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The effectiveness of chemicals used in the process of transmitting
crude oil from the well to the processing plant

Efektywnos¢ srodkow chemicznych stosowanych w przesyle ropy naftowej z odwiertu do
instalacji procesowych

Dariusz Beben

Oil and Gas Institute — National Research Institute

ABSTRACT: Chemicals are added to crude oil to ensure that it flows from the well to the processing plant. Depending on the composi-
tion of the reservoir fluids being extracted (crude oil, reservoir water, natural gas), paraffin may be separated from the crude oil, hydrates
may be formed from reservoir water and natural gas, and the combination of reservoir water and crude oil may form an emulsion.
Those situations should be avoided to ensure continuous flow from the wellbore to the processing plant. To this end, chemicals, paraf-
fin inhibitors, hydrate inhibitors, and demulsifiers are used. Based on the literature on the subject and on the author’s own experience
from observing technological processes, research methods were proposed to assess the effectiveness of chemicals used to ensure the
continuity of crude oil flow. The crude oil selected for the tests was characterised by a high content of paraffins, asphaltenes, chloride
ions, and water. To determine the onset of paraffin precipitation, tests were conducted based on a change in viscosity and a coupon
method — determining the weight gain on a coupon to check the effectiveness of a paraffin inhibitor. The rate of emulsion separation
was evaluated in separating funnels. The water released from crude oil often leaches the salt contained within it. Various demulsifiers
were used to investigate the separation of emulsions and the purification of oil from salts; silicone demulsifiers in particular were
considered. To determine the change in the amount of salt in crude oil, a conductometric measurement was performed. The amount of
demulsifier used for phase separation was determined by changing the surface tension. The proposed solution for the use of chemicals
to transport and purify crude oil yields tangible economic benefits. The article summarises the research procedures and presents the
results for selected crude oil and chemicals.
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STRESZCZENIE: Dodawanie $rodkow chemicznych do ropy naftowej ma zapewni¢ jej przeptyw miedzy odwiertem a urzadzenia-
mi procesowymi kopalni ropy naftowej. W zaleznosci od sktadu wydobywanych ptynoéw ztozowych (ropa naftowa, woda ztozowa,
gaz ziemny) z ropy naftowej moze wydziela¢ si¢ parafina, z wody zlozowej i gazu ziemnego moga powstawac¢ hydraty, a z potacze-
nia wody ztozowej i ropy naftowej moze powstawac emulsja. Aby zapewni¢ cigglos¢ przeptywu z odwiertu do instalacji procesowych,
nalezy stosowa¢ §rodki chemiczne przeciwdziatajace tym zjawiskom: inhibitory parafinowania, inhibitory hydratéw i demulgatory.
Na podstawie doniesien literaturowych oraz wlasnych doswiadczen opartych na obserwacjach proceséw technologicznych w instala-
cjach procesowych — zaproponowano metody badawcze w celu oceny efektywnosci srodkow chemicznych stosowanych do zapew-
nienia cigglosci przeptywu ropy naftowej. Do badan wybrano ropy naftowe, ktore cechowaty si¢ duzg zawartoscia parafin, asfaltenow,
jonow chlorkowych oraz wody. W celu okreslenia poczatku wytracania parafiny przeprowadzono badania oparte na zmianie lepkosci.
Metodg kuponowa okreslono przyrost masy na kuponie dla sprawdzenia skutecznosci inhibitora parafiny. Szybko$¢ rozdziatu emulsji
oceniono w szklanych rozdzielaczach. Wydzielajaca si¢ woda z ropy naftowej niejednokrotnie wymywa sol w niej zawartg. Do badan
rozdziatu emulsji i oczyszczania ropy z soli uzyto roznych demulgatorow jonowych i niejonowych, a w szczegdlnosci zwrdcono uwa-
ge na silikonowe demulgatory. W celu okreslenia zmiany ilo$ci soli w ropie naftowej zastosowano pomiar konduktometryczny. [lo$¢
uzytego demulgatora do rozdziatu faz okre$lono za pomoca zmiany napigcia powierzchniowego. Zaproponowane rozwigzania uzycia
srodkow chemicznych do transportu i oczyszczania ropy naftowej przynosza wymierne skutki ekonomiczne. W artykule zebrano pro-
cedury badawcze oraz przedstawiono wyniki badan dla wybranych wysokoparafinowych rop naftowych oraz srodkéw chemicznych.

Stowa kluczowe: transport ropy, inhibitory parafiny, demulgator, usuwanie soli z ropy.
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Introduction

The process of separating paraffin from reservoir fluids,
particularly during the flow of crude oil from a well to a pro-
cessing plant, is often the reason for interrupting extraction
(Pauly et al., 2004). To prevent this, paraffin inhibitors are
applied (Guo at al., 2004; Jang et al., 2007; Jafari et al., 2013;
Chi et al., 2017). When developing a laboratory test programme
to assess the effectiveness of inhibitors in preventing paraffin
precipitating from crude oil whilst flowing, it is necessary to de-
termine the deposition conditions of the temperature-dependent
solid phase (wax appearance temperature [WAT]) (Pedersen
and Renningsen, 2003; Kelland, 2009; Japper-Jaafar et al.,
2016). Establishing the temperature at which the first paraffin
crystals begin to appear under given conditions is necessary
in order to determine the effectiveness of the paraffin inhibitor
and the amount required (Beben, 2010).

High-molecular-weight paraffin containing 18 to 60 carbon
atoms per molecule is the main issue when paraffin crude oil is
transferred through a pipeline. Crude oil is a mixture of paraf-
fins, aromatic compounds, naphthenics, asphaltenes, and resins
(Ribeiro et al., 1997; Loskutova et al., 2015). High-molecular-
weight paraffins (linear chain n-paraffin and branched chain
paraffin isopine) and asphaltenes are mainly responsible for
the issues related to ensuring flow during transfer (De Souza
Mendes and Thomson, 2012). During the flow of crude oil, the
pressure and temperature change; the paraffin molecules then
crystallise into solids, which build up in larger agglomerates,
adhering to the pipeline walls and reducing the flow (Tinsley
and Prud’Homme, 2010). The formation of paraffin crystals
occurs in three stages: 1) nucleation — the formation of small
particles of crystallised material from which the first paraffin
crystals will grow; 2) growth — the transport of solution mass
towards the nuclei formed during the nucleation stage; 3) ag-
glomeration — the formation of the growing crystals into larger
crystals (Vieira, 2008).

The process plant inlet temperature is usually much lower
than that of the production well. Paraffin crude oil which is
below the paraffin precipitation temperature stops flowing in the
pipeline (ElI-Gama, 1998). Therefore, in order to allow paraffin
crude oil to flow, inhibitors are used to lower its solidification
point (Pedersen and Renningsen, 2003; Vieira, 2008).

Crude oil is extracted with highly mineralised reservoir
water; therefore, it contains large amounts of salt in the form
of stable emulsion and colloidal crystals (<1 um). Separating
the brine from the crude oil results in difficulties, particularly
when it forms stable emulsions, stabilised by asphaltenes,
resins, and water-insoluble salts from the crude oil. Saline
crude oil poses a significant technical and economic challenge,
as oil in such a form is highly corrosive to the equipment
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used in refineries, such as distillation towers, heat exchang-
ers, or condensers; thus, such oil has a low market value.
Depending on the stability of the emulsion, it is separated
in separators and heated to a temperature of about 50-60°C
and the emulsion is broken in high-speed centrifuges or in
an electric field. The latter method is the most effective. It is
based on the presence of electric charges on the surface of
the emulsion droplets.

These emulsion separation processes can be accelerated by
using an appropriate demulsifier. Demulsifiers are surfactants
which reduce the surface tension at the crude oil-water molecu-
lar interface. For the separation of such an emulsion, non-ionic
surfactants with both lipophilic and hydrophilic groups are
mainly used.

Simple methods are known for dosing the demulsifier into
the reservoir fluid at the wellhead zone to the pipeline, after
pressure reduction, where the reservoir fluid whilst flowing
through the pipeline achieves an appropriate contact time of
the reservoir fluid—demulsifier interface, followed by the water
phase separation together with contained salts in a separator
(Begben, 2010). By so doing, crude oil’s salinity can be reduced
to less than 10 mg/dm?, while requires 35 mg/dm”.

Samples and methods

Study material
Crude oil from wells in the north-west of Poland (A-1, A-2,

and A-3) were selected for the study.

The paraffin inhibitors and demulsifiers tested were as
follows:

* AS50 ion paraffin inhibitor containing polyolefin copolymer,
ethylene glycol, potassium oil, and vinyl acetate.

* A10 non-ionic paraffin inhibitor containing ethylbenzene,
xylene, benzene sulphonic acid, C,, aromatic hydrocar-
bons, naphthalene hydrocarbons, C,,~C,, n-alkanes, and
didecyl dimethyl ammonium chloride.

*  Demulsifier A: block copolymer, ethylene, and propylene
oxide + acid and amine derivatives, (amine salts) non-ionic
+ ionic at a ratio of 50%:50% (m/m).

» Demulsifier B: silicone oil dissolved in aliphatic hydrocar-
bons at a ratio of 50%:50% (m/m).

* Demulsifier C: silicone oil dissolved in toluene + acid and
amine derivatives. This chemical is prepared at Oil and Gas
Institute — NRI. It is a demulsifier based on a typical emul-
sifier for preparing silicone emulsions with added acid and
amine derivatives (the emulsifiers have hydrophobic and
hydrophilic parts in their structures. The hydrophobic part
is orientated towards polydimethylsiloxane, a component
of silicone oil, and the hydrophilic part towards water).
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Table 1. Physiochemical properties of crude oil samples

Tabela 1. Whasciwosci fizyko-chemiczne probek ropy naftowe;j

Well Designation Unit A-1 A-2 A-3
Density g/cm’ 0.812 0.809 0.797
Water cont. Yool 0.670 0.210 0.205

Cr mg/dm® | 138.10 120.10 158.40
Viscosity mPa-s | 34.700 13.400 6.89
Paraffin Yo 7.100 5.500 2.200
Oils Yot 49.300 50.200 22.400
Resins Yo 3.900 3.300 1.200
Asphaltenes Yot 2.600 0.700 0.550
Mechanical impurities | mg/dm’ 0.292 0.151 0.111

Table 2. Composition of reservoir waters accompanying the crude oil

Tabela 2. Sktad wdd ztozowych towarzyszacych ropie naftowej

As the temperature drops below the paraffin precipita-
tion point, a suspension appears in the crude oil, the fluid
becomes non-Newtonian, and the dependence of viscos-
ity on temperature loses its linear character. This viscosity
curve deflection is used to identify the paraffin precipitation
temperature. The point of the curve deflection in the viscos-
ity—temperature relationship determines the temperature at
which paraffin precipitation begins. In order to observe the
changes in viscosity, it is necessary to precipitate a certain
number of paraffin particlesl thus, slightly lower results are
obtained with this method. All the resulting paraffins contain
an equal number of individual molecules (homodispersity). In
fact, the transition from single molecules to deposits occurs

in a certain quantity range, so the physical
properties do not change abruptly near the
WAT. As mentioned before, the usefulness

In the crude oil from well A-1in the north-west of Poland,
the paraffin content was determined to be approximately 7.1%,
which can cause some difficulties related to the separation of
paraffin-asphaltene deposits during the process of extraction
and transfer through pipelines.

Viscosity test to determine the temperature
at which paraffin deposits separate from crude oil
(wax appearance temperature [WAT])

In order to determine the temperature at which paraffin
deposits begin to separate from crude oil (WAT), the method
of viscosity change vs temperature was adopted. A set of linear,
logarithmic, polynomial, and exponential functions was anal-
ysed, out of which the most relevant is the linear function that
best reflects the properties of the paraffin precipitation point.
It is assumed that for Newtonian fluids, the viscosity log p re-
mains in a linear relationship to the inverse of 1/T temperature
according to the Arrhenius equation (Hamouda 1993):

u=CexpEJ/RT (1)

where:

C - constant dependent on entropy stimulating the flow,
E, — activation energy in J/mol,

R —universal gas constant, 8.314 J/mol-K; and

T —temperature in K.
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Densit Ton content [g/dm’] of the chosen measurement method also
y .
Well Jem® pH depends on the quantity range of separated
[g/em’] Ca Mg > K cr HCO; .

paraffin particles below and above WAT at
Al 1183 6.00 | 21.500 1.87 4.80 170 3.57 which the measurements were performed.
A2 1110 6.60 9.16 2.30 320 131 7.23 If the resulting points lie on straight lines,
A-3 1.268 5.20 33.90 47.80 10.00 255 1.79 the WAT measurement will be clearly vis-

ible where straight lines going through the
points intersect. In the study, straight lines described by the
y=ax+b equations were drawn through the measurement
points, and the point of intersection determined the minimum
temperature of paraffin precipitation, and thus the minimum
dose which will prevent paraffin formation.

The point at which the straight line reflecting rapid changes
in viscosity values is determined by WAT can be found as
follows:

If the straight-line equation for rapid changes takes the
form of

n=ax+b, (2)
and the straight-line equation for slow changes takes the form of
n=ax+b, 3)

then the two lines intersect at the point corresponding to the
separation of paraffin, which was calculated from the formula

“)

The crude oil was prepared for the study by preheating
it to evaporate hydrogen sulphide (H,S) and leaving the oil
for several hours to stabilise under atmospheric conditions
at ambient temperature. It was then subjected to tests which
characterise the changes in viscosity with temperature at differ-

WAT = (b,— b))/ (a, — a,)

ent shear rates. A Brookfield DV-II + Pro viscometer was used
to measure crude oil viscosity at a given temperature (using
a Huber CC705 thermostat) at different shear rates.



Paraffin separation test (coupon method)

This test consists in assessing the effectiveness of the paraf-
fin inhibitor using the coupon method to determine the mass
gain on a coupon.

The crude oil was preheated to 60°C before adding the in-
hibitor. After reaching this temperature, 80 ml of crude oil was
poured into a 100 ml flask. The paraffin inhibitor was then dosed
so as to achieve the following concentrations: no inhibitor or
500, 1000 and 1500 mg/kg. Three crude oil samples were tested
for each concentration of paraffin inhibitor. Then, a previously
weighed metal plate measuring 68 x 18 x 1 mm was immersed
in the oil. The plate was fixed so as to be fully immersed in the
middle of the liquid. The kit prepared in this fashion was left in
the laboratory at 20°C for 24 hr. After that time, the plate was
removed and allowed to drain for 15 min and then weighed.
The result of the test is the difference in weight of the metal
plate immersed in crude oil without the paraffin inhibitor and
with the concentrations of the inhibitor being tested.

Selection of surfactants in the process of crude oil
purification from water and chlorides

There are numerous ways to carry out the separation of
crude oil vs. reservoir water phases. The most cost-effective one
is to add surfactants to reduce surface tension at the phase inter-
face, the goal of which is to cause water molecules to aggregate
into larger molecules, followed by deposition (Saad et al.,
2019). The purpose of adding chemicals is to accumulate
molecules at the phase interface in order to change the proper-
ties of the fluid. The action of chemicals has been described in
many publications and depends on many factors (composition
of crude oil, amount of water, temperature, type of chemical
used, time, and pH) (Rondon et al., 2006; Pereira et al., 2011;
Balsamo et al., 2015; Hajivand and Vaziri, 2015). Therefore,
tests should be carried out to separate the emulsion.

Surfactants added to crude oil containing reservoir water at
a concentration higher than the critical micellar concentration
are divided between crude oil and reservoir water reaching
equilibrium, while excess compound forms micelles. Note that
surfactants in excess in micelles can change critical micellar
concentration. The “P” partition coefficient is determined
by measuring the critical micellar concentration of CMC
(Nakada et al., 2010; Hutin et al., 2016).

Having read the literature, the author decided to study the
water—crude oil partition coefficient depending on the type and
concentration of the surfactant using the PAT-1 tensiometer by
changing the surface tension of a droplet. The test allows the
researcher to select the critical demulsifier concentration. Crude
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oil contains a number of compounds which affect the action of the
surfactant, so it is difficult to calculate the partition coefficient and
it seems justified to determine that value experimentally. Crude oil
from the Polish Lowlands was selected for the study. Considering
the effect of the demulsifier concentration on that coefficient, it
was decided to carry out tests at various concentrations.

The conductometric method for the determination of chlo-
rides in crude oil consists in reading the potential difference
on two flat metal electrodes immersed in crude oil, with given
known parameters, in accordance with the standards (ASTM D
3230). With the use of the Petrotest 2100 apparatus the salinity
in crude oil and in hydrocarbon condensate in concentrations
ranging from 0 mg/dm’ to 2.850 mg Cl/dm’ can be determined.

Results

The temperature at which the precipitation of paraffin de-
posits from reservoir fluids (WAT) begins must be known in
order to determine the optimal method for the given conditions
to counteract the formation of solid paraffin particles block-
ing the flow of reservoir media. During the precipitation of
paraffins, the particles are dispersed in crude oil and appear in
a non-crystalline semi-solid phase. Consequently, the suspen-
sion appears in the crude oil volume, increasing its viscosity.

Viscosity tests to determine the temperature
of the beginning of paraffin deposit precipitation
from crude oil (WAT)

The purpose of this study is to evaluate and compare three
types of crude oil, with high and low paraffin contents, by mea-
suring the crystallisation temperature and changing viscosity
vs. temperature (Figures 1-3).

In order to assess the effectiveness of paraffin inhibitors for
selected groups, their action was studied by determining the
change in viscosity as a function of temperature. The crude oil
samples differed as to the temperature of paraffin precipitation.
Crude oil A-1 had a temperature of 21.8°C, crude oil A-2 was
19.3°C, and crude oil A-3 was 13.5°C. The test was designed
to check by how many degrees centigrade the paraffin crystal-
lisation temperature was lowered. The results demonstrated that
the non-ionic A10 inhibitor lowered the paraffin precipitation
temperature the most for the tested crude oils. For A-3 crude
oil, it was able to lower it by 8.3°C and for A-1 oil by 6.1°C.
The tests are summarised in table 3. These studies show that
a non-ionic inhibitor reduced the viscosity of the crude oil
types tested. It is a relatively important indicator, as the less
viscous the oil is, the smaller the pressure drops are in transfer.
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Fig. 1. Determination of the temperature at
which paraffin begins to be released from
the crude oil sampled from well A-1, based
on the logarithmic viscosity curve deflection
vs the inverse temperature

Rys. 1. Okreslenie temperatury poczatku
wydzielania si¢ parafiny z ropy naftowej po-
branej z odwiertu A-1 w oparciu o zjawisko
zatamania si¢ krzywej logarytmicznej lepko-
sci w funkcji odwrotnosci temperatury

Fig. 2. Determination of the temperature
at which the paraffin begins to be released
from the crude oil sampled from well A-2,
based on the logarithmic viscosity curve
deflection vs the inverse temperature

Rys. 2. Okreslenie temperatury poczatku
wydzielania si¢ parafiny z ropy naftowej po-
branej z odwiertu A-2 w oparciu o zjawisko
zatamania si¢ krzywej logarytmicznej lepko-
sci w funkcji odwrotnosci temperatury

Fig. 3. Determination of the temperature at
which paraffin begins to be released from
the crude oil sampled from well A-3 based
on the logarithmic viscosity curve deflection
vs the inverse temperature

Rys. 3. Okreslenie temperatury poczatku
wydzielania si¢ parafiny z ropy naftowej po-
branej z odwiertu A-3 w oparciu o zjawisko
zatamania si¢ krzywej logarytmicznej lepko-
sci w funkcji odwrotnosci temperatury



Table 3. Determination of the temperature where paraffin precipitates from crude oil with the

addition of different amounts of paraffin inhibitor

Tabela 3 Okreslenie temperatury wytracania parafiny z ropy naftowej z dodatkiem roznej

ilo$ci inhibitora parafinowania
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In aqueous micellar solutions, the pres-
ence of organic components can affect
the structure of the micelles’ incorpo-
ration between the molecules, which

Inhibitor 500 mg/kg 750 mg/kg 1000 mg/kg 1500 mg/kg form micellar aggregates. The demul-
Crud ‘[V‘éT [°C] [°C] [°C] [°C] sifiers, as organic substances, then act
rude | [° . .
oil A10 | As0 | A10 | Aso | a10 | Aso | A10 | AS0 as co-.surfactants. The.lncorpora-tlon of
chemical compounds into the micelles’
A-1 21.8 21.3 21.2 20.1 20.5 18.8 19.5 15.1 16.2 .
structure may cause a change in CMC.
A-2 19.3 18.8 19.0 17.9 18.5 15.8 16.8 13.1 14.2 .
In the first phase of the selection
A-3 13.5 12.1 13.0 11.2 12.3 8.8 10.5 5.2 7.1

Paraffin precipitation test (coupon method)

Table 4 shows the amount of protection in per cent from
paraffin precipitation depending on the amount of inhibitor
used. Test inhibitors reduced the amount of paraffin precipi-
tated on coupons. The general rule that can be noted here is
that the more paraffin crude oil contains, the more deposits
there are on the coupon. The non-ionic inhibitors also behaved
similarly. Inhibitor A10 was more efficient in protecting against
the formation of deposits than inhibitor A50. This test is quite
important because it can determine whether paraffin will be
released during transfer through a pipeline. The precipitated
paraffin can block the flow, so a properly selected inhibitor
should ensure continuity of flow from the well to the mine.

Table 4. Paraffin deposition test on coupons

Tabela 4. Test wytrgcania osadéw parafinowych na kuponach

Inhibitor | 55 ke | 1000 me/kg | 1500 mg/kg
Crude amount
e | % ||
o A50 2231 32.17 41.32
A10 2411 36.41 48.76
A50 1421 2135 28.07
A2 A10 14.99 25.54 36.76
N A50 3115 45.95 63.52
A10 32.57 46.41 64.06

Surface tension tests to determine the critical
concentration of demulsifiers (CMC)

For further study, the author selected crude oil from
well A-1, since that oil was rich in paraffins, asphaltenes,
chloride ions, and water.

Studies on the separation of emulsions using demulsifiers
were preceded by determining the effect of the extracted sub-
stances on the critical micellar concentration of demulsifiers.

of a surfactant for the purification of
crude oil from the Polish Lowlands,
the critical micellar concentration was determined for emul-
sions prepared with a 2%, 4%, and 6% brine content.

Figure 4 shows the relationships between surface tension
and the concentration of emulsion with the addition of the
demulsifier A.

eEmulsion 2% eEmulsion 4% e Emulsion 6%

Surface tension [mMN/m]
5

25

20
0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,010

Demulsifier concentration [mol/dm?3]
Fig. 4. Effect of brine concentration in emulsion on surface tension
depending on the concentration of demulsifier A

Rys. 4. Wplyw stgzenia solanki w emulsji na napigcie powierzch-
niowe w zaleznosci od stezenia demulgatora A

The emulsion was made from brine and crude oil from
well A-1. Noticeably, the surface tension changes the line
deflection point, when the demulsifier concentration changes,
shifting towards lower demulsifier concentrations for the in-
creasing brine concentration. The dependence of CMC values
(inflection point) read from this graph on the total concentration
of the demulsifier in the 4% emulsion is shown in Figure 6.
In the range of demulsifier concentrations studied, a decrease
in surface tension at the CMC point and a three-fold decrease
in the CMC value were observed. Figures 5 and 6 present
analogous relationships for demulsifiers B and C.

Based on Figure 6, it can be concluded that demulsifiers C
and B reduce the surface tension and CMC value more effec-
tively than demulsifier A. Figure 7 presents the critical micellar
concentration of the 4% emulsion of the concentration function
of the demulsifiers tested.
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Fig. 5. Effect of brine concentration in emulsion on surface tension
depending on the concentration of demulsifier B

Rys. 5. Wplyw stezenia solanki w emulsji na napigcie powierzch-
niowe w zaleznosci od st¢zenia demulgatora B
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Fig. 6. Effect of brine concentration in emulsion on surface tension
depending on the concentration of demulsifier C

Rys. 6. Wplyw stezenia solanki w emulsji na napigcie powierzch-
niowe w zaleznos$ci od stgzenia demulgatora C
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Fig. 7. Values of the change in surface tension (critical micellar
concentration) of the 4% emulsion vs the concentration of the
demulsifiers studied

Rys. 7. Wartosci zmiany napigcia powierzchniowego (krytyczne-
go stezenia micelarnego) emulsji 4% w funkcji st¢zenia badanych
demulgatorow
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Demulsifier C is also present at the interface between phases
and has a larger volume than demulsifiers A and B.

The tests also proved that the decrease in surface tension at
the CMC point for high concentrations of the tested demulsi-
fiers was low.

Studies of the emulsion—demulsifier relationship demon-
strated that the partition coefficient values when using demulsi-
fier can be defined as the quotient of equilibrium concentrations
in the crude oil phase and separated water.

The decrease in the partition coefficient is greatest when
dosing hydrophobic demulsifiers.

The factor which determines the ability for phase separation
are hydrophobic interactions between the demulsifier and water.

Based on the above tests, it can be concluded that demulsi-
fiers effectively reduce surface tension and that determining the
CMC values is possible. The CMC value obtained in the tests
confirms that the hydrophobic compound lowers the surface
tension value for ion demulsifiers more effectively.

After testing the emulsion separation, the chloride content
in the crude oils was checked.

An effective action of a demulsifier requires very good
mixing in the entire volume of oil so that the stage of emul-
sion destabilisation is significantly accelerated (Beben, 2018).
The process requires the use of a demulsifier which, in a given
highly dispersed medium, will reach the largest possible amount
of water particles contained in crude oil, causing those water
particles to aggregate in sizes at which gravity will overcome
the force holding them in suspension (emulsion), leading to
deposition.

The determination of chlorides in the crude oils under study
was carried out by means of the conductometric method for
chloride content measurement in petroleum selected previously
by the author (Bgben, 2011).

Determination of chlorides in crude oil
using demulsifiers

The positive results of the use of demulsifiers for phase
separation were the basis for basic laboratory tests to separate
the crude oil-reservoir water emulsion with a demulsifier.
Further testing in this study was aimed at determining the
suitability of surfactants for the purification of crude oil of
various compositions.

Standards with different chloride content were used at first
to document the correctness of individual control tests on the
ASTM D-3230 reference material.

In order to perform correct analyses, the apparatus was
calibrated using an external standard. In addition to that,
a mixture of alcohol solvents was used to reduce surface ten-



Table 5. Results of chloride content analysis in a 100.8 mg/dm”® standard

Tabela 5. Wyniki analiz zawarto$ci chlorkow we wzorcu 100,8 mg/dm’

artykuty

Table 6. Measurement of chloride content in the
tested crude oil types

. Tabela 6. Pomiar zawartosci chlorkow w badanych
No Measurement Standard deviation ropach naftowvch
’ [mg/dm’] (absolute value deviation) p y
Measurement Average
! . Crude oil
2 101.8 [mg/dm’] [mg/dm’|
3 100.5 138.2
4 100.4 A-1 138.1 138.1+£0.1
5 101.3 138.1
6 100.9 120.1
7 102.1 0.47 (0.466%) 120.0
A-2 120.1£0.2
8 101.6 120.2
9 100.9 294.4
10 101.9 158.3
11 101.1 A-3 158.4 158.4+0.2
12 100.2 158.5
13 101.8

sion and achieve homogeneity of the sample being studied.
In accordance with the recommendations of ISO procedures,
the verification of calibration curves and their correction was
performed using the standard ASTM D 3230. The calibration
curves are the mathematical relationships between the magni-
tude of the chloride determination signal processed by
the apparatus’ measuring system and the concentration
of chloride in the sample being tested. The results
obtained from the standard tests are summarised in
Tables 5 and 6. These tables summarise the average

the author decided to add ionic compounds to silicone emulsi-
fiers in order to form demulsifier C. As demonstrated in the
study, that demulsifier effectively separated water from crude
oil whilst reducing the chloride content in the tested petroleum
most effectively.

Table 7. Summary of chloride content measured in the tested emulsions
after using 0.00225 mol/dm’® of demulsifiers

Tabela 7. Zestawienie oznaczonych zawarto$ci chlorkow w badanych
emulsjach po uzyciu 0,00225 mol/dm’ demulgatorow

results of the measurements obtained, the standard Crude oil Emulsion | Demulsifier A | Demulsifier B | Demulsifier C
.. .o rudae ol
deviation calculated, and the absolute deviation from [%] [mg/dm’] [mg/dm’] [mg/dm?)]
the standard value. 2 60.2 55.8 58.1
The results obtained from testing various crude oil Aol 4 275 19.4 154
types are summarised in Table 6. 6 13.2 10.6 6.1
Table 7 summarises the determination of chloride 5 486 365 314
3 1 o o o
contegt in the te-stec.l emuls.lons of 2%, 4%, an.d 6% A 4 198 125 g8
water in crude oil using various types of demulsifiers. p 77 s 18
) The dc;lmuls1ﬁers h;d d1(1;t‘er§111t illegrees ﬁf separz;uon 2 574 615 181
etween the water an .c.ru .e oil phases, 2.1 owing o.r a A3 4 32 334 715
better degree of destabilisation and effective separation
6 41.2 10.5 2.0

of the emulsion. For all the crude oil types tested, it was
apparent that the amount of water in oil increases as the
chloride content in oil decreases. However, note that introduc-
ing an incorrect concentration of demulsifiers into the crude oil
may stabilise the emulsion or create a new type of emulsion that
may be difficult to separate (Zolfaghari et al., 2016). It should
be borne in mind that any salts contained in crude oil stabilise
emulsions (Fortuny et al., 2007; Moradi et al., 2011).

Silicone emulsifiers are intended to support the creation of
emulsions, which are used in the cosmetics industry. Therefore,

Conclusions

This article presents an overview of some methods generally
used for testing the temperature at which paraffin separation,
water separation from crude oil, or salt removal begin. The
impact of the use of surfactants on the precipitation of paraf-
fin or the purification of crude oil from water and the salts
contained was studied. In the research, the positive or negative
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impact of variables such as temperature, salinity, and paraffin
content on the process of transporting or purifying crude oil
were found. In all processes used in the petroleum industry
both efficiency and speed are essential, which is why the main
focus of why proposed is to select the best chemical agent to
ensure continuity of flow.

The results presented herein demonstrated that the non-ionic
A10 inhibitor lowered the paraffin precipitation temperature
the most for the crude oil types tested. For crude oil A-3, it
was able to reduce it by 8.3°C, and by 6.1° C for A-1. It also
reduced viscosity, which is an important parameter during
crude oil transfer through a pipeline.

The studies demonstrated that the non-ionic demulsifier
separates the crude oil-water phases better at lower concentra-
tions in comparison to the ionic demulsifier.

It was found that the silicone demulsifier with added ionic
compounds purified the tested crude oil from chlorides most
effectively, reducing their content from 158.4 mg/dm’ to
2.0 mg/dm’ in crude oil A-3 (low paraffin content). For a high
paraffin content in crude oil, demulsifier A-1 caused a reduc-
tion of the chloride content from 138.1 mg/dm’ to 6.1 mg/dm’.

The results of laboratory tests indicate that the use of a de-
mulsifier with a mixed composition of ionic and non-ionic
active agents is effective at removing chlorides from paraffinic
crude oil. Compared to the demulsifiers tested, the proposed
mixture of a demulsifier with added ionic compounds effectively
cleans crude oil from chlorides.

Laboratory research on the selection of chemicals affects
the efficiency of crude oil transport and they can be used dur-
ing the flow from the well to the processing plant. They help
ensure the continuity of flow of crude oil with a high paraf-
fin content, they improve the separation of water and, at the
same time, they clean salt from the oil. The solution of adding
chemicals for the transport and purification of crude oil has
tangible economic effects.
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