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Abstract 
[bookmark: _Hlk87620708][bookmark: _Hlk532479989]In the paper, the oil separated from the oil-contaminated soil using thermal treatment, and the characteristics of the separated oil were studied. Thermal treatment was carried out under conditions of uniform heating from room temperature to 450 C. The heating rate of the oil spilled on the soil was 15 C per minute. The average duration of the thermal treatment process of the research object was 50 minutes. As the proportion of polluting oil in the soil sample obtained from the neutralization of oil spilled on the soil increases, an increase in the percentage of the separated oil (liquid product) is observed. The liquid products were subjected to physical and chemical analysis. The resulting liquid product had a water content of 7.6%. Its density is 902 kg/m3, flash point is 69 C, and ash content is 0.18 %. It was found that the separated oil is made up of 83.72% oil and 16.28% resin fractions. Asphaltene was not seen during the group composition analysis.
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Innovative Description: The separation of oil from the oil-contaminated soil using thermal treatment is reported.


1. Introduction
A major source of energy, oil (or petroleum) powers industries, transportation, and the production of electricity, as well as a large portion of the world economy. Automobiles, trucks, buses, airplanes, and ships run on these refined oil products. Because of this, oil is necessary for international travel, trade, and mobility. Systems for heating homes and businesses also use petroleum fuels. However, oil typically generates power less frequently than other fossil fuels like coal and natural gas. Petrochemicals, bitumens, and lubricants are just a few of the industrial processes that employ oil.[1-7] Despite its immense benefits, oil also poses numerous environmental risks.
Oil pollution is a significant environmental challenge arising from various human activities, including oil extraction, transportation, and refining. While these processes are economically vital, they often lead to severe environmental consequences, such as soil, water, and air contamination.[8-10] Oil-contaminated soils suffer devastating impacts on their biological systems, including bacteria, fungi, and invertebrates, which are crucial for maintaining ecosystem health. Recent research indicates that even low concentrations of hydrocarbons can have toxic effects, reducing biodiversity and disrupting soil microorganisms' functional activity.[11-12] Consequently, this hampers organic matter decomposition and nutrient cycling, leading to soil degradation and decreased fertility.[13] Oil pollution also adversely affects vegetation. By forming an impermeable layer, oil restricts oxygen supply to plant root systems, causing stress and reducing photosynthetic activity. This diminishes ecosystem resilience and accelerates environmental degradation. Water resources are particularly vulnerable to oil spills.[14-16] When oil enters water bodies, it forms a surface film that obstructs gas exchange and depletes oxygen levels essential for aquatic life. This often results in mass fish mortality and long-term disruptions to aquatic ecosystems. Oil pollution is thus a complex and multifaceted problem requiring an integrated approach to research and the development of effective remediation techniques.[17,18] Continued investigation into the mechanisms of oil’s impact on ecosystems is critical for devising strategies to minimize its harmful effects and restore contaminated areas.
Oil-contaminated soils undergo cleaning or remediation using a variety of techniques, each with unique advantages and limitations.[19] The primary methods include bioremediation, physicochemical techniques, and thermal treatment, which can be applied individually or in combination to achieve optimal results.[20-22] Bioremediation utilizes microorganisms, such as bacteria and fungi, to degrade hydrocarbons in oil. This eco-friendly approach leverages natural processes to eliminate pollution. However, its efficiency depends on factors such as temperature, pH, oxygen levels, and nutrient availability. Additionally, some hydrocarbons are non-biodegradable, limiting this method’s applicability in specific scenarios.[23-25] Physicochemical methods encompass solvent extraction, adsorption, and flocculation. These techniques often yield faster results than bioremediation, particularly for large-scale pollution.[26] However, their drawbacks include high costs, the need for specialized equipment, and potential environmental risks from chemical use. Some methods may also require post-treatment to achieve complete remediation.
Thermal treatment involves heating contaminated soils to extract oil and hydrocarbons.[27] Techniques like pyrolysis or thermal degradation can efficiently remove light and heavy hydrocarbons.[28,29] Despite its effectiveness, thermal treatment is energy-intensive and may produce toxic by-products, necessitating a thorough evaluation of its environmental impact. The specific contamination scenario, soil properties, and environmental considerations should inform the choice of cleaning method, ensuring a balanced approach that maximizes effectiveness while minimizing costs and ecological risks.
Heat treatment is among the most effective methods for cleaning oil-contaminated soils, leveraging high temperatures to evaporate or decompose hydrocarbons.[30] Technologies such as pyrolysis and thermal degradation not only remove hydrocarbons but also minimize their environmental impact. During heat treatment, volatile hydrocarbons evaporate, while heavier hydrocarbons undergo decomposition. This method is particularly useful in conditions where bioremediation or physicochemical techniques are insufficient, such as low temperatures or nutrient-deficient environments. Studies demonstrate that heat treatment can achieve hydrocarbon removal efficiencies exceeding 90%, making it a preferred choice for severe contamination.[31] However, its effectiveness varies depending on soil type, hydrocarbon composition, and treatment conditions. Heat treatment may also alter hydrocarbons' physicochemical properties, potentially forming new compounds with varying toxicity.[32] This necessitates comprehensive risk assessments to ensure the method's environmental safety. Thus, while heat treatment is a powerful cleaning tool, its application should be carefully planned and supplemented with environmental risk evaluations.[33] 
Oil recovered from contaminated soils exhibits diverse physicochemical properties influenced by soil type, contamination severity, and heat treatment conditions. Properties such as viscosity, density, hydrocarbon composition, and impurity levels are pivotal in assessing environmental and economic implications. Research shows that oil extracted from heavily polluted soils often contains elevated levels of heavy metals (e.g., lead, cadmium, mercury) and toxic compounds like polycyclic aromatic hydrocarbons (PAHs). These substances pose risks to ecosystems and human health, highlighting the need for thorough analysis.[34] Heat treatment can modify hydrocarbons' molecular structures, reducing or increasing toxicity. Comprehensive chemical, environmental, and toxicological assessments of recovered oil are essential to evaluate heat treatment's efficacy and guide safe usage or disposal.[35]
Heat treatment not only restores ecosystems but also offers significant economic benefits. By effectively removing oil and hydrocarbons, this method facilitates ecosystem recovery and land reuse. Environmentally, treated soils can support natural processes such as water filtration, carbon cycling, and microbial activity. This enhances soil and water quality, promoting biodiversity and ecosystem resilience. Economically, rehabilitated lands can be repurposed for agriculture, construction, or recreation, boosting local economies and supporting sustainable development. For instance, restored lands can increase food security, create jobs, and enable ecotourism. Heat treatment thus addresses oil pollution while creating opportunities for economic growth and ecosystem restoration, underscoring its role in environmental protection and sustainable development strategies.[36,37] Fig. 1 shows the annual number of publications on the topic of oil-contaminated soil treatment from 2000 to 2025, indicating a clear and consistent upward trend. The data highlights a growing research interest, with the number of publications increasing steadily from fewer than 50 in the early 2000s to over 200 in the 2020s.
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Fig. 1: Annual number of publications on oil-contaminated soil treatment (2000–2025).

This trend underscores the increasing global recognition of oil pollution as a critical environmental issue and the corresponding demand for innovative cleaning technologies. The rising volume of studies emphasizes the relevance of the current research, which contributes to this field by exploring the thermal treatment of oil-contaminated soils and characterizing the extracted oil products. In this work, we thermally treated the oil-contaminated soil in the Karazhanbas field to clean it, and we studied the characteristics of the resulting liquid product.

2. Materials and methods
2.1 Materials and sample preparation
In the paper, the soil contaminated by 10-30% Karazhanbas crude oil was used as the object of study. Karazhanbas Oil is considered the heavy oil of the Bozachi Peninsula in the Mangistau region. Currently, "Karazhanbasmunai" JSC, located in the western part of Kazakhstan, near the Caspian Sea, is one of the strategically important companies in the country. Since its establishment in 1974, the company has produced more than 50 million tons of oil.[4] The study prepared 5 different samples of oil-contaminated soil. Karazhanbas crude oil contaminated the soil in varying mass percentages: 10%, 15%, 20%, 25%, and 30%. Table 1 displays these samples. 

Table 1: Oil-contaminated soil samples.
	Samples
	OCS-10
	OCS-15
	OCS-20
	OCS-25
	OCS-30

	Content of crude oil, %
	10
	15
	20
	25
	30

	Photograph of samples 
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Table 1 shows that the sample OCS-10 contains 10% oil contamination, making it the sample with the lowest oil content. In this sample, we can see that part of the soil has changed to a brown color, and half of the soil color has been preserved. As the amount of oil contamination increases, its color becomes dark black. As the oil content of the last sample (OCS-30) is 30%, it completely changed the color of the soil to black.

2.2 Experimental setup for thermal treatment of oil-contaminated soil
Thermal treatment for the purpose of cleaning oil-contaminated soil was carried out under uniform heating conditions from room temperature to 450 °C. The heating rate was 15 °C per minute. During the experiment, 300 g of oil-contaminated soil was loaded into the reactor, and the furnace heating process was started. The temperature of samples and the amount of separated liquid products were measured. The heating was stopped when the temperature of the remaining raw materials in the process reactor reached a critical value, depending on the yield of the pyrolysis product. The average duration of the process was 50 minutes. To study the characteristics of the resulting liquid product as hydrocarbons, it was dewatered and fractionated. Their characteristics were studied individually using standard methods. Fig. 2 is a schematic diagram of the thermal treatment process for oil-contaminated soil. We dewatered the resultant liquid product to examine its hydrocarbon characteristics. We studied each of their characteristics individually using standard methods. as well as being fractionated and their characteristics studied individually.
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Fig. 2: Schematic diagram of the thermal treatment process for oil-contaminated soil.

2.3 Characterization of separated oil from oil-contaminated soil
The experiment used a Pycnometer to determine the density of the separated oil (hydrocarbons) samples. Distilled water was added to the weighted pycnometer until the desired volume was reached and all of the mass was weighed. Following dish cleaning, hydrocarbon was added to the oil samples, and the pycnometer was once more weighed with the oil. Finally, the density of products was determined using the following formula: 
                                   (1)
The ARN-LAB-11 was used to determine the figure out the fractional composition of hydrocarbons by slowly heating and condensing vapors in special containers that were kept at room temperature and pressure. The flash point of the samples was determined at АТВО-20, an apparatus for determining flash points in an open crucible. Built-in spark ignition simulates the flame of an ignition device with a diameter of 4 mm.
The Dean and Stark distillation method (ASTM D95) determined the water contents in the oil samples. Production-style oil analysis labs rarely use this test method because it is fairly cumbersome and requires a relatively large sample to ensure accuracy. Any present water vaporizes as the oil heats up. The water vapors are then condensed and collected in a graduated collection tube such that the volume of water produced by distillation can be measured as a function of the total volume of oil used.
We used the chromatographic method in a Soxhlet device to separate the group composition of the extracted oil from oil-contaminated soil. In order to allow the precipitation of insoluble components, the hydrocarbons were added to 40 times as much n-hexane as the initial quantity of the raw materials and placed in a dark, light-inaccessible location. Each step of the process removes resins, and it is performed multiple times. As a result, the precipitate appears as a brownish carbonaceous substance instead of a glossy black solid. Until no more alterations in the residue were noticed, the separation process was maintained. Activated silica gel and the Soxhlet technique were utilized to separate the maltenes in oil and resin. Silica gel was activated for four hours at 350 °C. Hexane was used to moisten activated silica gel, and manufactured maltenes were then added to the gel in a Soxhlet. The apparatus was submerged in a water bath, and 200 milliliters of hexane were used to extract oil until the flask was completely filled with hexane. Following oil extraction, the flask was swapped out by a sterile flask containing 200 milliliters of a 1:1 benzene-alcohol combination. An alcohol-benzene mixture is used to desorb silica gel's adsorbed resins. All of the solvents were removed using a rotary evaporator once the oil and resins had been separated. After that, the samples were dried at 60 ± 4 °C until their weight remained constant.
[bookmark: page2]The chemical composition of oil, resin, and asphaltene fractions was identified by Fourier transform infrared spectroscopy (Spectrum-65) in cells of potassium bromide (KBr) and tablets with KBr. It is used to obtain an infrared spectrum of absorption, emission, photoconductivity, or Raman scattering of a solid, liquid, or gas. A spectrometer simultaneously collects spectral data over a wide range.  The spectra in the 450–4000 cm−1 range were obtained.

3. Results and discussion
In order to completely absorb oil into the soil contaminated with oil in a ratio of 10-30% and to evaporate light fractions in the oil, the samples were placed in the open air for 1 month. The thermal treatment of these samples involved measuring a specific mass of the contaminated soil, placing it in a reactor, and carrying out the furnace heating process. The liquid product that was removed from the gas and product outlet was measured and collected by a refrigerator. After the process was completed, the remaining solid residue was measured. The difference between the total mass of the sample, the mass of the obtained liquid product, and the remaining solid residue (Table 2) determined the amount of gas.

Table 2: The amount of gas, liquid product, and solid residue obtained from oil-contaminated soil.
	Samples 
	Types of the products and their quantity

	
	Gaseous
	Liquid product
	Solid residue

	OCS-10
	12.30g
	27.03g
	260.67g

	
	4.10%
	9.01%
	86.89%

	OCS-15
	13.17g
	39.09g
	247.74g

	
	4.39%
	13.03%
	82.58%

	OCS-20
	14.73g
	46.98g
	238.29g

	
	4.91%
	15.66%
	79.43%

	OCS-25
	15.57g
	56.16g
	228.27g

	
	5.19%
	18.72%
	76.09%

	OCS-30
	16.26g
	69.45g
	214.29g

	
	5.42%
	23.15%
	71.43%



Table 2 shows the results of an increase in the percentage of liquid products obtained as the proportion of polluting oil in the soil increases. In the first sample, the liquid product was 9.01%, in the second sample, it was 13.03%, in the third sample, it was 15.66%, in the fourth sample, it reached 18.72%; and finally, in the fifth sample, it maximized to 23.15%. This indicates that as the percentage of oil products increases, the mass fraction becomes higher. The amount of gas released is 4.10% in the first sample, as well as in the fifth sample, increased to 5.42%. This indicates that the increase in gaseous products was also caused by an increase in the proportion of polluting oil in the soil in the sample.
Table 3 presents the characteristics of the liquid products produced from contaminated soil with Karazhanbas crude oil. According to the quantitative data, the amount of liquid products and gas that initially polluted the soil exceeded the amount of crude oil that was added. This is because very small amounts of organic impurities and water in the soil are added to the obtained hydrocarbon products during thermal processing.
As the temperature decreases, the solubility of oil in water decreases, and water can form and separate water-in-oil emulsions in the form of dispersed particles. In a monodisperse emulsion, water can reach up to 70%. In real conditions, water-in-oil emulsions are polydisperse. In oil-collecting, dewatering, and desalination plants, the size of water globules ranges from 3 to 10 microns. These parameters depend on the hydrodynamic and other conditions of oil production, as well as the degree of wetting in the formation.
Another innovative method is the use of superhydrophobic materials for oil-water separation. Superhydrophobicity refers to a surface property where materials repel water to an extreme degree, with water contact angles exceeding 150° and can be applied in different fields, including oil separation.[38-40] This unique characteristic, inspired by natural surfaces like lotus leaves, allows water droplets to bead up and roll off while selectively absorbing oil. These properties make superhydrophobic materials highly effective in addressing oil spills, industrial wastewater treatment, and other environmental challenges. Furthermore, some researchers have focused on advancing these materials for practical applications. Zhu et al.[41] demonstrated that superhydrophobic materials, such as copper mesh and sponge, can efficiently separate oil from water and be reused multiple times, making them a sustainable solution for large-scale use. Similarly, Rasouli et al.[42] reviewed superhydrophobic and superoleophilic membranes, which not only achieve oil removal efficiencies of over 99% but also exhibit durability and stability under various conditions.
To confirm the absence of water, heat the oil product under study (excluding oil and liquid petroleum fuels, as per GOST 26432) in an oil bath to a temperature of up to 150 degrees. The absence of hissing indicates no water in the oil. As a result of the testing method of Dean and Stark distillation, the water content in the oil-contaminated soil was 7.6% by mass. Therefore, the water contained in the liquid products was separated and further analyzed using standard methods as oil products.
Because it indicates how easily an oil or oil product can ignite under specific circumstances, the flash point is significant. The lowest temperature at which oil generates enough vapor to combine with air close to the liquid's surface to form a combustible mixture is known as the oil's flash point. This is a crucial characteristic for assessing the oil's handling and safety.
Typically, oils have flash points that range from 30 to 200 °C. The flash point of pyrolyzed oil indicated 69 °C, suggesting that it likely contains lighter hydrocarbons such as kerosene-like compounds and naphtha. Pyrolysis processes heat the complex organic materials of soil-contaminated oil in a low-oxygen environment, breaking them down into smaller or lighter hydrocarbon compounds like aliphatic hydrocarbons. They are more volatile and easily vaporize.

Table 3: Characteristics of the liquid products produced from contaminated soil with the Karazhanbas crude oil.
	Characteristics of the liquid products
	Water content
	Density
	Flash point
	Ash content

	Numeric values
	7.6%
	902 kg/m3
	69 °C
	0.18%



The ash content of the liquid products produced from contaminated soil with the Karazhanbas crude oil was 0.18%. Hydrocarbons are released as gases during pyrolysis and condense back into liquids, but the solid residue often retains the ash content. High temperatures during pyrolysis decompose heavy oil, separating and condensing the light fractions of hydrocarbons. These gases, which are the light fractions of the oil, evaporate and do not form part of the ash. The liquid pyrolysis oil that has condensed after the gases (i.e., the liquid product after pyrolysis) contains light hydrocarbons, but the heavy fractions and mineral impurities may still remain in the liquid state. During pyrolysis, the separation of heavy hydrocarbons and mineral impurities into solids may result in a slightly lower ash content in the liquid pyrolysis oil compared to the original oil.
The density of the liquid products produced from oil-contaminated soil was 902 kg/m3. Fig. 3 compares this density with that of the original Karazhanbas crude oil and fractions of thermal treatment products. These were the products obtained from the thermal treatment of oil-contaminated soil, the fraction up to 180 °C from the initial boiling point, the fraction up to 180-250 °C, and the product remaining after 250 °C.
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Fig. 3: Comparison density of original Karazhanbas crude oil and thermal treatment products.

According to the data in the figure, the density of the liquid product obtained from the oil-contaminated soil was lower than that of the base crude oil. This is due to the thermal treatment, which provides heavy hydrocarbons for the thermal destruction of heavy fractions. According to the results of further fractionation, the density of the fraction from the initial boiling point to 180 °C was 813 kg/m3. This fraction density corresponds to light oil products. The density of the fraction between 180-250 °C is heavier than the first fraction, it was 849 kg/m3. This showed that the fraction obtained at a boiling point after 250 °C was heavier than the two fractions, and it reached 910 kg/m3. This is due to the residue that remained after the extraction of the first and second fractions. Even so, its density is not much different from the base oil. It is slightly heavier.
The group composition of the liquid product obtained from the soil contaminated with the Karazhanbas oil field was studied in comparison. Table 4 displays the results. Asphaltene was not detected in the product obtained after thermal treatment of the oil spilled into the soil. In the thermal cracking process, hydrocarbon generates free radicals, which leads to the formation of light gases and coke products. Regarding the thermal destruction of heavy hydrocarbons, some complex bonds were broken, that is, unsaturated hydrocarbons began to become slightly saturated.[43-45] Accordingly, we can see that the amount of oil increased while the amount of resin decreased.
The color of these oil fractions is light brown, and they tend to have a relatively clean and light appearance. They consist mainly of hydrocarbons with low molecular weight, which are lighter and more volatile. Usually, the exact color may vary depending on the sources and the refining process. Compared to lighter oils, resins have a higher molecular weight and include more complex, aromatic, and polar chemicals. The resins contain some degree of ring-structured aromaticity, which contributed to their darker color. Asphaltenes are solid, high-density, non-volatile, and very dark in color due to their complex molecular structure. Metal impurities like nickel and vanadium, along with aromatic rings, accentuate the black color of asphaltenes. These colors aid in comprehending the properties and makeup of crude oil, impacting its viscosity, general quality, and refining process.

Table 4: Group composition of liquid products in comparison to Karazhanbas crude oil.
	Group composition 
	Oil fractions,%
	Resin fractions, %
	Asphaltene fractions, %

	Karazhanbas crude oil
	68.85
	21.32
	5.94

	Appearance of separated fractions
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	Liquid products from oil-contaminated soil
	87.92
	10.29
	0

	Appearance of separated fractions
	[image: ]
	[image: ]
	-



The chemical composition of the liquid product of oil-contaminated soil was studied by IR spectroscopy. In the IR spectrum of the oil fraction of the liquid product, the following peaks were observed: 2954.06 cm-1, 2854.95 cm-1, 1603.97 cm-1, 1459.48 cm-1, 1377.04 cm-1, 965.44 cm-1, 811.69 cm-1, 743.99 cm-1. They are presented in Fig. 4.
There are two peaks: one at 2954.06 cm-1 shows the asymmetric stretching of the C-H bond in methyl groups (–CH3), and the other at 2854.95 cm-1 shows the symmetric stretching of the C-H bond in methylene groups (–CH₂). These peaks also indicate the presence of alkyl groups and long-chain hydrocarbons. They are common in oils and organic contaminants. The peak 1603.97 cm⁻¹ is associated with C=C stretching vibrations in aromatic compounds such as benzene rings. And they can associate conjugated alkenes. This peak indicates the presence of aromatic hydrocarbons and unsaturated compounds in the oil fraction. 
There are two peaks at 1459.48 cm-1 and 1377.04 cm-1. They are linked to C-H scissoring vibrations in methylene groups (-CH₂-) and methyl groups (-CH₀). They are part of the alkyl chains in hydrocarbons and aliphatic hydrocarbons. The peak around 965.44 cm⁻¹ corresponded to C-H out-of-plane bending vibrations in aromatic hydrocarbons. 743.99 cm⁻¹ and 811.69 cm⁻¹ peaks are represented by C-H out-of-plane bending vibrations in aromatic compounds with a substitution pattern. This indicates the presence of more aromatic hydrocarbons in the oil.
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Fig. 4: Oil fraction of liquid product separated from oil-contaminated soil.

The resin fraction of the liquid product, which was separated from oil-contaminated soil using a thermal method, was also analyzed by infrared spectroscopy. Fig. 5 reveals a significantly more complex composition of compounds in the resin fractions compared to the oil fraction. At the peak of 3311.07 cm⁻¹ is associated with the stretching vibration of hydroxyl groups (–OH). They are often present in resins and other organic materials. The peak at 2854.54 cm⁻¹ corresponds to C-H stretching vibrations of saturated hydrocarbons, such as alkyl groups.  They might indicate the presence of methyl (–CH₃) or methylene (–CH₂) groups in the resin. The strong absorption at 1705.36 cm⁻¹ is characteristic of the stretching vibration of the carbonyl group (C=O). They could come from aldehydes, carboxylic acids, ketones, and esters. They suggested oxidation or decomposition of organic material during the thermal treatment of oil-contaminated soil. The peak at 1603.92 cm-1 is thought to be the stretching vibration of carbon-carbon double bonds (C=C) in systems that are conjugated, most likely aromatic rings. The analysis concluded that the resin contained aromatic compounds, which are commonly found in products of thermal degradation processes. The peak at 1456.34 cm⁻¹ associated with the bending vibration of the C-H bonds in methylene groups (–CH₂), and 1377.46 cm⁻¹ bending vibration (rocking) of methyl groups (–CH₃). These can be found in aliphatic chains, hydrocarbon compounds, and resinous materials. The two peaks at 1277.99 cm-1 and 1034.47 cm-1 show that ether (C–O–C) and alcohol (C–OH) functional groups are present. These peaks indicate the presence of oxygen-containing structures in resins and organic materials.
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Fig. 5: Resin fraction of liquid product separated from oil-contaminated soil.

Additionally, the picture displays similar compounds that repeat themselves. The peaks at 1122.01 cm and 1072.92 cm correspond to the C-O stretching of alcohols, phenols, or ethers. They are commonly contained in resins or products derived from thermal degradation. The peaks at 814.58 cm⁻¹, 744.42 cm⁻¹ and 700.15 cm⁻¹ correspond to out-of-plane bending of C-H bonds in aromatic compounds. Monosubstituted and disubstituted aromatic rings are typically associated with these peaks.
Many countries, including Kazakhstan, are currently developing their oil industries. Oil is our main export product. However, its extraction, transportation, purification, and processing are impossible without waste generation. Therefore, the disposal of such polluting waste is an urgent problem. Thermal decomposition of waste containing hydrocarbons forms gas, liquid products and solid residue (Fig. 6).
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Fig. 6: Thermal treatment for oil-contaminated soil.

Separated oil from oil-contaminated soil also known as liquid pyrolysis product, pyrolysis oil, and pyrocarbon. You can use these products for both commercial and industrial purposes. This product will bring additional income, or you can use the obtained raw materials in your work to reduce costs. In addition, the residue after thermal treatment of oil-contaminated soil can be used to produce high-quality building materials. 
Regarding the results, it can be concluded that the thermal treatment method for waste processing is completely environmentally friendly. The method allows to maximally extract hydrocarbons from oil-contaminated soil and minimize residual waste. This is a truly effective, safe, and relatively inexpensive method.

4. Conclusion
The scientific article talks about how to clean up the waste that contains oil and get oil products out of it by heating carbon-containing parts of raw materials to 450 °C and breaking them down thermally. Five different amounts (10-30%) of Karazhanbas oil-contaminated soil were studied. The more oil spilled into the soil, the more liquid product was obtained.  Thermal treatment transfers all the water in the contaminated soil into liquid hydrocarbons, resulting in a water content of 7.6%. A flash point of 69 °C for the separated oil reflects the presence of lighter, more volatile hydrocarbons, which make it easier to ignite and more prone to forming flammable mixtures at moderate temperatures. After the thermal treatment process, the liquid oil had an ash content of 0.18%. This change happens because heavy parts evaporate during heat treatment, and some mineral impurities turn into solid residues. 
According to the infrared spectrum of the oil fraction that was heated to separate it from the oil-contaminated soil, the oil is a mix of alkyl (alkane) and aromatic hydrocarbons. The peaks at higher wavenumbers (2954 cm-3 and 2854 cm-3) show that long-chain alkanes or alkyl groups are present. The peaks at lower wavenumbers (1600 cm-3 and below) show that aromatic compounds (like benzene rings) and unsaturated hydrocarbons are present. The IR spectrum shows that the resin fraction has a mix of aliphatic (C–H stretching), aromatic (C=C, C–H bending), and oxygenated organic compounds (–OH, C=O, and C–O). These are typical of products that are made by heating oil-contaminated soils. Waste containing hydrocarbons undergoes thermal breakdown to produce a liquid pyrolysis product. These items are suitable for both industrial and commercial applications. Consequently, this product will generate more revenue. Based on the findings, it can be said that the thermal treatment method is not harmful to the environment at all for the cleaning oil-contaminated solids. This is a safe, reasonably priced, and genuinely effective approach.
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