psig (28 ERFICEPMREx 'Euﬁ‘i"é?:‘i "e‘HO‘E B tﬁ’sfpiobf‘}cﬁ@%m@‘@{‘ cathiken borckaddr act t he

best fit val ug ufresifting th¥bidy I BleRoRfiof M1 dildwihs e RE 7. 3)
NEASUREMENT OF B L EReva T Recent! Y B g%éﬂgf%} ave been
measured using an inert trac8ubidiylépelbimer ik bddtdrbidity of pdijmein@a) However,

there may be L erein it is not desirable to add inert tracers
to boiler SyS?E%{&%eqﬁﬁwwW?%ﬁWWMMd

under goes the paiymiee Nent i or@angrairiic of ek o HECHentt A of Bieciffier) boi | er
conditions, it is still possible to use the AN SS polynmer fluoréscence to

extract boiler cycles. Enpirically, it has been discovered that cycles can
be cal cul ated usi gt BgedRld Q¥eBhetween the two methods, as shown FIGURE §. This

agreement is further highlighted in FIGURE 9. which plots the polymer recovery
percentage as measured by the fluorescent method described in this patent
(“Fluorescence Method™) as a function of the polymer recovery percentage as
measured by the wet-chemistry polymer wrbidity test {Polyvmer test recovery),
Example 8

An electric test boiler was operated at 10 cycles on feedwater adjustzd to pdi
10, which contained between 2.0 and 10.0 ppm of 90/10 AA/SS. The boiler opcrating
pressure was varied between 600 and 1500 psig. The polymer recovery was measured
using the fluorescence method detailed in the text. The polymer recovery was 98.6%,
92.1%, 71.6% and 40.0% at 600, 1000, 1200, and 1500 psig, respecrively.

This is in reasonable agreement with the corresponding values of 96.1%%.
85.6%, 76.0%, and 35.3%, respectively. measured with using the traditional wet-
chemustry method. This illustrates how polymer recovery can change 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 polvmer recovery in
any specific industrial boiler. Thus, for a particular boiler, the dosage of polymer fed
to the system may be optimized based on the polymer recovery determination.

For example. using the boiler detailed above, and assuming that a
concentration of 5.0 ppm of active treatment agent is desired in the boiler and the
boiler is operating at 10 cycles, the optimum amount of polymer to be addsd to the
boiler feedwater is 0.51. 0.54, 0.60, and 1.35 ppm for 600, 1600 . 1200, and 1500 psig

operating pressures, respectively. This concentration will yield a 5.0 ppm



WD 97/ 35192

PCT/ US97/ 05410 - 20 - expression:
‘1 (poly, bd) + k I(reaction prod, bd) Cycles=f X

| (poly, fw) wherein I(poly, bd) and I(poly, fw) are the fluorescence

intensity of the AA/SS polyner in the boiler bl owdown and f r
respectivel y.¥¢¥E4¢tion prod, bd) is the fluorescence int eﬁ&d[p%%’gw’?he -
hydr ot hermal reaction product in the blowdown. "k" (weighted summation
constant) is the constant extracted fromghe fitting al gorithm descri bed
above. and "f' (correction factor) is a correction factor to account for

t he kinetical rant-d. LAl Ll |0, t g A e | of AA/SS
pol yrer - bohel Rl bildb BBl AGR) k- e DR SIS WA o SOEEL A
concent r at i onpslgmageddvery cordiiod dewiledisome. Pietoptimuralrheunt of [Ebewileber mi nat i on

of cycles, using the AA/ SS pol r t hod... were made, ysi ng val ues of k and
f cal cul at ed wtrfgfoa@@a"@&ilq?%&g%mﬁm*gg'éiswavé@%%?@*eme&aas PEet o

el ectric testghaij&t gxperiments. Tests were conducted at both 600 and 1
000 pounds prassure. VO 97/ 35192
PCT/ US97/ 054 1Bxample 9

An electric test boiler was operated at 25 cycles on feedwater adjusted to pH
10, which contained 100 ppb of an inert fluorescent tracer, 1.45 ppm of 9010 AA/SS,
and Ca, Mg, and Si at concentrations typical of that found in sofiened water. The
fluorescence intensitics of the mert fluorescent tracer (excitation wavelength = 470
nm, emission wavelength = 520 nm) and the AA/SS hydrothermal reaction product
{excitation wavelength = 290 nm, emission wavelengtnh = 370) wers monitorad in the
boiler blowdown. After a steady statc condition was reacied. the boiler deaerator was
by-passed, and oxygenated fsedwater was fed directly into the boiler for about 10
minutes, and then deacration of the fecedwater was resumed. High oxygen
concentrations are known to produce rapid reactions with most organic molecules at
boiler operating temperatures inciuding Boiler Water Treatment Polymers. The
resuiting on-line data was used to calculate the polymer recovery (assuming no
decomposition of the inert tracer) and the results are shown in FIGURE 10. When the
oxygenated feedwater was added to the boiler, there was a sharp drop in polymer
recovery duc to cxtensive thermal reactions promoted by the oxygen. The polymer
recovery gradually rosc to the initial value as the reaction products were purged from
the boiler via the boiler blowdown. Thus, two identical boilers, having similar
operating pressure, {iring, and mass flow dynamics, may nonetheless have differing
dissolved oxygen concentrations in their feedwater, yiclding different polymer
recovery values. This differcnce in polymer recovery would lead to differences in the

ecessary amount of treatment chemical in the teedwater for optimum performance.

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

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

and scope of the inventton as defined in the following claims:



- 21 - TABLE |
of cycles of concentration in an electric test boiler opera!lmulmnmlmmll
psig pressure using a fluorescent inert tracer (fluorescein)=and tihe SS+
pol yrer met hod detailed in this patent application are shown in Table I.

Steam ng rate of the boil er was held constant at 54 m/m nute, and the

[6) (o i

bl owdown r at¥OREE1RZar i ed. PCT/USI7/05410 -
Fl uorescent I nert Tracer Sanpl e AA/ SS Pol yner Met hed
Cycl es (Fl uorescein) -30- Cycl es
12.0 11.2 2
1.2 10.3 3 10.7
.9 4 LLAIMS 28 9
1. 30.A method for determining a concen#@idh of an anionically charged 6
26.9 . 26.9 . 7 . 26. 6
24. 1 water soluble boijgr water treatment polymer inggbogler water system, therebeinga 27 0
9 source of a‘%éd&rater stream to the system as a firsf gysfe parameter, a source of a 10
47.8 VR T 10. 4
10.9 blowdown streamlffom the system as a second sySteth parameter, as well as a source 10. 1
%g 2 of the solubjlg paym%jp ghe botiler water as a thirdl s%'s?exfg)arameter, and wherein the% ;1 0
25. 6 soluble polymer ub8ergoes a hydrothermal reaction & boiler water system operating 24- 6

*Boil er cycles as neasured by the AASS polyner fluorescence technique
descri bed 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 comresponding to the concentration of
the soluble poiymer- 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 determined.

3. The method according to Claim 1, 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 botler 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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above. **Boiler cycles as neasured using an inert fluoresc m Imﬁﬂ“m“mm“l
TABLE |1 Measur ement of cycles of concentration in 3 u
boi | er operating at 1000 psig pressure using a fluorescent ihert trater®

(fluorescein) and the AA/'SS net hod WD 97/ 35192

PCT/ US97/ 05410 det ai | ed
in.this paten¥O2pptPTati on are shown in Table Il Steaning r§f:5m6?7’?>ﬁ’é’ -

boi | er was held constant at 54 mi/m nute. and the bl owdown rate was
vari ed. -31 - Fl uor escent

| nert Tracer Sampl e AA/'SS Pol ynmer Met hod Cyl es

g_Fl uorescein) ggectro;gx%omctrically emitting moieties of t!ieoso&uble poFd €S a styrene sulfzonate
9.6 group, 9.2 3 16. 9

19.3 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, whercin the soluble polymer
contains non-carboxylate containing mer units selected from the group consisting of
sodium vinylsulfonate, vinyiphosphonic acid, isopropenylphosphate. allyl polvethers,
2-acrylamido-2-methylpropane sulfonic acid, allylsulfonic acid. allyl alcohol,
hydroxyethyl methacrylate, N-vinylimidazole, 2-vinylpyrolidinz, 4-vinvlpvridine, and
vinylacetate.

7. The method according to Claim 1, whergin the soluble polymer
contains at least 10 % mer units of acrylic acid or water soluble salts of acrylic acid.

8. The method according to Claim 1, wherein the spectrophotometric
characteristic sensed is a fluorescent characteristic.

9. The method according to Claim 1, 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 Clatm 1, wherein the etectrical signal
corresponding fo the concentration of the soluble polvmer is intermitiently compared
1o the electrical signal corresponding to the desired concentration of the soluble
polymer.

11. A method for determining 2 gain or loss and addition amount of an
anionically charged water soluble boiler water treatment polvmer in a botler 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 hvdrothermal reaction

This Sheet Has Been RTiaced .
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4 15.5 16.9 *Boi |l er cycl
rreasured by the AA/SS pol yner fl uorescence techni que descri bedﬂ“lmmllllull Iﬂ””"l
above. **Boiler cycles as measured using an inert uorescent tracer *

PCLYMER RECOVERY ( THERVAL- STRESS RESPONSI VE POLYMER) The
hydr ot hermal reaction of AA/'SS pol yner under boiler conditions can be
moni't or ed spe¥PPUEd¥pi cal |y, as described above. As a resul PCTAUBI70S410 3
possible to exploit this reaction to provide a probe of the stress
conditions inside a boiler. Thus, fluorescence neasurenents can be used to
determne the fraction of the AA/SS ponher surviving passage through the
22: lcﬁlr a’E ;gf 3;$tﬁdll?rh\%§g)§5§glgépgﬁm{zec%g mo de the s igbqapolgrr%(e:ro &%annsca??eage

| (poly. bd) 0.01 % meRQkty BFé’peBQﬁ)ﬁUt@fr&tncallrem:ttmg‘mm'*ne's'bbund' to the polymer
t 000 | (poly, bd) Kk [(reactlon prod,

bd) wherei n @1in. dhe mpBod exmpsisingdheensodicr i bed above. Thi s net hod
is denonstrated i n, ahﬂ'@g&{%taﬂﬁglﬂnef {rgéﬁ%aﬁs Q&b(g{aﬁnzﬁﬂl &(éFF {o the system in

a known ratio to the soluble polymer;

b. mecasurnng at least onc spectrophotometric characteristic of the soluble
polymer and measuring at least one spectrophotometric characteristic of the tracer
contained in a sample of the boiler water;

¢. 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 ~lecirical signal corresponding to the soluble polvmer
concentration to the electrical signal corresponding to the tracer concentration,
thereby determining the gain or loss of the soluble polymer in the system and the
amount of soluble polymer added to the system.

12 The method according to Claim 11, wherein a sample of the botler
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 coniinuousiy determined.

13.  The method according to Claim 11, wherein an alarin is activated when
the comparison of step d indicates a gain or loss of the soluble 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 water system, a
blowdown stream flow rate from the boiler water system, or a rate at which the solublc
polymer is added to the boiler water system whercby a desired concentration of the
soluble polymer is maintained in the boiler water svstem.

15, The method according to Claim 11, wherein at least one of the

spectrophotometrically emitting moieties of the soluble polymer is a styrene sulfonate

This Sheet Has Been Re

A !ill




recovery using both the new fl uorescence and current wetchsmmmmm&“ﬂlim“l
The' two nethods are in excellent agreenent, as denonstrate '
whi ch plots fluorescence pol yner recovery versus the current* mét hbd bf °

pol'ymer recovery. The WO 97/ 35192

PC/ US97/ 05410 - 23 - pl ot
forns a |ine WPPH3H%%S| ope nearly equal to 1.0, indicating cPEEESI7/05410 -
correl ation. This fluorescent nethod of determ ning pol yner

recovery has several advantages over thescurrent nethod. The current

met hod utilizes a wet chem cal test requiring two reagents, has noderate
preci sion and accuracy, has a relatively high concentration detection
limt, and ca®WB nore difficult to performin the field . This new

fluorescent nethod;4 equitesserisa £baaIng ¥ CLEATEWikreilaS sflub@WokRReeENt rati on
detection limt, good precision and accuracy, and is very easy to perform

As an aside, continta leabiakO % iveer ainad aeglinetidpr weersohible ssbhefacryliangidt er ns
oL, R L, TSRS B PO R SR 2,
bl owdown sanpkerespadingtio tie: condennaeass dreysolble polymer is continuously compared to

the electrical signal corresponding to the tracer concentration.

18.  The method according to Claim 11, wherein the elcctrical signal
corresponding to the concentration of the soluble polymer is interminently compared
to the elecirical signal corresponding to the tracer concentration.

19. A method of determining boiler cvcles of concentration in a boiler
water system containing an anionically charged water soluble boiler waier trzatment
polymer, there being a source of a feedwater strzam to the system as a Srst system
parameter. a source of a blowdown stream from the system as a second system
parameter. as well as 3 source of the soluble polymer in the boiler water as a third
system parameter, and wherein the soluble polymer undergoes 2 hvdrothermal reaction
at boiler water system operating conditions, and the soluble polymer contains at least
0.01 % mer units of spectrophotometrically emitting moteties bound to the polymer
chain, the method comprising the steps of:

a. adding the soluble polymer to a feedwater stream cnicring the boiler water
system;

b. measuring a least one specirophoiometric characteristic of the soluble
polymer contained in 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 svstem:;

d. measuring at least onc spectrophotometric charactenistic of the remaining
soluble polymer and measuring at icast one spectrophotometric characteristic of the
reaction product contained in a sample of the blowdown stream;

e. converling each of the measured characteristics to eicctrical signals

corresponding the concentration of the soluble polymer in the feedwater stream, the
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have know edge of the boiler operating cycles. The current

nmet hod requires neasurenents to be perforned on both bl O\Adovﬂlmﬁwmllmlllnllll
feedwater sanples, and requires an inert tracer to neasure botl et dycMess *
5) 'CUSTOM DOSAGE OPTI M ZATI ON The above descri bed neasurenent of

pol yner recovery using fluorescence enables AA/SS polynmer to be utilized’

as a thernal - MOr3g8s19%t esponsi ve polyner. This thermal -stressaraspoosiove ..

pol ymer can be exploited to accurately determ ne the optinum product

dosage needed for boiler internal treatm§ For boilers that expose
treatment chemcals to high thermal stre "s1 a high treatnent dosage is

needed to accommpdat e the i nevi tglé{ae h drot hermal reaction and
destructi on ofSCRIFBIRIARS! Higremeipiggsalupie Pe Ehe plopdPwaFisamy pad ec
mol ecul es) . ThiSceh§atlRGPRIrZRHoh Frolild i @Ebioh‘aékrn sle¥dRh G& glséhv'égcwnded

pol yner dosage increases with increasi ng boiler operati fessure
However, oper ati ngfpussssthe eoncsmonbtyobnhewlddt pmiymﬁzfmcha frgdwirer strhan,thé

exposure of an _internal eat nment |y, boil firing
rate, hol ding® nctef’%mnfolfgﬁrféﬁ?ﬂﬁ’f?g& 1“9’5H8‘tym"s‘é‘r“’?%}88 ‘g%f F\.Bi‘g‘ dbSnd ot her
vari abl es al | cbigeagitiohldE thelrbBREiBPbro8Id @SHE Blo@iloi R StirdarERlddRhine ThY SoilepVeENt i on
woul d provide a neasurenent of the thermal exposure of the treatnent and
woul d be sensi¥¢ ?/SeoftCB“%‘t‘P‘lra‘tS’P of e batlenmsteact ors. Once the thermal exposure

of the treatnent §% maﬂo E&Ef#’« Q%C%%Q§mﬂ@1ﬁg arﬂ;f)leto?gteqpetdlwer

product dosage can alne or edc l'er system
stream contammg the soluble poiymer is continuousiy pas:ed through a flow cell and

therein continuously measuring at least onc spectrophotometric characteristic of the
soluble polymer, whereby the boiier cvcles of concentration in the svstem is
continuously determined.

21.  The method according o Claim 19, wherein a sample of the blowdown
stream containing the remaning soluble polymer and reaction product is continuously
passed through a flow cell and therein continuously measuring at least one
spectrophotometric charactenstic of the remaining soluble polymer and measuring at
least one spectrophotometnic characteristic of the reaction product, whereby the boiler
cycles of concentration in the system is continuously determined.

22. A method for specirophotometrically momitoring a soluble polymer
recovery value in a boiler water system containing an anionically charged water
soluble boiler water treatment polymer, there being & source of a feedwater stream to
the system as a first systera parameter, a source of a blowdown stream from the
svstem as a second system parameter, as well as a source of the soluble polymer as a
third system parameter, and wherein the soluble polymer passes through the boiler
water systermn under boiler water system operating conditions, and the soluble polymer
contains at least 0.01 %% mer ucits of spectrophotometrically cmitting moieties bound
to the polymer chain, the method comprising the steps of:

a. adding the soluble polymer to a feedwater streamn of the boiler system:

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

nto a reaction product as the soluble poiyvmer passes through the boiler water system;
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each specific set of operating conditions. Optimizing dosages*in‘thfs
manner can potentially inprove both the performance and the
cost-effectiveness of a treatnent program A specific boiler
desi gn can haV@%@2different fluid dynam cs, based on howPCTaSEHese10 -
i ndi vidual boiler is constructed and fired. Additionally, many boilers are
designed to allow operation at a w de varisety of conditions; and variations
of such conditions may alter the optimal dosages of treating agents. One
exanpl e woul d be t ' | i - bQi LS.k ed using
nat ural gas and andt %r 0 Iagrghgtg{li%g?%c%g‘)%géﬁ&%rﬁag?oggrm‘re,&&gae%ig%d
exanpl e woul d setubleysmilymertahe atdeaseoneepotopliteaneric charav@istc of theeealt@nl er i s
fired and anot he(g boi | er i’gs k%eb(ii a{O a \é\gast.e heat boiler. Another exanpl e
woul d be usi FCRUEINESABPIS O e PINEOMATTeMrer ei n one boiler is operated at
600 psig and anotgh@bnRAidgRhact & thatahRd cRiractififcs BeldtricdiNgerhlsui d dynani cs
of the boiler system operated at 1000 psig can be dramanticall
di fferent. t harcormepondial t thy senspnistis of the fresanyag sipealnescn the owlayei g. The
dosage of treatnent ent St. Ltered to £ LI nts of the
boi | er syst emsi&rg?m 8’&‘2 ©&e cer(’)fatugggfr.%f f%ﬁﬁ{?a{’rr?%%ﬁé‘smé f;'}%ufd&%'ém%&?

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
determine the soluble polymer recovery vatue 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 specirophotometric 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.
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The follow ng exanpl es are presented to describe preferred e

‘utilvities ofgthe Fﬁvention gnd are not neant to IPnit t he incggﬂJgﬁH&ﬂT%ggir
otherwise stated in the clains appended hereto. Exanple 1-

Aqueous solutions of an 80/20 AA /SS pol yner were pr p

concentrations of SS npieties was 5 X }g[err] M 2.5 10[er”!lwlmmlﬂnﬂllluml
10[err]M and the resulting solutlons assed t hrough an on-

fluoroneter. The fl uoron excitation and an
photonul tiplier tube for fl| 8BEPBACEMENTISHBETS on.8G An pptical filter having

a transm ssion maxi num 3t PBdscniption t peged 10. tonpagedcl.r wi dth was used to

sel ect the excitation wdyiehgnty) anpagedi3d wepagstit®? a] t ransmi ssion

centered at 300 nm and {af¥DriWihSREECHaged . &t pageds.mised to select the

detection wavel ength. [k[pghgggtmatggfmﬁg_ﬁa ad thrpugh the fluoroneter
to establish a baseling, and then t re in turn passed

éﬁ ssn?Ies
through the fluoroneter, . fizdd er{to verify the
basel i ne. The resulting fﬁﬂﬁbigﬁg 2165 | o Y

1. A method of determining boiler cycles of

concentration in a boiler water system containing an
anionically charged water soluble boiler water treatment
polymer, 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 conditioms, 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 the soluble polymer to a feedwater
stream entering the boiler water system;

b. measuring at least one spectrophotometric
characteristic of the soluble polymer contained in a
sample of the feedwater stream;

¢. 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
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function of fifre is show infF GURE 1. This data dennnstrates how ~
fluorescence! {r@d MARS®Iol bnkr can be used for on-line fee

Exanpl e 2 Agueous_soj ufions oftza.95/5 AA/SS pol yner m!@mm. mul“l
such that th¢ concentration of the polynmer ranged from10 to* partms per *
mllion (pp BytRi-ghit—Ihel resul ti ng sol uti ons were passed through an
on-line fluorafethe . ra&mtlému@r@@®¢Ercmnmnhnedmnnuaysim@¢ef@f exei t ati on

and an photo tplier tube for detection of the fluorescence. An optical
filter havingyL.Y AR P EEPYR maxi num at 254 nmwith a 10 nmspectral width
was used to sel ect the gxci e t ' r wwth a

transm ssion centered a% 29%8%%§g%%@% %%&%ﬁ$§p€%€rﬁ?aéﬁ%%§ was used to

sel ect the detkatacvendyeiesotd. eleecebtabradgnalsototressondiegheeéng 100
ppm pol ynmer and anot her contai ning only deioni zed water, were used to
calibrate thecomﬁ%@FHﬁﬁh?nthnﬁké solublei ppbymer chbnvehe feedwaterescence

nal into ag re ol concentr |l ot _of t ol yner
ig%centlations éUrgﬁep ﬁ?gtﬁgﬁh%? © #gﬁsr?ﬂglﬁﬁ%%nsggﬁggﬁt¥at|ons of
t he SO'UtlOnSpbﬁyﬁé?WﬂnlﬁhE'ﬁiEﬁﬁBwnTberééﬁa aﬁ&owﬁeeé@ﬁbéﬁﬁ%atiaﬁaéfty

and can be verg accurately fit to a stralght line. Exanple 3 An
electric testt GlreacaLOQODrpdugtplassheebhawdoperatedaat 10 cycl es of
concentration_on_feedwater usted to pH = 10 which contained 10.2 ppm of

99/ 1 AA /SS pbFJREFCHEGM¥g ﬁﬂ average nol ecul ar wei ght of 74,000 as
measur ed agai nst polyst renﬁsiﬂ%fgﬁ? Eéﬂ@f&g§on39fpEHb“@S&uESQd 0.1 ppm

of 1, 5-naphthal ene disulfonic a A as an I1nert tracer er a period
of four days, pohgméeednatie €esdeatesnt sﬁﬂeafn cahei yonvaatshoiby bficthased
fromzero to 5.5 ppm and_the bl owdown fluorescence of the inert tracer
(NDSA) and t hESRALBENGoRPABPLRePELYBATt dRclhesPRGWEAYR AETRPRUORBAREERS. The

NOSA 11 uor oL URedat el 9hckebERt AN et ol ell! echhuagescence

em ssi on at 3 ymer uor one use e Ssane

wavel engt hs aStraaExa&paetérmEhGUBEe3b&th& &9&&eseafe&enbahtratdahaofAt
times between zero and two hours, the feedwater Ca (as CaCJerr])

concentrationthe boslsﬁhﬁaﬁ&eﬂhe polymer is still remaining soluble in the
2. The method according to claim 1, wherein a

sample of the feed water stream containing the soluble
polymer is continuously passed through a flow cell and
therein continuously measuring at least one
spectrophotometric characteristic of the soluble polymer,
whereby the boiler cycles of concentration in the system-
is continuously determined.

3. The method according to claim 1, wherein a
sample of the blowdown stream containing the remaining
soluble polymer and reaction product is continuously
passed through a flow cell and therein continuously
measuring at least one spectrophotometric characteristic
of the remaining scluble polymer and measuring at least
one spectrophotometric characteristic of the reaction

product, whereby the boiler cycles of concentration in
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BOT USea) 0ea1o] REPLACEMENT SHEET GEMEﬁyspegr
water. At a ti of two hours the feedwat er hardness was suddEnIy

i ncreased to}5 %rHARsl ati pg a hardness upset. Shortly

the AA/'SS pol yher fl uorescence si gnagzin the bl owdown bega mm:‘mmumm
decrease rel atifve to the NDSA nert tracer, indicating precipl taationnofs

t he cal ci um sal . This exanple shoms hom/thls i nvention

can nonitor i¢h¢e@Ystémeiangommdgummshye@ém&rm&ﬂe@ due to a sudden

har dness upset.

An electric test boiler at 600 psi

pressure was opera‘f‘ ed ﬁef‘&%ﬁn\%‘?e‘?f a‘ﬂ}%’s}'t‘ejd wherein -at oled$t RS Phi ned %
0.0 ppm of 9%HD fbeEropbyaRE AL PRI LULESASI L LOoSE Lhgger - The

steam ng rate was set t

m nut e

own rate was varied to

change the bovheercyocleslefpobprent fata omsyrdhe sebfbhatg §oohupet operating
cycles were neasured bé two i ndependent nethods. First, cycles were

cal cul ated by divPdin

wer e determ

he heethadr @5 cekrini hieherein ofaif Brestesalihlene

ver o det er m nEaPyehabRpbPAESE LEPRERMater Ol FRIRS e RERES oo Y

val ue of k = QeBedBedndrbm-the3§fouph€ohesstis

éfeaéﬁﬁﬂﬁélééﬂdln Table 1.

Excel l ent agreenent is seen between boiler cyclTes as calcul ated by these

two net hods.

methacrylic acid, crotonic acid, wvinyl acetic acid, 4-
methyl-4-pentenoic acid, malei; acid and itaconic acid.

6. The method of claim 5 wherein said water-soluble
polymer comprises at least 10% mer units of acrylic acid
and water-soluble salts thereof.

7. The method of claim 1 wherein said water-soluble
polywmer comprises non-carboxylate containing mer units
selected from the group consisting of sodium
vinylsulfonate, vinyl phosphonic acid,
isopropenylphosphate, allyl polyethers, 2-acrylamido-2-
methylpropane sulfonic acid, allylsulfonic acid, allyl
alcohol, hydroxyethyl methacrylate, N-vinylimidazole, 2-
vinyl pyrrolidine, 4-vinyl pyridine and vinyl acetate.

8. The method of claim 1 wherein the
spectrophotometric characteristic measured is a
fluorescent characteristic.

9. The method of claim 1 wherein said water-soluble
polymer is poly(acrylic acid/styrene sulfonate).

10. A method for spectrophotometrically monitoring
a soluble polymer recovery value in a boiler water system
containing an anionically charged water-soluble boiler
water treatment polymer, there being a source of a

feedwater stream to the system as a first system



.Exanple 5. REPLA%MQIE%% f est boiler at 1000 psig pr REPLACEMENT SHEEY
operated on jegdwater adjustedito pH =1 0 which contained 7.0 ppm of 90/

10 AA/ SS pol yner 220 MAR B99pn f] uorescein inert tracer. The steamng rate”
was set to 54 M /mnute, and the bl owmdown rate was varied t

boi l er cyclefp of concemratrtons. The cgsulting boiler operaﬂmmmﬂ%m’aﬂml
nmeasured by Lwg.independent t hods. First. cycles were calculated s %
dividing the fluorescence intensity of fluorescein in the boiler bl owdown

by the intensPayamebarinat doutreedofit arblSedown, stheanyftes vkeesystemni ned

by using the pethod desgribed in this Eatent, us'fg a value of k_= 0.319
and f= 1.357.3%h8 PESBPEsSHPESCLRABRTS 8rfna%aﬁ?£ | #S 2 ERRRFFen?t apfeenent

{/\f) 3%625?85 Vegs1aBLEehotyhbeSadSaCehevhiakeee By bREsSRL¥P, "BhAOR erein

PCT/ US97/ 05418he soluble polymer passes through the boiler-wafexr
A 10.8 ppm sol ution of 90/10,6 AA/ SS golyner at pH = 1 was heated in an

. 1 cat

aut ocl ave at SEBFEM prdgRdbedbersVatesi BRPLOR PBR%ARABANEINGLLLPRE, a
sanple was ¢ e d h e LnLensi a Li Ltation
and eni ssion QagvgﬁgnS?Egg%érgogkﬁg%nééﬁg%ﬁggdéﬁaiééétd?ég?§y§§§a§ég%%tour
plots in FI GUBE 4pectrophotometrically emitting moieties bound to the

—+

polymer chain, the method comprising the steps of:

a. adding the solugle polymer to a feedwater
stream 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;

c. measuring at least one spectrophotometric
characteristic of the remaining socluble 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
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
determine the soluble polymer recovery value within the
boiler water system.

11. The method according to claim 10, wherein a

sample of the blowdown stream containing the remaining
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fl uorescence feature is obslerjved to growin intensity (see FIGURE 5).

After a periofd pf 2DMARNSGPs,| {this new band is observed to
still furtherjgfowin intensiityi w th-g4-concomtant decreas’ﬂi‘!ﬂlﬂ@lﬂmm“m
Intensity of jhe AA'SS polyner jfl uorescent peak, as shown i Fk .08 %
This exanpl e Hemnnstrates how tihe hydrothermal reaction of the polynmer can
be foll owed uwsdlyplI¢ ysobgoencandetiwdssact fommptedyct is conttirfol®sppm
solution of 90/10 AA/SS polynmer_at ph .= 11 was heated in an autocl ave at
254[err] C aﬁ%@ﬁﬁp@’@?uﬂt%rf%‘l’i‘gﬁlg ARANGRETHRLIR | GRUC INUGWHIE was

collected, a oL es I nt ensi | . EXC ' .

em ssi on wave %%%?ﬁ%ﬁgaégo %%%ﬁé%&éAéaéégkég?é$$¢%§ﬁi§7€ﬁ%€%é$$ﬁg$€§%ence
intensity of éhethd&fapRiNgesolelle tHdlpheoxed eyt heas®28na@m emni ssion
wavel ength = 275) is observed to decrease in intensity as a function of

time as hydr ofPeehaPrhetenebricpereratenhstictod gheoreaekied intensity of
the reaction pr (excitati velength = 290 n m.ssjon wavel ength =
370 nm is o 5$€§§£towﬁﬁﬁ?§¥s ﬂ?ﬁg?g?%g i??rgﬁeg f%%%??ﬁi S?f??ne as the
hydrot hermal &eeR{ihOPhE' BEEEES. whAt ¥R §PEeem SHNEBAL OAUShsIREse two
guantities, using a weighted summati on constant (k) of 0.319. is observed

to yield a nedetgrminedant val ue, as shomndin FIGURE 7. This fluorescence
data was used to calculate the | ymer recdvery percentage, as,described
in this patent. 12 T%ﬁemﬁﬁpgapchﬁﬁgﬁﬁgytﬁasEQFEOIéetE?ﬁFﬁéB Egé
quantifying t g1 aERUNbo? e§u&¥bsb§g¥p951Hsrfa§' AedpBOL ¥EBaLHEDI dity

test. In this test, a calionic sur tant I's used to react wwth the anionic
car boxyl at e f sgstemndki ugedf dondageaninasahubpeimum concentration of

‘After 0.1. hof tic fl t | :
1 bserved | P e o Por seven nours ot GREPAGERERD' SEET |

the soluble polymer needed to effectively treat the
boiler water system.

13. The method of claim 10 wherein at least one of
the spectrophotometrically emitting moieties of said
water-soluble polymer is a styrene sulfonate group.

14. The method of ‘claim 10 wherein said water-
soluble polymer comprises carboxylate-containing mer
units selected from the group consisting of acrylic acid,
methacrylic acid, crotonic acid; vinyl acetic acid, 4-
methyl-4-pentenoic acid, wmaleic acid and itaconic acid. -

15. The method of claim 14 wherein said water-
soluble polymer comprises at least 10% mexr units of
acrylic acid and water-soluble salts thereof.

16. The method of claim 10 wherein said water-
soluble polymer comprises non-carboxylate containing mer
units selected from the group consisting of sodium
vinylsulfonate, vinyl phosphonic acid,
isopropenylphdsphate, allyl polyethers, 2-acrylamido-2-

methylpropane sulfonic acid, allylsulfonic acid, allyl
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PO: y{re&i c fon}[)IheK.r hT{}le} Wp&c%ga}a ;)n 011: EEI S pf)l %/me:]l CTﬁonPl Iex ‘can then be
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bd / turbidity o poI ynmer in fw {%recovered = 10

(Concentrati on ol++acer—-R—be-Sorcentration of tracer in fvv)

Cl ose agr eenerﬁlcrceh@eerhmrmmthﬂe thetthametyioiss , as-xsﬁ@vnzﬂﬁmeg arhi s
agreenent is furt h| hted in FIGQURE 9. which Ci;@(ts t he pol yner
recovery percemnt *d ‘by"’tfﬁél RNk Anderil dertated in
this patent ("FI up;es funhct.i on of t.he polymer recovery
per cent age as measur ed y %/\a/;t échcgfm riﬁp‘%ﬂferr%]r tqﬁ'ﬁbl dity test

(Pol ynmer test smmpﬁotom&(ﬁ’@l@a&cterzstl&%@ésﬁ%éd Cid est boiler was
operated at 10 _cycles on feedwater adjusted to pH 10, which contained

bet ween 2.0 andlAYEeSeRRE oFhaAaleetSs:. The boi l er opcrati ng

18. The method of claim 10 wherein said water-

soluble polymer is poly{acrylic acid/styrene sulfonate).
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pressure was variell between 600 and 1500 psig. The pol yner ‘g'?'htf{
nmeasured using the fluorescence nethod detailed in the text. é@ rrer
Fécovery was 98. 6% 9 2.1% 71.6%and 40.0% at 600, 1000, 1200 and 1500
psi‘g, respectively. This is in reasonabl e agreenent "":ﬁa t he
correspondi ng vetgs, of 96, b lien: [00% A0k 3%rdt0 1 eSDED
measured with usi the traditional wetwsthem stry net hod. Th| iy ustrates
how pol y MNTEREADIOSIY. APRDICNTANYG PURMISAES URQER FHQIP[A@F\‘bXCO‘DaEBMﬂg‘QManrm ng

par angler I T hE s S ESSUre. g heT, paranet er s mel-uding ot
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Tide: FLUORESCENT-TAGGED POLYMERS FOR BOILER INTERMNAL TREATVENT

t Abstract

The invention is a method for determining a concenwration of un anionically churged watsr soluble boiler water treaument polymer
in a boiler water system. The boiler water system includes a sousce of a fecdwater swean. 1o the svstem as a first system parameter, a
source of a blowdown stream from the sysiem as a second system paiametsr, sy weil 35 a source of the soluble polymer in the boiler water
as a third system perameter. The soluble polymer undergoes a hydrotrermi} reaction at boilsr water system opz:ating conditions. The
soiuble polymer contains at least 0.01 % mer uniis of spectrophosometrizaily smitting meisties bound o the polymer chain, The method
comprises the sieps of: a) measuring 1t least one specrophotemeinic charasreristic of the soluble polymer contained in a sample of the
tuiler water; h) converting the characteristic to an elecirical signal comespenling 1o the concentration of the soluble polvmer in the boiler
water: £} comparing the elecirical signa! correspending to the copurniration of the solubbs polymer in the boiler watsr to an electrical signal
comesponding to a Jdesired cuncentration of the soluble polymer in the hoiler water; and then, d) determining a gain or loss of ihe scluble
ooixmes in the boiicr water,

REPLACED SHEETS SG

LI Descripticn : paged ..7... 1o raged ...
17 C!:-?m{s) R Toli . 10 pazod 35 '

O Drawtngls) tpaged .. 7. to paged ..7..
£ Ab"’::t! : paged ....... i0 paged .......




pol ymer recovery conditions detail ed above. The optinmum anmount of feed wll
be ‘unique for each individual boiler, and will differ even anpong boilers
operating at the same pressure. Exanpl e 9 An el ectric test
boiier was operated at 25 cycles on feedwater adjusted to pH 10, which
contai ned 100 ppb of an inert fluorescent tracer, 1.45 ppmof 90/10 AA/SS,
and. Ca, My, apgo9hsi¢d concentrations typical of that found iparaséiened
water. The fluorescence intensities of the inert fluorescent tracer
(excitation wavel ength = 470 nm em ssion wavelength = 520 nm) and the
AA/ SS hydrot hermal reaction product (exd fafi on wavel ength = 290 nm,

em ssion wavelength = 370) were nonitored in the boiler blowdown. After a
steady state condition was reached. the boiler deaerator was by-passed,
and oxygenated feedwater was fed directly into the boiler for about 10

m nutes, and then deacration of the feedwater was resuned. H gh oxygen
concentrations are known to produce rapid reactions with nost organic

nol ecul es at boiler operating tenperatures including Boiler V\atercD
Treatment Pol ymers. The resultlng on- I|ne data was used to cal cul@ate the
pol yner recovery (agstfifig coOnPT ' 1 rfDand t he
results are shown ip FIGURE 10. VMen the oxygenated f eedwat er ;f5~added to
the boiler, there was a sharp drop in polynmer recovery due to gxtensive
thermal reactions pyonoted by the oxygen. The pol yner recewgryl gradually
rose to the initialjvalue as the reaction products were purgdd from the
boiler via the boilkr blowdown. Thus, two identical boilers, thaving simlar
operating pressure,jfiring. and nass fl ow dynam cs, nmay nonetthe| e have
differing dissolved oxygen concentrations in their feedwaten, Jyietding
different polymer fecovery values. This difference in polymer irefvery
woul d lead to diffefences in the necessary anount of treatmgnti chenical in

the feedwater for optinmm perfornance. Changes can nelde in the
conposition. operatjon and arrangenent of the nethod of }the present
invention described herein w thout departing fromthe cdgncept and scqge of
the invention as defined in the follow ng cl ai ns: c>
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concentration in a boiler water system containing an
sol ubl e boiler water treatnent

vat er
f eedwater streamto

bl owdown streamfromthe systemas a second system paraneter,

source of the webiyie polynmer in the boiler water as a thirdpsystis
t he sol ubl e pol ymer under goes a hydrot her na

par anet er,

1. A nethod of determ ning boiler cycles of

and wherein

pol ymer,
the systemas a first system paraneter,

a source
as wel |

310

reaction at boiler water systen1operating EOF?;tions, and the sol uble

FIG.2
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pol ymer contains at least 0.01% ner units of spectrophotonetrically
em t'ting noieties bound to the polyner chain, the nmethod conprising the

St eps of: a. adding the soluble polynmer to a feedwater stream
enteering the boiler water system b. measuring at |east one
spectrophotonetric characteristic of the soluble polynmer contained in a
sanpl e of thgﬂg§% ter stream c. allow ng at | eapis@oROHti on™
of the soluble poryner to hydrothermally react into a reaction product as
t he sol ubl e pol ymer passes through the bgiler wat er system d.
measuring at | east one spectrophotonetri énbrhcteristic of the remai ni ng
sol ubl e polyner and nmeasuring at |east one spectrophotonetric
characteristic (wdd) Apsdeluy sousasaiony vSaN
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of the reaction product contained in a sanple of the bl owdown stream

e. converting each of the neasured characteristics to electrical signals
correspondi ng the concentration of the soluble polyner in the feedwater
stréam the concentration of the remaining soluble polyner in the bl owdown
stream and the concentration of the reaction product in the bl omdown
stream respegbiwsdiy; and, f. using the concent r@‘t:},gggﬁgwtohe

sol ubl e polyner in the feedwater stream the concentration of the remaining
sol ubl e polyner in the bl owdown stream and the concentration of the
reaction product in the bl owdown stream t$¢ Mdgtgrmi ne the boiler cycles of
concentration of the boiler system 2. The nethod according to claim
1, wherein a sanple of the feed water stream containing the sol ubl e pol yner
i's continuously passed through a flow cell and therein continuously
measuring at | east one spectrophotonetric characteristic of the sol uble

pol ynmer, whereby the boiler cycles of concentration in the systemis

conti nuously determ ned. 3. The nmethod according to claim 1, wherein a
sanpl e of the bl owndown stream contai nin i@§ remai ni ng sol ubl e pol yner and
reaction product is continuously passe Q a flow cell and therein
continuously neasuring at |east one spectrophotonetric characteristic of

t he renai ni ng solubbﬁyﬁolyner and nmeasuring at |east
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one spectrophotonetric characteristic of the reaction product, whereby the

boil er cycles of concentration in - 32- the systemis

conti nuously determn ned. 4. The nmethod of claim 1l wherein at |east one
of the spectrophotonetrically emtting noieties of said water sol uble
polymer is a styrene sul fonate group. 5. The method of claiml

wherein said wedeisssl ubl e pol ymer conprises carboxyl at e- conpaifidisdiB’ -
units selected fromthe group consisting of acrylic acid, nethacrylic acid,

crotonic acid, vinyl acetic acid, 4- nethyl-4-pentenoic acid, nmaleic acid

and itaconic acid. 6. The met hod ofgpPaHnDS wherein said water-soluble
pol ymer conprises at |least 10% ner units of acrylic acid and water-sol uble
salts thereof. 7. The nethod of claim1l wherein said water-sol uble

pol ymer conprises non-carboxyl ate containing nmer units selected fromthe
group consi sting of sodium vinylsul fonate, vinyl phosphonic acid,

| sopropenyl phosphate, allyl poIyethers,F?Tf§r¥5anido-2- nmet hyl pr opane
sulfonic acid, allylsulfonic acid, ally .
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al cohol, hydroxyethyl nethacrylate, N-vinylimdazole, 2- vinyl pyrrolidine,
4-vinyl pyridine and vinyl acetate. 8. The nethod of claim1 wherein
_the spectrophotonetric characteristic measured is a fluorescent
characteristic. 9. The nethod of claim1l wherein said water-sol uble
polymer is poly(acrylic acid/styrene sul fonate). 10. A nethod for
spectrophotonetrically nonitoring a sol ubl e polyner recovergTahugsdiion a

boi | er mater“ﬁvg@@ﬁ%containing an anionically charged water-sol uble boiler
wat er treatnent polyner, there being a source of a feedwater streamto the
systemas a first system -338 sppr(pneter, a source of a bl owdown
streamfromthe systemas a second system paraneter, as well as a source of
the sol uble polynmer as a third system paraneter, and wherein the sol uble
pol ymer passes through the boiler water system under boiler water system
operating conditions, and the sol uble polyner contains at |east 0.01% ner
units of spectrophotonetrically emtting noieties bound to the pol yner
chain, the nmethod conprising the steps Fﬁy(a Es a. adding the soluble
polymer to a feedwater *

280 _ , ’ -
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(hm)
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stream of the boiler system b. allowing at |east a portion of
the*sol ubl e polynmer to hydrothernally react into a reaction product as the
.sol ubl e pol yner passes through the boiler water system C.
measuring at | east one spectrophotonetric characteristic of the renaining
sol ubl e polyner and at |east one spectrophotonetric characteristic of the
reaction procl‘yﬁt).,és%za sanpl e of the bl owdown stream PCT/ISYI 05310 i
converting each of the neasured characteristics to electrical signals
corresponding to the concentration of the remajning soluble polynmer in the
bl owdown stream and the concentration of /hé d’eacti on product in the

bl omdown stream respectively; and, e. using the concentrations
of the remai ning soluble polyner_in blgwdown stream and the concentration

of the reaction prgduct t he @owdov@ st reagl to d%er m ne=t he sol ubl e

pol ymer recovery \ggl ue wicthin t boi ger watler syst@m © 11. The net hod
according to clainylo0, erein a sanpl& of the bl owdown st r8am corftagni ng
t he remai ni ng T ~ ! ot
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sol ubl e pol yner and the reaction product
and therein continuously neasuring at

fl ow cel |

is continuously passed through a
| east one

spectrophotonetric characteristic of the renmaining soluble polyner and at
| east one spectrophotonetric characteristic of the reaction product,
wher eby the sol uble polyner recovery value within the boiler water system

i S continuously, AakRE M ned.

wherein the sol ubl e pol yner
used to determ ne an optimum concentration of the sol uble polyner

12. The nethod according tgGhabindb
recovery value for the boiler water systemis

needed to

effectively treat the boiler water systeng§ /1 { 13. The nmethod of claim 10

wherein at

sai d wat er-soluble polyner is a styrene sul fonate group.

met hod of claim 1@ywhereip,

| east one of the spectrophotonetrically emtting noieties of

14. The

said water- sol uble polyner conprises

car boxyl at e- cont aiwi ng nmek>units sel ectedcbrom thesgroup ggonsisting of
acrylic acid, netfacrylicacid, cPtonic &id, vinmyl acetic¢ acid, 4-

15... TheSnet hod

nmet hyl - 4- pent enoi c[acid,  malercacrd-antd—ttacenr-e—aci-d- ;
of claim 14 whereijn said water- sol uble polymer c i ses at |east| 6% ner
units of acrylic gcid and water-sol uble salts thegéof. 16. The met hod
of claim 10 whereijn said water- sol uble pol ynecc’&onpri ses non-carlpboxyl ate
containing mer units selected fromthe group cangsisting of sodium
vi nyl sul fonate, vijnyl phosphonic acid, isopropényl phosphate, all\l
pol yet hers, 2-acryl am do- 2- hyl propane sulfgnic acid, allylsullonic
acid, allyl - 5 -
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-35- , alcohol, hydroxyethyl methacrylate, N-vinylimdazole, 2- vinyl
pyrrolidine, 4-vinyl pyridine and vinyl acetate. 17. The net hod of
cl ai m 10 wherein the spectrophotonetric characteristic nmeasured is a

fludrescent characteristic. 18. The nethod of claim 10 wherein said

wat er- sol ubl e polymer is poly(acrylic acid/styrene sulfonate).
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