
EP 0 504 520 B1 Description This invention relates to continuous on-stream
monitoring of the concentration of a treating agent added to cooling water
systems. 5     Controlling the polymer dosage within specified ranges
assists in maintaining scale/corrosion inhibition and particulate
dispersancy performance of the water treatment program. The treating agent
is responsible for inhibiting scale formation and corrosion in the system
equipment and also for inhibiting formation of deposits and for preventing
settling of suspended solids (dispersancy) on the system equipment, in
particular the heat exchanger. In this role, the agent is consumed. 10
The treating agent is added in a predetermined concentration ("standard")
to the cooling water, a standard concentration determined initially as most
probably adequate for preventing scaling, corrosion and deposits. There may
be several treating agents combined in one dose but collectively or
Individually they enhance per- formance of the system equipment by forming
protective films thereon (corrosion inhibitor) or by adsorption onto
unwanted particles (e.g. CaCO3 and other scaling salts) to prevent their
agglomeration or further growth, 15  thereby preventing scale deposits of
the system equipment. As disclosed in US-A-4783314, by including a known
amount of an inert tracer (ppm fluorescent tracer, e.g. 2-naphthalene
sulfonic acid, 2-NSA ) with the treating agent, it is possible to measure
and control the concentration of the treatment added to the system by
measuring the emissivity of a sample of water and com- paring it to the
standard solution of the tracer. This is a highly accurate analysis because
the fluorescent tracer 20  is chosen so that it will not be affected by
reaction with the system equipment (adsorption or deposition) nor will it
react with any of the treating agents or natural impurities in the water.
The tracer moves through the system as a discrete, unchanged entity as a
true indicator of treatment concentration and characteristics of the
cooling water system. its integrity in other words is a constant,
chemically and physically inactive with the system, although when
calibrating the emissivity instrumentation it may be necessary to
compensate for minor 25  amounts of fluorescence which may be present in
the system water (background fluorescence) or the treating agent. In
operation of a cooling tower, several important phenomena are involved:
evaporation, "blowdown" to discharge collected impurities and replacement
of the blowdown volume by makeup" water. Operating conditions may change
(more or less blowdown for example) and as a consequence there may 30  be a
corresponding change in concentration of the inert tracer (and treatment
dosage), determined by emis- sivity measure, calling for a higher feed rate
of treatment when blowdown rate Increases (an increased amount of untreated
makeup water added to the system) and a lower feed rate of treating agent
when blowdown rate decreases. The inert tracer also serves as a diagnostic
tool. Cooling tower systems are so complex that there are ex- 35  amples
when the operators are not aware of system operations which are outside of
specifications. There are actually times when the chemical feed system
(valve, pump, etc.) may fail orwhen unaccounted sources of makeup water
enter the system. Such anomalies can be critical because clearly they
change the treating agent concentration within the system which will be
shown by changes in emissivity value of the inert tracer in the system
water. Thus, an inordinate increase or decrease in blowdown from the system
(or makeup 40  water added to the system) will show up as an unexpected
emissivity value as the system is sampled. When previous samples
demonstrated that the system was operating properly, then unexpected
changes in emis- sivity reading can serve as an indication of Incorrect
operation of the system and the cause of that incorrect operation. Thus, if
the emissivity reading of the inert tracer in the sample remains steady at
a value corresponding 45  to 100 ppm treating agent, then the concentration
of treating agent is in conformance with the expected stan- dard. But in
the example of a volumetric change determined by an emissivity reading that
does not compare to the standard dosage (e.g. 10 ppm decrease in treating
agent concentration as determined by the inert trac- er), then there is
out-of-specification or non-standard operation of the system which requires
an audit to identify and correct the incorrect operation of the system. 50
The foregoing presents a brief summary of the disclosure in U. S. Patent
No. 4,783,314. in essence, use of an inert tracer enables volumetric
changes in a circulating body of water to be detected with precision, the
circulating body of water being one contained by or within the system
equipment and one to which a treating agent is added and a portion of which
will be consumed as it serves the role of inhibiting impurities likely to
cause scaling, corrosion or deposit formation, any one of which can impair
the efficiency of the equipment, 55  especially the heat exchanger in a
water cooling tower. In industrial water systems, maintaining proper
product ortreating agent ("product") feed levels is essential 



for optimal performance. The proper product feed level is ultimately
comprised both of the total concentration of the treatment and the
concentrations of individual active components comprising the treatment.
Active com- 2    EP 0 504 520 B1 ponents such as polymers are added to
provide scale/deposit inhibition, particle dispersion and to enhance
activity of corrosion inhibitors. However, it has been very difficult to
quantitatively monitor and provide feedback control of active com- ponent
concentrations (especially polymers), and the main object of the present
invention is to be able effec- 5   tively to monitor and compensate for the
losses of the active polymeric component(s) of the treating agent as a
consequence of attrition due to protective film formation on equipment
(corrosion resistance) or avoiding deposits by adsorbing onto solid
impurities to prevent agglomeration or crystal growth of particulates which
can deposit on the equipment. When preventing scale formation, the treating
agent may be performing in the role of a particulate dispersant or that of
a "threshold inhibitor," analyzed in considerable detail in the NACE 10
paper entitled Influence of Mechanistic Studies on the Development of New
Cooling Water Programs, Paper No. 175 by John E. Hoots et al., April 17-21,
1989. The subject is very complex. It Is sufficient for purposes of this
disclosure simply to recognize that the phenomenon of scaling in cooling
water (and corrosion as well) can be inhibited by selection of a treating
agent with an amine-containing fluorescent moiety covalently bonded
thereto. 15      The use of a polymer or combination thereof ("product at
times herein) with a carbonyl backbone, contain- ing chemically-bound
fluorescent or light-absorbing units as treating agent allows the
concentration monitor- ing/control task to be completed in accordance with
the present invention, even at very low polymer concen- trations. The
benefits of this invention may be as follows: (1) to achieve a continuous
record of polymer concentration with respect to time and direct indication
of 20      whether polymer level is maintained within specified limits, (2)
to allow feedback control of polymer level in order to maintain polymer
concentration within specif led limits, (3) to observe the response of an
active treatment or product component (polymer) to changes in operating
conditions of the system (e.g. effect of scaling or corrosive conditions on
the polymer level), 25     (4) to accomplish performance responsive control
of polymer level (e.g. if polymer level decreased due to scaling
conditions, the monitor/feedback control equipment adds more to treatment
to maintain a constant polymer level), and (5) to determine total polymer
demand of the system by using an inert chemical tracer (measure of total
product concentration) and subtracting product concentration as indicated
from tagged polymer level, 30      where changes in total polymer demand
provide an Indication of whether active component losses are ex- cessive.
Polymers tagged with chemically-bound ultraviolet/visible light absorbing
chromophores and fluorescent units are employed. The fluorescent units are
disclosed in the pending application of Dodd W. Fong and John F. Hoots EP-A
0 475 602, which belongs to the state of the art for the purposes of Art.
54(3) EPC. These units 35  can be incorporated into the polymer by the
following methods: A. transamidation of acrylic acid/acrylamide copolymers
with aromatic or alkylaromatic amines; B. transamidation of acrylic
acid/acrylamide copolymers with alkyl-aromatic aminoacids; C.
chain-transfer reaction with alkylaromatic hydrocarbon during
polymerization process; D. copolymerization with fluorescent monomer. 40
Light-adsorbing chromophores can also be incorporated into the polymers by
similar synthesis methods. The polymers of concern are water soluble,
derived from acrylic acid, that is, polyacrylic acid polymers or
derivatives thereof, namely, (for example) polyacrylic acid,
polyacrylamide, polymethacrylamide, polysulfome- thyacrylamide, polyvinyl
acetate, polymethacrylic acid and polyacrylonitrile being the most notable.
The mo- lecular weight is typically about 2,000-100,000. 45
Generically, the acrylamides are characterized by the presence of the
carbonyl type group [err] 50 (Formula I) 55 



R where R is -OR' or [err] and wherein [err] is hydrogen or a salt or a
substituent other than hydrogen meaning a 3    EP 0 504 520 B1 single or
multivalent group other than hydrogen covalently bonded to a carbon or an
organic molecule. The pendant polymer group derivatized by the
transamidation reaction may be contained in a polymer unit or mer unit (a
portion of the polymer containing two adjacent backbone carbons) having the
structure of For- mula II: 5 R1    R2 I     I [err] 10             (Formula
II) 15                                                                  R
wherein:  [err] n is zero or an integer from 1 to about 10, [err] and [err]
are independently hydrogen or a substituent other than hydrogen, and R is
as defined above for Formula I, and salts thereof, and mixtures 20 or
combinations thereof. The organic fluorescent derivatizing agent is an
organic fluorescent molecule that contains an amine group, preferably a
primary amine group. Such an agent may be represented by Formula III: 25
(Formula II)            [err] 30 wherein one of [err] and [err] may be, and
preferably is, hydrogen and within at least one of [err] and [err] or
within [err] and F2 together, is an organic fluorescent group. The
transamidation derivatization reaction proceeds as fol- lows: 35
(Formula IV) [err] 45 wherein the structure designated Formula IV above is
a transamidation derivatized pendant group on the poly- mer. As seen from
Formula IV, the derivatized pendant polymer group is a pendant
N-substituted amide group having a fluorescent group within at least one of
[err] and F2 or within [err] and [err] taken together. This reaction Is an
amidation reaction when R is -OR, and a transamidation reaction when R is
-NH2, and hence the term "trans- 50 amidation" is used herein to specify
either or both forms of the reaction. Thus, the fluorescent tag in the mer
unit is a fluorescent moiety, preferably an amine-containing organic
fluorescent moiety. Since the treating agent by definition will undergo
depletion in the circulating water system to prevent scal- ing, to prevent
corrosion or to prevent deposits or precipitates, it becomes possible to
observe expected per- formance. For example, past experience or analysis of
the system water may reveal the polymer should be so 55 fed that normal
depletion of the polymer will be confirmed by an emissivity reading
equivalent to (for example) 100 ppm. The emissivity value can he converted
to a DC voltage analog as disclosed in US-A-4 992 380. This voltage analog
is then transmitted to a pump controller having LO and HI set points
corresponding to an acceptable range of (for example) 98-102 ppm treating
agent If the transmitted voltage value is less than 4    EP 0 504 520 B1
LO, the controller increases the rate of the pump which feeds the treating
agent; vice versa if the reading ex- ceeds HI. Analog signals other than DC
voltage (e.g. DC current or pulsed frequency) may also be used and analog
signals may be Interconverted (e.g. DC voltage converted to DC current). In
the drawings: 5      Fig. 1 Is a schematic view of a cooling tower and
related equipment; Fig. 2 is a schematic view of emissivity equipment and
related instrumentation for generating and using a voltage analog of
emissivity; Fig. 3 is a graph of emissivity and its analog (VDC) vs. ppm;
Figs. 4, 5 and 6 are replica print-outs of real time monitoring of
fluorescent tagged polymer, and 



10      Fig. 7 is a replica print-out comparing equivalent ppm treating
agent dosage (2x multiplier) as determined by inert fluorescent tracer
(2-NSA) and fluorescent tagged polymer (demonstrating partial polymer
deple- tion from scaling/corrosion processes). Fig. 1 is a diagram of a
typical water cooling tower system representative of a circulating water
system in which the present invention may be employed. 15      The system
is that disclosed in our earlier US-A-4 783 314, but salient features will
be briefly described again. The tower TW includes an evaporator E to which
the recirculated water RW is fed, evaporative cooling of RW extracting heat
from the system. The hot water is pumped from the tower reservoir or basin
R by a pump P1 and sent to a heat exchanger HE where the water is heated.
Blowdown B may take place from time to time 20  when the concentration of
impurities becomes too high, using pump P2 and (open) valve V. Valve V-1 is
opened to introduce fresh makeup water. The treating agent is fed to the
tower water from a supply CA, using a controlled pump P3. Fig. 2 shows how
pump P3 is controlled. As will be described in more detail below, a sample
20 of the circulating cooling water is diverted from a bypass line 30
communicating with the reservoir R of the cooling 25  tower. The sample is
fed through a fluorometer flow cell where Its emissivity (em) Is measured
and converted to a voltage analog as disclosed in said US-A-4 992 380. The
emissivity can also be converted into a DC current or pulsed frequency
signal. The term "analog signa" represents DC voltage, DC current or pulsed
frequency signal and each signal type is Interconvertible (voltage analog
converted into current analog signal). The analog signal may also be used
for continuous visual performance charting. A controller MN for pump P3 has
the ca- 30 pability of determining if the analog signal is on either side
of a pair of set points. The set points are HI (high) and LO (low)
signifying that as long as the analog signal of the emissivity lies between
the HI and LO set point values (parity), then there is no need for a change
in the dosage of treating agents; but if there is disparity on either side
then a HI signal or LO signal Is transmitted to a transducer (not shown)
for pump P3 which alters the pump rate accordingly to decrease or increase
the rate of feeding the treating agent 35      The instrumentation for
continuous monitoring is presented in Fig. 2, schematically on an
exaggerated scale, the same as in U. S. Patent No. 4 992 380. A flow cell
In the form of a quartz cylinder is identified by reference character 40.
The flow cell is transparent to ultraviolet light emitted by a light source
42 directed against one side of the flow cell. At a [err] angle from the
light source is a transducer 45 which transforms flu- orescent emissivity
into an analog signal (e.g. 0-5 volts DC), emissivity varying with
fluorescent concentration. 40      A dial Indicator 46 responds to the
output (D.C.) voltage of the transducer 45 enabling the concentration of
treating agent (ppm equivalent) to be observed. This dial has the two
calibration knobs (46A, 46B) respec- tively set manually for 0% (no
treatment) and 100% emissivity response of the analyzer. A recorder for a
hard printout of treating agent concentration Is Identified by reference
character 48, re- sponding on an analog signal (continuous line) basis to
the transducer element Included in the analyzer. The 45  recorder is
responsible for print-outs such as those shown in Fig. 4 et seq. Finally,
the monitor MN having HI, LO latching relay (CR) contacts is In
communication with the output analog signal of the transducer which In
effect evaluates the concentration of treating agent if the evaluation does
not compare favorably to the standard, the monitor transmits a control
signal to control line 49 by which pump P3 is controlled, feeding the
treating agent dosage to reservoir R (Fig. 2)through conduit 50. A typical
50  field condition may call for 100 ppm treating agent. During 0%
calibration knob 46A is used to setthe dial pointer (46) to zero and knob
46B (100%) Is used to set the dial pointer to read the equivalent of 200
ppm treating agent when calibrating with the standard solution of tagged
treating agent There Is invariably some background fluorescence in the
cooling water. The amount of fluorescent tagging agent is sufficient to
overcome this potential Interference. 55      It is not practical, or even
necessary, to operate the system precisely at the standard value, which, in
this example, is 100 ppm (corresponding to a 50% setting of dial pointer
46). Thus, the dosage setpoints in the monitor (LO, HI) may be chosen as
98-102 ppm, and these values represent the standard for (parity) compar-
ison, that is, the analog signal (0-5 volts DC in this case) of the
measured on-stream emissivity is compared 5    EP 0 504 520 B1 4 to the set
points of the monitor. The corresponding LO, HI voltage range In the
monitor MN may be 2.45 and 



2.55 volts DC, which is to say that when the monitor detects a Lo value of
2.45 volts DC a control signal is emitted to increase the pump rate which
continues until the HI value of 2.55 volts DC is detected. In this con-
nection, It is the treating agent concentration, under continuous flow,
which is continuously monitored on a 5   real-time basis, and not some
unreliable and unselective operating parameter such as water gains or water
losses, or grab sample averaging. The standard for measuring performance
initially is based on past knowledge of the factors of the system,
including impurity concentrations, area of tubing to be protected against
corrosion or scaling, volume of water and rate of water flow. Using such
factors, it is possible to estimate the dosage of treating agent needed. If
an 10 operating factor (parameter) is in error, especially the estimated
scaling tendency of the system which must be Inhibited by the treating
agent, then non-standard performance may be due to a miscalculated dosage,
and not due to unexpected changes in system volume or removal of treating
agent (i.e., excessive blowdown, scal- ing, etc.). In any event, the
treating agent dosage may be accurately trimmed to a prevailing cooling
towerwater system either by correcting the dosage when all operating
parameters are accurately known, or by trouble 15 shooting the system to
identify unknown errors in the operating parameters. Non-standard
performance may be due to large, unknown additionsof makeupwater, diluting
the treating agentsothatthe dosage is notenough to inhibit particle
agglomeration, scaling and/or corrosion. Non-standard performance may also
be due to large, unknown blowdown losses, by which the dosage of treating
agent is drastically lowered. While itwill be readily apparentto those
famillarwith fluorescence and its equivalents in terms of an analog 20
signal [e.g. DC voltage (VDC)] and emnissivity (em), nonetheless Fig. 3 is
Included typically to show that emis- sivity and its voltage analog
increase with ppm polymeric treating agent (TA) containing the fluorescent
moiety on the carbonyl backbone of the circulating acrylic polymer.
Feasibility of continuously monitoring/controlling a fluorescently tagged
polymer treatment in a cooling wa- ter program was demonstrated in a pilot
cooling tower, Fig. 4. The polymer contained a fluorescent tag and 25 was
monitored/controlled with a commercial fluorometer unit of the type
described in connection with Fig. 2. The polymer concentration control
point was initially set at 7.5 ppm polymer actives (4-1, Fig. 4), then
raised to 10 ppm (4-2), and finally lowered to 6.8 ppm (4-3). Continuous
monitoring of the tagged polymer also permitted troubleshooting, that is,
an audit of system anomalies: 30        Makeup inlet valve failure, Fig. 5;
Chemical concentration changes due to makeup water addition, Fig. 6. The
sawtooth pattern (4 A.M.to 10A.M., Fig. 5 for example) is typical for that
system, due to on/off for the blowdown pump and makeup water inlet valves,
evidencing the sensitivity of the present practice. Midway through the test
Fig. 5, the makeup inletvalve V-1 stuck (at 5-1) in the closed position.
This caused 35 overcycling and greatly reduced system volume (blowdown pump
on continuously). The point when the valve failed was clearly seen by
monitoring the tagged polymer concentration. Thus, since the system volume
de- creased, the tagged polymer concentration increased, as shown by the
rising slope 5-1 to 5-2, Fig. 5. When the makeup valve was restored to
normal operation, (5-2), the system volume returned to a normal level, 5-
3, Fig. 5. 40      The rhythmic sawtooth pattern due to normal operation
was repeatedly seen when monitoring the tagged polymer concentration, Fig.
6. The concentration changes are caused by makeup water being added,
diluting the basin or reservoir volume by up to 34%, (6-1). With the makeup
water valve turned off (6-2), the concen- tration of treatment or product
slowly increases as evaporation of water occurs until the makeup water
valve is opened, 6-3. 45      The ability to clearly observe and identify
the source of polymer concentration changes is due to excellent stability
and very low noise level ([err]0.05 ppm polymer actives) in the fluorometer
output signal. The fluorescent tag was added via the transamidation process
using acrylic acid/acrylamide polymer back- bone and derivatizing it with
1-amino-7-naphthalenesulfonic acid and amino-methanesulfonic acid. The
amine- containing derivatizing agents form N-substituted-acrylamide
linkages with the polymer backbone. 50      Stated in other words, the test
results (Figs. 4-6) obtained in the pilot cooling tower demonstrated the
fol- lowing results: 1.) ability to continuously monitor and control
concentration of polymer containing fluorescent tag; 2.) ability of
fluorescent tag analysis to detect low levels of tagged polymer and control
dosage to a very high level of accuracy; 55      3.) ability to change
target dosage for polymer concentration at will (Fig. 4, first target
dosage at 7.5 ppm, next at 10 ppm, then back down to 6.8 ppm tagged
polymer); 4.) diagnosis of equipment failure (and return to normal
operation) by monitoring tagged polymer concen- 



tration--refer to Fig. 5;    EP 0 504 520 B1 5.) ability to visualize
mechanical operation of cooling water system (Fig. 6, water being added to
system, followed by subsequent evaporation of recirculating cooling water)
by monitoring tagged polymer concen- tration. Additional test results were
obtained in a pilot cooling tower demonstrating the concept of monitoring
two 5   fluorescent sources in a cooling water system in which the purpose
for using each was distinctly different. One source was an inert
fluorescent tracer according to my earlier patent, e.g., 2-naphthalene
sulfonic acid (2- NSA); the other source was the tagged polymer disclosed
above. The fluorescent tagged polymer serves to inhibit deposits, enhance
activity of corrosion inhibitors, and disperse particulates in a water
system. Since an active treatment component is likely to be incorporated
into 10 deposits (through adsorption processes), the fluorescence level of
tagged polymer should be less than that of the inert fluorescent tracer
(2-NSA), which indeed is the case as shown by Fig. 7. In this case, a 100
ppm dosage of treating agent contains 7.5 ppm (as actives) of the
fluorescent tagged polymer and 0.40 ppm (as actives) of the inert
fluorescent tracer. At 190 hours of elapsed time, the tagged polymer
concentration was measured as 6.00 ppm actives (80 ppm equivalent treating
agent dosage point 7-1) and the inert tracer con- 15  centration was
measured as 0.42 ppm actives (105 ppm equivalent treating agent dosage
point 7-2). At 105 ppm equivalent treating agent dosage, the expected
concentration of tagged polymer is 7.88 ppm (as actives). The difference
between the expected (7.88 ppm actives) and observed (6.00 ppm actives)
concentration of tagged polymer is due to Incorporation of the tagged
polymer into sites of scaling and corrosion. This dif- ference is 1.88 ppm
polymer actives denoted by the symbol delta-1 In Fig. 7. Thus, the
difference in equivalent 20  treating agent dosages (105 ppm expected, as
determined by the inert tracer versus 80 ppm actual, as deter- mined by the
tagged polymer) is an equivalent measure of the loss of tagged polymer by
incorporation into scaling and corrosion sities convertible by difference
to ppm deposit (consumption) of the (tagged) polymer in its performance
role. By measuring the loss of tagged polymer concentration (due to
Incorporation into scale and deposit sies) as indicated previously, it is
possible to obtain a measure of treating agent performance. 25 For example,
if it is deemed that a loss of no more than 2.25 ppm actives of tagged
polymer concentration (comparable to 30 ppm equivalent treating agent, that
is, 30/100 x 7.5) will still provide acceptable inhibition of scaling
corrosion and particulate dispersancy, then it is possible to adjust the
operating conditions, dosage of treating agent, or composition of treating
agent when needed so that performance criterion is met. In Fig. 7, the
results indicate that performance of tagged polymer and treating agent as a
whole are within the per- 30  formance guidelines described above. After
340 hours, the difference (delta-2) is about 12 ppm, equating to about 0.9
ppm tagged polymer drop-out. The foregoing explains the additional benefit
of using a fluorescent tagged polymer as a gauge of product performance,
continuously obtained by comparing fluorescence levels of inert vs. active
fluorescent com- pounds. Again, the difference between those two
fluorescence levels is typically caused by deposition/corro- 35  sion
processes and adsorption onto existing particulates. In Fig. 7, the
sequence of events is as follows: (1) 200 ppm of product is initially added
at 0 hours. (2) No blowdown of system water occurs until 50 hours of time
has elapsed. Between 0-50 hours, the Inert tracer level will decrease by a
small amount due to drift (droplets of cooling water being ejected out of
the 40      system by cooling tower and fan). During the same time period,
the tagged polymer level will decrease to a larger extent because of drift
and adsorption of polymer onto the system surfaces and particulates. (3)
Once blowdown starts (at about 50 hours), the product is being fed at about
95-100 ppm dosage. It takes an additional 120-1 50 hours (170-200 hours
total elapsed time) for the product dosag to decrease from 200 ppm
(initial) to 95-100 ppm (maintenance) value. 45      The key observations
regarding Fig. 7 are that (A) Concentration of inert tracerfollows the
expected behavior, based on pilot cooling tower operating con- ditions. (B)
Concentration of tagged polymer (as indicated by "equivalent product
dosage" is lower than Inert trac- er, due to adsorption of the tagged
polymer onto heat-exchange surfaces and particulates. 50     In further
explanation of Fig. 7, the addition (ppm) of the tracer to the system is
equivalent to the (ppm) concentration of the tagged polymer. This allows
performance of the polymer to be determined. Once the sys- 



tem has equilibrated, arriving at a steady state (after about 200 hours)
and assuming no volumetric anomalies (no unexpected water gains or losses)
the concentration of the tracer (2-NSA) should remain fairly steady as the
ppm equivalent of the polymer concentration construction (particularly
evident after 225 hours). However, 55  there may be evident "swings" at
times of expected volumetric changes due to scheduled blowdown and/or
makeup, with corresponding swings In ppm read-outs. The arithmetic
difference or departure between the two ppm readings (whether the
difference is positive or negative) allows a determination of treating
agent con- sumption, whether on schedule (par performance), or too much or
to little as an abnormality. 7    EP 0 504 520 B1 The ppm equivalent
print-out line for the inert tracer is a track of volumetric changes due to
water removal (blowdown) or addition (makeup) since the inert tracer
undergoes neither chemical nor physical change throughout the entire water
circulating system, unlike the polymer which is consumed (deposits out in
one way or another) in its normal role. For par performance, in other
words, the two print-out trace lines (Fig. 7) at equi- 5   librium will be
substantially parallel: the tracer (2-NSA) concentration equates to the
original polymer dosage, and the polymer is being consumed (deposited out)
at the expected rate. On the other hand, and again referring to Fig. 7, if
the concentration of the tagged polymer TA should continue its divergence
after 190 hours (without rising as shown) then this evidences the fact it
Is being consumed at an inordinate, unacceptable rate for some reason or
another. Conversely, if ppm TA should elevate and cross the inert tracer
line, this evidences that 10 either too much treating agent is being used
or the polymer product is not performing as it should. The dosage of
treating agent is then altered accordingly in amount or kind. The print-out
coordinates (Figs. 4 et seq.) present the best information. The horizontal
time axis needs no explanation. The vertical axis denotes how concentration
changes with time. Further as to Fig. 7, the vertical axis relates or
indicates how much treating agent would have to be present to produce the
observed levels of 15 the tagged polymer analyte, assuring no accidental
loss (oradded source) of that analyte has occurred. It needs to be stressed
that the dosage of polymer includes the actives (e.g. only 7.5 ppm tagged
polymer) and the inactive tracer dissolved In the dosing diluent or
carrier, usually water In which the actives are dissolved. The vertical
axis In Fig. 7, reads in terms of the dosage equivalent since the feed of
product, of which the active (tagged) polymer is a small part, is the real
matter of concern, to be controlled by varying the rate at 20  which pump
P3 doses the system. The analyte fluorescent species (2-NSA and the amino
naphthalene sulfonic acid tag) are chosen on the basis of sensitivity and
lack of Interference with performance of the polymer which is tagged, both
clearly sus- ceptible to substitution by equivalents. As noted, the polymer
identified with the data of Figs. 4-7 had an acrylic acid/acrylamide
backbone der- 25 ivatized with 1-amino-7 napthalenesulfonic acid and
amino-methane sulfonic acid, F1-F2. However, one site for fluorescence on
the polymer backbone (F1 or F2) is sufficientand of course a host of
watersoluble polymers may be so tagged as equivalent practice within the
purview of the specification and claimed subject matter. Not every mer unit
in the polymer needs to be tagged; one to two weight percent of the total
mer units is enough and this limited amount of tagging Is capable of
detection down to 1 ppb. 30      When highly fluorescent groups are
employed, the fluorescent derivatuzing agent may be used in amounts as low
as about 0.5 mole percent of the polymer. Polymers have been provided with
very high degrees of flu- orescent detectability using about 1 moke percent
fluorescent derivatizing agent. While the maximum amount of fluorescent
groups that may be incorporated Into the polymer Is limited only by the
reactive sites available for a given polymer, there is generally no
practical purpose for excessively tagging a polymer. It is preferred 35 to
employ a polymer having more reactive sites (pendant groups of the Formula
I) than required for exhaustion of the fluorescent derivatizing agent used.
Hence while a 1 to 1 mole ratio of polymer reactive sites to fluor- escent
derivatizing agent is possible, and in fact less polymer reactive sites
could reasonably be employed, it is desirable to have an excess of polymer
reactive sites, and a soluble polymer of any significant molecule weight
will have such an excess generally. 40     In the preferred embodiment, the
Starting material polymers of the present invention are watersoluble poly-
mers having molecular weights of from about 2,000 to about 100,000 and more
preferably to about 50,000. In a further preferred embodiment, the starting
material polymers of the present Invention are watersoluble poly- mers
having at least 10 mole percent, and more preferably at least 30 or 50 mole
percent, and more preferably at least 30 or 50 mole percent, of mer units
of Formula II. In a more preferred embodiment, such polymers 



45 have at least 70 mole percent of mer units of the Formula II.
Nonetheless (trans)amidation is believed to pro- ceed with as little as
about 1 weight percent of such mer units, particularly if excess
derivatizing agent is used. The fluorescent group(s) of the organic
derivatizing agents may be polynuclear aromatic ring system, as mentioned
above, must contain an amine moiety, and preferably a primary amine. There
are a number and variety of such organic fluorescent amine-containing
compositions that are commercially available. Many are 50 commercially
available as water soluble compositions, and others may become water
soluble, or more water soluble, upon formation of the salts thereof. The
fluorescent derivatizing agents useful forthe present invention are
available with distinguishable fluorescent spectral characteristics, and
hence the polymers may be tagged with different fluorescent groups to, for
Instance, distinguish between different polymers by virtue of their re-
sultant spectral characteristics. 55      The amine group of the organic
fluorescent derivatizing agent may be covalently bonded directly to the
polynucleararomatic ring system, or it may be bonded tothe ring system
through an alkyl group. In otherwords, the group bonded to the ring system
may be an amine, an amine substituted alkyl group, or an amine substi-
tuted alkyl group containing further substitution. A preferred
amine-containing fluorescent derivatizing agent 8    EP 0 504 520 B1 is one
containing an alkyl amine; also one containing a primary amine covalently
bonded to the ring system, preferred because such agents are generally
readily available at very low cost. Avery useful group of organic
fluorescent derivatizing agents contain a naphthalene ring system, which
ring system is substituted with at east one primary amine and at least one
sulfonic acid roup. There are many 5   compositions within this group that
are commercially available at reasonable cost, and there are many com-
positions within this group, distinguished from one another by the number
of amine and sulfonic acid substitu- ents and, for a given number of each
substituent, by the position of each substituent on the naphthalene ring
system. More specifically, amine-containing naphthalene compositions
constitute a preference, including amino 10  naphthalene monosulfonic
acids, amino naphthalene disulfonic acids, amino naphthalene trisulfonic
acids, and their sodium and/or potassium salt(s). In preferred embodiments,
the product polymer has different spectral properties than the organic
fluor- escent derivatizing agent, and hence the presence of product polymer
tagged by the (trans)amidation reaction can be determined merely by the
presence of its particular major fluorescent peak(s). 15     The polymers
to be employed may vary as to the amount of pendant groups of Formula 1,
and some may have diverse pendant groups outside of Formula 1. There may be
derivatizations using a single type of pendant group within Formula 1, that
is, an acrylic acid homopolymer, and a number of polymers containing both
(meth)acrylic acid and acrylamide units. The polymers employed as starting
material polymers for derivatisation each preferably have more than 20  70
mole percent of mer unit within Formula 11 and weight average molecular
weights of less than 50,000. The following abbreviations are used for the
polymer units: AA      Acrylic acid AcAm   Acrylamide AMS
Sulfomethylacrylamide 25  VA      Vinyl acetate MM      Methacrylic acid
ACN    Acrylonitrile The combinations preferably include: AA/AcAm,
AA/AcAm/AMS, AA/Ac/Am/MM and AA/AcAmACN. 30 Claims 1. Method of determining
the concentration of a treating agent added to a circulating body of water
confined in a water recirculating system, said treating agent being one
which enhances the efficiency of equipment 35      in the system by
Inhibiting scaling or corrosion or settling of particulates, comprising the
steps of: dosing the body of water with a predetermined concentration of
the treating agent bearing an amine-containing fluorescent moiety tag
covalently bonded thereto; removing a sample of the body of water
containing the tagged treating agent; analyzing the emissivity as a measure
of the concentration of the treating agent in the sample, and 



40           adjusting the concentration of the treating agent accordingly
as the analyzed sample exhibits a concentration departure from said
predetermined concentration. 2.  Method according to claim 1 wherein the
treating agent is fed at a predetermined rate by a pump and in- cluding the
steps of 45           transforming emissivity to an analog signal; and
transmitting the analog signal to a controller which adjusts the rate of
the pump In accordance with the analog signal. 3.  Method of determining
the consumption of a treating agent added to a circulating body of water
confined 50      in a water recirculating system, said treating agent being
one which enhances the eff iciency of equipment In the system by inhibiting
scaling or corrosion or settling of particulates, comprising the steps of:
dosing the body of water both with a predetermined concentration of the
treating agent bearing an amine-containing fluorescent moiety tag
covalently bonded thereto and, separately, an inert fluorescent tracer,
inactive in the system, in a concentration equivalent to the concentration
of the treating agent; 55           removing a sample of the body of water
containing the tracer addition and the tagged treating agent addition;
separatelyanalyzing the emissivity of the additions as a measure
oftheirrespective concentrations in the sample, and 9    EP 0 504 520 B1 is
one containing an alkyl amine; also one containing a primary amine
covalently bonded to the ring system. preferred because such agents are
generally readily available at very low cost. A very useful group of
organic fluorescent derivatizing agents contain a naphthakene ring system,
which ring system is substituted with at east one primary amine and at
least one sulfonic acid roup. There are many 5   compositions within this
group that are commercially available at reasonable cost, and there are
many com- positions within this group, distinguished from one another by
the number of amine and sulfonic acid substitu- ents and, for a given
number of each substituent by the position of each substituent on the
naphthalene ring system. More specifically, amine-containing naphthalene
compositions constitute a preference, including amino 10  naphthalene
monosulfonic acids, amino naphthalene disulfonic acids, amino naphthalene
trisulfonic acids, and their sodium and/or potassium salt(s). In preferred
embodiments, the product polymer has different spectral properties than the
organic fluor- escent derivatizing agent and hence the presence of product
polymer tagged by the (trans)amidation reaction can be determined merely by
the presence of its particular major fluorescent peak(s). 15     The
polymers to be employed may vary as to the amount of pendant groups of
Formula I, and some may have diverse pendant groups outside of Formula I.
There may be derivatizations using a single type of pendant group within
Formula I, that is, an acrylic acid homopolymer, and a number of polymers
containing both (meth)acrylic acid and acrylamide units. The polymers
employed as starting material polymers for derivatisation each preferably
have more than 20  70 mole percent of mer unit within Formula II and weight
average molecular weights of less than 50,000. The following abbreviations
are used for the polymer units: AA      Acrylic acid AcAm    Acrylamide AMS
Sulfomethylacrylamide 25  VA       Vinyl acetate MM      Methacrylic acid
ACN     Acrylonitrile The combinations preferably include: AA/AcAm,
AA/AcAm/AMS, AA/Ac/Am/MAA and AA/AcAm/ACN. 30 Claims 1.  Method of
determining the concentration of a treating agent added to a circulating
body of water confined in a water recirculating system, said treating agent
being one which enhances the efficiency of equipment 35      in the system
by inhibiting scaling or corrosion or settling of particulates, comprising
the steps of: dosing the body of water with a predetermined concentration
of the treating agent bearing an 



amine-containing fluorescent moiety tag covalently bonded thereto; removing
a sample of the body of water containing the tagged treating agent;
analyzing the emissivity as a measure of the concentration of the treating
agent in the sample, and 40           adjusting the concentration of the
treating agent accordingly as the analyzed sample exhibits a concentration
departure from said predetermined concentration. 2.  Method according to
claim 1 wherein the treating agent is fed at a predetermined rate by a pump
and in- cluding the steps of 45           transforming emissivity to an
analog signal; and transmitting the analog signal to a controllerwhich
adjusts the rate of the pump in accordance with the analog signal. 3.
Method of determining the consumption of a treating agent added to a
circulating body of water confined 50      in a water recirculating system,
said treating agent being one which enhances the efficiency of equipment in
the system by inhibiting scaling or corrosion or settling of particulates,
comprising the steps of: dosing the body of water both with a predetermined
concentration of the treating agent bearing an amine-containing fluorescent
moiety tag covalently bonded thereto and, separately, an inert fluorescent
tracer, inactive in the system, in a concentration equivalent to the
concentration of the treating agent; 55           removing a sample of the
body of water containing the tracer addition and the tagged treating agent
addition; separately analyzing the emissivity of the additions as a measure
of theirrespective concentrations in the sample, and 9    EP 0 504 520 B1
determining any difference between the analyzed concentration of the
treating agent and that of the tracer as a departure from said equivalent
concentration equated to treating agent consumption. 4.  Method according
to claim 3 wherein the dosage of treating agent is altered if the departure
is abnormal. 5 5.  Method according to any one of the preceding claims
wherein the treating agent is a polymerwith a back- bone containing acrylic
acid tagged with an organic fluorescent derivatizing agent which is an
organic flu- orescent molecule that contains an amine group, represented by
10 [err] 15 wherein one of [err] is hydrogen oran organic fluorescent group
and F2 is an organicfluorescent derivatizing agent. 6.  Method according to
claim 5 wherein the organic fluorescent derivatizing agent Is an amino
naphthalene 20      sulfonic acid or a salt thereof. 7.  Method according
to any one of the preceding claims in which the circulating body of water
is contained within a cooling tower equipped for both blowdown and makeup.
25 PatentansprOche 1. Verfahren zur Bestimmung der Konzentration eines
Behandlungsmittels, des elner in einem Wasser-Um- laufsystem befindlichen,
zirkullerenden Wassermenge hinzugefflgt wird, wobei des Behandlungsmittel
30      die Effizienz von Geraten im System durch Hemmen von
Kesselsteinbildung, Korrosion oderAblagerung von Teilchen steigert
umfassend die folgenden Schritte: Dotieren derWassermenge
miteinervorbestimmten Konzentration an Behandlungsmittel, des einedaran
kovalent gebundene, aminhaltige Fluoreszenzgruppen-Marklerung tragt; Zehen
einer Probe asu derWassermenge, die das marlderte Behandlungsmittel
enthalt; 95      Analysieren des Emissionsvermogens als MaS fOr die
Konzentration an Behandlungsmittel in der Probe, und entsprechendes
Einstellen der Konzentration des Behandlungsmittels, wenn die analyslerte
Probe esne Konzentrationsabweichung von der vorbestimmten Konzentration
aufwelst. 40  2. Verfahren nach Anspruch 1, worin das Behandlungsmittel mit
einer vorbestimmten Rate durch eins Pum- pe zugefihrt wird, umfassend die
folgenden Schritte: 



Umwandeln des Emissionsvermogens in sin Analogsignal; und Welterlelten des
Analogsignals zu einer Steuereinrichtung, die die Pumprate im Einklang mit
dem Analogsignal einstellt. 45  3. Verfahren zur Bestimmung des Verbrauchs
sines Behandlungemittels, das einer in sinem Wasser-Um- laufsystem
befindlichen, zirkullerenden Wassermenge hinzugefigt wird, wobei das
Behandlungsmittel dle Effizienz von Geraten im System durch Hemmen der
Kesselsteinbildung, Korrosion oderAblagerung von Tellchen stelgert,
umfassend die folgenden Schritte: Dotieren der Wassermenge sowohl mit
einervorbestimmten Konzentration des Behandlungsmittels, des 50      sine
kovalent daran gebundene, aminhaltige, fluoreszlerende Gruppenmarkierung
tragt, als auch, ge- trennt davon, mit einem im System Inaktiven,
fluoreazierenden Inerttracer In elner Konrentration, die der Konzentration
des Behandlungsmittels entspricht; Ziehen siner Probe aus derWassermengs,
die den zugegebenen Tracer und das zugegebene, markierte Behandlungsmittel
enthailt; 55      getrenntes Analysieren des Emissionsvermogens derZusatze
als MaBffrderen jewellige Konzentration in der Probe, und Bestimmen
jeglicher Dlfferenz zwischen der analyslerten Konzentration des
Behandlungamittels und je- nerdes Tracers als Abwelchung von
derAquivalent-Konzentratlon, die dem Behandlungsmittelverbrauch 10    EP 0
504 520 Si                  1 II!IIICI1111111 HIll III  11 1111 entspricht.
4. Verfahren nach Anspruch 3, worin die Dosierung des Behandlungamittels
geindert wird, wenn die Ab- weichung abnormal ist. _-.   5 5. Verfahren
nach einem der vorhergehenden Ansprfche, worin das Behandlungsmittel sin
Polymer mit ei- nem Rfckgrat ist, das Acrylsaure enthalt, die mit elnem
organiachen, fluoreazierenden Derivatisierungs- mittel markiert let, das
sin organisches, fluoreszierendes MoleikcD ist, das eine Amingruppe
enthalt, die durch die Formel 10 H-N-F1 F2 15 dargesteilt wird, worin sin
F1 Wasserstoff oder sine organische, fluoreszierende Gruppe und F2 sin
orga- nisches, fluoreszierendes Derivatisierungsmittel ist. :-~    20  6.
Verfahren nach Anspruch 5, worin das organische, fluoreszisrende
Derivatisierungsmittel sine Amino- naphthalinsuifonsaure oder sin Salz
davon ist. 7. Verfahren nach einem der vorhergehenden Ansprfche, worin sich
die zirkullerende Wassermenge in ei- nem sowohl fOr Blowdown als such fOr
Makeup ausger~stoten Krihiturm befindet. 26 Revendlcations 1.  Methods de
dehtrmination de la concentration d'un agent de traitoment ajoute a un
corps circulant d'eau 30      confine dans un systeme de recirculation
d'eau, ledit agent de traitement 6tant un de ceux qui augments l'efficacit6
de l'hquipgementdans Is systems en Inhibant l'entartromentou la corrosion
ou Is d6pot de ma- tieres particulaires, comprenant lea etapes de: dosage
du corps d'eau avec une concentration pr6d6termin6s de l'agent de traitment
portant un marqueur a moiti6 fluorescents contonant une amine 1169 de facon
covalente a colui-ci; 35           elimination d'un 6chantillon du corps
d'eau contenant l'agent de traitment marqu6; analyse de l'6missivit6 comme
une mesure de la concentration de l'agent de traitment dans l'Nchantillon,
et aJustbment de la concentration de l'agent de traitement selon quo
l'6chantillon analys6 montre un ecart de concentration vis-a-vis de ladite
concentration pr6d6tenmin6e. 40 2.  M6thode selon la revendication 1 dans
laquelle l'agent de traitement est alimente a une vitbsse pr6d6- termin6e
par une pompe et Incluant les 6tapes de: transformation de l'6missivite en
un signal analogique; et 



transmission du signal analog ique a un contrdleur qul ajuste la vitbsse de
la pompe selon le signal 45      analogique. 3.  M6thode de d6terminatlon
de la consommation d'un agent de traibment ajoute a un corps circulant
d'eau confin6 dans un systeme de recirculation d'eau, ledit agent de
traltement etant un de coeux qui augments l'efficacit6 de l'equipement dans
le systbme en inhibant l'entartrement ou la corrosion ou le d6pot de ma- 50
tieres particulaires, compronant les 6tapes de: dosage du corps d'eau avec
a la fois uns concentration pr6dhterminho de l'agent de traitment portant
un marqueur a moltl6 fluorescentb contenant une amine lie de fagon
covalente a celul-cl et, se- parement, un tracour fluorescent Inerte,
Inactif dans le systeme, en une concentration equivalento a la
concentration de l'agent de traitment; C5            6limination d'un
6chantillon du corps d'eau contenant l'addition de traceur et l'additlon
d'agent de traitemont marque; analyse s6parement de l'6missivit6 des
additions comme une mesure de leur concentration res- pective dans
l'6chanti lion, et    EP 0 504 520 B1                              M !
d6btrmination de touto diffirence entre la concentration analysee de
I'agent de traitement et cello du traceur comme un 6cart de ladite
concentration 6quivalente miso en equation par rapport A la consom- mation
d'agent de traltement. 5   4.  Methode solon la revendication 3 dans
laquelle le dosage de l'agent de traitement est alteri si l'ecart est
anormal. 5. Methode solon l'une quelconque des revendications pr6c6dentes
dans laquelle l'agent de traitement est un polymbre avec un squelette
contenant un acide acrylique marqu6 avec un agent de d6rivation orga- 10
nique fluorescent qul eat une mol6cule organique fluorescentb qui contient
un groupe amine, repr6sente par H-N-F1 15 F2 oO l'un de F1 est un hydrogene
ou un groupe fluorescent organique et F2 est un agent de derivation fluo-
rescent organique. "'   20 6. Methode solon la revendicatlon 5 dans
laquelle l'agent de deivatbon fluorescent organique eat un acide amino
naphthalene sulfonique ou un sel de celul-cl. 7.  M6thode salon l'une
quelconque des revendlcations precedentes duns laquelle le corps circulant
d'eau 25      est contenu dans une tour de refroldissement 6qulp6e pour A
ia fols une 6vacuation et un appoint. 30 35 40 45 50 55 12    


