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For the first time in the laboratory, the physical and chemical characteristics of the model

oil sample, the composition, and relative amounts of normal alkanes with carbon atoms

from C8 to C60 were determined by high-temperature liquid-gas chromatography. When

Difron-4201 is added to the model oil, seven carbon atoms are displaced in the direction

of the lower molecular weight distribution of paraffin hydrocarbons in the sediment. The

effect of the Difron-4201 additive on the group composition of model oil and oil sediments

obtained at different temperatures of the «cold finger» was studied. It was found that with

the addition of the additive and with a decrease in the temperature of model oil and «cold

pipe», the number of paraffin hydrocarbons in the group composition of sediment increases

and the amount of resin and asphaltenes decreases. Microanalysis of the structure of

asphaltene–resin–paraffin sediments obtained after the addition of the additive showed

that the model oil sediments, separated at 30/1500C and containing large amounts of

high-molecular paraffin hydrocarbons, resin, and asphaltene components, have the highest

proportion of amorphous structures. An increase in the share of dendritic modification of

the crystalline structure is characteristic for paraffin hydrocarbons in sediments obtained

with the addition of 900 g/t «Difron-4201» additive.
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Introduction
One of the problems that complicates process

equipment, capacities and pipelines during oil
production, storage and transportation is asphaltene–
resin–paraffin deposits. The systems productivity
decreases sharply due to an increase in pressure
differential and a decrease in the useful volume during
the accumulation of oil deposits in the flow sections
and tanks [1–3].

Despite the fact the fight against asphaltene–
resin–paraffin deposits in the oil industry began 120
years ago, this issue is still relevant today. Currently,
the number of oil fields rich in asphaltene–resin
components and refractory paraffin hydrocarbons is
growing, and high freezing temperatures and high
viscosity characterize the resulting oils. In particular,
during the storage and transportation of heavy oils
in cold climates, the formation and accumulation of
asphaltene–resin–paraffin deposits at the bottom of
the tanks and on the pipelines’ inner surface becomes
intensive. This, in turn, leads to a decrease in the

functional capacity of tanks and the oil recovery
factor of pipelines [1–3].

The main factor influencing the formation and
precipitation of solid phases in the dispersed oil
system is the decrease in paraffin hydrocarbons’
solubility. The solubility of paraffin hydrocarbons
depends significantly on the temperature of the oil.
Thus, the paraffin hydrocarbon crystals formed when
the temperature decreases combine and create a
robust structural lattice. The resulting large crystals
dramatically increase the viscosity of the oil, resulting
in a reduction of the flow rate of the oil and
sometimes a complete loss of fluidity [4–6].

As a result of the local decrease in oil
temperature in the subsurface layer, its ability to
dissolve and resist the adhesion of sediment on the
pipe surface decreases. The mechanism of formation
and accumulation of asphaltene–resin–paraffin
deposits on the surface of the equipment consists of
the formation and growth of paraffin hydrocarbon
crystals during direct mechanical cracking of surface
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cracks as well as the subsequent formation of crystals
in the already formed paraffin–resin coating. Due
to the diversity and complexity of the extracted oils,
issues related to the prevention or removal of
asphaltene–resin–paraffin deposits have not yet been
resolved. This is the lack of systematic research in
terms of the role of the component composition of
the oil, taking into account the temperature factor
in the process of sediment formation [6–9].

One of the most effective methods used to
prevent or inhibit asphaltene–resin–paraffin deposits
during oil production and transportation is chemical
reagents. One of such chemical reagents is depressant
additives, the function of which is to crystallize with
paraffin hydrocarbons at the moment of formation
of a new phase when the temperature drops, giving
hydrophilicity to paraffin crystals with its polar group
and weakening the adhesion of the solid phase on
the metal surface. Depressor additives also keep the
solid phase in a finely dispersed state in the
environment. In general, factors such as the
mechanism of formation of n-alkane crystals in a
multi-component environment, the kinetics and
thermodynamics of paraffin hydrocarbon
crystallization, dielectric and other physical
properties, the intermolecular interaction of additives
with n-alkanes and other components of petroleum
gives reason to say that determining the mechanism
of action of additives is a very complex task.

Thus, the purpose of the work is to study the
composition and properties of asphaltene–resin–
paraffin sediments, depending on the temperature
of the model oil and the adsorbing surface.

Experimental
The physical and chemical characteristics of

the model oil sample developed for the laboratory
research process are shown in Table 1.

The mass fraction of the asphaltene component
in the model oil sample and the sediment separated

from it was determined by Golden’s «cold» separation
of asphaltenes, and the resin content was determined
by the chromatographic (column-adsorption)
method.

Methodology for determining the mass fraction of
asphaltenes

The investigated sample of the model oil was
dissolved in 40 volumes of n-hexane and transferred
to the flask, and the flask was closed with a stopper.
The flask was stored in a dark place at a temperature
of 15–200C for one day for complete precipitation
of asphaltene components. At the end of the period,
the solution was filtered. A new portion of the
precipitate was filtered with n-hexane and washed
with n-hexane until the solution was clear. The
precipitate in the filter was then rapidly dissolved in
hot benzene, and the filter was washed until the
benzene became discolored. After the asphaltene
components were completely dissolved in the
benzene, the benzene was distilled, and the sample
was brought to a constant weight at a temperature
of 100–1100C in a drying cabinet. In the end, the
percentage of asphaltenes in the tested product (Z)
was calculated by the following formula:

100m
Z ,

M


where m is the weight of obtained sediment (g), and
M is the weight of the tested product (g).

Method for determination of the number of
resinous substances

Gradual extraction of resin with different polar
solvents allows the separation of neutral components
(benzene resin) and acidic components (alcohol-
benzene resins). The separation and distilling methods
of resinous substances are based on different solubility
and sorption capacities of these components. The
deasphaltizate sample was dissolved in n-hexane and

Parameters Quantity Assignment method 

The amount of water in the sample, % 0.2 GOST 2477-65 

Density, 
20

4  kg/m3 894.3 GOST 3900-85 

The amount of paraffin, % 11.6 GOST 11851-85 

The amount of resin, % 10.2 GOST 11851-85 

The amount of asphalt, % 5.2 GOST 11851-85 

Freezing temperature, 0С 16 GOST 20287-91 

Saturation temperature of oil with paraffins, 0С 28 – 

Melting point of paraffin, 0С 57 GOST 11858-83 

The amount of sulfur, % 0.22 GOST 1437-75 

А/R 0.509 – 

 

Table  1

Physicochemical characteristics of model oil
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placed in a 75 cm high and 1 cm diameter
chromatographic column filled with dry silica gel.
The sample was ignited at 2500C for six hours. During
the process, the paraffin-naphthene fraction was
separated by dilution with the hexane-benzene
solution in a ratio of 10:1. Benzene resins were
desorbed from the chromatographic column with
benzene, and a 1:1 methyl alcohol–benzene complex
solvent was used to separate the alcohol-benzene
resins.

Method for determination of the composition and
relative amount of n-alkanes

A combination of liquid-adsorpt ion
chromatography and liquid-gas chromatography
methods were used to determine the composition
and relative amount of n-alkanes in the model oil
and its sediments. During the liquid-adsorption
chromatography method, the column was filled with
aluminum oxide with a fourth activity rate of Al2O3

in a weight ratio of 1:50 and adsorbent soaked in
hexane. In this case, the dilution process was carried
out with n-hexane. Fraction output control was
performed on a spectrophotometer with the
automatic spectral recording by spectrophotometric
method. Hexane fraction analysis was performed on
a gas-liquid chromatography using a gas-ionization
detector, and helium was used as the gas carrier.
Shooting mode was a linear programming of the
temperature at the speed of 4 degrees per minute at
the temperature of 1000C to 2900C. Sample input
was performed using a micro-syringe with a volume
of 0.5 ml. The decryption of the obtained
chromatograms was carried out with reference
compounds and storage indices given in the literature.
Molecular-mass distribution maxima for n-alkanes
were determined on liquid-gas chromatograms. The
individual composition of normal alkanes of oil

sediments was determined by the high-temperature
liquid-gas chromatography method.

Method for determination of the number of
paraffin deposits by the «cold finger» method

Quantitative estimation of the formation of
paraffin deposits in the model oil sample was carried
out by the known «cold finger» method. Distilled
water was used as the heat transfer agent during the
experiment. Optimal regimes have been developed
experimentally. For the experiment, a 40 g sample
of model oil was taken, and the experiment lasts
one hour. The amount of sediment formed on the
surface of the pipe was determined by the gravimetric
method. The final result was the algebraic mean of
three parallel experiments.

Results and discussion
The process of crystallization of paraffin begins

immediately upon contact of oils with the surface of
the pipe, which has a temperature close to the initial
temperature of crystall izat ion of paraffin
hydrocarbons (turbidity temperature). Paraffin’s
turbidity temperature in the studied model oil varies
in the range of 34–600C. Therefore, a temperature
regime covering the entire crystallization range of
paraffin was selected during the experiments. The
temperature of the model oil (Tmn) varies from 60 to
3000C, and the temperature of the «cold pipe» (Tsb)
varies from 30 to 150C [8]. The composition and
relative amounts of normal alkanes with carbon atoms
from C8 to C60 in the model oil were determined by
high-temperature gas-liquid chromatography. The
model oil sample is characterized by a monomodal
distribution of paraffinic hydrocarbons with a wide
maximum in the C10–C16 field (Fig. 1).

As can be seen from Fig. 1, the amount of n-
alkanes decreases with increasing molecular weight.

The total amount of low-molecular C8–C16

Fig. 1. Molecular-mass distribution of n-alkanes in model oils
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and high-molecular C17–C40, C41–C60 alkanes and
their ratio C8–C16/C17–C60 were calculated for the
model oil sample (Table 2).

Table  2

The number of n-alkanes in the model oil

Parameter Value 

amount of n-alkanes,% (relative):  
                                     C8–C16 45.6 
                                     C17–C40 59.1 
                                     C41–C60 1.32 
ratio               C8–C16/C17–C60 0.8 

The results of gas-liquid chromatography and
group analysis showed that the studied model oil is
characterized by low and high molecular paraffin
hydrocarbons, resin-asphaltene components, which
are directly involved in the process of sedimentation.
The more paraffin, resin and asphaltenes in the oil,
the stronger the oil deposits will be.

Determination of the number of oil deposits
To determine the effect of asphaltene–resin–

paraffin components on the properties of sediment
formation in model oil and their structural and
rheological properties, experiments were performed
in the laboratory at different oil sample and
temperatures of the «cold finger». Numerous
experiments have shown that the formation of
sediments from high-paraffin model oil begins at
the temperature of 600C in oil and the temperature
of 35–450C in the «cold» rod one-tenth of a percent.
When the temperature of the model oil is 300C and
«cold finger» temperature is 150C, the maximum
amount of paraffin deposits on the surface of the
cold finger is observed. The formation of oil deposits
is often described in the literature as an adsorption
process due to the formation and growth of crystals
at the liquid(oil)–solid(«cold finger») phase
separation boundary as well as a direct mechanical
connection on cracks and surface irregularities [10].

As a result of adsorption on the surface of a
solid, molecular and atomic layers are formed that
have the ability to remain stable. Paraffins, resins,
and asphaltenes present in the oil during contact
with the «cold finger» are considered active in terms
of adsorption. They are mainly adsorbed on that
surface. First of all, due to their high melting point,
paraffin is adsorbed. The higher the content of high
molecular paraffin hydrocarbons in oil, the more
sediment is formed. Then low-molecular paraffin
hydrocarbons are adsorbed. The crystals of the
separated paraffin hydrocarbons combine to form a
solid structural lattice, to which the liquid oil phases
are attached. The higher the number of paraffin

hydrocarbons and surfactants in the oil, the stronger
the cage, the higher the viscosity, the higher the
static displacement stress, and the higher the oil’s
freezing point. At the same time, there is an increase
in the number of oil sediments formed; its rheological
properties deteriorate as well as its bond strength to
metallic surfaces increases. It was found that in
addition to the temperature of the oil and the
temperature of the adsorbing surface, the amount of
low and high molecular paraffin hydrocarbons in
the oil as well as resins and asphaltenes, has a strong
influence on the sedimentation process.

Study of group composition of oil sediments
The group composition of asphaltene–resin–

paraffin sediments is determined by their formation
temperature and the composition of high-paraffin
oil. Analysis of the group composition of oil deposits

Fig. 4. The effect of model oil and «cold finger» temperature

on the number of deposited asphaltenes

Fig. 3. The effect of model oil and «cold finger» temperature

on the number of precipitated resin components

Fig. 2. The effect of model oil and «cold finger» temperature

on the number of precipitated paraffin hydrocarbons
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showed that 70–85 wt.% of the deposits consisted
of paraffinic hydrocarbons (Figs. 2–4).

A gradual increase in the number of paraffin
hydrocarbons in the sediments obtained with a
decrease in the model oil temperature and the «cold
finger» was observed. As can be seen in Figs. 3 and
4, when the model oil temperature changes from
600C to 300C and the temperature of the «cold finger»
from 250C to 150C, the amount of resin and
asphaltenes in the sediment decreases by 2 times
and by 2.5 times, respectively. Analysis of the results
shows that the molecular processes of phase
transitions in the temperature range of sediment
formation are associated with asphaltenes and resins.
When the concentration of surfactants in the oil
increases, first the supermolecular structures are
formed, and then the asphaltenes are separated in a
separate phase. The resistance of these colloidal
systems to stratification is determined by the thickness
of the solvate coating formed from resin molecules,
which are considered to be structural and mechanical
barriers to the association. The aggregation and
deposition of asphaltenes depend primarily on the
value of the forces of interaction between their
fragments. The presence of active centers in
asphaltene molecules that determine Van der Vaals
bonds, Coulomb interactions, electric charge
transitions, induction forces and volume interactions
with ion repulsion leads to the growth of particles
that cause colloidal instability in the systems [10].
Formation of small associations requires a stabilizing
agent, which is also played by resins that form a
curtain around the asphaltene core [11–13]. It is
clear that at temperatures of 600C in model oil,
asphaltenes include larger associations due to their
increased reactivity and the mobility of molecules in
a low-viscosity environment. As a result, the number
of asphaltenes and resins in oil deposits increases.
The decrease in the temperature of oils leads to the
formation of small associations, ensuring their high
durability. Thus, it was determined that changes in
temperatures of model oil’s and the «cold finger»
affect the group composition of the sediments
separated from the high-paraffin model oil. At high
oil temperatures, the amount of resin and asphaltenes
in the sediments increases. When the temperature

of the model oil and the «cold finger» drops to a
temperature close to the freezing point of the oil,
the share of paraffin hydrocarbons increases due to
the separation of low-molecular paraffin in the
sediment group.

Study of the composition of paraffin hydrocarbons
in sediments separated at different temperatures

Molecular-mass distribution of n-alkanes in
separated sediments depends on the composition of
the oil and the temperature conditions of their
formation. The individual composition of n-alkanes
was determined on a chromatograph by high-
temperature gas-liquid chromatography (Fig. 5).

The sediments contain low-molecular n-alkanes
(Table 3), and the maximum amount is released in
the form of a solid phase at a temperature gradient
of 30/150C.

Fig. 5. Molecular-mass distribution of n-alkanes in sediments

separated at different temperatures of the model oil and «cold

finger»

As the temperature decreases, the structure of
the liquid phase changes based on the regularity of
the dispersed phase molecules’ location. Pre-formed
molecular complexes tend to be densely structured.

The liquid phase molecules that form the solvate
film around the crystallization centers precipitate due
to recrystallization with the solid phase [12]. As the
temperature of the model oil and the «cold finger»
rises, the number of solid paraffin in the oil sediments
and the share of high-molecular n-alkanes with a
number of carbon atoms C41–C60 increase.

As the model oil temperature rises to 600C and
the temperature of the «cold finger» rises to 250C,

Table  3

The number of n-alkanes in the sediments separated at different temperatures of the model oil and the «cold finger»

amount of n-alkanes,% (relative) 
Sediments 

C8–C16 C17–C40 C41–C60 
C8–C16/C17–C60 C17–C59/C18–C60 

30/15 2.2 38.1 0.2 0.06 1.6 

40/20 1.3 41.3 0.8 0.03 1.7 

60/25 0.5 79.6 4.4 0.005 1.5 
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the total amount of C17–C40 doubles and the amount
of high-molecular paraffin hydrocarbons of the order
C41–C60 increases by 22 times. Low-molecular C8–
C16 alkanes are present in small amounts in the
sediment at these temperatures. In the «cold finger»
at a constant temperature of 200C and an increase in
the temperature of the oil, the total amount of n-
alkanes and the share of an odd number of
hydrocarbons increase. An increase in the
temperature of the «cold finger» to 250C and model
oil temperature to 600C leads to a decrease in these
values.

Thus, changes in the temperature of the high-
paraffin model oil and the temperature of the «cold
finger» have a significant effect on the content of n-
alkanes in oil sediments.

Study of the microstructure of model oil and its
sediments

Depending on the crystallization conditions,
different modifications of paraffin hydrocarbons’
crystal structures can occur: dendrite, spherical and
mixed dendrite-spherical. Spherolite and rhombic
crystallization are characteristic of polymer
compounds as well as high molecular paraffin
hydrocarbons. Low molecular paraffin hydrocarbons,
as a rule, form a dendritic crystalline structure [14].

During the dilution of sediments, the
microphotographs of model oil sediments were taken
to determine the type of crystalline modification of
paraffin hydrocarbons, High-paraffin model oil
deposits obtained at a temperature of 600C of model
oil and 250C of «cold finger» are characterized by a
coarsely dispersed structure. A decrease in the oil

temperature to 40 and 300C leads to the formation
of finely dispersed structures (Fig. 6).

Thus, it was determined that the type of
crystallization of paraffin hydrocarbons depends on
the amount of high-molecular alkanes, resins and
asphaltenes in the sediment. Paraffin deposits
obtained at the temperature gradients of 60/250C
and characterized by the maximum amount of
alkanes in the series C41–C60 should form spherulite-
shaped crystals. However, under the same conditions
(60/250C), asphaltene-resin components cause a
radical change in the shape of paraffin crystals and
form coarsely dispersed structures instead of
spherulitic systems. A decrease in temperature leads
to a reduction in the share of high-molecular C41–
C60 n-alkanes, responsible for regular-shaped crystals
in deposits, and an increase in the amount of low-
molecular C8–C16 alkanes, which cannot form
regular-shaped crystals due to low melting points.

Effect of «Difron-4201» additive on the number
of paraffin hydrocarbons in oil deposits and their group
composition

The molecular-mass distribution of paraffinic
hydrocarbons in the non-additive model oil sediments
has a monomodal distribution with a maximum of
C24. When «Difron-4201» is added to the model oil,
seven carbon atoms are displaced in the direction of
the lower molecular weight distribution of paraffin
hydrocarbons in the sediment (Fig. 7).

It was found that the content of C17–C40 and
C41–C60 n-alkanes in the sediments of the additive
model oil decreased by 0.8 and 10 times, respectively.
Still, the share of low-molecular C8–C16 paraffin

                           a                                                         b                                                       c

Fig. 6. Formation of paraffin hydrocarbon crystals in sediments separated at different temperatures of the model oil and «cold

finger» (0C): a – 60/25, b – 40/20, and c – 30/15

   

Quantity,% (mass) 
Sample 

C8–C16 C17–C40 C41–C60 

Model oil 2.2 38.1 0.2 

Model oil+900g/t "Difron-4201" 32.56 30.48 0.02 

 

Table  4

Effect of «Difron-4201» depressant additive on the content of n-alkanes in model oil sediments
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Fig. 7. Molecular-mass distribution of n-alkanes in sediments

separated by the addition of «Difron-4201» additive (900 g/t)

Fig. 10. Changes in the group composition of model oil

deposits at the addition 900 g/t «Difron-4201» additive:

1 – model oil; 2 – model oil+«Difron-4201» 900 g/t

Fig. 9. Changes in the group composition of model oil deposits

at the addition 900 g/t «Difron-4201» additive:

1 – model oil; 2 – model oil+«Difron-4201» 900 g/t

Fig. 8. Changes in the group composition of model oil deposits

at the addition of 900 g/t «Difron-4201» additive:

1 – model oil; 2 – model oil+«Difron-4201» 900 g/t

hydrocarbons increased by 14.8 times (Table 4).
In the laboratory, the effect of the «Difron-

4201» additive on the group composition of the oil

sediments obtained at different temperatures of the
model oil and the «cold finger» was studied (Figs.
8–10). It was found that with the addition of the
additive, the amount of paraffin hydrocarbons in the
sediment group increases, and the amount of resin
and asphaltenes decreases as the temperature of the
model oil and the «cold finger» decreases.

This dependence is explained by the fact that
along with paraffin hydrocarbons, asphaltenes are
directly involved in the formation of oil deposits
[7], indicating a high tendency of individual particles
to mix with larger systems until they separate out
from the environment to a new phase.

Resins together with asphaltenes are included
in oil sediments in the form of associations.

Under the influence of «Difron-4201», the
growth of paraffinic hydrocarbon crystals is blocked
in the oil, but the association of asphaltenes is
weakened, i.e. large associations are not formed and
some asphaltenes do not precipitate and remain
dependent on the oil system. Besides, the formation
of associative complexes between resins and
asphaltenes is inhibited, so there is a decrease in the
amount of asphaltene-resin components in the
sediment. An increase in the number of paraffin
hydrocarbons occurs due to a reduction in the
temperature of the oil and the «cold finger».
However, in this case, mainly low-molecular paraffin
hydrocarbons are precipitated because the additive
«Difron-4201» prevents the formation of large
molecules. Thus, the addition of «Difron-4201»
additive to the model oil leads to a change in the
molecular weight distribution of n-alkanes and a
change in their content in the sediments to lower
molecular weight alkanes as well as a decrease in
the amount of asphaltene-resin components in the
sediments. In addition, the composition of oil
sediments affects their structural and rheological
properties.

The microstructure of model oil sediments formed
in the additive environment

Microanalysis of the structure of asphaltene–
resin–paraffin deposits obtained after adding the
additive showed that the deposits of model oil,
separated at 30/150C and containing a large amount
of high molecular weight paraffinic hydrocarbons
(11.6 wt.%), resin (10.2 wt.%) and asphaltene (5.2
wt.%) components have the highest part of
amorphous structures. With the addition of 900 g/t
«Difron-4201» additive, the share of dendritic
modification of the crystalline structure for paraffinic
hydrocarbons increases in the sediments (Fig. 11).

Thus, the results of the experiments showed
that when the temperature of the model oil and the
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«cold finger» changes, the additive «Difron-4201»
affects the formation of oil deposits as well as their
group composition, the number of paraffinic
hydrocarbons in the deposits and structural and
rheological properties.

Conclusions
1. Analysis of the results of the gas-liquid

chromatography study showed that the model oil
sample is characterized by a monomodal distribution
of paraffinic hydrocarbons with a wide maximum in
the C10–C16 field, and their amount decreases with
the increasing molecular weight of n-alkanes. During
the study of the group composition of the oil
sediments separated at different temperatures of the
model oil and the «cold finger», we determined that
the change in the temperature of the model oil and
the «cold finger» affects the group composition of
the paraffin sediments. A decrease in the oil
temperature leads to a reduction in the amount of
resin and asphaltenes.

2. The composition and molecular-mass
distribution of n-alkanes in oil sediments change due
to the release of low-molecular paraffin hydrocarbons
when the temperature of the model oil and the «cold
finger» drops to temperatures close to the freezing
point of the oil. In addition, when the temperature
of the model oil changes from 600C to 300C and the
temperature of the «cold finger» changes from 250C
to 150C, the amount of released paraffinic
hydrocarbons increases by 1.3 times and the amounts
of resin and asphaltenes decrease by 2 and 2.5 times,
respectively.

3. The results of measuring the molecular weight
distribution of n-alkanes in the separated sediments
showed that when the oil temperature rises to 600C
and the temperature of the «cold finger» rises to
250C, the total amount of C17–C40 doubles and the
amount of high-molecular paraffinic hydrocarbons
C41–C60 increases by 22 times. At these temperatures,
low-molecular C8–C16 alkanes are present in the
sediment in small amounts. The study of the

microstructure of the model oil and its sediments
showed that the sediments obtained at an oil
temperature of 600C and a «cold finger» of 250C
have a coarsely dispersed structure. The decrease in
oil temperature to 400C and 300C leads to the
formation of finely dispersed structures.

4. When the «Difron-4201» depressant additive
is added to the model oil, the share of paraffinic
hydrocarbons with the number of carbon atoms C17–
C40 in the sediment decreases and the number of n-
alkanes with lower molecular weight increases. The
number of resins and asphaltenes in the group
composition of the sediment decreases. Microanalysis
of the structure of asphaltene–resin–paraffin
sediments obtained after adding the additive showed
that the part of dendritic modification of the crystal
structure of paraffinic hydrocarbons in the sediments
separated at 30/150C increases.
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ÄÎÑË²ÄÆÅÍÍß ÂÏËÈÂÓ ÓÌÎÂ ÊÐÈÑÒÀË²ÇÀÖ²¯ ÒÀ
ÄÎÁÀÂÊÈ-ÄÅÏÐÅÑÀÍÒÓ «DIFRON-4201» ÍÀ ÑÊËÀÄ ²
ÂËÀÑÒÈÂÎÑÒ² ÏÀÐÀÔ²ÍÎÂÈÕ Â²ÄÊËÀÄÅÍÜ

Ã.Ð. Ãóðáàíîâ, Ì.Á. Àä³ãåçàëîâà

Âïåðøå â ëàáîðàòîð³¿ ìåòîäîì âèñîêîòåìïåðàòóðíî¿
ð³äèííî-ãàçîâî¿ õðîìàòîãðàô³¿ âèçíà÷åí³ ô³çèêî-õ³ì³÷í³ õà-
ðàêòåðèñòèêè ìîäåëüíîãî çðàçêà ìàñëà, ñêëàä ³ â³äíîñí³
ê³ëüêîñò³ íîðìàëüíèõ àëêàí³â ç ê³ëüê³ñòþ àòîì³â âóãëåöþ â³ä
Ñ8 äî Ñ60. Ïðè äîäàâàíí³ â ìîäåëüíó îë³þ «Difron-4201» ñ³ì
àòîì³â âóãëåöþ çàì³ùóþòüñÿ â íàïðÿìêó ìåíøîãî ìîëåêó-
ëÿðíî-ìàñîâîãî ðîçïîä³ëó ïàðàô³íîâèõ âóãëåâîäí³â â îñàä³.
Äîñë³äæåíî âïëèâ ïðèñàäêè «Difron-4201» íà ãðóïîâèé ñêëàä
ìîäåëüíî¿ íàôòè òà íàôòîâèõ â³äêëàäåíü, îäåðæàíèõ ïðè
ð³çíèõ òåìïåðàòóðàõ «õîëîäíîãî ïàëüöÿ». Âñòàíîâëåíî, ùî ç
äîäàâàííÿì ïðèñàäêè òà ç³ çíèæåííÿì òåìïåðàòóðè ìîäåëü-
íîãî ìàñëà òà «õîëîäíî¿ òðóáè» ê³ëüê³ñòü ïàðàô³íîâèõ âóã-
ëåâîäí³â ó ãðóïîâîìó ñêëàä³ îñàäó çá³ëüøóºòüñÿ, à ê³ëüê³ñòü
ñìîëè òà àñôàëüòåí³â çìåíøóºòüñÿ. Ì³êðîàíàë³ç ñòðóêòóðè
àñôàëüòåí-ñìîëî-ïàðàô³íîâèõ â³äêëàäåíü, îäåðæàíèõ ï³ñëÿ

äîäàâàííÿ äîáàâêè, ïîêàçàâ, ùî ìîäåëüí³ íàôòîâ³ â³äêëà-
äåííÿ, â³äîêðåìëåí³ ïðè 30/1500Ñ ³ ÿê³ ì³ñòÿòü âåëèêó
ê³ëüê³ñòü âèñîêîìîëåêóëÿðíèõ ïàðàô³íîâèõ âóãëåâîäí³â,
ñìîëè òà àñôàëüòåíîâèõ êîìïîíåíò³â, ìàþòü íàéâèùèé
ð³âåíü ÷àñòêè àìîðôíèõ ñòðóêòóð. Çá³ëüøåííÿ ÷àñòêè äåíä-
ðèòíî¿ ìîäèô³êàö³¿ êðèñòàë³÷íî¿ ñòðóêòóðè õàðàêòåðíå äëÿ
ïàðàô³íîâèõ âóãëåâîäí³â â îñàäàõ, îäåðæàíèõ ç äîäàâàííÿì
äîáàâêè «Difron-4201» ó ê³ëüêîñò³ 900 ã/ò.

Êëþ÷îâ³ ñëîâà: ìîäåëüíå ìàñëî, äîáàâêà-äåïðåñàíò,
Difron-4201, õîëîäíèé ïàëåöü, íàôòîâèé îñàä, í-àëêàíè.

INVESTIGATION OF THE EFFECT OF
CRYSTALLIZATION CONDITIONS AND «DIFRON-4201»
DEPRESSANT ADDITIVE ON THE COMPOSITION AND
PROPERTIES OF PARAFFIN DEPOSITS

H.R. Gurbanov *, M.B. Adigezalova

Azerbaijan State Oil and Industry University, Baku, Azerbaijan
Republic

* e-mail: ebikib@mail.ru

For the first time in the laboratory, the physical and
chemical characteristics of the model oil sample, the composition,
and relative amounts of normal alkanes with carbon atoms from
C8 to C60 were determined by high-temperature liquid-gas
chromatography. When Difron-4201 is added to the model oil,
seven carbon atoms are displaced in the direction of the lower
molecular weight distribution of paraffin hydrocarbons in the
sediment. The effect of the Difron-4201 additive on the group
composition of model oil and oil sediments obtained at different
temperatures of the «cold finger» was studied. It was found that
with the addition of the additive and with a decrease in the
temperature of model oil and «cold pipe», the number of paraffin
hydrocarbons in the group composition of sediment increases
and the amount of resin and asphaltenes decreases. Microanalysis
of the structure of asphaltene–resin–paraffin sediments obtained
after the addition of the additive showed that the model oil
sediments, separated at 30/1500C and containing large amounts
of high-molecular paraffin hydrocarbons, resin, and asphaltene
components, have the highest proportion of amorphous structures.
An increase in the share of dendritic modification of the crystalline
structure is characteristic for paraffin hydrocarbons in sediments
obtained with the addition of 900 g/t «Difron-4201» additive.

Keywords: model oil; depressant additive; Difron-4201;
cold finger; oil sediment; n-alkanes.
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