METHOD FOR DETERMINATION OF POLYMER CONCENTRATION IN WATER SYSTEMS
Background of the Invention Field of the invention [0001]The field of the invention relates generally to
the detection of water- soluble polymers in industrial water systems, such as cooling and boiler water
systems. MoP&FAPEEdT&HS, it relates to a method of determining the conceM¥FatioT B &G aHbility of
anionic water-soluble polymers in industrial water systems based on the interaction between cationic
dyes and water-soluble polymers. Description of Related Art [0002]lt is well known to use water in
numerous and varied industrial processes, such as removmg heat from process equipment and the

generation of steam. Howé&T HoE iR EfiBRYOCeSs ideitior possible to use

untreated water as the presenm@rpmﬁg%m mwm%mﬁgquestlon For example,
compounds that inhibit scale formation are added to cooling tower and boiling water to prevent the
formation or disposition of scale on the equipment used in these processes. [0003]Most industrial
waters contain metal cations such as calcium, barium, magnesium and sodium, as well as anions such
as bicarbonate, carbonate, sulfate, phosphate and fluoride. When combinations of the cations and
anions are present above certain coneenyt d @ef%' %)er gucts precipitate on the surface of the
equipment in contact with the water i the Procese “fowf"scate or deposits. The presence of such
scale or depqsis resulls, i mnan-optimum process condltlons and results in the cleaning or removal of
such scale or deposits that is expensive and burdensome in that it often requires a shutdown of the
process or gystam. AccorgingdiprarderieRISVRTLEUEhSeale & GRRARIS:froRY QoRTINg, itis

preferable to treat the water with the proper chemlcals In order to prohibit their formation.
soluble polymers in industrial water systems, such as cooling and boiler water systems,

More particularly, it relates to a method of determining the concentration or availability
of anionic water-soluble polymers in industrial water systems based on the interaction

between cationic dyes and water-soluble polymers.

Description of Related Art

10002] It is well known to use water in numerous and varied industrial processes,
such as removing heat from process equipment and the generation of steam. However, in
most industrial processes if is not prudent or possible to use untreated water as the
presence of impurities may impact the process in question. For example, compounds that
mhibit scale formation are added to cooling tower and boiling water to prevent the

formation or disposition of scale on the equipment used in these processes.

10003] Most industrial waters contain metal cations such as calcium, barium,
magnesium and sodium, as well as anions such as bicarbonate, carbonate, sulfate,
phosphate and fluoride. When combinations of the cations and anions are present above
certain concentrations, reaction products precipitate on the surface of the equipment in
contact with the water in the process and form scale or deposits. The presence of such
scale or deposits results in non-optimum process conditions and results in the cleaning or
removal of such scale or deposits that is expensive and burdensome in that it often
requires a shutdown of the process or system. Accordingly, in order to prevent such scale
or deposits from occurring, it is preferable to treat the water with the proper chemicals in

order to prohibit their formation.



WO 2008/147618PCT/US2008/061832 [0004]Formation of scale and deposits can be avoided by
insuring that the solubility of cation-anion reaction products is not exceeded. Certain chemicals are
known to be useful for this purpose, including water-soluble polymers, such as polymers derived from
unsaturated ¥A1Be8YaT6and unsaturated sutfonates and their salts. Somé* paftigifigBs Laful
water-soluble polymers include HPS-I, AEC and APES and polycpoxysuccinic acid (all available from
GE Beta, Trevose, PA), and as further described in US patents: 5,518,629; 5,378,390; 5,575,920;
6,099,755; 5,489,666; 5,248,483; 5,378,372; and 5,271, \862. However, the presence of these
polymers cé@Be4ladditiofatissimsdiscorcerhdamtite conteatratiod bf the:poyytinerdin the industrial
watter systegaf st e el manlinged:- i It Polmet b eplovel seagng.may stil occur,
while if too much polymer is used, the treatment may not be cost eftective. For each given system,
there is an sptinTalchhteritrafforiiisveropsangduheenedds tol bl salizadr{0o0B W ethpastare known

for detefm“’dﬂHﬁ&?@ﬁﬁ%ﬁ%@é&%&%%ﬁ&!%Ql?&@la){{}?&{e%i&%H@@Eﬁrﬁﬂ&%ﬁ%%@m ple, there

are a number of methods available which determine the level of specific components using dyes. US

patent 4,89P23ie e HeEd Y HRétoa IS eme eaeTiniine B nhiddto it HBeamsbxylates in agqueous
systems with GRHakYCRHRMC.BeG Uy S RMERIAG B BR14.624,40:-Ciota &t ahsmaasyres the

concentration of an anionicatly charﬂ'%d golymer in an aq%Jeous solution that comprises a reagent,
water, Nile BREPRELhE REAEEM I Edditon therdis-a Had dolEefyie 28iPH&thod that uses iron
thiocyanateschilatian o tistect ealibration hasedonpalyacrylicsacid «Othee methess inchide the use of
luminal-tag olymers in combination with fluorescent or chemiluminescent detection techniques to
monitor tne T INETHMRATSI OCH G185 SV BARAHRRD o4 BSgTE SR B A GHCtARAN TGRS patont
6,524,350 manysatioibcyesfidre mohstable ifastlttoniState. frethabpaientaihis ahowithat that

pinacyanol chlorld%IPerilP{ stablﬁkllgoq%%%o%s SO ugt?en@éﬂz%\évﬁvn% tggtsg metthofgs have%wmerous

. QCCur 100 T 15 USC £ COSE erfective. 1
Shortcomlngs, m’c‘fﬁ&lng Instgbl y'in-agueous SYS ems, nafrow dynamic range, anoﬁm 3rference by

naturally ocewirigigqpolyshans thna sampiptionicstremgtii(0006]Theawrehttpracessés have many
problems aise%@&i&{ed with them, particularly interference from various factors and components.
Accordingly, a need exists for simplified and more accurate test methods that can easily be used to

determine g egncentration iWALALSQIHEIS BAVMER INRIHGRURERAILHRS, HhatEXRIt high
reproducibility, decreased response to interferences and enhanced stability. Summar
polymers in aqueous systems. For example, there are a number of methods available

which determine the level of specific components using dyes. US patent 4,894,346
teaches a method for the calorimetric determination of polycarboxylates in aqueous
systems with certain cationic dyes. U. 8. patent no. 6, 214,627 to Ciota ct al. measures the
concentration of an anionically charged polymer in an aqueous solution that comprises a
reagent, water, Nile Blue Dye and a chelant. in addition there is a Hach polyacrylic acid
method that uses iron thiocyanate chelation to detect calibration based on polyacrylic
acid. Other methods include the use of tuminal-tagged polymers in combination with
fluorescent or chemiluminescent detection techniques to monitor the industrial waters,
such as in U.S. patent no. 3,958,778. As demonstrated in US patent 6,524,350 many
cationic dyes, arc not stable in a solution state, In that patent, it is shown that that
pinacyanol chloride is not stable in aqueous solutions. However, these methods have
numerous shortcomings, including instability in aqueous systems, narrow dynamic range,

and interference by naturally occurring polymers and sample ionic strength.

[60086] The current processes have many problems associated with them,
particularly interference from various factors and components. Accordingly, a need exists

for simplified and more accurate test methods that can casily be used to determine the
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100071 In one embodiment, the present disclosure is directed to a method for determining-the————.——.
concentration of anionic polymers or oligomers in industrial water comprising combining a buffer

solution and a cationic dye solution, measuring absorbance of the buffer-dye admixture at selected
wavelength( s) and determining the polymer or oligomer concentration from the previously determined
absorbance values. 10008] in alternate embodiments of the disclosure, the buffer solution may be a
multifunctional buffer solution and may be comprised of multiple buffers, masking - agents, and/or
stabilizing agents and combinations thereof Other embodiments provide that multiple dyes may be

employed. c368Q08a#h afisiaspegi there is provided a method for determining the concentration of
an anionic %%yme[ or oligomer in anl%%;%m%gsﬁa%ufﬁﬂﬁgEﬁﬁﬁ?ériﬁlﬁ@@(h}}bétddgig a multifunctional
|

buffer solutBhISEREEa @?Wﬁé@%@&dﬂ@tﬁmeﬂ.m&y@%&%i%@ﬂmprises at least one
masking agent selected from the group consisting of bivalent inanganese salt},{ ferrous salt, calcium
salt, zinc salt and combinations thereof; (b) adding a cationic dye solution to the buffer-sample mixture
of step (a); (c) measuring absorbance of the admixture in step (b) above at a selected wavelength or

wavelengths; and SUmEmAry.
10007} In one embodiment, the present disclosure is directed o method for
determining the concentration of anionic polymers or oligomers in industrial water
comprising combining a buffer solution and a cationic dye solution, measuring
absorbance of the buffer-dye adrixture at selected wavelength(s) and determi;nc the
! 8

polymer or cligomer concentration from the previously determined absorbance values
[8G08] In alternate embodiments of the disclosure, the buffer solution may be a

multifunctional buffer solution and may be comprised of multiple buffers masking

agents, and/or stabilizing agents and combinations thereof, Other embodiments provide

that muitiple dyes may be employed.



(d) determining polymer or oligomer concentration from the absorbance values determined in step (c)
based on a predetermined calibration equation. 10008blin a second aspect, there is provided a
method for determining the concentration of an anionic polymer or oligomer in an industrial water
sample by means of differential masking comprising: (a) adding a first multifunctional buffer solution to
a portion of ﬁﬁljgggﬁmple: gb) afddin? a cationic dye solution to the sample-buffer mixture of step (a); (c)
measuring absorbance of the AarATRire i i8 BTN dd sebe fudnretoimgtl e wavelengths; (d)

adding a seEbatariamtmattioralolifonto ia seceheportienchsaid sgmple,e) adding said cationic dye
solution to the sample-hisier, ML step (d); (f) measuring absorbance of the admixture
resulting from step (e); () det.erm?ﬁiﬁ%{)ﬁ/grﬁ%gro %ﬁé% I SATEP CorrRsFiatiaN frons faectibsorbance
values obtaitiés t%tﬁ@%ﬁ‘iﬁﬁ%ﬁhﬁ@%f?%wd@g&mﬁﬁhﬂmﬁ@zﬁ&!ﬂ@@ﬁ@@ eguatian, wherein
said first muitifingtignakhuffersQlytion.and said second multifunctional buffer each comprises at least
one maskinE% a%j?nt selec;géd_f?om the grotup%’ncgi%llngg? %ﬁé‘%ﬁ? %aﬂﬁég@é‘i’ﬁﬁ@?%@@san,
calcium salt2i¢ SRP4d CoRbiRdaBAHerdsbuffer-sample mixture of step (a);

(¢} measuring absorbance of the admixture
s ; n step (b ;
p (b) above at a selected wavelength or
wavelengths; and
(d) determining polymer or oligomer concentration from the absorbance values

determined in step (c) based on a predetermined calibration equation.

{8008b] In a second aspect, there is provided a method for determining the
concentration of an anionic polymer or oligomer in an industrial water sample by means of
differential masking comprising:

(a) adding a first multifunctional buffer solution to a portion of satd sample:
(b) adding a cationic dye solution to the sample-buffer mixture of step (a);
(c) measuring absorbance of the admixture in step (b) at a selected wavelength or
wavelengths;
(d} adding a second multifunctional buffer to a second portion of said sample;
(¢) adding said cationic dve solution to the sample-buffer mixture from step (d);
() measuring absorbance of the admixture resulting from step (e);

g) determining polymer and oligemer concentration from the absorbance values obtained
from both steps (c) and (f) based on a predetermined calibration equation;
wherein said first multifunctional buffer solution and said second multifunctional buffer
each comprises at least one masking agent selected from the group consisting of bivalent

manganese salt, ferrous salt, calcium salt, zinc salt and combinations thereof.



10008c1In a third aspect, there is provided a method for determining the concentration of an anionic
polymer or oligomer in an industrial water sample by means of interference background correction
using a second dye solution comprising: (a) adding a multifunctional buffer solution to a portion of said
sample, wherein said multifunctional buffer solution comprises at least one masking agent selected
from the gr:ﬁé@?go}nsisting of bivalent manganese salt, ferrous salt, calcium salt, zinc salt and
combinations thateof; (b) Bd@int& firspecitidhreedyie spletidedtoatheaasdaplesbustes-mixiwre gf (at; (c)
determining tssottasince bétheiasdopstuneresWlinghiom siep,dh)at A selected w velength or

wavelengthgs. (i) depeaati a), (b and(r c) wherein said first dye _sof’&f%jne’l ¥éB?§E%8fby a
second dye sglution; (e)%%%@ﬁ%‘%%f%%‘é?%d%?@%%? éoktienfamerisiram the absorbance values

obtained frém astéips (cnahificiana! baiiter amwd@t%@m@&aﬂbgatwéhﬁ%@%ﬂ 100091 The various
. . ; . SCEELE . Srent 5ai .
features of navelly that sharagterize the disclosure Oﬁhre pointed out with particu arity ift the claims
annexed to and forming a part 0 s discloative, Eof Biditeriirderaesing oteddrdisdlosure, its
operating adVaR s aRt Bénefitsiobtaisec:Bysits. usesnrefarenge;ismade 1 the agcompanying
drawings anshfigsstintivemagter. The accompanying drawings are intended to show examples of the
many forms of the disclosure. The drawings are not intended as showing the limits of all of the ways

the disclos LAgdinga ﬁfﬁﬂ@%ﬁ&‘i@éﬁ“@ﬁ&m@sﬁh@ sosuibstiftions.oftae (wgrious components of the
disclosure @an«ateause hamase. The.disclosue. r@g@;@;&&f&%ﬁ? A g and

sub-systems of the elements described, and in met using
wavelength or wavelengths;

(d) repeating steps (a), (b) and (c) wherein said first dve solution is replaced by a second
dye solution;
(e) obtaining polymer and oligomer concentration from the absorbance values obtained

from steps (c) and (d) and using a predetermined calibration equation.

[6009] The various features of novelty that characterize the disciosure are pointed

out with particularity in the claims annexed to and forming a part of this disclosure. For g
better understanding of the disclosure, its operating advantages and benefits obtained by
its uses, reference is made to the accompanying drawings and descriptive matter, The
accompanying drawings are intended to show examples of the many forms of the
disclosure. The drawingé are not intended as showing the limits of all of the ways the
disclosure can be made and used. Changes to and substitutions of the various components
of the disclosure can of course be made. The disclosure resides as well in sub-

combinations and sub-systems of the elements described, and in methods of using them

Brief Description of the Drawinos

10010] FIG. 1 depicts the plot of absarbance change of 1,9-dimethyl methylene
biue at 530, 593 and 647nm as a function of the concentration of polymer HPS-1.

[G011] FIG. 2 depicts the plot of absorbance change of Azure B at 593nm as a
function of the concentration of polymer HPS-1.



Brief Description of the Drawings [0010]FIG. 1 depicts the plot of absorbance change of 1,9-dimethyl
methylene blue at 530, 593 and 647nm as a function of the concentration of polymer HPS-I. )
10011]FIG. 2 depicts the plot of absorbance change of Azure B at 593run as a function of the
concentratio® BfS8HAHMELHPS-1. WO 2008/147618PCT/US2008/061832 [OOIRFHBERIdESits the plot
of the absorbance change of Brilliant Crystal Blue as a function of the concentration of polymer HPS-I.
[0013]FIG. 4 depicts the plot of the absorbance change of Brilliant Crystal Blue (BCB) at 585nm for a

2ppm concentration of polymer HPS-I as a function of solution conductivity.
10012] F1G. 3 depicts the plot of the absorbance change of Brilliant Crystal Blue

as a function of the concentration of polymer HPS-1.

(0013} Fi(. 4 depicts the plot of the absorbance change of Brilliant Crystal Blue
(BCE) at 585nm for a Zppm concentration of polymer HPS-T as a function of solution
conductivity.
[0014] FIG. 5 15 a depiction of the precipitation of DMMB dye upon the addition
of HPS-1,
[6015] FIG. 6 is a depiction of the same assay of FIG. 5, but with the addition of
40 ppm Arabic gum,
10016] FIG. 7 depicts the use of Mn®" as a masking agent for AEC.
100177 F1G. 8 depicts a calibration curve for DCA 247,

Detailed Description of the Invention
00181 While the present invention has been described with references to

preferred embodiments, various changes or substitutions may be made on these
embodiments by those ordinarily skilled in the art pertinent to the present invention with
out departing from the technical scope of the present invention. Therefore, the technical
scope of the present invention encompasses not only those embodiments described above,

but also all that fall within the scope of the appended claims.

[0019] Approximating language, as used herein throughout the specification and
claims, may be applied to modify any quantitative representation that could permissibly
vary without resulting in a change in the basic function to which it is related.
Accordingly, a value modified by a term or terms, such as “about”, is not limited to the
precise value specified. In at least some instances, the approximating langnage may
correspond to the precision of an instrument for measuring the value. Range limitations
may be combined and/or interchanged, and such ranges are identified and include all the
sub-ranges included herein unless context or language indicates otherwise. Other than in

the operating examples or where otherwise indicated, all numbers or expressions

4 -



[0014]FIG. 5 is a depiction of the precipitation of DMIAB dye upon the addition of HPS-1. [0015]FIG. 6
is a depiction of the same assay of FIG. 5, but with the addition of 40 ppm Arabic gum. [0016]FIG. 7
depicts the use of IVIn2fr as a masking agent for AEC. [0017]FIG. 8 depicts a calibration curve for
DCA 247. D&&iEYHdsttiption of the Invention [0018]While the present inVR#Ti6I$194%9é&1F described
with references to preferred embodiments, various changes or substitutions may be made on these
embodiments by those ordinarily skilled in the art pertinent to the present invention with out departing
from the technical scope of the present invention. Therefore, the technical scope of the present
invention eneompadses mmitonlyiiosedembodimentscdediciinedabibedMsutsddaraththat fall within the

scope of Ing:apRIdse clais . [AISlpprexmatng anauageAs se IRiE DIgugaouL e

specification and claims, may be applied to modity any quantitative representation-that co
permissibly ¥a#jtvithout resulting in a change in the basic function to which it is related. Accordingly, a
value modified, by a term or terms, such as "about”, is not limited to the precise value specified. In at

53 ¢ 9 Le,

least some if8&Hces, thé approrEANGIRTHR G FRSEbrreSpBRE Y6 8he Préeiion of an instrument
for measurinigdhaivaluenRangedimitaiipns, mayxbe:cemainedandier intewhanaedAnd sHch ranges

are identified f3n(;l include all the sub-ranges included herein unless context or language indicates
otherwise. SHHEP AR S opF 4G BXa MRIRE ST MRER o MERISE ARefEA S el CATBES or

expressions list of elements is not necessarily limited to only those elements, but may include other

clements not expressly listed or inherent to such process, method article or apparatus.

(6021} Embodiments of the present invention comprise improved methods for
determining the concentration of anionic polymers and/or oligomers in industrial water
samples. The methods disclosed and claimed hercin are particularly well suited for
quickly and accurately determining the concentration of anionic polymer corrosion or
scale inhibitors in aqueous systems, including but not limited to boilers, cooling towers,
gvaporators, gas scrubbers, kilns and desalination units. The method includes the use of
predetermined calibration curves for optimal efficiency and effectiveness. Polymers
capable of being detected by the methods disclosed herein include, but are not limited to,
water-soluble anionic polymers that contain anionic groups, such as carboxylate,
sulfonate, sulfate, phosphonate, phosphate. Examples of the same are polyacrylic acid
moiety polymers, polysufonated polymers, and maleic anhydride polymers. Some
specific examples of contemplated anionic polymers are HPS-1, AEC and APES (GE
Betz, Trevose, PA).

[06022] One factor that needs to be evaluated for each particular polymer is its
degree of interaction between that polymer and a dye. This factor can be determined by
mapping the absorbance change of a dye as a function of a particular polymer. In order
to determine the change in absorbance of a dye composition, an initial absorbance of the
dye composition is determined at a set time after mixing the composition at any
wavelength in the visible spectrum of 300 to 700 nm. In the present application, these
measurements were repeated as a function of a particular polymer concentration. Fig, 1,
as an example, shows the absorbance change of 1,9-dimethyl methylene blue (DMMB) at
530, 393 and 647 nm, as a function of polymer HPS-I (acrylic acid/1- allyoxy, 2-



referring to quantities of ingredients, reaction conditions and the like, used in the specification and the
claims, are to be understood as modified in all instances by the term "about". [0020]As used herein,
the terms "comprises," "comprising,” “includes," "including," "has," "having" or any other variation
thereof, are i‘ﬁflgﬁ%‘dlfgﬁé%ver a nonexclusive inclusion. For example, a proBESEU &bl Satticle or
apparatus that comprises a list of elements is not necessarily limited to only those elements, but may
include other elements not expressly listed or inherent to such process, method article or apparatus.
[0021]Embodiments of the present invention comprise improved methods for determining the
concentratidniGparioricipalipmedes. and /oy oligeniasdin ifitustribbwatbre shanplesciTHamethods
disclosed apg glajmed ferein arepartigulary well sultedder quickly, and-accurgiely determining the

concentration of anionic gg&mer corrosion or scale inhibitors in aqueous systems, including but not
limited to boMEPEoIE SR Mg Ehs, dapaproratoreagtisrsketintior e, attS drictie satlmatiare Lymits. The method

includes the.use.of predatemmned calitration givasifor aptimakeficiency:and effectveness. Polymers
capable of Qeinﬁ detected by the methods disclosed herein include, but are not limited to,
i

water-solubléganiBie g nsisaresihat Bsmsinbasb RGOS Euch R VAR Siforae sulfate,
phosphonaigscphesphateExamplrs otthesame aeppetyacrylic acid moiety polymers, polysufonated
polymers, and maleic anhydride polymers. Some specific examples of contemplated anionic polymers
are UPS-1,[AEE3hnd APESH(Gdr Betz; heevosenRi)ed0022]enbottigiontbpitageds:i@ be evaluated for
each particular polymey is. its. degree of jnteraction between that polymer and.a dye. TT} factor can be
determinedig\y}cﬁ%’éﬁiﬁé e %%?B%tr}fc%}%ﬁtai%g'gf %E%‘%%g 4 f‘hﬂgg (o)t} 8?%%5%&5@?% H¥er. In order
to determin€hB Johengé #absorbanceiof afdyecompasitiditiB#-Initibrabsddlidheehdfithe dye
composition,is determine i rmixing e composition at.any wavelength in the visible
spectrum o% 300 to YOOIn%. %ﬁﬁégé%}sge%%%pﬁégt%% ‘t%%eesneg%n Sur n%}g tlgvsvg%eﬁ r%gpegaatré(é as a
function of & pafticifla¢lpeipmarissnbe meakionhFigidacoantexisplesistidwththiyabsdrbance change of
1,9-dimeth)ﬂd%9yk%%9{g§0§pMMB) at 530, 593 and 647 nm, as a function of polymer UPS-I (acrylic
acid/I- allyoxy, 2-

[0024] Fig. 4 depicts another factor that can be considered in an embodiment of

the present invention. Specifically, Fig. 4 shows absorbance change of BCB at 585 nm
for a 2ppm HPS-I polymer concentration, as a function of solution conductivity. The
value of conductivity is a quantitative indication of ionic strength. The ionic strength
effect is pronounced for BCB, and therefore suggests that BCB is not a good dye for
HPS-T determination in real water samples, since it is too difficult te control the ionic
strength of the sample. The information gleamed from Fig. 4, in conjunction with the
information determined from Figs. 1 and 2, demonstrates that for the proper dyes needs to
be selected in order to have the most accurate readings of polymers or oligomers present
in an aqueous solution. Specifically, a dye needs to be used that has a strong interaction
with the polymer in question, in order to minimize possible interference from the water
matrix. At present, processes that take into account the combined effect of factors such as
polymer/dye inferaction, ionic strength, and solution conductivity have not been known
to date. The data generated from studying these interactions lead to the presently claimed

Process.

10025] Cationic and anionic dyes and polymers are water-soluble due to the fact
that they possess charges; i.e. they are positively or negatively charged. When a dye

forms a complex with a polymer, the total ionic charge carried by the complex is reduced



hydroxypropylsulfonate), and its concentration. Fig. 2 shows the absorbance change of an alternate
dye, Azure B (AB) as a function of UPS-I at 593 rim. Therefore, it is possible to quantify the degree of
interaction between a particular dye and any polymer, such as, but not limited to, HPS-1. To one
skilled in the #ff} &@4fhifeiBon of Fig. 1 and Fig. 2 clearly indicates that the exhipitgshinlgsastion
between DIVIMB and UPS-I is much stronger than the interaction between AB and HPS-I.
[0023]Another factor that is considered in an embodiment of the present invention is the ionic strength
effect. Fig. 3 shows the absorbance of brilliant crystal blue (BCB) dye at 585nm as a function of
concentratiofofitjiR@:apohymen BEBiexhiitsevenweakes ineragtionioward, YPsq1 tﬂﬁ% AB, when
comparing tg%pi%salnolgiﬁ%ﬁ a adr 2. Thlf is relevant in that the yvea}keA[ the mteractlor%, the less
desirable the“dy SHRBISR oo AR abfitdsiasensdesivapeloarcbe considered

e and polymer co

in an embodipreritofithe pregentinvention .Specifically, Fign4.shows abserance,changs.of BCB at
585 nm for %%Q%Wig-éiﬁ%g%@% %rtlé:%gér&ation, as a function of solution conductivity. The'value of
conductivity is a quantitative indication of ion VRS AGHR T EBn DreRigth herrdrasis Pfsrounced for
BCB, and tHéisfdradigggbbulinarBg Basdistidaoehdyelfor iR Sthelpterminationimreal water
samples, singgyik Hicul rolithe, ignic, strength of the sample. The information gleamed
from Fig. 4, iﬁgcggrﬁﬁgﬁg?gjf %ﬁﬁ%@ﬁ%ﬁ%ﬁrﬁ%%r% %g%)éflr%/i%gealfir%}ﬁ?/ﬁ ?“%ﬁﬁ‘@]ﬁ, Begsdhiates that for
the proper dye¥Reisrr) Becseiasied ih rdersio hgueothesmiostacMfatefieasingssafpalyumers or

oligomers pessgikinodl aaueRtssAlionSResical 2 0ye Negds to-he used that has a strong
76 POSSIBIE AT ASTREHOHIIHE water

interaction with the pF%Iymer in question, in order to minimize possib

matrix. At pf&&&Tt Pproticrddu it 1and satebietbunttivecebnibivk delfdet aifastosTstdnas

polymer/dyedntesactiosn i0me sicangin-anesaiutian Sonauchviy,have.not been known to date. The
data gener%tleigjl tfr%m_stu_d ing these interactions Ieacﬁ%) te p%gsaeﬁﬁy c gi%ﬁqgt Vgrgoc%sesisf(ﬁlBZS]Cationic
and anionic dyegra?{anﬁ?ﬁl&grﬁ

P djraainedmns e e inicmetrantvay sossess thiarges: i.e. they
are positiveThonsgpiutly ahargedsdbien iy edanis ARORRIRONINA BOIEE M6 foral lonic
charge carrlgs,d by:ihe,complex lsygdu ed_ WO 2008/147618PCT/US2008/061832 é_ue to mutual
charge neutralization. A exampid ol B ierdetonf e i segdinie dget dpgrapesioely charged
polymer. As{prégmierofoinisrititeiaction, ihk dye-prlymensomPIRimay pregipiiate from the assay
system. Suﬁ&&@rﬁ??@é};&%@ become problematic, particularly in situations where the aqueous system
is one with a high hardness factor. Multifunctional buffers may be added in an embodiment of the
present in ), t0 addieSS, SURES factors that limit the ability to quickly and accurately
measure tg%%ggence g%%olymers gétcti (?rt%ié%]r%é?g%n%ﬁcﬁléggﬁgsef RS il ti8nal buffers are
compositiof&°8t Yolitiiie thateinetuschidaramot birited /o] stabilizingeagerits, masking agents,

and/or pH uierss andrRamAnelivRS teresfiSuEhmylfungtional buffers have not been known nor

used in the Prior_a}rt, and provide axé%{_eat service relative to the issue ofinterfétérie in correct
deteiminatﬂ%r‘?%‘?‘ﬁﬁ?ﬂw@ﬁ&ﬁj’dﬁf@? HE¥ntFigichsho w6t AEVIFRR preeipksuskhddiyififunctional buffer

addressesttiveaissyesiofisel@aity N @eh3R IS ymer, in this instance HPS-L Fig. 6 shows the
same assay and polymer interaction, but with the addition of a stabilizing agent, which
shows decreased precipitation. In particular, Fig. 6 shows that DMMB does not
precipitate nearly as much or as quickly after the addition of the polymer HPS-1, due to
the presence of a stabilizing agent, in this case, Arabic gum. A stable assay free of
precipitation is required for online or automatic application where precipitation could
result in blockage of a flow and deposition on an optical window, for example. A

stabilizer may be added in varying amounts, such as from about 10 to about 100 ppm, or
about 30 to about 50 ppm.

[06027] Another embodiment of the invention provides for the masking of
surfactants that may be present with the polymers and/or oligomers. An anionic

surfactant can be effectively masked by including a masking agent in the multifunctional
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by minimizing or eliminating the factors that effect effective and efficient determination of polymer
concentration, and make the present method practical for use in current industrial facilities. [0026]An
embodiment of the invention includes the addition of a stabilizing agent in order to more accurately
determine polfdfEk§&i¥er concentration in an aqueous solution. AdditionP$TTAUSEBHIEERgent assists
with solving the issue of precipitation and assay instability. Fig. 5 shows that DMMB precipitates
quickly from the assay solution upon addition of a polymer, in this instance HPS-1. Fig. 6 shows the
same assay and polymer interaction, but with the addition of a stabilizing agent, which shows
decreased pratipit&ioncindpartivcer nEigkiseskmws that-BAin B dbeyvigtprecipitateanearly as much or
as quickly %@FJQ@C@@Q&'Ofﬂg9f7t|3@r}P&Mﬁ%S%%;g@ﬁ?gﬁé}gﬁﬁ%%?%&g ?%%%%Eﬂ%@g%}i 3ggnt in this

case, Arabic gum. A stable assay free of precipit or online or a tomatic application
where precifffatidnbtonl Rssanin ibldekdigeiotie tovweand ofelSBsition Win arropti¢alfvmdow, for
example. A@@@@Hﬁ%&@@y@lasmﬂﬂ%dgw@w%@m%ﬁ&ﬁemmé om abaut Q.10 abaut 100 ppm, or

about 30 to about 50 ppm. [0027]Another embodiment of the invention provides for the masking of
surfactants YA HEAHAEE ARSI &PBRAABIS MRS BligTin sras lPE ARIHIL Stirfgeeunt can be
effectively masked fiyipsluding.a noasking agentinHheraultibanetional,Rutiendy inshiding such a
masking agent, the reading of the polymer concentration is more accurate. Fig. 7 demonstrates that 5
ppm of poly CHEISBAEIHITEALH: (BE SR AbREHEA &bt 4A| Faspwtiss 8liaERs itihe presence of
490 ppm MaZeinitheibutfer: fndepubenzeneswfonaiedisas-examplerehanather anionic surfactant
that can be masked by adding a cationic surfactant to the aqueous system. The masking agent in an

amount of ffBAZ8D ppm t6about20p0rspm pand:fiyrthes: fromaabouid0R Epmsieabeur:000 ppm.
Masking agents include. but are not limited to. hivalent manganese salt, ferrous. salt, calcium salts,
zinc salts, quate neéri/l arir?in(él(zbgr al}?tgntt, of %(’5%1 ﬁggﬁ%ﬁg?ﬁere%ﬁofbﬁﬁ% er%%‘?ﬁt %:%?‘Hggﬁ%nts naturally
exist in wat@etid Bejueoas Systdnls. iF orekanpie, tdericacittisocedbthenatuaiyaedurring

components gl exist {AHSIRGEWRAIREFAAMS AGIA I3 JKEIY 0 CaUAA S8y %Er)] gg]nrzl%erges'{lecﬁc g o

) ; , 5 ..
metachoromatic dye-based colorimetric methods when determining the ¢ ration of anionic

polymers, sSUSH&ESHHBEEHHBE pblipmbesn Homad thebtheapminpiaa HRS golydids MBS doand PESA
do not respRRRHIRIGaLARIL VS SUERAS, Bt AAtlHmied B BasigRlye L4 While 0 the prgsence of

water with a high hardness concentration. However, tannic acid exhibits a sensitive response to a dye,
such as BaSic Bt i BB ahardnes precaresion diosryeniesiansid MR MigisHiidhess

concentratigpdiierefargyamaliernsigiemhediment af/ihg, preseRIdRvEAN £LALS 0L & dwp-dye method
for determinir}:g bﬁh 1%{0%30 olymeric ¢concentration, such as HPS-I, and tannic acid concentration.
DhEhNET ey

This can be'a APOFRTEALGRNd ACTEtaT b EaeT srbasimsns Ly farfrts™ cationic dye,
such as DNiMBytwherdln the: aguebessystenicomprisempaibttannin RGid aadran anionic polymer,

such as UPS-I, Thereatfter, seﬁ%gck“catg)nic dcye,.guch as BB 17, li exposed to the a%%gous system,
-4, 4]
tha I

and the abSOMSENCE 1REPONSa fro BEEEAS ARSI sir C&° e L8 &SRS Mt this case BB

17, does ndiyrésponchsorthe amichicypolymef qim thisoase iSt, thatidhie absaikanse measured with
this secondiﬁ?f | %;J ated to other.components, such as tannic acid. Therefore the simple
subtraction o t%‘éé éon%e%{{rgkl{f:o%qgé?ﬁ%sggacgﬁg co nfg)%sn’té%%#gérmgnrlocuaﬁ 1§fa€§rﬁ%8%lé’ﬁf§ Pﬁiyanslﬁrﬁed by the
second dyeufibay HBSHitidhreerdiay ofthendvetalhresyormsehwillBBsLilt in ¢kporedasuiiement of the

anionic pOlyREHI L& SHSHR ol Ca b Bim 627G SRS NG MRUNPRLHE Sitasured. Since the
second dye, in this case BB 17, does not respond to the anionic polymer, in this case
HPS-I, then the absorbance measured with this second dye 1is clearly related to other
components, such as tannic acid. Therefore the simple subtraction of the concentration of
the second component or group of components measured by the second dye, from the
initial reading of the overall response, will result in the measurement of the anionic

polymer in the system, i.c. in this case the concentration of HPS-1.

[0023] In one embodiment of the invention, the method for determining the

concentration of an anionic polymer or oligomer in an industrial water sample comprises
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adding a multifunctional buffer solution to the industrial water sample, subsequently adding a cationic
dye solution to the water sample comprising the buffer resulting in an admixture, measuring the
absorbance of the admixture at a selected wavelength, and determining the polymer or Migomer
concentratio fROHE @&orbance value based on a predetermined calibratiowespsatiosisThe
calibration for a particular polymer is Jae'mined by plotting the absorbance at a set wavelength as a
function of the concentration of a polymer. [0030]The portion or sample of the industrial water sample
may be any convenient amount of the aqueous solution containing the polymer or oligomer

compoundsadtitionally fipreireatieiitofdhe watethsandplermay e desirablesugh.ag,filtration of the
sample to rempye particulates, addition of an effective amount of a redycing agent to reduce chlorine
and/or ferric iror_l',g if present, t ee?{ggﬁﬁri}ﬁr{%%iﬁfﬁ't?ﬁtéédr?lé)r%ncé)mgm% 'e%%%fﬁ‘gh‘élﬂ@ 10631]The dyes
are chosen ¥onv&igroupshmettchromdtio dyeiwhithi ane dyes sthataneerge:a:e0larchange upon
interaction With. holyionie £ mﬁﬁ&n&s 1-%]& roup é% s from which the cationic dyes are chosen
includes, but is not Iin%ted ?(_), Di_meth(ill _ et%y%engg uxég,oﬁai%%n éﬁﬁe‘ﬂi&ﬂ%@l\% I\‘/rfefﬂﬁ}%@rg‘féi Bit#, and
combinatioS ¥HEFEBINeshes dhrsisaeraistion thEhinveliticticeafls fopahieuse mflgtedimethyl methylene
blue as the gatinnis v, Faaisatinnis dyedsadded inan, eff %ﬁv% ATRQuUnt, whigh amount is generally

from about 0.5 to about 3.0 times the molar concentration o? e po y%lg??ﬁ the assay. [0032]An
alternate erfiBSATRHPBLEHEIVEMSON calls for the use of a second or additional multifunctional buffer.
In that em%%gt, the ngethod for de'germininﬁ the concentration of an anionic polymer or oligomer in
an industrial Water sample 5y FREhE o H B hthA oKk “eum prseleaviny atirst multifunctional
buffer solutimm terdeportionof sxid:samphe; {olloweaddy-asdinga caliericHyg solion to the
sample-buf[:%r m{%}u&e tgf&%et?tg %ﬁn admixt%Jre; mgaﬁurin_ the absorbance of the admixture at a
selected wavelength(s). Tollowed By adHing S et sha valitifgrutie Aabbitrdessaile s:6Besnd portion of
the industriéilvater sbthpkeripkreatenase panitbisfar-satapmixiy e fRediRg Mg sagionic dye solution to
the second. hyffer-wa ixture, measuring absprbance of the admixture resulting from the second
mixture, an§%%§ér%ﬁ%%&%é%%®%e?%% g |goéri%emfm é%ﬁc&ir%%%’ﬁ» f%ﬁ?gﬁwgﬁ%rbance values
based on alBi&detarnien dsifsretivposquiation. In one embodiment comprising the use of two
multifunctional buffer solutions, the multifunctional buffers comprise at least one masking agent each,
which the rﬁ%@%ﬁg agenfg}@ﬁ%egfﬁé@ﬁﬁﬁeﬁ@%ﬁmmﬁ watktlboffetisclutiom ashwell dgpresent in
the same ondiffeRmamnauptsindhebufierselution @%@M&HH‘&J@%@E&Q%@' rou%Ag'fOther

embodimerr%t of the invention follows the steps above, but differs in that the sample is‘determine by
means of iffere 88“3‘«5%?:‘&5r%‘ﬁr‘f&tl%‘t‘f*‘e‘él’ﬁrﬁrﬁéi’f‘f@ﬁﬁléé@ﬁﬁﬁ‘*oPlﬂIEéMt}éf@é%mc@y@thhich is mixed in
with the sebanityiateBhisfiermixire v, fosn aisecaad AdRIEMC RIS, i 1hig insiance the
process coﬁr:nnﬁjri%as a dif%a.multifunctiﬁnal buffer solution to a portion of a water sample, adding a first
cationic dy& SoIUtion 1o the intAT ESmEtes e Hic Al tdtarivirgcandsrs hevsstine initial
admixture atéosélelted ivavaiengtyerivaisiengthsac themenaaling.thase sleRguhergin the first
cationic dygrosrgl%i&g t?‘ Sr%;)la %e(f ?}5 o sec,%nd cationic dﬁe solution. Thereafter the polymer and
oligomer concentrations aré obtained rom the aBsoTEEAEaLAI GALhsdriivet ihtheeidcess above and

using a preggateymined cRlDRAUAN AR cnt of the invention calls for the use of a second or

additional multifunctional buffer. In that embodiment, the method for determining the

concentration of an anionic polymer or oligomer in an industrial water sample by means
of differential masking, comprises adding a first multifunctional buffer solution to a
portion of said sample, followed by adding a cationic dye solution to the sample-buffer
mixture o create an admixture; measuring the absorbance of the admixture at a selected
wavelength(s), followed by adding a second multifunctional buffer to the a second
portion of the industrial water sample to create a second buffer-water mixture, adding the
cationic dye solution fo the second buffer-water mixture, measuring absorbance of the

admixture resulting from the second mixture, and determining the polymer and oligomer



[0033]Absorbance, as used herein, may be defined according to the Lambert- Beer Law as follows:
[0034]A=abc [0035]where A-absorbance; a= absorbtivity of the dye; b=light path length; and
c=concentration of the colored substance. Each dye used will have a maximum absorbance within the
300 to 1000rthY rliE@4 %8 it is desirable to measure absorbance at a wavetédgthtiaIie range of
maximum absorbance. [0036]Absorbance may be measured using any suitable device known in the
art to measure absorbance. Such suitable devices include, but are not limited to, colorimeters,
spectrophotometers, color-wheels, and other types of known color-comparative measuring tools. One
embodimerfioprsvideisfol e dsuremems dropticalrebpodsenparfodmedtisidg dibopioal system that

includes a white;ligh e fsueh, ¢ k j Jce tics, Inc of Dunedin,
FL) and a po%tillgsfigﬁ%r%eter (sﬁéﬁh@%%%l\%%ﬁa{ I@gél’j}géo%%fvﬁyg%%g%?np%dc?e%ﬁ%p&ﬁég? he, of

Dunedin, FEY¢ Dééiramiionst BpEstrepmeatspusedasoveestheksgettral rangerfhorh Bloow 25 nm to about
1100 nm. [Q@34linarderde determing:the.concratialian onamauit etavailable aniogicpplymer in an

industrial water, system, it is first necessary to generate a calibration curve for each polymer of interest.
Calibration CUNVES SRbAgABH AR 5 PBFEB AARY Yaris s PRI sHRmtBIE6Ataining known amounts of
polymer, making ap appropriate reagent solution and measuring the absorbance of the sample suing
the reagent soluti r.l(?%P n‘g'l,ﬁ%‘ggﬁﬁ%8%%f]fﬁi§“ﬁﬁ%ﬁ?i1(‘)91‘ivéﬁ?ogﬁﬁﬁ&1%%%3%&@%&%3%% absorbance
difference. Abserhginde difterdénee isthediffardace hawagriha absechance:plthedeagant solution by

itself and the. absorbance of the mixture of reagent solution and the sample of water being tested. The
calibration 6%?\%% ﬁ%"gﬁ%cpqg% 0 [J;c)ﬁ ‘3646 gugw%l{%réﬁ%%lé& %ﬁé*éﬁg]%ﬁ%%%ﬁ?&fah%f the

IS absorbance
polymer in tieecsamiex@nc & beedted, theldaliipration bunvecan denpsedtadtiihow much polymer is
present in g sample by, ring the measured absorbance difference of the sample with the curve
and reading th(; amount o _pﬁo%ymer i:)r%soénes'0 §}E cng't f:aafjar'v%.sﬂrﬁlp;li’a%ngﬁ%go? gﬂséﬁggggﬁlr %% set forth in
Fig. 8, whicivluéipicte theativaitiomplerbeffor DBAR4Zctermining absorbance of the initial

admixture at a selected wavelength or wavelengths and then repeating these steps
wherein the first cationic dye solution is replaced by a second cationic dye solution.
Thereafter the polymer and oligomer concentrations are obtained from the absorbance

values perceived in the process above and using a predetermined calibration equation.

100331 Absorbance, as used herein, may be defined according to the Lambert-

Beer Law as follows:
[0034] A=abe

[0035] where A=absorbance; a= absorbtivity of the dye; b=light path length; and
c=concentration of the colored substance. Each dye used will have a2 maximum
absorbance within the 300 to 1000nm range, and it is desirable to measure absorbance at

a wavelength within the range of maximum absorbance.

[0036] Absorbance may be measured using any suitable device known in the art
to measure absorbance. Such suitable devices include, but are not limited to,
colorimeters, spectrophotometers, color-whecls, and other types of known color-
comparative measuring tools. One embodiment provides for measurements of optical
response performed using an optical system that includes a white light source (such as a
Tungsten lamp available from Ocean Optics, Inc of Dunedin, FL}) and a portable

spectrometer (such as Model ST2000 available from Ocean Optics, Inc. of Dunedin, FL).
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[0038]It should be understood that various changes and modifications to the present embodiments as
described herein will be apparent to those skilled in the art. Such changes and modifications can be
made without de artln from the spirit and scope of the present invention and without diminishing its
attendant ad\?%i%&gé@ % therefore intended that such changes and modifédtiBFRts0etiared by the
appended claims. [0039]The invention is illustrated in the following non-limiting examples, which are
provided for the purpose of representation, and are not to be construed as limiting the scope of the
invention. All parts and percentages in the examples are by weight unless indicated otherwise.
EXAMPLE [ood0iAve flibsatiorosirve wes dersminedcsrab A2 (Gbde s (TrevasehdA). A
1,9-dimethy] ypgthylene blue (DMMB) solution was prepared comprising 100 ppm DMMB in dcionized
water. The buffer pH was 4.2, and was prepared from 0.1M acetic acid and 1M sodium hydroxide in

deionizcd watez7The buffgrsseltionsontaines-100RRM.ASARICGHN.AS &, Siahilizing;agent and 5000

ppm mangani‘?e sulfate monoh)glrated as a masking agent to eliminate poly e% Xysuccininc acid

(PESA) intetferBIE & MR HBEEIB R BB A E T AStirdBr Lt 5955 fih [ RaTSIset 4 B 4ABLORYET the

concentratigis eﬁ&%%@: dhietcalibratioibeedationeasy R el GaRfiantRgm 0.9984. The
results are setf rthﬁn % 12. What js claimed |st§£@)method for determining the concentration of an

anionic polyiier 6t & IR AR AP 6 B R an appropriatc reagent

solution and measuring the absorbance of the sample suing the reagent solution. In one
embodiment of this invention, absorbance is being reported as absorbance difference.
Absorbance difference is the difference between the absorbance of the reagent solution
by itself and the absorbance of the mixture of reagent solution and the sample of water
being tested. The calibration curve is then a plot of this absorbance difference vs. the
known concentration of the polymer in the sample. Once created the calibration curve
can be used to tell how much polymer is present in a sample by comparing the measured
absorbance difference of the sample with the curve and reading the amount of polymer
present off of the curve. An example of such a curve is set forth in Fig. 8, which depicts

a calibration curve for DCA 247,

[0038] It should be understood that various changes and modifications to the
present embodiments as described herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing from the spirit and scope of the
present invention and without diminishing its atiendant advantages. It is therefore

intended that such changes and modifications be covered by the appended claims,

[0039] The invention is illustrated in the following non-limiting examples, which
are provided for the purpose of representation, and are not to be construed as limiting the
scope of the invention. All parts and percentages in the examples are by weight unless

indicated otherwise.
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(a) adding a multifunctional buffer solution to said sample, wherein said multifunctional buffer solution
comprises at least one masking agent selected from the group consisting of bivalent manganese salt,
ferrous salt, calcium salt, zinc salt and combinations thereof; (b) adding a cationic dye solution to the
buffer-sampl® thikifet 6fi8tep (a); (c) measuring absorbance of the admixt@@lityses/(je)ssbove at a
selected wavelength or wavelengths; and (d) determining polymer or oligomer concentration from the
absorbance values determined in step (c) based on a predetermined calibration equation. 2. The
method of claim 1 wherein said multifunctional buffer of step (a) further comprises a stabilizing agent
capable of decreasing precipitation of the caticiicAdyi&lii said admixture. 3. The method of claim |
wherein the multifunctional buffer of step (a) additionally comprises a pfl buffer. 4. The method of
claim | wherein the cationic dye is chosen from the group consisting of Dimethyl Methylene Blue, Basic
Blue 17 and New Methylene Blue N, and combinations thereof. 5. The method of claim | wherein the
cationic dye 18¥hbsen frdi tHEGHOtF EBiisigt i G ivedifre A nidthfigh 8 tud raoThd fethod of
claim 2 whexeimptherstabilizingagentis Arabig oy luifeAvReineg.fes egﬁ%ﬁﬁmggéb?;ﬁﬂncemfaﬂon of
an anionic %%I)!ﬂgr.or oli%om rinan ir}gustrial water sample by means of differential masking
comprising: in delonized water. The buffer pH was 4.2, and was prepared from 0.1M acetic

acid and 1M sodium hydroxide in deionized water. The buffer solution contained 100

ppm Arabic gum as a stabilizing agent and 5000 ppm manganese sulfate monohydrated

as a masking agent to eliminate poly epoxysuccinine acid (PESA) interference. The

absorbance was measured at 525 nm and plotted as a function of the concentration of

DCA 247. The calibration equation was y=0.0311x + 0.207 and R? = 0.9984. The results

are set forth m Fig, 12.
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(a) adding a first multifunctional buffer solution to a portion of said sample: (b) adding a cationic dye
solution to the sample-buffer mixture of step (a); (c) measuring absorbance of the admixture in step
(b) at a selected wavelength or wavelengths; (d) adding a second multifunctional buffer to a second
portion of said sample; (e) adding said cationic dye solution to the sample-buffer mixture from step
(d); (f) measuring absorbance of the admixture resulting from step (e); (g) determining polymer and
oligomer concentration from the absorbance values obtained from both steps (c) and (I) based on a
predetermined calibration equation; wherein said first multifunctional buffer solution and said second
multifunctioRdlabisfidrisEshisomprises at least one masking agent selected from the group consisting of
bivalent manganese salt, ferrous salt, calcium salt, zinc salt and combinations thereof. 8. The method
of claim 7 wherein said first multifunctional buffer of step (a) further comprises a stabilizing agent
capable of detregsing preéipitatiomsf thevmtohividye insaidadnistureodstégdin): & Fhe method of

claim 7 wherginsaid.spcongmultiunciional buffer of step (d) further comprises a stabilizing agent
capable of decreasing pre_c_:igltation of the cationic dye in said admixture of step (e). 10. The method of

claim 7 whéfe ! <aia Firar hlmrtineabhaigunariscoriprsameteatibastomidatkig aigent different
from the masking:agenhebigraesontmuliungtional-Bufietelccted from the group consisting

of bivalent manganese salt, ferrous salt, calcium salt, zinc salt and combinations thereof:
(b} adding a cationic dye solution to the buffer-sample mixture of step (a);

(c) measuring absorbance of the admixture in step (b) above at a selected wavelength or
wavelengths; and

(d) determining polymer or oligomer concentration from the absorbance values

determined in step (c) based on a predetermined calibration equation.
2. The method of claim 1 wherein said multifunctional buffer of step (a) further
comprises a stabilizing agent capable of decreasing precipitation of the cationic dye in

said admixture.

3. The method of claim 1 wherein the multifunctional buffer of step (a) additionally

comprises a pH buffer.

4. The method of claim 1 wherein the cationic dye is chosen from the group consisting of

Dimethyl Methylene Biue, Basic Blue 17 and New Methylene Blue N, and combinations

thereof.

5. The method of claim I wherein the cationic dye is chosen from the group consisting of

I.9-dimethyl methylene blue.
6. The method of claim 2 wherein the stabilizing agent is Arabic gum.

7. A method for determining the concentration of an anionic polymer or oligomer in an

industrial water sampie by means of differential masking comprising:
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11. The method of claim 7 wherein said first multifunctional buffer comprises a masking agent which is
present in a non-equal amount to the masking agent present in the second multifunctional buffer. 12.
The method of claim 7 wherein said first multifunctional buffer additionally contains a 0-1 buffer. 13.
The method of claim 7 wherein said second multifunctional buffer additionally contains a pH buffer. 14.
The method of claim 7 wherein the cationic dye is chosen from the group consisting of Dimethyl
Methylene Blue, Basic Blue 17 and New Methylene Blue N, and any combination thereof. 15. The
method of claim 7 wherein the cationic dye is 1,9-d ethyl methylene blue. 16. The ethod of claim g
wherein thestabdizing fagent 4 farabiengLisafiky sdibgamethoshatelaimAdvheigin the stabilizing agent is
arable gum %. A] method LONE geterTi ”}%ctﬂzﬁ conc n%gyf%n of an an;oniogfﬁ[ymer or oligomer in an

. ; B} adding 3 catio ¢ SOJULION g sar T uxiure of se : :
industrial water sarﬁpﬁeaby Mmeanhs o interference gkgrounalcorrec hit g a second dye solution

comprising{clapadding ahsltifurctiomal doinfferusolutiorp th apertiderefisaid Sampleywherein said
multifunctiop) lelif&;éolution comprises at least one masking agent selected from the group

consisting of bivalent manganese salt, ferrous salt, calcium salt, zinc salt and combinations thereof;
(b) adding &firsidingienikedyesoltitors tonhebsaivipleasetierdmistive of ¢a)} sample;

(e} adding said cationic dye solution to the sample-buffer mixture from step {(d);

(f) measuring absorbance of the admixture resulting from step (e);

(g) determining polymer and oligomer concentration from the absorbance valves obtained
from both steps (c) and (f) based on a predetermined calibration equation;

wherein said first multifunctional buffer solution and said second multifunctional buffer
each comprises at least one masking agent selected from the group consisting of bivalent

manganese salt, ferrous salt, calcium salt, zinc salt and combinations thereof,

8. The method of claim 7 wherein said first multifunctional buffer of step (a) further
comprises a stabilizing agent capable of decreasing precipitation of the cationic dye in

said admixture of step (b).

9. The method of claim 7 wherein said second multifunctional buffer of step (d) further
comprises a stabilizing agent capable of decreasing precipitation of the cationic dve in

said admixture of step (e).

10. The method of claim 7 wherein said first multifunctional buffer is comprised of at

least one masking agent different from the masking agent of the second multifunctional

bufter.
11. The method of claim 7 wherein said first multifunctional buffer comprises a masking
agent which is present in a non-equal amount to the masking agent present in the second

multifunctional buffer.

12. The method of claim 7 wherein said first multifunctional buffer additionally contains

a pH buffer.

14



(c) determining absorbance of the admixture resulting from step (b) at a selected wavelength or
wavelengths; (d) repeating steps (a), (b) and (c) wherein said first dye solution is replaced by a
second dye solution; (e) obtaining polymer and oligomer concentration from the absorbance values
obtained from steps (c) and (d) and using a predetermined calibration equation. 19. The method of
claim 18 wherein the first cationic dye is chosen from the group consisting of Dimethyl Methylene Blue,
Basic Blue 17 and New Methylene Blue N, and any combination thereof. 20. The method of claim 18
wherein the second cationic dye is chosen from the group consisting of Dimethyl Methylene Blue,
Basic Blue 1¥ ahd dewsMgthidens Bhiech, antsacyhdanibifatianiherecfer 2ddiTibeathethod of claim 18
wherein the flrst cation de?/ and the second cationic dye are chosen from the group consisting of
Dirnethyl M&thVIERE %llu asic Blue 17 and New Methylene Blue N, and combinations thereof, but
the first cationic dye is not the same as the second cationic dye. 22. The method of claim 18 wherein

said mulifunetignal fer lstep 2) addiionall caaees Siatiiing, 3eRl SARARIS Bl gecreasing

preC|p|tat|on of t e cationic ye In said admixtur
of Dimethyl Methylene Blue, Basic Blue 17 and New Methylene Blue N, and any

combination thereof.

15, The method of claim 7 wherein the cationic dye is 1,9-dimethyl methvlene biue.
16. The method of claim 8 wherein the stabilizing agent is arabic gum.

17. The method of ¢claim 9 wherein the stabilizing agent is arabic gum.

18. A method for determining the concentration of an anionic polymer or oligomer in an
industrial water sample by means of interference background correction using a second
dye solution comprising:

(a) adding a multifunctional buffer solution to a portion of said sample, wherein said
multifunctional buffer solution comprises at least one masking agent selected from the
group consisting of bivalent manganese salt, ferrous salt, calcium salt, zinc salt and
combinations thereof:

(b) adding a first cationic dye solution to the sample-buffer mixture of (a);

(c) determining absorbance of the admixture resulting from step (b) at a selected
wavelength or wavelengths;

(d) repeating steps (a), (b) and (c) wherein said first dye solution is replaced by a second
dve solution;

(e) obtaining polymer and oligomer concentration from the absorbance values obtained

from steps (¢) and (d) and using a predetermined calibration equation.
19, The method of claim 18 wherein the first cationic dye is chosen from the group

consisting of Dimethyl Methylene Blue, Basic Blue 17 and New Methylene Blue N, and

any combination thereof.
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20. The method of claim 18 wherein the second cationic dye is chosen from the group
consisting of Dimethyl Methylene Blue, Basic Blue 17 and New Methylene Blue N, and

any combination thercof.

21. The method of claim 18 wherein the first cationic dye and the second cationic dye are
chosen from the group consisting of Dimethyl Methylene Blue, Basic Blue 17 and New
Methylene Blue N, and combinations thereof, but the first cationic dye is not the same as

the second cationic dye.
22, The method of claim 18 wherein said multifunctional buffer of step (a) additionally

comprises stabilizing agent capable of decreasing precipitation of the cationic dye in said

admixture.
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