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METHOD AND APPARATUS FOR DETERMINATION OF SYSTEM PARAMETERS
FOR REDUCING CRUDE UNIT CORROSION

Cross-Reference to Related Applications
Nt Applicable.
Siatement Regarding Federally Sponsored Research or Bevelopment
Not Applicable,
Background of the Invention
This invention relates generally 1o methods of reducing corrosion n a

crude unit, More specifically, the invention relates to methods of optimizing system

parameters in 3 process stream of a crude unit to reduce corrosion in the crude unit. The

invention has particular relevance (o sampling dew point water and accumulator boot
water 1o measure system parameters and respond (o such moeasurements 1o reduce
coprosion and/or corrosion bypraduct deposition in the crude unit.

In a orude oil refinery, penerally the ofl is pwoped from a storage fank to a
crude unit for processing. The crude unit cleans the off throngh water washing n a
desalter and then splits the ol into fractions in an atmospheric distiflation tower. These
fractions are pumped to various processing units downstream of the crude unit (e.g..
coker, catalytic cracker, hydrotreater ete.). Though corrosion and corrosion byprodue
deposition {the latter soraetimes referred to herein as fouling) cccur o many areas of a
crude unit, the most severe corrosion and fouling typically take place in the overhead
condensing system of an atmospheric distillation tower system,

Refinery crude unit processing has becoming Increasingly difficult in
recent vears and is predicied fo becoroe even more challenging and complex for several
reasons. For example, significant increases in crude oif prices have caused refiners to

aggressively pursue “opportunity” or “challenging” crudes that are obtainable at
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discounted prices. The lower price is linked to a crude property such as high acid or high
solids content that makes it less desirable than the lipht, sweet benchmark crudes.

Refiners switch crude slates more frequently than in the pastdue to
minimum on-hand crude off nventory combined with inercased crude oll variety, A
orude slate swiich typically upsets the steady state condition of a crude unit for up o
several hours, Generally, about cighty percent of the corrosion and fouling occurs during
these switches or disruptions, which normally last about twenty percent of the time. I
fouling and corrosion issues are severe enough, the refiner will discontinue processing the
crude oil or blend of crudes causing the problem. However, these challenging crudes are
available to the refiner at a discount thus making them more profitable, Discontinuing
such problematic orudes is accordingly not & very popular option.

In ¢fforts to reduce corrosion, a crude unit may be serviced two or three
times per week. or in some cases daily, Daily service at best provides a snap shot view of
a dynamic crede untt system. Crude type and/or raw crude storage tanks are switched
several times per week, sometimes daily, The contents of cach tank are different from the
othess, so each switch causes a change of feed quality to the crade unit, many times
upseiting the steady state status and causing disruptions in the system, Prebesting,
desalting, and distilling operations shift with the new crude, sending products and/or
sffluent water sources off specification. Many adjustments over several hours {in some
cases days) normally take place to return the orude unit to steady state operation.

The most common current ubustry practice to control such disruptions and
optimize crude unit operation is 0 provide enough manpower and man-hours. For
ingtance, each crude unit may have an operating crew frony three to ten people, depending

on size and complexity of the unit. This crew may spend their day gathering various
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samples for wet chemistry lab testing, and measuring and making adjustments for
temperature and flow © keep the unit ranning within specification. Such practice is
typically geared towards keeping the unit operating property with respect 1o fractionation
guality cut peints and end polnts, with minimal sttention being pald to a specialty
chemical corrosion contro! program. If o disruption is severe, changes may bemade to

the process chernicals and/or changes in levels, fows, or temperatures may be

condition as possible.

Attempie to compensate for periodic or sometimes prolonged lack of
human involvement include installing online pH meters on atmospheric distillgtion towers
overhead accumulator water boots; however, due to a high rate of fouling of the pii sensor
only a small percentage of these meters operate correctly for any length of time, Online
instrumentation, such as pH meters, requires routine mainienance and calibration.
Morcover, online pH merely tracks the pH and sends an alarm to the operator when the
pH is cutside the control imits. Often, poorly calibrated and/or fouled pH meters cause
frequent alarms. This freguency tends to minimize the effectiveness of the alarro system.
Case to the lack of industry success with online pH metering and other monitoring etfors refiners
have not pursued more exotic and effective online instrumentation for process chemical
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 (o constitute an admuission that any
patent, publigation or other information referred to herein is “prior art” with respect o this
invention, uniess specifically designated as such. In addition, this section should not be construed

to mean that a search has heen made or that no other pertinent information as defined in 37
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C.F.R.§ 1.56(8) exists.

Brief Summary of the Invention

At least one embaodiment of the jnvention 1e divected towards a method of
measuring at least one property of a predominantly liguid sample. The method comprises the
steps oft 1) adding at least one chemical reagent to the samiple, the chemical reagent capable of
inducing a measurabis optical effect when added to the sample that is directly related to the
property 10 be detected, 2 measuring the optical effect, and 3) deducing the value of the property
by comparing the measured optical effect (o pre-determined values associated with the property
io be determined. The relationship between the measured optical effect and the property to be
determined is independent of the volume of the Hguid sample and independent of the volume of
ihe reagent added to the sample.

The measured propecty may be one item selected from the list consisting oft pH,
iron concentration, chloride concentration, and any combination thereof, The measured optical
effect may be a colorimetvic 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 fevel at a particular wavelength whose measurement is recognized as an isosbestic
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 correlating the
two absorbance levels 1o the known absorbance levels of a particular value of the property. The
reagents may be selected trom the list consisting oft bromeresol purple, Huorescein, PTSA,
TPPTSA, calcein blue, Ferrozine, silver niirate, thioglveolic acid, ammonia, pH buffer, forric ron
reductant, fluorescent dye, lucigenin, and any combination thereof

The optical effect may be measured by the reagents being at least two Huorescent
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dyves, one of the dyes” fluorescence at a first wavelength is affected by the value of the property
ardd one of the other dyes” flusrescence at a second wavelength is vnaffected by the value of the
property, The method may further comprise the steps of measuring the ratio of the fluorescence
intensities of the first and second wavelengths in the sample, comparing that ratio to the ratio of
the fluorescence of the first and second wavelengihs in a control having a known value of that
property, and correlating the proportional change in the two ratios 1o the property value, The
optical effect may be measured by the reagent’s absorbance and fluorescence where the
absorbance is unaffected by the value of the property and the fluorescence is affected by the value
of the property, by comparing the ratic of the fluorescence to absorbance to a control having a
known value of the property, and correlating the proportional change in the two ratios to the
property. The reagent may form a complex with a compound that causes the property, the
absorbance of the complex at a pre-determined wavelength is directly related to the amount of
that compound present and not to the amount of reagent added.

The sample may be positioned within an apparatus. The apparaius comprises at
feast one reagent source constructed and arranged to feed the reagent into a chamber where it is
mixed with the sample and (he sample is moved past an optical sensor that measures the optical
property. The apparatus may further comprise a light scurce which may be positioned in Hne or
perpendicalar to the optical sensor. The light source may also be in line or perpendicularto a

&

B cell through which the sample passes before the reagents gre added. The BDD cell may be
constructed and arrenged to oxidize sulfoxy compounds. The light source may also be in line or
perpendicular 1o a vertically angled sensor flow path through which the sample flows whereby
measured leht passing 1o the optical sensor passes horizostally through the sample, There may

be at least two optical sensors and the sensors are positioned along a horizeutal plane relative (o

the vertical flow path. The apparstus may further comprise a tube downstream from the sensor,



)

20

WO 2012/075076 PCT/US2011/062529

at least a portion of the twbe is higher than the sensor and is horizontally angled, the wbe is
constructed and arranged to facilitate the migration of gas bubbles away from the sensor, The
tube may be inverted U-shaped. The apparatus may further comprise a gas source upstream from
the sensor, the gas souree constructed and arranged tb sparge undesired maigrials away from the
sample. The apparatus may be interfaced with a control system govorning at least some of the
operations of a chemical process stream from which the sample was taken, the measured dala

resulting in the control system implementing a counter-measure in response {0 the property.

EBrief Description of the Drawings

A detailed description of the invention is hereafler deseribed with specific
reference being made to the drawings in which:

FIG. 1 1s a graph used to show how the isoshestic point can be used to determine
parameters of a lquid saimple.

FIG. 2 contains graphs used to illustrate how isosbestic points ar different pH can
be used to determine parameters of a Hyuid sample. In these graphs the left Y-axis is absorbance
for [soshestic points and pH channels. The right Y-axis is the ratio pH/lses.

FIG. 3 is a graph used to iHhustrate the acouracy of the invention’s measurements.

F1G. 4 is a graph used 1o iHustrate how TPPTSA and lucigenin can determine
chioride concentration using fluorescence rativing. The Y-axis is fluorescence inlensity.

FIG. 5 1s 3 graph ased to illustrate how lucigenin fluorescence can be used
measure chioride using absorbance correction for sample and reagent volumes. In this graph
Channel Counts is tranaratited light intensity for the Trans curve, #t is fluorescence intensity for

the fluoresvence curve, Absorbancs of the hucigenin dye is calculated by logld (refirans).

&
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FIG. 8 i3 a side view illustration of an apparatus used 1o measure parameters of g
tiquid sample.

FIG. 7 is an overhead view illustration of an apparates used (o measure parameters
of & liguid sample.

FIG. 8 is a flowchart illustration of various components in an apparatus used o
measure pargmeters of a liguid sample.

Fi(:. 9 is a graph used to illustrate turbidity correction in Fe measurements.

FI1G, 10 is a graph illustrating response curves for chloride by turbidity using
absorbance measurement, In this graph, Channel Counts is ransmitted light intensity for the
Trans curve. Absorbance of the suspended AgClis caleulated by log16{refftrans) where the
reference curve is not shown. This absorbance is given as the Xeaxis in Figure 11,

FIG, 11 is g graph Hostrating a nonlinear calibration cueve for chloride by

ghsorbance of the turbidity formed by reaction of the sample with silver nitrate.

Detailed Desoription of the Invention

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

“BIN electrode” means an electrode that s at least partiaily covered with p-type
diamend material in which at some of the covalent bond sites where carbon stoms would be ina
pure diamond material there are boron atoms covalently bonded instead, The BDD electrode is
used n an electrochemical cell in which the BDD electrode is the anode.

“Blank sample” means a liguid sample not containing reagent.

~3
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“Hoot Waters” means a Hauid sample taken from the aqueous phase of a distilled
fraction of ¢il, u which the fraction has condensed and separated into an agusous phase and an
organic phase snd are commonly {but not necessarily} collected from an acoumulator downstream
from & heat exchanger.

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

“Controller™ means a manua! operator or an electronic device having components
such a8 a processor, memory device, digital storage medium, cathode ray tube, liquid crystal
display, plasma display, touch screen, or other monitor, and/or other components which is
operable for infegration with one or more application-specific integrated circuits, programs,
computer-execuiable mstructions or aigorithms, one or mors hard-wired devices, wireless
devices, and/or one or more mechanical devices and which is operable to integrate the feedback,
feed-forward, or predictive loop(s), and its functions may be at a central location. such as a
network server, for commurication aver a local ares network, wide area natwork, wiveless
nebwork, internet connection, microwave link, infrared link, and the like, other components such
as a signal conditioner or system monitor may be included to facilitate signal transmission and
signabprocessing algorithms,

“Dew Poini Water” means a liquid sample taken at the point of initial
condensation of steam to water or the temperature at which a phase of liquid water separates from
the water vapors and Hauid hyvdrocarbons and beging to form liquid water as the vapors cool.
This sample may be formed in collectors that are cooled by coils containing cooling water that is
circulated through them. Dew point water will contain the highest arsount of HC! and other acids

relative 1o water samples taken further downstream.
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“Ferrozine” means a mixture of 3-(2-pyridyl}-3, 6-bis(d-phenyisulfonic acid)-1, 2,
4-triazine, monosodivm salt and ammonium thioglveolate,

“Flusrometer” means a device, which measures the inlensity of Hght that is
gensrated by a sample ag it fluoresces that has a different wavelength than the light projected into

5 the semple. The [uorescence light can be measured at an angle (which can be 80°) with respect

to the Hght projected into the sample,

“Interface” means the solid, electromagnetic, optical, virtual, or other
interconnection between the analyrer and at least one other Htem through which electricity,
plasma, light, radiation, fluid, data, information, matter, reagent, waste, material to be sampled,

10 energy, heat, Hguid, and/or gas pass between the analvzer and the ifem.

“PTSA” means Pyrene tetrasulfonic acid.

“Sparging” means introducing gas into a liguid for the purpose of creating a
phurality of bubbles that migrate up the Houid and remove a particular material from the lquid
through contact between the bubbles and the particular material.

15 “Sweeten” means o remove or render non-reactive g particular unwanted
composition present in an aqueous fraction, including but not limited to bydrogeo saifide and
other sulfir based compounds.

“TPPTSAY means 3,10,15,20~tetraphenyl-21H, 23H-porphine-tetrasulfonic acid,
tetrasodium hyvdrate.

20 “Turbidity Meter” or “Turbidimeter” means a device, which meoeasures the intensity
of light within a fiquid that s scattered from a source beam of light as a result of the source bear
of light interacting with particles within the liguid. The wavelength of the scatiered light s the

same 3s that projected into the sample.
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in the event that the above definitions or a description stated elsewhere in this
application s inconsistent with a meaning (explict or implicit) which is conumonly used, ina
dictionary, or stated in a source incorporated by reference into this application, the application
and the ¢labm terms in particular are understood to he construed according to the definition or
description in this application, and not according 1o the common definition, dictionary definition,
or the definttion that was incorporated by reference, In light ofthe above, in the event that a term
cars only be understood if it is construed by a dictionary, if the term is defived by the Kirk-Othmer
Encyclopedia of Chemical Technology, 5th Edition, (2003}, (Published by Wiley, John & Sons,
Ing.) this definition shall control bow the term is 1o be defined in the claims.

Embodiments of the invention include a method of analyzing and an apparatus {or
analvzing properties and contents of a water sample. The water sarople can be from orude unit
overhead condensers. The analysis may be used lo control a chemical corresion conwol system.

At least one embodiment of the Invention s directed towards g methed of
measuring system parameters for control of product feed i a crude ol refinery. Al least one
embodinent is directed to a method of reducing corresion in a ¢rude oil refinery by malking use
of the measured parameters. At least one embodiment is direcied towards a heat exchanger
operated in conjunclion with at least one sensor capable of detecting the parameters. The
parameters are one item selocted from the list consisting oft mietal concentration, chloride
concentration, pH, and any cambination thereof. Metals contemplated by the invention for
detection include bul are not Thuited to! iron, copper, molybdenum, nickel and zince. In at least
one embodiment, one or more of the parameters are megsured by an analyzer, which has at least
OIE Sensor.

Measuring the properties and compositions of varions condensed water fractions

can be complicated. The fractions that are analyzed typically are a widely diverse (and af least

10
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partially) and agquecus compositions comprising water, Hght hivdrocarbons, hydrogen sulfide, and
suspended solids of ivon sulfides and iron oxides which can be agglomerated with heavier
organics, amines, ammaonia, organic acid {such as acetic acid) and silica. The fractions typically
vary in pH, chioride concentration, and fron concentration and knowledge of these values is
important in proper facility operation. If pH s too low, corrosion of downstream equipment can
ocour, Excess chloride is an indicator that excessive corrosive hydrochloric acid is present
Excess fron is indicative of steel corrosion and reacts with sulfides to form Fel particles that
deposit on interna] system surfaces. OF particular use is determining the parameter values early
in the condensation region to allow adequate time to properly enact a corrosion control program
such as strategically inlecting neutralizing amines (for pH conteol}, filming inhibitors (for iron
control), cavstic solutions {for HC conirol}, and the like,

Performing these measurements however is quite a challenge as the compositions
of the fractions are harmful to most sensors. In prior art sensors, small diameter plastic tubing,
peristaltic pumips, valves and other mechanical parts rapidly become fouled and/or plugged.
Particles, oils, and other organies cause drift in basclines and calibration errors in optical
components, Colorimetric equipment in particular can become maccarate due to background
eolor, urbidity interforence, and fouling of optical surfaces. Electrochemical devices and
gepaciatly ion selective electrodes can be disturbed by sulfide compounds, which sre often
present in amounts exceeding hundreds of ppo.

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

would maximize the lifespan of the heat exchangers.

i1
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Unfortunately, practically no dew point samples are normally available. Asa
result common practice is o instead obtain measurements on boot waters where the water in the
fraction has completely condensed and to use that measurement to control chemical dosage and
the need for a corrosion control program. Dew polnt samples may be obtained according fo the
disclosures of US Patents 4,333,072 and 5,423,267 and US Patent Application 127263904,

Prior art methods of measoring parameters such as pH, chioride and iron with
colorimetry are reagent based. They involve adding a known amount of reagent to a set volume
of sample. This has a number of disadvantages. First if there is an error in adding the comrect
amount of reagent, the reading will be incorrect since the absorbance measured depends on the
amount of reagent. Second it is cuinbersome because a specific volume of sample must be
removed from a dynsmic system. For accurate results, a start-stop process is normally used, This
process consists of acquiring a sample and metering a known volume of it info a vessel, Then g
known amount of reagent is added end mixed. A far better system would involve measuring a
parameter by adding 2 small volume of reagent into a flowing sample without needing to control
the armount of reagent. In such a system, as the added reagent disperses in the flowing sample, its
cemoentration continuously decreases. Therefore, prior art methods would give errors since the
measured absorbance depends on the now unknown amount of reagent in the sample. This can
be overcome by referencing the amount of sample by a value that relates to the volume of reagent

in the sample or reagent concentration in the sample.
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In at feast one embodiment a parameter is measured directly by adding an amount
of & reagent to a liguid sample of & refinery process stroam and directly measuring an optical
property divectly related to that amount of reagent wherein the measured parameter is not
dependent on knowing the concentration of the reagents in the Hauid sampie. In a1 least one
embodiment the measured parameter is one item selected from the list consisting of: pH, ron {(or
ather metal) conceniration, and chloride concentration.

In at least one embodiraent the pH is divectly measured by using the isosbestic
point of g colorimetric dye. FIG. 1 illustrates a graph of the gbsorbance v, wavelength of the
same concentration of a colorimetric dye in samples having various pH vahies, While each of the
different pH samples has 2 unigue absorbance af the pH wavelength, they all share a single
wavelength at which the colorimetrio dye displays a constant absorbance level regardiess of pH,
the fsoshestic point. By ratioing the absorbance gt the pH wavelength to that at the isosbestic
point, the pH value oblained is independent of the relative amount of reagent or sample. Inthe
prior art an algorithm is used which relies upon knowing the sample volume and the maximum
absorbance wavelength to determine the pH.

Inn the imvention however rather than simply using the maximum absorbance to
determineg pH, pH is instead determined by raticing the maximum absorbance to the isoshestic
point. The isosbestic point for the specific colorimeiric dye used is a pre-determined
characteristic of the dye that depends only on s concentration.  Moreover for that dye, the
maximum absorbance is also known for varicus pH values. As a resuli, once colorimelric
readings ave taken for g saniple, if the Isosbestio and the maximum ghsorbances are known, and
the readings confinm the pre-defermined isosbestic point, then the readings can be identified as
corresponding to the graph ot a specific pH and the pH for the sample can be known without the

need for knowing the veagent concentration. Indtial blank sample messurements allow for



Lh

13

WO 2012/075076 PCT/US2011/062529

accurate readings to be taken even for samples that are harder to measure with the prior art
methods such ag highly turbid or colored samples that interfere with the measured maximum
absorbance. Likewise blank sample measurements correct for accumulated fouling of the optie
tube, Ratioing the maximum absorbance to the Isosbestic absorbance cancels out the effects of
Hght source Intensity variation and detecior responsiveness varistion. In at least one embodiment
effects that are additive such as color, turbidity, and tube fouling are corrected by blank
subtraction. In af least one embodiment effects that are proportional such as Hght intensity and
detector sensitivily are corrected by raticing.

In at lzast one embodiment, optical readings are performed on a number of pump
pusi strokes for a number of measurements while the reacted sample flows through the
colorimeter. Data arrays are {illed with all transmittance data for the isosbestic point and pH
band. The reference photodicdes for both LEDs are also read and are used to correct for any
variation in 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
channels. The isoshestic curves lustrate how the pH dye concentration inereases 1o a peak and
then declines back 1o the baseline, Since the runs are identivnd in finiction, the isoshestic curves
are seen (o be the same while the pH curves increase at higher pHL. The right axes are the
caleulated ratios of blank-corrected pH and isosbestic absorbances, The ratio curves (ph/Isos)
should ideally be flat lings if the isosbestic correction is valid, It is seen that around the peak area
they are horizomtal, These plots clearly show the value of our technique of ratioing and how
aceurate values resull. Readings could have been taken anywhere the ratio is constant within the
desired error tolerance, not just at the peak, for example. In comparison, prior art methods, using
the same range of readings, wonld have resulied in significant errors since the absorbance at only

the pH wavelength varies widely.
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The first tour baseline pointe, or blank sample points, are averaged and stored,
These exist 43 the sample Hguid between the reagent injection point and optic tube Hows through
the optic tube, As the sample liguid continues to flow through the optic tube, sarople mixed with
reagent flows through the optic tube on which readings are tuken, Afler ali readings are
collected, the arravs are searched for the peak in the isosbestic response. The comesponding peak
in the pH curve is alao extracted. The absorbances are caloulated from the peak fransmittances
and the reference values as fogyg {peak reforence/pesk iransmittance) and sre correcied for tubse
fouling and sample turbidily by subtracting the blank absorbances,

The ratio of corrected pH o corrected isosbestic absorbangces Is input to the
calibration equation.

The pH calibration equation {$ according to the lnear fanction:

pH = pK + pHSlopexlogldbs f{.ﬁi}sﬁ ~ Ai}s}}

Aby;yicthe ratio for the pH 11 standard and Is a constant In the equation
representing the maximum absorbance at the pH wavelength, Using the other two pH standard
ratios, p& and pHSlape are caleulated as constants, When an unknown sample 15 measured, the
vatio for the sample, 455, is put into the equation and pH is found. FIG, 4 shows g typical
calibration line and the equation used in caloulating pH. Because the dve becomes less sensitive
above pH 7.5, there is some inaccuracy in this ares. In at least one embodiment a correction
factor 1s used to correct for the inaccuracy above pH 7.3,

in at ieast one embodiment the eolorimetric dye used s bromerasol purple.
Bromoresol purple has an isosbestic point at 488 nm and maximum absorbance at 380 nm due 10
pil, As aresult if samples are constantly taken from a refinery process stream, have bromaresol
purple added to them, the pH can be accurately determingd by ratining the absorbance at 350 nm

to that at 488 nm regardiess of whether the sample vohume or reagent concentration s known. As

o,
LA
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a result, it can be used to obtain accurate measuroments without first determining or even
nowing the volume of the reagent or having to compars the volume of the reagent € a control
value. This allows for the analyzer (o be s true online application where reagent dispersion in the
Howing sample always gives acourate resulis. This is a significant improvement over the prior art
that would only give accurate values when the reagent/sample volume ratio were known which
cannct be known in a flowing sample stream, Thus the invention allows for the avoidance of the
inefficient start-stop method used in the prior ast.

In at least one embodiment parameters are measured directly using the ratio of the
fluorescence of two fluorescent dyes. In the prior art fluorescent dyes have been used to measure
the chloride content and pH of a sample by messuring the fluorescence of the dyes in the sample
where the amount of dye and sample are both known. In af least one embodiment, two or mors
flucrescent dves are added 1o a sample, each of which displays clear fluorsscence at certain
wavelengths, One dye’s fluorescence intensity at a particular wavelength s divectly dependent on
the desired parameter and another dyve’s fluorescencs intensity is completely independent of the
desired parameter. The fluoresconce intensity of the second dye is dependent ondy on its
concentration in the sample mixture. By comparing the fluorescence ratio of the two dyes at the
two wavelengths in a control sample where the parameter is known to the fluorescence ratio of an

unknown sample, the parameteor of the unknown sample can be determined.
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In at least one of the embodiments the dyves used are hucigenin (9, 9°-bis-N-
methylacridinium nitraie) and PTSA to determine chloride concentration by fluorescence
quenching. At 510 nm, lucigenin’s fluorescence is dependent on chloride concentration while
PTSA gives no fluorescence there, AL 405 nm PTSA’s flucrescence is independent of chloride
conceniration while lucigenin does not fluoresce there, By comparing the ratio of the
fluorescence af 510 nm and 405 ww in & control 1o 8 measured sample, the parameters of the
measured samples can be determined.

Another suitable reference dye is TPPTSA which fluoresces at 670 nm and whose
fluorescence is independent of chloride concenteation. By ratioing the fluorescance of hucigenin
at 510 nm to the fluorescence of TPPTSA at 670 nm, the variation in dye concentration and
sample volume is corrgcted. FIG, 4 illustrates the respective speotra for TPPTSA and lucipenin
with and without chloride,

In at least one enthodiment the desired parameter content is directly determined by
measuring florescence quenching using only one dye. In at least one embodiment the single
fluorcscent dye is a dye whose fluorescence is diminished at a particular wavelength by dilition
and whose fluorescence is diminished by the presence of a particular composition, for example by
one containing chloride lons. As ifustrated in FIG. 5, in at least one embodiment, this single dye
is lucigenin whose absorbance at 433 nm is dependent only on #s conceniration, while at 510 nip
its fluorescence is dependent on the presence of chioride ons and its concentration. By ratioing
its fluorescence o its absorbance, the effect of dilution or concentration of dve in the sample is
canceled., The change in ratio betwesn a control value and 2 measured sample can be used (o
determine the amount of chloride in 2 sample.

In at least one embodiment a colorimetric absorbance reading is taken of a

carnplex formed between a parameter and an added reagent. A reagent is added that does not
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iiself display colorimetric results at a given wavelength but if it forms a particalar colored
complex in the presence of' a parameter, the presence of that complex will result in an apparent
absorbance reading. In at least one erobodiment, Ferrozine s added to a sample, AL 560 nm
Ferrozine #self does not appreciably display absorbance, I tron is present however, the
Ferrozine comaplexes with the won and shows absorbance at 360 mn which can be used to
determine the exact amount of jron present. H the absorbance s read when an excess of
Ferrovine is present, then the value for iron is accurate without knowing exactly how much
Ferrozing or sample 18 present. In at least one embuodiment a Ferrozine reagent bufler alters the
hackground readings of the sensor and gives erronsous readings at 560 nm, s0 a second reading is
taken at 690 nm where the Fe-Ferrozine complex does not absorb and the background reading at
this wavelength is subtrscted from 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 nmy, but silver nitrate reacts with chloride to form silver
chioride. Suspended silver chloride can be detected by measuring the absorbance at 688 nm from
the path of a light beam passing through a sample. It can also be detected by measuring the
turbidiy in & rarbidimeter a3 580 nm. The measurement then does not depend on the level of
silver nitrate concentration.

Referring now to FIG, 6 there is shown an apparatus (100} usefud for determining
parameters using colorlmetric, turbidimetrie, or fluorescence readings. The apparatus comprises
a manifold (101} into which a Houid sample fom a source is introduced. The liquid then can
pass into a chamber {103} into which one or more reagent sources (104) are injected. The
chamber includes a mixing device (105) which can be mechanical, flux based, ultrasonic, or

based on any other known mixing technology in the art. [n one embodioent, 3 reagent pump is
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connected {o the chamber (103) by a capillary to minimize dead volume where diffusion of
sample and reagent can occur, This avoids inaccuracies caused by a reagent injection that mostly
comprises sample that had back-diffused into the reagent pump. In other embodiments the
apparafus is constructed and arranged 1o avold this problem with an 2lastomenic duck-bill or with
other back-flow 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 colorimeter, turbidimeter, or fluorometric sensor {106}, The
colorimeter {106) comprises at least one optical sensor {107} and may also include at least one
light source (108}, The sensor (107) can be in-line and/or at an angle of more than zero and less
than 180 degrees. In at least one embodiment the sensor (107) Is located at o 90-degree angle to
the light source {108}, There aptionally can be one optical sensor (107) located directly above the
light source whose purpose is to read only the light outpur of the Hght source to reference
colorimeter and fluorometer readings. Any varialions due to aging or temperahwe changes can be
corrected by ratioing to sensor (107) reading.

In at least one emibodiment the Hght sources project and through-cell detectors
view the sample in the same plane. In at least one embodiment this plane is perpendicular to the
sensor tuhe path the sample 1s passing through. In at least one embodiment all of the sensors are
perpendicular to the tube and are positionad at the same displacement along the tibe 50 that the
exact sarae sample volume s measured by all detectors stmultaneously so they take the same
“picture™ of the sample flowing through the sensor tube,

Diownsream and above the sensor (107} is an angled nuibe {109, The angled tube
{102} comprizes a portion of tube length that extends along a path that extends at 3 more
horizontal angle than the move vertically angled sensor tube path (1103 The positioning and

shape of the sensor tube path {110} and angled tube path (109) facilitate the migration of gas
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bubbles up away from the colorimeter or fluorometer sensor {106}, I at least one embodiment,
sensor wbe path (110} is substantially vertical. In af least one embodiment, af least a portion of
the angled wbe {109} s substantially horizoutal, In at lesst one embodiment, as lustrated in
FIG. 6 at least a portion of the angled tube (109} is an inverted 1 shape. In at least ong
embodiment, sensor readings are taken in synchronization to a sarple pump such that the
readings are taken when the pump is in s inteke stroke where sample flow is momentarily
stopped. This allows any bubbles to float out of the optical path so a true optical absorbance or
fluorescence reading will be obtained.

As ilustrated in FI(. 7, in at least one embodiment the apparatus (100} comprises
move than one sensor {1{6a, 108k} In at least one embodiment more than one of the sensors are
planar relative w the sensor tube path {110}, Planar sensors allow simulianecus measurements of
more than one parameter. In at least one embodiment, the apparatus (104} can contain 3
temperature sensor, such as a thermistor, RTD, thermocouple, and the like, so temperature
compensation of the absorbance or fluorescence readings can be performed.,

In at least one embodiment after passing through the angled tube (109}, the sample
ig either disposed of or is returned to the industry fluid stream it came from.  Because the various
senzors make parameter measurerments that are independent of the volume of the sample, the
apparatus can be constructed and arranged to continuously receive sample liquids and #tean
provide continuous measursments without constantly stopping liquid tnput to control for sample
volume.

In at least one embodiment the apparatus comprises & mechanisns (o sparge the

sample prior to its analysis by the sensor{s). Sparging facilitates the removal of materials from
the sample that would otherwise impair, prevent, or otherwise complicate the sensor analysis. In

at least one embodiment the sparging is accomplished by aerating the sample with air, nitrogen,
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or any other gas to remove materials that are volatile or to react the materials to the gas for the
purpose of eliminating their adverse effects

In at least one embodiment aoid, such s nitric ackd or in combination with an
oxidizer, such as biydrogen peroxide are added to the sample prior to or during sparging o
increase the rate of removal of volatile undesired material or react with the undesired material,

In at least one embodiment the sample passes through a filter ©o remove coarse
particles before the sample is analyzed. The filter may have a pore size of between 10-200
micrometers, Flow or pressure sensors may also track the progress of the sample through the
analyzer. o at teast one embodiment the sample passes through a cooler or heater to make it
compatible with the analyveer and reagent chemistries. in at least one embodiment the analyzer
contains a cleaner reagent 1o remove fouling within the analyzer. Cleaner may be one or more
organic amines such as ethanolamine or methoxypropylamine or an oxidizer such as hypachlorite
or hydrogen peroxide. Cleaner can be introduced into the analyzer through a 3-way valve, pump,
or by any other suitable mechanism.

In at least one embodiment at keast one paramerer is measured according to the
methods and apparatuses disclosed in US Patents 5,326,487, 5324,66%, and 5,302,253, Inat
least one embodiment the analyzer comprises one Hem selocted from the fist consisting of a
ceramic piston body, a solenoid pump (in the place of peristaliic pump), non-moving part
turbulent flow mixers {in the place of cotled tube or static mixers). In at least one embodiment a
leak detector is present. The leak detector can be a pressure sensor fn the manifold {or other
portion of the apparatus} or a conductivity sensor located under the manifold.

in at least one embodiment the apparaius coroprises at least one of the monitoring
sensors as disclosed in US Patent 5,734,098, In at least one embodiment the apparatus further

comprises instruments to measure temperature, pressure, flow rate, and sample weight. In at least

23



L

WO 2012/075076 PCT/US2011/062529

one exnbodiment the width of the sensor fube path (110} is optimal to maintain the mixing of the
reagenis with the sample. In at least one embodiment the mibxang apparatus is constructed and
arranged to mix the reagents with the sample in the same position that the sensor readings will be
taken.

The apparatus can be dimensioned and i3 various components located and
construcied such that it can be a modular component of an overall fluid process system. This
allows for changes {such as installation, removal, maintenance, and/or upgrading) of just one
element of the process system without requiring 8 modification of other portions of or of the
entire system. o at feast one embodiment at least some of the interfaces comprise elastomeric
seals, I at least one embodiment the apparatus is engaged to a solid plate sizad 1o fit a pre-
established size on 3 wall or mount. In at least one embodiment the analyzer mantiold aad/or
housing containing the analyzer iself is so sized. This allows the analyzerto boused as a
“turnkey” or “peg-board” device as the term is understond in the art. In at least one embodiment,
the manifold is constructed according to the standards for surface mount fluid distribition
components according to the standards described in American National Standards, ANSHISA-
T6L002-3002, 1SA (2002). Tn at least one embodiment ong or more components of the
apparatus {or the apparatus as a whole) are constructed and arranged out of one or more modular
component connector substrate assembly systems as described in US Patent 7,178,536,

In af least one embodiment one or more ingredients of the sample are sweetened
before the sample s analyzed by the sensor(s}. Various sulfvr-based comprmumds tnterfere with
various analyses {and in particular colorimetric analyses), 1o at least one embodiment gas is
sparged 1o remove Ho8 from the sample. In at least one embodiment the sparging gas is one

selected from the list consisting of air, hydrogen, nitrogen, helium, and any combination thereof
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In at least one embodiment prior 1o g chloride analysis the sanple is pre-
conditioned to sweeten the sulfur bearing materials in the sample. Sulfur often exists in fractions
in the form of sulfides and thipsulfates. While prior art methods teach swestening sulfur oxides
by reacting them with hvdrogen ions to form hydrogen sulfite or yydrogen sulfate, their teachings
regarding sweetening thiosulfate require reactions with hydrogen peroxide and boiling, such
boiling reactions are impractical in an ondine analyzer context, Sulfur and thiosulfates In
particular are particularly harmtul as they polson silver used in chloride detection and ruin fon
selective slectrodes. In addition silver sulfide is insoluble and can plug or clog varicus
components, Also some sulfides are non-volatile so sparging alone cannot remove them. The
B cell is used to remove these non-volatile species.

In at least one smbodiment the apparatus can porform real<ime fractional analysis,

in an industrial process stream it is quite comymon for the composition of the stream to change
over time due to various changes that occur in the sysiem, This means that (he Hguid samples
that pass through various locations at different times will have different properties. Because the
apparatus can perform continuous analysis, the properties of each fraction can be continuoushy
determinad as they form.

Referring now to FIG. 8 there is shown a scherpalic representation of some
components present in af least ong inventive embodiment. The apparstus comprises a shut off
valve through which a sample passes. A thermometer measores temperature and a coarse filter
removes large particulate matter. A relief valve and pressure sensor are upsiream or dowastream
of the colorbmetric sensors, The flow and trbidity are also measured with appropriate
equipment. A second fine filter further clarifies the sample before the colorimetric analysis. At
least one sensor is used to measure each of pH, iron, and chiloride. Each sensor corresponds to a

reagent source, a regent pump, and a mixing chamber. A BDD cell can be upstream, downstream
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or both from the colorimelirio sensors. A port is provided for injecting calibration solotions, In at
keast eme embodiment the sample can be Glered through a tangential filter in addition to or
instead of a coarse and fine filter. In at keast one embodiment the apparatus is divided into two
legs to segregate the two main, distinet chemistries (Jor example where one leg is sparged and the
other is not.)

Io at least one embodiment the apparatus comprises a BDD cell. Some sample
ingredients, which are resistant to sparging and chemical sweetening, can instead be addressed
with a BDD cell. For example sulfoxy compounds interfere with colorimetric analysis and are
difficuli to sparge or choyically sweeten, A BDD cell however oxidizes the sulfoxy compounds
for example oxidizing thiosulfaie Into sulfite and thereby neutralizes the problems the sulfoxy
compounds would otherwise cause. In af least one embodiment the BDD also Imposes a uniform
temperature within the sample regardless of the temperature of the sample when it is removed
from the industrial process stream. In at least one embodiment the temperaturs of the sample is

maintained 3t a temperature that {3 optimal for one or more of the analvses w be performed.

BDD elecirade cells are particularly useful in this invention ag they provide a large
potential range withouot decomposing water, have a Tow capacitance background, are highly
rosisiant to the harsh nature of the boot water sample, and are chemically inert and do not tend to
adsorb sample constituents. The BDD electrode cell has a high over potential for gas formation,
which allows for & very fugh and very effective voltage to be used o oxidize sulfur-bearing
materials and generate hydroxyi radicals.

In at least one embodiment the BDD electrode cell is an anode and the cathode is
an inerf conductor. The cathode may be one item similar to and/or selected from the list

consisting of carbon, glassy carbon, platinum, stainless steel, hastelloy, and any combination
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thereof. In at feast one embodiment the BDD electrodes cell is withio & lumen having an internal
volume of betwesn 5 and 100 ml. T at least one embodiment the apparatus comprises a module
having a BDD electrode surrounded by a cathode mesh. In at least one embodiment nitric acid is
added 1o the sample to increase its conductivity and enhance oxidation. In at least one
embodiment the BDD electrode module contains a top hole for waste removal and gas venting.

I at least one embodiment the BDD electrode call is used o generate various
products including: hydroxyl radicals, ozone, carbon dioxide, and hypochiorite. In at least one
embodiment the BDD products are used to destroyv biclogical contaminants in gt least ong portion
of the apparatua,

In at least one embodiment the apparatus provides information o a control system
such ag 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 resuli in: the adding
of more, adding of less, or altogether stopping to add: acid, base, caustie, corrasion inhibiter,
neutralizer, film inhibitor, water, and any combination thereof. In at least one embodiment the
saraple s derived from boot waters,

I at least one ewbodiment the apparatus is used to measure properiies of lquid
santples different from and other than boot water samples,

i at least one embodiment iron levels in the sample are measured as follows: The
reagent and a Hoiid sample react for a period of time before the absorbance is read as <o the
insoluble iron becomes solubilized and complexed. In at least one embodiment the time interval
is at least 2 niinuies, As normal, the first four blank sample points are read and stored 48 baseline

readings for correcting the final absorbances for tube fouling, After reagent injection, the reacted
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sample is pumped for a certain amount of time, 7 seconds, to put the peak of the sample in the
optical path of the colorimeter, After two minutes, a number of readings are taken {such as 20)
and the resulls averaged,

For each wavelengih, the pure sample blank readings are subtracted from those
taken after two minutes. Then the corrected absorbance gt 690 nm is subtracted from those at
560 nim. The resulting value is put into a simple calibration equation of the form [Fe} = k x Abs,
where Abs is the final corrected shsorbance. The advantage of the 680 nm blanking step can be
appreciated by referring to FIG. ¥ which shows results for samples in which turbidity was added.
The corvection is ap improvement over no correction. Another advantage is correction for
changes in absorbance caused by the huffer such as sohubilization of suspended material.

In at least one embodiment chloride is measured as follows: Lucigenin
fluorescence in acid solution {s quenched by anions such as € and HS™. It iz the most sensitive
indicator for chloride with a Kgy = 390 M ', A linear response to chloride is obtained with ity e
1, where F° is the fluorescence irensity for no chioride and ¥ is the measured fluorescence
intensity of the sample containing chloride. The slope of the response Is determined during a
two-point calibration. For the analysis procedure, the sample s acidified and then sparged to
remove inferfering Ho8. Then lucigenin is added and the mixed sample flows through the
fluorometer, The first four blank sample poinis are read as baseline absorbance and fluorescence.

Data arrays for all channels are collected as the mixed sample flows through the fluorometer,
FIG. 3 shows plots of the response for § ppm and 150 ppm chloride. One fluorescence curve is
seen 1o be quenched by a factor of 2 in the 150 ppm plot, The transmittance curve for lucigenin
shows a peak where the fluorescence curve peaks and it Is this point where chioride is calculated.
Other points can also be used since the ratio corrects for reagent concentration. The corrected

peak absorbance is caloulated by subtracting the basaline absorbance from the peak. Similarly,
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the corrected fluorescence is found by subtracting the baseline fluorescence from the peak. The
ratio of the two corrected values s used in the calibration equation to obtain the chloride
coensentration in the sample,

In at least one embodiment chioride is measured as follows: Reagent such as

10

sibver nitrate 1s added to 2 sample and the bascline absorbance values are obtained, The sample is
read as it flows giving about 6-8 seconds for turbidity to form. FIG. 10 shows the trbidity and
transmittance responses as the sample flows through the device. Quite different curves are seen
depending on the chloride concentration. Doublet formation ovcurs above 10 ppra where the
times of the peaks vary with concentration. This effect does not aliow a static sample method to
16 be used since the time when peaks clute is not known. {One embodiment here is that urbidity is
measured at 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 transmittance
peak is used, Baseline correction is applied (o the psak absorbance from which the chioride

concertration is derived. As seen in FIG, 11, the response is nonlinear and a polynomial of order

[ry
I

2 was fit to the data. Using standard equations, the coefficients for the Abs” and Abs terms are
calculated during a three-point calibration. Optionally, at low chioride concentrations only the
Abs term can be used gs the response is nearly linear.

While this Invention may be embodied in many different forms, there are shown in
the deawings and deseribed in deil herein specific preferred embodiments of the invention, The
26 present disclosure is an exemplification of the principles of the nvention and Is not intended to
fimit the {nvention to the particular embodiments illustrated, All patents, patent applications,
scientific papers, and any other referenced materials mentioned herein are incorporated by
reference in their entirety. Fusthermore, the invention encompasses any possible combination of

some or all of the various embodbments deseribed herein and incorporated herein,

[
~d



A

[owsd

o

s

[y

WO 2012/075076 PCT/US2011/062529

The above disclosure is intended to be illustrative and not exhaustive, This
description will suggest many variafions and aliornatives to one of ordinary skill in this art, AR
these allernatives and variations are intended to be included within the scope of the clatms where
the term “comprizing” rocans "including, but not Jimited 10", Those familiar with the art may
recognize other equivalents to the specific embodiments described herein which eguivalents are
also intended to be encompassed by the claims,

All ranges and parameters disclosed herein are understood to eucompass any and
all subranges subsumed therein, snd every number between the endpoinis. For example, a stated
range of “1 to 10 should be considered 1 include any and all subranges between (and inclusive
of} the mininum value of | and the maximum value of 1K that is, all subranges beginning with a
minimum value of 1 or more, {e.g. 10 613, and ending with a maximum value of 10 or loss,
{e.g. 231084, 310k, 410 7), and finally to each number 1, 2, 3, 4, 5,6, 7, 8, 9, and 10 contained
within the range.

This completes the description of the praferred and alternate embodiments of the
invention, Those skilled in the art yoay recognize other equivalents fo the specific embodiment

described herein which equivalents are intended o be encompassed by the claimg attached hereto.
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{iatms
i. A method of measuring at least one property of g predominantly Haguid 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 offect 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 measurad optical effect o pre-

deterotined values associated with the property t© be determinegd,

determined is indepeadent of the volume of the liguid sample and independent of the volume of
the reagent added to the sample.

2. The method of ¢laim 1 wherein the measured property is one ftem selocted from the bist
consisting of: pH, iron concentration, chloride concentration, and any combination thereof.

3. The method of claim T wherein the measured optical effect is a colorimetric effect,
surbidity effect, or a flucrescent effect.

4. The method of claim T wherein the optical effect is measured by determining an
absorbance level ai a particular wavelength whose measurement is recognized as an isoshestic
poing 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 correlating the
two absorbance levels to the known absorbance levels of a particular value of the property.

2. The method of claine 1 wherein the optical effect is measured by the reagents being at
teast two Huorescent dyves, one of the dyes” fluorescence at a first wavelength is atfected by the

valae of the property and one of the other dyes” fluoresconce at a second wavelength is unaffected
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by the value of the property, the method firther comprising the steps of measuring the ratio of the
fluorescence intensity of the first and second wavelengths in the sample, comparing that ratic to
the ratio of the fluorescence of the frst and second wavelengths in a control having a known
value of that property, and correlating the proportional change in the two ratios to the property
valne,

6. The method of claim | wherein the optical effect is roeasured by the reagent’s absorbance
and flucrescence where the absorbance is wnatfected 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 o a control having a koown value of the property, and correlating the proportional
change in the two ratios 1o the property.

7. The method of claim | wherein the reagent forms a complex with a compound that causes
the propetty, the absorbance of the complex at 3 pre-determined wavelength is directly related to
the amount of that compound present and not {o the amount of reagent added, and correction for
color and terbidity of the sample is made by reading at a wavelength where the complex does not
absorb,

8. The method of claim | wherein the sample is positioned within an apparatus, the
apparatus comprises at loast one resgent source constructed and armanged to feed the reagent into
a charnber where it is mixed with the sample and the sample is moved past an optical sensor that
measures the optical property.

9, The method of claim 8 further comprising 8 lght source positioned in ling o
perpendicular to the optical sensor,

14, The method of claim 8 further comprising a BDD cell through which the sample passes
betore the reagents are added, the B cell is constracted and arranged to oxidize sulfoxy

compounds,
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1. The method of claim 1 where temperature measurements ave taken to correct for
temperature cffects.

$2.  The method of claim 8 further comprising a tube downstrearn from the sensor, gt least a
portion of the tube is higher than the sensor and is horizontally angled, the tube is construcied and
arranged to fhcilitate the migration of gas bubbles away from the sensor, whereln the tube is in
one shape selected from the list consisting of! inverted U-~shaped, bent, curved, and angled.

13, The method of claim 1 wherein the reagents are selected from the list consisting oft
bromereso! purple, fluorescein, PTEA, TPPTSA, caleein blue, Ferrozine, silver nitrate,
thioglycolic acid, ammonia, pH buffer, ferric iron reductant, fluorescent dyve, lucigenin, and any
combination thereof

4.  The method of claim 1 further comprising the step of adding a foulant removing cloaner
o at feast one item used to measure 8 property of the sample, the cleaner being one item selected
from the list consisiing of: ethanclamine, methoxy propylamine, ammmoninim hydroxide,

hypochlorite, hydrogen peroxide, nitric acid, and any combination thereof



