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METHOD, SOLVENT FORMULATION, AND APPARATUS FOR THE
MEASUREMENT OF THE SALT CONTENT IN PETROLEUM FLUIDS

Technical Field of the Invention

[0001] The present invention relates to a method and apparatus for measuring the salt

concentration of a crude oil sample.

Background of the Invention

[0002] Currently, salt content measurement in the crude oil production and refining industry

follqws either the standard reference method ASTM D3230 or ASTM D6470, both of which
which may l;e referred to for details. ASTM D6470 is not practical for on-line measurement

as 1t requires extraction steps. ASTM D3230 requires the utilization of a combination of
three chemicals: methanol, butanol and xylenes, to reduce the crude oil resistivity to a
measurable range for traditional sensors and common instrumentation. However, these

solvents are extremely toxic, volatile, and flammable, which makes them particularly difficult

to handle in facilities located in hot environments.

[0003] The principle of the method outlined in ASTM D3230 is to dilute a crude oil sample
in an alcoholic mixture in order to allow for conductivity readings and to compare the
readings to reference values. This method can be applied either off-line on a collected
sample or on-line. Off-line measurements are susceptible to errors due to unequal gas
desorption, which can be attributed to time lag between sampling and measurement;
variations of the external temperature or the crude oil temperature, or both; improper mix of

chemicals; measurement errors; and data reporting. On-line measurements avoid manual

CA 2834572 2017-06-09



CA 02834572 2013-10-28
WO 2012/158684 | | PCT/US2012/037925

sampling and prevent some potential errors. Howevér, in high temperature environments, the
use of volatile solvents is inadvisable because it can lead to fires, explosions, or intoxication,
Another disadvantage of ASTM D3230 is the limitation in solvent quantity stored on site due

to flammability concerns and risks of explosion.

[0004] Furthermore, xylenes, methanol and butanol must be added in precise pfoportions,'as
any minimum alteration in their volumetric ratio, which is even more likely to occur at high
temperatures due to their volatile nature, disturbs the homogeneity and causes erroncous
measurement readings. This leads to a compliéated measurement procedure, thereby
introducing poteﬁtiai errors. Moreover, these issues also require bulky e'quipment with

frequent and careful maintenance.

- [0005] Theretore, it would be beneficial to provide a method and apparatus that avolds the
use of the three listed chemicals and instead uses a single solvent. It _would also be beneficial
to provide a solvent that is leés toxic and is more stable uhder hot weather conditions. It
would also be beneficial to provide fdr a méthod and apparatus that is capable of measuring

the salt concentration on-line.

Summary of the Invention

~ [0006] Inventive method and apparatus provide one or more of the benefits disclosed.

[0007] A method for determining a salt concentration of crude oil through the stops of
introducing a volume of the crude oil to a mixing zone; introducing a volume of a solvent to
the mixing ZOne; mixing such that the crude oil and the solvent fom a homogenized mixture;
taking a temperature measurement of the homogenized mixture using a temperature sensor;

taking a conductivity measurement of the homogenized mixture using a pair of electrodes;
determining the salt concentration of the homogenized mixture based on the temperature

measurement and the conductivity measurement of the homogenized mixture; and
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determining the salt concentration of the ¢rude oil based on the salt concentration of the
homogenized mixture, the volumc of the crude oi1l, and the volume of the solvent. The

solvent has a normal boiling point that i1s substantially above ambient air temperature.

[0008] In an embodiment of the- method, the solvent has a boiling point above 140°C, which
- allows for a relatively low \z;apor pressure even if ambient air temperature is relatively high,
such as 60°C. In another embodiment, the solvent is operable to sclubilize both water and
the crude oil into a single phase. In another embodiment, the solvent can exhibit a Relative
Energy Difference value with crude oil, as deﬁne.d by Hansen solubility theory, of less than
1.0. In an embodiment of the method, the solvent comprises a single solvent. In another
. embodiment, the solvent consists essentially of the single solvent. In vet another
embodiment, the solvent compriseé the single sclvent with no other sol#ents present in the
mixing zone. In another embodiment, the single solvent is selected from the group consisting
df NMP, ethyl alpha-hydroxy propionate, benzonitrile, dipropylene glycol' dimethyl ether, 1-
cyclohexyl—j pyrrolidone, 1-Octyl—2-pyrfolid0ne, I-dodecyl-2-pyrrolidinone, diethyl glycol
monobutyl ether, triethylene glycol 'monobutyl ether, ethylene glycol butyl ether, propylene
glycol butyl ether, di{propylene glycol} butyl ether, propylene glycol propfl ether,
tripmpylene glycol, and diethylene glycol. monocthyl cfhcr. In another embodimenﬁ, the
solvent does not include any alcohols or xylenes. Because the solvent is much less volé,tile

than in methods practiced heretofore, much larger quantities of the solvent may be stored on-

site without decreasing overall safety.

[0009] In another embodiment, the step of determining the salt concentration of the
homogenized mixture can further include the steps of obtaining a calibration curve of
conductivity as a function of temperature for a known mixture having a known salt

concentration and comparing the conductivity of the homogenized mixture against the
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calibration curve to determinge the salt concentration of the homogenized mixture. The
c¢cmbodiments provide a Systcm- to dctermine the salt concenfration given the operational
parameters of the homogenized mixture, including temperature and volume of crude oil and

solvent and the calibration curve or other similar aspect, such as a look-up table.

[0010] In another embodiment, the method is capable of determining salt concentrations of
the crude o1l m a range from 0 to 50 pounds of salt per thousand barrels (PTB). In another
embodiment, the method can be advantageously conducted in an industrial environment. In

another embodiment, the method is conducted off-shore.

[0011] In another embodiment, the method can include sending a warning signal to an
operator if the salt concentration of the crudé o1l is above a threshold value. In one
embodiment, the threshold value is 10 PTB. Examples of warning signals include audible
sounds and alarms, blinking lights, vibrations delivered via mobile device, including a pager

or a phone, and a display message, which could be displayed on a monitor, pager, or a phone.

[0012] In another embodiment, the step of taking a temperature measurement of the
homogenized mixfure using a temperature Sensor inéludes .more than one temperature
measurement, and the step of taking a conductivity measurement of the homogenized mixture
using a pair of electrodes includes more than one conductivity measurement. In another
embodiment, the method further includes the step of ¢leaning the pair of electrodes between
SUCCESSIVE oonductivity measurements. In another embodiment, the .step of cleaning the pair
of electrodes éan be accomplished with a fluid. The [luid can be the same as the solvent, or
can b-e a second solvent that is not the same as the solvent, or can be crude oil, or a

combination of any of the three.

[0013] An apparatus that is useful for determining the salt concentration of crude oil includes

a pair of electrodes, a solvent storage conlainer, 4 power source, a lemperalure sensor, a



CA 02834572 2013-10-28
WO 2012/158684 PCT/US2012/037923

computer, data stored on a readable medium, a program product, and a display device. The
pair of clectrodes is adaptable for insertion into a homogenized mixture container, wherein
the homogenized mixture cont.ainer ils operable to hold a homogenized mixture. The
homogenized mixture can include_crude oil and-a'soivent, wherein the crude oil contains salt,
and the pair of electrodes is operable to measure the conductivity of the homogenized
mixture. The solvent storage coﬁtainer is used for storing the solvent, and the solvent storage
container 1s in fluid communication with the homogenized mixture container. The power
source is in electronic communication with the pair of electrodes, and the power source helps
to provide a voltage, electric potential energy,; to the pair of electrodes. The temperature
sensor is operable to measure the temperature of the homogenized mixture. The comput'er
includes a signal processing device having non-transitory computer memory. The computer
is in electronic c:ommunicatidn with the pair of ¢lectrodes and the temperature sensor such
that the computer is operable to receive measured data from the pair of electrodes and the
temperature sensor. The data stored on a rcadable medium includes conductivity values,
temperature values, and corresponding salt concentrations for a known mixture of crude oil
and solvent. The prbgTam product can be 'stored in the non-transitory computer memory.
The pmgram product includes instructions executable for (1) comparing the measured data
from the pair of electrodes and the {emperature prcjbe with the data stored on the readable
medium, (2) determining the salt concentration of the homogenized mixture,; and (3) '
determining the salt concentration of the crude oil based upon the relationship of volume of
solvent, volume of crude oil and the salt concentration of the homogenized mixture. The
display device can be in electronic communication .with the Computer. The display device is
operable to receive the salt concentration of the homogenized mixture from the program

product and display said salt concentration in a readable form.

W
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[0014] In another embodiment, the apparatus is useful for detecting the salt concentration of
the crude oil in a range from 0 to 50 PTB. In yet another embodiment, the apparatus can be
located in an industrial environment. In another embodiment, the apparatus can be located
offshore. In another embodiment, the apparatus can also include a warning system that 1s
operable to send a warning signal to the display device if the salt concentration of the crude
oil is above a threshold value. In another embodiment, the warning system could also trigger
an alarm signal, such as a visual signal or an audible signal, or both, that could be appreciated
by an operator, both on-site or in a remote facility. In one embodiment, the threshold value

can be 10 PTB of salt in the crude oil measured.

[0015] In another embodiment, the apparatus can further include a flow controlling means
that is operable to introduce the crude oil and the single solvent continuously into the
homogenized mixture container. I[n another embodiment, the apparatus can further include
one or more flow meters for measuring the flow of the crude oil and the solvent, where the
solvent 1s a single solvent. In another embodiment, the flow of the crude oil and the single
solvent is measured by the one or more flow meters and controlled by the flow controlling
means to ensure that the proper flow rates of the crude oil and the single solvent as they are

introduced into the homogenized mixture container.

[001SA] In another embodiment a method is disclosed for determining a salt concentration of
a crude otl, the method comprising the steps of 1) introducing a volume of the crude oil to a
mixing zone, the crude oil having salt and water, 2) introducing a volume of a solvent to the
mixing zone, wherein the solvent has a normal boiling point higher than ambtent air
temperature and comprises a single solvent that solubilizes both water and the crude oil into a

single phase, wherein the volumetric ratio of the single solvent to the crude oil in the mixing

zone 1s 70%/30%; mixing the crude oil and the solvent to form a homogenized mixture, 3)



taking a temperature measurement of the homogenized mixture using a temperature sensor, 4)
taking a conductivity measurement of the homogenized mixture using a pair of electrodes, 5)
determining the salt concentration of the homogenized mixture based on the temperature
measurement and the conductivity measurement of the homogenized mixture, and 6) determining
the salt concentration of the crude oil based on the salt concentration of the homogenized

mixture, the volume of the crude oil, and the volume of the solvent.

[0015B] In a broad aspect, the invention pertains to a method for determining a salt
concentration of a crude oil. The method comprises the steps of introducing a volume of the
crude o1l to a mixing zone, the crude oil having salt and water, and introducing a volume of a
solvent to the mixing zone. The solvent has a normal boiling point higher than ambicnt air
temperature and comprises a single solvent that solubilizes both water and the crude oil into a
single phase. The crude oil and the solvent are mixed to form a homogenized mixture, and a
temperature measurement is taken of the homogenized mixture using a pair of electrodes. The
salt concentration of the homogenized mixture is determined based on the temperature

measurement and the conductivity measurement of the homogenized mixture. The salt
concentration of the crude o1l is determined based on the salt concentration of the homogenized
mixture, the volume of the crude oil, and the volume of the solvent. The single solvent is one
selected from the group consisting of NMP, ethyl alpha-hvdroxy propionate, benzonitrile, and

dipropylene glycol dimethyl ether.

6A
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10015C]| In a yet further aspect, the invention provides an apparatus for determining a salt
concentration of crude oil. The apparatus comprises a pair of electrodes adaptable for insertion
into a homogenized mixture container, and the homogenized mixture container is configured to
hold a homogenized mixture. The homogenized mixture comprises crude oil and a solvent. The
crude o1l contains salt and water, and the solvent comprises a single solvent that solubilizes both
water and the crude oil into a single phase. The pair of electrodes are configured to measure
the conductivity of the homogenized mixture. There is provided a solvent storage container for
storing the solvent, the solvent storage contatner being in fluid communication with the
homogenized mixture container. A power source in electronic communication with the pair of
electrodes provides a voltage to the pair of electrodes, and a temperature sensor measures the
temperature of the homogenized mixture. A computer defines a signal processing device having
non-transitory computer memory, the computer being in electronic communication with the pair
of electrodes and the temperature sensor such that the computer is configured to receive
measured data from the pair of electrodes and the temperature sensor. Data is stored on a
readable medium, and the data comprises conductivity values, temperature values, and
corresponding salt concentrations for a known mixture. A program produce is stored in the non-
transitory computer memory, the program product being composed of instructions executable
for comparing the measured data from the pair of electrodes and the temperature sensor with the

data stored on the readable medium, determining the salt concentration of the homogenized

68
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mixture, and determining the salt concentration of the crude oil based upon the relationship of
volume of solvent, volume of crude oil, and the salt concentration of the homogenized mixture.
A display device is in electronic communication with the computer, the display device being
configured to receive the salt concentration of the homogenized mixture and the salt
concentration of the crude oil mixture from the program product and to display the salt
concentration in a rcadable form. The single solvent 1s selected from the group consisting of

NMP, ethyl alpha-hydroxy propionate, benzonitrile and dipropylene glycol dimethyl ether.

Brief Description of the Drawings

10016] These and other features, aspects, and advantages of the present invention will
become better understood with regard to the following description, claims, and accompanying
drawings. It 1s to be noted, however, that the drawings illustrate only several embodiments of

the invention and are therefore not to be considered limiting of the invention’s scope as it can

admit to other equally effective embodiments.

6C
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[0017] FIG. 1 is a representation of an apparatus for use with the procedures of ASTM-

D3230.

[0018] I'IG. 2 1s a representation of an embodiment of the present invention.

Detailed Description

[0019] While the invention will be described in connection with several embodiments, it will
be understood that it i1s not intended to limit the invention to those e¢mbodiments.. On the
contrary, it is intended to cover all the alternatives, moditications and equivalence as may be

included within the spirit and scope of the invention defined by the appended claims.

[0020] The various embodiments of the present invention provide a stable solvent which
advantageously avoids the problems associated with solvents used in ASTM D3230,
discussed earlier in the Background section. Since the solvents described herein have an
improved stability, repeatability and accuracy of the measurements are improved, as well as

improved ability to store larger amounts of the solvents. Additionally, the solvents used in

accordance with various embodiments of the present invention are less toxic than those used

in ASTM D3230, and therefore, provide reduced health and safety risks.

[0021] In certain embodiments of the present invention, the method can be praéticed In a
continuous mode. Additionally, less equipment can be used with the elimination of a multi-
solvent system, thereby providing additional capital expenditure savings. Additionally, as
only one single solvent is used at r;:me time¢ in embodiments of the preseni invention, the
logistics -and operating expenditures are significantly reduced as compared with the three-
solvent system described in ASTM D3230. Furthermore, ASTM D3230 uses two polar
solvents, which must be in precise prﬁﬁoﬂions, to disperse the crude oil sample
homogeneously in a single phase. Xylenes are then added to dissolve any considerable

amounts of asphaltene material present, In one embodiment of the present invention, a single
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solvent is used that is capaﬁle of solubilizing both water and hydrocarbons in a single phase.
The method as taught in ASTM D3230 uses xylenes to solubilize the crude oil components.
- However, xylenes are relatively insoluble in water. Likewise, butanol and .methanol are
~ soluble in water, but not in oil. Howevef, the alcohols are able to dissolve xvlenes, along

~with anything that 1s already dissolved i the xylenes. As such, the solvents taught in ASTM

D3230 are not operable to dissolve both oil and water components in their individual
capacities. In embodiments of the present invention, however, the solvent is selected such
that it has the proper solubility in crude oil and is polar, such that the solvent can bring the

crude o1l and water into one phase. In one embodiment, the water includes produced water.

[0022] FIG. 1 represents a general setup for an apparatus that is in accordance with ASTM
33230, In FIG, 1, there are three storage cohtainers, Xylenes storage 10, alcohol-mixture
storage 20, and naphtha storage 30. The xvlenes and alcohol-mixture (which includes
methanol and butanol} are introduced into 'homogenized mixture container 40 via lines 12 and
22, respectively, Contfol valves .15 and 23 are used to help control the fiow of each solvent,
A precise amount of crude oil sample 1s introduced into' homogenized mixture container 40
via 1ine,-3 8, and 1s controlled by control yalve 45 Once all of the liquids are present, the
solution is then mixed to form a homogenized mixture. A pair of electrodes. 50 and
temperature sensor 60 is inserted intol nomogenized mixture container. Pair of electrodes SOI
and temperature sensor 60 is in communication with computer 70. In ASTM D3'230,

Naphtha 1s used to rinse the electrodes following a test. Naphtha is delivered to the pair of

electrodes 50 via line 32 by opening control valve 35.

[0023] F1G. 2 represents an embodiment of the present invention. In FIG. 2, solvent storage
110 replaces the three storage containers (10, 20, 30) from FIG. 1. Similarly, control valve

115 has replaced the need for the three control valves 15,25, 35 of the previous set-up. Thé
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crude o1l sample 15 introduced mto homogenized mixture container 40 via line 38, and is
contfolled by control valve 45. Once the crude o1l and solvent are introduced into
homogenized mixture contamner 40, the solution is then mixed to form a homogenized
mixture, A pair of electrodes 50 and temperature sensor 60 is inserted into homogenized
mixture container. Pair of .el'ectrodes 50 and temperature sensor 60 1s In cbmmuuication with
computer 70. Computer 70 contains data that is used to back calculate the salt concentration

of the ¢crude oil sample based on the temperature and conductivity measurements taken.

[0024] Those of ordinary skill in the art will readily understand that new calibration curves
should be made for each solvent used, such that when a conductivity reading and temperature

reading are taken, computer 70 can calculate the salt concentration in the crude sample.
Calibration Method

[0025] Calibration solutions were prepared in conformance with ASTM D3230 standards. In
one embodimem, N-methyl-2-pyrrolidone (NMP) was used as the solvent. 15 mi. of NMP
was adde‘d into a .dry, 100-ml. graduated,; glass-stoppered nﬁxing cylinder. 10 mL of neutral
oil was added into thé 100-mL graduvated cyliﬁder using a 10 mL graduated cylinder. The 10
ml. graduated cylinder was rinsed with NMP until free of oil. NMP was added until there
~ was 50 mL of the solution. The mixing cylinder was stoppered and shaken vigorously for
approximately 1 minute. In accordance with Table I, a quantity of dilute mixed salts solution

was added that is appropriate to the range of salt contents to be measured.
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Table 1: Standard Samples
Salt - Mixed Salts
(g/m3 of Crude Oj) | {p/1000 ';?I'}"fc""de Solution (dilute), mL |
3 10 0.3
0 80 10
— o
S o = _
45 16.0 45
60 ) AR 6.0 _
— e -
90 31.0 9.5
115 400 - 12.0
L. A 51.0 150
180 | 66.0 - 20.0
215 75.0 225
- 245 86.0 255
290 101.0 ] 305
430 151.0 45.5

poured 1nto a dry test beaker.

allowed to dry,

10

- [0026] The NMP and crude oil mixture was then diluted to 100 mL with additional NMP.,
Again, the cylinder was shaken vigorously for approximately 30 seconds to effect solution,

and then the solution was allowed to stand approximately 5 min. The solution was then

[0027] A pair of electrodes was quickly placed into the solution m the beaker, making sure
that the upper edge of the electrode plates are below the surface of the solution. The voitage
was adjusted to a series of values, with the current and voltage being recorded. The

electrodes were then removed from the solution, rinsed with NMP, followed by naphtha, and

The above pmcedure was repeated using other volumes of mixed salts solution (dilute

solution) as needed to cover the range of chloride contents of interest. In order to develop the
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calibration curve, the value obtained for the blank measurement was subtracted from the

indicated current readings of each standard sample.
Eiperimental results

[0028] In onc cmbodiment, the three solvents were replaced with a single solution of N-

methyl-l—pyrrolidone (NMP). The physical properties of NMP are summarized in Table 2:

‘Table 2: Physical Preperties of NMIP

Boiling Point (760 mm Hg) 204.3 °C

_ Freezing Point (760 mm Hg) -236°C
~ Flash Point (ASTM-D 93-72) 91 °C
_Ignition Temperature (ASTM-D 286-58 T) | 270 °C

[0029] Various salt concentrations were created in conformance with the calibration
procedure outlined above. Equation 1 below represents an equation of the conductivity as a

function of temperature and salt concentration for various mixtures of NMP and crude oil:

Conduciivity = a + b * SaltConcentration +e*T

[0030] Additionally, embodiments of the present invention can also increase electrometric
measurcment accuracy by increasing the fraction of crude in the tested solution, which also
results in reducing overall consumption of the solvent. In one embodiment, the crude content

can be mcreased to 30% by volume of the homogenized mixture, as opposed to the 10%

suggested by ASTM 53230.

[0031] Similar results as shown above with regards to NMP were found when using the
following solvents: ethyl alpha-hydroxy propionate (VERTECBIO BEL'™), benzonitrile, and
dipropylene glycol dimethyl ether (DPGDME). A non-exhaustive list Of solvents that are

usetul is shown in Table 3.
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Table 3: Non-exhaustive List of Solvents with their Physical Properties

Sokvent Name P?i‘:}:tlizr’%j) Flash Point ("C)
. "'i';af-giahexyldmpyrrolidone 154 141
~ 1-Octyl-2-pyrrolidone 171 142
1-Dodecyl-2-pyrrolidinone : 202 113
Diethylene glycol monobutyl ether | 225 90
Triethylene glycol monobutyl ether | 265-300 144
~ Ethylene glycol butyl ether 1_70 N 67
Propylene glylbblul':;l:&;lmether | 170 59
Di(propylene glyc:;)l) butyl ether, mixture of 795 96
|SOMmers -
~ Propylene glycol propyl_et_hé;‘ | 140-160 48
 Tripropylene glycol 273 113
Diethylene glycol monoetl{;i.étml.ler 202 06

[0032] While the invention has been described in conjunction with specific embodiments
thereof, it is evident that many éltematives, modifications, and variations will be apparent to
those skilled in the art i light of the foregoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations as fall within the spirit and broad
scope of the appended dlaims. The present invention may suitably comprise, consist or

consist essentially of the elements disclosed and may be practiced in the absence of an

element not disclosed.



WHAT IS CLAIMED IS:

]. A method for determining a salt concentration of a crude oil, the method

comprising the steps of:

introducing a volume of the crude o1l to a mixing zone, the crude oil having salt and

water;

introducing a volume of a solvent to the mixing zone, wherein the solvent has a normal

boiling point higher than ambient air temperature and comprises a single solvent that solubilizes

both water and the crude o1l into a single phase;

mixing the crude oil and the solvent to form a homogenized mixture;

taking a temperature measurement of the homogenized mixture using a temperature

Sensor;

taking a conductivity measurement of the homogenized mixture using a pair of

electrodes;

determining the salt concentration of the homogenized mixture based on the temperature
measurement and the conductivity measurement of the homogenized mixture; and

determining the salt concentration of the crude oil based on the salt concentration of the
homogenized mixture, the volume of the crude oil, and the volume of the solvent, wherein the
single solvent 1s one selected from the group consisting of NMP, ethyl alpha-hydroxy

propionate, benzonitrile, and dipropylene glycol dimethyl ether.

2. The method as claimed in claim 1, wherein the solvent has a normal boiling point

above 140° C.

3. The method as claimed in claim 1, wherein the solvent has a Relative Energy

Ditference value with the crude oil of less than 1.0.

4, T'he method as claimed in claim 1, wherein the step of determining the salt

concentration of the homogenized mixture further comprises the steps of:

obtaining a calibration curve of conductivity as a function of temperature for a known

mixture, the known mixture having a known salt concentration, and comparing the conductivity
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of the homogenized mixture against the calibration curve to determine the salt concentration of

the homogenized mixture.

5. The method as claimed 1n claim 1, wherein the method is operable to determine

salt concentrations of the crude o1l in a range from 0 to 50 pounds of salt per thousand barrels of

o1l.

6. The method as claimed in claim 1, wherein the method is conducted in an

industrial environment.

7. The mcthod as claimed 1n claim 1, wherein the method is conducted offshore.

8. The method as claimed 1n claim 1, wherein the solvent comprises an absence of

an alcohol or xylene.

9. The method as claimed in claim 1, further comprising sending a warning signal to

an operator if the salt concentration of the crude oil is above a threshold value.

10.  The method as claimed in claim 9, wherein the threshold value is 10 pounds of

salt per thousand barrels of o1l.

I1.  The method as claimed in claim 1, wherein the step of taking a temperature
measurement of the homogenized mixture using a temperature sensor includes more than one
temperature measurement, wherein the step of taking a conductivity measurement of the

homogenized mixture using a pair of electrodes includes more than one conductivity

measurement.

12. The method as claimed in claim 11, further comprising the step of cleaning the

pair of electrodes between successive conductivity measurements.

14

CA 2834572 2017-06-09



13.  The method as claimed in claim 12, wherein the step of cleaning the pair of
electrodes between successive conductivity measurements comprises washing the pair of
electrodes with a fluid, wherein the fluid is selected from the group consisting of the solvent, a

second solvent, the crude oil, and combinations thereof, wherein the second solvent is not the

same as the solvent.

14, An apparatus for determining a salt concentration of crude oil, the apparatus
comprising:

a pair of electrodes adaptable for insertion into a homogenized mixture container,
wherein the homogenized mixture container is configured to hold a homogenized mixture,
wherein the homogenized mixture comprises crude oil and a solvent, wherein the crude oil
contains salt and water, wherein the solvent comprises a single solvent that solubilizes both
water and the crude oil into a single phase, and wherein the pair of electrodes are configured to
measure the conductivity of the homogenized mixture;

a solvent storage container for storing the solvent, wherein the solvent storage container
1s 1n fluid communication with the homogenized mixture container:

a power source 1n electronic communication with the pair of electrodes for providing a
voltage to the pair of electrodes;

a temperature sensor for measuring the temperature of the homogenized mixture;

a computer defining a signal processing device having non-transitory computer memory,
the computer in electronic communication with the pair of electrodes and the temperature sensor

such that the computer is configured to receive measured data from the pair of electrodes and the

temperature sensor;

data stored on a readable medium, wherein the data comprises conductivity values,
temperature values, and corresponding salt concentrations for a known mixture; and

a program product stored in the non-transitory computer memory, the program product

composed of instructions executable for:
(1) comparing the measured data from the pair of electrodes and the temperature
sensor with the data stored on the readable medium;

(2)  determining the salt concentration of the homogenized mixture; and
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(3) determining the salt concentration of the crude oil based upon the relationship of
volume of solvent, volume of crude oil, and the salt concentration of the
homogenized mixture;

a display device 1n electronic communication with the computer, wherein the display

device 1s configured to receive the salt concentration of the homogenized mixture and the salt

concentration of the crude oil mixture from the program product and display said salt

concentrations in a readable form,

wherein the single solvent 1s selected from the group consisting of NMP, ethyl alpha-

hydroxy propionate, benzonitrile and dipropylene glycol dimethyl ether.

15.  The apparatus for determining a salt concentration of crude oil as claimed in
claim 14, wherein the apparatus is configured to detect salt concentrations of crude oil in a range

from 0 to 50 pounds of salt per thousand barrels of oil.

16.  The apparatus for determining a salt concentration of crude oil as in claim 14,

wherein the apparatus 1s located in an industrial environment.

17.  The apparatus for determining a salt concentration of crude oil as in claim 14,

wherein the apparatus is located offshore.
18.  The apparatus for determining a salt concentration of crude oil as claimed in
claim 14, further comprising a warning signal that alerts an operator if the salt concentration of

the crude oil is above a threshold value.

19.  The apparatus for determining a salt concentration of crude oil as claimed in

claim 18, wherein the threshold value is 10 pounds of salt per thousand barrels of oil.

20.  The apparatus for determining a salt concentration of crude oil as claimed in
claim 14, further comprising a flow controlling means that is configured to introduce the crude

oll and the solvent continuously into the homogenized mixture container.

16

CA 2834572 2017-06-09



21.  The apparatus for determining a salt concentration of crude oil as claimed in

claim 20, turther comprising one or more flow meters for measuring the flow of the crude oil and

solvent.

22.  The apparatus for determining a salt concentration of crude oil as claimed in
claim 21, wherein the flow of the crude oil and the single solvent is measured by the one or more
flow meters and controlled by the flow controlling means to ensure proper flow rates of the crude

oil and the solvent are introduced to the homogenized mixture container.

23. A method for determining a salt concentration of a crude oil, the method
comprising the steps of:

introducing a volume of the crude oil to a mixing zone, the crude oil having salt and
water;

introducing a volume of a solvent to the mixing zone, wherein the solvent has a normal
boiling point higher than ambient air temperature and comprises a single solvent that solubilizes
both water and the crude oil into a single phase, wherein the volumetric ratio of the single
solvent to the crude oil in the mixing zone is 70% /30%:;

mixing the crude o1l and the solvent to form a homogenized mixture;

taking a temperature measurement of the homogenized mixture using a temperature
SeNsor;

taking a conductivity measurement of the homogenized mixture using a pair of
electrodes;

determining the salt concentration of the homogenized mixture based on the temperature
measurement and the conductivity measurement of the homogenized mixture; and

determining the salt concentration of the crude oil based on the salt concentration of the

homogenized mixture, the volume of the crude oil, and the volume of the solvent.
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