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The article is dedicated to the study of separate and joint impact of the magnetic field
and the addition of newly prepared composition on the rheological properties of high-
paraffin emulsion oil. The new composition has been prepared in a 1:1 ratio of Difron-
4201 to BAF-1 reagents under laboratory conditions. The sample taken from well number
208 of the SOCAR oil field has been used as high paraffin oil. Separate and joint impact
of the magnetic field and composition on the freezing temperature, effective viscosity
and amount of asphaltene-resin-paraffin deposits of high-paraffin oil has been studied. It
has been determined that the joint impact of the magnetic field and the addition of
composition on all three parameters is more effective that the use of a separate impact.
Thus, the separate action of magnetic field and composition resulted in reducing the oil
freezing temperature from +17°C to +4°C and +2°C, respectively, while the freezing
temperature of oil drops to —2°C under the joint impact. The effective viscosity of oil
under the impact of the magnetic field is 0.66 Pa-s; it is 0.44 Pa-s under the impact of the
addition of composition; and it is equal to 0.003 Pa-s under the joint impact. The separate
and combined impact of the magnetic field and the composition addition on the amount
of paraffin deposits have been studied by «coldfinger test>» method. It has been determined
that the effect of the magnetic field on paraffin deposits accumulated on the surface of
the coldfinger test is 52%, the effect of the composition addition is 74%, and the effect of
the combined impact is 90%.
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Introduction

Currently, the produced oils are very diverse in
terms of their physicochemical properties, such as
viscosity, amount of asphaltenes, resin and paraffins.
Therefore, oils are rheologically different and have
different freezing temperature [1—4].

The main objective in oil extraction and oil
refining processes is to develop technological processes
that will reduce energy loss and prevent additional
losses of hydrocarbon raw materials. Oils with
anomalous physicochemical properties involve
difficulties in the solution of these problems [5,6]. In
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this regard, studying the scientific basis of improving
the physicochemical and rheological properties of
anomalous oils with high paraffin and high freezing
temperature is of great importance. It is important to
create conditions for the economically efficient pipeline
transportation of oil and its scientific and technological
efficient transportation through pipelines. The proper
researches enable the safe transportation of oil through
pipelines [7—10].

Based on the above-mentioned works, one can
conclude that the studies on the impact of high paraffin
oils on oil characteristics and the improvement of
their rheological properties to successfully carry out
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the transportation process have not lost their relevance.
Facilitating the transportation of high viscosity oils,
reducing viscosity and increasing the transmission
capacity of oil pipelines are the important issues that
are constantly in the focus of attention [11,12].

In order to improve the transport properties of
high-paraffin oils, polymeric substances-additives are
widely used, which prevent the formation of a paraftin
space crystal lattice in the oil and, as a result, lower
the freezing temperature. Currently, there is no general
methodology for selecting the optimal additives for
any non-Newtonian oil. Since some of the additives
lower the freezing temperature, some lower the static
viscosity, and some lower the dynamic viscosity, it is
impossible to determine which of them is better. The
selection of the additive and adjustment of its
concentration are conducted experimentally [13—15].

Recently, the application of the magnetic field
jointly with other methods of impact has given effective
results. The application of the magnetic field partially
compensates for the role of chemical reagents, which
are expensive and rarely found. Thus, it is possible to
obtain the effect of a solid solution by magnetizing
solutions of low-concentrated and expensive reagents.
It should be noted that there are various scientific-
research and mining-testing works on increasing the
effect of various chemical reagents via the impact of
the magnetic field [16—19].

In this study, a new composition was prepared,
which reduces the consumption of expensive inhibitors
used against paraffin deposition and provides long-
term protection of equipment and the downhole
environment from asphaltene-resin-paraffin deposition
(ARPD). We present here the results of our study on
the separate and joint impact of magnetic field and
the addition of new composition on some rheological
properties of high paraffin oil.

Experimental

Physicochemical parameters of the oil sample
taken from well number 208 of SOCAR oil field on
May 28, 2022 are summarized in Table 1.

Table 1
Physicochemical properties of high-paraffin oil
Property Vaue Testing method

Paraffin content 15.1% SS11851-85

Asphaltene content 6.3% SS11851-85

Resin content 11.9% SS11851-85

Freezing temperature | +17°C SS 20287-91
Amount of water 52 -

As can be seen from Table I, the oil sample
taken for research belongs to the group of high-paraffin
oils and is characterized by a high amount of paraffin
hydrocarbons.

The freezing temperature of oil was determined
according to the method of RD 39-3-812-82.
Determining the amount of paraffin in the oil was
then carried out by the Engler-Glade method and
adsorption in a Soxhlet apparatus with freezing at
—20°C. In addition, the amount of silica-gel resin
and asphaltenes was determined according to ref. [20].

«Coldfinger test» method is used for the
evaluation of the effectiveness of depressor additives
and determination of the optimal consumption rate.
This method was used to study the formation process
of ARPD in high paraffin oil without reagents and
with the presence of reagents [20]. This method is
based on the deposition of asphaltene-resin-paraffin
deposits from oil moving on a cold metal surface. In
the experiments, the mass of oil deposits accumulated
on the surface of «coldfinger test» at the temperatures
of 0, 5, 10, 15, 20, and 25°C was determined by
having been weighed on an analytical balance. The
mass share of asphaltene component in the oil deposit
was determined through the separation of asphaltenes
by Golden’s «cold» method, and resin substances were
determined by the chromatographic (column
adsorption) method. The new composition was
prepared by mixing of Difron-4201 and BAF-1
reagents at the ratio of 1:1; its optimal consumption
rate during the study was 700 g/t. Viscometric
researches were carried out using a «Reotest-2» rotary
viscometer. Depressor additive of «Difron-4201» is
produced by enterprise «<EKOC» (Russian Federation).
«BAF-1» reagent is produced on the basis of local raw
materials of Azerbaijan.

In order to implement the effect of the magnetic
field, a magnetic device was used, which was attached
to a cold grid, connected to a constant current source
and had a power of 77812.0 A/m.

Results and discussion

The effectiveness of the composition prepared
under laboratory conditions was studied on the
emulsion oil sample taken from the well number 208
of the field on May 28, 2022.

Separate and joint impact of the magnetic field
and the addition of new composition on asphaltene-
resin-paraffin deposits in high-paraffin oil was
determined by using «coldfinger test» method. The
results obtained from the experiment are given in
Tables 2—4.

As follows from the obtained results, an increase
in both the temperature and the composition
concentration leads to a decrease in the amount of oil
deposits accumulated on the surface. In all three series
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Table 2
Impact of magnetic field on paraffin deposition
The amount of paraffin
Temperature. °C The amount of paraffinin after the impact of the The effect of the magnetic
P ! the ail, g magnetic field (30 min), field, %
g
0 16.60 13.28 20
5 14.30 10.72 25
10 10.20 6.43 37
15 7.40 4.29 42
20 2.10 1.10 48
25 1.30 0.62 52
Table 3

Impact of the addition of composition on paraffin deposition

0 The amount of paraffin in e dmIomn Gf paratiin The effect of the addition
Temperature, C . after the impact of the PN
the oil, g L. of composition, %
composition, g
0 16.60 10.79 35
5 14.30 8.29 42
10 10.20 4.69 54
15 7.40 2.59 65
20 2.10 0.63 70
25 1.30 0.34 74

Table 4

Joint impact of magnetic field and the addition of composition on paraffin deposition

The amount of paraftin
0 The amount of paraffin after the joint impact of The effect of the composition
Temperature, C . . the composition o . N
inthe oil, g addifion:and magnetic addition and magnetic field, %
field, g
0 16.60 8.96 46
s 14.30 6.86 52
10 10.20 3.26 68
15 7.40 1.92 74
20 2.10 0.38 82
25 1.30 0.13 90

of experiments (Tables 2—4), the highest effect was
observed at 25°C, and it was 52%, 74% and 90% for
the separate action of magnetic field, separate action
of the composition addition and their joint effect,
respectively. Thus, the joint combination of the
magnetic field and composition addition provides the
higher effect against paraffin deposition.

Separate and joint impacts of the magnetic field
and the addition of new composition on the freezing
temperature of high-paraffin oil were studied at the
composition consumption rate of 200, 300, 400, 500,
600 and 700 g/t. The effect of the magnetic field was
studied for 5, 10, 15, 20, 25 and 30 minutes. In the
case of the joint impact, the effect of the magnetic

field at each concentration of the composition was
studied for 30 minutes. The results obtained during
these series of experiments are given in Figs. 1 and 2.

As is seen from Fig. 1 (curve 2), the freezing
temperature of high-paraffin oil decreases consistently
as the concentration of the composition increases.
Thus, it was determined that the optimal concentration
of the new composition is 700 g/t. The freezing
temperature of the studied oil sample decreases when
the duration of the action of magnetic field increases
(Fig. 1, curve 1). During the joint impact of the
composition addition and magnetic field, the freezing
temperature of high paraffin oil decreases from +17°C
to 10, 7, 2, —2 and —5°C at the concentrations of the

Study of the combined effect of magnetic field
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composition of 200, 300, 400, 500, 600 and 700 g/t, (within 30 minutes) and newly prepared composition

respectively. The conducted experiment once again on the effective viscosity of high-paraffin oil were

suggests that the joint impact is more effective. studied under laboratory conditions (Table 5).
Separate and joint impact of the magnetic field
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Fig. 1. Impact of the magnetic field (1) and composition Fig. 2. Joint impact of the magnetic field (30 min) and
concentration (2) on the freezing temperature composition concentration on the freezing temperature
of high paraffin oil of high paraffin oil
Table 5
Impact of the magnetic field and composition addition on the effective viscosity of high paraffin oil at different
temperatures
Comp o§1t101} Oil temperature, °’c Effective viscosity, Pa-s
concentration/time
—/— 5 15.8
—/— 10 9.73
—/— 15 6.06
—/— 20 2.37
—/— 25 1.78
Impact of the magnetic field
—/30 min 5 8.01
—/30 min 10 5.1
—/30 min 15 3.5
—/30 min 20 1.03
—/30 min 25 0.66
Impact of the composition concentration
300 g/t/— 5 5.38
400 q/t/— 10 3.38
500 g/t/— 15 2.02
600 g/t/'— 20 0.98
700 g/t/— 25 0.44
Joint impact of the magnetic field and composition addition
300 g/t/30 min 5 0.2
400 q/t/30 min 10 0.01
500 g/t/30 min 15 0.003
600 g/t/30 min 20 0.008
700 g/t/30 min 25 0.003
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As is seen from Table 5, the increase in
temperature from 5°C to 25°C without external impact
reduces the viscosity of oil from 15.8 to 1.78 Pa:s,
respectively. Under the impact of the magnetic field
for 30 minutes, the viscosity decreases from 8.01 to
0.66 Pa-s in the specified temperature range. The
viscosity decreases from 5.38 to 0.474 Pa-s at the
specified temperatures in the range of 300—700 g/t of
the composition concentration. The viscosity decreases
from 0.2 to 0.003 Pa-s due to both the impact of the
magnetic field (30 minutes) and joint impact of the
composition (in the concentration range of 300—
700 g/t). Thus, the results of experiments show that
the viscosity is reduced by 88.7%, 91.7%, and 98.5%
under the action of magnetic field, the composition
addition, their joint impact, respectively. These data
show once again that the joint impact of two factors
under study is more effective in terms of decreasing
the viscosity of the high paraffin oil.

The mechanism of effect of the magnetic field
against the formation of deposits in high-paraffin oils
can be explained in the following two directions:

1. Although highly paraffinic oils belong to
dielectric liquids, they form a colloidal system in
general. Most of the dispersed phases in their
composition have a dipole moment. In this regard,
the influence of the magnetic field causes a decrease
in the amount of silica gel resins and asphaltenes in
oil deposits by changing the group composition. The
reason for the decrease in the amount of asphaltenes
in paraffin sediments can be explained by the increase
in its dispersibility under the influence of the magnetic
field and, as a result, the increase in sedimentation
stability in the dispersed medium.

2. The effect of the magnetic field is directly
based on asphaltenes, which cause the formation of
oil deposits and are the most important component
of formation, because asphaltenes play a key role in
the structure of oil deposits. Metals contained in oil
are also reflected in the structure of asphaltenes. In
this regard, the influence of the magnetic field in the
oil colloidal system is more noticeable in asphaltenes
compared to other components. The magnetic field
changes the directions of the asphaltenes and prevents
sediment formation. This, in turn, leads to a decrease
in the viscosity and freezing point of oil.

Achieving a high effect during the joint action
of a magnetic field and a chemical reagent can be
explained based on the principles of synergism.

Conclusions

1. The effect of the magnetic field, the addition
of new composition and the joint effect of the magnetic
field and composition on the rheological parameters
of high paraffin oil were studied under laboratory
conditions and their optimal values were determined.

2. It was shown that the highest effect against
paraffin deposition in oil determined by the «coldfinger
test» method was observed under the combined action
of these two factors. The protective effect was 90%.

3. It was determined that the minimum value of
the viscosity was about 0.003 Pa-s under the joint
impact of the magnetic field and composition addition.

4. The results obtained can be used to improve
the transportation of high-paraffin oils at low
temperatures in the oil industry.
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JOCIIIKEHHSA CIHIJIBHOTO BILJIUBY
MATHITHOTO TOJIA I JOBABKUA HOBOI
KOMITO3UIIII HA PEOJIOTTYHI MAPAMETPU
BUCOKOITAPA®IHICTOI HA®THU

ITyceiin P. Iypbanos, Aiiceav B. TI'acimzaode

CrarTsl NpUCBSTY€HA BUBUYEHHIO PO3TLHOTO Ta CIIJIBHOTO
BIJIMBY MarHiTHOTO TMOJISI Ta JOAAaBaHHSI HOBOI KOMIO3MULIl Ha
peoJIoriyHi BJaCTUBOCTI BUCOKOMNapadiHicToi emMybCciiiHOl Ha-
¢ru. HoBa xommosuuis Oyjia BUIOTOBJEHI Yy CIHiBBiIHOLIEHHI
1:1 peakrusiB ducdpon-4201 i BAD-1 B nabopaTtopHux ymo-
Bax. [Ipoba, BimiOpaHa 3i cBepmioBuH No 208 HadTOBOTO po-
nosuiia SOCAR, Oyna BuKopucTaHa sIK BuUcokomnapadiHucra
HadTa. JocmimKeHo po3aiIbHUI i CyMiCHUI BIUIMB MarHiTHO-
ro mnojs i 100aBKM KOMIIO3MLIii Ha TeMmIepaTypy 3aMep3aHHs,
edeKkTUBHY B’SI3KIiCTb i KiJIbKICTh acaibreHOBO-cMostonapadi-
HOBUX BiKJaaeHb BUcoKomnapadinucroi HadgTu. BecraHosieHo,
1O CHiJIbHUI BIUIMB MAarHiTHOTO TOJS i JOAaBaHHSI KOMIIO-
3ULLT Ha BCi TpU MapaMeTpu € Oiblll e(hEeKTUBHUM, HIX OKpe-
MUl BIUIMB OofHOrO (hakTopa BIIMBY. Tak, Mpu po3aibHIN aii
MarHiTHOTO TIOJIS i JOoJaBaHHS KOMIIO3MILII TeMIlepaTypa 3a-
Mep3aHHs1 Hadtu 3HMXKyBanacs 3 +17°C go +4°C i +2°C Bigmo-
BiJTHO, TOJI SIK TIPU CIJIBHOMY BIUIMBI TeMIlepaTtypa 3aMep3aH-
Ha HadTu mamae mo —2°C. EdexrtuBHa B’SI3KicTh HabTH I
Ji€er0 MarHiTHOro mosist craHoBuTh 0,66 IMa-c; min miero ckiamy
BoHa ctaHoBUTb 0,44 [1a-c; i nopisHioe 0,003 [Ta-c npu crinbHil
nii 000X YMHHWMKIB. JlOCTIIKEeHO OKpeMUil BIJIMB MarHiTHOTO
MMOJIsT i MOMaBaHHST KOMIIO3UIIii, a TAKOX KOMOIHOBaHWI BIUIMB
MarHiTHOrO TOJISI i KOMIMO3MLii Ha KilbKicTh napadiHOBUX
BiIKJIaZICHb METOJIOM <«XOJIONHOTO MNaJiblsl». BeraHoBieHO, 1110
BIUIMB MarHiTHOTo 1oJjisi Ha napadiHOBi BilKJIaJEHHS, HAaKO-
MUYEHi y TECTi Ha MOBEPXHi «XOJOAHOTO Majblisi», CTAHOBUTH
52%, edexT BrumMBY Kommo3uiii — 74%, a edekrT KOMGiHOBa-

Horo BBy — 90%.

KarouoBi cioBa: MarHiTHe Mmojie; KOMIO3UILiSI; TECT
«XOJIOAHOTO Majiblisl»; HadTa 3 BUCOKUM BMicTOM mapadiHy;
edexTrBHA B’SI3KICTb; TeMIlepaTypa 3aMep3aHHsI.
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The article is dedicated to the study of separate and joint
impact of the magnetic field and the addition of newly prepared
composition on the rheological properties of high-paraffin emulsion
oil. The new composition has been prepared in a 1:1 ratio of
Difron-4201 to BAF-1 reagents under laboratory conditions.
The sample taken from well number 208 of the SOCAR oil field
has been used as high paraffin oil. Separate and joint impact of
the magnetic field and composition on the freezing temperature,
effective viscosity and amount of asphaltene-resin-paraffin deposits
of high-paraffin oil has been studied. It has been determined that
the joint impact of the magnetic field and the addition of
composition on all three parameters is more effective that the
use of a separate impact. Thus, the separate action of magnetic
field and composition resulted in reducing the oil freezing
temperature from +17°C to +4°C and +2°C, respectively, while
the freezing temperature of oil drops to —2°C under the joint
impact. The effective viscosity of oil under the impact of the
magnetic field is 0.66 Pa-s; it is 0.44 Pa-s under the impact of the
addition of composition; and it is equal to 0.003 Pa-s under the
joint impact. The separate and combined impact of the magnetic
field and the composition addition on the amount of paraffin
deposits have been studied by «coldfinger test> method. It has
been determined that the effect of the magnetic field on paraffin
deposits accumulated on the surface of the coldfinger test is
52%, the effect of the composition addition is 74%, and the
effect of the combined impact is 90%.

Keywords: magnetic field; composition; coldfinger test;
high paraftin oil; effective viscosity; freezing temperature.
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