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LUM NOL TAGGED POLYMERS FOR TREATMENT OF | NDUSTRI AL
SYSTEMS WO0.,98/54569 BACKGROUND COF THE | NVENTI.ON PCT/US98/09%18e
present invention relates generally to the treatment and nonitoring of
I ndustrial systens and, nore specifically, to the treatnent and

noni toring of I ndustrial systens using |um nol-tagged polyners in
conbination with fluorescent or chem | um nescent detection techni ques.
Pol ymeric coagul ants are added to industrial water systens and waste

wat'er systens as nonitoringHYENPS TAGGERCBUSEMERZ S ogi cal advances have

enabl ed those skilled ﬁﬁﬁ the residual |eve
of such pol ymeri c coagu a%ﬁEﬁgdlgl%es.ékgo edg iﬁﬁsthe fate of

pol yneric coagulants in industrial water and waste water systens
erfabl es operators to nonitor the residual content of the polyneric
coagul ants and therefore t h&AESRAUND OF T BVENT 'uther conpositions in
t he wat er. Further |tor| the residu I%ve

b f
pol yneri ¢ coagul anfs Pﬁeﬁﬁgteygkﬁ o % HET I fgobetter

control the @Qéé{:ineﬂtoénéuﬁbnﬁ%ﬁiﬁ@rﬁﬁ indust3peal fdvetlens, ahhe pewl edge
that the concentration of pol'ynmeric coagul ant "at a downst r eam

| ocation is saeheﬁlcallh»ghowxh¢ ereesireetith earop gvcatidrontiogr efuce the addition
ant at,an upstr result,

f th | ' . As a.
goagulantedggﬁéﬁsggﬁaggggﬁkﬁﬂﬁt%EFHQR% jino TRRQQéﬁ QyWﬁﬁﬁféﬁge of "t he

fate of coagubaBinhPid8nS¥$tBNFluorescent or chemiluminescent

detection techniques.

Polymeric coagulants are added to industrial water
systems and waste water systems as monitoring agents
because technological advances have enabled those skilled
in the art to feasibly monitor the residual level of such
polymeric coagulant additives. Knowledge of the fate of
polymeric coagulants in industrial water and waste water
systems enables operators to monitor the residual content
of the polymeric coagulants and therefore the residual
content of other compositions in the water.

Further, by monitoring the residual level of
polymeric coagulants in waste water, operators are able
to better control the addition of such coagulants.
Specifically, the knowledge that the concentration of a
polymeric coagulant at a downstream location is rather
high will enable the operator to reduce the addition of
the polymeric coagulant at an upstream location. As a
result, coagulant dosage can be automated. Still
further, a knowledge of the fate of coagulant in a system
assists in the diagnosing of treatment difficulties, and

potentially, a diagnosing of treatment difficulties
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assists in the diagnosing of treatnent. difficulties, and potentially, a
di agnosing of treatnent difficulties SUBSTI TUTE
SHEET ( RUMVE 936569 WD 98/ 54569 . PCT/US98/09918
PCT/ US98/ 09918 2 before the
difficulties reduce in non-confornmance treated wat er . The
typi cal approach to nonitoring the | evel of wat er sol ubl e pol yner
coagulants in a system has been to bl end fl uorescent dyes in snall
anounts and to use the _, __fluorescence 6f the mxture to determ ne _the
concent r at i oREEPTENENBORYAEFCRAL 1R B§AResn invmany qanfermancg, 5¥§aER%has
been relativ a¥e§uccessful, It has limtations. Specifically,

fl uorescent dyes can becone associ ated with other conponents of the

system such as Theagpbecpar apptbatiesto ASOTI gy the Jekeaqeent
fleuorescent detection of the dye may not necessarily provi de evi dence
of the | ocat Wa%ear s@épbéei BALYReY heCagubwtsrelt @ (fifimadias been to

Accordingly,ﬁggﬁéthéogeggggtfg%%% Pglgﬁﬁiltrﬁgﬁé?”‘andvtgfeﬁ%ﬁé ied so that

the dye is ¢ i'NCOrpor a PRt O et W Se 4 €to the

pol ymer. Becauserkleencedp€ 8Hd RokyaRE wWOUdskdeniwsimeal |y attached,
det ection of the dye woul d necessarily result in a detection of the

polymer. O comcsatrpti@puPd bhecpohvneralhthepmywatan. Whikdgt thide dye be
readily detectabl e lLuor escent or

cheni | uni nes@é’ﬁm&;‘fg‘t %%‘%Yvﬁgg‘chﬁégtéﬁ"%?z %%ccé%‘%.%\gﬂ )éltf Bt her, for’
wi despread 1iaRRkitGaRislit ¥pedivabel150! HDLE- PO MR d}es QFIHRGme
Accordingly, there is a need for a dye-nodified water sol ubl e pol yner in
whi ch t he dyessodiiagedy wiktboptbeentovponentghefi thari sesficent susdh Wis ch coul d
be readily d%&%&h%dﬂs}ticulates. Accordingly, a subsequent

fluorescent detection of the dye may not necessarily

provide evidence of the location or detection of the

polymeric coagulant.

Accordingly, there is a need for a polymer that can
be modified so that the dye is chemically incorporated
into or otherwise attached to the polymer. Because the
dye and polymer would be physically attached, detection
of the dye would necessarily result in a detection of the
polymer. Of course, it would be economically important
that the dye be readily detectable at low concentrations.
A highly fluorescent or chemiluminescent dye would
therefore be desirable. Further, for widespread
applicability, a water soluble polymer is required.
Accordingly, there is a need for a dye-modified water
soluble polymer in which the dye is highly flucrescent or
chemiluminescent and which could be readily detected in
the part per million (ppm) or part per billion (ppb)
range using existing fluorescent detection techniques

and/oxr chemiluminescent techniques.
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the part per mllion (ppm or part per.billion (ppb) range using

exi sting fluorescent detection techniques and/ or chem | um nescent

t echni 'que\§9 98/54569 \\D 98/ 54569 o PCT/US98/09918

PCT/ US98/ 09918 .3

SUMVARY OF THE | NVENTI ON The present invention satisfies the

af orenot ed needs by providing a conposition that is capabl e of being
detected in a solution by chem | um nescgnt techniques as wel | as
fluorescent techni ques. Mre specifically, the present invention

provi des a polynmer tagged with | um nol that can be detected even at very

| ow concentrations in a SGEUMMARY (OF 738 INVENTIIEON chem | um nescent or

fl uorescent techni ques. The present invention also _provides an

i nproved met hod FTBE BERERRT ntPYPRE e stids bres g sfaresotedspeediposi ti on
In a solutigQy. Iy n ndhodi ment .t [ e LkOn provi des a
conposi ti onggaggg?%d](i?gb%i %%E%(gt ected | nata lrsgglél%rlpf‘a%%%bff ¥%Ee?i | um nescent

or fluorescaatedetacihoa sethnismeasy chdmilumiargydesas tachwliynes tagged with
| um nol . I n_an enbodi ment, the polyner conprises epi chl or ohydrin
nononer uni v§1l as fluorepcent chedlurifes . t Moy |SpASL ficaldat héhe

ini 15 and APRECRPEahREERERBnErovLaq i paSiter e e T IERRATTI O]

( a AONO o _ _ 'ment, the
polymer is @anhgepek¥Be det€6PRAI 6V £Pi ¢&H-PIDRY HdritdAYIeHEondiins aand
di met hyl am ne nmononer units with |lum nol coval ently bonded bet\ieen sone

of the epi cBPdnshpdr bhikbAdner ebkhes - chemi hymink saariy |G HATRFERERT units,
the Iuninoltg%'%gques. The present invention also provides an
improved method for detecting the presence of a substance
or composition in a solution.

In an embodiment, the present invention provides a
composition capable of being detected in a solution by
chemiluminescent or fluorescent detection techniques

"which comprises a polymer tagged with luminol.

In an embodiment, the polymer comprises
epichlorohydrin monomer units.

In an embodiment, the polymer is further
characterized as being a copolymer comprising
epichlorchydrin monomer units and dimethylamine monomer
units.

In an embodiment, the polymer is a copolymer
comprising epichlorchydrin monomer units and
dimethylamine monomer units with luminol covalently
bonded between some of the epichlorchydrin monomer units-
and dimethylamine monomer units, the luminol being
present in the copolymer in an amount ranging from about

0.05% to about 2% by weight.

In an embodiment, a tagged portion of the polymer of
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present in the copolyner in an anmount ranging from about 0.05% t o about

2% by wei ght . In an enbodi nent, a tagged portion of the polynmer of
SUBSTI TUMD S4569 ( RULE 26) WD 98/ 54569 - PCT/US98/09918
PCT/ US98/ 09918 4 the present invention
has the followng fornula: [err] i I n an enbodi nent,
the present invention provides a conposi tion conpri sing .
epi chl or ohydri n nonomer tagged Wi t hgl um nol . In an

enbodi nent, the present iAVEAtien RASVEHESféDFowing FOHRQS:tion conpri si ng
a | um nol tagged nonomer . It is therefore an advantage of the
present r tagged with

0 provide nono
% hore that cdaHs be detect ed

in a solution at venti pnal

chem | um nesc

N
|
N

o]

In an embodiment, the present invention provides a
composition comprising epichlorohydrin monomer tagged
with luminol.

In an embodiment, the present invention provides the
composition comprising a luminol tagged monomer.

It is therefore an advantage of the present
invention to provide a monomer tagged with
chemiluminescent and/or fluorescent chromophcre that can
be detected in a solution at low concentraticns utilizing
conventional chemiluminescent or fluorescent detection
techniques.

Another advantage of the present invention is to
provide a polymer tagged with chemiluminescent/
fluorescent chromophore such at luminol that can be
detected in a solution at low concentrations using
conventional chemiluminescent or fluorescent techniques.

Yet another advantage of the present invention is
the ability to tag a polymer with luminol during the
condensation polymer reaction resulting in luminol
covalently bonded to the polymer.

Yet another advantage of the present invention is to
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Anot her advantage of the present .invention is to provi de a pol yner

tagged with chem | um nescent/ fl uorescent chronophore such at | um nol
that can B 98/5456%jetected in a solution at |ow concentrati S&IYRP/A1S
conventional chem | um nescent or fluorescent techniques. Yet

anot her advantage of the present invention is the ability to tag a
pol'ymer with [uminol during the condensati on polyner reaction
resulting in | um nol covalently bonded to the polyner. Yet
anqQt her advant f _th t ] ption_is 1 569
PCT/USQB/OQQEggggd% ah ?mBES%@H nbONEELPN 4 glﬁb %;mon%ﬁ%sgle%an i npr oved
met hod of taggilRthed FRARBMUMOAOR. pol ymer with | um nol. Anot her
advant age of the present invention is to provi de an i nproved net hod of

taggi ng a nononer Agctier adyanpage oft bhée upresent inventiomis Wer advant age
of the present invention is to. rovi de_an_inproved conposition for use
in dosage  PrEIMolr™ & ? Hgésmﬁﬁﬁ?go?gn@?g%hggnﬁtﬁﬁp?ﬁéQ%Qﬁ(? si zi ng
control, andgbngkﬁg-ggmgrqhm&hggtnent of industri al wat ers.

BRI EF DESCRI PTI OF THE DRAW NGS Figure 1 illustrates,

graphi cal ly, the apidther efivantagecofipbset poasgnepimezhtipracicortdance with
the present oviBeTH Mpidv38 c35p3sE028Y! BOL UOL! £, Pel g et ectable at
control, residuals monitoring, automated particle sizing
control, and in the general treatment of industrial
waters.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates, graphically, the ability of a.
composition prepared in accordance with the present
invention to act as a coagulant while being detectable at
low dosages;

Figure 2 illustrates, graphically, the ability of a
composition prepared in accordance with the present
invention to provide fluorescent information over a low
dosage range; and

Figure 3 illustrates, graphically, the correlation
of a composition prepared in accordance with the present
invention to apparent color removal performance and the
non-correlation of a prior art composition to apparent
color removal performance.

ED DE TION EF D oD

The present invention provides an improved
composition that can be detected at low concentrations
using conventional fluorescent or chemiluminescent

detection methods. One embodiment of the present

invention is luminol tagged epichlorohydrin-dimethylamine
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| ow dosages; Figure 2 illustrates, graphically, the ability of a
conposition prepared in accordance with the present i nvention to
provi de f|WOPESEAt i nfornation over a | ow dosage rangepchiifos/nsors
Figure 3 illustrates, graphically, the correlation . of a conposition
prepared in accordance with the present i nvention to apparent col or
renoval performance and the non-correlation of a prior art conposition -
t o apparent col or renoval performance DETAI LED DESCRI PTI ON OF THE .
PRESENTLY PREEERRED,EMBCDI MENTS '?he present invention provides an
i mpr oved conposition that can be detected at | ow concentrations )
usi ng conventi onal Likhdopéstéent ohemhiumminsstest edfecies deftdctiiten nmet hods.
One enbodi ment of the present " invention is |um nol tagged
eQichIorohydrFEIHFEEFﬁyLSHPEeShown be¥r9s/ 54569
PCT/ US98/ 09918 6 o polyner. Lumnol is a
chem | um nescent species with its structuyte bei ng shown below [err]
| um nol . T

N

NHz o
luminol.

The structure of epichlorohydrin and dimethylamine

are shown below:

O CH;

f _\_ _CH4C! 4+ \NH —CHy

epichlorohydrin DMA

The structure of a tagged portion of luminol tagged

epichlorohydrin~dimethylamine polymer is shown below:

CHs
! N CHs
N
’C) X CDT Yy
CHs OH OH CH3
o)
= N
I
N
o
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The structure of epichlorohydrin and dimethylam ne are shown bel ow
[err] epi chl orohydrin DIVA The structure of
a tagged P MH%f | um nol tagged epi chl orohydr| n--di netPEITERSAY1IHol yer

is shown below [err] SUBSTI TUTE SHEET
(RULE 26) WD 98/ 54569

PCT/ US98/ 09918 7
antii ci pated that an addition to |lumnol, 7
. It is also anticipated that an addition to luminol,

It is also

nile blue and thionine can also be used as chromophores
as well. In additién, it is also anticipated that a
monomer, such as epichlorchydrin can be tagged with a
chromophore to provide a composition capable of being
detected by fluorescent or chemiluminescent methods at
low concentrations in accordance with the present
invention.

The invention comprises copolymers of
epichlorohydrin-dimethylamine which contains from 0.05% -
2% by weight of luminol. It is noted that any
condensation polymerization process could incorporate
luminol as long as the chromophore’s fluorescent
properties were retained.

The invention further contemplates using these
polymers in water treating applications such as, but not
limited to coagulation. This allows the dosage and
residual quantities of the polymers to be controlled and
monitored using coﬁventional fluorescence/
chemiluminescent detecting equipment even though the
polymers are present in the ppb range.

The reaction of luminol, epichlorohydrin and
dimethylamine to provide a luminol tagged

epichlorohydrin-dimethylamine polymer. The presumed

structure is shown below:

CH; A
+ _/_ 5 _-CHzC! + \NH—-CH; -

lummo\ eplchlorohydnn DMA
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nile blue and thionine can al so be used as chronophores as well. In

addition, it is also anticipated that a nmononmer, such as

epi chl or oM¥RIPY/F#5¢%an be tagged with a chronophore to pr ®Crds9809918
conposition capabl e of being detected by fluorescent or
chem | um nescent net hods at | ow concentrations in accordance with the _
pr esent I nventi on. The i nvention conprises copol yners of

epi chl or ohydri n-di net hyl am ne whi ch contaBns from 0. 05% - 2% by wei ght
of lumnol. It is noyed that any condensati on pol ynerization process

could incorporate as | ong phronnphore'gnq

% or escent
n fur r qon

| @iHgol

properties were retai I pve npl ates using
t hese pol y ' _ (] but not

limted to coagul atiwn. [ ows e yjdo @ gsi d guantities
of the polyners to be roll nd [ usi ng nvent i ona

fl uorescence/ chem |'Um nescent detedting eq nt e t hough t he

The reaction of |umnol,

{ de a | um nol, &gged

pr euined é&hucture I s shown
bi chlll?rohydri n DVA

pol yners are present,igthe ppb range.
epi chl or ohydrin andCL( ~di mret hyl am ne
epi chl or ohydri n-di net hyl am ne pol yner
bel ow: [err] | um nol
SUBSTI TUTE SHEET (RULE 26)

Utilizing the primary aromatic amine group in
luminol, the luminol is incorporated into the polymer’s
backbone. The hydrocarbon linkage is essentially a
tertiary amine leaving the ring nitrogens available for
fluorescent or chemiluminescent applications. It is also
theoretically possible to react epichlorohydrin with
luminol and then polymerize into the usual
epichlorohydrin/dimethylamine reaction, forming
essentially the same tagged polymer.

The luminol and dimethylamine are desirably reacted
with the epichlorohydrin at 80°C using general synthetic
methods that are known to those skilled in the art.
Specifically, the epichlorohydrin polymers modified by
luminol may be. synthesized using known condensation
polymerization techniques. The resulting copolymers may
contain from about 0.05% to about 2% by weight of the
luminol monomer. Of course, luminol is a monomer and
potentially can be incorporated at higher levels.
Preferably, the amount of fluorescent monomer is within
the range of 0.1% to 1% by weight of the resulting tagged
polymer.

A luminol tagged epichlorohydrin-dimethylamine
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[err] 8 Uilizing the primary
aromat i c W 986488%uUp i n | um nol, the lum nol is incorpoTAISesiodont o t he
pol ymer's backbone. The hydrocarbon |inkage is essentially a

tertiary amne |leaving the ring nitrogens available for fl uorescent or
chem | um nescent applications. It is also theoretically possible to
react epichlorohydrin with | um nol and then polynerize into the usual
epi chl or ohydri n/ di met hyl am ne reaction f%rnin essentially the sane

t agged pol yngponomer PrePaﬁ?@a4ﬁnﬁQRﬂriﬁﬂF%Wﬁ%%hipﬁhPﬁ§S§P§ 4B¥EREBPY

react ed Méghﬁﬁhgvgpéggwééégggy4#l§¥%éﬁqegf]fﬁﬁgyongmgegggg Ssynthetic

nmet hods that ‘are known to t he art'. Specifrcally, the

epi chl orohydr o, pobyartStoPdEA i @thddified dpiHIYrompdria-synt hesi zed using
krnown condensati on _polyneri zation techniques. The resulting copolyners
may cont dimethphRraboet POL YRS { 0 R0 MO WAL skeitFeatdnst he

applications, such as coagulation, the molecular weight
should be less than c.a. 100,000 amu.

When used to treat industrial waters, the dosage of
the modified polymers should usually vary from a few
parts per million (ppm) up to several hundred ppm
depending upon the system being treated and the intrinsic
viscosity of the polymer in use. When used as a
coagulant, the dosage should typically be between a few
ppm up to approximately 100 ppm.

EXAMPLE 1

The following laboratory procedure was used to
prepare the embodiment of the present invention
comprising luminol tagged epichlorohydrin-dimethylamine
polymers. To a 300 mL Parr reactor, was added 1.67g of
luminol, 79.67g of water and 70.70g of 61.3%
dimethylamine in water. After sealing the Parr Reactor,
the temperature was increased to 65°C. Then
epichlorohydrin was added at roughly 1.5 ml/min until the
temperature reached 80°C. Since the reaction is
exothermic, the epichlorohydrin addition rate was varied
to keep the temperature at approximately 80°C. Once a
total of 86.655g of epichlorchydrin had been added, the
reactor temperature was maintained at 80°C for two hours
after which the mixture was then cooled to room

temperature.

The following procedures were used to characterize
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| um nol nononer. of course, lumnol is a nonomer and potentially can

be i ncorporated at higher |evels. Preferably, the anmount of
fluorescerbopmswdper is within the range of 0.1%to 1%perwveesgiuisof the
resul ting tagged pol ymer. A lum nol tagged ' '

epi chl or ohydri n-di net hyl am ne WO 98/ 54569 °

PCT/ US98/ 09918 9 mononer prepared ’
i n accordance with the present invention has an average nol ecul ar )
wei ght of 10,000 amu versus 20,000 aff} for an unnodified

epi chl or ohydrilte polywfinret RpotAeldoMiRepsiFyr wassebuiteed (4T iy
appl i cat i ons. , SUel, 99 COROYAYAN  bAS TRLEEULAL UL ENLe 1 be | ess

than c.a. 100, ‘'VWhén use reat 1 ndustrial waters, the

dosage of  thd herdmehfdiel ¥y sheukd dsual Lyovepy tsoma dmw
parts per mllion (ppm up to several hundred ppm dependi ng upon the
syst em bei ng Rizkysis @arpatismanis wesiec perforpedcusing af 12 he0®otgner in

use. \Wen used as oaqul t he dosage.should typically be between
a few pp:l'r? U%Ofoa%m)ﬁ .—tog%h%@rm. S:ane GminB1 88 Mot
EXAMPLE 1 yater-ddudnd | g diab izt Yey rRrRe8dihembBEaHSEd tPhis
prepare the enbodi nent of the present invention conprising | um nol
t agged epi chl sepayaires-whrstdhddtiuvminol frool ywiver Snv&pti0800 FesPong
reactor, was qued .67%'ot . ,

shows that “luminol monomers was essentially entirely

incorporated at 0.7% by weight of product with at least

99% incorporation of the dye into the polymer being

achieved. Total polymer solids of the tagged polyDADMAC

was measured at 54.4%.

The composition of the present invention had the

following characteristics:

TIABLE 1
Tagged Epi-DMA Epi-DMA
Appearance: Clear Yellow Clear Yellow
Brookfield Viscosity: 100-400 cps 270 cps
Wt. Average MW: 10,000 20,000
Polymer Solids: 54.4% 55%

The composition of the present invention has similar
characteristics to untagged epichlorohydrin/dimethylamine
polymer. Luminol incorporation was detexmined
analytically.

Activity testing was performed by testing papermill
effluent with fresh and aged luminocl-epichlerohydrin/

dimethylamine copolymer. Coagulation power is unchanged.
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| um nol, 79.67g of water and 70.70g of .61.3% di met hyl am ne in water.

After sealing the Parr Reactor, the tenperature was increased to

65[ err] C. WOI8/34569  epi chl orohydri n was added at roughly 1PET/SP&RNI&Nt I |

t he tenperature reached 80[err]C. Since the reaction is

exotherm c, the epichlorohydrin addition rate was varied to keep the

terperature at approximately 80[err]C. Once a total of 86.655g of

eptchl or ohydrin had been added, the eactor tenperature was naintained
H

at 80[err]C eragongggﬁsthat tﬁ%tfﬁ¥¥$¢ tp§ l é”é%ﬂ@%%f%@?%nﬁpgked to

room oW ng edures were used t

characteri Ze room temperature, will dade)\Téﬂ-Ea SHEE Y pedG)od. A WO
98/ 54569 PCT/ US98/ 09918

10 t he poppmionBrngRfii éndderkoesst jonathebsammedings inRyied at #7Cspindl e
at 30 rpm Fo bat ches .of Ehe I hventi on the Brookfield viscosity

varied from OrdY4BE9Epa e cOLeF o haRee eyperi ments were perforned
using a 12,000 to 14, 000 anu Nwiggi_gﬁﬁgﬁfgbrane. Since lumnol is not
wat er -sol ubl e, dialysis was perfornmed 1 n nmethanol. This separ at es
unreact ed | uni nol Fapem mhéli pEéhueoh. wIssevager washoses thnn damiiwidly

nonomers was essentlall ent| ncor orated a 7% | ht of
product with éggu§§@6|ﬁ%8WﬁOF§?Foﬁ btvihe %é'(h?ng? pglyner

bei ng polymer versus untagged polymer.

This result proves that chemically tagging
epichlorohydrin/dimethylamihe shows similar coagulation
activity compared to untagged epichlorohydrin/
dimethylamine polymer. Activity was determined by
effluent turbidity as measured in NTUs (nephrolytic
turbidity units).

Further testing of the invention was done to compare
performance in TRASAR applications. Paper mill effluent
is treated with traced (as opposed to tagged)
epichlorohydrin/dimethylamine. Normally, an inverse
correlation with apparent color removal is noted. Figure
2 demonstrates that the invention has the same expected
fluorescence residuals with apparent color removal.
Occasionally, the traced product shows no correlation;
the water in Figure 2 and 3 were performed on such water.
From Figure 3, it is illustrated that the invention
demonstrates a correlation with apparent color removal
while the traced epichlorohydrin/
dimethylamine has no correlation. Thus, the invention
has a performance enhancement over traced products and

advances the state of the art for automated dosage

applications.
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achi eved. Total polyner solids of the.tagged pol yDADVAC was neasured at

54. 4% The conposition of the present invention had the

fol | owi n¥ve$raz4868t eri sti cs: . PABNIS93/09918

Tagged Epi - DVA Epi - DVA " Appear ance: Cl ear Yellow

Cl ear Yell ow Brookfield Viscosity: 100- 400 cps 270 cps.
W . Average MWN 10, 000 20, 000 Pol yrer

Sol i ds: 54. 4% 55% The conposition of the

present invention has _sinlar char! teristics to untagged
epichlprohydrin/ﬁFﬁ@Fﬂ&Pﬁ%Yrthe Prﬁﬁﬂ%ﬁn&@?ﬁﬂﬁﬁQﬁoPrpﬁ&aﬁﬁogaF?%ﬁe@as
det erm ned oWF?a{:ﬁE{:C?%ltyseful ltrf'l l}eeéﬁztég\r?éééﬁtt S}%‘ iRELWRs Rer formed by

testing papgr effluent w age

| um nol - epi whtersehydepatifical iy Nty | tergdeal geflgmarer maBeagul ati on power is
unchanged. WD 98/ 54569 )
PCT/ US98/ 09a¢gordance with the present invention cap be uspg §8s noted t hat

écgrigngiiﬁgﬁ%EoEiQQEaﬁggf&ééXP '&ﬁalﬁ/(féﬁﬁ?-1?%&%@%&?56’ W Il darken
peri od. poriion saved 1 n darkness for the same tine
period at 4haBik€on andhbeedsed! yn nbgerai£l ol Oroft angmlation

mechanism. By improving the detectability of polymeric

coagulants and by improving the ability to control the

dosage levels of these coagulants, the present invention

helps to minimize the contribution to pollution

attributable to polymeric coagulants.

Further, by covalently bonding a chromophore to a
polymer, the present invention avoids the shortcomings
associated with the prior art method of blending
fluorescent dyes with polymeric coagulants which, as
discussed above, results in a physical separation oxr
disassociation between the dye and coagulant.

As illustrated in Figures 1 and 2, polymers tagged
with a chromophore in accordance with the present
invention are detectable at low dosage levels. Finally,
as illustrated in Figure 1, the modified or tagged
polymer prepared in accordance with the present invention
has an activity similar to an unmodified polymer.

It should be understood that various changes and
modifications to the presently preferred embodiments
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 attendant

advantages. It is therefore intended that all such

SUBSTITUTE SHEET (RULE 26)



TEST RESULTS Paper m | .effluent wastewater was used for activity
testing. Figure 1 shows that activity of the tagged pol yner versus

unt agged WaI9y/AH69 This result proves that cheni c¢EU$BEY8g

epi chl or ohydri n/ di met hyl am ne shows simlar coagul ation activity
conpared to untagged epi chl orohydrin/ di et hyl am ne polynmer. Activity
was determ ned by effluent turbidity as measured in NTUs (nephrolytic
turbidity units) Further testj 89 of the invention was done to i
conpar e ffowﬁa?fae nlaa&Régéﬁoag%gcgg)bgpéd B3Pehe Mbpefidd uent s
treated wit as oppose

epi chl or ohydsjigw/vgl net hyl ami ne. Normal Iy, an inverse correlation with
apparent col or renoval is noted. Figure 2 denonstrates that the

i nvention has the sane expected fl uorescence residuals with apparent

col or renoval . Occasionally, the traced product shows no correl ation
the water in Figure 2 and 3 were perfornmed on such water. From Fi gure
3, it isillustrated that the invention denonstrates a correlation with
apparent col or renoval while the traced epichl orohydrin/

di met hyl am ne has no correlation. Thus, the invention has a performance
enhancenent over traced products and advances the state of the art for
aut omat ed dosage appl i cations. : SUBSTI TUTE SHEET
(RULE 26)
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12 Accor di ngl bbepresent invention provijdes a tagged pol ymer

that is u¥@as/’s545p9t h éﬁ%fﬁ%oﬁ]t ’ %qli’eﬁi ngﬁét‘ﬁ’i'zarld - at er s, SW/ﬁéﬁ/@M ¥, b he
(s) ypiage - , 'S . / 1

t agged pol ynmers nad Mo, “ﬁ?' o_r%éth‘?:e;wlt) Ragede..pr.g¢sent invention can be

used to nmoni t or trﬁt Br’ gy duallepagedntr.ofl coagul ant addi tion

and be used in the 1Y&TEctof Poagsl-at topaged mechani sm ' i t he
detectability of polynmerrc Coagtt-ant-srgrd-—by i hprovi n({;ﬂ"mmm&wu’l
control the dosage |evels of these CQ@#@MS, the presentci na .
hel ps to mnimze the contribution to pollution attributable to polyneric
coagul ant s. 1. Fuht hempobgtionatapabie bohdeing detreaotEphdre at 0 a

pol ymer, the present [nvention avoids the shortcom ngs associated with

the prior ar COWKRGR BY GRERILRGLRCSFRRB @8 cEHICHRRRERR IR YRASMRRY i ¢

coagul ant s e cctSositdbsCHeSEd4 e f#\ | sheal ration
or di sas\é\%léx%aiciooﬁogét ween tﬁg ésgﬂgnﬁ %ﬁa u%%nﬂt%&ecphyﬁﬂsﬁsu | Es't rat ed
in Figures 1 and 2, poltheersmpagdedon of ¢babm chrieediat echen prrlgmiedance
with the present i nvention are detectable at | ow dosage |levels. Finally,

as illustrat &PTPFIFe§uPRLERIPRENYBYLR BENOPT agfesS -  pol yner prepared in

accordance with the pr Nt Al At L LVIL ViaSl m 0 an
unnodi fi ed pol yma?.' e EOT“P}SEE%EPQ Bg ﬁg%erps o‘g}gé}f—%%% t—Y}'gér {Boéulgg“(?hanges
and nmodi fiiscat icop®liymetrtheoppesetihby epl €h bb St @D dhdstiesr unidescri bed

herein will be apparent to those skilled in the art. Such changes and
nodi f i cat i on@rcaipethydemirenBepomer yahhfting fromthe spirit and scope

At e e TR S R S
is a copolymer comprising epichlorohydrin monomer units
and dimethylamine monomer units and the luminol is
present in the copolymer in an amount ranging from about
0.05% to about 2% by weight.

5. The composition of claim 1 wherein a tagged

portion of the polymer has the formula:

o o)
N N N

CHs OH OH CHs
o)
©
N
o
6. A method of detecting the presence of a

substance in a system, method comprising the following
steps: adding the substance to the system, the substance

comprising a composition capable of being detected in a

This Sheet Has Been Rep
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13 changes and nodificati onsJ &wﬂufﬁl e appended cl ai ns.
1. A coag¥P2st4569pabl e of being detec er 'St r eanpbyUS9s/09918

chem | um nescent or fluorescent detection, thecoagulant conpri si ng; a
copol ynmer conpri sing epichlorohydrin nononer units and di net hyl am ne

nononmer units, a portion of the copol yner being tagged by coval ent bond to
| und nol, the lum nol being present in anq{amunt ranging fromabout 0 . 05%

to about 2% hyo el oK . by chenIRingineddegt aﬁ:genciuwetslc@ﬁtoaewetgeﬁol ymer has’
t he fornmul a: [err] met hod of

det ecti ng t hetlpe esempes dficn cumtising m @cslwee:mtaigg&ddmbt ﬂ.eanmbbcat i on

after the coagul ant, has been added to t stem.at, an uEzltream | ocati on,
the met hod co‘g?) FeSHHRE (HE fRTSSRAGR) St Omposé‘&d'lc’r‘?g coagul ant to the

system at t he sl 1Al a6atd W 18RRI AN GOMBISI Ng a conposi ti on

capabl e of be| ng detected in a solution by chem | um nescent or fluorescent

detection, the coagul anTheomtrhed ngf acledpol 6/ eterednpitihel polemeehl or ohydrin

nonomer units and | . ) )
comprises epichlorohydrin monomer units.

8. The method of claim 6 wherein the polymer is a
copolymer comprising epichlorohydrin monomer units and
dimethylamine monomer units.

9. The method of claim 6 wherein the polymer is a
copolymer comprising epichlorohydrin monomer units and
dimethylamine monomer units and the chromophore comprises
lumineol present in the copeclymer in an amount ranging
from about 0.05% to about 2% by weight.

10: The method of claim 6 wherein a tagged portion

of the polymer has the formula:

C]3H3 CI3H3
N N N
| © X ® | Yy
CHs  OH OH CHs
. o
s 1o
4° v
N
O

11. A copolymer comprising epichlorohydrin monomer
units and dimethylamine monomer units, the copolymer

further comprising luminol covalently bonded between one

This Sheet Has Been Rep
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di et hyl am ne nonomer units, a portion of the copol yner being tagged by
coval ent bond to | um nol, thﬁwu ] I resent in an anount ranging

f r om abouvo@s/544s4 0 mmﬁ"lﬁgy\?é"ght , - Wwher gidgytdugbagoed
portion of the copolynmer has the fornul . , [err]

C3 and detecting the presence of the coagulant with
chem | um nescent or fluorescent detection at the downstream | ocati on.

3. A copol yner conprising epichl orohydrign nononer units and di nmet hyl am ne-
nononer unit rij ' ed by_cgval ent bond to
| um nol , theégoggﬁgn%bggﬁg‘gﬁéﬁ%&}g%t eg eb"gtq‘{v\rlie}gnst g%% %ff \séglgg )
epi chl or ohydak feBBPRERELnE MhbSomerl aiiec ©f sai d di net hyl am ne nononer units,

the |l um nol being present in an amount ranging from0.05%to 2% by wei ght,
wherei n the tagged2por Thencepolyeer opbl Shaskm Hals whar &gy fultagsed] err|

portion of the copolymer has the formula:

s o
['\]@ X Y @[}1 y
CH3 OH OH CHa
O
Uiy y St
N
o]
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