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For the first time, this article presents the results of comprehensive laboratory experiments

investigating the individual and combined effects of physical and chemical methods on

the rheological properties of a high-paraffin crude oil sample from SOCAR’s Narimanov

field. Ultrasound waves were employed as the physical method, while the chemical method

involved the use of the depressant additive «Difron-3970.» The experiments demonstrated

that the optimal exposure time for ultrasound waves was 15 minutes when used alone,

and 10 minutes when combined with the chemical method. The optimal concentration of

«Difron-3970» was 700 g/t when used independently and 500 g/t in combination. The

effects of ultrasound waves and «Difron-3970,» both separately and in combination, on

the oil’s yield stress, dynamic viscosity, paraffin precipitation, and freezing point were

evaluated. The highest efficiency was achieved when both methods were applied together.

Under combined treatment, the dynamic viscosity of the oil decreased significantly,

reaching its minimum value. Additionally, the freezing point dropped below zero, and

the amount of asphaltene-resin-paraffin deposits was minimized. The study proposes

the use of this economically and environmentally efficient combined physical-chemical

method, specifically, the synergistic action of ultrasound waves with the «Difron-3970»

depressant additive, for the treatment of high-paraffin oils under field conditions.
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Introduction
In the present era, the complete exploitation of

the world’s largest light oil fields has led to a shift in
the composition of oil reserves, resulting in an increased
share of oils rich in heavy hydrocarbons, resins, and
asphaltenes. Paraffinic and highly paraffinic oil
dispersive systems lose fluidity even at positive
temperatures due to the crystallization of paraffinic
hydrocarbons. Various techniques, including thermal,
mechanical, physical, and chemical methods, are
available to address the challenges associated with the
extraction and transportation of paraffinic oils.
Currently, the use of ultrasonic waves for the pipeline
transportation of oils with anomalous properties is

being extensively studied and applied in the oil
industry. The application of ultrasonic vibrations
during oil extraction has been shown to improve
permeability in reservoir zones, decrease oil viscosity,
and alter key physicochemical characteristics through
cavitation effects [1]. Research has demonstrated that
ultrasonic fields can significantly increase reaction
rates not only in water but also in organic media. For
instance, studies [2] using decane samples revealed
that exposure to ultrasound promotes molecular bond
breakdown, followed by radical recombination. Acoustic
impacts on dispersive systems cause changes in the
structure, association sizes, and degree of dispersion
of phase components, making acoustic methods widely
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applicable in oil transportation and processing.
Ultrasonic waves affect both the rheological properties
and the fractional composition of oils and petroleum
products, leading to favorable adjustments in viscosity
and flow characteristics.

According to modern scientific views, oil is a
complex dispersive system with a unique internal
structure that can change under external influences.
Asphaltene aggregates, which can exist freely in oil,
have a complex structural composition, making oil a
dispersive system [3]. Among the effective methods
for altering the viscoelastic properties of such systems,
physical approaches, particularly those involving
ultrasonic waves, are gaining importance [4]. Studies
on the impact of ultrasonic waves on the rheological
properties of dispersive oil systems are documented in
ref. [5]. Results from studies [6] focusing on ultrasonic
effects reveal significant cavitation developments in
liquids with varying physicochemical properties.
Moreover, the effectiveness of ultrasonic treatment in
reducing the viscosity of heavy oils depends on the
number and distribution of paraffin crystals. It has
been demonstrated that the combined application of
ultrasonic waves and chemical reagents further reduces
oil viscosity, confirming the utility of this method.
The authors of study [7] examined how ultrasonic
waves influence the rheological characteristics of crude
oil samples, noting a pseudoplastic flow behavior. They
found that heavy components in oil decompose within
40 minutes of ultrasonic treatment, significantly
reducing viscosity values [8]. Another study [8] explored
the effects of ultrasonic waves at 25 and 68 kHz
frequencies with powers of 100, 250, and 500 W on
the viscosity of paraffin, synthetic oil, and kerosene
in a smooth capillary tube, finding that viscosity
decreases due to cavitation and heat generation within
the liquid. The authors of studies [9,10] further
demonstrated that the effectiveness of ultrasonic
treatment depends on the oil’s component
composition: ultrasonic processing of high-paraffin
and resin-containing oils reduced the freezing point
by 160C and viscosity sixfold at 100C. Conversely,
oils with high paraffin but low resin-asphaltene content
showed increased viscosity, freezing point, and paraffin
precipitation after ultrasonic treatment [3]. Study [3]
reveals that ultrasonic processing for 15 minutes reduces
the dynamic viscosity by 17 times and the freezing
point by 200C in high-paraffin and resin-containing
oils under low shear stress. Notably, chromatographic-
mass spectrometry and IR spectroscopy analyses show
that ultrasonic treatment does not significantly alter
the oil’s component composition.

The present study experimentally investigates
the individual and combined effects of ultrasonic waves
and chemical reagents on the rheological properties
of high-viscosity oil samples, with the aim of
developing energy- and resource-efficient ultrasonic
technologies for the transportation of high-paraffin
oil. The objective is to examine the influence of
ultrasonic waves and depressant additives, both
separately and in combination, on the rheological
characteristics of high-paraffin oils.

Experimental
In this study, the effects of ultrasonic waves and

the depressant additive «Difron-3970,» both individually
and in combination, were investigated. An oil sample
with the physicochemical characteristics listed in
Table 1 was used for the experiments.

Ultrasonic testing of the high-paraffin dispersive
oil system was carried out at a temperature of
25–300C for 1–15 minutes using an ultrasonic device.
The experimental setup included a PS-4/25 ultrasonic
generator with 4 / kW power, an MST-2/22
magnetostrictive transducer with a resonance frequency
of 22/ kHz, and a rod wave transmitter with a diameter
of 12/  mm [11]. Before and after ultrasonic treatment,
the oil sample was kept in a thermostat at 200C for
30 minutes. In the combined method, the chemical
reagent was added first, followed by exposure of the
oil sample to ultrasonic waves.

The process of paraffin precipitation in the oil
sample was quantitatively assessed using the «cold
finger» method under laboratory conditions. The
freezing point of the oil was determined according to
the RD 39-3-812-82 methodology. Viscometric studies
were conducted using a «Reotest-2» rotational
viscometer1 [12].

Table 1

Physicochemical characteristics of the Narimanov oil

sample

Characteristic Value 

density at 20
0
C, kg/m

3
 986.4 

dynamic viscosity at 0
0
C, 

mP⋅s 
1563 

water content, wt.% 38 

chloride salts content, mg/l 502 

mechanical mixture 

content, wt.% 
5.6 

resin content, wt.% 9.2 

asphaltene content, wt.% 4.24 

paraffin content, wt.% 15.4 

freezing (or pour) point 

temperature, 
0
C 

+18 

1 ASTM D97-09. Standard test method for pour point of petroleum products. ASTM International, 2009. 10 p.
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Results and discussion

In the course of the research, the effects of
ultrasonic waves, the «Difron-3970» depressant additive,
and the combination of ultrasound+»Difron-3970"
on the limit shear stress and dynamic viscosity of the
oil sample were studied under various shear rates and
temperatures. The duration of ultrasonic wave exposure
was set at 15 minutes, and the concentration of the
«Difron-3970» depressant was 700/ g/t. In the
combined method, the ultrasonic exposure time was
10 minutes, and the depressant concentration was
500/ g/t.

The shear rates used ranged from 50 to 500 s–1,
specifically: 50, 100, 150, 200, 250, 300, 350, 400,
450, and 500 s–1. The results obtained after 15 minutes
of ultrasonic exposure at low and high temperatures
are presented in Tables 2 and 3, respectively.

The results listed in Table 2 show that within
the given shear rate interval and the specified
temperatures (50C, 100C, and 150C), the dynamic
viscosity of the oil sample decreases by 69.2%, 62.1%,
and 59.7%, respectively. The results listed in Table 3
indicate that within the given shear rate interval and
the specified temperatures (200C, 300C, 400C, 500C,
and 600C), the dynamic viscosity of the oil sample

decreases by 40%, 46.6%, 57.1%, 58.3%, and 57.5%,
respectively.

Tables 4 and 5 present the results obtained after
the addition of the optimal concentration of the
«Difron-3970» depressant additive (700/ g/t) at low
and high temperatures, respectively.

It can be seen from Table 4 that within the
given shear rate interval and the specified temperatures
(50C, 100C, and 150C), the dynamic viscosity of the
oil sample decreases by 75.2%, 69.8%, and 66%,
respectively.

The results given in Table 5 show that within
the given shear rate interval and the specified
temperatures (200C, 300C, 400C, 500C, and 600C),
the dynamic viscosity of the oil sample decreases by
64.1%, 64.3%, 54%, 58.3%, and 47.5%, respectively.

Tables 6 and 7 present the results obtained after
the combined effect of the «Difron-3970» depressant
additive and ultrasonic waves at low and high
temperatures, respectively.

As follows from Table 6, within the given shear
rate interval and the specified temperatures (50C, 100C,
and 150C), the dynamic viscosity of the oil sample
decreases by 72.1%, 61.6%, and 66%, respectively.

The results presented in Table 7 show that the

Table 2

Values of some rheological parameters of oil after 15 minutes of ultrasonic treatment at low temperatures

Table 3

Values of some rheological parameters of oil after 15 minutes of ultrasonic treatment at high temperatures

τ, Pa 
µ, 

mPa⋅s 
τ, Pa 

µ, 

mPa⋅s 
τ, Pa 

µ, 

mPa⋅s 
τ, Pa 

µ, 

mPa⋅s 
τ, Pa 

µ, 

mPa⋅s 
Shear rate, 

s
–1

 
20

0
C 30

0
C 40

0
C 50

0
C 60

0
C 

50 2.0 40.0 0.9 18.0 0.7 14.0 0.6 12.0 0.4 8.0 

100 3.8 38.0 1.7 17.0 1.2 12.0 1.0 10.0 0.6 6.0 

150 5.2 34.7 2.4 16.0 1.5 10.0 1.2 8.0 0.8 5.3 

200 6.6 33.0 3.0 15.0 1.8 9.0 1.4 7.0 1.0 5.0 

250 7.8 31.2 3.6 14.0 2.0 8.0 1.6 6.4 1.2 4.8 

300 9.1 30.3 4.0 13.0 2.2 7.3 1.8 6.0 1.3 4.3 

350 10.3 29.4 4.2 12.0 2.4 6.8 2.0 5.7 1.4 4.0 

400 11.0 27.5 4.4 11.0 2.6 6.5 2.2 5.5 1.5 3.7 

450 11.6 25.7 4.6 10.2 2.8 6.2 2.4 5.3 1.6 3.5 

500 12.0 24.0 4.8 9.6 3.0 6.0 2.5 5.0 1.7 3.4 
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dynamic viscosity of the oil sample decreases by
72.1%, 52.5%, 53.3%, 60.0%, and 66.6%, respectively,
within the given shear rate interval and the temperatures
indicated.

The effect of ultrasonic waves and the
«Difron-3970» depressant additive, both individually
and in combination, on asphaltene-tar-paraffin deposits
forming in the oil volume and precipitating using the
«cold finger» method was studied under laboratory

conditions. During the process, the amount of paraffin
deposits accumulated on the tube surface was measured
at time intervals of 0, 20, 40, 60, 80, 100, and
120 minutes using an analytical balance. Experiments
were conducted at tube surface temperatures of 00C,
50C, 100C, 150C, 200C, 250C, and 300C. Initially,
experiments were carried out without any external
influence on the oil, and the results are presented in
Fig. 1.

Table 5

Values of some rheological parameters of oil after the effect of the optimal concentration (700 g/t) of «Difron-3970»

additive at high temperatures

Table 6

Values of some rheological parameters of oil after the combined effect of «Difron-3970» depressant additive and

ultrasound at low temperatures (ultrasound time of 10 minutes and reagent concentration of 500 g/t)

τ, Pa µ, mPa⋅s τ, Pa µ, mPa⋅s τ, Pa µ, mPa⋅s 
Shear rate, s

–1

5
0
C 10

0
C 15

0
C 

50 42 840 16 320 5.0 100 

100 50 500 21 210 7.0 70 

150 57 380 27 180 9.0 60 

200 64 320 34 170 10.0 50 

250 70 280 37 148 11.0 44 

300 78 260 40 133 13.0 43 

350 82 234 43 123 14.0 40 

Table 4

Values of some rheological parameters of oil after the effect of the optimal concentration (700 g/t) of «Difron-3970»

additive at low temperatures
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Experiments using the cold finger were continued
by exposing the oil sample to ultrasonic waves for 15
minutes, and the results are presented in Fig. 2.

Subsequently, experiments using the cold finger
continued with the application of the optimal
concentration of the «Difron-3970» depressant additive
(700 g/t) to the oil sample, and the results are presented
in Fig. 3.

Subsequently, experiments with the cold finger
continued, subjecting the oil sample to the combined
effect of the «Difron-3970» depressant additive and
ultrasonic waves. The results are shown in Fig. 4.

Based on the results of multiple cold-finger
experiments under laboratory conditions, the effects
of ultrasonic waves, the «Difron-3970» depressant
additive, and their combined application on paraffin
sedimentation were calculated as percentages and
plotted in graphs.

Figure 5 shows the effect of ultrasonic waves on
paraffin sediments after exposure times of 5, 10, and
15 minutes. The effectiveness of ultrasonic waves in
reducing paraffin sedimentation increases with longer
exposure times. Specifically, ultrasound treatment
reduced the amount of sediment by 36% after
5 minutes, 42% after 10 minutes, and 55% after
15 minutes.

Figure 6 illustrates the effect of varying
concentrations of the «Difron-3970» depressant additive
(200, 300, 400, 500, 600, and 700 g/t) on paraffin
sedimentation. As shown, the effectiveness of the
additive in inhibiting paraffin deposition increases with
its concentration, up to a certain threshold. Specifically,
the additive demonstrates increasing efficiency within
the range of 200–700 g/t. Although not depicted in
the graph, further increases beyond 700 g/t do not
result in significant improvements. Therefore, the

optimal concentration of the «Difron-3970» additive
is determined to be 700 g/t. The observed effectiveness
at different concentrations is as follows: 38% at
200 g/t, 48% at 300 g/t, 60% at 400 g/t, 68% at
500 g/t, 78% at 600 g/t, and 85% at 700 g/t.

Figure 7 presents the results of the combined
effect of the «Difron-3970» depressant additive and
ultrasonic waves on paraffin sedimentation in high-
paraffin oil samples. In the combined method, the
optimal ultrasound exposure time was set at 10 minutes,
and the optimal concentration of the depressant
additive was 500 g/t. As seen in the figure, under a
constant ultrasound exposure time of 10 minutes, the
effectiveness of the depressant in reducing paraffin
sedimentation increased with its concentration:
52% at 100 g/t, 68% at 200 g/t, 75% at 300 g/t, 88%
at 400 g/t, and 96% at the optimal concentration of
500 g/t.

Furthermore, the study examined the impact of
ultrasonic waves, the «Difron-3970» depressant additive,
and their combined application on the freezing point
of the investigated oil sample, following the established
methodology. The experimental results are presented
in Tables 8, 9, and 10.

The synergistic effect observed from the combined
application of ultrasonic waves and the «Difron-3970»
depressant additive on high-paraffin oil can be attributed
to complementary physicochemical mechanisms.
Ultrasonic treatment generates cavitation, causing
intense local shear forces and microstreaming that
disrupt paraffin crystal nucleation and aggregation [13].
This process increases the surface area and alters the
morphology of paraffin crystals, facilitating more
effective adsorption of the depressant additive molecules
onto crystal surfaces. Consequently, the additive further
inhibits crystal growth and aggregation by modifying

Table 7

Values of some rheological parameters of oil after the combined effect of «Difron-3970» depressant additive and

ultrasound at high temperatures (ultrasound time of 10 minutes and reagent concentration of 500 g/t)

τ, Pa 
µ, 

mPa⋅s 
τ, Pa 

µ, 

mPa⋅s 
τ, Pa 

µ, 

mPa⋅s 
τ, Pa 

µ, 

mPa⋅s 
τ, Pa 

µ, 

mPa⋅s 
Shear rate, 

s
–1

 
20

0
C 30

0
C 40

0
C 50

0
C 60

0
C 

50 1.4 28.0 0.4 8.0 0.3 6.0 0.2 4.0 0.2 3.0 

100 2.0 20.0 0.6 6.0 0.5 5.0 0.3 3.0 0.3 2.8 

150 2.4 16.0 0.8 5.3 0.7 4.6 0.4 2.6 0.4 2.6 

200 2.6 13.0 1.0 5.0 0.8 4.0 0.5 2.5 0.5 2.5 

250 3.0 12.0 1.2 4.8 1.0 3.9 0.6 2.4 0.6 2.2 

300 3.2 10.6 1.4 4.6 1.1 3.7 0.8 2.3 0.7 2.0 

350 3.4 9.7 1.6 4.5 1.2 3.5 0.9 2.1 0.8 1.8 

400 3.6 9.0 1.7 4.2 1.3 3.2 1.2 2.0 0.9 1.6 

450 3.7 8.2 1.8 4.0 1.4 3.0 1.3 1.8 1.0 1.3 

500 3.9 7.8 1.9 3.8 1.6 2.8 1.4 1.6 1.2 1.0 
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Fig. 1. Amount of sediment accumulated on the surface of the cold finger from the investigated oil sample without external

influence

Fig. 2. Amount of paraffin sediment collected on the surface of the cold finger after ultrasonic treatment (15 min exposure)
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Fig. 3. Amount of paraffin sediment collected on the surface of the cold finger after applying the optimal concentration

 (700 g/t) of the «Difron-3970» additive

Fig. 4. Amount of paraffin sediment collected on the surface of the cold finger after combined treatment with the

 «Difron-3970» additive (500 g/t) and ultrasound (10 min)
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Fig. 5. Effect of ultrasonic wave exposure duration on paraffin

sedimentation

Fig. 6. Effect of the «Difron-3970» depressant additive on

paraffin sedimentation

Fig. 7. Combined effect of the «Difron-3970» depressant

additive and ultrasonic waves on paraffin sedimentation in

high-paraffin oil samples (reagent concentration of 500 g/t and

ultrasound exposure of 10 minutes)

Table 8

Effect of ultrasound treatment on the freezing temperature

of oil

Table 9

Effect of «Difron-3970» additive on the freezing

temperature of oil

Table 10

Effect of «Difron-3970» additive  combined with

ultrasound treatment on the freezing point of oil

Ultrasound exposure 
time, min 

Freezing temperature of the 
oil, 0C 

0 18 

5 11 

10 9.6 

15 7.2 

Concentration of 

"Difron-3970", g/t 

Freezing temperature of the 

oil, 
0
C 

0 18 

100 7.6 

200 4.8 

300 2 

400 –3

500 –6

crystallization kinetics. This combined physical-
chemical action leads to more efficient prevention of
paraffin deposition than either method alone.

Thus, a comparative analysis of the results
obtained from the individual and combined effects of
physical and chemical methods on key rheological

parameters of the high-paraffin oil sample under
laboratory conditions demonstrates that the combined
physical-chemical approach is significantly more
effective and economically advantageous than the
application of these methods separately.

Conclusions

1. For the first time, the effects of physical and
chemical methods, both individually and combined,
on the rheological properties of a high-paraffin oil
sample were investigated under laboratory conditions.
Ultrasound waves served as the physical method, while
the «Difron-3970» depressant additive was employed
as the chemical method. Based on extensive
experimental data, the optimal exposure times and
additive concentrations were identified. The optimal
ultrasound exposure time is 15 minutes for individual
treatment and 10 minutes for combined treatment,
whereas the optimal depressant dosage is 700 g/t for
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individual use and 500 g/t for combined application.
2. It was established that the greatest reduction

in dynamic viscosity of the oil sample at both low
and high temperatures occurs during the combined
application of ultrasound waves and the depressant
additive, compared to their separate effects.

3. The effectiveness of ultrasound waves in
reducing paraffin deposition at the optimal exposure
time is 55%, with a 60% reduction in the oil’s freezing
point. The «Difron-970» additive, at its optimal dosage,
achieves 85% effectiveness against paraffin deposition
and 84.4% effectiveness in lowering the freezing point.
Under combined treatment conditions, these values
increase significantly to 96% and 165%, respectively.

4. The enhanced effectiveness observed during
combined treatment is likely due to synergistic
physicochemical effects: ultrasound promotes dispersion
and reduces paraffin crystal size, facilitating the
depressant’s action by improving its interaction with
paraffin molecules and inhibiting crystal growth more
efficiently.
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ÄÎÑË²ÄÆÅÍÍß ÂÏËÈÂÓ Ð²ÇÍÈÕ ÌÅÒÎÄ²Â ÍÀ
ÐÅÎËÎÃ²×Í² ÂËÀÑÒÈÂÎÑÒ² ÂÈÑÎÊÎ-
ÏÀÐÀÔ²ÍÎÂÎ¯ ÍÀÔÒÈ

Ã.Ð. Ãóðáàíîâ, À.Â. Ãàñ³ìçàäå, Ë.À. Àááàñîâà

Ó ñòàòò³ âïåðøå ïðåäñòàâëåíî ðåçóëüòàòè êîìïëåêñ-
íèõ ëàáîðàòîðíèõ åêñïåðèìåíò³â, ó ÿêèõ äîñë³äæåíî ³íäè-
â³äóàëüíèé òà êîìá³íîâàíèé âïëèâ ô³çè÷íèõ ³ õ³ì³÷íèõ
ìåòîä³â íà ðåîëîã³÷í³ âëàñòèâîñò³ çðàçêà âèñîêî-ïàðàô³íî-
âî¿ ñèðî¿ íàôòè ç Íàð³ìàíîâñüêîãî ðîäîâèùà ÄÊ SOCAR.
ßê ô³çè÷íèé ìåòîä âèêîðèñòîâóâàëè óëüòðàçâóêîâ³ õâèë³,
à ÿê õ³ì³÷íèé – äåïðåñîðíó ïðèñàäêó «Difron-3970». Ðå-
çóëüòàòè åêñïåðèìåíò³â ïîêàçàëè, ùî îïòèìàëüíèé ÷àñ ä³¿
óëüòðàçâóêó ñòàíîâèâ 15 õâèëèí ïðè îêðåìîìó çàñòîñó-
âàíí³ òà 10 õâèëèí ó êîìá³íàö³¿ ç õ³ì³÷íèì ìåòîäîì. Îï-
òèìàëüíà êîíöåíòðàö³ÿ «Difron-3970» ñòàíîâèëà 700 ã/ò ïðè
ñàìîñò³éíîìó çàñòîñóâàíí³ òà 500 ã/ò ó êîìá³íàö³¿. Îö³íþ-
âàâñÿ âïëèâ óëüòðàçâóêîâèõ õâèëü ³ «Difron-3970» – îêðå-
ìî òà â ïîºäíàíí³ – íà ìåæó ïëèííîñò³, äèíàì³÷íó
â’ÿçê³ñòü, âèïàäàííÿ ïàðàô³íó òà òåìïåðàòóðó çàñòèãàííÿ
íàôòè. Íàéâèùà åôåêòèâí³ñòü áóëà äîñÿãíóòà ïðè ¿õ îäíî-
÷àñíîìó çàñòîñóâàíí³. Çà óìîâ êîìá³íîâàíî¿ îáðîáêè äè-
íàì³÷íà â’ÿçê³ñòü íàôòè çíà÷íî çìåíøèëàñÿ, äîñÿãíóâøè
ì³í³ìàëüíîãî çíà÷åííÿ. Êð³ì òîãî, òåìïåðàòóðà çàñòèãàííÿ
çíèçèëàñÿ äî â³ä’ºìíîãî çíà÷åííÿ, à ê³ëüê³ñòü àñôàëüòåíî-
ñìîëî-ïàðàô³íîâèõ â³äêëàäåíü áóëà ì³í³ì³çîâàíà. Ó
äîñë³äæåíí³ çàïðîïîíîâàíî çàñòîñîâóâàòè öåé åêîíîì³÷íî
òà åêîëîã³÷íî åôåêòèâíèé êîìá³íîâàíèé ô³çèêî-õ³ì³÷íèé
ìåòîä, çîêðåìà, ñèíåðã³÷íó ä³þ óëüòðàçâóêîâèõ õâèëü ç
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äåïðåñîðíîþ ïðèñàäêîþ «Difron-3970», äëÿ îáðîáêè âèñî-
êî-ïàðàô³íîâèõ íàôò ó ïîëüîâèõ óìîâàõ.

Êëþ÷îâ³ ñëîâà: óëüòðàçâóêîâ³ õâèë³; ô³çèêî-õ³ì³÷íèé
ìåòîä; îïòèìàëüíèé ÷àñ ä³¿; îïòèìàëüíà êîíöåíòðàö³ÿ;
ìåòîä «õîëîäíîãî ïàëüöÿ»; åôåêòèâí³ñòü.

INVESTIGATION OF THE EFFECTS OF DIFFERENT
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For the first time, this article presents the results of
comprehensive laboratory experiments investigating the individual
and combined effects of physical and chemical methods on the
rheological properties of a high-paraffin crude oil sample from
SOCAR’s Narimanov field. Ultrasound waves were employed as
the physical method, while the chemical method involved the
use of the depressant additive «Difron-3970.» The experiments
demonstrated that the optimal exposure time for ultrasound waves
was 15 minutes when used alone, and 10 minutes when combined
with the chemical method. The optimal concentration of «Difron-
3970» was 700 g/t when used independently and 500 g/t in
combination. The effects of ultrasound waves and «Difron-3970,»
both separately and in combination, on the oil’s yield stress,
dynamic viscosity, paraffin precipitation, and freezing point were
evaluated. The highest efficiency was achieved when both methods
were applied together. Under combined treatment, the dynamic
viscosity of the oil decreased significantly, reaching its minimum
value. Additionally, the freezing point dropped below zero, and
the amount of asphaltene-resin-paraffin deposits was minimized.
The study proposes the use of this economically and
environmentally efficient combined physical-chemical method,
specifically, the synergistic action of ultrasound waves with the
«Difron-3970» depressant additive, for the treatment of high-
paraffin oils under field conditions.

Keywords: ultrasound waves; physical-chemical method;
optimal exposure time; optimal concentration; cold finger;
efficiency.
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