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APPARATUS, METHOD AND SYSTEM FOR DETECTING SALTIN A
HYDROCARBON FLUID

CROSS-REFERENCE TO REFATED PATENT APPLICATIONS

8681} This application claims priority from U.S. Provisional Application No. 61/671,272,
filed July 13, 20i2. For purposes of United States patent practice, this application

incorporates the contents of the Provisional Application by reference in its enfirety,

BACKGROUND OF THE INVENTION

1. Field of the Invention

[6802] The field of invention relates to processing hydrocarbon fhuids. More specifically, the

ficld relates to an apparatus, method and system for monitoring salts in a hydrocarbon thud

2. Pescription of the Related Axt

[B083] The amount of salt in a hydrocarbon fluid is a sigmiticant factor i several types of
transport and refining process problems. Fouling, deactivation of catalyst and severe
cotrosion are indications of long-term exposure to salt in a feed. The type and amount of salt
in the hydrocarbon fluid depends mostly on the source, which in turn can retlect the severity
in which hydrocarbons are being drawn from the source or the overall age of the source ficld.
In addition, residual salt water from shipment tankers or handling nushaps can also
contaminate the hydrocarbon fluid to a point where the consumer cannot effectively process
it. The presence of salt in the hydrocarbon fluid, even as low as in the parts per million
{ppny) range, can cause significant damage to refining and chemical processing equipment

over a short period.
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16604} Dispersed, small water droplets in the hydrocarbon fluid dissolve and retain the salt,
The chemical composition of the salt can vary; however, typically the sali found in produced
hydrocarbon fhid is sodium chloride with lesser amounts of caleiom and magnesium

chlorides,

[3005] The determination of the salt concentration in the hydrocarbon fluid, especially
hydrocarbon fhuids made of a crude ol or a natural gas condensate, takes significant amount
of cffort usmg current methods., Cuorrent testing techniques cannot reliability or with the
necessary sensitivity (sub-ppm) determine salt concentration in a timely manner. Laboratory
testing and offline measurements are the only reliable means for accurately determining salt
concentration in the hydrocarbon fluid to this level.  American Standard Test Methods
(ASTM) D 3230 & D 6470 arc the standardized laboratory tests for measuring the salt
concentration in a crude oil. ASTM D 3230 is an clectrometric method that requires
extensive sample preparation with nomerous solvents, imcluding xylene, 1-butanol and
methyl aleohol.  ASTM D 6470, a poientiometric technique, requires extensive sample
preparation as well as additional equipment and labor. Besides being off-line and not
expedient, the other procedural and equipment requirements for both of these methods Himit
their application towards online or "real tirae” salt concentration determination. As with any
testing method, the "human clement” can also inadvertently influence the results and add a

fayer of variability.

3006} Current online salinity sensors depend on directly testing non-conductive paraffinic
materials in an atternpt to detect the presence of an electroactive specie (that is, salt) in the
bulk fluid. Existing sensors use conductive electrodes inserted into flowing crude oil. The
salinity sensors apply potential directly into the hydrocarbon fluid in an attempt to determine
conductivity of the bulk tluid. This technique sacrifices the testing apparatus by having
anodic and cathodic tons divectly attack the clements of the apparatus. Corrosion on the
sensor prabes occurs due to conductive-metal reduction-oxidation reactions on both the
working and counter electrodes when water is present. The salts also precipitate directly onto
the surface of the probes. Salt on the surface of the probes causes physical deterioration
through galvanic pitting even during periods of non-use. Maodification to the probe surface
area also changes the meaning of surface-area sensitive responses, for example, surface
cutrent density or voltage per unit arca. The technique is also not accurate because of the
general non-conductivity of the bulk hvdrocarbon fluid. The presence of heavy paraffin

materials can also cause variations in salinity values. As for the method of festing,
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conductivity can change when a shift in temperature occurs, leading to varying salinity values

for the same hydrocarbon fluid sample.

18807] Measuring the salt content 1 hydrocarbon fhid down to the aub-ppm level before
mtroducing the material fo fransportation, refining or a desalting process is desirable.
Currently, there are no useful techniques to determine salt concentration to the ppm level
considered both expeditious and reliable encugh to meet commercial transportation and
refining needs. A testing apparatus, method and system that makes it possible for expedient
salinity determination is desirable. The apparatus and system should be reliable and resilient

in the hydrocarbon fluid, especially in use with a salinity treatment system.

SUMMARY OF THE INVENTION

16608] A hydrocarbon fosting solution is useful for determine the salt concentration in a
hydrocarbon  fluid includes the hydrocarbon fluid that contains the salt, an
electropolymerizable monomer and a non-aquecus solvent. The hydrocarbon fluid inchudes
the salt and a hydrocarbon sclected from a group consisting essentially of a crude oil, a
natural gas condensate, a crude oil fraction, a post-petrochemical processed material and
combinations thercof. The clectropolymerizable monomer is operable in the hydrocarbon
testing solution to form a resultant associated polymer at a peak potential of the

clectropolymenizable polymer.

10609 A conductivity sensor useful for determuning the salt concentration of the
hyvdrocarbon testing solution by forming a resultant associated polymer includes a housing
that is operable to contain the hydrocarbon testing solution and is non-conductive. The
conductivity sensor includes a three-clectrode set that is positioned within the housing and
imcludes a working electrode, a counder electrode and a reference clectrode. The working
clectrode has a first surface area and the counter electrode has a second surface area. The
second surface arca is greater than the first surface area. The working and reference
clectrodes together are operable to induce a potential in the hydrocarbon testing solution.
The working and counter electrodes together arc operable fo detect a current in the
hydrocarbon testing solution.  The conductivity sensor includes a mixing apparatus

positioned within the housing.

[6018] A method for determining a salt concentration of a hydrocarbon fluid using a
conductivity sensor and a hydrocarbon testing solution includes the step of forming the

hydrocarbon testing solution as previously described. The method also includes the siep of

3.
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mtroducing the hydrocarbon testing solution into the conductivity sensor as previously
described. The method also includes the step of inducing a range of potential across the
hydrocarbon testing solution contained in the conductivity sensor such that at least a portion
of the clectropolymerizable monomer in the hydrocarbon testing solution polymerizes into
the resultant associated polymer and such that the hydrocarbon testing solution forms an
exhausted hydrocarbon testing solution. The range of induced potential inclades the peak
potential of the electropolymerizable polymer. The method also includes the step of
detecting a range of electrical current associated with the range of potential induced using the
conduetivity sensor. The range of detected electrical current includes the peak current. The
method also includes the step of determuning the salt concentration of the hydrocarbon fluid
using the range of potential induced across the hydrocarbon testing solution and the range of

electrical current detected by the conductivity sensor.

16011} A method of treating a hydrocarbon fluid includes the step of forming a hydrocarbon
testing solution. The hydrocarbon testing solution includes the hydrocarbon fluid to bhe
treated, an clectropolymerizable monomer and a non-agqueous solvent. The hydrocarbon fluid
mchudes a salt. The clectropolymerizable monomer is operable in the hydrocarbon testing
solution to form a gresultant associated polymer at the peak potential of the
electropolymerizable polymer. The method includes the step of introducing the hydrocarbon
testing solution inio a conductivity sensor. The conductivity sensor includes a working
electrode, a counter electrode and a reference electrode. The method includes the step of
mducing a range of potential across the hydrocarbon testing solution contained in the
conductivity sensor. The induction is such that af least a portion of the ¢lectropolymerizable
monomer in the hydrocarbon testing solution polymerizes into the resultant associated
polymer. The induction also is such that the hydrocarbon testing sohution forms an exhausted
hydrocarbon testing solution. The range of induced potential includes the peak potential of
the electropolymerizablie polymer. The method includes the step of detecting a range of
electrical current associated with the range of potential induced using the conductivity sensor.
The range of detected clectrical current includes the peak current. The method includes the
step of determining the salt concentration of the hydrocarbon fluid using the range of
potential induced across the hydrocarbon testing solution and the range of ¢lectrical current
detected by the conductivity sensor. The methed ncludes the step of determining the amount
of hydrocarbon fluid to be treated. The method includes the step of introducing an amount of

salt-extracting fhid into the hydrocarbon fluid. The mtroduction is such that a salt-bearing
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salt-extracting fhuid and a desalinated hydrocarbon fluid form. The amount of salt-extracting
fhuid ntroduced 1s based upon the determined salt concentration of the hydrocarbon fluid and
the determined amount of hydrocarbon thuid to be treated. The rethod includes the step of

separating the salt-bearing salt-extracting fluid from the desalinated hydrocarbon fluid.

13612} The conductivity sensor that is operable to induce electropolymerization of the
electropolymerizable monomer mixed with the hydrocarbon fluid containing the salt provides
the peak current value at the peak polymerization potential for the clectropolymerizable
monomer.  The salt concentration determination system supplies the hydrocarbon testing
solution, which contaims the hyvdrocarbon fluid and the electropolymerizable monomer,
Identitying the peak curvent using the hydrocarbon iesting solution allows for the
determination of peak current height, which is a function of the amount of salt present in the
hydrocarbon testing solution.  The peak current height directly correlates with the

concentration of the salt in the hydrocarbon fluid.

[8013] Polymerization of the electropolymerizable monomer does not cause physical or
chemical degradation fo the conductivity sensor. In fact, in some instances the polymer
protects the clectrodes of the conductivity sensor from salt and ion-based degradation
Polymerization does not oceur without the presence of an electroactive species that facilitates
clectron transfer through the hydrocarbon fluid.  The hvdrocarbon fluid provides the

clectroactive species: salt.

{3014} The intensity of the peak cusrrent, otherwise known as “peak current height”, is
proportional to the concentration of salt in the hydrocarbon testing solution. The relationship
between the peak current height and the salt concentration is a function of the proportional
amounts of hydrocarbon fluid, the non-aquecus solvent and the electropolymerizable
monomer in the hydrocarbon testing solution; the types of non-agueous solvent and
clectropolymerizable monomer; and the amount of salt in the hydrocarbon fluid.  Given
steady statc conditions and concentrations otherwise between hydrocarbon testing solution
samples, a greater peak current height results from a greater amount of salt present. The
relationship between detected peak current height and salt concentration in the hydrocarbon
fluid is directly proportional.

{8615} The conductivity sensor of the invention advantageously does not require adjustment
for process conditions, including temperature. The basis for the peak current detected by the

conductivity sensor is the concentration of components — that is, monomer, salt, solvent — and



WO 2014/011989 PCT/US2013/050276

not other process conditions. The conductivity sensor achieves detection of sub-ppm

concentration of electrically active and ionic species, including salts.

18616 In the conductivity sensor, electrons pass through the hydrocarbon testing solution
along the eloectropolymerizable monomer molecules and the salts dissolved in the
hydrocarbon testing solution.  Radicalized monomer molecules form oligomers and
polymeric chains.  Although not intending to be bound by theory, it is believed that the
resultant associated polymer forras at the electrodes and as fine strands between (but not
necessarily connecting) the working and counter electrodes of the conductivity sensor. The

polymerization reaction is nearly instantaneocus at the peak potential.

18617} The conductivity sensor and the salt conceniration determination system avoid the
deleterious ettects of directly applying voltages to the hydrocarbon thuids containing the salt
as previously described, including salt-induced corrosion of the electrodes. Because of the
near-instantaneously conversion of the electropolymerizable monomer into s resultant
associated polymer, the apparatus and systern provide fast, reliable and reproducible data by

applying the potential in a known and narrow voltage range.

8618} Lengthy sample preparation and a number of solvents as required using ASTM and
other laboratory techniques are unnecessary. Rather, the embodiment method of using the
embodiment conductivity sensor can result 1o periodic and cven continuous conduchivity
detection with proper sclection and design of the non-agueous solvent and the
electropolymerizable monomer delivery system.

16619 With reliable determination of the peak current height, determination of salt
concentration values in the hydrocarbon fluid is reliable and expedient. Operators and
comtrol systems alike can use the determined salt conceniration to introduce the salt-

extracting fluid into the hydrocarbon fhnid as part of the salt extraction process.

BRIEF DESCRIPTION OF THE DRAWINGS

18628} These and other features, aspects, and advantages of the present invention are better
understood with regard to the tollowing Detailed Description of the Preferred Embodiments,

appended Claims, and accompanying Figures, where:

{3621} Figure 1 is a general flow and control schematic of a system using an embodiment of
the conductivity sensor for performing the steps of an cmbodiment of the method of
deternuning a salt concentration of a hydrocarbon fhuid and for treating a hydrocarbon fluid
containing salt.

6-
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BETAHED DESCRIPTION OF THE PREFERRED EMBODIMENTS

18622} The Specitication, which inclades the Summary of Invention, Brief Description of the
Drawings and the Detatled Description of the Preferred Embodiments, and the appended
Claims refer to particular features {(including process or method steps) of the invention.
Those of skill in the art understand that the invention includes all possible combinations and
uses of particular features described in the Specification. Those of skill in the art understand
that the invention s vot limited to or by the description of crobodiments given in the
Specification. The inventive subject matier is not restricted oxcept only in the spirit of the

Specification and appended Claims.

18623} Those of skill in the art also understand that the terminology used for describing
particular embodimenis does not himit the scope or breadih of the invention. In mierpreting
the Specification and appended Claims, all terms should be interpreted in the broadest
possible manner consistent with the context of cach term. All technical and scientific terms
used i the Specification and appended Claims have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs unless defined

otherwise.

16624} As used in the Specification and appended Claims, the singular forms “a”, “an” and
“the” inclade plural refercnces unless the context clearly indicates otherwise. The verb
“comprises” and its conjugated forms should be interpreted as referring to clements,
components or steps in a non-exclusive manner. The referenced elements, components or
steps may be present, utilized or combined with other clements, components or steps not
expressly referenced. The verb “couple” and s conjugated torms means to complete any
type of required junction, including electrical, mechanical or fluid, to form a singular object
from two or more previously non-joined objects. It a first device couples to a second device,
the connection can occur either directly or through a common connector. “Optionally” and
its various forms means that the subsequently described event or circumstance may or may
not occur. The description includes instances where the event or circumstance occurs and
insiances where it does not occur. “Operable” and its various forms means fit for its proper
functioning and able to be used for its mtended use. "Associated” and its various forroes
means something connected with something clse because they occur together or that one

produces the other.
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16625} Spatial terms describe the relative position of an object or a group of objects relative
to another objeet or group of objects. The spatial relationships apply along vertical and

horizontal axes. Orientation and relational words including “upstream” and “downstream”

16026] Where the Specification or the appended Claims provide a range of values, it is
understood that the interval encompasses each intervening value between the upper limit and
the lower limit as well as the upper 1t and the lower mit. The invention encompasses and

bounds smaller ranges of the interval subject to any specific exclusion provided.

8627} Where the Specification and appended Claims reference a method comprising two or
more defined steps, the defined steps can be carried out in any order or simuitancously except

where the context excludes that possibility.
Figure 1

16628} Figure 1 15 a general flow and control schematic of a system using an erobodimsent of
the conductivity scnsor for performing the steps of an embodiment of the method of
determining a salt concentration of a hydrocarbon fluid and for treating a hydrocarbon fluid
containing salt.  Figure 1 and its description facilifate a betier understanding of the
conductivity sensor, the hydrocarbon testing solution and methods of their use. In no way
should Figure 1 limit or define the scope of the mvention. Figure 1 is a simple diagram for
case of description. Those of ordinary skill in the art understand that such systems are
complex structures with ancillary equipment and subsystems that render them operable for

their intended purpose.

13629} Figure I shows hydrocarbon fluid supply line 10, which conveys hydrocarbon fluid
containing salt from upstreams facilities and sources, including storage tank, pipeline and
weltheads (not shown) to downstream facilities, mcluding storage tanks, pipelines and
processing units (not shown). Hvdrocarbon fluid flow sensor 12 provides a signal in
response to the detected rate of fluid flow through hydrocarbon fluid supply line 10

Hydrocarbon fluid flow sensor 12 is in signal communication with computer controller 14,

18630} Sampling line 16 couples to hydrocarbon thuid supply line 10 and diverts a portion of
the hydrocarbon fluid to conductivity testing. The amount of the hydrocarbon thuid diverted
for conductivity testing is dependent on the position of sampling line thud control valve 18,
Sampling line fluid control valve 18 is m signal communication with computer controller 14,

Sampling line flow sensor 20 provides a signal in response o the detected rate of fluid flow
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through sampling line 16, Sampling line flow sensor 20 is in signal communication with

computer controtler 14,

188311 Solvent injection Iime 22 couples to sampling bue 16 and introduces the non-agueous
solvent imto sampling line 16 such that it intimately mixes with the hydrocarbon fluid in
sampling line 16. The amount of non-aquecus solvent introduced is dependent on the
position of solvent injection line flow control valve 24, Solvent injection line flow control
valve 24 is in signal conununication with computer controller 14, Solvent injection line flow
sensor 26 provides a signal in response to the detected rate of non-agucous solvent flow into
sampling line 16. Solvent imjection line flow sensor 26 is in signal communication with

computer controller 14,

[3632] Monomer injection line 28 couples to sampling line 16 and introduces the
electropolymerizable monomer into sampling line 16 such that it intimately mixces with the
mixture of the hydrocarbon fluid and the non-agqueous solvent in sampling line 16 before
being introduced into conductivity seusor (dotted box 34). Mixing the hydrocarbon fluid, the
non-aqueous solvent and the electropolymerizable monomer forms the hydrocarbon testing
fluid. The amount of electropolymerizable monomer introduced is dependent on the position
of monomer jnjection Hne flow control valve 308. Monomer injection line flow control valve
30 s in signal communication with computer controller 14, Monomer ijection line flow
sensor 32 is provides a signal in response to the detected rate of electropolymerizable
monomer flow into sampling line 16, Monomer imjection line flow sensor 32 is in signal

communication with computer controller 14

6833} Sampling line 16 couples fo conductivity sensor 34 and introduces the hydrocarbon
testing solution to the interior of conductivity sensor 34 for conductivity testing. Figure 1
shows conductivity sensor 34 having shell 36 through which the three electrodes — working
38, counter 40 and reference 42 — pass. Conductivity sensor 34 also houses mixing apparatus

44 which stirs the contents of conductivity sensor 34,

16634] Working electrode 38, counter electrode 40 and reference electrode 42 couple to and
are in both electrical and signal communications with potentiostat-galvanostat 46,
Potentiostat-galvanostat 46 provides a sweeping potential to the hydrocarbon testing solution
between working 38 and reference 42 clectrodes.  Potentiostat-galvanostat 46, through
conductivity sensor 34, detects the current conducted by the hydrocarbon festing solution

between working 38 and counter 40 electrodes while the potential sweeps between a first
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potential value and a second potential value. Potentiostat-galvanostat 46 is in signal

communication with computer controller 14,

18838 Polymer solvent hne 48 couples to conductivity sensor 34 and introduces a solvent
mto conductivity sensor 34 that removes any resultant polymer that forms in conductivity
sensor 34. Polymer associated with the electropolymerizable monomer can form on working
electrode 38 as a result of performing the detection method. The tlow rate and timing of the
mtroduction of polymer solvent is dependent on the position of polymer solvent flow control
valve 50. Polymer solvent flow control valve 50 is in signal comumunication with computer

controlier 14.

18636} Sampling return line 52 couples to conductivity sensor 34 and conveys exhausted
hydrocarbon testing solution from conductivity sensor 34 into hvdrocarbon fluid supply line
10 downstream of the location where sampling line 16 couples to hydrocarbon fluid supply
fine 10. Exhausted hydrocarbon testing solution forms during conductivity testing from the

miroduced hydrocarbon testing solution,

6837} Computer controller 14 is in signal communication with output devices, including
display monitor 54 and printer 56. Computer controller 14 provides computer-processed
imformation of conductivity testing, sensor information and process flow valaes for human

mmterpretation using pre-programmed computer fnstructions,

16638} Figure 1 also shows steam injection line S8 coupling to hydrocarbon thud supply line
10 downstream of hydrocarbon fluid flow sensor 12, Siecam injection line 58 introduces
steam into hydrocarbon fluid supply line 10 such that steam intimately mixes with the
hydrocarbon fluid in hydrocarbon fluid supply line 10. The amount of steam introduced mio
hydrocarbon fluid supply line 10 is dependent on the position of steam flow control valve 60,
Steam flow conirol valve 60 is in signal communication with computer controller 14, Steam
flow sensor 62, steam pressure sensor 64 and steam femperature sensor 66 provide signals in
response to the flow rate, the pressure and the temperature of the steam, respectively, for
hydrocarbon fluid supply line 16. Steam flow sensor 62, steam pressure sensor 64 and steam
temperature sensor 66 are each in separate signal communication with computer controlier

14,

{6839} Computer controller 14 has a set of corputer-readable instructions (that is, a
program} and data stored in a combination of physical and virtual computer-accessible

memory that permits the execution of steps for determining salt concentration in the

-10-
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hydrocarbon fluid using the salt concentration determination system. Data stored in the
computer-accessible memory imchides machine-readable information related to the foromla
or ratio of hydrocarbon testing solution compounents.  Computer controller 14 accesses

computer-accessible memory when determined by the computer-readable instructions.

13846} Computer controller 14 transmits signals to external devices, inchuding flow control
valves, to regulate elements of the salt concentration determination system and formulate the
hydrocarbon testing solution. For example, computer controller 14 transmits a signal to
mixing apparatus 44 of conductivity sensor 34 to provide continuous stirring of the
hydrocarbon testing sclution contained in shell 36, Computer controller 14 uses a set of
computer-readable instruction, including subroutines that include instructions for using well-
known and understond statistical, mathematical and relationship algorithms, and accesses
historical and current data stored in computer-accessible memory, including current valve
positions and detected flow rates, to periodically or continually maintam, adjust and modifies
aspects of the salt concentration determination system according to the desired fornulation of

the hydrocarbon testing solution for salt concentration determination.

16641} Computer controller 14 transmits an appropriate open control valve position signal to
samapling line fluid control valve I8 to mitroduce an amount of the hydrocarbon tlaid into
conductivity sensor 34, Sampling line flow sensor 20 detects the flow and provides a flow
signal in response to computer controller 14, Computer controller 14 periodically adjusts the
position of sampling line fluid control valve 18 via transmission of control valve position
signal based upon the flow signal response from sampling bine flow sensor 20 to ensure
mtroduction of the appropriate proportional amount of hydrocarbon fluid to conductivity

sensor 34.

16642} Computer controtler 14 also transmifs an appropriate open control valve position
signal to solvent injection line flow control valve 24 to introduce an amouant of non-aqueous
solvent into conductivity sensor 34, Solvent injection line flow sensor 26 detects the flow
and provides to computer controller 14, Computer controlier 14 periodically adjusts the
position of solvent imjection line flow control valve 24 via transmission of control valve
position signal based upon the tlow signal response from solvent injection line flow sensor 26
to ensure introduction of the appropriate proportional amount of non-agqueous solvent to

conductivity sensor 34.

-11-
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16643} Computer controtler 14 also transmifs an appropriate open control valve position
signal to monomer mjection hne flow control valve 30 to introduce an amount of
electropolymerizable monomer into conductivity sensor 34, Monomer injection line flow
sensor 32 detects the flow and provides to computer controller 14, Computer controlier 14
periodically adjusts the position of monomer injection line flow control valve 30 via
transmission of control valve position signal based upon the flow signal response from
monomer injection fine flow sensor 32 to ensure introduction of the appropriate proportional

amount of electropolymerizable monomer to conductivity sensor 34.

16644} The hydrocarbon testing sclution forms in sampling line 16 upon introduction of all
three compounents.  Hydrocarbon testing solution passes into the interior of conductivity

sensor 34 for testing.

16645] Computer controller 14 transmits a signal to potentiostat-galvanostat 46 to induce a
sweeping potential of the hydrocarbon testing solution in conductivity sensor 34,
Potentiostat-galvanostat 46 mduces a sweeping potential in the hydrocarbon testing solution
between a first pre-set potential value and a pre-set second potential value using working
clectrode 38 and reference electrode 42, Potentiostat-galvanostat 46 applies the sweeping

potential at a steady sweep rate to the hydrocarbon testing solution.

18646] Conductivity sensor 34, in response, detects the resultant electrical current produced
from the inducement of potential between working electrode 38 and counter electrode 40.
For the range of applied potential, including the peak polymerization potential for the
electropolymerizable monomer in the hydrocarbon testing solution, conductivity sensor 3

detects the associated electrical current at the applied potentials, mcluding the peak clectrical

current.

16647} Potentiostat-galvanostat 46 correlates the values of the potential applied to
conduectivity sensor 34 with the detected clectrical current values from conductivity seusor 34
and fransmits the potential-curvent data to computer controller 14 upon completion of the

potential sweep.

13848} Computer controller 14 uses a set of computer-readable instruction and is operable to
access historical and current data stored in computer-accessible memory, including the
correlated potential-current data trom potentiostat-galvanostat 46 and data from sensors

imcluding hydrocarbon fhud flow rate from hydrocarbon fluid flow sensor 12, to determing
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the peak current value, the peak current height, the concentration of salt in the hydrocarbon

testing solution and the concentration ot salt in the hydrocarbon fluid.

18849] Computer controller 14 communicates with display monttor 54 and printer 56 and
provides determined information in formats suitable for human interpretation, inchuding

graphically, numerically, schematically and textualiy.

[8656] Computer controller 14 also has a set of computer-readable mstruction (that is,
program) and data stored in a combination of physical and virtual computer-accessible
memory that permits the execution of steps for the salt extraction process, The determined
salt concentration is useful for determining the amount of salt in the hydrocarbon fhud
flowing through hydrocarbon fluid supply line 10, In turn, the amount of salt in the
hydrocarbon fhuid dictates the amount of sali-extraction fluid for treating the hydrocarbon
fluid. Data stored in computer-accessible memory includes machine-readable information
related to ratios of salt-extraction fhiid to salt concentration or amounts and hydrocarbon
fluid flow. Computer controller 14 accesses computer-accessible meomory when determined

by compuier-readable instruction.

8651} Computer controller 14 uses a set of computer-readable instruction and accesses
historical and current data stored in computer-aceessible memory, including the determined
salt concentration, the flow signal from hydrocarbon fluid flow sensor 12, the flow signal
from steam flow sensor 62, the pressure signal from steam pressure sensor 64 and the
temperature signal from steam temperature sensor 66 of the steam in stcam injection line 3§,
to determine the amount of steam to introduce to the hydrocarbon fluid in hydrocarbon fluid

supply line 10 for downstream salt exiraction.

18652} Computer controller 14 transmifs an appropriate open control valve position signal to
stecam flow conirol valve 60 to iniroduce an amount of steam into hydrocarbon fluid in
hydrocarbon fhud supply line 10 for downstream salt extraction treatment.  Computer
controller 14 periodically adjusts the position of steam tlow control valve 60 via transmission
of control valve position signal based upon changes to any of the prior referenced sensor
signal readings and determined values, especially the determined salt concentration value, to
ensure introduction of the appropriate amount of steam mio the hydrocarbon fluid for the

amount of salt it contains.

8653} Pericdically, computer controller 14 imtroduces an amount of polymer solvent into

conductivity sensor 34 through polymer solvent line 48 by transmitting an appropriate signal

-15-
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to polymer solvent flow control valve 50 to open. The amount introduced is sufficient to

remove any resultant associated polyroer from conductivity sensor 34,
Hydrocarbon testing solution

[8654] The hydrocarbon testing solution useful for determining salt content in the
hydrocarbon  thud  includes proportional amounts  of the hydrocarbon fluid, the
electropolymerizable monomer and the non-aquecus solvent. The hydrocarbon fhuid has salt,
which functions as the electroactive constituent of the hydrocarbon festing solution. The
clectropolymerizable monomer and the non-aguecous solvent do not provide clectroactive
agents. The salt facilitates the electrochemical polymerization reaction that produces the

electrical current.
Hydrocarbon fluid

16655] The bydrocarbon fluid includes unfractionated and undistilled crude oils, natural gas
condensaies, crude oil fractions, post-petrochemical processed materials and combinations
thereof.  The term “hydrocarbon™ includes other materials besides those bearing only
hydrogen and carbon atorus. Those skilled in the art understand that untreated and undistilled
hydrocarbon fluids often contain compounds that include oxygen, sulfur and nitrogen;
organometailic compounds; and metal ions, including vanadium, copper and nickel in
organic-metal complexes.  Hydrocarbons that are liquids at atmospheric pressure and
temperatures typically contain organic sulfur, nitrogen and oxygen compounds, inchuding
alkane and cycloalkane sulfides, mercaptans, disuifides, polysulfides and thiophenes.

Hydrocarbon fluid can contain up to several percent by weight heterorganic compounds.

3056} As previously stated, hydrocarbon fluid also includes previously processed, distilled
ot fractionated hydrocarbons, which includes atmospheric pressure boiling point crude ol
fractions. Examples of such fractions inchude naphtha, kerosene and diesel gas oil. In some
imstances, the hydrocarbon fluid can also include vacuum-based distillates, paraffin oils and
fractions containing some amount of asphalicnes and maltencs. In an embodiment of the
hyvdrocarbon testing solution the hydrocarbon fluid includes a post-petrochemical processed
material contaminated with seawater. Seawater contamination of expensive, highly refined
hydrocarbon fhuds that are post-processed materials can motivate application of the

desalination method to make the material suitable for processing once again.

-14-
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Salt in hydrocarbon fluid

[86587] The hydrocarbon fluid before deselination includes a concentration of salt. The salt
concentration of produced crude oil 1 typically in a range of from about 20 to about 2000
milligrams {mg) per kilogram of crude oil. Scawater contaminated materials can have
significantly greater levels of salt, Secawater contains approximately 35 grams of salts per
kilogram of seawater. An embodiment of the hydrocarbon testing solution has a salt
concentration m a range of from about 20 mg to about 35 g of salt per kilogram of

hydrocarbon fluid.

[6658] The dominant salt in hydrocarbon fluid is sodium chloride, but it is not the only salt.
Salts of several alkali, alkaline carth and transition metals coupled with halide, nitrate, sulfate
and carbonate counter-ions are potentially present.  Example of salts include magnesium
chloride, sulfate, and bromide; calcium chloride, bromide, and sulfate; sodium chloride and

sulfate; zinc bromide; and potassium chloride and iodide.
Electropolymerizable monomer

[6859] The hydrocarbon testing solution includes the electropolymerizable monomer. An
embodiment of the hydrocarbon testing solution includes where the volume percentage ratio
of the amounts of the electropolymerizable monomer to the hydrocarbon fluid is in a range of

from about 0.01 to about 10600,

16666] Electrochemical polymerization of the maonomer in the hydrocarbon testing solution
occurs upon application ot a particular “peak” potential between the working and counter
electrodes in the conductivity sensor. Each electropolymerizable monomer has a narrow or
limited potential range where, upon application, electropolymerization occurs. The resultant
associated polyrer forms upon polymerization. The potential range or value where the
monomer/polymer conversion occurs is dependent on the monomer.  Process conditions,
mchiding temperature, and other hydrocarbon testing solution constituents do not influence

the “peal’” potential of the electropolymerizable monomer,

18661} Although not intending to be bound by theory, it s believed that upon application of
the “peak” potential in the presence of the monomer, electrons transfer from the charge-
mducing apparatus (for example, electrodes)y to the monomer molecules proximate to the
apparatus.  In an electrochemical cell, the monomer molecules proximate fo the counter
clectrode receive clectrons and electrons are removed from the monomer proximate to the

working electrode. The generation of anions and cations of unsaturated monomers initiates
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the electropolymerization of the monomer molecules. The polymerization reaction can occur
through a variety of known polymenization reaction mechanism depending on the monomer
type, including anionic and cationic chain addition, free radical addition and clectrochenucal
oxidation. The reaction is near instantancous and only the gvailability of monomer limits the

reaction.

[80662] The reaction of radicalized monomers produces a detectable electrical current that has
a maximum ot apex value (“peak current”) at the "peak potential”. Movnomers reacting with
one another and forming associated polymers around and between the electrodes transfer
clectrons freely, producing the detectable current via free electron transfer. Higher induced
voltage from the “peak potential” usually reveals current atienuation from the peak current
value due to reduced concenirations of electropolymerizable monomer proximaie to and in

between the working and counter electrodes.

3663} Useful examples of clectropolymerizable monomers for the hydrocarbon testing
solution include acetylene; acrylonitriles, including methyl acrvionitrile; anilines, including
derivatives bearing sulpho, carboxyl and hydroxyl functional groups; azulene; mono-
carbazoles, including vinyl carbazole, N-carbazole and monoethyl-carbazole; dicarbazoles,
imchiding 2,6-bis-carbazol-9-yl-hexanoic acid pentafluorophenyl! ester, 2,6-bis-carbazol-9-yi-
hexanoic acid 2,5-dioxo-pyrrohidin-1-y1 ester, 2,6-bis-carbazol-9-yl-hexanoic acid |,3-dioxo-
1,3-dihydro-isoindol-2-yl ester, 2,6-bis-carbazol-9-yl-hexanoic acid methyl ester, 2,6-bis-
carbazol-9-vi-hexanoic acid, 2,6-bis-carbazol-9-yil-hexan-1-ol acetate, 2,6-bis-carbazol-9-vi-
chlorohexane  and  2,6-bis-carbazol-9-vil-hexan-1-ol;  tetrathiafulvalene;  naphthalenes,

imchuding diaminonaphthalene; indole; pyrroles, including N-substituted pyrroles, N-

functionalized pyrroles, N-methy-N"«(6-pyrrol-1-vihexyiy-4,4’-bipyridintum
dikexafluorophosphate and NN -bis{6-pyrrol-t-ylhexyl}-4,4"-bipyridinium

dihexafluorophosphate; thiophenes, inchuding 2,2°-buthiophene, 3-methyl thiophene, 3-
bromothiophene, 3,4-dibromo thiophene, 3,4-dimethylthiophene, 3,4-methyl ethyl thiophene,
3,4-diethyl thiophens, 3-thiomethyl thiophene, benzo-thiophene and dibenzo-thiophene;
phenyl quinclone; phenylenes, incloding para-phenylene, parg-phenylene vinylene and
phenviene sulfide; pyridine; acrylates, including methyl methacrvlate and ethyl acrylate;
styrene; and vinvimetallo monomers, which are vinyl monomers with organometallic side
units that form polyvinyl metallo polymers upon electropolymenization.  An embodiment of
the hydrocarbon testing solution includes an electropolymerizable monomer that is sclected

from the group consisting essentially of anilines; acetylene; pyrroles; thiophenes, including
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benzo-thiophene and dibenzothiophene, indoles, azines, para-phenylenevinylenes, para-
phenylenes, pyrenes, furans, selenophenes, pyrridazines, carbazoles, (methyhacrylates and
pyridine, and their derivatives, crown cthers and combinations thereof.  An embodiment of
the hydrocarbon testing solution includes an electropolymerizable monomer that is selected
from the group consisting essentially of thiophene, thiophene-derivatives, aniline, aniline-
derivatives, crown ethers and combinations thereof.  One of ordinary skill in the art
understands that suitable electropolymerizable monomers also include all derivatives of the
monomer species identified as well as other clectropolymerizable monomers not identified

but suitable for electrochemical polymerization processes in hydrocarbon-based solutions.

[8664] An cmbodiment of the hydrocarbon testing solution  includes where the
electropolymerizable monomer is operable to form a resultant associated polymer that is

electrically conductive.
Non-agueons solvent

168653} The hydrocarbon testing solution includes an amount of the non-aqueous solvent.
The solvent facilitates ion transfer during application of potential between the electrodes,
The non-aquecus solvent also helps disperse salt from the hydrocarbon fluid for use during
clectropolymerization. An embodiment of the hydrocarbon testing solution inchades where
the volume percentage ratio of the amounts of noun-aqueous solvent to hydrocarbon fluid is in
a range of from about 0.01 to about 10000, and preferably in a range of from about 9 to about
99.

[3066] A useful non-aqueous solvent does not hinder or prevent the electrochemical
polymerization reaction from occurring.  For example, those of ordinary skill in the art
understand that certain solvents are not appropriate for use with the monomer thiophene and
its derivatives because the solvent has a diclectric constant lower than thiopene. Examples of
solvents with lower-than-thiopene dielectric constant include water, chlorobenzene and
anisole.

18667] The non-aquecus solvent does not have to be a solvent of the clectropolymerizable

monomer, but the non-aqueous solvent selected should not hinder the solubility of the

monomer i the hydrocarbon testing solution.

[3868] An embodiment of the hydrocarbon testing solution ncludes the non-aqueocus solvent
that is g solvent for the resultant associated polymer formed from the polymerization of the

electropolymerizable monomer. Such an embodiment can prevent formation of polymer film
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on the electrodes during clectropolymerization and remove any polymer residue via
dissohution. The resultant associated polymer formed during electropolymerization are not
thermoset but rather thermoplastic.  Thermoplastic polymers are susceptible to chemical
solvation by an appropriaic solvent. For example, polvanifine dissolves in
dimethylformamide but not acetonitrile.  An appropriate non-aqueous solvent can facilitate
confinuous ot near-continuous/periodic conductivity testing by preventing the formation of

polymer film on the electrodes or in the conductivity sensor generally,

[8669] An embodiment of the hydrocarbon testing solution inchudes the non-aqueous solvent
that solubilizes or suspends non-solubilized materials in the hydrocarbon fhnd. Certain types
of heavy crude oils contain asphalienes that may uot adequately solubilize except in

combination with long-chain paraffins provided by the non-aqueous solvent.

16670] Useful examples of non-aqueous solvents for use as part of the hydrocarbon testing
solution include dimethylformamide; 2, S5-dimethoxytetrahydrofuran; tetrahydrofuran;
nitrobenzene; acctonitrile; diraethyl sulfoxide; tributyl phosphate; trimethy! phosphate;
propyiene carbonate; nitromethane; chlorobenzene; anisole; v-butyrolactone; methanol;
cthanol; propano! and dichloromethane. One of ordinary skill in the art understands that
suifable non-aqueous solvents also inclade other non-agqueouns solvents not identified but

suitable for electrochemical polymerization processes 1o the hydrocarbon testing solution.
Conductivity sensor

16671} The conductivity sensor is an electrolysis chemical cell useful for determining part-
per-million/part-per-billion/part-per-trillion {ppm/ppb/ppt) concentrations of the salt in the
hydrocarbon testing solution. The conductivity seosor detects clectrical current (in amperes;
usually microamperes) that results from application of electrical potential {in volts; usually
millivolts) through the hydrocarbon testing solution contained in the conductivity sensor,
The hydrocarbon testing sohution contains an unknown amount of salt. The peak current
detected by the conductivity sensor is associated with the polymerization of the
electropolymerizable monomer. The height of the peak current correlates to the amount of
salt present in the hydrocarbon testing solution, which comes from the hydrocarbon fluid.

160872} The conductivity sensor has a shell or housing that defines an internal void space
where conductivity testing occurs. The housing is operable o permut electrical and signal
communication between the electrodes and cxterior clectronic devices, including a

potentiostat-galvanostat or a computer controller.  Electrical insulation of the external
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junctions to the electrodes fixes the position of each electrode while also insulating each
clectrode electrically and fluidly. Sueh insulation prevents both the hydrocarbon testing fhad
and electrical current leakage from the interior to the exterior and between the clectrodes on

the outside of the conductivity sensor.

13673} The housing is operable to contain the hydrocarbon testing solution. The housing
permits the introduction of the hydrocarbon testing solotion jute and the passing of the
exhausted bydrocarbon testing solution from the interior of the conductivity sensor.  An
embodiment of the conductivity sensor has a housing that is operable to permit the separate
and simultanecus introduction of the hydrocarbon fluid, the non-aquecus solvent and the
clectropolymerizable monomer into the conductivity sensor.  In such an embodiment, the
hydrocarbon testing solution forms within the housing. An embodiment of the conductivity
sensor has a housing that is operable to permit the introduction of the pre-mixed hydrocarbon

testing solution.

[8674] Some housing configurations on the interior of the conductivity sensor include
imternal structures and attachments o direct or deflect incoming fluid flow, which may also
support mixing in the interior of the sensor. Such configurations include flow deflectors and
mixing baffles. Internal structures configurations can prevent introduced fluid flow from
divectly mterfering with conductivity testing by diverting the flow away from the electrodes.
Internal structures can also include porous plates and mesh screens at the cgress port for the
exhausted hydrocarbon testing sohstion. Such plates and screens remove formed solids,
especially polymer strands, from the exhausted hydrocarbon testing sohution before it passes

from the conductivity sensor.

18675} The conductivity sensor housing is made of an electrically insulated or inert material
The conductivity sensor housing also resists solvation, dissolution and “swelling effects”
through prolonged contact with the hydrocarbon fluid as well as the non-aqueocus solvent.
Examples of useful materials include translucent and opaque thermoset plastics, glass and
ceramics.  Transiucent materials are useful in that it permits visual examination of the
conductivity sensor to determine if fouling, damage or a malfonction is occurring.
Translucent materials also potentially allow other sensors or detectors to operate
simultancously with the conductivity sensor, including sensors using radiation or a light-
based beam detection. Configurations of the sensor housing can alse include a secondary,
external cladding of metal, polvmer or msulation to help resist against exterior physical

impact and electrical conduction.
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[8676] The conductivity sensor includes an electrochemical cell three-electrode set
positioned within the housing that is operable to apply the potential to and detect current
through the hydrocarbon testing solution. The three clectrodes in the three-electrode set are
the working electrode, the counter clectrode and the reference electrode. The relative
position of the three electrodes to one another is not important as long as their position
remains consistent and the electrodes are wot touching one another. The working and
reference clectrodes together are operable to induce a potential in the hydrocarbon testing
sohution. The working and counter electrodes together are operable to detect a current in the

hydrocarbon testing solation.

186771 The working electrode is made of glassy carbon, platinum, palladiom, gold, carbon-
graphite, stainless steel, indivm-tin-oxide (ITO) conducting glass, chromium, nickel, copper,
sifver, lead, zinc or any other service material suitable for electropolymerization in the
hydrocarbon testing solution. Platinum is a usetul material due to its high chemical stability
and that it does not corrode casily. The working elecirode has a predefined surface area for
determining current density (units curreni/units area) and interpreting voltammetric resulis,
Varigus known geometric forms inchude plate, disk, rectangle, rod and square shapes. Shapes
having a weli-defined flat surface are preferable to make corrosion detection (that is, surface

pitting} and polymer film removal easier,

16078] The material of construction of the working electrode accounts for the type of
electropolymerizable monomer in use. For example, those of ordinary skill in the art
understand that certain electrode materials are not appropriate for use with thiophene and its
derivatives because the clecirode material can react with itonic species present in the
hydrocarbon testing solution before reaching the electropolymerization potential for
thiophene. Examples of inappropriate materials for use with thiophene nclude copper, lead,

silver and zing-based electrode materials.

16679 The counter electrode is made of platinum or any other service material suitable for
electropolymerization in the hydrocarbon testing solution. Various known geometric forms
mclude plate, disk, rectangle, rod, square, mesh and wire shapes. The counter electrode has a
predefined surface area for determining current density (units current/units area). The surface

arca of the counter electrode is larger than the working electrode.

(8688} The reference electrode is made of silver/sifver chloride; silver/silver nitrate;

platinum; standard, reversible or normal hydrogen; saturated calomel (SC); quasi-reference
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electrode {(JRFE) or any other known reference material or structure suitable for hydrocarbon

and non-aqueous solvent service.

8881 The material of construction for the reference electrode accounts for the type of non-
aqueocus solvent in use in the hydrocarbon testing solution. For example, those of ordinary
skill in the art understand that certain electrode materials are not appropriate for use with
acetonitrile because the reference electrode system can begin to suffer from voltage drift after
prolonged use. An example of an inappropriate material for use with acctonitrile includes a

platinurm reference electrode.

16682} The conductivity sensor inchudes a mixing apparatus positioned within the housing.
The mixing apparatus is operable to maintain the intimate nature of the hydrocarbon testing
solution. In an embodiment of the conductivity sensor, the mixing apparatus is operable to
facilitate fluid motion that passes the exhausted hydrocarbon testing solution and any
resultant solids (that is, polymers) from the conductivity sensor. Continuous mixing of the

hydrocarbon testing sohution perraits reliable periodic and contimuous conductivity testing.

[B083] An embodiment of the mixing apparatus is a mixing blade or impeller that couples to
an external drive mechanism and passcs through the housing of the conductivity sensor. An
embodiment of the mixing apparatus is a magnetic stirring bar that magnetically couples to an
external magnetic stirring plate or other drive mechamism. One of ordinary skill in the art can
device appropriatc means for inducing an appropriate level of thuid circulation in the
conductivity sensor to support mixing while not hindering reliable and accurate conductivity

testing.

[6084] The conductivity sensor can be any size. The scale of the conductivity sensor can
range from a device that can fit on a laboratory bench to a version only requiring a few
milliliters of the non-aqueous solvent and the hydrocarbon fluid to detect the conductivity of
the hydrocarbon testing solution. A smaller sized conductivity sensor reduces the
consurnption of nov-aqueous solvent and electropolymerizable monomer, and produces a
smaller amount of exhausted hydrocarbon testing solution for return to the process or
disposal. The reduced size also minimizes the amount of precious metal use. The smaller
size of electrodes and the conductivity sensor housing, 1o turn, create and retain a smaller

amount of resultant associated polymer.
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16685} The conductivity sensor can support conductivity detection using hydrocarbon testing
sohition as a batch, periodic and continuous manner. The conduetivity sensor supports

manual, fully avtomated and combination testing processes.

[3086] An cmbodiment of the conductivity sensor includes a means for removing associated
polymer from the interior of the conductivity sensor. In some instances, the resulting
associated polymer can accumulate on the miterior of the conductivity sensor, including the
surfaces ot the electrodes. A thickening of resultant conductive polymer film on the working
or counter electrode, or both, can cause an increase in the peak current height or a shitt to a
different voltage value where the peak current occurs. With a conductive polymer, electron
transter from the electrodes to the conductive polymer film conveys the clectrons to the
outermost layer of the polymer film. A conductivity sensor with electrodes coated i
conductive polymer (given all other conditions are steady state)} can produce increasing peak
current values due to clectropolymerizable monomer adding to the conductive polymer film
at the polymerization potential of the monomer. The increasing peak current values do not
reflect increasing salt concentrations in the hydrocarbon fluids; rather, they reflect improved
conductivity through a layer of solid conductive polymeric film. The opposite effect — where
mmsulation occurs and the peak current values become successively reduced — can occur with
non-conductive polymer films that are electrochemically polymerizable. In addition, heavy
where thuid flow is static, forming a solid material that hinders fhud flow.

60871 Besides providing continuous muxing of the hydrocarbon testing sohition or using the
non-agueous solvent that is also a solvent for the resultant associated polymer, a8 means for
removing polymer from the conductivity sensor interior inchudes mechanical separation or
scraping devices. Mechanical separation devices physically cause the removal of resultant
polymer film from surfaces, including the electrodes. Mechanical separation devices jnchude
silicone paddles that are resistant to the solvation effects of the non-aquecus solvent and the
alkane-dominated hydrocarbon fluid. Such silicone paddles are pliable to not cause distortion

to the surface of the electrodes or change thew relative position if in direct contact.

BR8] Other means include introduction of a solvent divectly to the surface of the residual
polymer. The residual polymer solvent can be one of the non-aqueous solvent previoushy
described. An embodiment of the conductivity sensor includes a nozzie or port that is
operable to infroduce a non-aqueous solvent of the resultant associated polymer into the
conductivity sensor. A further embodiment of the conductivity sensor inchides where the
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non-aqueous solvent introducing nozzle is operable to direct the non-agueous solvent onto the
three-electrode set. Non-aqueous solvent can be directed onto the electrodes during or in
between periods of conductivity testing. An embodiment of the conductivity sensor includes
a nozzle or port that is operable for external manipulation. Such a nozzle can direct the non-

aqueous solvent onto the electrode set.
Potentiostat-galvanestat deviee

6089} Flectrodes of the conductivity sensor are in electrical and signal convmunication with
the potentiostat-galvanostat device. The potentiostat-galvanostat device is operable to induce
a potential {in volts) between the working and reference electrodes of the conductivity sensor
and to correlate the detected current (in amperes) between the working and counter
clectrodes.  The combination polentiostat-galvanostat device permits the determination of
current values, including the “peak” current value, at applied potentials for the hydrocarbon
testing solution using the three-clectrode conductivity sensor. The use of the three-clectrode
conductivity sensot in conjunction with the potentiostat-galvanostat device pernuts controlled
application of potential to the hydrocarbon testing solution and correlation and association of

the detected current.

18698} Usefil potentiostat-galvanostat devices and other voltage-inducing devices are
operable to apply a singular potential value across the electrochemucal cell, sweeping
potential values, where the potential changes between a first value and a second value at a
fixed lincar “sweep” rate, and cyclical potential values, where the potential changes at the
linear sweep rate and repeatedly cyeles between the first potential value and the second
potential value.  An crobodiment of the method includes inducing potential in the
hydrocarbon testing fluid at a lincar sweep rate in a range of from about 5 millivolts (mV/sec)
to about 1.5 volts per second. An embodiment of the method inchudes inducing potential a
hinear sweep rate of about 20 mV/sec. An embodiment of the method ncludes inducing
potential where the first potential value is about -0.3 V and the second potential vahie is
about +2.5 V with respect to the reference electrode. The potentiostat-galvanostat is operable
to associate current values detected by the conductivity sensor o the applied potential values.
3891} Potcntiostat-galvanostat devices that mcelude an incorporated monitor or printer, or
clectronic connections that permit signal communications with external output devices,

mchuding monitors, plotters and printers, can directly convey the numerical dataset or a X-Y
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graphical representation (that is, a voltammogram) of the potential values versus the

associated detected current values for direct human interpretation.

186921 The potentiostat-galvanostat device includes those devices that can transfer the
potential-current dataset containing the induced range of potential valucs and the associated
range of detected current values using a signal communications pathway o a computer that is
operable to interpret the potentiostat-galvanosiat data for additional computer-based

determinations and system control,
Methed for determining salt concentration in the hydrocarbon fluid

16693} The method for determining the salt concentration of the hydrocarbon fluid includes
the step of forming the hydrocarbon testing solution. The hydrocarbon testing solotion
comprises hydrocarbon fluid, an electropolymerizable monomer and a non-aqueous solvent.
The electropolymerizable monomer is operable in the hydrocarbon testing sohution to form a

resultant associated polymer at the peak potential of the electropolymerizable polymer.

6094} The method includes the step of introducing the hydrocarbon testing sohution into the
conductivity sensor. The hydrocarbon festing solution is a mixture of the hydrocarbon fluid,
the electropolymerizable monomer and the non-aqueous solvent. The hydrocarbon fluid
contains an amount of salt. The conductivity sensor is a threc-electrode electrochemical cell

having a working, counter and reference electrodes.

18695] The method includes the step of inducing a range of potential across the hydrocarbon
testing solution contained in the conductivity sensor. The range of induced potential includes
the peak potential of the clectropolymerizable polymer. The working and reference
electrodes induce the range of potential through the hydrocarbon testing solution. The
imnducement causes at least a portion of the clectropolymerizable monomer in the hydrocarbon
testing solution polymerizes into the resultant associated polymer. The inducement also
causes the hydrocarbon testing solution to form an exhausted hydrocarbon testing solution.
During electropolymerization, the conductivity sensor detects the peak current between the
working and counter electrodes.

13096] The method includes the step of detecting a range of electrical current associated with
the range of potential induced using the conductivity sensor, where the range of detected
clectrical current includes the peak current.  When performing sweeping ot cvelie
voltanunetry, the detected current increases as the potential approaches the polymerization

potential of the monomer. Upon achieving the polymerization potential, the detected current

4.



WO 2014/011989 PCT/US2013/050276

vatue “peaks” as electron-transfer occurs through the radicalized monomer units {supported
by the salt in the hydrocarbon testing solution) and the resultant associated polymer forms.
After surpassing the polymerization potontial, the detectable current declines with changing
potential values, mmcluding increasing potential.  Although not intending to be bound by
theory, it is believed that the drop-off in detected current reflects the depletion of

electropolymerizable monomer proximate to the working and counter electrodes.

6897} Using either manual or avtomated analysis fechniques, the peak current height value
is determined. One of ordinary skill in the art of electrochemistry is capable of determining
the peak current height value from the results of sweeping or cyclic voltammetry., Automated
analysis techniques can include using a computer that is operable to automatically receive
and process potential-current data from the potentiostat-galvanostat using a set of computer-
readable mstruction (that is, program) and data stored in a combination of physical and
virtual computer-accessible memory. The peak current height valoe is an absolute valoe
based upon the composition of the hydrocarbon testing solution, which includes the amount
of salt. Process-related factors, including fluid temperature, do not affect the determined salt

concentration values.

18698} The method includes the step of determining the salt concentration of the hydrocarbon
fluid using the range of potential induced across the hydrocarbon testing solution and the
range of clectrical current detected by the conductivity sensor.  Given steady-state
concentration conditions for the hydrocarbon testing solution, the salt concentration in the
hydrocarbon testing solution is determinable via correlation to the peak current height vahue.
The operator can use manual analysis technigues, including comparison to prior conductivity
testing results, standard peak current height wvalue/salt concentration charts for the
hydrocarbon testing solution or process treud analysis to determine the salt concentration of
the hydrocarbon testing solution.  The operator can also use automated computational
devices, including a computer with a program designed for analyzing the peak current height
value and the sweeping or cyclic voltammetry data to determine the salt concentration of the
hydrocarbon testing sohution. The operator can determine the sall concentration in the
hydrocarbon fluid using the salt concentration value for the hydrocarbon testing solution
knowing the proportional amount of hydrocarbon fluid in the hydrocarbon testing solution.

16699} An embodiment of the method includes the step of passing the passing the exhausted
hydrocarbon testing solution from the conductivity sensor. The process can pass cxhausted
hydrocarbon testing solution to the system from which the hydrocarbon thuid with salt was

“IR-
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drawn from or it can be disposed of through a separate facility or system, including a facility

that is operable to recyele unused recyclable monomer, the non-agueous solvent, or both,

188108] An embodiment of the process includes the step of mtroducing a non-agueous
solvent of the resultant associated polymer into the conductivity sensor. The non-aquecus
solvent introduced is operable to dissolve the resultant associated polymer from the
conductivity sensor and help maintain the sensor is operating condition. Tn an embodiment of
the method, the non-aqueous solvent of the resultant associated polymer is indroduced into the
conductivity sensor such that the exhausted hydrocarbon testing solution present in the

conductivity sensor passes from the conductivity sensor.
Method for salt extraction from hydrecarbon fluid

(60101} A meothod for extracting salt froms the hydrocarbon fluid includes the step of
performing the method for determining the salt concentration of the hydrocarbon fluid using
the conductivity sensor and the hydrocarbon testing solution as previously described. A salt-
extraction fluid is used to remove at least some of the salt from the hydrocarbon fhud.
Separating the treated hydrocarbon fluid from the sali-extraction fluid effectively desalinates
the hydrocarbon fluid. Traditional desalination techniques ecasily separate the salt-extraction

fluid from the salt for reuse and recycle.

(80102} The method includes the step of introducing an amount of salt-extracting thaid into
the hydrocarbon fluid. The salt-extracting fluid and the hydrocarbon fluid intermingle. The
salt-bearing sait-extracting fluid and the desalinated hydrocarbon fluid form from the
treatment. Introduction of an appropriate amount of salt-extracting fhuid is a function of the

concentration of the salt in the hydrocarbon fluid,

[B01031  Determuning the amount of the hydrocarbon tluid to be treated is also an important
factor in determining the appropriate amount of salt-extracting fluid to introduce. The
amount of hydrocarbon fluid can be fixed, as in the amount in a tank or vessel, or can be
continuous, as i a continuous flow of material. Determining the fixed or flow rate of the
hydrocarbon fhuid using traditional process engineering or mathematical techniques provides
a reliable estimate of the amount of salt that can be extracted from the hydrocarbon fluid
using the treatment fluid.  One of ordinary skill understands that several relationships,
inclading process configurations and economics, influcnce the determination of the amount
of salt-extraction fluid to apply to the hydrocarbon tluid and the level of salt extraction from

the hydrocarbon fluid to achieve.
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(86104} An embodiment of the method inchudes introducing additional chemicals with the
salt-extracting fluid.  Useful additional chemicals mclude emulsifiers, detergents and
surfactants, to improve the contact between the salt-cxiraction fluid and the hydrocarbon flnd

to improve the removal of the salt from the hydrocarbon fluid.

[B6105] A useful sali-extraction fhuid is water. Introducing water as the sali-extraction
fluid into the hydrocarbon fhuid can occur as a hquid, a steam or as a dual-phase thud. The
vaporous form can be wet, drv or superheated steam. The pressure of the steam can be ina
range of from about 15 to about 1000 pounds per square inch gauge (psig). The terperature
of the steam can be in a range of from about 105 °C to about 280 °C. Waier provided in

Liquid form can be in a tomperature range of from about 1 °C to about 99 °C.

[60106] The mothod mcludes separating the salt-bearing salt-extracting thid from the
desalinated hydrocarbon fluid. Separating the salt-bearing salt-extracting fluid from the
desalinated hydrocarbon tluid occurs downstream trom the salt-extraction fluid introduction
point. The resuliant is a desalinated hydrocarbon fluid ready for transport, petroloum refining
and petrochemical processing. Those of skill in the art know such means and processes for

removing salt from the salt-extracting fuid.

(881067} An embodiment of the method ncludes introducing a tluid into the hydrocarbon
fluid that neutralizes or chiminates a specific salt or iome specie.  For example, the salt-
extraction process can include introduction of a fluid that preferentially reacts with a
particular salt (sodium chloride) or a certain halide type {chloride tons). Such a technique
may remove a dominant specie of salt or jon and permit less expensive or intrusive process (o

remove other salts or tons before further processing.
Supporting equipment

[80108] FEmbodiments include many additional standard components or equipment that
cuables and makes operable the described apparatus, process, method and systern. Examples
of such standard equipment known to one of ordmary skill in the art includes heat exchanges,
pumps, blowers, reboilers, steam generation, condensate handling, membranes, single and
multi-stage compressors, separation and fractionation equipment, valves, switches,
controtiers and pressure-, teroperature-, level- and flow-sensing devices.

[80109] Operation, control and performance of portions of or entire steps of a process or

method can occur through human interaction, pre-programmed computer control and

response systems, or combinations thereofl
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CLAIMS

What is claimed is:

i

A method for determining a salt concentration of a hydrocarbon fluid using a

conductivity sensor and a hydrocarbon testing solution, the method comprising the steps of

D)

forming the hydrocarbon testing solution, where the hydrocarbon testing solution
comprises the hydrocarbon fluid, an electropolymerizable monomer and a non-aquecus
sobvent, where the hydrocarbon fluid tncludes a salt, and where the electropolymerizable
monorer 15 operable in the hydrocarbon testing solution to forra a resultant associated

polymer at the peak potential of the clectropolymerizable polymer;

infroducing the hydrocarbon testing solution into the conductivity sensor, where the
conductivity sensor comprises a working electrode, a counter electrode and a reference
clectrode;

mducing a range of potential across the hydrocarbon testing solution contained in the
conductivity sensor such that at least a portion of the electropolymerizable monomer in
the hydrocarbon testing solution polymerizes into the resultant associated polymer and
such that the hydrocarbon testing solution forms an exhausted bydrocarbon testing
sohution, where the range of induced potential includes the peak potential of the
clectropolymerizable polymer;

detecting a range of electrical current associated with the range of potential induced
using the conductivity sensor, where the range of detected electrical current includes the
peak current; and

determining the salt concentration of the hydrocarbon fluid using the range of
potential induced across the hydrocarbon testing solution and the range of electrical

current detected by the conductivity sensor,

The method of claim 1 where the range of potential is induced at a linear sweep rate

and where the linear sweep rate is in a range of from 5 millivelts per second {(mV/sec) to 0.5

volts per second.

3.

4.

The method of claim 2 where the Huear sweep rate s 20 mV/sec.

The method of any one of claims 1 to 3 further comprising the step of passing the

exhausted hydrocarbon testing solution from the conductivity sensor.
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5. The method of any one of claims 1 to 4 further comprising the step of mtroducing a

non-aqueous solvent of the resultant associated polymer into the conductivity sensor.

6. The method of claim 5 where the non-agueous solvent of the resultant associated
polymer is introduced into the conductivity sensor such that the exhausted hydrocarbon

testing solution present in the conductivity sensor passes from the conductivity sensor.
7. A method of treating a hydrocarbon fhud comprising the steps oft

forming a hydroecarbon testing sohution, where the hydrocarbon testing solution
comprises the hyvdrocarbon fluid to be treated, an electropolymerizable monomer and a
non-aqueous solvent, where the hydrocarbon fluid includes a salt, and where the
clectropolymerizable monomer is operable in the hydrocarbon testing solution to forma

resutiant associated polymer at the peak potential of the electropolymerizable polymer;

miroducing the hydrocarbon testing solution into a conductivity sensor, where the
conductivity sensor comprises a working clectrode, a counter electrode and a reference

electrode;

inducing a range of potential across the hydrocarbon testing solation contained in the
conductivity sensor such that at least a portion of the electropolymerizable monomer in
the hydrocarbon testing solution polymerizes into the resultant associated polymer and
such that the hydrocarbon testing solution forms an exhausted hydrocarbon testing
solution, where the range of induced potential includes the peak potential of the
clectropolymerizable polymer;

detecting a range of electrical current associated with the range of potential induced
using the conductivity sensor, where the range of detected electrical carrent includes the
peak current;

determining the salt concentration of the hydrocarbon fluid using the range of
potential induced across the hydrocarbon testing solution and the range of electrical
current detected by the conductivity sensor;

determining the amount of hydrocarbon fluid (o be treated;

miroducing an amount of salt-extracting fluid into the hydrocarbon fluid such thata
salt-bearing salt-extracting tluid and a desalinated hydrocarbon fluid form, where the

amount of salt-extracting fluid introduced is based upon the determined salt concentration

29
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of the hydrocarbon fluid and the determined amount of hydrocarbon fluid to be treated;
and
separating the salt-bearing salt-extracting fhud from the desalinated hydrocarbon

fluid.

8. The method of claim 7 where the salt-extracting thuid is water.
S. The method of claim 8 where the water is a superheated steam.
0. A conductivity sensor useful for determuning the salt concentration of a hydrocarbon

testing solution by forming a resultant associated polymer, the conductivity sensor
comprising:

a housing that is operable to contain the hydrocarbon testing solution and that is non-
conductive;

a three-electrode set posttioned within the housing comprising a working electrode, a
counter electrode and a reference electrode, where the working electrode has a first
surface area and the counter elecirode has a second surface arca, where the second surface
area is greater than the fivst surface area, where the workang and reference clectrodes
together are operable to induce a potential in the hydrocarbon testing solution, and where
the working and counter electrodes together arc operable to detect a current in the

hydrocarbon testing solution; and
a mwixing apparatus positioned within the housing.

11 The conductivity sensor of claim 10 where the mixing apparatus is a magnetic stirring
bar that is operable to magnetically couple to an external magnetic stirring plate.

1Z. The conductivity sensor of claim 10 or 11 further comprising a means for removing
the resultant associated polymer from the interior of the conductivity sensor.

13 The conductivity seusor of claim 12 where the means for removing the resulting

polymer is a nozzie that is operable to infroduce a non-aquecus solvent of the resultant

associated polymer into the conductivity sensor,

14. The conductivity sensor of claim 13 where the non-agueous solvent introducing

nozzle is operable to direct the non-aqueous solvent onto the three-clectrode set.

15. A hydrocarbon testing solution useful for determine a salt concentration in a

hydrocarbon fluid comprises the hydrocarbon fluid, an electropolymerizable monomer and a
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non-aqueous solvent, where the hydrocarbon fhuid comprises a salt and a hydrocarbon
selected from a group consisting essentially of a crude o}, a natural gas condensate, a crude
oil fraction, a post-petrochemical processed material and combinations thereof, and where the
electropolymerizable monomer is operable in the hydrocarbon testing solution to form a

resultant associated polymer at a peak potential of the electropolymerizable polymer.

16. The hydrocarbon testing solution of claim 135 where the hydrocarbon thiid mchides a

post-petrochemical processed material contamunated with seawater.

17. The hydrocarbon testing solution of claim 15 or 16 where the hydrocarbon tluid has a

salt concentration in a range of from 20 mg to 35 g of salt per kilogram of hydrocarbon fluid.

8. The hydrocarbon testing solution of any one of claims 15 to 17 where the
electropolymerizable monomer is selected from the group consisting of thiophene, thiophene-

derivatives, aniline, aniline-derivatives, crown ethers and combinations thereof,

19. The hydrocarbon testing solution of any one of claims 15 {o 18 where the
electropolymerizable monomer is operable to form a resultant associated polymer that is
electrically conductive.

20, The hydrocarbon testing solution of any one of claims 15 to 19 where the non-
agueous solvent is a solvent for the resultant associated polymer of the electropolymerizable

INOBOMCEY,



