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Abstract

In this study, formation water sample No. 1082 from the Narimanov OGPD, together with
crude oil samples from the Bulla-Deniz and Muradkhanli fields, was examined under labo-
ratory conditions to evaluate the efficiency of chemical reagents. The Alkan-318 demulsifier,
Marza-1 inhibitor, Difron-4201 depressor additive, and a combined ADM composition
(Alkan-318 + Difron-4201 + Marza-1 in a 1:1:1 ratio) were tested for their effects on water
separation, corrosion inhibition, sulfate-reducing bacterium activity, paraffin deposition,
and pour point depression. Comparative experiments showed that the ADM composition
demonstrated superior performance over individual reagents at equal concentrations. At
an optimal dosage of 600 g/t, the ADM composition reduced the residual water content
(mass fraction) of Bulla-Deniz (75% initial water cut) and Muradkhanli (41% initial water
cut) crude oils to 0.1 wt.% and 0.8 wt.%, respectively, after thermochemical treatment.
The depressant performance was evaluated based on the degree of pour point reduction
(∆T, ◦C) relative to untreated oil. At optimal concentrations, Difron-4201 and the ADM
composition reduced the pour point by 9.0–10.0 ◦C, demonstrating the superior efficiency
of the multifunctional composition compared to individual additives. Corrosion tests
revealed that Marza-1 and ADM provided up to 99.9% protection in aggressive H2S and
CO2 environments, while ADM also exhibited a nearly complete bactericidal effect (99.8%)
against sulfate-reducing bacteria, highlighting its multifunctional efficiency.

Keywords: depressor additive; demulsifier; inhibitor; composition; water cut factor; pour
point; asphaltene–resin–paraffin deposits; corrosion; protection efficiency; sulfate-reducing
bacteria

1. Introduction
In Azerbaijan, crude oils produced both offshore and onshore differ greatly not only

in their physicochemical properties but also in their rheological characteristics. The oils
from the developed fields are mostly characterized by common features such as high
viscosity and the presence of asphaltene, resin, and paraffin compounds. In many of
Azerbaijan’s oilfields, crude oils contain varying amounts of asphaltenes, resins, and
paraffins. During the production and transportation of such oils, the deposition of these
compounds occurs in the bottomhole zone and in pipelines. To prevent and eliminate these
issues, numerous scientific research studies have been conducted by various researchers
over time. The complications arising during the extraction, storage, and transportation of
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water-cut paraffinic oils negatively affect well performance and normal operation, leading
to the need for additional downhole and surface repair works.

The complications caused by asphaltene–resin–paraffin deposits (ARPDs) in the well–
gathering–transport system, as well as the difficulties encountered in preventing them, are
closely related to their specific rheological, structural–mechanical, chemical, and colloid–
chemical properties. These difficulties are further aggravated by the wide range of compo-
sitions and properties of such deposits. Practically, these deposits are insoluble and consist
mainly of organic compounds that tend to disintegrate under crude oil production and
transportation conditions.

Reservoir oils and produced crude oils differ primarily in their densities and other
quality indicators. When crude oils prepared for transportation enter further refining
stages, strict quality requirements are imposed. These include the content of water, sul-
fur, chlorides, mechanical impurities, and paraffin. Although numerous empirical and
semi-empirical models have been proposed to describe crude oil dehydration, paraffin
deposition, and corrosion processes, their predictive accuracy remains limited for highly
paraffinic, high-water-cut oils due to compositional variability, multiphase flow effects, and
dynamic physicochemical interactions. Recent studies have highlighted the challenges in
reliably forecasting dehydration efficiency, wax deposition, and corrosion behavior under
changing field conditions using existing mathematical models [1–3]. On the other hand,
during in-field gathering processes, the well products undergo continuous changes not
only in rheological and physicochemical characteristics but also in commercial quality.
Therefore, during transportation, the selection of unsubstantiated calculation methods and
mathematical models without considering both the structural and commercial properties of
crude oils with different water cut levels may lead to various complications and increased
energy consumption [4–7].

One of the most important stages of the oil production process is the preparation
of crude oil for transportation. Among the main factors that cause complications and
additional financial expenses during oil gathering and preparation for transportation are
the water cut factor, the deposition of asphaltene–resin–paraffin compounds, and internal
surface corrosion processes. The presence of water in oil acts as a ballast, leading to
additional transportation costs.

The degree of water dispersion in oil—in other words, water emulsification in crude
oil—is one of the key characteristics of oil–water emulsions and determines the essential
properties of crude oil. Based on the above considerations, studies were conducted under
laboratory conditions to determine the water cut degrees of crude oils using the “drop test”
method and the results were analyzed. The drop test method, while originally developed
for refined fuels, has also been successfully applied to crude oil–water emulsions for
the qualitative and semi-quantitative assessment of emulsion stability and dehydration
behavior, particularly in comparative laboratory studies. In the present work, the drop
test was used as a screening tool, while quantitative residual water determination was
performed using the Dean–Stark distillation method in accordance with ASTM D95—
Standard Test Method for Water in Petroleum Products and Bituminous Materials by
Distillation [8–10].

In global practice, depending on the characteristics of oil emulsions, various meth-
ods are applied for their demulsification. Thermochemical demulsification is used to
dehydrate emulsions that are difficult to break. During the process, along with heating,
different reagents are also applied. Demulsification should be carried out with minimum
demulsifier consumption while achieving the maximum dehydration and minimum
residual water content.
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To eliminate and prevent complications observed in pipelines and on the internal
surfaces of technological equipment in oil gathering and transportation systems with highly
paraffinic crude oils characterized by a high pour point and high water cut, the optimal
approach is the use of chemical reagents [11–16].

The electrochemical corrosion of internal surfaces and the formation of asphaltene–
resin–paraffin deposits are among the major problems for oilfield equipment. The causes
of electrochemical corrosion include the presence of oxygen, hydrogen sulfide, carbon
dioxide, sulfate-reducing bacteria in formation waters, and dissolved mineral salts and the
precipitation of asphaltene–resin–paraffin compounds. Therefore, the prevention of ARPD
formation and the protection of internal surfaces from corrosion are highly relevant issues.
The damage caused by these problems to national economies amounts to billions of dollars.

Along with economic losses, environmental damage is also inevitable. The aim of this
work was to investigate, under laboratory conditions, the effects of a new multifunctional
composition on asphaltene–resin–paraffin deposits, the water cut factor, and corrosion [17–20].

2. Materials and Methods
To conduct the research process under laboratory conditions, crude oil samples with

75% water cut from well No. 89 of the Bulla-Deniz field and with 41% water cut from the
Muradkhanli field, as well as formation water sample No. 1082 from the Narimanov OGPD,
were used. Their physicochemical properties are presented in Tables 1 and 2. Sulfur content was
included due to its known influence on electrochemical corrosion processes in oilfield systems.

Table 1. Physicochemical properties of crude oils.

No. Parameter
Bulla-Deniz Muradkhanli

Determination Method
Value

1 Water content in sample, % 75.00 41.00 GOST 2477-65 [21]

2 Density, ρ20
4 , kg/m3 981 947 GOST 3900-85 [22]

3 Viscosity at 20 ◦C, mPa·s 2200 2157 GOST 33-2000 [23]

4 Paraffin content, % 14.00 5.80 GOST 11851-85 [24]

5 Resin content, % 13.35 18.10 GOST 11851-85 [24]

6 Asphaltene content, % 0.24 4.50 GOST 11851-85 [24]

7 Sulfur content, wt.% 0.42 0.36 GOST 1437-75 [25]

8 Pour point, ◦C +13 +9 GOST 20287-91 [26]

9 Chloride content, mg/L 1133.67 534.31 GOST 4245-72 [27]

10 Mechanical impurity content, wt.% 0.368 5.86 GOST 11858-83 [28]

Table 2. Ionic composition of formation water from well No. 1082.

No. Ions Ion Concentration, mg/L Ion Equivalent Concentration, meq/L Equivalent Amount, %

1. Na+ + K+ 31,298.99 1360.83 85.30

2. Ca2+ 1122.24 56.00 1.76

3. Mg2+ 486.40 40.03 1.26

4. Fe3+ 2561.58 137.72 2.88

5. Cl− 49,010.49 1380.57 98.67

6. SO4
2− 28.81 0.60 0.02

7. CO3
2− 0.00 0.00 0.00
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Table 2. Cont.

No. Ions Ion Concentration, mg/L Ion Equivalent Concentration, meq/L Equivalent Amount, %

8. HCO3
− 1037.00 17.00 1.22

9. H2S 15.00 0.94 0.04

The physicochemical properties of the crude oils were determined in accordance with
relevant GOST standards. Publicly available descriptions of these methods can be found
through the Interstate Council for Standardization, Metrology and Certification (EASC)
and national standards repositories.

To ensure consistency, all compositional values in Table 1 are reported using uniform
numerical precision (two decimal places). Minor variations in rounding reflect measure-
ment uncertainty inherent to the applied analytical methods.

As shown in the table, the selected crude oil sample for the study belongs to the group
of highly paraffinic oils. It is characterized by high content of paraffinic hydrocarbons, a
high pour point, and water content of 75% and 41%, respectively.

To date, the widely used “Alkan-318” reagent–demulsifier, applied for crude oil dehy-
dration throughout the country, has demonstrated satisfactory results in tests. Research
has shown that this demulsifier can exert a complex effect during oil preparation and
transportation processes.

The scientific justification for using the “Alkan-318” reagent–demulsifier has been
established—namely, to regulate the flow and processing characteristics of oils with com-
plex rheological properties, as well as to ensure efficient preparation and transportation.

For the studied crude oil sample, the effects of both the “Alkan-318” demulsifier
and the ADM composition—prepared from the “Alkan-318” demulsifier, “Difron-4201”
additive, and Marza-1 inhibitor in a 1:1:1 ratio—were investigated.

The laboratory dehydration of the studied oil was performed using the efficient
“Boatels Test” (“Bottle Test”) method, both without reagents and with the reagent or
composition. Experiments were conducted based on the emulsion breakage time. The
demulsification time was determined by measuring the volume of settled water in the
bottle, and, after the separation process was complete, the residual water content in the oil
was determined using a balance method.

The “Alkan-318” reagent–demulsifier, which showed high efficiency in crude oil
emulsion dehydration, was used in the experiments. To carry out the tests, crude oil
samples with varying water cut levels were dosed with the reagent and composition
at established consumption rates, and then control samples were taken. During the
experiments, temperature stability (20 ◦C, 40 ◦C, and 60 ◦C) was maintained, and multiple
studies were performed.

The efficiency of emulsion separation by the demulsifier was evaluated using the
“Bottle Test” method. Assessment was based on the amount of water separated from
the stable oil–water system over time. The amount of water present in the crude oil was
determined using the Dina–Stark method. To accurately measure the water separated
during demulsification, a specialized glass separator with a defined volume was used.

In this study, the residual water content was determined by the Dina–Stark distillation
method, while the amount of separated water during demulsification was used to evaluate
the kinetics of phase separation. Formula (1) therefore describes the relative efficiency of
water separation, whereas the final residual water content values reported in the tables
correspond to gravimetrically confirmed distillation results.

W =
m0 − m

m0
× 100 (1)
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Here, m0 is the amount of water before demulsification, g.
m is the amount of water separated during demulsification, g.
Table 3 presents the physicochemical properties of the “Alkan-318” demulsifier.

Table 3. Physicochemical properties of the “Alkan-318” demulsifier.

1 Appearance Transparent liquid from light yellow to dark brown

2 Density, g/sm3, 20 ◦C 0.92 ÷ 0.96

3 Flash point, ◦C +12 ◦C

4 Boiling point, ◦C Not less than +63 ◦C

6 Glass transition temperature, ◦C Not more than −30 ◦C

7 pH ≥7.0

8 Toxicity
Hazard Class III (moderately hazardous according to GOST

12.1.007—Occupational Safety Standards System. Harmful Substances.
Classification and General Safety Requirements GOST 12.1.007 [29])

Given the high paraffinicity of the studied oil, the process of asphalt–resin–paraffin
deposit (ARPD) formation in its composition was determined under laboratory conditions
using both the “Difron-4201” additive and the ADM composition. This was carried out at
50 ◦C over a 3 h period via the “cold finger” method.

The core principle of the method involves the deposition of asphalt–resin–paraffin
compounds on the surface of a cold metal probe (“cold finger”). This enables the evaluation
of the effectiveness of both the depressant additive and the composition, as well as the
determination of the optimal dosage.

The physicochemical indicators of the Difron-4201 depressant additive are presented in
Table 4.

Table 4. Physicochemical indicators of the “Difron-4201” depressant additive.

No. Indicator “Difron-4201”

1 Appearance Liquid, from yellow to brown

2 Density at 20 ◦C Not more than 790 kg/m3

3 Flash point in a closed cup Not lower than −28 ◦C

4 Solubility in water Insoluble

5 Solubility in aromatic solvents Insoluble

During the research, the effectiveness of the “Difron-4201” depressant additive and the
ADM composition was calculated using a given formula. This was done after determining the
quantity of deposits formed on the cold metal surface for both oil samples, which had been
treated with various concentrations of the additives, by means of the gravimetric method.

K =
m1 − m2

m1
× 100% (2)

K—effectiveness of the depressant additive;
m1—mass of the asphalt–resin–paraffin deposits (ARPDs) in the additive-free medium;
m2—mass of the ARPDs in the medium containing the depressant additive

and composition.
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The mass of asphaltene–resin–paraffin deposits (m1 and m2) was determined gravimetrically
after deposition on the cold finger surface, followed by mechanical removal, solvent washing to
eliminate residual oil, drying to a constant mass, and weighing using an analytical balance.

To determine the effect of the “Difron-4201” depressant additive and the ADM
composition on the pour point of oil under laboratory conditions, a known volume of
an oil sample was placed into test jars with a spherical bottom, 160 mm in height and
20 mm in diameter, and heated to a temperature of 55–60 ◦C. The experiment was contin-
ued by gradually cooling the test jar to 30–40 ◦C after adding various concentrations of
the depressant additive and composition separately to the oil sample.

After the test jars, cooled to a known temperature, were placed in a thermostat, the
cooling process was continued. The temperature at which the oil’s meniscus remained
stationary for a minimum of 5 s while the jar was held horizontally at a 45-degree angle
was recorded every time the temperature decreased by 1 ◦C. The complete solidification of
the oil was determined based on the immobility of the upper layer of the liquid.

In oil gathering and transportation systems, alongside problems of water cut and
paraffin deposition, complications arising from internal surface corrosion, which require
urgent solutions, are also a central focus. To eliminate this complication, the corrosion
protection effect of the “Marza-1” inhibitor and the ADM composition was determined
using a steel sample of grade St20, with dimensions of 30 × 20 × 1 mm. The chemical
composition of the St20-grade steel sample is given in Table 5.

Table 5. Chemical composition of St20-grade steel (%).

Grade C Mn Si P S Cr Ni Cu As Fe

St20 0.17–0.24 0.35–0.65 0.17–0.37 ≤0.04 ≤0.04 ≤0.25 ≤0.25 ≤0.25 ≤0.08 ~98

The corrosion rate of the steel sample was determined through laboratory experiments
under dynamic conditions based on gravimetric tests. To conduct tests under dynamic
conditions, a flow rate corresponding to operational conditions was achieved using a
circulation apparatus. The corrosion rate was calculated based on the mass loss.

The research was conducted at a temperature of 25 ◦C over a duration of 6 h, using
various concentrations of the Marza-1 inhibitor. Marza-1 is a mixed organic corrosion inhibitor
belonging to the class of unsaturated nitrogen- and heteroatom-containing compounds, capa-
ble of adsorption on steel surfaces through π-electron systems and heteroatoms, forming a
protective barrier against electrochemical corrosion and bacterial activity (Table 6) [30].

Table 6. Physicochemical characteristics of the “Marza-1” reagent.

1. Appearance Transparent, colorless liquid

2. Solubility Soluble in oil, disperses in water

3. Pour point (◦C) −25

4. Relative density at 20 ◦C 896 kg/m3

5. Boiling point, ◦C 123–125 (at 1 mmHg)

6. Kinematic viscosity at 20 ◦C 5.8 mm2/s

7. Flash point, ◦C <38

The boiling point is reported at reduced pressure (1 mmHg) and is provided for only
physicochemical characterization. Corrosion and bactericidal tests were conducted at
ambient temperature (25 ◦C). The experiments were conducted as follows: the surfaces of
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the steel samples were ground on a grinding machine; subsequently, they were cleaned
with acetone and alcohol and then washed with distilled water.

Following this, the surfaces were activated by immersing them in a 15% HCl solution for
60 s, washed again with distilled water, and dried with filter paper. The mass of the sample
was determined on an analytical balance after it was stored in a desiccator for one hour.

The experiments were carried out for comparison purposes: without any inhibitor,
with the inhibitor, and with the composition.

The corrosion rate was calculated using the following formula:

K =
m1 − m2

S · τ
(3)

m1—mass of the steel sample before the test, g;
m2—mass of the steel sample after the test and the removal of corrosion products, g;
S—surface area of the steel plate (SN = 2ah + 2ab + 2bh), m2;
τ—duration of the laboratory test, hours.
The following mathematical expression was used to calculate the inhibition coefficient.

γ =
K0

Kinh
(4)

Here, K0—the corrosion rate in an environment without the inhibitor or composition
(g/m2·h);

Kinh—the corrosion rate in an environment with the inhibitor or composition (g/m2·h).
The protective effect of the inhibitor and composition was calculated using the

given formula:

Z =
K0 − Kinh

K0
× 100% (5)

The penetration depth was determined based on the corrosion rate using the
following formula:

Kp = 1.12·Kinh, mm/year (6)

Here, Kp—penetration depth, mm/year;
Kinh—corrosion rate, g/m2·h.
The bactericidal properties of the Marza-1 inhibitor and ADM composition against

sulfate-reducing bacteria were studied in the “Postgate-B” nutrient medium (Table 7).

Table 7. Composition of the “Postgate-B” nutrient medium, g/L.

Name of
Medium NH4Cl K2HPO4 MgSO4 × 7H2O CaSO4 Ca-Lactate Na2S Na2SO3

FeSO4
(5% Solution in 1% HCl)

“Postgate-B” 1.0 0.5 2.0 1.0 2.6 0.2 2.0 0.5

In hydrogen sulfide-containing formation water, the properties of both the inhibitor
and the composition were studied under laboratory conditions, and their protective effects
against corrosion were determined. As the corrosion medium, formation water samples
from well No. 1082 of the Bibiheybatneft OGPD and bacterial strains of Desulfomicrobium
and Desulfovibrio desulfuricans were used.

Based on the amount of hydrogen sulfide, the bactericidal effects of the inhibitor and
the composition were calculated using the following formula:

S, % =
C0 − Cinh

Cinh
× 100 (7)
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Here, C0—concentration of biogenic hydrogen sulfide in the medium without the
inhibitor or composition;

Cinh—concentration of biogenic hydrogen sulfide in the medium with the inhibitor or
composition reagent.

Experimental Reproducibility and Statistical Analysis

All laboratory experiments were conducted in triplicate under identical conditions to
ensure the reproducibility of the results. For each experimental condition, three independent
runs were performed, and the reported values represent the arithmetic mean of the measure-
ments. Standard deviations were calculated for key performance indicators, including the
residual water content after demulsification, pour point reduction, asphaltene–resin–paraffin
deposit (ARPD) inhibition efficiency, corrosion protection efficiency, and bactericidal activity.

The relative standard deviation of repeated measurements did not exceed ±5%, indi-
cating good experimental repeatability and measurement stability. A comparative statistical
analysis between individual reagents and the ADM composition was performed using
one-way analysis of variance (ANOVA) at a 95% confidence level (p < 0.05). The statistical
evaluation confirmed that the improvements achieved by the ADM composition over
individual reagents were statistically significant.

3. Results
Under laboratory conditions, the thermochemical demulsification of Bulla-Deniz crude

oil with 75% water cut and Muradkhanli crude oil with 41% water cut was carried out in the
presence of the reagent and the composition. The demulsification process was performed
using the demulsifier and the composition at dosages of 300–600 g/t, at temperatures of 20,
40, and 60 ◦C, and for various settling times of water (40, 60, 80, 120 min).

Table 8 presents the parameters obtained from the experiments.

Table 8. Results of the demulsification of Bulla-Deniz crude oil with 75% water cut and Muradkhanli
crude oil with 41% water cut.

Reagent
Reagent
Dosage,

g/t

Temperature,
◦C

Amount of Separated Water Depending on Settling
Time (min), (%)

Amount of
Separated
Water, g

Amount of Residual
Water After

Demulsification, %40 60 80 120

Bulla-Deniz

Without
reagent

-

20 11.2 22.6 31.2 40 30 60

40 19 32.7 46.3 52.3 39.23 47.7

60 38.4 45 53.9 61.2 45.9 38.8

Alkan-318

300

20

57.3 62.4 84.2 90.8 68.10 9.2

400 61.7 82.8 85.6 93.2 69.90 6.8

500 65.8 84.4 88.1 94.5 70.88 5.5

600 68.6 89.5 91.2 95.7 71.78 4.3

300

40

62.5 82.4 91.3 93.1 69.83 6.9

400 64.5 89.5 92.1 94.5 70.88 5.5

500 67.3 91.8 93.4 96.1 72.08 3.9

600 76.4 93.2 95.2 97.6 73.20 2.4

300

60

69.2 86.4 91.5 94.1 70.58 5.9

400 71.5 89.8 93.4 94.8 71.10 5.2

500 73.4 92.2 95.7 96.9 72.68 3.1

600 76.8 94.4 97.2 98.5 73.88 1.5
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Table 8. Cont.

Reagent
Reagent
Dosage,

g/t

Temperature,
◦C

Amount of Separated Water Depending on Settling
Time (min), (%)

Amount of
Separated
Water, g

Amount of Residual
Water After

Demulsification, %40 60 80 120

Muradkhanli

Without
reagent

-

20 14.2 27.4 35.6 45.3 19.5 52.8

40 28.4 38.9 46.9 55.6 23.53 42.6

60 43.6 48.2 55.7 64.6 26.49 65.4

Alkan-318

300

20

60.1 72.5 84.2 92.3 37.84 7.7

400 61.7 82.8 92.7 94.7 38.83 5.3

500 65.8 84.4 94.6 95.1 38.99 4.9

600 68.6 89.5 95.2 95.8 39.28 4.2

300

40

62.5 83.4 93.1 94.2 38.62 5.8

400 64.5 89.5 94.3 95.5 9.16 4.5

500 67.3 91.8 95.5 96.8 39.69 3.2

600 76.4 93.2 96.9 97.4 39.93 2.6

300

60

69.2 86.4 93.5 94.3 38.66 5.7

400 71.5 89.8 94.2 96.7 39.65 3.3

500 73.4 92.2 96.7 97.9 40.14 2.1

600 76.8 94.4 97.9 98.1 40.22 1.9

It can be seen from the table that the efficiency of the crude oil emulsions’ demulsifica-
tion with the reagent and composition at 20 ◦C and 40 ◦C was low, while the best results
were achieved during the dehydration process conducted at 60 ◦C. In Table 8, it is shown
that, at 60 ◦C and within the concentration range of 300–600 g/t of the Alkan-318 reagent,
the residual water content for the Bulla-Deniz crude oil varied between 5.9% and 1.5%,
while, for the Muradkhanli crude oil, it ranged between 5.7% and 1.9%. The non-linear
variation in the residual water content observed for the Muradkhanli crude oil without
a reagent at different temperatures is attributed to the complex stability of natural emul-
sions. A temperature increase initially promotes water separation; however, the partial
re-dispersion and stabilization of fine water droplets may occur due to the natural surfac-
tants present in the crude oil, resulting in non-monotonic behavior. Similar trends have
been reported for untreated water–oil emulsions with high resin and asphaltene content.

The mass of separated water corresponds to the experimentally collected aqueous
phase during the demulsification of a fixed-mass crude oil sample with known initial water
content. For example, for the Bulla-Deniz oil with 75 wt.% water cut, separation of ~74 g of
water from a 100 g emulsion sample is consistent with the residual water values obtained
by distillation.

The effect of the ADM composition, obtained by mixing the reagents Alkan-318,
Marza-1, and Difron-4201 in a 1:1:1 ratio based on laboratory tests, on the studied oils was
investigated. According to the results, as reflected in Table 9, the residual water content
for the Bulla-Deniz oil varied between 4.1% and 0.1%, and that for the Muradkhanli oil
between 4.3% and 0.8%, within the concentration range of 300–600 g/t at a temperature of
60 ◦C.
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Table 9. Results of the demulsification of Bulla-Deniz oil with 75% water cut and Muradkhanli oil
with 41% water cut.

Reagent
Reagent
Dosage,

g/t

t,
◦C

Amount of Separated Water Depending on Settling
Time (min), (%)

Amount of
Separated
Water, g

Amount of Residual
Water After

Demulsification, %40 60 80 120

Bulla-Deniz

Without
reagent

-

20 13.4 25.1 34.8 44 58.6 56

40 21.3 38.2 47.3 58 77.3 42

60 41.5 49.2 54.8 63.4 84.5 37

ADM

300

20

65.3 77.5 86.1 92.3 69.23 7.7

400 66.1 83.5 87.5 93.8 70.35 6.2

500 70.6 85.2 89.3 95.2 71.40 4.8

600 78.9 90.6 93.4 96.7 72.53 3.3

300

40

79.9 92.7 93.2 94.4 70.80 5.6

400 80.7 90.3 92.1 95.2 71.40 4.8

500 82.6 93,7 94.9 96.9 72.68 3.1

600 84.3 94,3 96.7 97.9 73.43 2.1

300

60

79.7 91.4 94.2 95.9 71.93 4.1

400 83.3 92.7 95.4 96.8 72.60 3.2

500 84.6 93.5 97.7 98.1 73.58 1.9

600 86.5 95.4 98.4 99.9 74.93 0.1

Muradkhanli

Without
reagent

-

20 16.7 29.5 37.6 47.2 19.5 52.8

40 30.1 41.5 49.8 57.4 23.53 42.6

60 45.4 51.4 57.9 64.6 26.49 65.4

ADM

300

20

69.9 76.2 89.9 93.6 38.38 6.4

400 70.4 86.4 93.1 95.2 39.03 4.8

500 72.8 86.7 94.2 96.4 39.52 3.6

600 75.2 90.4 96.1 97.1 39.81 2.9

300

40

72.3 87.2 94.3 95.4 39.11 4.6

400 76.4 91.3 95.4 96.3 39.48 3.7

500 79.4 94.2 95.5 97.5 39.98 2.5

600 81.2 95.6 97.2 98.3 40.30 1.7

300

60

75.3 90.6 94.5 95.7 39.24 4.3

400 79.8 93.4 95.3 97.2 39.85 2.8

500 80.6 95.7 97.7 98.1 40.22 1.6

600 82.5 96.4 98.5 99.2 40.67 0.8

The comparison of the dependence of the residual water content on the temperature after
the demulsification of the 75% water-cut Bulla-Deniz oil and 41% water-cut Muradkhanli oil
with the participation of the reagent and composition is given in Figures 1 and 2.

The effectiveness of the “Difron-4201” depressant additive and the ADM composition
on samples of Bulla-Deniz and Muradkhanli oil was calculated under laboratory conditions
based on the amount of collected asphaltene–tar–paraffin deposits using the “cold finger”
method. Over a one-hour period at a temperature of 0 ◦C, the amount of deposits, as well
as the oil’s pour point, surface tension coefficient, and effective viscosity, was determined in
the presence of both the depressant additive and the composition at quantities of 100–600 g/t.
The test results are presented in Table 10.
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Figure 1. The dependence of the residual water content in Bulla-Deniz oil on the temperature
after demulsification.
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Figure 2. The dependence of the residual water content in Muradkhanli oil on the temperature
after demulsification.

The non-monotonic variation in the ARPD mass observed with increasing concentrations
of the ADM composition is associated with competing physicochemical mechanisms. At mod-
erate dosages, crystal growth inhibition dominates, resulting in minimal deposit formation.
At higher concentrations, the partial reaggregation of modified paraffin crystals may occur,
followed by renewed inhibition as the adsorption equilibrium stabilizes. Such behavior is
characteristic of depressant additives acting through surface-active mechanisms. The listed
concentrations correspond to separate experiments conducted with either Difron-4201 or the
ADM composition and do not represent cumulative mixture concentrations.
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Table 10. Effects of the “Difron-4201” depressant additive and the ADM composition (Alkan-318 +
Difron-4201 + Marza-1 = 1:1:1) (at +0 ◦C) on a series of properties of Bulla-Deniz and Muradkhanli oils.

Concentration of Individual Depressant
Additive or ADM Composition

Pour Point, ◦C Amount of ARPDs, % Surface Tension, mN/m

“Difron-4201” ADM “Difron-4201” ADM “Difron-4201” ADM

Bulla-Deniz oil

0 +13 +13 13.1 13.1 28.1 28.1

100 +9.3 +8.6 12.3 11.2 22.4 18.3

200 +8.1 +6.4 10.8 8.3 20.3 16.5

300 +6.2 +4 8.4 5.6 18.2 14.2

400 +3 −4.7 6.7 3.8 14.8 10.5

500 −2.4 −8.6 5.4 1.3 13.2 9.3

600 −4.3 −10 4.3 0.6 12.4 6.3

700 −5.6 −9.8 3.1 3.6 11.9 7.1

800 −8.4 −9.4 2.3 2.4 11.2 8.3

900 −9 −9 1.2 1.3 10.3 8.9

Muradkhanli oil

0 +9 +9 17.2 17.2 27.2 27.2

100 +6.3 +6.8 11.4 10.3 21.5 19.4

200 +5.4 +4.8 10.5 9.6 18.2 17.6

300 +3.6 +2.1 8.7 7.2 17.1 10.9

400 +2.5 −2.7 6.2 5.6 15.3 9.3

500 1.7 −4.8 5.3 3.1 14.9 8.4

600 −1.2 −6.3 4.6 1.1 14.2 7.1

700 −2.7 −5.4 3.4 1.9 13.7 7.9

800 −4.3 −4.8 2.8 2.3 12.1 8.4

900 −4.6 −4 2.4 2.7 11.4 9.1

The calculated efficiencies of pour point reduction, ARPD inhibition, and surface
tension reduction are summarized in Table 11.

Table 11. The effectiveness of the “Difron-4201” depressant additive and the ADM composition
(Alkan-318 + Difron-4201 + Marza-1 = 1:1:1) on a series of properties of Bulla-Deniz and Muradkhanli
oils (at t = +0 ◦C).

Concentration of Depressant Additive
and ADM Composition

Effectiveness of Pour Point
Reduction, %

Effectiveness of ARPD
Protection, %

Effectiveness of Surface
Tension Reduction, %

“Difron-4201” ADM “Difron-4201” ADM “Difron-4201” ADM

Bulla-Deniz oil

0 0.0 0.0 0.0 0.0 0.0 0.0

100 28.5 33.8 6.1 14.5 20.3 34.9

200 37.7 50.8 17.6 35.7 27.8 41.3

300 52.3 69.2 35.9 55.6 35.2 49.5

400 76.9 136.2 48.9 70.9 47.3 62.6

500 118.5 166.2 58.8 90.1 53.0 66.9

600 133.1 176.9 64.8 95.4 60.1 77.6

700 143.1 175.4 74.0 72.5 57.7 74.7

800 164.6 172.3 78.6 81.7 47.5 70.5

900 169.2 169.2 81.7 90.1 63.3 69.4
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Table 11. Cont.

Concentration of Depressant Additive
and ADM Composition

Effectiveness of Pour Point
Reduction, %

Effectiveness of ARPD
Protection, %

Effectiveness of Surface
Tension Reduction, %

“Difron-4201” ADM “Difron-4201” ADM “Difron-4201” ADM

Muradkhanli oil

0 0 0 0 0 0 0

100 30.0 24.4 33.7 39.9 20.9 28.7

200 40.0 46.7 38.9 44.2 33.1 35.3

300 60.0 123.3 49.4 58.1 37.1 59.9

400 72.2 130.0 63.9 67.4 43.8 65.8

500 81.1 153.3 69.2 81.8 45.2 69.1

600 113.3 170.0 73.3 93.6 47.8 73.9

700 130.0 160.0 80.2 88.9 49.6 70.9

800 148.8 153.3 83.7 86.7 55.6 69.1

900 151.4 144.4 86.1 84.3 58.1 66.5

Table 11 summarizes the calculated effectiveness of the Difron-4201 depressant addi-
tive and the ADM composition in terms of pour point reduction, asphaltene–resin–paraffin
deposit (ARPD) inhibition, and surface tension reduction for both crude oils. As shown in
the table, the effectiveness of all three parameters increases with increasing concentrations
for both systems. For both the Bulla-Deniz and Muradkhanli oils, the ADM composition
consistently demonstrates higher effectiveness than the individual depressant additive at
comparable concentrations. The maximum performance is observed at a concentration of
600 g/t, where the ADM composition provides the highest combined efficiency in reducing
the pour point, suppressing ARPD formation, and lowering surface tension, confirming its
synergistic multifunctional behavior.

A comparative analysis of the change in the freezing point of the studied Bulla-Deniz
and Muradkhanli oils under laboratory conditions, depending on the concentration of the
reagent and composition, is reflected in Figures 3 and 4.
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Figure 3. The dependence of the pour point of Bulla-Deniz oil on the concentration.
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Figure 4. The dependence of the pour point of Muradkhanli oil on the concentration.

Therefore, the effect of the “Difron-4201” depressant additive and the ADM com-
position on the pour point, paraffin deposition, and surface tension of Bulla-Deniz and
Muradkhanli oil samples was investigated for the first time. It was determined that the
composition demonstrated higher effectiveness.

The highest effectiveness was observed at an optimal dosage of 600 g/t for both the
“Difron-4201” depressant additive and the ADM composition (Figure 5).
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Figure 5. The effectiveness of the ADM composition at various concentrations.

Specifically, at this concentration, the highest effectiveness in reducing the pour point
was 169.2% for the Bulla-Deniz oil and 151.4% for the Muradkhanli oil when using the
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“Difron-4201” depressant additive. For the ADM composition, the highest effectiveness
was 176.9% and 170.0% for the respective oils.

The protective effectiveness against asphaltene–resin–paraffin deposits (ARPDs) was
81.7% and 95.4% for the Bulla-Deniz oil sample and 86.1% and 93.6% for the Muradkhanli
oil sample, respectively. For surface tension reduction, the effectiveness was 63.3% and
77.6% for the first oil sample (Bulla-Deniz) and 84.3% and 73.6% for the second oil sample
(Muradkhanli).

Experiments using the “cold finger” method were conducted over a three-hour period
at the highly effective concentration of 600 g/t of the composition, across temperatures
of 0 ◦C, 5 ◦C, 10 ◦C, 15 ◦C, 20 ◦C, 25 ◦C, and 30 ◦C. At each temperature, the amount of
deposited oil sediments was measured using an analytical balance at intervals of 20, 40, 60,
80, 100, and 120 min (Table 12).

Table 12. The amount of sediment deposited on the cold finger surface for Bulla-Deniz and
Muradkhanli oils.

Time,
Minute

Cold Finger Temperature

0 ◦C 5 ◦C 10 ◦C 15 ◦C 20 ◦C 25 ◦C 30 ◦C

Mass of Paraffin Deposits, g

Bulla-Deniz oil

0 0.089 0.075 0.04 0.062 0.054 0.051 0.025

20 0.148 0.128 0.090 0.085 0.079 0.052 0.025

40 0.208 0.158 0.125 0.120 0.108 0.046 0.020

60 0.278 0.178 0.148 0.143 0.123 0.050 0.024

80 0.318 0.218 0.157 0.152 0.143 0.054 0.029

100 0.323 0.238 0.177 0.172 0.145 0.060 0.035

120 0.338 0.248 0.179 0.174 0.159 0.054 0.029

Muradkhanli oil

0 0.093 0.079 0.071 0.066 0.058 0.065 0.029

20 0.152 0.132 0.094 0.089 0.083 0.056 0.028

40 0.212 0.162 0.129 0.124 0.112 0.050 0.024

60 0.282 0.182 0.152 0.147 0.127 0.054 0.028

80 0.322 0.222 0.161 0.156 0.147 0.058 0.033

100 0.327 0.242 0.181 0.176 0.149 0.064 0.039

120 0.342 0.252 0.183 0.178 0.162 0.058 0.033

The inhibitory and bactericidal properties of the Marza-1 inhibitor and the ADM
composition were investigated under laboratory conditions. The inhibitory properties were
studied in aggressive corrosive environments containing hydrogen sulfide, carbon dioxide,
and a combination of both gases. The laboratory tests were conducted at room temperature
over a period of 6 h, and the results are presented in Table 13.

Based on the results of the laboratory studies, the protective effect of the Marza-1
inhibitor at concentrations of 3, 5, 7, and 10 mg/L in a H2S environment ranged from
90.3% to 98.1%, while the ADM composition at concentrations of 300, 400, 500, and 600 g/t
exhibited a protective effect ranging from 94.6% to 99.9%, as shown in Table 7.
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Table 13. The protective effects of the Marza-1 inhibitor and the ADM composition in aggressive
corrosive environments.

C
g[/t]

S
[m2]

m1
[g]

m2
[g]

m1 − m2
[g]

K0
[g/m2·h]

K
[g/m2·h] γ

Kp
[mm/Year]

Z
[%]

Protective effect of Marza-1 inhibitor in H2S environment

0

0.0013 8.6697

8.6691 0.0034

0.4326

- - - -

3 8.66933 0.00037 0.0419 10.32 0.046928 90.3

5 8.66950 0.000196 0.0251 17.24 0.028112 94.2

7 8.66957 0.000128 0.0164 26.38 0.018368 96.2

10 8.66964 0.000064 0.0082 52.76 0.009184 98.1

Ckomp.
g/t Protective effect of ADM composition in H2S environment

0

0.0013 8.6697

8.6663 0.0034

0.4326

- - - -

300 8.66952 0.000183 0.0234 18.48 0.026208 94.6

400 8.66957 0.000128 0.0164 270.38 0.018368 96.2

500 8.66916 0.000538 0.0069 62.69 0.007728 98.4

600 8.66969 0.000003 0.0004 1081.5 0.000448 99.9

Protective effect of Marza-1 inhibitor in CO2 environment

0

0.0013 8.6697

8.66782 0.00188

0.2415

- - - -

3 8.66933 0.000375 0.0481 5.02 0.053872 80.1

5 8.66942 0.000279 0.0357 6.76 0.039984 85.2

7 8.66959 0.000101 0.0130 18.58 0.01456 94.6

10 8.66963 0.000073 0.0094 25.69 0.010528 96.1

Ckomp. Protective effect of ADM composition in CO2 environment

0

0.0013 8.6697

8.66782 0.00188

0.2415

- - - -

300 8.66936 0.000337 0.0432 5.59 0.048384 82.1

400 8.66949 0.000212 0.0272 8.88 0.030464 88.8

500 8.66964 0.000059 0.0075 32.2 0.0084 96.9

600 8.66967 0.000026 0.0033 73.18 0.003696 98.6

Protective effect of Marza-1 inhibitor in H2S + CO2 environment

0

0.0013 8.6697

8.66703 0.00267

0.3412

- - - -

3 8.66906 0.000329 0.0423 8.07 0.047376 87.6

5 8.66949 0.000207 0.0266 12.83 0.29792 92.2

7 8.66952 0.000176 0.0225 15.16 0.0252 93.4

10 8.66955 0.000154 0.0198 17.23 0.022176 94.2

Protective effect of DM composition in H2S + CO2 environment

Ckomp.

0

0.0013 8.6697

8.66703 0.00267

0.3412

- - - -

300 8.66948 0.000224 0.0287 11.89 0.032144 91.6

400 8.66954 0.000157 0.0201 16.98 0.022512 94.1

500 8.66958 0.000127 0.0163 20.93 0.018256 95.2

600 8.66961 0.000088 0.0113 30.19 0.012656 96.7
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In a CO2 environment, these values were observed to be 80.1% to 96.1% for the
inhibitor and 82.1% to 98.6% for the composition. Similarly, in a H2S + CO2 environment,
the protective effect increased with the concentration, ranging from 87.6% to 94.2% for the
inhibitor and 91.6% to 96.7% for the composition.

An analysis of the results indicates that the greatest protective effect was observed in
the hydrogen sulfide environment. A comparative analysis of the results across all three
aggressive environments confirmed that the ADM composition demonstrated a greater
protective effect compared to the Marza-1 inhibitor. The best results were achieved at a
concentration of 10 mg/L for the inhibitor and 600 g/t for the composition. Thus, the
optimal concentration for the Marza-1 inhibitor is 10 mg/L, and, for the ADM composition,
it is 600 g/t.

The bactericidal properties of the inhibitor and the composition were also determined
through laboratory tests. Over a 15-day period in the Postgate-B nutrient medium, a signifi-
cant reduction in the activity of two bacterial species, Desulfomicrobium and Desulfovibrio
desulfuricans, was observed. The bactericidal effects of the Marza-1 inhibitor and the
ADM composition were calculated based on changes in the hydrogen sulfide concentration
(Figure 6).
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Figure 6. Bactericidal effect of the Marza-1 inhibitor (1–3; 2–5; 3–7; 4–10 mg/L) and the ADM reagent
(1–300; 2–400; 3–500; 4–600 g/t) based on hydrogen sulfide content.

The bactericidal effect of the Marza-1 inhibitor at concentrations of 3, 5, 7, and 10 mg/L
ranged from 68.5% to 90.2%, while the bactericidal effect of the ADM composition at
concentrations of 300, 400, 500, and 600 g/t ranged from 81% to 99.8%, as shown in Figure 6.
The strongest bactericidal effect was observed at the optimal concentration of 10 mg/L for
the Marza-1 inhibitor and 600 g/t for the ADM composition. For 10 mg/L of the Marza-1
inhibitor, the bactericidal effect was 90.2%, while, for 600 g/t of the ADM composition, it
reached 99.8%.

Thus, although both the inhibitor and the composition significantly reduced the
amount of biogenic hydrogen sulfide in the Postgate B nutrient medium with sulfate-
reducing bacteria, they did not completely halt the sulfate reduction process. However, by
the seventh day of the experiments, the inhibitor had eliminated 90.2% and the composition
had eliminated 99.8% of the sulfate-reducing bacteria, effectively halting their activity.
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The optimal performance observed at a concentration of 600 g/t corresponds to the
surface saturation of active components on water droplets, paraffin crystals, and metal
surfaces. Below this concentration, incomplete surface coverage limits efficiency, while
higher dosages do not provide proportional benefits due to adsorption equilibrium, making
600 g/t the optimal technical and economic dosage.

4. Discussion
4.1. Mechanistic Interpretation of the Synergistic Effect of the ADM Composition

The superior multifunctional performance of the ADM composition can be explained
by the synergistic interaction of its individual components, Alkan-318, Difron-4201, and
Marza-1, each of which targets a distinct physicochemical mechanism in oil production
and transportation systems.

Alkan-318 primarily acts at the oil–water interface by reducing the interfacial tension
and destabilizing the rigid interfacial films surrounding dispersed water droplets. This
promotes droplet coalescence and accelerates phase separation, resulting in enhanced
demulsification efficiency. Difron-4201 functions as a depressant additive by adsorbing
onto the surfaces of paraffin crystals, modifying their crystallization behavior, suppressing
crystal growth, and preventing the formation of an interconnected wax network. This
mechanism leads to a reduced pour point and lower paraffin deposition tendencies.

Marza-1 contributes corrosion inhibition and bactericidal properties through adsorption
on metal surfaces, forming a protective film that limits electrochemical reactions and inhibits
the metabolic activity of sulfate-reducing bacteria. When combined in the ADM composition,
these mechanisms reinforce one another: improved water separation reduces the electro-
chemical corrosion risk, inhibited paraffin deposition enhances flow conditions, and surface
adsorption stabilizes the system against both chemical and biological degradation.

Similar synergistic effects have been reported for multifunctional oilfield chemicals
combining demulsifying, inhibiting, and depressant functionalities, where cooperative
interfacial, crystallization, and surface adsorption phenomena result in performance ex-
ceeding that of individual components [31].

4.2. Comparison with Commercial Multifunctional Oilfield Chemicals

The performance of the ADM composition compares favorably with that of multifunc-
tional demulsifier–inhibitor–depressor formulations reported in the literature. Abdel-Azim
et al. [32] reported demulsification efficiencies of 85–95% and corrosion protection levels
of 90–97% for commercial oilfield chemicals under laboratory conditions. In contrast, the
ADM composition achieved residual water content as low as 0.1–0.8%, corrosion protection
efficiencies up to 99.9%, and ARPD inhibition exceeding 95% at comparable dosage levels.

These results indicate that the ADM composition is competitive with—and, in several
performance indicators, superior to—existing commercial formulations, particularly for
crude oils characterized by high water cut and elevated paraffin content. This highlights
the industrial relevance of the proposed composition beyond laboratory-scale evaluation.

4.3. Environmental Considerations

From an environmental perspective, the reagents forming the ADM composition are
applied at relatively low concentrations typical for oilfield chemical treatments. According
to available safety classifications, Alkan-318 and Marza-1 belong to moderate hazard
classes, while Difron-4201 is used at concentrations that minimize environmental loading.
The multifunctional nature of the ADM composition enables the replacement of multiple
single-function chemicals with a single formulation, potentially reducing overall chemical
consumption and the associated environmental impacts.
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Although a detailed life-cycle assessment and biodegradability analysis were beyond
the scope of this study, the demonstrated efficiency at reduced dosage levels aligns with
current trends toward more sustainable oilfield chemical technologies. Future work should
include ecotoxicity and biodegradability testing in accordance with international environ-
mental regulations governing oilfield chemical applications.

4.4. Practical Considerations and Field Implementation Limitations

Despite the promising laboratory results, several factors may influence the perfor-
mance of the ADM composition under field conditions. Variations in temperature and
pressure, changes in crude oil composition during long-term production, and prolonged
exposure under continuous injection regimes may affect its chemical stability and adsorp-
tion behavior. Additionally, interactions with formation water chemistry, scale-forming
ions, and flow regime variations could influence the overall efficiency.

Therefore, pilot-scale and field-scale trials under representative operating conditions
are recommended to validate the laboratory findings and optimize injection strategies.
Previous field studies have demonstrated that laboratory-validated multifunctional formu-
lations can be successfully implemented in oilfield operations when adapted to reservoir-
specific conditions [33,34].

4.5. Comparison with Multifunctional Oilfield Chemical Systems Reported in the Literature

The results obtained in this study are consistent with recent research on multifunc-
tional oilfield chemical formulations designed to simultaneously address dehydration,
corrosion inhibition, and deposit control. Previous studies have reported that combined
demulsifier–inhibitor–depressor systems exhibit enhanced performance due to coopera-
tive physicochemical mechanisms, particularly in high-water-cut and paraffinic crude
oils [35,36].

Compared with the formulations discussed in these studies, the ADM composition
demonstrates comparable or superior efficiency in terms of residual water reduction,
asphaltene–resin–paraffin deposit inhibition, corrosion protection, and bactericidal activity,
while operating at similar or lower dosage levels. This comparison confirms the industrial
relevance of the ADM composition and supports its potential application as an alternative
to existing multifunctional oilfield chemicals.

5. Conclusions
1. Under laboratory conditions, for the first time, the effects of the “Alkan-318” demulsifier

and ADM composition (“Alkan-318” + Difron-4201 + Marza-1 = 1:1:1) on the water cut
factors of “Bulla-Deniz” oil with 75% water cut and Muradkhanli field oil with 41%
water cut were studied. It was found that, at the optimal consumption concentration of
600 g/t for both the demulsifier and the composition, the water cut factor decreased to
0.1% for the first oil sample and to 0.8% for the second oil sample.

2. At the optimal consumption rates of 900 g/t for the “Difron-4201” additive and
600 g/t for the ADM composition, the effectiveness in pour point reduction was
169.2% and 176.9% for the Bulla-Deniz oil and 151.4% and 170.0% for the Muradkhanli
oil, respectively. The protection effectiveness against asphaltene–tar–paraffin deposits
was 81.7% and 95.4% for the Bulla-Deniz oil sample and 86.1% and 93.6% for the
Muradkhanli oil, respectively. For surface tension, this indicator was 63.3% and 77.6%
for the first oil sample and 84.3% and 73.6% for the second oil sample, respectively.

3. The effects of the Marza-1 inhibitor and ADM composition on the corrosion rate in
formation water environments containing hydrogen sulfide, carbon dioxide, and a
mixture of both gases, as well as on the vital activity of sulfate-reducing bacteria in
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“Postgate-B” medium, were studied. It was determined that, at the optimal consumption
rate, the corrosion protection effectiveness was 98.1% and 99.9% in a hydrogen sulfide
environment, 96.1% and 98.6% in a carbon dioxide environment, and 94.2% and 96.7% in
a hydrogen sulfide and carbon dioxide environment, respectively. The bactericidal effects
of the Marza-1 inhibitor and ADM composition were 90.2% and 99.8%, respectively.

4. The superior multifunctional performance of the ADM composition is attributed to
the synergistic interaction between its components, combining interfacial tension
reduction, paraffin crystallization modification, and adsorption-based corrosion and
bactericidal protection. This cooperative mechanism enhances its overall efficiency
beyond that of individual reagents, as supported by the comparative performance
data and mechanistic analysis presented in Section 4.
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