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Abstract. This paper presents the results of a study on oil sludge processing using high-voltage short-pulse
electrohydraulic discharge. The influence of key parameters, such as discharge voltage, capacitor bank
capacitance, processing time, electrode gap, and catalyst concentration, on the yield of light and medium petroleum
fractions is analyzed. Experiments have shown that the optimal conditions for achieving the maximum fraction yield
(up to 36.4%) are: a processing time of 6 minutes, an electrode gap of 10 mm, a capacitor bank capacitance of
0.125 uF, and a nanocomposite catalyst concentration of 1%. It has been established that the use of a catalyst
enhances the destruction of high-molecular compounds, while optimization of the electrophysical parameters
improves the energy efficiency of the process. The obtained results can be used to develop energy-efficient
technologies for oil waste disposal.
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1. Introduction

Oil production, crude oil processing, and its transportation through main pipelines are accompanied by
the accumulation of large amounts of petroleum-containing waste, among which oil sludge (OS) occupies a
significant place. Oil sludge formed during the operation of enterprises in the oil industry is a multicomponent
system that includes water, organic compounds, and mineral impurities. Due to the presence of pathogenic
microorganisms, parasites, and heavy metals, such waste has a negative impact on ecosystems and poses a
threat to human health. Oil sludge also contains a solid inert fraction. According to estimates, the annual global
volume of oil sludge generation exceeds one billion tons, meaning that up to seven tons of such contaminated
material may be produced per ton of extracted crude oil [1]. Traditional methods of handling oil sludge—such
as storage in sludge pits or subsequent incineration—Iead to the loss of a significant portion of valuable
hydrocarbons and are accompanied by harmful effects on ecosystems. Therefore, the processing of oil sludge
with the aim of recovering oil for further economic use is considered a more efficient, economical, and
environmentally justified option. Various technologies for extracting oil from oil sludge have been studied to
date, including freezing methods [2], solvent extraction [3], microwave irradiation [4], centrifugation [5],
ultrasonic treatment [6], and pyrolysis [6, 7]. However, most existing methods thermal, biological, mechanical,
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chemical, and physicochemical are unable to ensure sufficient environmental safety and a high degree of
recovery of petroleum products from sludge. An additional challenge is that these technologies rely on
expensive, fully imported equipment requiring skilled technical maintenance, as well as significant reagent
costs (polyurethane compositions, various resins, liquid glass, cement materials). As a result, the overall
environmental burden associated with oil sludge processing remains high. One of the most promising
approaches to minimizing harmful impacts is the extraction of valuable hydrocarbon components from oil
sludge followed by their processing into commercial products, which significantly reduces the amount of
residual waste. In recent years, companies in the oil production sector have been actively implementing new
technological solutions aimed at more efficient utilization of waste generated at the stages of oil extraction and
refining. However, as follows from the conducted analysis of published studies [1-7], to date there is no
universal technology for neutralizing and processing oil sludge that simultaneously meets all environmental,
technical, and economic requirements. Centrifuges and separation units used in industry—both foreign and
domestic—allow effective water removal and reduce the impact of solid mechanical impurities while
practically preserving the hydrocarbon fraction of the raw material. According to study [8], combined oil
sludge processing technologies based on mechanical and physicochemical methods followed by a biological
post-treatment stage are considered more environmentally safe and provide enhanced efficiency in the
treatment of petroleum waste. Such processing methods require significantly lower costs compared to direct
incineration of oil sludge, and their efficiency is considerably higher. An additional challenge is that these
technologies rely on expensive, fully imported equipment that requires qualified technical maintenance, as
well as substantial expenditures on reagents (polyurethane compounds, various resins, liquid glass, cement
materials). As a result, the overall environmental burden of oil sludge processing remains high.

Consequently, a global trend has emerged toward a decline in the growth rate of conventional
hydrocarbon reserves, including crude oil. In this regard, special attention is being paid to the rational use of
petroleum resources and the active search for alternative and unconventional sources of hydrocarbons. The
search for efficient technologies for oil sludge processing and utilization is therefore an urgent scientific and
practical challenge. This issue becomes increasingly important as the availability of conventional hydrocarbon
resources decreases and the need to expand the raw material base through unconventional sources grows.
However, the processing of such feedstocks is associated with several difficulties due to their high viscosity,
the presence of resin—asphaltene compounds, metals, and other impurities, which significantly complicate the
treatment process [9, 10]. One of the most promising methods for processing petroleum waste is the application
of high-voltage short-pulse electrohydraulic discharge (HVED) to heavy hydrocarbon organic matter. This
method is based on the generation of high-energy pulses in a liquid medium, which produce shock-wave effects
and create localized extreme conditions—high temperatures, pressures, and cavitation. As a result, complex
hydrocarbon structures are destroyed, leading to the formation of lighter fractions [11, 12]. The use of HVED
technology improves the physicochemical properties of petroleum residues, reduces their viscosity, enhances
fluidity, and increases the yield of light and middle hydrocarbon fractions that are in demand as fuels and
petrochemical feedstocks. Additional advantages of this method include its relative energy efficiency,
environmental friendliness (due to the absence of aggressive chemical reagents), and the possibility of
integration with catalytic processes. In our previous studies [13, 14], the effectiveness of the developed
nanocomposite catalyst based on bentonite coated with nickel, in combination with the impact of HVED, was
examined. It was shown that the introduction of the catalyst contributes to the intensive destruction of chemical
bonds in heavy hydrocarbon C-C compounds and leads to an increased yield of light and middle fractions. The
obtained results confirmed the feasibility of using the developed nanocomposite catalysts based on nickel-
coated bentonite to enhance the efficiency of oil sludge processing.

A promising direction for further research is the study of the effect of HVED discharges and the addition
of the nanocomposite catalyst based on zeolite, coated with nickel as developed by the authors, in order to
increase its catalytic activity. Zeolites, due to their unique crystalline structure and surface properties, provide
high efficiency in processing heavy hydrocarbon feedstocks and contribute to the increased yield of low-
molecular-weight products. Additionally, zeolites exhibit significant thermal stability, which allows their use
in the treatment of petroleum residues under high-temperature conditions [15].

The application of HVED in combination with nanocomposite catalysts based on zeolites opens up new
possibilities for the efficient processing of oil sludge. In particular, studying the effect of a catalyst composed
of a mixture of activated zeolite and bentonite clay impregnated with nickel on the oil sludge treatment process
can serve as a foundation for the development and implementation of new nanocatalysts for the thermal
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cracking of heavy hydrocarbon feedstocks. This approach enhances processing efficiency, increases the yield
of target products, and simultaneously contributes to solving the problem of industrial waste utilization.

2. Materials and methods of research

The oil sludge used in this study was obtained from the inner surfaces of the Atasu—Alashankou main oil
pipeline. To increase the processing efficiency, a nickel-coated zeolite catalyst was additionally introduced
into the oil sludge. The catalyst concentration in the treated sludge varied from 0.0 to 1.5% (0.5%, 1.0%, and
1.5%). The catalyst was introduced in the form of a fine powder immediately before the start of the
electrohydraulic treatment. The fractional composition of the processed products was determined by thermal
distillation. The main criterion for evaluating process efficiency was the percentage yield of light and middle
hydrocarbon fractions at temperatures up to 200 °C and 300 °C, respectively, for the analyzed oil sludge.

To determine the optimal parameters and develop a mathematical model of the oil sludge processing
process formed on the inner surfaces of the Atasu—Alashankou oil pipeline under the influence of HVEDs,
laboratory experiments were carried out using the probabilistic—deterministic experimental design method.
The applied methodological approach made it possible to evaluate the combined effect of the key parameters
of the HVED system and the nanocatalytic additive. The list of the studied factors and their levels is presented
in Table 1. Since the dependence of the yield of target products from oil sludge on the considered parameters
exhibits a nonlinear character, the experimental data were processed using the method of experimental design
based on the principles of nonlinear multiple correlation. The design matrix is presented in Table 2. Each row
of the matrix corresponds to a specific set of experimental conditions. The matrix structure was developed in
such a way that, in the full set of experiments, each level of any factor is combined exactly once with every
level of the remaining parameters.

Table 1. Studied electrophysical parameters of the HVED system and the added nanocomposite catalyst

X1 (%) 0 0,5 1 1,5
X2(uF) 0,125 0,25 0,5 0,75
X3(min) 5 6 7 8
X4(mm) 7 8 9 10

Note: The variable Xi represents the amount of added nanocomposite catalyst (%), X>-the capacitance of the capacitor bank in
the HVED system (uF), Xs-the treatment time (min) under electrohydraulic discharges, and X4-the electrode gap (mm).

Table 2. Experimental design matrix and the influence of various HVED system factors and added catalyst on the
ield of light and middle fractions after treatment.

No. X1, % X5, WF X3, min X4, mm Yave %
1 0 0,125 5 7 20,3
2 0,5 0,25 6 8 29,9
3 1 0,5 7 9 24,9
4 1,5 0,75 8 10 21,3
5 0 0,25 7 10 18,1
6 0,5 0,125 8 9 21,1
7 1 0,75 5 8 13,33
8 1,5 0,5 6 7 29,61
9 0 0,5 8 8 21,46
10 0,5 0,75 7 7 15,4
11 1 0,125 6 10 36,4
12 1,5 0,25 5 9 30,09
13 0 0,75 6 9 9,18
14 0,5 0,5 5 10 23,68
15 1 0,25 8 7 25,8
16 1,5 0,125 7 8 20,9
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3. Results and discussion

Based on the constructed experimental design matrix, histograms were plotted to illustrate the influence
of the main parameters on the yield of light and middle hydrocarbon fractions. Figure 1 shows the dependence
of the yield of these fractions on the duration of the HVED treatment and the electrode gap during the
processing of oil sludge formed on the inner surface of the Atasu—Alashankou oil pipeline. As shown in Figure
1, the highest yield of light and middle fractions is achieved at a treatment duration of 6 minutes and an
electrode gap of 10 mm. Under these conditions, the yield reaches 36.4% of the initial oil sludge mass. This
result can be explained by the combined effect of two factors-the optimal duration of the HVED treatment and
the interelectrode distance-which ensure the most stable formation of the pulsed discharge, thereby promoting
the destruction of high-molecular-weight hydrocarbon compounds.

When the treatment time exceeds 6 minutes (up to 7-8 minutes), a decrease in the yield of target fractions
is observed, which is associated with the redistribution of discharge energy and possible secondary compaction
of the reaction products. Similarly, reducing the electrode gap below 10 mm decreases process efficiency due
to discharge channel instability and local overheating of the medium. Figure 2 shows the influence of the
capacitor bank capacitance of the HVED system and the treatment duration on the yield of light and middle
fractions from the oil sludge. The highest yield of light and medium fractions is-observed at the minimum
capacitance of the capacitor bank - 0.125 pF. Under six minutes of exposure, the yield reaches its maximum

value of 36.4 %.
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Fig.1. Influence of HVED treatment time and electrode gap on the yield of light and middle fractions
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98 Eurasian Physical Technical Journal, 2025, Vol.22, No.4(54) Engineering

This result indicates that at low capacitance values, more powerful and concentrated discharge pulses are
formed, providing effective destruction of complex hydrocarbon structures. With an increase in capacitance
(0.25-0.75 pF), a gradual decrease in yield is observed, which is associated with the elongation of the pulse
over time and a reduction in the specific energy transferred to the reaction zone. At the same time, the influence
of treatment duration also becomes evident: increasing the exposure time to 7—8 minutes leads to stabilization
of the results; however, a significant increase in yield is not observed. Experimental data showed that the
maximum yield of light and medium fractions is achieved at a nanocatalyst concentration - zeolite impregnated
with nickel - of 1% and a treatment duration of 6 minutes (Fig. 3).
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Fig.3. Influence of the amount of nickel-coated zeolite nanocatalyst on the yield of light and medium fractions

Further increase in the amount of catalyst leads to a decrease in the yield of target products, which may
be associated with the sorption of active components or the restriction of mobility in the organic medium. This
confirms the necessity of accurately determining the optimal catalyst content to achieve maximum process
efficiency. As shown in Fig. 4, the following graphs illustrate the influence of discharge voltage (kV) and
capacitor bank capacitance (UF) on the yield of light and medium oil sludge fractions (%) during processing
by the HVED method.
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Fig. 4. Influence of discharge voltage on the yield of light and medium fractions from oil sludge:
(a) without catalyst; (b) with 1% catalyst content.

In experiments conducted without the use of a catalyst (0%), it was found that increasing the capacitance
of the capacitor bank from 0.125 to 0.25 uF leads to a decrease in discharge voltage, recorded by the
kilovoltmeter, from 30 to 25 kV. This is accompanied by a reduction in the yield of light and medium fractions
— from 20.3% to 18.1%. With a further increase in the capacitance of the HVED system up to 0.5 pF, the
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opposite trend is observed: the voltage rises to 30 kV, and the proportion of light and medium fractions
increases to 21.46%. Thus, the capacitance of the capacitor bank has a significant effect on the intensity of the
destruction of high-molecular-weight hydrocarbon compounds present in oil sludge.

At a catalyst content of 1%, the dependence becomes more pronounced: the maximum yield (36.4%) is
observed at a capacitance of 0.125 pF, while the kilovoltmeter reading is 26 kV. When the capacitance
increases to 0.5 pF, the voltage drops to 20 kV, and the yield of target fractions decreases from 36.4% to
25.8%. This behavior can be explained by the fact that at lower capacitance values of the capacitor bank, higher
pulse voltages are generated in the system, ensuring the intensive occurrence of physical-chemical destruction
processes. In the presence of a catalyst, these processes proceed more efficiently due to the accelerated
breaking of molecular C—C bonds in heavy hydrocarbons.

4. Conclusion

As aresult of the experimental studies, it was established that the use of HVED technology in combination
with a nickel-coated zeolite nanocatalyst enhances the efficiency of processing oil sludge formed on the inner
surfaces of the Atasu—Alashankou oil pipeline. It was determined that the yield of light and medium
hydrocarbon fractions is significantly influenced by the electrophysical parameters of the process: the
capacitance of the HVED system’s capacitor bank, the interelectrode gap, the treatment duration, and the
catalyst content.

The kilovoltmeter readings, which reflect the actual discharge voltage, together with the capacitance of
the HVED capacitor bank and the catalyst concentration, determine the efficiency of the electrohydraulic
destruction process of high-molecular-weight compounds in oil sludge.

The maximum fraction yield of 36.4% is achieved under optimal conditions: treatment duration of 6
minutes, interelectrode distance of 10 mm, capacitor capacitance of 0.125 pF, and catalyst concentration of
1.0%. The introduction of the zeolite-based catalyst increases the energy efficiency of the process, confirming
the potential of combining HVED technology with catalytic methods for oil waste processing.
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