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Under laboratory conditions, a novel composition comprising ND-12, Gossypol resin,
and isopropanol in a ratio of 4:1.5:0.5, denoted as A-3, was investigated for the first time.
Its efficacy in the demulsification of Muradkhanli and Umbaki heavy oil samples, with
emulsion degrees of 41% and 31% respectively, was studied, along with its effects on
freezing point, dynamic viscosity, and corrosion rate in hydrogen sulfide reservoir water.
The optimal concentration of the reagent was determined to be 600 g/t. Over a two-hour
period, the demulsification of Muradkhanli oil was conducted at 400C, 500C, and 600C,
and of Umbaki oil at 400C, 500C, 600C, and 700C. The minimum amount of ballast water,
with optimal composition thickness participation, was observed at 600C for Muradkhanli
oil and 700C for Umbaki oil, constituting 0.1% and 0.13%, respectively. The freezing
temperature of Muradkhanli oil decreased from +12.50C to +50C, and Umbaki oil from
+110C to +40C due to the optimal viscosity effect of A-3 composition. At +200C, with
600 g/t of composition A-3, the dynamic viscosity of Muradkhanli oil decreased from
201 Pa⋅s to 111 Pa⋅s and from 1540 Pa⋅s to 237 Pa⋅s for emulsion degrees of 0.0%, 5%,
10%, 20%, 30%, and 41%. At +400C, the dynamic viscosity of Umbaki oil decreased from
182 Pa⋅s to 64 Pa⋅s and from 1183 Pa⋅s to 163 Pa⋅s for emulsion degrees of 0.0%, 5%, 10%,
20%, and 31%. Furthermore, A-3 composition exhibited higher efficiency in affecting
the corrosion rate in hydrogen sulfide formation water compared to its constituent
Gossypol resin. While the corrosion protection effect of Gossypol resin at optimal
concentrations was 90%, A-3 composition reached 98%. These results indicate the complex
and synergistic effects of the A-3 composition due to its constituent components. In
conclusion, numerous laboratory tests revealed that the A-3 composition, comprising
ND-12 demulsifier, corrosion agent Gossypol resin, and isopropanol solvent, is suitable
for the demulsification, freezing point reduction, and dynamic viscosity adjustment of
heavy oils such as Muradkhanli and Umbaki, as well as for effectively influencing corrosion
rates in acidic environments. Therefore, the application of the new A-3 composition is
recommended as an economically and ecologically efficient reagent for demulsification
and transportation of heavy oils in mining conditions, as well as for corrosion protection
of internal surfaces of transportation preparation facilities.
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Introduction
It is known that the dilution rate of oil produced

from wells in the first period of operation in developed
oil countries is expressed in very small figures.
However, after a certain period of time, an increase

in the amount of water in the well causes an increase
in the dilution rate of hydrocarbon raw materials
extracted from the oil well. From this point of view,
both in Republic of Azerbaijan and in other countries
with oil industry, the share of production of heavy
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oils with a very high dilution rate in wells at the last
stage of operation is increasing. It should be noted
that oils in wells, as well as formation water, differ in
the amount of components included in their
composition. Water-oil emulsions are formed by rapid
mixing of formation water and oil with different
physical and chemical properties. It is the amount of
such components as asphaltenes, resins, paraffins in
oil and predominantly mineral salts and mechanical
mixtures in formation water that determines the
formation of aggregative and kinetically stable oil-
water emulsions. More precisely, the stability of the
formed water-oil emulsions increases with increasing
amount of the mentioned substances. For this reason
heavy oils have stable water-oil emulsions [1,2].

More effective chemical reagents are required to
decompose stable water-oil emulsions formed in heavy
oils into aqueous and oil phases. Because demulsifiers
used in demulsifying water-oil emulsions formed in
relatively light oils are less effective in decomposing
water-oil emulsions formed in heavy oils. For this
reason, the use of compositions with high surface
activity in the preparation of oils with stable water-oil
emulsion for transportation remains the most important
issue. In this connection, during the course of the
research, in order to study how the effect of
compositions on stable water-oil emulsions formed
by heavy oils changes depending on its components,
as well as by preparing new compositions from different
ratios of reagents for the same purpose, their
effectiveness in demulsifying stable water-oil emulsions
was studied under laboratory conditions. The effect of
new composition A-3, developed to achieve the goal,
on demulsification process and rheological parameters
of Muradkhanli and Umbaki oil samples, belonging
to the group of heavy oils, was studied.

Experimental
The samples of crude oil produced at

Muradkhanli and Umbaki fields of SOCAR were used
for laboratory research. The purpose of selecting the
oils of the mentioned fields is that they have different
rheophysical and chemical properties and belong to
the type of heavy oil with stable water-oil emulsion.
In addition, various chemical reagents are used to
enhance oil recovery in the existing fields, which in
turn leads to an increase in the aggregative and kinetic
stability of water-oil emulsions. Physical and chemical
properties of the oils taken for the study are given in
Table 1.

As is seen from Table 1, both oil samples taken
for the research exhibit relatively high values of
concentration, viscosity, chloride salts and mechanical
mixtures. In general, the physicochemical properties
of the oils indicate that they have the ability to form

a stable water-oil emulsion. It should be noted that
the rheophysical and chemical properties of oils are
largely determined by the analysis technique used.
For this reason, it is considered expedient to carry
out analyses according to modern standards [3].

One of the important conditions for analyses is
compliance of the taken oil sample with the
requirements of the state standard GOST 2517-85.
Inserting the hydrometer into the oil sample, the
concentration of oil at 200C was determined by the
scale value of the hydrometer at the current temperature
[4]. Saturated vapor pressure, which can be generated
by volatile gases in the oil at a temperature of 37.80C,
was determined according to the state standard GOST
2517-85 [5]. The amount of water in the oil was
determined based on the sequence given elsewhere
[6], the amount of mechanical mixtures and the
amount of chlorine salts were determined based on
the procedures described in ref. [7], and the amount
of sulfur was determined based on the procedures
described in ref. [8]. In addition, the determination
of the amount of resins and asphaltenes, which are
high molecular weight components of oil, was carried
out according to the method given in [9], and the
determination of paraffin hydrocarbons - according
to the method given in ref. [10].

To determine the dynamic viscosity of the studied
oil samples, we used Anton Paar SVM 3001 device,
which has exceptional accuracy and can operate in a
wide range of temperatures (from 600C to 1350C).
Determination of kinematic and dynamic viscosity of
oil samples was carried out based on the international
standard 11858 [11]. It should be noted that the error
between the results of analyses carried out according
to international standards (GOST and ASTM) did
not exceed the permissible limits [12–14].

The determination of oil emulsion composition
by the bottle method was based on the percentage of
water released from the oil at a given temperature.

Table 1
Physicochemical properties of oil samples

Value Property Muradkhanli Umbaki 
Density (200С), kg/m3 947.3 962.5 
Viscosity (200С), mPa⋅s 2157 2246 
Amount of water, wt.% 41 31 
Amount of chlorine salts, mg/l 534.3 152.1 
Amount of mechanical 
mixtures, wt.% 5.86 1.9 

Amount of resins, wt.% 18.1 9.7 
Amount of asphaltenes, wt.% 4.5 5.0 
Amount of paraffins, wt.% 5.8 6.2 
Freezing point, 0С +19.5 +16 
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The mechanism of the process was based on the
separation of water due to dispersion of emulsion in
oil after mixing with oil at an intensive speed of
demulsifier added to a pre-selected oil sample. 3–4
drops of demulsifier added to the oil in the vial should
fulfill its specific properties according to regulatory
requirements. The oil extracted from the mine is
initially analyzed by appearance, and the next
appearance analysis is carried out for a specified time
under normal conditions. Finally, after adding the
specified temperature and chemical reagent, the
amount of water released from the oil is determined
by mathematical express analysis method.

Results and discussion
In terms of evaluating the efficiency of the

composition used in the research process, first of all,
the time dependence of demulsification of both oil
samples at temperatures of 40, 50, 60 and 700C was
studied and the obtained results are given in Table 2.

As shown in Table 2, the amount of water
released from the emulsion increases with time and
with increasing temperature. Compared to
Muradkhanli oil, Umbaki oil produces smaller amount
of water, which can be explained by the fact that it
forms a more stable water-oil emulsion.

An increase in the share of production of heavy
oils capable of forming aggregative and kinetically
stable water-oil emulsion systems requires improvement
of traditional technologies and preparation of
hydrocarbon raw materials for further processing. An
important aspect in the preparation and transportation
of this type of oil is the development of reagent
compositions with high surface activity. In this
connection, in the course of our research, a new
composition A-3 was prepared from various reagents
and its multi-functional properties were studied under
laboratory conditions. Composition A-3 contains ND-
12, Gossypol resin and isoproponol in a content ratio
of 4:1.5:0.5, respectively.

The effect of A-3 composition on demulsification
of crude oil samples produced from Muradkhanli and
Umbaki fields at 400C was studied and the obtained
results are presented in Table 3.

As can be seen from Table 3, with an increase
in the concentration of the composition, the amount
of released water in the tested oil samples increases
and the highest result is observed at the optimum
concentration. After demulsification with the presence
of composition A-3 of optimum viscosity, the amount
of ballast water in Muradkhanli oil samples with initial

Table 2
Demulsification of stable water-oil emulsions

Amount of released water, g, at different 
period of demulsification (s) Oil sample Temperature,

0C 0.5 1.0 1.5 2.0 

Amount of ballast water 
after demulsification, % 

Muradkhanli 2.9 6.4 8.2 10.2 34.3 
Umbaki 

40 1.7 2.1 2.7 3.1 28.8 
Muradkhanli 3.2 7.4 10.5 12.1 32.9 
Umbaki 

50 2.7 3.2 4.1 4.6 27.6 
Muradkhanli 5.2 10.4 16.7 18.8 27.3 
Umbaki 

60 3.5 5.7 8.3 9.6 23.6 
Muradkhanli 8.5 14.9 22.8 31.4 14.1 
Umbaki 

70 7.2 12.4 14.5 18.9 14.9 

Table 3
Demulsification of oil samples in the presence of composition A-3 at 400C
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dilution rate of 41% and Umbaki oil samples with
dilution rate of 31% becomes 6.9% and 8.9%,
respectively. In order to study the effect of A-3
composition on demulsification of the mentioned
emulsion oils, «bottle test» experiments were carried
out in the next stage of research at temperatures of
500C and 600C for Muradkhanli oil and 500C, 600C
and 70îC for Umbaki oil. The results for A-3
composition are shown in Tables 4 and 5.

As shown in Table 4, when the concentration
of composition A-3 increases between 300–600 g/t at
temperatures of 500C and 600C, the amount of ballast
water in the Muradkhanli oil sample with an initial
dilution rate of 41% varies between 3.0–0.12% and
2.7–0.1%, respectively.

As shown in Table 5, the amount of ballast
water in Umbaki oil sample with initial dilution rate
of 31% varies between 10.96–4.33%, 7.71–2.26%
and 1.11–0.13% at temperatures of 500C, 600C and
700C, respectively, while the concentration of A-3
composition is increased between 300–600 g/t. As
shown in Tables 4 and 5, the percentage amount of

ballast water is reduced in the presence of A-3
composition to a minimum in Muradkhanli and
Umbaki oil samples at initial dilution rate of 31%
and 41%, respectively.

The efficiency degree of the demulsification
process of composition A-3 in demulsification was
calculated using the following empirical formula based
on the percentage amount of ballast water in a 100
gram oil sample:

0

0

V VZ(%) 100%,
V
−

= ⋅

where Z is the composition efficiency (%); V0 is the
amount of water before demulsification; and V is the
amount of ballast water after demulsification.

It was found that in the process of demulsification
of Muradkhanli oil sample with the initial dilution
rate of 41% at temperatures of 500C and 600C, the
concentration of A-3 composition increased in the
range of 300–600 g/t, with the change of efficiency
index in the range of 92.7–99.7% and 93.4–99.8%,

Table 4
Demulsification of Muradkhanli oil sample with presence of A-3 composition

Table 5
Demulsification of Umbaki oil sample in the presence of composition A-3

Amount of released water, 
vol.% Initial dilution 

rate, % 
Demulsification 
temperature, 0C 

Consumption, 
g/t 30 60 90 120 

Percentage of 
residual water, 

vol.% 

Amount of ballast water 
after deemulsification, % 

300 57.4 61.9 67.2 72.6 27.4 10,96 
400 65.3 70.4 76.7 81.5 18.5 7.67 
500 68.6 70.7 75.3 84.2 15.8 6.63 31 50

600 71.3 79.8 87.6 89.94 10.06 4.33 
300 58.4 66.7 73.2 81.4 18.6 7.71 
400 64.5 73.7 80.1 83.6 16.4 6.86 
500 70.8 76.4 82.3 89.5 10.5 4.50 31 60

600 79.6 88.2 91.4 94.86 5.14 2.26 
300 65.4 86.7 94.2 97.5 2.5 1.11 
400 72.4 89.5 95.9 98.4 1.6 0.71 
500 83.2 93.1 97.8 99.5 0.5 0.22 31 70

600 87.2 96.3 99.6 99.72 0.28 0.13 
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respectively. In the process of demulsification of
Umbaki oil sample with the initial dilution rate of
31% at temperatures of 500C, 600C and 700C, the
increase in the concentration of A-3 composition in
the range of 300–600 g/t results in the change of
efficiency index in the range of 65.8–86.0%, 75.1–
92.7% and 96.4–99.6%, respectively.

Therefore, the reduction in the percentage of
required ballast water to a minimum in both the
Muradkhanli and Umbaki oil samples, initially diluted
at 41% and 31%, respectively, upon the addition of
the A-3 composition suggests a notable surface activity
of the reagent. This implies that the surface activity
of the A-3 composition surpasses that of natural
emulsifiers present in heavy oil samples, which
contribute to the formation of aggregative and kinetically
stable water-oil emulsions. The development of such
a property within the composition can be attributed
to the emergence of positive synergism among its
constituent components.

The effect of A-3 composition on the freezing
point of Muradkhanli and Umbaki commercial oil
samples was studied in laboratory conditions according
to the method of ÐÄ 39-3-812-82 [15]. The results
of laboratory studies are given in Table 6.

As can be seen from Table 6, the freezing point
of Muradkhanli and Umbaki commercial oil samples
at increasing the concentration of A-3 composition
in the range of 200–600 g/t ranges from +8.5...+5.00C
to +8.5...+40C and the impact effect is in the ranges
of 32.0–60% and 22.7–63.6%, respectively.

The effect of the new composition A-3 on the
dynamic viscosity of commercial and emulsion forms
of Muradkhanli and Umbaki oil samples was also
studied. The experiments were conducted in a
“Reotest-2” viscometer at 200C and 400C for
Muradkhanli oil and Umbaki oil, respectively. The
change in the dynamic viscosity of Muradkhanli oil
samples without added composition with increasing
velocity gradient in the range of 5.4–145.8 s–1 was
studied (Fig. 1). As can be seen, despite the increase
in the volume of water in the emulsion characterized
by a low viscosity value, the viscosity of the emulsion
increases by more than seven times. This situation is
justified by the fact that the adsorption layer and the

associated solvate coating themselves have a high degree
of structural viscosity. In addition, when the phase
separation surface is saturated, this layer has flexibility
and mechanical strength. As shown in Fig. 1, as the
velocity gradient increases, the dynamic viscosity of
the commercial oil and emulsion decreases. Thus,
the increase in the velocity gradient from 5.4 to 145.8
leads to a decrease in the dynamic viscosity of
commercial oil by 45.4%, emulsion of  5% by 51.8%,
emulsion of 10% by 61%, emulsion of 20% by 73%,
emulsion of 30% by 79.8% and emulsion of 41% by
84.6%.

Table 6
Effect of A-3 composition on freezing point of commercial oils

CA-3, g/t Tfreezing, 0C Impact effect, % 
Muradkhanli Umbaki Muradkhanli Umbaki Muradkhanli Umbaki 

0 0 +12.5 +11.0 0.0 0.0
200 150 +8.5 +8.5 32.0 22.7
400 300 +6.0 +6.0 52.0 45.5
600 450 +5.0 +4.0 60.0 63.6

Experimental tests were carried out by adding
the optimum concentration of A-3 composition to
Muradkhanli oil samples characterized by dilution
rates of 5, 10, 20, 30, and 41%. The results of
viscometric experiments are presented in Fig. 2. As
can be seen, when adding the optimal concentration
of composition A-3 at the studied velocity gradient,
the dynamic viscosity of commercial oil and oil
samples with a dilution rate of 5, 10, 20, 30, and
41% decreases by 60.6, 65.7, 72.2, 80.8, 85.6 and
89.0%, respectively. This shows further reduction in
dynamic viscosity by 15.2%, 13.9%, 11.2%, 7.8%,
5.8% and 4.4%, respectively compared to crude oil
samples.

It was experimentally studied how the dynamic
viscosity changes with the change of velocity gradient
in the range of 5.4–145.8 s–1 in the samples of Umbaki

Fig. 1. Dependence of viscosity of Muradkhanli water-oil

emulsion at 200C on velocity gradient (without reagent)
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oil without composition and at optimal flow rates of
composition A-3, and the results obtained at a
temperature of 400C are shown in Figs. 3 and 4.

490–158, 710–160, and 1183–162 mPa ⋅s,
respectively).

As follows from Fig. 4, as the velocity gradient
increases between 5.4–145.8 s–1, the dynamic viscosity
of Umbaki oil samples with dilution rate of 0.0%,
5%, 10%, 15%, 20%, and 31% without adding the
optimal consumption rate of A-3 composition decreases
(105–22, 182–56, 251–61, 359–63, and
712–62 mPa⋅s, respectively).

The laboratory test results regarding the freezing
temperature and viscosity of oil samples suggest that
the novel A-3 composition exhibits depressant additive
properties. This observation can be rationalized by
the amalgamation of reagents with distinct purposes
in specific ratios, leading to the emergence of a novel
property absent in any individual constituent
component of the composition.

In formation water, the presence of mineral salts,
carbon dioxide, hydrogen sulfide and sulfate-reducing
bacteria generating water-oil emulsion causes
electrochemical corrosion of internal surface of
transport preparation facilities. In this connection,
along with demulsifying effect of Gossypol resin and
A-3 composition as a corrosion reagent included in
the composition, the corrosion protection effect was
studied too. Hydrogen sulfide formation water was
used as an aggressive corrosive medium. The corrosion
rate was determined by gravimetric method in both
agent-free and reagent-free medium and the corrosion
protection effects of Gossypol resin and A-3
composition were calculated (Tables 7 and 8). As
shown in Table 7, when the amount of gossypol resin
increases by 100, 150, and 200 g/t, its protection
efficiency gets the value of 68%, 84%, and 90%,
respectively. Table 8 shows that the protection efficiency
of A-3 composition at concentration of 200, 400, and
600 g/t is equal to 81%, 93%, and 98% respectively.

The comparative analysis of the experimental
data presented in Tables 7 and 8 reveals that the
corrosion protection effectiveness of the A-3
composition exceeds that of Gossypol resin, which
serves as a corrosion agent.

Therefore, the comparative analysis of the
aforementioned results indicates that the extensive
utilization of the A-3 composition in mining conditions
proves to be more economically and ecologically
efficient, enhancing the transportation process by
significantly reducing the pronounced demulsification
effect, freezing temperature, and viscosity, and
demonstrating high corrosion protection during the
preparation of heavy oils with stable water-oil
emulsions for transportation. This is because the
multifunctional A-3 composition facilitates emulsion
breakdown, enhances transportation, shields the inner

Fig. 2. Dependence of viscosity of Muradkhanli water-oil

emulsion at 200C on velocity gradient ((with À-3 reagent)

Fig. 3. Dependence of viscosity of Umbaki oil-water emulsion

at 400C on velocity gradient (without reagent)

Fig. 4. Dependence of viscosity of Umbaki oil-water emulsion

at 400C on velocity gradient (without reagent)

As can be seen from Fig. 3, as the velocity
gradient increases between 5.4–145.8 s–1, the dynamic
viscosity of Umbaki oil samples with dilution rate of
0.0%, 5%, 10%, 15%, 20%, and 31% without adding
the composition decreases (182–64, 350–130,
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surface of transportation preparation equipment and
pipelines from corrosion, and prolongs the intervals
between their operation and maintenance.

Conclusions
1. A new composition with conventional name

A-3 was prepared for the first time under laboratory
conditions using reagents of three different purposes;
its properties were studied using Muradkhanli and
Umbaki oil samples as a research object. It was
established that the new composition is multifunctional
and has a complex effect. In the course of experiments,
the composition consumption rates of 200, 400,
600 g/t were taken, and the optimal rate of its
consumption was revealed to be 600 g/t.

2. The amount of ballast water was 6.9%, 0.12%,
and 0.1% depending on the effect of optimal
concentration of A-3 composition for two hours on
demulsification of crude oil samples produced in
Muradkhanli field at temperatures of 400C, 500C, and
600C, respectively. The amount of ballast water was
8.9%, 4.3%, 2.26% and 0.13% when the composition
was affected on demulsification of Umbaki crude oil
samples at temperatures of 400C, 500C, 600C, and
700C, respectively.

3. When adding the optimal concentration of
composition A-3, the dynamic viscosity of commercial
and Muradkhanli oil samples with dilution rates of 5,
10, 20, 30, and 41% decreases by 60.6, 65.7, 72.2,
80.8, 85.6 and 89.0%, respectively. This shows a
further decrease in dynamic viscosity by 15.2%, 13.9%,
11.2%, 7.8%, 5.8% and 4.4%, respectively, compared
to the uncomposed oil samples.

4. When the velocity gradient increases in the
range of 5.4–145.8 s–1 and the optimal consumption
rate of the A-3 composition is added, the dynamic
viscosity of Umbaki oil samples with dilution rate of
0.0%, 5%, 10%, 15%, 20%, and 31% decreases

between 105–22, 182–56, 251–61, 359–63, and
712–62 mPa⋅s, respectively.

5. It was found that composition A-3 in hydrogen
sulfide formation water showed a high corrosion
protection effect. Thus, corrosion protection efficiency
of A-3 composition at the concentration of 200, 400,
and 600 g/t was 81%, 93%, and 98% respectively.
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ÄÎÑË²ÄÆÅÍÍß ÁÀÃÀÒÎÔÓÍÊÖ²ÎÍÀËÜÍÎ¯
ÊÎÌÏÎÇÈÖ²¯ Ó Ï²ÄÃÎÒÎÂÖ² ÒÀ
ÒÐÀÍÑÏÎÐÒÓÂÀÍÍ² ÂÀÆÊÈÕ ÍÀÔÒ

Àéñåëü Â. Ãàñèìçàäå

Çà ëàáîðàòîðíèõ óìîâ óïåðøå áóëî äîñë³äæåíî íîâó
êîìïîçèö³þ, ùî ñêëàäàºòüñÿ ç ND-12, ñìîëè ãîññèïîë ³
³çîïðîïàíîëó â ñï³ââ³äíîøåíí³ 4:1.5:0.5, ïîçíà÷åíó ÿê
A-3. Áóëî âèâ÷åíî ¿¿ åôåêòèâí³ñòü ó äåìóëüñèô³êàö³¿ çðàçê³â
âàæêî¿ íàôòè ç ðîäîâèù Ìóðàäõàíëè òà Óìáàêè ç³ ñòóïå-
íåì åìóëüñ³¿ â³äïîâ³äíî 41% ³ 31%, à òàêîæ ¿¿ âïëèâ íà
òåìïåðàòóðó çàìåðçàííÿ, äèíàì³÷íó â’ÿçê³ñòü ³ øâèäê³ñòü
êîðîç³¿ ó âîä³ âîäîíîñíîãî øàðó ç ñ³ðêîâîäíåì. Îïòèìàëü-
íà êîíöåíòðàö³ÿ ðåàãåíòó áóëà âèçíà÷åíà ÿê 600 ã/ò. Ïðî-
òÿãîì äâîõ ãîäèí äåìóëüñèô³êàö³ÿ íàôòè ç ðîäîâèùà Ìó-
ðàäõàíëè ïðîâîäèëàñÿ ïðè 400C, 500C ³ 600C, à íàôòè ç
ðîäîâèùà Óìáàêè – ïðè 400C, 500C, 600C ³ 700C. Ì³í³ìàëü-
íà ê³ëüê³ñòü áàëàñòíî¿ âîäè çà ó÷àñò³ îïòèìàëüíî¿ òîâùèíè
êîìïîçèö³¿ áóëà âèÿâëåíà ïðè 600C äëÿ íàôòè Ìóðàäõàí-
ëè ³ 700C äëÿ íàôòè Óìáàêè, ñòàíîâëÿ÷è 0.1% ³ 0.13%,
â³äïîâ³äíî. Òåìïåðàòóðà çàìåðçàííÿ íàôòè Ìóðàäõàíëè çíè-
çèëàñÿ ç +12.50C äî +50C, à íàôòè Óìáàêè – ç +110C äî
+40C çàâäÿêè îïòèìàëüíîìó åôåêòó â’ÿçêîñò³ êîìïîçèö³¿
A-3. Ïðè +200C, ç 600 ã/ò êîìïîçèö³¿ A-3, äèíàì³÷íà
â’ÿçê³ñòü íàôòè Ìóðàäõàíëè çìåíøèëàñÿ ç 201 Ïà⋅ñ äî
111 Ïà⋅ñ ³ ç 1540 Ïà⋅ñ äî 237 Ïà⋅ñ äëÿ ñòóïåí³â åìóëüñ³¿
0.0%, 5%, 10%, 20%, 30% ³ 41%. Ïðè +400C äèíàì³÷íà
â’ÿçê³ñòü íàôòè Óìáàêè çìåíøèëàñÿ ç 182 Ïà⋅ñ äî 64 Ïà⋅ñ
³ ç 1183 Ïà⋅ñ äî 163 Ïà⋅ñ äëÿ ñòóïåí³â åìóëüñ³¿ 0.0%, 5%,
10%, 20% ³ 31%. Êð³ì òîãî, êîìïîçèö³ÿ A-3 âèÿâèëà âèùó
åôåêòèâí³ñòü âïëèâó íà øâèäê³ñòü êîðîç³¿ ó âîäîíîñíîìó
øàð³ ç ñ³ðêîâîäíåì ïîð³âíÿíî ç ¿¿ ñêëàäîâîþ ñìîëîþ ãîñ-
ñèïîë. Â òîé ÷àñ ÿê åôåêò çàõèñòó â³ä êîðîç³¿ ñìîëè ãîññè-
ïîë ïðè îïòèìàëüíèõ êîíöåíòðàö³ÿõ ñòàíîâèâ 90%,
êîìïîçèö³ÿ A-3 äîçâîëèëà äîñÿãòè çíà÷åííÿ 98%. Ö³ ðå-
çóëüòàòè ñâ³ä÷àòü ïðî êîìïëåêñíèé ³ ñèíåðãåòè÷íèé âïëèâ
êîìïîçèö³¿ A-3 çàâäÿêè âçàºìîä³¿ ¿¿ ñêëàäîâèõ êîìïîíåíò³â.
Íà çàâåðøåííÿ, ÷èñëåíí³ ëàáîðàòîðí³ âèïðîáóâàííÿ ïîêà-
çàëè, ùî êîìïîçèö³ÿ A-3, ùî ñêëàäàºòüñÿ ç äåìóëüñèô³êà-
òîðà ND-12, àíòèêîðîç³éíîãî àãåíòà ñìîëè ãîññèïîë òà
ðîç÷èííèêà ³çîïðîïàíîëó, ï³äõîäèòü äëÿ äåìóëüñèô³êàö³¿,
çíèæåííÿ òåìïåðàòóðè çàìåðçàííÿ òà êîðèãóâàííÿ äèíà-
ì³÷íî¿ â’ÿçêîñò³ âàæêèõ íàôòîâèõ ïðîäóêò³â, òàêèõ ÿê   íàôòà
Ìóðàäõàíëè òà Óìáàêè, à òàêîæ äëÿ åôåêòèâíîãî âïëèâó
íà øâèäê³ñòü êîðîç³¿ â êèñëèõ ñåðåäîâèùàõ. Îòæå, çàñòîñó-
âàííÿ íîâî¿ êîìïîçèö³¿ A-3 ðåêîìåíäóºòüñÿ ÿê åêîíî-
ì³÷íî òà åêîëîã³÷íî åôåêòèâíîãî ðåàãåíòó äëÿ äåìóëüñè-
ô³êàö³¿ òà òðàíñïîðòóâàííÿ âàæêèõ íàôòîâèõ ïðîäóêò³â ó
ã³ðíè÷èõ óìîâàõ, à òàêîæ äëÿ çàõèñòó â³ä êîðîç³¿ âíóòð³øí³õ
ïîâåðõîíü îáëàäíàííÿ äëÿ ï³äãîòîâêè òðàíñïîðòóâàííÿ.

Êëþ÷îâ³ ñëîâà: äåìóëüñèô³êàö³ÿ, øâèäê³ñòü êîðîç³¿,
òåìïåðàòóðà çàìåðçàííÿ, åôåêòèâíà â’ÿçê³ñòü, êîìïîçèö³ÿ,
ðåàãåíò, äåìóëüñèô³êàòîð.
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Under laboratory conditions, a novel composition
comprising ND-12, Gossypol resin, and isopropanol in a ratio
of 4:1.5:0.5, denoted as A-3, was investigated for the first time.
Its efficacy in the demulsification of Muradkhanli and Umbaki
heavy oil samples, with emulsion degrees of 41% and 31%
respectively, was studied, along with its effects on freezing point,
dynamic viscosity, and corrosion rate in hydrogen sulfide reservoir
water. The optimal concentration of the reagent was determined
to be 600 g/t. Over a two-hour period, the demulsification of
Muradkhanli oil was conducted at 400C, 500C, and 600C, and of
Umbaki oil at 400C, 500C, 600C, and 700C. The minimum
amount of ballast water, with optimal composition thickness
participation, was observed at 600C for Muradkhanli oil and 700C
for Umbaki oil, constituting 0.1% and 0.13%, respectively. The
freezing temperature of Muradkhanli oil decreased from +12.50C
to +50C, and Umbaki oil from +110C to +40C due to the
optimal viscosity effect of A-3 composition. At +200C, with
600 g/t of composition A-3, the dynamic viscosity of Muradkhanli
oil decreased from 201 Pa⋅s to 111 Pa⋅s and from 1540 Pa⋅s to
237 Pa⋅s for emulsion degrees of 0.0%, 5%, 10%, 20%, 30%,
and 41%. At +400C, the dynamic viscosity of Umbaki oil
decreased from 182 Pa⋅s to 64 Pa⋅s and from 1183 Pa⋅s to
163 Pa⋅s for emulsion degrees of 0.0%, 5%, 10%, 20%, and
31%. Furthermore, A-3 composition exhibited higher efficiency
in affecting the corrosion rate in hydrogen sulfide formation water
compared to its constituent Gossypol resin. While the corrosion
protection effect of Gossypol resin at optimal concentrations
was 90%, A-3 composition reached 98%. These results indicate
the complex and synergistic effects of the A-3 composition due
to its constituent components. In conclusion, numerous laboratory
tests revealed that the A-3 composition, comprising ND-12
demulsifier, corrosion agent Gossypol resin, and isopropanol
solvent, is suitable for the demulsification, freezing point reduction,
and dynamic viscosity adjustment of heavy oils such as
Muradkhanli and Umbaki, as well as for effectively influencing
corrosion rates in acidic environments. Therefore, the application
of the new A-3 composition is recommended as an economically
and ecologically efficient reagent for demulsification and
transportation of heavy oils in mining conditions, as well as for
corrosion protection of internal surfaces of transportation
preparation facilities.

Keywords: demulsification; corrosion rate; freezing point;
effective viscosity; composition; reagent; demulsifier.

REFERENCES

1. Aga-Zde AR, Alsafarov ME, Akberova AF. Selection
of an effective demulsifier for the destruction of oil-water emulsion
and research to determine compatibility with the base demulsifier.
Socar Proc. 2018; (1): 75-82.

2. Matiev KI, Agha-Zade AG, Alsafarova ME. Depressor
additive for high-retaining paraffinic oils. Socar Proc. 2018; (3):
32-37.

3. Jennings DW, Weispfenning K. Effect of shear and
temperature on wax deposition: coldfinger ýnvestigation with a
Gulf of Mexico crude oil. Energy Fuels. 2005; 19: 1376-1386.
doi: 10.1021/ef049784i.

4. Glushchenko VN. Evaluation of the effectiveness of
ýnhibitors of asphaltene resin paraffin deposits. Oil Econ. 2007;
(5): 84-87.

5. Farhan MM, Al-Jumialy MM, Al-Muhammadi AD,
Ismail AS. Development of a new method for reducing the loss
of light hydrocarbons at breather valve of oil tanks. Energy
Procedia. 2017; 141: 471-478. doi: 10.1016/j.egypro.2017.11.061.

6. Guevara EK, Marushkin AB, Sidorok PV,
Garankov IN, Sukharev KV. Purification of partially prepared
oil from hydrogen sulfide by non-regenerable reagents. Bashkir
Chem J. 2019; 26(3): 58-61. doi: 10.17122/Bcj-2019-3-58-61.

7. Abdrakhmanov A, Orazaliyev B, Zhusin B, Tynysbekova S,
Krzysztofik B. Solutions to pollution problems of oil. Agric Eng.
2017; 21(2): 5-14. doi: 10.1515/agriceng-2017-0011.

8. Gurbanov HR, Gasimzade AV. Research of the
impact of new compositions on the decomposition of
stable water-oil emulsions of heavy oil. Voprosy Khimii
i  Kh im i ch e s ko i  T e khno l o g i i .  2 0 2 2 ;  ( 6 ) :  1 9 - 2 8 .
doi: 10.32434/0321-4095-2022-145-6-19-28.

9. Strunkin SI, Gladkova NKh, Kuzmina EP,
Matveev VV, Kaemov SA. Experience of application of
hydrocyclone processor for removal of hydrogen sulfide and light
mercaptans in Jsc Samaraneftegaz. Sci Techn Bull Nk Rosneft.
2014; (2): 75-77.

10. Aleksandrov AN, Rogachev MK, Raupov IR. Study
of rheological properties of highly paraffinic oil. Oil Gas Territories.
2018; (6): 52-58.

11. Torlomoeva AE, Cheshkova T, Kovalenko E,
Kovalenko A, Sagachenko TA. Chemical composition of
petroleum of Krapivinskoe oilfield. News Tomsk Polytechn Univ.
2015; 326(2): 48-55.

12. Wilde J. Chemical processing for the fight against
deposits of paraffins. Oil Gas Technol. 2009; (9): 25-29.

13. Guevara EÑ, Marushkin AB, Sidorok PV,
Gilmutdinov AT. Cleaning of oil from hydrogen sulfide in
hydrocyclone processors. World Pet Prod. 2020; (1): 32-34.
doi: 10.32758/2071-5951-2020-0-01-32-34.

14. Charepitsa SV, Zayats NI, Zadreyko YV, Sytova S.
Estimation of the accuracy of method for quantitative
determination of volatile compounds in alcohol products. Proc
BSTU Ser Chem Org Subst Technol Biotechnol. 2014; (4): 201-
205.

15. Ismayilova FB. Influence of water cut and rates of
cooling on oil flow. Kaz J Oil Gas Ind. 2021; 3(4): 109-116.
doi: 10.54859/kjogi99714.


