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Abstract. This paper considers the most common methods of pipeline transport of high solidified
oil existing at the moment. The effects of treating oil with magnetic and electric fields are given.
The positive and negative effects of ultrasonic treatment in oil transport processes are considered.
The totality and quality of the facts requires much more in-depth analysis on a number of issues
in this area because with a lot of positive effects are present and negative, which do not allow to
implement.
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1. Introduction

Today, according to the International Energy Agency, the share of oil in the world energy
balance is reaching a plateau. The same data can be found in the BP report for 2022. In general,
this trend is a consequence of the consumption of oil as a fuel source. However, it is worth noting
that oil as a source of raw materials for polymers and materials will not lose its relevance for a
long time. The oils which include in their composition a significant share of paraffins are of
interest in the sales market due to the value of paraffin as a raw material. However, oil with high
paraffin content may have a high pour point as a result of the paraffin crystallization process.
Apart from Russia this problem is faced worldwide such as in Egypt, China, etc. [1, 2].

2. High pour point oil transportation solutions

There are a lot of approaches to the problem of transport of high solidified oil. According to
the principle they can be divided into chemical, physical-chemical and physical. A summary chart
of all methods can be seen in Fig. 1 [3, 4].

If you look into the issue of applying these methods, it turns out that, in general, many of the
listed methods have not received real distribution. In the case of pumping emulsions, there is a
problem with the dehydration of oil after pumping, as well as the transport of water as unnecessary
ballast. Some initiatives do not have prospects due to the requirements for the technological
process and the high costs of their use. For example, hydrotransport requires a special device for
pumping water into the inner layer; barotreatment requires large tanks, coupled with their gradual
wear due to metal fatigue in the equipment. A separate important condition is the preservation of
the composition of the feedstock without the destruction of high-molecular hydrogens. In general,
the pumping method should be relatively simple, economically justified and not change the
composition of the oil [3, 4].

At the moment, only three methods satisfy these criteria, each of them has gained its
distribution in the world. These are:

1) Transport with solvents.

2) Hot transfer.
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3) Addition of pour point depressants.

The first method involves reducing the concentration of paraffins in oil. by mixing with light
hydrocarbon solvents. These are diesel fuel, light oils, etc. [3, 4].

The second method involves heating oil to temperatures of 50 °C, this is due to the technical
features of the transport of a hot medium, as well as the fact that at this temperature a significant
part of the paraffins is in molten form. At the same time, oil heating stations are located along the
pipeline route to prevent reaching the pour point [3, 4].

The third method involves the addition of polymer depressant additives to the oil. Their impact
is manifested in a decrease in the pour point of oil. The principle of operation is to increase the
number of paraffin crystallization centers and change their morphology [3, 4].

The use of the first method is problematic since the dissolution requires the constant presence of
light solvents in large quantities. In the case of the Zapolyarye-Purpe pipeline, highly paraffinic oil
is mixed with gas condensate and transported in this form. This type is more economically justified.
Initially, the pipeline was built exactly as a hot pipeline with all the necessary infrastructure.

The second and third methods are used jointly on the Usa-Ukhta pipeline. Hot pumping is
complemented by the addition of a depressant additive DPN-1 to the oil flow. The dosage is
50-150 ppm. Their use together is caused by the relatively high temperature of the setting of oil,
while the introduction of the additive should be carried out purely at a temperature when the
paraffins are in the molten state, and since the oil is already heated, this operation is much easier
to introduce into the technological process [5, 6].

Fig. 1. Methods of transportation [4]
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3. Perspective directions of oil treatment

In general, according to the authors, promising areas may be the treatment of oil through the
effects of fields of different nature. Such fields can be magnetic, electric and, of course, ultrasonic
(acoustic) field. At the moment we can say that there is a scientific basis that allows us to talk
about a certain effect on the oil. Oil is considered as a dispersed system.

The influence of a magnetic field according to the work [7] confirms the influence on
properties of oil disperse system by means of influence on its structure-forming components. At
the same time more centers of crystallization are formed and precipitation of ARPD occurs in the
whole volume in the oil, not only on the surface of the pipelines. Also work [8] confirm that a
weak magnetic field has almost no effect on the system of oil paraffin, while having a much greater
impact on the resin and asphaltene components.

An alternating electric field according to the works affects the rheology of oil with the
frequency affecting more than the amplitude of oscillations [9].

Acoustic or ultrasonic impact has contradictory data. If we talk about the mere impact of
ultrasound on oil dispersed systems, there is evidence that treatment with ultrasound reduces oil
viscosity, lower pour point, changing the composition of precipitation, etc. [10].

The author of the work besides [10] the positive effect after treatment finds the opposite effect
for high-paraffin oils, which depends on the content and composition of the paraffin components
and does not depend on the content and proportion of tarry asphaltene components. If we talk
about the pour point, it turns out that when processing high-paraffin oil with a relatively high pour
point, it increases.

Due to the fact that the ultrasonic effect is considered in various conditions and applications
within the framework of the main oil transport it is worth considering it as a target for prospective
application.

4. Positive and negative effects of ultrasonic treatment

As said, transport of highly pouring oil is carried out mainly in three ways, each of which has
its pros and cons. The hot pipeline coupled with depressor additives can be improved by
integrating ultrasonic influence. There are enough reasons for such integration to make this idea
viable.

In work [11] authors observe synergetic effect of wax deposition inhibitors application at joint
treatment of model fluid. Under the model liquid is meant 6 % solution of petroleum paraffin in
kerosene.

In the work [10] already discussed above also observed a synergistic effect with a depressant
additive of polymeric type, but the effect was also observed on the model mixture, which may
also affect the result of the work.

The works [12, 13] consider the use of ultrasonic treatment for destruction of sediments and
ARPD on the bottom of tanks and surfaces of oil pumping equipment. This effect is possible due
to the appearance of cavitation bubbles at the interface, the process is clearly shown in Fig. 2.
Experimental results show that it is possible to clean the surface in this way.

Y a -~ .
% 4 . 4~ o - S T p——
o L ~ A r 79 . o oo "~ - va e

Fig. 2. Cavitation bubble influence on ARPD [12]
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This paper [14] considers the use of ultrasound to remove bottom sediments, but in contrast to
the simple treatment wax sediment inhibitors were used. The scheme was to circulate oil according
to the scheme shown in the figure. The oil was pumped out of the tank, heated, treated with
ultrasound and then back into the tank, eroding the sediments.

Fig. 3. Scheme itself [14]: 1 — tank to be cleaned; 2 — ring pipe (Dy 100); 3 — hydraulic monitor;
4 — receiving pipe (Dy 150); 5 — discharge pipe (Dy 150); 6 — heat exchanger; 7 — ultrasonic device;
8 — axial diagonal pump (UODN-360-250-250); 9 — electric gate valve

The authors of paper [ 14] subjected the oil to ultrasonic treatment together with wax inhibitors.
The treatment occurred at a frequency of 20 kHz at three different power levels. The efficiency of
the treatment was calculated based on the amount of dissolved ARPD mass in the oil. As the
intensity increased, the result improved and at maximum power the effect reached a 40 percent
increase in mass compared to the untreated oil.

Fig. 4. Effect on paraffins, a) before, b) after [14]

It is important to note that ultrasound contributed to the synergistic effect of the combined
effect of ultrasound on the oil, this was observed both visually and in the reduction of viscosity.
At the same time, the authors believe that such treatment can reduce the pour point. The result of
this treatment is that by changing the dispersion medium of oil paraffins become dissolved in the
oil. The result of the internal survey is shown in Fig. 4. In other words, the positive effect of the
combined effect of inhibitor additive and ultrasound on highly paraffinic oil has been achieved.

From all the previously described experiments and treatment results, a pattern emerges
according to which the combined work of ultrasound and additives should lead to an increase in
their efficiency, which is an unambiguous advantage and a compelling reason to introduce such a
mechanism into the oil transport system.

On the other side of the question, it was already mentioned above about negative effects of
treatment of high-paraffin oil of different composition and in different time range. In this case, in
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addition to such influence there are other negative effects, which are caused in turn by acoustic
cavitation, which is a consequence of occurrence of zones of separation and compression in the
liquid volume during the passage of ultrasonic waves [15-17].

Under this reason in the works [17, 18] is considered the possibility of breaking hydrocarbon
molecules of great length. The mechanism works according to the principle of occurrence of
tensile and compressive forces in the molecules located on the borders of the cavitation bubble, as
a result of which the destruction of molecules is observed.

Ultrasonic vibrations when applied to polymer solutions can be accompanied by destruction
of macromolecules. Thus, a decrease in structural viscosity was observed for solutions of synthetic
polymers (polyacrylates, polystyrene, polyvinyl acetate, nitrocellulose). By the example of
polystyrene, it was shown that at different initial values of macromolecules the value of the latter
after a long treatment in the ultrasonic field is close to the minimum value of 30000 a. m.
Moreover, the efficiency of degradation of polymer macromolecules directly depends on the
intensity of the ultrasonic field. The higher it is, the greater the number of cavitation bubbles and
the higher the rate of destruction [19, 20].

According to the paper, most depressor additives are solutions of ethylene vinyl acetate
(Fig. 5), comb type co-polymers (Fig. 6), or nano hybrid. All of them are in one way or another
different variation of polymer. In other words, they are long macromolecules and the impact of
ultrasound on them can lead to their destruction and as a consequence, a partial or complete loss

of properties [21].
+ H,C—CH, HHCCHf]—
m [Ij n

07 CH;
Fig. 5. EVA chemical formula [21]

Fig. 6. Comb type PPD structure [21] (red line — alkyl branch, black line — polar group)

When transporting oil, it is also not allowed to change the chemical composition of oil, because
paraffin and other macro molecules are valuable components, which are further used for
processing. For example, thermal destructive treatment of oil in which oil is heated and treated
with pressure, as a result oil flowability is improved and solidification temperature is reduced, but
in the process the chemical composition is changed [3, 4].

5. Conclusions

In the course of the article clearly visible experimental evidence of the positive effect of
ultrasound on oil reduces viscosity and pour point. Synergistic effect is observed in conjunction
with depressor or inhibitory additives in the model liquids and oil. On the other hand, there are
many works that speak about changes in the chemical composition of oil, about deterioration of
rheological properties and increase of pour point. Indirectly we can talk about the negative impact
on polymeric additives.

At this stage, we cannot talk about the possibility of full integration of ultrasonic treatment in
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the process of oil transport, as there are many negative effects requiring more in-depth study.
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