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DESIGN DEVELOPMENT AND IMPLEMENTATION OF ANALYZER BASED
CONTROL SYSTEM AND ALGORITHM

Cross-Reference to HRelated Applications

This application is a continnatiop-in-part of US Patent Application
12/263,904 which was filed on Movember 3, 2008.
Statement Regarding Federally Sponsered Research or Development

Not Applicable.
Baekground of the Invention

This invention relates generally to an analyzer based control system and
algorithrn for the gee in a chemical process system. As described for example in US
Patents 5,503,006, 5,425,267, 5,965,743, US 5,326,482, 4,335072, US Published Patent
Applications 2010/0108566 and 2012/0053861 A, UK Patent 1,198,734, and
International Patent Applications 2008/005058, 2004/044266, and (3/006581, chemical
and industrial facilities utilize a variety of complex equipment, which are often subject to
harsh chemical and physical conditions. As such, a number of technologies have been
developed to monitor the condition, efficiency, and expected lifespan of the equipment.
Such technologies include historian systoms, which collect and archive data from various
sources within the chernical plant, US Patent Application 12/899 250 describes a number
of methods of utilizing historian and other data.

Motiitoring equipment typically involves g gysterm in which a variety of
process variables are measured and recorded, Oue such sysiem 18 deseribed in US
Poblished Patent Apphication 2009/0149981 A1, Such systems however often produce

massive amounts of data of which only a small portion of which is usefully wacked to
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detect abnormal conditions and the information gleaned from those systems is of limited
practical use.

In the context of corrosion prevention, three of the most useful data sets
for a monitor to measure are pH, metal (especially iron) ion concentrations, and chloride
ion concentrations. Ideally the monitored data is as close to real time as possible so
remediation techniques for the causes of extreme concentrations can be applied before the
causes effect corrosion or otherwise damage the facility. Unfortunately current
monitoring technologies provide a large volume of false data so real time monitoring is
usually difficult if not impossible. Moreover the false data can lead to the wasting of
expensive remedial chemistries when their addition was not needed. As a result a truly
automated remedial chemical feed system is not feasible and a human operator is
typically required to prevent the addition of remediating chemicals in the face of a “false
alarm” thereby increasing operation costs.

Thus there is a clear need for and utility in an improved method of
monitoring the conditions within a chemical plant. 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 of the Invention

In one aspect, there is provided a method of correcting an error in raw
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measurements of a process variable taken from at least one sensor in a chemical process
system characterized by properties which cause the measurements to be erroneous, the
method comprising the steps of: using the at least one sensor to obtain the raw
measurements of the process variable, wherein the raw measurements have an error
comprising a static error component that causes a fixed change in the raw measurement
and a dynamic error component that causes dynamic state changes in the raw
measurement over time; identifying the dynamic error component, wherein identifying
the dynamic error component comprises providing an association between the dynamic
state changes measured by the at least one sensor and a disturbance; identifying the static
error component; and using the identified static error component and the identified
dynamic error component to alter the raw measurements to provide corrected
measurements.

At least one embodiment of the invention is directed towards a method of
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corvecting an error in the measurement of a process variable taken by a sensor in a
chemical process systent. The system is characterized by properties which cause at Jeast
some of the measurements 1o be erroneous, The method comprises the steps of: 1)
identifying the component of the ervor caused by dynamic state factors, this component of
the error being determined by at least once obtaining 4 senor measurement in the system
and noting how that megsurement deviates from an objectively correct measurement of
the process variable by varying amounts relative to time, 2) identifving the steady state
factor component of the error, s cornponent of the error being determined by at least
once obiaining a senor measurements and noting that the measurement deviates from the
objectively correct measurentent of the process variable by a fixed amount relative to
time, 3) identifving the component of the error caused by additional factors, and 4)
aliering the measurement to remove the errors caused by steady state factors, dynamic
state factors, and unknown factors.

The sensor may be in informational communication with an analyzer and the
analyzer may be in nformational communication with 2 controller. The sensor may be
constructed and arranged (0 obiain 4 raw measurement of the géiocess variazble. The
analyzer may correct the error i the sensor’s measurement. The controller may take the
corrected measurernent, If the corrected measurement is outside of a pre-determined
range of acceptable values, it may enact a remedial measure to change the meassured
value 1o g value within the acceptable range. The remedial measure may be enacted
before the steady stale value of the measurement is detected by the sensor.

The process variable may be a measurement of one item selecied from the

Hst consisting of! oxidation-reduction potential, pH, levels of certain chemicals or ions
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{e.g., deternuned empirically, astomatically, fluorescently, electrochemically,
colorimetrically, measured divectly, caleniated), temperature, pressure, process siream
flow rate, dissolved solids and suspended solids,

There may be at least three sensors and each of the three sensors may pass
on a raw measurement to the analyzer. The analyzer may use use the sverage of those
raw measurements as the input in its caleulations i af least one of the raw measurements
fits within a pre~determined setpoint expected for the speeific conditions under which
measurentent was taken, the analyzer a historically expected value as the input in its
calculations if none of the the raw measurements §f within a pre~determined setpoint
expecied for the specific conditions under which measurement was taken,

The process variable may be iron concentration. The method may further
comprise the steps of! disregarding all sensor readings thatl indicate zero iron
concentration, and adjusting the measured fron concentrations using regression analysis
over a 1 week tine period. The remedial measure may involve adding a chemical whose
effect is non-linear in natore. The analyzer may correct for the non-linear effects of the
remnedial chermical in its corrections. The remedial measure may involve adding a
chemical subject o the constraints of deadtime and the analvzer corrects for those effects
in its measurements. The process system may be one item selected from the list
consisting of: a chemical plant, a refinery, an oil refinery, a food processing facility, a
manufacturing plant, a chemical plant, a distillation column, a water filiration plant, a
factory, a waste processing facility, a water treatment facility, and any combination

thersof,
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Brief Dreseription of the Drawings
A detailed description of the invention is hereafler described with specific

reference being made to the drawings in which:

FIG, 1 is a graph which illustrates 8 method of correcting a weasured value of a
process variable.

FIG. 2 is a graph which ilfustrates a method of correcting a measured value of a
process variable,

FIG. 3 is a graph illustrating the difficulty in calculating the corrosion rate of a
Process systen.

FI1G. 413 a graph which ihustrates a method of correcting s measwred vakoe of
COTTosion rate,

FI3. 3 1s an itlusiration of sources of data used by the analyzer.

FIG. 6 1s an illustration of a dashboard containing analyzer output,

Betailed Description of the Invention
The foliowing definitions are provided to determing how levms used in
this application, and in particular how the claims, are to be construed. The organization
of the definitions is for convenience only and is not intended to imit any of the
definitions to any particular category.
“Chemical process system™ mmeans one or more processes for converting raw

materials inte products which includes but is not lunited to industrial processes which

L
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utilize one or more of the following picees of equipment: chemical plant, refinery,
furnace, cracker, overhead colomn, stripper, filter, distiller, boiler, reaction vessel, and
heat exchanger, and the Hke.

“Bynamic State” means a condition of a measured process variable in which the
observed measurement changes over at Ieast a portion of a discrete period of time during
which the condition is measured while in fact the actual magnitude of the process
variable is not changing,

“Steady state” means a condition of a measured process variable in which the
observed meassurement remains unchanging over a discrete period of time during which
the condition is measured while in fact the actual magnitude of the process variable is not
changing.

In the event that the above definitions or a description stated elsewhere in
this application is inconsistent with a meaning {explicit or implicit) which is commonly
used, in a dictionary, or stated in g source incorporated by reference into this application,
the application and the claim terms in particular ave understood to be construed according
to the definition or description in this application, and not according to the common
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 understood if it is construed by a
dictionary, 1f the term is defined by the Kirk-Othmer Encyclopedia of Chemical
Technology, 5th Edition, {2005}, (Published by Wiley, John & Sons, Inc.} this definition
shall confrol how the term is to be defised in the claims.

Automation technology plays a significant role in improving and

muaintaining efficient process operation. It infiuences the strategic and operational goals
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of enterprises, thelr economic results, the development and guality of products, continuity
of production, and competitiveness i the marketplace. These strategies should inchude
{1} Improvements of unit operation and (2} Optimizing proper selecied chemicals. The
key to controlling the corrosion rate is to analyze the corrosion performance and drive the
decisive knowledge based on operating data and analyzer measurements. Crude Unit
Automation {CUA) system is designed to meonitor and analyze the system corrosion and
feedback control the chemicals using automation technologies. The implementation of
these strategies resulted in lower corrosion risk and continued improvement of the run
length of the overhead heat exchangers.

In at least one embodiment of the invention, the control system in use in
the process sysiem comprises two elerents: {1) at least one sensor and (2) at Jeast one
analyzer. In at least one embodiment of the invention, the control system comprises three
elements: {1} at least one sensor, {2} at least one analyzer, and (3) at least one contralier.
The sensor(s) is constructed and arranged 1o measure at Jeast one process variable within
at least one portion of the system. The analyzer recelves the measurement taken by the
sensor and converts if into information which can be cutput. The controller receives the
output and can cause some operation to octor in response (o the culput.

in at least one embodiment the response includes adding a chemical.
Added chemicals may include neutralizer, filmer, caustic, and inhibitors and so on and
are used to control corrosion process vartables, The analyzer provides on-line
measurements of process variables {(especially pH, [(1] and [Fel). The analyzer provides

output which is used to monitor, analyze and manage the whole system.

-2
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I at least one embodiment some or all of the information is displayed o a
dashboard. The dashboard can aiso display how the systern mansges historian database
data, reports, alanms, and make readily available the user’s selected strategy for real time
control and optimization of the crude unit system.

In at least one embodiment the system is g closed loop which uiilizes
preliminary analysis of historian and archived data, updates from the analyzer and other
diagnostics (suoh as personal observations and discussions with operating staff) to then
generate responses and further analysis of the crude unit’s operations.

In at least one embodirent the use of inhibitors is to prevent ot 1o reduce
general corrosion, and it plays an important role in the control of corrosion for those areas
in which general corrosion is the problem. The objective of the control system is how to
prevent/reduce corroston in crade unit overbead by controlling the inhibitors. As one of
the main components of a crude unil process, corrosion control plays a vital role in
maintaining system integrity. This invention provides a way to optimize the comrosion
control component of the crude unil through optimizing one or WoTe system parameters
in a process stream of the crude unit, This optimization includes measuring properties
associated with those parameters in the process sirean.

In at least one embodiment the analyzer is designed (o reduce corrosion
of refinery processing eguipment and subseguent fouling due to deposition of corrosion
byproducts. A typical corrosion control program includes components such as a

cutralizing amine, a filming inhibifor, a caustic aolution, ete. Such corrosion control

cherpicals are traditionally injected into the system based upon measurements derived
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frotn grab samples and analvzed in the 1ab or some flow indication on the unit, This
mvention provides an automated method of adjusting chemical injection inlo the system,

In at least one embodiment, the method of the invention ncludes a
comtrolier operable to receive and process information and provide instructions to various
componerts {e.z., chemical injection pumps), The term “controller” refers fo a manual
operator oy au electronte device baving components such as a2 processor, memory device,
digital storage medium, cathode ray tube, liguid crystal display, plasma display, touch
screen, of other monitor, and/or other components. The controller is preferably operable
for integration with one or more application-specific integrated circuits, programs,
computer-executable instructions or algorithms, one or more hard-wired devices, wireless
devices, and/or one or more mechanical devices. Moreover, the controller is operable to
integrate the feedback, feed-forward, or predictive loop(s) of the invention. Some or all
of the controller system functions may be at a central location, such as a network server,
for communiication over a local area network, wide area network, wireless network,
internet connaction, microwave ink, infrared link, and the bke. In addition, other
components such as a signal conditioner or system monifor may be included to facilitate
signal transmission and signal-processing algorithms.

The coniroller may inchade hierarchy logic to priovitize any measured or
predicted properties associated with system parameters, For example, the controller may
bie programmed {o prioritize systern pH over chloride ion concentration or vice versa, It
should be appreciated that the object of such hierarchy logic is to allow improved control

over the system parameters and to avoid circular control loops,

9
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in at least one embodiment, the method includes an avtomated
controller. In another ernbodiment, the controlier is manual or semi-manual, For
example, where the crude refining process includes one or more datasets received from a
various sensors in the system, the controller may either automatically determine which
data points/datasets to further process or an operstor may partially or fully make such a
determination, A dataset may inchude process variables or system parameters such as
oxidation-reduction potential, pH, levels of certain chemicals or ious {(e.g., determined
empirically, automaticaily, fluorescently, electrochemically, colorimetrically, measured
directly, caloulated), temperature, pressure, process stroam flow rate, dissolved or
suspended solids, etc. Such sysiem parameters or process variables are typically
measured with any type of suitable data capturing equipment, such as pH sensors, ion
apalyzers, teraperature sensors, thermocouples, pressure sensers, corrosion probes, and/or
any other suitable device or method. Data capturing eguipment is preferably in
conununication with the controller and, according to alternative embodiments, may have
advanced fonctions (nctuding any part of the control algorithms described herein}
imparted by the controller.

Data transmission of measured parameters or signals to chemical pumps,
alarms, or other systemn components is accomplished using any suitable device, suchas g
wired or wireless network, cable, digital subscriber line, intornet, efe. Any suitable
mterface stundard{s), soch as an ethernet interf{ace, wireless interface (e.g., IEEE
K021 Tab/y/x, 802.16, Bluetooth, optical, infrared, radiofrequency, ete.), nniversal serial
s, telephone network, the like, and combinations of such interfaces/connections may be

used. As used herein, the ferm “network” encompasses all of these data transmission
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methods, Any of the described devices {e.g., plant archiving system, data analysis
station, data capture dovice, process station, ete.) may be connected to one another using
the above-described or other suitable interface or connection.

In 2t least one embodiment, system parameter infonmation 18 received
fromm the system and archived. In another embodiment, system parameter information is
processed aceording to a timetable or sehedule. In a further embodiment, system
parameter information is immediately processed mn real-time/substantially real-time,
Such real-time reception may include, for example, “streaming data™ over a computer
network.

In at least one smbaodiment two or move samples are taken at different
locations in the system. For example one could be at the dew point and one at the boot
acoumuizior, The measurement differences at these two sample poinds require a
corresponding algorithm to adjust chemical igjection. The term “dew point™ refers o the
point of initial condensation of steam to water or the temperature at which a phase of
Hguid water separates from the water vapors and liquid hydrocarbons and begins to form
Heuid water as the vapors cool. Though possible to use the accurnulator water boot to
measure pH and chloride ion level, a level of accuracy is usually sacrificed because data
is dilnted or masked by the full volume of steam and weak acids and bases that have
condensed downstream of the water dew point.

Likewise, it 13 possible to meagure iron {or other metals, such as copper,
molvbdenum, nickel, zinc} ton concentration from the dew point water. In at least one

embodiment the metal ion concentration is measured at the accamulator water boot

it
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because these ions indicale corrosion has taken place and metal has been removed from
an internal coraponent in the systen upstream of the sample point.

It should be appreciated that any suitable method may be used for
obtaining the dew poini water samnple. For example, devices for obtaining the dew point
water sample are disclosed in ULS, Patent Nos. 4,335,072, tithed “Overhaad Corrosion
Simulator™ and 5,425,267, titled “Corrosion Simulator and Method for Simulating
Corrosion Activity of a Process Stream,” each of which is incorporated berein by
reference in its entirety,

In at least one embodiment, different fluid or system parameters or process
variables or other constituents present in the system could be measured andfor analyzed
including but not tited to pH; chloride lon; other strong and weak acids, such as
sulfurie, sulfurous, thiosulfurous, carbon dioxide, hiydrogen sulfide; organic acids;
ammonia; various amines; and hgquid or solid deposits and the Kike, Various methods of
iaking measurements are contemplated and the invention is not limited to one particuiar
method. Represeniative methods include, byt are not limited to those disclosed m U3
Patent MNumbers 5,326,482, 5,324,665, and 5,302,253,

In response to the measuwrements taken af various locations in the system
remedial chemistry can be added fo the system to respond to the measured readings,

.

Such remedial chemistries include bt are not hunited {o neutralizers, filming inhibitors

»

{sometimes referved o herein as “filmers™), and caustic agents. These points are labeled

“Neutralizer based on acid or pH,” “Filmer based on iron,” and “Caustic based on

chionide.” Tt should be appreciated that such chemicals may be added at any suitable

lpcation in the system. In al least one embodiment, introduction of such chemicals into

vt
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the system are adjusted continuonsly. In other embodiments, chemical introduction is
adjusted intermittently or in relation to a schedule as determined for cach individual
systen.

Neutralizer(s), caustic agent{s), and filining inhibitor(s) may be introduced
to the system using any suitable type of chemical feed pump, Most commonly, positive
displacement injection pumps are used powered either electrically or pneumatically.
Continuous Sow injection pumps are sometimes used to ensure specialty chemicals are
adequately and accurately injected into the rapidly moving process siream. Though any
suttable pump or delivery system may be used, sxemplary pomps and puraping methods

nclude those disclosed in ULS. Patent Nos, 5,066,199, titled “Method for Injecting
Treatment Chemicals Using a Constant Flow Positive Displacement Pumping Apparatus”
and 5,195,879, titled “Improved Method for Injecting Trestment Chemdeals Using a
Constant Flow Positive Displacement Pumping Apparatus,” each incorporated herein by
reference in its entirety.

Representative neutralizers juclude but are not Hinited to 3-
methoxypropylamine (MOPAY (CAS # 5332-73-0), monoethanolamine (MEA) (CAS #
141-43-5), N, N-dimethylaminoethanol {DMEA) (CAS # 108-01-0), and
methoxyisopropviamine {MIOPA) (CAS # 37143-54-7).

As a caustic agent, a dilute solution of sodivm hydroxide is typically
prepared in a 8 to 10 % concentration (7.5 w 14° Baume) for ease of handling and to
enhance distribution once injected into the crude oil, or desalter wash water, for example,
Concentration may be adjusted according to ambient conditions, such as for freeze point

in cold climates.

13
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Filming inhibitors or filmers used in cogjunction with this invention in a
crude unit corrosion control program are typically oil soluble blends of amides and
imidazolines. These compounds offer good corrosion control with minimal effecis on the
ability of the hydrocarbons in the system to carry water,

it should be appreciated that a suitable pH control or optimal range should
be determined for each individual system. The oplimun range for one gystem may vary
considerably from that for another systern. 1t is within the concept of the invention to
cover any possible optimum pH range.

In different embodiments, changes in the neutralizer pump are hmited in
frequency. Preferably, adjustroent Hmits are set at a maximum of 1 per 15 min and
sequential adjustments in the same direction should not exceed 8. For example, after 8
total adjustrments or a change of 50 % or 100 %%, the pump could be suspended for an
amount of time (e.g., 2 or 4 hours} and alarm could be triggered. If such a situation is
encountered, it is advantageous to trigger an alarm {o alert an operator, Other Hmits, such
as maximum pump output may also be froplemented. 1t should be appreciated that it is
within the scope of the invention 1o cause any rumber of adjustments in any divection
without Himitation. Such limits are applied as determined by the operator.

it should be appreciated that a swilable or optimal chloride jon
copcentration range should be determined for each individual system. The optimum
range for one system may vary considerably from that for another sysiem, It is within the
concept of the invention to cover apy possible optimum chloride {on concentration range.

In at least one embodiment other metallurgy is used so such as monel,

titapiom, brass, etc. may be used in some systems. In these cases, rather than an iron on

14
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concentration signal, the appropriate metsl ion (e.g., copper, nickel, zing, cte.}
concentration signal would be detected and analyzed.

Metal fons commonly exist iy two or more oxidation states. For example,
iron exists in Fe®” and Fe™ as well being present in soluble states (fonic and fine
particulate}, insoluble states {i.e., filterable), etc. Analysis and control of metal jons
includes measurement or prediction of any combination (or all) of such permuiations
present in the system.

Although the corrosion probes {e.g., electrical resistance corrogion probes,
linear polarization probes, and/or any other suitable method for determining rostal loss)
may be placed at any convenient location in the sysieng preferably they are placed in
tistorically reliable locations in the system. In addition, if], for example, 2 overrides are
activated over 2 12 hu period, a reliability check is typically initisted {0 ensure that the
corrosion probes are opersting properly, If such a sttuation is encountered, it is
advantageous to trigger an alanm to alert an operator. Other linuts, such as maxintum
purnp ouiput may also be implemented. I should be apprecisted that it s within the
scope of the invention Lo cause any namber of adjustiments in any direction without
Hmitation. Such lmits are applied as determined by the eperator.

In at least one aemmbodiment, i the corsmunication Hink belween the
analyzer and the controller is severed or impaired, the controller continues with whatever
action it was undertaking prior {o losing comumunication. In at least one embodiment, if
the comimunication link between the analyzer and the sensor is severed or impaired the
controller continues with whatever action it was undertaking prior to losing

commounication. In at least one embodiment, if the analyzer ouviput induces the controller

and
(4



10

20

WO 2014/018702 PCT/US2013/051932

to enact a response beyond the physical limitations of the squipment, the controller the
best response possible (such as turning ow/off one or more pumps, vents, drains, lifts,
stators, conveyers, furnaces, heat exchangers ... ete.} and the controller keeps that
underperforming responding eguipment running at Us maxbmum capacity until the
avalyzer output warrants a reduction. In at least one embodiment at least one piece of
responding equipment is constructed and arranged {o respond to analyzer cutput only
gradually. In af least one embodivoent while the equipiment can respond only gradually, it
i constructed and arranged to return to s pre-response setting as soon as physically
possible. This allows for the negation of an incorrect response before the response has
caused a significant effect, Au exaruple of gradual response is a pump that increases the
flow of chemical from 0% of a maximum flow rate to 100% of maximum fow rate over
the course of up to 10 minutes even though it can reach 100% within a few seconds,

Inn at least one embodiment the analyeer utitizes a model method of data
analysis fo correct {or inaccuracies that occur in the measurements of process variables.
Hecause corrosion is by definition the resuli of a fimite amoont of mass from the plant
equipment defaching from those pieces of equipment, the amount of corrosion measured
should be easy to correlate with physical damage to components of the system. However
due to large amounts of noise inherent in such facilities the measured rates, fluctuate
widely and are ofien not aceurate, Significantiy the noise often leads to measured
corrosion rates greater than the actual mass that has been removed from the equipment.
In addition different forms of crude oil {especially opportunity crude) and inconsistencies
in their composition cause equipment to often function differently during different

produciion runs. This leads to varying and bard to predict rates of corrosion. Moreover
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as corrosion changes the very envivonment being analyzed each production run may
make further ambiguous future analyses,

In at least one embodiment the analyais takes into account the known
difference between the steady state measurement and the dynamic stafe measurement
taken by the sensor to correct for inaccuracies that occur in the measurements of process
variables. As iiil'astraied w FIG. 1, in many stfoations a disturbance in the system {such
as turning on or off a puinp, adding or ceasing addition of a chemical, changing pH, [Fel,
temperatiure, pressure, ele... ) causes a short termn dynamic state change in the sensor
measurement as well as & longer term steady state changs in the sensor measurement.

The analyzer iearns o associate the specific dynamic state changes that occwr in response
to specific disturbances with specific sensors and when under those conditions it detects a
similar dynamic measurement, instead of outputting the detected measuroment the
analyzer outputs the corrected value that it has leamed is associated with the properiies of
the detected dynamic state,

Ag a result, in ot least one embodiment the ouiput of at Jeast one sensor
measuremerst of a process variable obtained by the analyzer vndergoes a conversion.

That cutput can be represenied by the function:

1 = fie, de, &}
in which # s output of the anslyzer measuring a process variable, e 18 the error defected
i the dynamoic state, & 18 the 1‘¥;zxgri§tu<§e of the disturbance that caused the error, and de is
the change in the error over time, The error itself can be calenlated using the equation:

e = SP-PY
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in which PV is s process variable, or the actual value that the analyzer roeasured for the
variable and SP ie the setpoint oy what the value should have been but for the disturbance
Based noise,

In at least one embodiment the specific paratosters of any predictive
funection used o correct for a measured process variable can be caleniated through direct
shservation of the system.

Utilizing the above squations, one of ordinary skill o the art would

recognize that based on a Taylor series expansion,

where #° denotes steady state controller output; ¢ , Ae” and Pare e, Aeand d. The
controller consists of two parts: steady state, W= J{a A%, &) and dynamics fe}, fAe),

fdy. The steady state can be obtained from direct measurements of the svetem sieady

slate. In al least one embodiment at steady state at least one of ¢®, A" and fare e, Ae
and d is (L

The dynamic part t¢ approximated by the following sonhnear dynamic
modsl:

£ represents lomped uncertainties and other unmodeled tenms. In at least
one emboditeent i can be attenuated by control technology because it is bounded,

At steady state, 2¢° is known by human experience, or it is easy o know
by tost or simple analysis and modeling. One usefol meaning of ««" is the result of the
ideal pump output when the controfled variable is at it's target, Bach dynaroic part 7 i a

tunable function based on specific process, the function is also knowledge based and

[e]
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within a contre] Hmits (%0 i ©enax], In at loast one embodiment the fanction is
designed according to a proportional format. In st least one embodiment the fumction is
destgoed according to a sigmoid format,

in at least one embodiment the systemn comprises sutput Hmits and the

PV i 37V,
varighle Hits |5 Vi £ Vax | 1o ¢ fesignate the boundaries permissible by system

— _”33 " ,‘.J T
ondrol. In i“l’x},f,f ce, Wimen = W7 L ) gy == + & o)

w304 S~ ) g & 2 i
PVt = HP — SEL F Ve = ST+ 5T, where Us is a output scale factor which is

a constant tuned on-tine, 5% is the variable scale factor which is a constant tuned on-
fie,
16 in addition, the resulting changes In the system due to feeding chemicals
cods to be predictable. Precise control of pH and corrosion is guite difficult due to large

varations in process dynamics, One difficulty arises from the static nonlineay
relationship in results of chemical additions such as titration. Titration i3 the relaticnship
between pH of & medium and the concentration of acids and bases in that medivm. The
nenlineartiy i Htration depends on the substances 1 the schution and thelr
oncentrations, For example the presence of some weak acids or weak bases causes a
buffering effect {a resistance to proportional changes in pH despiie proportional changes
n the concentrations of acids and bases).
Other chemistries present in the process system may alse have non-linear
20 responses io added chemicals. In addition because of the ebb and fow rate of operations
i a process system, there are very long periods of deadtime.  As previously mentioned

7 can be represented by the result of the ideal pump output when the controlied

variable is at it's target. In practice however due to sizes, distances that the chemicals
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must traverse, and other physical constraints, the pump is in fact not ideal and there is a
significant lag between when the instruction is given to feed a chemical, and when the
chemical appears in the system in a dosage significant encugh to appropriately affect the
systens. For purposes of this application, the time lag between activating s pump and the
pump causing the proper effect is known as “deadiime.” During deadiimne a number of
changing dynamics oconr which lead to wildly inaccurate measurements of process
variables,

In at least one embodiment the analvzer utilizes a combination of human
knowledge and experience to adjust feed rates to take into account the nonlinear
properties the controller must address. This makes the controller more intelligent and
feasible,

The presence of other materials in the process system often affects the
naiure of various acids further complicating any attempt to predict resulting pH fom
changing the concentrations. As a result, if graphed, the shape of the expected titration
curve becomes quite tregular, In af least one embodiment, by disregarding noise and
error, the analyzer can accurately model and prediet the correct titration curves is
required for effective pH control.

Ag a result, a method of signal processing may need 1o be otilized to
correctly measure a process variable. Suitable forms of signal processing fnclude but are
not limited to DSP algoritions, filtening {including tow pass, high pass, adaptive, and
moving average filters), smoothing, ARX, Fourier transform, S-plane analysis, Z-plane
analysis, Laplsce transforms, DWT, wavelet transforms, bilingar transforms, and

Goertzel algorithms. In af least one embodiment analysis using dynarmic state error is
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done prior to the signal processing. In at least one embodiment analysis nsing dynamic
atate errov is subsequent {o the signal processing,

Signal processing is of particular benefit with regards o detecting Fe.

One particular error involves the trend of won detection to drop to zero. This reading is
obviously erroneous. As a result, if the signal processing does not correct for zero
concentration of Fe In a system that obvicusly contains Fe due to ongoing or previous
corrosion, the analyzer will correct the iren reading to what its Jearned experience
indicates it should be and/or to what the reading was immediately before it began its drop
to zere. In at feast one embodiment, if the sensor detects zero iron the analzyer does not
pass on the detected fron value to the controller but instead passes on a value based on
what the iron level should be based on previcus performance under simmilar conditions.

1o at least one embodiment the control system coraprises oue or more
methods, compositions, and/or apparatuses described in Published U Patent Application
2012/G6053861 Al

In at least one embodiment the control systew comprises one or more
redundant sensors detecting the same process variable at substantially the same location
in the process system. Because much of the noise causing inaccuracies 18 random in
nature, the errors do not always affect all the sensors at the same time. As a resull under
certain circumstances a minority of sensors may be erronecus and a majority may be
correct. In at least one embodiment if all of the sensors provide readings consistent with
pre-determined sefpoints based oun the specific conditions present, the analyzer returns the
average measurement to the controller. In at least one embodiment if at least one of the

sensors provides measurements consistent with the setpoints, the analyzer returns the
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averags measurement of the consistent measurements to the controller. In at least one
gmbodiment if all of the sensors provide megsurements inconsisient with the setpoints,
the analyzer rejects all of the measurements and instead passes on o the controller
measurements based on historical data unti] at least one sensor again provides consistent
measurements, In at least one embodiment the historical data will be the average of some
or all previous measurements consistent with the setpoints.

fn at least one embodiment, the analyzer’s variable sampling period is
piuch longer than that of normal ransmitters, (in some cases as high as 60 minutes). In
addition, the controlled variable expeciations {sefpoints) are normally in a range instead
of a single point.

In at least one embodiment remedial chemistry ot process chemistry fed
by the controlier is added according to s feedforward model, Feedforward can best be
understood by contrasting it 1o a feedback approach. In feedback the receipt of
information about a past event or condition influences the same svent or condition in the
present or foture. As g vesult the chain of cause and effect forms a civeuit loop that feeds
back into itself.

in a fecdforward model the reaction to the information ococurs before the
actoal information is received. This allows for faster reaction to system problems,
reducing the duration, severity, and consequences of unwanted conditions, Feedforward
can be achigved using the same observations that are used to determine the analyzer
output function. Specifically because the analyzer changes the output to the correct value
hefore the correct value is detected by the sensor {in some cases while it is still receiving

dynamic state changing information.} Moreover feedforward allows for the elimination of
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conditions that would otherwise persist during the deadiime between the aciual existence
of an unwanted condition and the delays caused by inaccurate rsasurements anc
imnperfect pump fow properties. In at feast one embodiment the feedforward strategy
addresses an unwanted sysiem condition faster than a feedback svstem can.

In at least one embodiment the feedforward model is used to analyze the
varigble relationship and eliminate the interactions. For example, in a crude oil refinery
logic used to determine if corrosion control measures needs to be enacted in response o
Fe concentration would be governed by a fecdforward mode] reacting 1o analyzer ouiput
aceording to a fupction of {(Caustic, Neutralizer}. This control algorithm provides whele
functionalities and capabilities fo tmplement feedforward model, In at least one
embodiment the properties of the feedforward strategy is included in the controller
algorithm. The format of the controller algorithm its data analysis can be designed based
on specific properties of the system it is used within,

As previously mentioned because corrosion is due to loss of mass in
process equipment, by definition the detected amounts of corrosion should equal the lost
mass. Because that however is not what the sensors often deteet, special measures need
to be taken by the analyzer to corvect the detected levels of corrosion. In at least one
embodiment the corrosion rate (CR} is corrected by the analyzer by taking into account
both on-line detected levels and an analysis of the corrosion rate.

o at least one embodiment this analysis makes use of two definitions of
CR, instant CR and period CR. Both of the two rates reflect difforent aspects of
corrosion speed. Instant CR is defined gs the rate of metal loss change at a specilic fixed

period of thne, e.g. one day or week. In af jeast one embodiment a corrasion probe (the
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sensor) 15 used to detect a raw value, Due to the noisy signal inherent in such detections,
a linear regression or other form of signal processing may be used to corvect the detected
value of Instant CR. Instant CR provides insight info instantaneous causes of corrosion
which is extremely helpful in determining the effect of changes in the process system
congditions.

In at least one embodiment Period CR requires several days or weeks to
determine the general corrosion rate. Period CR is determined by ideatifying which
Hnear function best represents the metal loss in such noisy environment, A simple linear
calcufation is based on two points of beginning and end, this calculation assumes the
metal loss is monopoly increased function, does not consider the data between the twe
points. Obviousty, this caleulation does vot reflect real situation under noisy signals, most
tikely, this calculation is far away {rom reality. A proper lingar curve is generated by least
squares regression, which minimize the total distunces between each point to the linear
ourve,

miin Y — ¥
where ¥ represents the linear curve we design; ¥i denotes real probe reading at { point,
FiGs. 3 and 4 show compared corrosion rates based on two point corrosion reading,
point filtered corrosion reading, and lincar regression. Essentially, the corrosion rate is
the stope of the linear curve, it shows how big discrepancy of the three caloulations, and
also we can understand which calenlation is more reasonable and scientific. As shown in
FIG. 3, using a lincar analysis of detected corrosion rates over the period can result in

muliiple rates based on which form of analysis is used,
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As tllustraied in FIG. 4, in gt least one embodiment the use of the linear
representation of the average regression curve is used to identify the actual rate of
corrosion that occurs in the system,

In at least one embodiment the decision regarding which linear
representation to use is constantly updated o best reflect obeervations made of the
system.

Reforring now to FIG. 5 there is shown a logical flowchart illustraiing
how information from various sources is constantly fed to and used by the analyzer fo
improve the logic it uses to correct for incorrect readings. The analyzer utilizes:

{1} On-line and off-line filter design o smooth noisy corrosion probe reading and exclude
outliers, {2) corrected definitions of corrosion rates {instant running rate, period rate) and
thelr relationship to each other. This gives different definitions to caleulate and compare.
(3} On-iine {running regression CR) and off-line corrosion rate caleulation and
moenitoring and alanming corresion rate. (4} Corrosion rate evaluation and analysis, used
by the controiler, and (5) antomatically generated analysis reporis,

In at least one embodiment the control system makes vse of on-line
measurements of Process changes in one or more of temperature, pressure, velocity and
conceniration to detect acceleration in corrosion rate. This can be dove by making use of
instant CR and pentod CR.

In at ieast one embodiment the analysis is according to the following
equations:

o

Instant CR= dy/dr. Therefore:
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i : ™ d:@i “ Z::}“.y
Instant CK = = = Bhm —=
gt Ai-D AY

Because Period CR can be said to be the rate of metal loss change st a fixed period of
timme, such as 4¢ or Ay/di. However, because of the signal “notse” that accompanics
metal oss y, if a Boear regression of y i¢ first used and then Period CR is calculated as the

slope with time 4 then:

Period OR = 2.2

Imtm CR and Period CR reflect different aspects of corrosion speeds. In at least one
embodiment Period CR is determined over several days or weeks to determine the

{0 general corrosion rate; Instant CR is instantancous corrosion which 1s extremely
helpful in determining the effects of process changes on corresion.
fn at least one embodiment the relationship between Instant CR and FPeriod CR is

determined by an integral mean-value theorem. For example:

In which there exist a point £ in {t1, t2] where the instant CR will be the same as the
Period CR. This point however will not necessarily be the mean, median, mode, and/or
average of Instant and Period CR.

Although the corrosion process is very complex, under cortain
ciroumstances the corrosion rate can approximate a simple linear function of ime f,

20 according io the equation: y = + b
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where v is the monopoly meta] Joss function; 2 18 time, and @ and b denote the slop

and bias of the function, Both a and b are all time-tuvariant constants.
Under this approximation:
Oy Dy ¥ -y

Instant CE = — =g = == = Period CR,
Ot INE T - 'i'g

This iHustrates that if and only if the slope and bias a, b ars unchanged
constants in the period of time 47 then Period CR will be equal 1o Instant CR.
As shown in FIG. 6, in at least one embodiment the analyzer sutputs

information jnto a dashboard format that provides s user with a helpful and easy to

understand perspective on the operations of af least a portion of the system. For example

the various detected performance variables can be expressed gccording 1o a relative
evaluation ndicating how well or poor the system ts doing.

In at least one embodiment the evaluation will be expressed according to
at least one of the following categories:

Control Varigble Stability

Variable stability is very critical for process operation. In crude nnit corrosion control

system, three crifical variables (pFH, Cl, Fe} are the key to maintain the corrosion
systern stable. Daily cpl is used and compared.

Chemical Usage

Neutralizer, Caustic and Filmer are used to control the three controlled variables, p#f,

Cl and Fe, One of objectives of this control design is to maintain the controlled

s
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variables while saving the chemi
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Bvaluation on Automation System Operation

The system not only provides the key variable measurement by the analyzer, but also
{1} The system provides whole information, include puamps, boot water pressures,
working temperatures, inferred chemical flow rates,corrosion... {2) Provides friendly
mterface, gives us a platform to remotely monitor and operate the whole system,
madify parameters... (3) Collects analyzer alarms, penerates/sets all variable
operation alarms, and provides instant cell phone and email alarmsg, {4} Provides a
platform of on-line and off-line data analysis and translating information into

refined knowledge..., this is the spotlight of the system, (5} The control system on
stream time is 100% except some events happened.

Corrosion Performance Analysis

On line corrosion rale must be calculated and compared with other variables. FIG. 7
gives an example of 2 weekly period corresion rate based on two probes, FIG. &
shows an evaluation demonstrating that the corrosion rate s strongly correlated {o the
critical variables Fe and pfl,

In at ieast one embodiment the process system that the control system in
used within contains at least one of a crude unit, de-salter, atmoapheric tower, vacuum
tower, cooling unit, heating umit, frnace, cracker, and any combination thereof. The
coutrol system will optimize and improve the performance of some, part or all the
compenents of the process system. Such moprevement will (1} Improve and maintain
process stability and reliability, (2) Optimize chemical usages and reduce cost. {3}

Improve system robustness, operating flexibility, provide reliable information system and
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friendly low-cost interface. (4) Define, caleulate, monitor, control and optimize corrosion
rate.
in at ieast one embodiment, not aaty does the condrol systern determine

and predict the corrosion in the agueous phase of 2 erude unit overhead systern but it can

teast one embodiment, the analyzer can calculate in real time the amount of additive
{amine) to inject to remedy the impact of salts on corrosion.

in st least one embodiment this calculation is achioved by using at least
one of the following inputs: pH, chloride, temperature, pressuve, density, flowrate, wash
water rate, total steam, and the presence of the following compounds: Chloride, total
amine, total nitrogen, halogen, bromide, iodide, oxygen, water, and ammoma level. Inat
least one embodiment this is sccomplished by the addition of and observation ofthe
reaction of one or more of the following arvines: methylamine, dimethyvlamine,
rimethylamdue, ethylamine, dethylamine, tiethylamine, n-propylamine, tsopropylamine,
di-n-propylamine, di-isopropylamine, n-butyvlamine, sec-butvlamine, 1-amino-2,2-
dimethyipropane, 2-amino-2-methylbutane, Z-aminopentane, 3-aminopentane,

wrpholine, moncethanclamine, ethylenediamine, propylenediamine, N,N-

dimethvicthanolamine, N, N-diethviethanolamine, N, N-dimethyiisopropanolamine,
Methoxyethylaroing, Pipenidine, Piperazine, Cyclohexviaming, N-methylethanolamine,
N-propylethanolamine, N-ethylethanolamine, N, N-dimethylaminocthoxyethanel, N.N-
diethylaminoethoxyethanol, N-methyldiethanolamine, N-propyldiethanolamine, N-
ethyidiethanolamine, t-buiyiethanolamine, -butyidiethanolamine, 2-(2-

aminoethoxviethanol, di-n-butvlamine, fri-n-butylamine, di-iso-butylamine, ethyl-n-

[
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butylamine, pentylamine, Z-amino-2,3-dunethylbutane, 3-amino-2,2-dimethylbutane, 2-
amino- }-wethox ypropane, dipropylamine, monoamylamine, n-butylamine,
isobutylamine, 3-amino-t-methoxypropane, and any combination thereof.

{sing sensors to detect pH, Chlonide, Fe, as well as at Jeast one nitrogen
sensor, at least one folal nitrogen sensor or the combinaiion therecf, a mathematical
model can calculate the formation of salt and or corrosive species. This information and
the corresponding caleulations can be made in real time from a sample collected in real
time. The caleulated and stored information can then be used to caleulate and control the
addition of additives in real time into the overhead based on the corrosive nature and
composition of the compounds present in the overhead,

In at jeast one embodiment the control system can contimuously
recalculate in real time the corrosive conditions; the salt formation and have the
controller add appropriate additives should any one-parameter change. These additives
fnchude but are not Hnited to! Water, Sodiom Hydroxide, potassium hydroxide, lithium
hydroxide, methylamine, dimethylamine, rimethylamine, ethylamine, diethylamine,
triethylamine, n-propylamine, isopropvlamine, di-n-propylamine, di-isopropylaming, n-
butvlamine, see-butvlamine, L-amino-2,2-dimethylpropane, 2-amino-Z-methylbutane, 2~
aminopentane, 3-apunopentane, morpholine, monpethanolamine, ethylenediamine,
propylenediamine, N, N-dimethylethanofamine, N.N-diethvlethanolamine, N,N-
dimethylisopropanolamine, Methoxyethylamine, Piperidine, Piperazine,
Cyclohexvliamine, N-methylethanolamine, N-propylethanolamine, N-ethylethanolamine,
N, N-dimethylaminoethox yethanol, N.M-dicthylaminoethoxyethanol, N-

methyldiethanolamine, N-propyldiethanclamine, N-ethyldiethanolamine, t-
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butvlethanolamine, t-butyldiethanolamine, 2-{Z-aminoethoxyjethanol, di-n-butylamine,
tri-n-butylamine, di-ise-butylamine, ethyl-n-butylamine, pentylanine, 2-amino-2,3-
dimethylbutane, 3-amino-2,2-dimethylbutane, 2-amino--methoxypropane,
dipropylamine, moncamylamine, n-butvlamine, isobutylamine, 3-ansino-1-
methoxypropane, and any combination thereof.

In af least one embodiment the control system can detect through the use
of senaors the corrosion resulting from agueous fhuids or the formation of salt
compounds. These sensors are pH, Chloride, Fe, Nitrogen, total nitrogen, amumonia,
electrical resistance corrosion probes. In addition to measuring the corrosive
environment these sensors provide input into the analyzer facilitating the calenlation of
appropriate amounts of chemical additives.

While this invention may be embodied in many differsnt forms, there
described in detail herein specific preferred embodiments of the invention. The present
disclosure is an exemplification of the principles of the invention and is not intended o
1imit the invention to the particulsr embodiments illostrated. All patents, patent
applications, scientific papers, and any other referenced materiala nmyentioned heyein are
incorporated by reference in their entirety. Purthermore, the invention encompasses any
possible combination of sote or all of the various embodiments deseribed herein and/or
incorporated herein. In addition the invention encompasses any possible combination
that also specifically excludes any one or some of the various embodiments described
herein and/or incorporated herein,

The above disclosure is intended to be ilhustrative and not exhaustive. This

deseription will suggest many variations and aliernatives to one of ordinary skill in this
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art. The compositions and methods disclosed herein may comprise, consist of, or consist
essentially of the listed components, or steps. As used herein the term "comprising”
means "inciuding, but not Hmited 107, As used herein the term “consisting essentially
of” vefers to a composition or method that inclndes the disclosed components or steps,
and any other components or steps that do not materially affect the novel and basic
characteristics of the compositions or methods. For example, compositions that consist
essentially of listed Ingredients do not contain additional ingredients that would affect the
properties of those compositions, Those faatliar with the art may recognize other
eguivalenis (o the specific embodiments described hevein which eguivalents are also
intended to be encompassed by the claims,

All ranges and parameters disclosed herein are understood to encompass
any and all subranges subsumed therein, and every nursber between the endpoints. For
example, a stated range of “1 to 107 should be considered to include any and al}
subranges between {(and inclusive of} the mintmum value of § and the maximuom value of
10; that s, oll subranges beginning with a minimum value of T or more, {e.g. 1 to 6.1},
and ending with a maxinmum value of 10 orless, {e2. 2310 94,30 8, 416 7}, and
finally to each number 1, 2, 3, 4, §, 6, 7, 8, 9, and 10 contained within the range.

All muvneric values are herein assumed to be modified by the term
“about,” whether or not explicitly indicated. The torm “shout” generally refers to a range
of nurabers that one of skill in the art would cousider equivalent to the recited value (ie.,
having the same function or result}, In many instances, the term “about” may inchude
nurnbers that are rounded fo the nearest significant figure. Weight percent, percent by

weight, % by weight, wt %, and the like are synonyms that refer io the concentration of a

ol
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substance as the weight of that substance divided by the weight of the composition and
muitiplied by 100,

As used in this specification and the appended claims, the singular forms
“a,” “an,” and “the” include plural referents vnless the conteni clearly dictates otherwise,
Thus, for example, reference to a composition coutaining “a compound” includes &
mixture of two or more compounds. As used in this specification and the appended
claims, the term “or” is generally employed in is sense including “and/or” unless the
content clearly diciates otherwise,

This completes the description of the preferred and aliernate embodiments
of the invention. Those skilled in the art may recognize other equivalents o the specific
ersbodiment described herein which equivalents are intended to be encompassed by the

claims attached hersto.
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Claims
What is claimed is:
1. A method of correcting an error in raw measurements of a process variable
taken from at least one sensor in a chemical process system characterized by
properties which cause the measurements to be erroneous, the method comprising the
steps of:

using the at least one sensor to obtain the raw measurements of the process
variable, wherein the raw measurements have an error comprising a static error
component that causes a fixed change in the raw measurement and a dynamic error
component that causes dynamic state changes in the raw measurement over time;

identifying the dynamic error component, wherein identifying the dynamic
error component comprises providing an association between the dynamic state
changes measured by the at least one sensor and a disturbance;

identifying the static error component; and

using the identified static error component and the identified dynamic error

component to alter the raw measurements to provide corrected measurements.

2. The method of claim 1 in which the at least one sensor is in informational
communication with an analyzer and the analyzer is in informational communication
with a controller, the at least one sensor constructed and arranged to obtain the raw
measurements of the process variable, the analyzer correcting the raw measurements

to provide the corrected measurements, the controller taking the corrected

34



measurements and if the corrected measurements indicate that the process variable is
outside of a pre-determined range of acceptable values, enacting a remedial measure to

change the process variable to a value within the range of acceptable values.

3. The method of claim 2 in which the remedial measure is enacted before a

steady state value of the process variable is detected by the at least one sensor.

4. The method of claim 1 in which the process variable is selected from a list
consisting of: oxidation-reduction potential, pH, a level of a chemical, a level of an ion,

temperature, pressure, process stream flow rate, dissolved solids and suspended solids.

5. The method of claim 2 in which there are at least three sensors, wherein each
of the three sensors passes on raw measurements to the analyzer, the analyzer using an
average of those raw measurements to obtain a corrected measurement if at least one
of the raw measurements used to obtain said average of those raw measurements fits
within a pre-determined setpoint expected for specific conditions under which said
raw measurements used to obtain said average of those raw measurements were taken,
or alternatively the analyzer uses a historically expected measurement to obtain a
corrected measurements if none of the raw measurements used to obtain said average
of those raw measurements fits within a pre-determined setpoint expected for specific
conditions under which said raw measurements used to obtain said average of those

raw measurements were taken.
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6. The method of claim 2 in which the process variable is iron concentration, the
method further comprising the steps of: using the at least one sensor to obtain raw
measurements of the iron concentration over time, disregarding a raw measurement
that indicates zero iron concentration, and providing an adjusted raw measurement

using regression analysis on the raw measurements.

7. The method of claim 2 in which the remedial measure involves adding a
chemical whose effect on the process variable is non-linear in nature, the analyzer
correcting for the non-linear effect of the chemical by correcting the raw

measurements to provide the corrected measurements.

8. The method of claim 2 in which the remedial measure involves adding a
chemical subject to a deadtime constraint and the analyzer corrects for effects of being

subject to a deadtime constraint in the analyzer measurements.

0. The method of claim 2 in which the process system is a system selected from a
chemical plant, a refinery, an oil refinery, a food processing facility, a manufacturing
plant, a distillation column, a water filtration plant, a factory, a waste processing

facility, a water treatment facility, and any combination thereof.

10. The method of claim 2 in which:

the analyzer predicts a corrosion rate that will result from the formation of salt

compounds, the method utilizing inputs from at least one of each of a pH sensor,
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Chloride sensor, Fe sensor. Nitrogen sensor, total nitrogen sensor, ammonia sensor,
total amine sensor, and an electrical resistance corrosion probe; and

in response the controller feeds into the system an appropriate amount of at
least one of: Water, Sodium Hydroxide, potassium hydroxide, lithium hydroxide,
methylamine, dimethylamine, trimethylamine, ethylamine , diethylamine,
triethylamine, n-propylamine, isopropylamine, di-n-propylamine, di-isopropylamine,
n-butylamine, sec-butylamine, 1- amino-2,2-dimethylpropane, 2-amino-2-
methylbutane, 2-aminopentane, 3-aminopentane, morpholine, monoethanolamine,
ethylenediamine, propylenediamine, N,N-dimethylethanolamine, N,-N-
diethylethanolamine, N,N-dimethylisopropanolamine, Methoxyethylamine, Piperidine,
Piperazine, Cyclohexylamine, N-methylethanolamine, N-propylethanolamine, N-
ethylethanolamine, N,N-dimethylaminoethoxyethanol, diethylaminoethoxyethanol, N-
methyldiethanolamine, N-propyldiethanolamine, N-ethyldiethanolamine, t-
butylethanolamine, t-butyldiethanolamine, 2-(2-aminoethoxy)ethanol di-n-butylamine,
tri-n-butylamine, di-iso-butylamine, ethyl-n-butylamine, pentylamine, 2-amino-2,3-
dimethylbutane, 3-amino-2,2-dimethylbutane, 2-amino-1-methoxypropane,
dipropylamine, monoamylamine, n-butylamine, isobutylamine, 3-amino-1-

methoxypropane and any combination thereof.
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