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Mot Applicable,
Background of the Invention

This invention relates generally to methods of reducing corrosion in a
crude unit. More specificatly, the invention relates to methods of optimizing system
parameters in a process stream of & crude unit o reduce corrosion in the crude unit. The
imvention has particular relevance 1o sampling dew point water and accumaudator boot
waler 1 measure sysiem parameters and respond to such moasurements to z's-:daeé
corrosion andfor corrasion byproduct deposition in the crude unit,

in a crude oil refinery, generally the oil is pumped from a storage tank to 2
crude unit for processing. The crude unit cleans the oif through water washing in 2
desatisr and then splits the ol into fractions in an stmospheric distillation tower, These
fractions are pumpad to varicus processing units downstream of the crude unit {e.g.,
coker, catalytic cracker, bydrotreater gte.). Though corrosion and corrosion byproduct
deposition {the larter sometimes referred 10 herein as fouling) cecur in many areas of a
erpdde urt, the moost severs corrosion and fouling typically take place in the overhead
condensing system of an atmospheric disiillation tower system.

Refinery crade unit processing has becoming increasingly difficult in

recent vears and is predicted to become even more challenging and complex for several
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reasons. For example, significant increases in crude oif prices have caused refiners to
aggressively pursue “opportunity” or “challenging” crudes that are obtainable at
discounted prices. The lower price is linked to a crude property such as high acid or high
solids content that makes it fegs desirable Svan the Hght, sweet benchmark orudes.

Refiners switch crude slates more fregnently thawn in the past due 1o

minimurn on-hand crude off fovestory combined with increased ernde oil variety, A
crude slate switeh typically upsets the steady state condition of a crude unit for up to
several hoore. Generally, about sighty percent of the corrosion and fouling oscurs during
these switches or disruptions, which normally last about twenty percent of the time. I
fouling and corrosion issues arg severe enough, the refiner will discontinue processing the
crude oif or blend of crudes causing the problem. Howeves, these challenging crudes ars
avatiable 1o the refiner at a discount thus making them more profitable. Discontinuing
such probiematic crudas is accordingly not a very popular option.

In efforts o reduce corrosion, a arude unit may be serviced two or three
times per week. or In some cases daily. Diaily service at best provides a snap shot view of
a dynamic crude unit system. Crude type and/or raw crude storage tanks are switched

several limes per week, sometimes daily. The contents of cach tank are different from the
oihers, so each switch causes a change of feed guallty to the crude unil, many thues
unseiiing the steady state sistus and causing disruptions in the system. Prohesting,
desaliing, and distilling operations shift with the new crude, sending products and/or
effluent water sources off specification. Many adjustments over several hours (in some

cases days) normally take place to return the erude unit to steady state operation,
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The most common current mdustry practice 1o control such disruptions and
optinize crude unit operation is ® provide snough manpower and man-hours. For
instance, each crude unlt may have an operating crew from three 1o ten peopls, depending
on gize and complexity of the unit. This crew may spend their day gathering various
samples for wel chenisiry lab testing, and measuring and making adjustments for
temperature and flow to keep the unit ranning within specification. Such practice is
typically geared towards keeping the unif operating properly with respect to fractionaiion
guality cut points and end points, with minimal attention being paid to a specialty
chemical corrosion control program. If'a disroption is severe, changes may be made
the process chemicals and/or changes n levels, flows, or temperatures may be
recommended around the crude unit to keep the dynamic system in as optimum a
condition as possible.

Attempis to compensate for perlodic or sometimes prolonged lack of
humsan involvement include installing online pH meters on atmospherio distillation towers
averhead accumudator water boots; however, due to a high rate of fouling of the pH
sensor onfy a small percentage of these metevs operate corveotly for any length of time.
Online instrumentation, such as pH meters, reguires routine mainienance and calibration.
Moreover, online pH merely wacks the pH and sends an alarm 1o the operator when the
pH is putside the control lmits. Often, poorly calibrated and/or fouled pH meters cause
frequent alarms, This frequency tends to minimize the effectiveness of the alarm systen
e fo the lack of indostry success with online pH metering and other monitoring efforis refiners

have not pursued more exotic and effective onling instrumentation for process chemical
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programs. There thus exists an ongoing need for more sophisticated and effective online and/or
automatic methods for monitoring parameters and reducing corrosion in crude units.

The art described in this section is not intended to constitute an admission that any
patent, publication or other information referred to herein is "prior art" with respect to this
invention, unless specifically designated as such. In addition, this section should not be construed
to mean that a search has been made or that no other pertinent information as defined in 37

C.F.R. § 1.56(a) exists.

Brief Summary
In an aspect, there is provided a method of measuring at least one property of a

predominantly liquid sample, the method comprising the steps of:

adding at least one chemical reagent to the sample, the chemical reagent capable of
inducing a measurable optical effect when added to the sample that is directly related to the
property to be detected,

measuring the optical effect, and

deducing the value of the property by comparing the measured optical effect to pre-
determined values associated with the property to be determined,

removing sulfoxy compounds from the sample by adding to it a cleansing composition,
the cleansing composition comprising 2-10% peracetic acid in equilibrium with 10-35%
hydrogen peroxide, and water,

wherein the relationship between the measured optical effect and the property to be
determined is independent of the volume of the liquid sample and independent of the volume of

the reagent added to the sample and wherein the cleansing composition has no impact on the
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measurable optical effect other than preventing reactions between the sulfoxy compounds and the
at least one chemical reagents.

At least one embodiment of the present disclosure is directed towards a method of
measuring at least one property of a predominantly liquid sample. The method comprises the
steps of: 1) adding at least one chemical reagent to the sample, the chemical reagent capable of
inducing a measurable optical effect when added to the sample that is directly related to the
property to be detected, 2) measuring the optical effect, and 3) deducing the value of the property
by comparing the measured optical effect to pre-determined values associated with the property
to be determined. The relationship between the measured optical effect and the property to be
determined is independent of the volume of the liquid sample and independent of the volume of
the reagent added to the sample.

The measured property may be one item selected from the list consisting of: pH,
iron concentration, chloride concentration, and any combination thereof. The measured optical
effect may be a colorimetric effect, turbidity effect, or a fluorescent effect. The reagent may be
thoroughly mixed with the sample. The optical effect may be measured by determining an

absorbance level at a particular wavelength whose measurement is recognized as an isosbestic
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soint for all values of the property, detecting at least one other absorbance level for one other
wavelength, comparing the two absorbance levels with pre~determined dats, and correlating the
two absorbance levels to the known absorbance levels of a pazﬁouim* value of the property. The
reagents mayv be selected from the list consisting oft bromicresol purple, fluorescein, PTSA,
TPPTSA, caleetns blue, Ferroring, silver nitrate, thioglyeolic acid, ammonie, pH buffer, ferric ron
reductant, flucrescent dye, tucigendn, and any combmation thereof,

The optical effect may be measured by the reagents being ar least two fluorescent
dyes, one of the dyes’ Ruorescence at a fivst wavelength i affected by the value of the property
and one of the other dyves’ flucrescence at 3 scoond wavelength s unaffected by the value of the
property. The method may further comprise the steps of measuring the ratio of the fluorescense
invtensities of the first and second wavelengths in the sample, comparing that ratio 1o the ratio of
the fluorescence of the first and second wavelengths in & control having & known value of that
properny, and correlaling the proportional change in the two ratios 10 the property value, The
optical effect may be measurad by the reagent’s absorbance and fiuorescence whare the
absorbance is unaffected by the value of the property and the fluorescence is affected by the value
of the property, by comparing the ratio of the flnorescence to absorbance to a COAMS! having o
imown vaiue of the property, and correlating the proportional change in the two ratios to the
property, The reage may form a compler with & compound that cguses the property, the
absorbance of the complex at a pre-determinad wavelangth ls directly related to the amonnt of
that compound presestt and not to the amount of reagent added.

The sample may be positioned within an apparatus. The apparates comprises at

least one reagent source constructed and arranged 1o feed the reagent into & chamber where it is

raixed with the sample and the cample Is moved past an optical sensor that measures the optics)
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property. The apparaiss may further comprise o Haht source which may be positionsd in line or
perpendicular to the optical sensor. The light source may also be in Hne or perpendicular to 2
BDD cell through which the sample passes before the reagents are added. The BDD coll may be
consiructed and arranged (o oxidize sulfoxy compounds. The light source may aiso be in line or
perpendicular to a vertically angied sensor flow path through which the sample flows whereby
megsnred light passing 1o the optical sensor passes horizontally through the sample. There may
be gt feast two optical sensors and the sensors wre positioned along & borizontal plane relative to
the verrical flow path. The apparatus may further comprise a wbe downstrearn from the sensor,
at least a portion of the mbe is higher than the sensor and is horizentally angled, the whe is
constructod and arranged to facllitaie the migeation of gas bubbles away from the sensor. The
wbe may be inverted Uwshaped. The apparatus may further comprise 8 gas sonree upstream from
the sensor, the gas source constructed and arranged 1o sparge undesired materials away from the
saraple. The apparatus may be interfaced with a contro! system governing al least some of the
operations of a chemical process stroam from which the sample wae taken, the measured data

resulting in the control systern implementing a counter-measure in response to the property.

Brief Drescription of the Drawings

A detailed description of the invention is hereafter desoribed with speeific
reference being made o the drawings in whicn

FIG. 1 is a graph used to show how the isoshestic point can be used 1o dotormine
parameters of & Houd sample.

FH3. 2 contains graphs used to Hlustrate how isoshestic points at different pH can

be used 1o determine parameters of a liquid sample. In these graphs the lefl Y-axis is absorbance
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for Isosbestic points and pH channels. The right Y-axis is the ratio pH/Isos.

FIG. 3 is & graph used fo illustrate the accuracy of the tnvention’s measurements.

FIG. 4 15 a graph used to {lustrate how TPPTSA and lucigenin can determine
chioride concentration using {luorescence ratioing. The Y-axis {s fluorescence intensity.

FIG. 5 18 a graph used to iHostrate bow lucigenin fnorescence can be wsed (o
measure chloride using absorbance correction for sumple and reagent volumes. In this graph
Charme!l Counts is wansmitted Hght Intensity for the Trans curve. B i3 fuorescence inlensity for
the flucrsscence curve. Absorbance of the lucigenin dye is caleulated by log? 0 {reffrans).

FIG. & is g side view lustration of an apparatos used 10 measurs parameters of 2
Hiquid sample.

FH3. 7 is an overhead view llustration of an apparatus used to measure parameters
of & liguid sample,

FIG. B s a Oowehart ilinstration of various components in an apparatus used 1o
measure parameters of a liquid sample.

FIG. 9 is a graph used to llustrate turbidity correction in Fe measuraments,

FIG. 14 s a graph lustrating responge curves for chioride by tebidity using
absorbance measurement. In this graph, Channel Counts is transmitted light intensity for the
Trans curve. Absorbance of the suspended AgCl is caleulated by logl O{refitvansy where the
reference curve is not shown. This absorbance is given as the X-axis in Figure 11,

FIG. 11 is & graphb iHhustrating 2 sonlinear calibvration curve for chloride by

absorbance of the turbidity formed by reaction of the sample with silver nitrate.
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Detatled Doscription of the Inveation

For purposes of this application the definttion of these terms is as follows:

“BDD electrode” means an slectrods that s at least partially covered with p-type
dismond material in which at some of the covalent bond sites where cgrbon atome would be jo s
pure diamond material there are boron atoms covalently bonded instead. The BDD electrode is
used in an electrochemical cell in which the B electrode is the anode.

“Blank sample’ means g Hquid sample not containing reagent.

“Hoot Waters™ means a liguid sample taken from the agueous phase of a distilled
fracrion of oil, in which the fraction has condensed and separated nto an aqueocus phase and an
organic phase and are commonly (hut net necessarily) collected from an accumulator downstream
from 3 heay exchanger.

“Colorimeter” means g device, which measures the intensity of transmivied Bght at
a particular wavelength that passes through a sample.

“Controller” means 2 manoal operator or an glectronic device having components
such as a processor, memory device, digiial storage medium, cathods ray tube, liquid crystal
display, plasma display, wouch screen, or other mossitor, and/or other components which is
operable {or integration with one or more application-specific Integrated cireuits, programs,
camputer-execuiable instructions or algorithms, one or mors hard-wired dovices, wireless
devices, and/or one or more mechanical devices and which is operable to integraie the keedback,
feed-forward, or predictive loop(s), and its fumctions may be at a centead location, such as a
network server, for comumunication over a local area network, wide arer network, wireless

network, internet connection, microwave link, infrared link, and the like, other components such
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as a signal conditioner or systam maonitor may be ncluded 1o facilitate signsl transmission and
signal-processing algorithns.

“Diew Poini Water” means a Haguid sample taken at the point of initial
condensation of steam to water or the temperature at which a phase of liguid water separates from
ihe water vapors and Hauid hydrocarbons and begins to forrn Hauwid water as the vapors cool,
This sample may be formed in collectors that are cooled by coils containing canling water that is
circulated through them. Dew point water will contain the highest amount of HC! and other acids
relative 1o water samples teken forther downstream.

“Ferrozine™ means s mixture of 3-(2-pyridy!-§, 8-his{d-phenyisuifonic acid)1, 2,
4-frigzine, monosodium salt and ammoniom thioglycolate.

“Fluorometes” means a device, which measures the infensity of light that is
generated by a sample as it fluoresces that has a different wavelength than the light projected into
the sample. The fluorescence light can be measured at an angle (which can be 80°) with respect
to the light projected into the sample.

“Tnterfyce” rneans the solid, electromagupetic, optical, virtual, or other
nterconnection between the analyzer and at least one ather itom through which electricity,
plasma, light, radiation. fAuid, date, information, matter, reagent, waste, material fo be sampled,
energy, heat, Hguid, and/or gas pass between the analyzer and the fiem.

“PTSA” means Pyrene tetrasuifonic aeid.

“Sparging” means infroducing gas indo a liguid for the purpose of creating a
plurality of bubbles that migrate up the liguid and remove a particular material from the Hguid

through comtact between the bubbles and the particular material.
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“Sweeten” means to remove or vender non-reactive a particular unwanied
composition present in an agueous fraction, inchading but not limited to hydrogen sulfide and
other sullor based compounds,

“TPPTSA” means §5,10,13 20-tetraphenyi-2 1H, 23H-porphine-tetrasulfonic acid,
tetrasodium hydrate,

“Turbidity Meter™ or “Turbidimetsr” means a device, which measures the
intensity of light within a Hguid thay s scatfered from a source beam of light as a result of the
source beamn of light interacting with particles within the Hguid. The wavelength of the scattered
light is the same as that projecied into the sample,

Iry the event that the above definitions or a deseription stated elsewhere In this
application is inconsistent with a meaning (exphcit or implicit) which is commonly nsed, in a
dictionary, or stated in a source incorporated by reference Inio this application, the application
and the claim terms in particular are understood o be construed according to the definition or
description in this application, and not according to the corumon definition, dictionary definition,
or the definition that was incorporated by reference, In light of'the above, in the event that a term
can only be onderstood i it is construed by a dictionary, if the term is defined by the Kirk-Othmer
Encyclopedia of Chemical Technology, Sth Edition, (2003), (Published by Wiley, John & Sons,
inc.} this definition shall control how the ten is 10 be defined in the claims,

Embodiments of the invention include a method of analyzing and an apparatus for
anatyzing properties and contents of a water sample. The water sample can be from crude unit
overhead condensers. The analysis may be used 1o control a chemical corrosion control sysiem.

At Jeast one embodiment of the invention {s directed towards a method of

measuring systero parameters for control of product feed in a crude oil refinery. At leass one
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smbodiment is directed to a method of reducing corrosion in a crude oil refinery by making use
of the measured pavametzes. AT least one envbodiment is directed towards a heat exchanger
operated in conjunction with at least one sensor capable of detecting the parameters. The
parameters érc one item selected from the st consisting of! metal concentration, chioride
concentration, pH, and any corablnation thersof. Metals contemplated by the invention for
getection melude but are not limited i iron, copper, molybdenum, nickel and zinc. I at least
one embodiment, one or more of the parainsters are measured by an analyzer, which has af least
OO SENSOL.

Mesasuring the properties and compositions of various condensed water fractions
can be complicated. The fractions that are anglyzed typically are a widely diverse (and ai feast
partially) and aguecus cornpesitions comprising water, light hydrocarbons, hydrogen suifide, and
suspended solids of ron sulfides and iron oxides which can be agglomerated with heavier
organics, aminegs, ammonis, organic acid {such as acebic acid) and silica. The fractions typically
vary in pH, chloride concentration, and iron concentration and knowledge of these values is
important in proper facility operation. If pH i 1oo low, corrosion of downstream eguipmment can
oceur. Excess oliloride is gn indicator that excessive corrosive hydrochloric acid is present,
Exeess fron is indicative of steel corrosion and reacts with sulfides to form Fe8 particles that
deposit on internal system surfaces. Of particular use is detenmining the parameter values early
in the condensation region to atlow adequate thime to properdy enact a corrosion control program
such as sirategicallv injecting neuwralizing snines (for pH countrol), filming tnhibiiors (for fron
control), caustic solutions (for HCI comrol}, and the liks.

Performing these measurements however is quite a challenge as the compositions

of the fractions are harpiful o most sensors, In prior art sensors, small diameter plastic tubing,
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peristaltic pumps, valves and other mechenical parts rapidly become fouled and/or phlugged.
Particles, oils, and other organics canse deift in basslines and calibration emors in optical
components. Colorimetric equipment in particular can become inaccurate due to background
color, turbidity inerference, and fouling of optical surfaces. Elecrochemical devices and
especially ion selective elecirodes can be disturbed by sulfide compounds, which are often
present In amouns exceeding hundreds of ppm.

ideally the parameters would be determined when or before the fractions enter the
heat exchangers and/or at or before the dew point of steam. The value of the parameters collected
at the dew point provides the most accurate prediction of what degree and form of downstream
corrasion will ultimately oconr and allews for precise use of a corrasion control program and
would maximize the lifespan of the heat exchangers.

Unifortunately, practically no dew point samples arg normally available, Asa

esult common practice is 10 mstead obtaim measurements on boot waters where the water in the
fraction has complately condensed and to use that measurement to control chemical dosage and
the need for a corrosion contrad program. Dew polnt samples may be obtained according to the
disclosures of US Patents 4,355,072 and 5,425,267 and US Patent Application 12/263%04.

Prior art methods of measuring parameters such as pH, chloride and iron with
solorimerry are reagont based. They involve adding a known amount of reagent to g set vohmne
of sample. This has a pumber of disadvantages. ‘a‘%-‘irst. if there is an error in adding the correct
amount of reagent, the regding will be incorrect since the absorbance measured depends on the
amount of reagent. Second i is cumbersome because a specific vohune of sample must be
removed from a dyvnamic systerm. For acourate results, a start-stop process is normally used. This

process consists of acquiring a sample and melering 8 known volume of it into g vessel. Then a
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known amount of reagent is added and mixed. A far better syster would involve measuring a
parameter by adding a small volume of reagent into 2 flowing saniple without needing to control
the amount of reagent, In such a svstem, as the added reagent disperses in the flowing sample, its
concentration continuously decreases. Therefore, prior art methods would give errors since the
measured absorbance depends ou the now unknown amount of reagent in the sample. This can
be gvercome by referencing the amount of sayuple by a value that relates 1o the volame of reagent
in the sample or reagent concenltration in the sanyple.

In at least one embodiment a parametsr is measured directly by adding an amount
of a reagent to a Honid sample of a refinery process stream and directly measuring an optical
property directly related to that amount of reagent wherein the measured paramefer is not
deperdent on knowing the concentration of the reagents in the Hguid sample. In ar least one
embodiment the maasurad paramster is one item selected from the list consisting oft pH, fron {or
other metal) concentration, and chioride concantration.

In at least one embodiment the pH s directly measured by using the isoshestic
point of a colosimetric dve. FIGL 1 illustrates 2 graph of the absorbance vs, wavelength of the
same concentration of & colorimetric dyve in sampleg having various pH values, While each of the
different pH samples has & unigue absorbance =t the pH wavelenpth, they all share a single
wevelength at which the colorimefric dyve displays & constant absorbance level regardless of pH,
the isoshestic point. By ratioing the absorbance at the pH wavelength 1o that at the isosbestic
point, the pH value obtained is independent of the relative amount of reagent or sample. In the
prior art an algorithun is used whick relies spon knowing the sample volume and the maximum

sbsorbance wavelength to determine the pHl
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Trs the invention however rather than simply using the maximum absorbance to
determing pH, pH is insiead determined by ratiniag the maximum absorbance to the isosbestic
point. The isosbestic point for the specific colorimetric dve used is & pre-delermined
characteristic of the dye that depends only on its concentration. Moreover for that dye, the
maximum absorbance is also known for various pH values. As a result, once colorimetric
readings ave taken for a sample, il the isoshestic and the maximum absorbances are known, and
the readings confirm the pre-determined isosbestic point, then the readings can be identified as
corresponding to the graph of & specific pH and the pH for the sample can be known without the
need for knowing the reagent concentration. Initial blank sample measurements sllow for
acourate readings to be taken aven for samples that are harder 1o measure with the prior art
methods such as highly turbid or colored samples that interfere with the measwred maximum
absorbance. Likewise blaunk sample measurements correct for acowmnulated fouling of the opric
tube. Ratioing the maximum gbsorbance {0 the isosbestic absorbance cancels o the effecis of
{ight source Intensily variation and detector responsiveness variation. In at lsast one embodiment
effects that are additive such as color, turbidity, and wbe fouling are corrected by blank
subtraction. In at lzast one embodiment effects that are proportional such as light mtensity and
detector sensitivity are correcied by ratioing,

In at least one embodiment, optical readings arve performed on a number of pump
push strokes for a nomber of measurements while the reacted sample fows through the
colovimeter. Data arrays ave filled with all ransmittanes data for the isosbestic point and pH
band. The reference photodiodes for both LEDs are also read and are used to correct for any
variation i light source emission Intensity variation. Representative data for three runs on

calibration standards are plotted in FIG. 2 where the left axes are absorbance for the two
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channels. The Isosbestic curves illustrate how the pH dye concentration increases (o a peak and
then declines back to the baseline. Since the rons are identical in function, the isosbestic urves
are seen {o be the same while the pH cueves increase at higher pH. The right axes arc the
calculated ratios of blank-corrected pH and isosbestic absorbances. The ratioc curves {ph/sos)
should ideally be flat lines if the isosbestic correction is valid, ¥t is seen that around the peak area
they ave horizontal, These plots clearly show the value of our technique of ratioing and how
acouraie values rosult. Readings could have been taken amywhere the ratio is constant within the
desived ervov tolerance, not just at the peak, for example. I comparison, prior art methads, using
the same range of readings, would have resulted in signifioms errors since the absorbance at only
the pH wavelength varies widely,

The first four baseline points, or blank sample points, are averaged and stored.
These exist as the sample liguid betwesn the reagent injection point and optic twbe flows through
the optic tube. As the sample liguid continues to flow through the optic tube, sample mixed with
reagent flows through the optic tube on which readings are taken, After all readings are
collected, the arrays are searched for the peak in the isosbestic response. The corresponding peak
i the pH curve is also extracted. The absorbances ave calonlated from the peak transmittances
and the reference values as logo (prak reference/peak fransmittance) and are corrected for tubse
{fouling snd sample turbidity by subtracting the blank absorbances.

The ratio of corrected pH to corrected isoshestic absorbances is input io the
caltbration eguation,

The pd calibration eguaton Is according 1o the linear function:
IS R

pH = pK + pHSlope < log(Abs { Abs,, — 4b8))
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Absyris the ratio for the pH 11 standard and {5 a constant in the squation
representing the maximen absorbance at the pH wavelength. Using the other two pH standard
satios, pK and pHSTope are caloulated as constants. When an vnknown sample {8 measured, the
ratic for the sample, £hs, Is put Info the eguation and pH is found, FE3, 4 shows a typical
calibration Hne and the equation used in calculating pH. Because the dve becomes less sensitive
above pH 7.5, there is some inaccuracy in this grea. In at least one embodirent a corvection
factor 1s nsed to correct for the Inaccuracy above pii 7.5

i1y at least one erebodirnent the colorimetric dye used is bromoreso! purple.
Bromereso! purple has an isoshestic point at 488 nm and maximurm absorbance at 98 v due to
pH. As aresult if samples are constantly laken from a vefinery process stream, have bromceresol
purple added 1o them, the pH can be accurately determined by vatioing the absorbance at 39¢ nm
to that af 488 nm regardiess of whather the sample volume or reagent concentration is known, As
avesult, it can be used to obtain accyrate measuwrements without fivst determining or even
knowing the volume of the reagent or haviag to compare the volume of the reagent © a control
valne. This allows for the analyzer 1o be a true online appiication where reagent dispersion in the
flowing sample always gives accurate resulis. This is a significant improvement over the prior ant
that would only give acourate values when the reagent/sample volume ratio were known which
cannot be known in a flowing sarmple stream. Thos the fnvention allows for the avoidance of the
inefficient start-stop method used in the prior agt,

In at lcast one embodiment parataeters are measured directly using the ratio of the
flusrescence of two flucrescent dyes, In the prior art fluorescant dyes have been used 10 measure
the chloride content and pH of 2 sample by measuring the fluorescence of the dyes in the sampie

where the amount of dye and sample are both known. In at least one embodiment, twvo or more
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fluorescent dyes are added fo a sample, each of which displays clear fluorescence at certain
wavelengths, One dve’s fluorescence inteunsity af a particular wavelength is divectly dependent on
ihe desired paramsier and another dye's flucrescence intensity is completely independent of the
desived parameter. The fluorescence intensity of the second dys is dependent only on s
concentration in the sample mixfure. By comparing the fhiorescence ratio of the two dyes af the
two wavelengths in 8 controf sample where the parameter is known to the fluorescence ratio of an
unknown sample, the parameter of the unknowa sample can be defermined.

In at feast one of the embodiments the dyes used are lucigenin (9, 9" -bis-N-
methylacridininm nitraie) and PTSA to determine chloride concentration by flusrescence
gquenching. At 510 am, lucigenin’s fluorescence iz dependent on chloride concentration while
PTSA gives no fluorescence there, At 405 nm PTSA’s Muorescence is independent of chloride
concentration while lucigenin does not fluorgsce there. By comparing the ratio of the
fluorescence at 310 nm and 405 nm in a control to a measured sample, the parameiers of {he
measured samples can be delermined,

Another suitable reference dye is TPPTSA which fluoresces at 670 nm and whose
fluerescence is independent of chioride concentration. By ratioing the fluorescence of lucigenin
at 510 nm 1o the fluorescence of TPPTSA at 670 mw, the variation in dve concentration and
sample volume is corrected. FIG, 4 illustrates the respective spectra for TPPTSA and lucigenin
with and without chloride,

B at least one embodiment the desired parameter content is directly determined by
measuring florescence quenching uslng only one dye. In atleast one embodiment the single
fluorescent dve is a dye whose fuorescence is diminished af a particular wavelength by dilution

and whose flucrescence is diminished by the presence of 2 particular composition, for example
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by one contatning chloride jons, As illustrated in FIG. 3, in at least one embodiment, this single
dye iy lucigenin whose absorbance at 433 nm is dependent only on its concentration, while al 510
run its fluorescence iz dependent on the presence of chloride lons and its concentration, By
ratioing its flucrescence to i3 absorbance, the effect of dilution or concentration of dye in the
sample B canceled, The change in ratio between a controt value and & measured sample can he
used to determine the amount of ehloride in 2 sample.

I a1 least oue embodiment a colorimetric absorbance reading s takev of a
complex formed between g parameter and an sdded reagent. A reagent is added that doss not
itself display colorimetric rasults ar a given wavelength but if it forms a panticular colored
complex i the presence of & pararaeter, the presence of that complex will vesult in an apparemt
absorbance reading. In at least one embodiment, Ferrozine is added to a sample. At 560 mm
Ferrozine itself dogs not appreciably display absorbance, 1 iron is present however, the

‘errozine complexes with the fron and shows absorbance at 360 nm which can be used {o
determine the exsct amount of iren present, 1F the absorbance is read when an excess of
Ferrozine is present, then the value for iron is accurate withoul knowing exactly how mwuch
Ferrozine or sample s present. In at least one embodiment & Ferrozine roagent buffer alters the
background readings of the sensor and gives evroneous readings at 360 nm, so a second reading is
taken at 690 mm where the Fe-Ferrozine complex does not absorb and the background reading o
this wavelength is subtracted froms that at 560 nm. The background level due to turbidity or color
is removed from the reading.

In at least on embodiment silver nitrate is added to the sample. Silver nitrate
does not appreciably absorb at 680 nm, but silver nitrate reacts with chioride to form silver

chioride. Suspended silver chioride can be detecied by measuring the absorbance at 680 nm from

1%
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the path of a light beam passing through a sample. k can alse be detected by measuring the
wrbidity ina turbidimeter at 680 nm. The measurement then does not depend on the level of
silver nitrate concentration.

Referring now 1o FIG. 6 there iz shown an apparatus {100} usefid {or determining
pavarmeters using colorimetric, wrbidimetric, or fluorsscence readings. The apparsius comprises
a manifold (101} into which a lignid sample frovn 8 source is Introduced. The liguid then can
pass into a chamber (103} inte which one or more reagent sources (104} are injected, The
chamber Inclndes g mixing device (135} which can be mechanical, flux based, ultrasonie, or
based on any other known mixing technology In the art, In one embodiment, a reagent pump is
connected to the chamber (103) by a capillary 10 minimize dead volume where diffusion of
sample and reagent can ocour. This avolds inacouracies caused by a reagent injection that mostly
somprises sample that had back-diffused into the reagent pump. [n other embodiments the
apparatus is construeted and armanged to avoid this problem with ap elastomeric duck-bill or with
other back~fow prevention devices known in the art.

After reagent addition, the liquid sample passes through a sensor tube path {110}
along which is at least one colorhmeter, turbidimeter, or finorometric sensor {(106). The
colorimater {186} comprises at least one optical sensor (107) and may also include at lsast one
fight source (108}, The sensor {107 can be in-line and/or at an angle of more than zero and less
than 180 degress. o at least one embodinent the sensor (107) is located a1 2 Q0-degree angle 1o
the light source (108). There optionally can be one optical sensor (107} located direetly above the
light source whose purpose is to read only the light cutpast of the lght source to reforence
colorimeter and fluorometer readings, Any varigtions due to aging or temperature changes can be

corrected by ratiolng to sensor {107) reading,
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In at least one embodiment the light sources project and through-cell deteciors
view the sample in the same plane. In at least one smbodirpent this plane s perpendicular 1o the
sensor tube path the sample is passing through. In af least one embodiment all of the senzors are
perpendioniar to the tube and are positioned at the same displacement along the tube so that the
exagt same sample vohane s measured by all detectors simultaneously so they take the same
“pictare” of the swmple flowing through the sensor tube,

Drownsiream and shove the sensor (107) is an angied fube (109). The angled fube
{109) comprises a portion of tube length that extends along s path that extends at a2 more
horizontal angle than the more vertically angled sensor tube path (110}, The positioning and
shape of the sensor tube path {110} and angled tube path (109) facilitate the migreation of gas
bubbles up away from the colorimeter or fluorometer sensar {108), In at least one embodiment,
sensor tube path (110) is substantially vertical. In at least one embodiment, st least & portion of
the angled tube {109} is substantially hovizontal. In at least one embodiment, as llustrated in
FiIG, 6 gt least a portion of the angled twbe (109 is an lnverted U shape, In at least one
embodiment, sensor readings are taken in synchronization {6 a sample pump such that the
readings are taken when the pump is in its intake stroke where sample flow Is momentarily
stopped. This allows any bubbles to foal cut of the optical path s0 & irue opticsl ahsorbance or
fluorescence reading will be olttained.

As itlustrated o FIG. 7, in &t {east one embodiment the apparatus (100 comprises
more than one sensor (106a, 106b). In at least one embodiment more than ong of the sensors arg
planar relative 1o the sensor tobe path {110}, Plenar sensors allow simultaneous measwrsments of

nwore than one parameter. In at least one embodiment, the apparatus {(100) can contain 4

by
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temperature sensor, such as a thermistor, RTE, thesmocouple, and the like, so temperature
compensation of the absorbance or fluorescence readings can be performed.

fn at feast one embodiment affer passing through the angled tube (109), the sample
is either disposed of or is returned to the indusiry fuid stream it came from. Because the various
sensors make paramerer measwrements that are independent of the volume of the sample, the
apparatus can be constructed and arrapged to continuously receive sample Hauids and it can
provide continuons msasurements without constantly stopping liquid input to control for sample
volume.

i at least one embodiment the apparaius comprises g mechanism {0 sparge the
sample prior to its analysis by the sensor(s), Sparging facilitaes the removal of materials from
the sample that would otherwise Impalr, prevent, or otherwise complicate the sensor analysis. In
at legst one embodiment the sparging is accomplished by aerating the samwple with aiy, nitrogen,
or any other gas to remove materials that are volatile or 10 react the materials to the gas for the
purpose of eiimimﬁng thelr adverse effects.

Frt at least one embodiment acid, such as nitric acid or in combingdion with an
oxidizer, such as hydrogen peroxide arg added 1o the saraple prior 1o o during sparging to
increase the raie of removal of volatiie undesired material or react with the undesired matsrial,

In at least one embodiment the sample passes through a filter to remove coarse
pariicles before the sample is analyzed. The filter may have g pore size of between 10-200
micrometers, Flow or pressure sensors may also frack fhe progress of the sample through the
analyzer. In at least one ombodiment the sample passes through a cooler or heater to make It
compatibie with the analyeer and reagent chemistries. In at least one exbodiment the analyzer

contains a cleaner reagent 1o remove fouling within the analyzer. Cleaner may be one or more
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arganic amines such as ethanolamine or methoxvpropylamine or an oxidizer such as hypochlorite
or hydrogen peroxide. Cleaner ean be introduced into the analyzer through a 3-way valve, pump,
or by any other sullable mechanism.

In at least one embodiment at least oue parameter is measured according o the
methods and apparatuses disclosed in US Patents 5,326,482, 3,324,865, and 5,302,253, Inat
least one embodiment the analyzer compriszs ong item selected from the Hst consisting of a
ceramic piston body, & solenoid pump {in the place of peristaliic pump), non-moving part
wrbalent Aow mixers (In the place of coiled tube or static mixers). In at least ono smbodiment a
feak detector [s present. The leak detector can be a pressure sensor to the manifold (or other
partion of the apparatus) or a conduetivity sensor located under the manifold.

in at least one embodiment the apparatus comprises at Jeast one of the monitoring
sensors as disclosed in US Patent 5,734,098, In at least one embodiment the apparatus flurther
comprises instrurments 1o meawur';&s temperature, pressure, flow rate, and sample weight, In at least
ope embodiment the width of the sensor tube path (110) is optimal to maintain the mixing of the
reagents with the sample. In at least one embodiment the mixing apparstus Is constructed and
arranged 10 mix the reagents with the sample i the same position that the sensor readings will be
taken.

The apparatus can be dimensioned and its various components localed and
constructed such that it can be a modular component of an overall fluid process svstem. This
allows for changes (such as installation, removal, maintonance, andfor upzrading) of just one
element of the process system without requiring 2 modification of other portions of or of the
entire system. In at least one embodiment al least some of the interfaces comprise slastomeric

seals. in & least one embodimwent the apparatus is engaged 10 a solid plate sized to it 3 pre-
: p
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esighlished size on & wall or mount. In at lsast one embodiment the analyzer manifold andfor
wusing containing the analyzer itself is so sized. This allows the analyzer to be used 5 2

1}‘!

“turnkey” of “peg-board” device as the term s understood in the art. ol least one embodiment,

the manifold is constructed according 1o the standards for surface mount fisd distribution
components according to the standards deseribed in American National Standards, ANSI/ISA-
T6.00.02-2002, ISA (2002). In af least one embodiment one or more components of the
apparatas {or the apparatus as & whole) are construcied and arranged out of cne or more modular
compaonent connector subsirate assembly systems as desoribed in US Pater 71785

In at least one embodiment one or more ngredients of the sample are sweetened
betore the sample is analyzed by the sensor{s). Various sulfur-based compounds interfere with
various analyses {and in particuiar solorimetric analyses). In al least one embodiment gas is
sparged (o temove HaS from the sample, In at least one smbodiment the sparging gas is ong

selected from the list consisting of! alr, hivdrogen, nitrogen, helium, and any combination thereof.

In gt least one embodiment prior 1o a chloride analysis the sample is pre-
conditioned to sweeten the sulfur bearing materials in the sample, Sulfur often exists in fractions
in the form of sulfides and thiosulfaies, While prior art methods teach sweetening sulfir oxides
by reacting therm with hydrogas ions to form hydrogen salfite or hydrogen sulfate, their teachings
regarding swestening thiosulfate require reactions with hydrogen peroxide and boiling, such
boiling reactions are impractical in an online apalyzer context. Sulfur and thiosulfstes in

particular are particularty harmil a3 they poisoyn silver used in chioride detection and ruin ion

selective electrodes. To additon silver sulfide is insoluble and can plug or clog various
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components. Also some sulfides are non-volatile so sparging alone cannot remove them. The
BDD cell is nsed o remove these non-volatile species,
I at legst one embodiment the apparats can perfors real-time fractional analysis.

In =0 industrial process stream it 18 quite common for the compesition of the stream o change
over time due 1o various changss that ocour in the system, This means that the liquid samples
that pass through various locations at different thmes will have different properties. Because the
apparatus can perform continnous analysis, the properties of vach fraction can be continuously
determined as they form.

Referring now to FIG. § there is shown g schematic representation of some
components present in at least one Inventive embodiment. The apparatus comprises a shut off
valve through which g samapie passes. A thermometer measures femperature and a coarse fiiter
removes large particuiate matter. A relief valve and pressure senisor arc upsiresm or downstream
of' the colorimetric sensors. The flow and awbidity are also measured with appropriste
oguipment. A second fine filter further clarifies the sample before the colovimetric analysis. Al
Jeast one sensor 15 used 1o measure each of pH, iron, and chloride. Each sensor corresponds o 3
reagent source, a rogent pump, and a mixing charmber. A BEMND cail can be upsirsam, downstream
or both from the colorimetric sensors. A post Is provided for injecting calibration solutions. Inat
feast one embodiment the sample can be filtered through & tangential filter in addition to or
instead of a coarse and fine filter. Tn af least one embodiment the apperatus is divided into two
legs to segregate the two main, distinet cherpistries {for example where one log is sparged and the
other is not)

In at least one embodiment the apparatus comprises a 8D cell, Some sample

ingredients, which arc resistant to sparging and chemical sweetening, can instead be addressed

Y
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with a BDID cell. For example sutfoxy compounds interfere with colorimetric analysis and are
difficult to sparge or chemically sweeter. A BDD cell however oxidizes the sulfoxy compounds
for example oxidizing thissulfate into suifate and thereby neutralizes the problems the sulfoxy
compounds would otherwise cause, In at least one embodiment the BRI also imposes a uniform
temperature within the sample regardless of the teraperature of the sample when it is removes
from the industrial process stream. In at least one embodiment the temperature of the sarpie is

maintained at & temperature that is optimal for one or more of the analyses to be performed,

BBD elecirade cells are partioularly useful in this invention as they provide a large
potential range without decornposing water, have a low capacitance bgokground, are highly
resistant to the harsh nature of the boot water saruple, and are chemwically inert and do nottend 1o
adsorb cample constituents, The BIDD electrode cell has a high over potential for gas formation,
which allows for a very high and very effective voliage {0 be used fo oxddize sulfi-bearing
materials and gonerate hydroxyl radicals,

in at least ong embodiment the BDD electrade cell is an anode and the cathode is
an inert conductor. The cathade may be one item similar {0 and/or selected from the list
consisting of: carbon, glassy carbon, platinum, stainless steel, hastelloy, and any combinstion
theteof. In at least one embodiment the BDD electrode cell is within g lumen baving an internal
volume of betwsen 5 and 100 ml. In at least one embodiment the apparatis comprises a module
having a BDD electrode surrounded by a cathode mesh., In gt least one embodiment niwic acid is
added 1o the sample to increase its conductivity and enhance oxidation. In at least one

embodiment the BDD elecirode module contains a Top hole for waste removal and gas venting,
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In at feast one embodiment the BOD electrode cell is used to gensrate various
products including: hydroxyl radicals, ozone, carbon dioxide, and hypochlorite, In ab feast onc
embodiment the BDD products are used to destroy bivlogical condaminants in at least one portion
of the apparatus.

In at least one embodiment the apparatus provides infbrmation o a control sysfem
such as that described in US Patent Application 12/263904. In at least one embodiment the
determined parameter readings are interfaced with a control system and they vesult in: the adding
of mora, adding of less, or altogether stopping to add: acid, base, caustic, corrosion inhibiter,
neutralizer, film inhibitor, water, and any combination thereof, In af logst one embodiment the
sample is derived from boot waters.

Ir at least one embodiment the apparatus s used to measure properties of liquid
samples different from and other than boot water samples.

in af least one embodiment iron levels in the sample are measured as follows: The
reagent and a liguid sample react for a period of time before the absorbance is read as so the
insoluble iron becomes solubilized and complexed. In at least one embodiment the time lnlerval
is at least 2 minuies. As normal, the first four blank sample points are read and stored as baseline
readings for correcting the final absorbances for tube fouling. After reagent iniection, the reacied
samiple 15 purnped for & cortain amount of time, 7 seconds, 1o put the peak of the sample in the
optical path of the colorimeter. After two minntes, & number of readings ave taken (such as 2()
and the resulis averaged.

For gach wavelength, the pure sample blank readings are subiracted from those
taken after two minutes, Then the corrected abserbance at 690 nm 18 subtracted from those at

560 am. The resulting value 1s put nto a simple calibration equation of the form [Fe] = k x Abs,
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where Abs is the final corrected absorbance. The advantage of the 690 nm blanking step can be
appreciated by reforring to FIG. 9 which shows results for samples in which turbidity was added,
The correction is an improvement over no correction. Another advantage is correction for
changes in absorbance caused by the buffer such as solubilization of suspended material,

In at least one embodiment chloride is measured as follows: Lucigenin
fluorescence in acid solution is guenched by anjons such as €1 and HE™, It is the most sensitive
indicator for chioride with a Kgy = 350 M. A linear response o chloride is obtained with FOF -
1, where FU is the fluercscence intensity for no chioride and ¥ is the measured fluorescence
intensity of the sample containing chloride. The slope of the response is deternined during a
two-point calibration. For the analysis procedure, the sample is avidified and then sparged o
remove interfering HeS. Then lucigenin is added and the mixed ssmple flows through the
flucrometer. The first four blank sarmple points are read a3 baseline absorbance and fluorescence.
Diata srrays for all channels are colleced as the mixed sample flows through the flueriraeter.
FIG 5 shows plots of the response for § ppnt and 150 ppm chioride. One fluorescence curve is
seen 1o be quenched by a factor of 2 In the 130 ppm plot. The transmittance curve for lucigenin
shows a peak where the fluorescence curve peales and it is this point where chioride is calenlated.
Other points can also be used sinee the ratio corrects for reagent concentration. The corrected
peak absorbance is calculated by sublracting the baseline absorbance from the peak: Similarly,
the corrected flucrescence is found by subtracting the baseline fluorescence from the peak. The
ratio of the two corrected values is used in the calibration gguation 1o obtain the chioride
concentration in the sarple.

In at least one embodiment chioride is measwed as follows: Reagant such as

silver nitrate is added 10 2 sample and the baseline absorbance values are obtalned. The sample is
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read as i flows giving about 6-8 seconds for turbidity to form, FIG. 10 shows the turbidity and
transmitlance responses as the sample flows theough the device. Quite different curves are scen
depending on the chioride concentration. Doublet formation occurs above 10 ppm where the
times of the peaks vary with concentration. This effect does not allow a static sample method to
be used since the time when pealkes elute is not known, (One embodiment here is that turbidity s
measured af the peak of a flowing sample and not after a specified time since peak position will
vary with chloride concentration.) The best results were obtained when the second transmitance
peak is used. Baseline correction is applicd 10 the peak absorbance from which the chloride
concentration is derived. As seen in FIG. 11, the response s nonlinear and a polvnemial of order
2 was it to the data. Using standard squations, the coefficients for the Abs® and Abs terms are
calculated during a three-point calibration. Optionally, af low chloride concentrations only the
Abs term can be used as the response is pearly Hinear,

Iy 2t Jeast one embodivaent poeracetic acid is used 1o destroy sulfides and sulfoxy
compounds, such as hydrogen sulfide, thiosulfate, and sulfite, and to sufficiently remove thelr
interference effects on the snalysis of chloride in industrial waters such as overhead condensates
or boot waters. Buliur compounds such as hydrogen sulfide, HoS, and sulfoxy compounds such
as thiosulfate, $,0:° and sulfite, 80,7, interfore seriously with reagent-based methods of
chloride analysis. As previously mentioned, sitver ocompounds and flucrescent guenching
indicators are useful it analyzing sample waters. Linfortunately, these sulfur compounds
irreversibly and totally reant with and consume all Ag first, forming black, insoluble precipitate
which coats and fouls all surfaces and thereby prevents the reaction of chiloride with Ag™ needed
for proper analysis. In the case of fluorescence quenching of lucigenin, for exampie, these sulfur

compounds significantly guench the fluorescence and therefore spoil its effectiveness for
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.

analysis. Asaresult, an effective analysis moethod wonld be improved when all sulfides are
reduced at lpast to no more than trace levels or are substantially or completely converted to
harmiess sulfate before chloride analysis,

Known methods of removing volatile sulfides include gas sparging which
necessitates acidifying the sample and bubbling a gas, alr or nifrogen vsuaily, and allowing
volatile HsS o vaporize out of the sample. The main problem with this method is that
aonvolatile sulfoxy compounds are not removed or destroved. These compounds still remain in
the sample to cause interference.

Sparging can be combined with reaction of the sulfides with hydrogen peroxide,
compuonly weed, 0 remove some sulfoxy compounds but boiling for s minimur Hme s required
o ensure complete removal. Such a process unforiunately is not compatible with an on-line
analyzer. Even using 30% hydrogen peroxide is not completely effective without boiling. Using
other oxidasts such as high valent state metal lons, Ce*', Fe™', are also not effective,

As previousty mentiomed, an clectrochemical method using g BDD electrode 1o
oxidize sulfide and sulfoxy compounds to sulfite Inproves the guality of the analysis in the
presenge of sulfoxy compounds. While this does work, the additionally vequired components and
procedures add further complexity io the anafvzer. Also this procedurs is difficulf to oplimize
sinee 1118 nol known when all sulfides have been converted and in some cases, chloride can be
oxidized.

ki at least one embodiment, peracetic acid is used to effectively totally destroy ail
sulfide and sullbyy compounds. In st least one embodiment the peracetic acid operates in no
more than 20 punuies. In at least one smbadiment the peracetic acid operates a1 23C. The

N -

peracetic acid using process is so effective that no sparging is requived (but in at least one
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embodiment it is performed in concert with sparging). While hydrogen peroxide iself fails to
oxidize the sulfoxy materials, in combination with peracetic acid, the removal is highly effective.
In at least one embodiment the combination of the hvdrogen peroxide with the peracetic acid is
conmpletely effective. The residual peracetic scid reagent does not affect the subsequent reaction
with Ag'. In at lsast one erobodiment the reagents used are 2-10% peracetic acid {preferably 5%)
in equitibrium with 16-33% hydrogen perexide {proferably 23%6} in water,

This application of peracetie acid s highly beneficial and quite unexpested. While
the use of peracetic acid is commonly used in food and water sanitation (o destroy 8-8 and §-H
bonds during sanitation in contaminating biological materials, its capacity to destroy sulfur
compounds tn refinery waters 15 completely unexpected. Morcover most chemistry known to
affect sulfoxy compounds would also degrade or completely disrupt the silver based chemistry
needed for the water analysis. The fact that the peracetic acid both effsctively rids the refinery
water of sulfoxy compounds while leaving the silver based chemistry unaffected makes affords it
great ufility.

While this invention may be embodied in many different forms, there are shown in
the drawings and desoribed in detail herein specific preferred embodiments of the invention. The
sresent disclosure is an sxempiification of the principles of the invention and is not intended to
limit the invention to the particalar embodiments illustrated. Al patents, patent applications,
scientific papers, and any other referenced materials mentioned herein are incorporated by
reference in their entivety. Furthermore, the invention encompasses any possible combination of
sotne or all of the various embodiments deseribed herein and incorporated heroin.

The above disclosure is intended to be i{lustrative and not exhaustive. This

description witl suggest many variations and aliernatives 1o one of ordinary skill in this art. All

[
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these allernatives and variations are intended 1o be included within the scope of the claims where
the term "comprising” means "including, but not limited to". Those familiar with the art may
recognize other equivalenis (o the specific embodiments described herein which squivalents are
also intended to be encompassed by the clalms,

All ranges and parameters disclosed herein are understood o encompass any and
all subranges subsumad therein, and every number between the endpoints. For example, & stated
range of “1 to 107 should be considerad fo include any and all subranges between (and inclusive
of} the minimum value of 1 and the maximum valne of 105 that is, all subranges beginning with a
minirm value of 1 or more, {e.g. | 1o 6.1), and ending with a maximuro value of 10 or less,
{e.g. 231094, 3108, 4w 7), and finally 1o cach number 1,2, 3,4, 5,6, 7, §, 9, and 1{ contained
within the range.

This completes the deseription of the proferred and alternate erabodiments of the
invention. Those skilled in the art may recognize other equivalents to the specific evnbodiment

deseribed herein which equivalents are intended to be encompassed by the claims attached hereto.
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Claims
1. A method of measuring at least one property of a predominantly liguid sample, the
method comprising the steps oft

adding at least one chemical reagent to the sample, the chemical reagent capable of
inducing & measurable ophical elfect when added 1o the sample that is directly related 10 the
property to be detected,

measuring the optical effect, and

deducing the valuz of the property by comparing the measured optical effect to pre-
determined values assooiated with the property to be determined,

removing swlfoxy compounds from the saraple by adding to it & cleansing composition,
the cleansing composition comprising 2-10% peracetic ackd io equilibrium with 10-33%
hyvdrogen peroxide, and waler,

wherein the relationship between the measured optical effect and the property to be
determined is independent of the volume of the lquid sample and independent of the volume of
the reagent added 1o the sample and wherein the cleansing composition has no Impact on the
measurable optical effect other than preventing reactions between the sulfoxy compounds and the
at least one chemical reagents.
P The method of claim 1 wherein the measured property 15 one lem selecied from the st
consisting oft pH, bron concentration, chloride concentration, and sy combination thereof
3. The method of claim 1 wherein the measured optical effect is a colorimeiric offect,

wirbidity effect, or 8 fluorescent effect.

4. The method of claim | wherein the optical effect is measured by determining an
absorbance level at g particular wavelength whose measurement is recognized as an isosbestic

L7
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point for all values of the property, detecting at least one other absorbance level for one other
wavelength, comparing the two absorbance levels with pre-determined data, and comrelating the
two gbsorbance levels o the known absorbance levels of a particelar valus of the property.

. The method of claira | wherein the optical effect is measured by the reagents being at
least bwo fluorescent dves, one of the dves” flucrescence at a first wavelength is affected by the
value of the property and one of the other dyes” fluorescence at g second wavelength ie unafiecied
by the value of the property, the method further comprising the steps of measuring the ratio of the
fluorescence ntensity of the first and second wavelengths in the sample, comparing that ratio o
the ratio of the fluorescence of the fivst and second wavelengths in s control having a knows

vaiue of that property, and corvelating the proportional change in the two ratios 1o the property

. The method of claim | wherein the optical effect is measured by the reagent’s absorbance
and fluorescence where the absorbanse is unatfected by the value of the property and the
fluorescence is affected by the value of the property, by comparing the ratio of the fluorescence to
absorbance to a control having a known value of the property, and correlgting the proportional
change in the twu ratios to the property,

7. The method of claim [ whergin the reagent forms a complex with a compound that causes
the property, the absorbance of the complex & a pre-determined wavetength is divectly refated to
the amount of that compound present and not to the amount of reagent added, and correction for
calor and turbidity of the sample is made by reading au & wavelength where the complex does nov
absorh.

. The method of claim | wherein the sample is positioned within an apparatus, the

apparatus comprises at least one reagent sowrcs constructad and arranged to feed the reagent into
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& chamber where it 15 mixed with the sample and the sample s moved past an optical sensor that
measures the optical property.

8. The method of claim & further comprising a light source.

B The method of claim 8 further comprising & Hght source positioned in line or
perpensiicular 1o the optical seusor,

11, Themethod of claim & further comprising a BDD cell through which the sample passes
before the reagents are added, the BDD cell is construcied and arranged to oxidize sulfoxy
conpounds.

12, The method of claim & further comprising a vertically angled sensor flow path through
which the sample flows, measured light passing 10 the optical sensor passes horizontaliy dorough
the sample.

13, The method of claim 10 in which there are & leasttwo lght sources and corresponding
optical sensors in Jine with the light sources, the in tine path between the light sources and optical
sensors heing substantially perpendicular t the flow path of the sample, the sensors being
constructed and arranged 10 measure an optical property of the same volume of the sample in the
same region of the flow path.

14, The method of claim & further comprising a tube downstream from the sensor, st least a
portion of the fube is higher than the sensor and {s horizontally angled, the tbe is construcied and
arranged o facifitate the migration of gas bubbles away from the sensor, whersin the tube is in
one shape selected from the Hst consisting of) inverted U-shaped. bent, curved, and angled.

1%, The method of ¢laim § further comprising & gas source upstream frow the sousor, the gas
source constructed and arrangad to sparge undesired materials away from the sample, wherein a

pre-sparge material is added 1o the sample prior fo ifs sparging the pre-sparge maierial being one
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tiem selected from the st consisting oft acid, nitric acid, hydrogen peroxide, and any
combination thereof, the pre~sparge material increasing the rate of expulsion of undesired

materials from the sample,
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