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Abstract. This study examines how different solvents affect the textural properties of coal fines through controlled washing. The findings reveal that solvent type and washing duration significantly impact surface area and pore volume. These insights are valuable for optimizing coal fines in adsorption, filtration, and catalytic applications, enhancing their industrial potential.
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Introduction
Coal fines, fine particulate byproducts of coal processing, have significant adsorption potential due to their porous structure. However, their effectiveness in industrial applications depends on surface area and pore volume [1, 2, 3]. Modifying these properties can enhance their utility in filtration, catalysis, and gas storage.
One widely used method to improve porous materials is chemical or solvent washing, which removes surface contaminants and alters the microstructure [4]. Solvent selection plays a crucial role in determining the final textural properties of coal fines.
A particularly promising application of these modified materials is in activated carbon production. Activated carbon, characterized by high porosity and adsorption capacity, is extensively used in water purification, air filtration, and energy storage [5]. By refining coal fines through solvent treatment, their properties can be tailored for specific adsorption-based applications, including carbon dioxide capture and catalytic reactions.
This study investigates the effects of different solvent treatments on the surface area and pore volume of coal fines, providing insight into optimizing their textural properties for various industrial applications.
[bookmark: _GoBack]Materials and Methods
A sample of coal fines (particle size: 0–3 mm) was obtained from commercially available products supplied by LLC Perechin Timber and Chemical Plant. The sample underwent washing using various solvents to assess changes in its textural properties. To ensure complete washing, a fixed solvent-to-coal ratio of 3:1 (volume/mass) was maintained. The washing process involved controlled heating and refluxing to prevent solvent loss, with specific durations set for each solvent. All solvents used in the study were procured from SigmaAldrich to ensure consistency and reliability of the results.
Following the washing process, the key textural parameters—specific surface area (m²/g) and pore volume (cm³/g)—were determined to evaluate the impact of each solvent treatment. The processed carbon materials were then subjected to further preparation and analysis. They were sieved using a 0.16 mm mesh to remove oversized particles and subsequently degassed with nitrogen at 300°C for one hour using a Micromeritics FlowPrep 060 degassing system. The final measurements of surface area and pore volume were performed using a Micromeritics Gemini VII porosimeter, following the instrument’s standard operating procedures.
Results and Discussion
This study investigates the influence of various solvents on the textural properties of coal fines through a controlled washing process. The primary objective was to evaluate the modifications in specific surface area and pore volume after washing with different solvents. The results indicate that solvent type and washing duration significantly affect these properties, providing valuable insights for potential applications in adsorption and filtration technologies. Coal fines, fine particulate matter derived from coal processing, possess significant surface and pore characteristics that influence their applications. Enhancing these properties through washing with different solvents can lead to improved performance in adsorption and catalytic processes. This study aims to determine how different solvents affect the surface area and pore volume of coal fines, using a comparative experimental approach. A sample of coal fines (particle size: 0–3 mm) was subjected to washing using various solvents. A fixed solvent-to-coal ratio was maintained at 3:1 (volume/mass) to ensure complete washing. The washing process involved heating and refluxing for controlled durations, preventing solvent loss. The specific washing conditions for each solvent were as follows: ethyl acetate, ethanol, and acetic acid were boiled for 1 hour under reflux; water was boiled for 2 and 5 hours under reflux; 5% aqueous orthophosphoric acid solution was boiled for 2 hours under reflux; and 10% aqueous potassium hydroxide solution was washed at room temperature for 24 hours. After washing, the specific surface area (m²/g) and pore volume (cm³/g) of the samples were determined as key indicators of textural changes.The results of the washing process are summarized in the following Table 1:
Table 1
Changes in surface area and pore volume of coal fines after washing with various solvents
	Solvent
	Boiling Time (h)
	Surface Area (m²/g)
	Pore Volume (cm³/g)

	Acetic acid
	1
	196.0
	0.1188

	Control (unwashed)
	-
	215.5
	0.1428

	Ethyl acetate
	1
	227.7
	0.1802

	Water
	2
	237.2
	0.1769

	Ethanol
	1
	254.0
	0.1989

	5% Orthophosphoric acid
	2
	258.0
	0.2050

	Water
	5
	263.2
	0.1709

	10% Potassium hydroxide
	24 (room temp)
	372.1
	0.1710


The best sample after the experiment was the coal fines washed with 10% potassium hydroxide, which exhibited the highest surface area (372.1 m²/g). This sample can be particularly valuable in applications such as gas adsorption, activated carbon production, and catalytic processes due to its enhanced surface properties. These characteristics make it suitable for use in environmental cleanup technologies, industrial filtration, and energy storage materials. The increase in surface area and porosity directly correlates to improved adsorption capabilities, which are crucial for processes like pollutant removal, chemical separation, and catalyst support in industrial applications.
The control sample of unwashed coal fines exhibited a surface area of 215.5 m²/g and a pore volume of 0.1428 cm³/g, serving as a baseline for comparison. Washing with ethanol, orthophosphoric acid, and potassium hydroxide resulted in a significant increase in both parameters. Ethanol and orthophosphoric acid yielded the highest pore volumes (0.1989 cm³/g and 0.2050 cm³/g, respectively), suggesting effective removal of surface impurities and opening of microstructures. The treatment with potassium hydroxide resulted in the most considerable increase in surface area (372.1 m²/g), likely due to its strong chemical reactivity, which can break down complex organic structures and dissolve inorganic components. Prolonged washing with water (5 hours) also significantly increased surface area, indicating that extended exposure to a polar solvent aids in the gradual removal of loosely bound materials. In contrast, acetic acid washing led to a decrease in both surface area and pore volume, likely due to the deposition of reaction products on the coal surface or partial collapse of micropores. These data are visualized in Figure 1.
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Fig.1. Comparison of surface area (m²/g) for different solvent treatments.
These observations can be explained through chemical interactions. Potassium hydroxide, being a strong base, can facilitate the hydrolysis of organic compounds and dissolution of certain mineral components, leading to an increase in surface area. Ethanol, as an organic solvent, may remove non-polar hydrocarbons more effectively, exposing a higher number of adsorption sites. Orthophosphoric acid, a weak acid, could react with basic functional groups present in coal, modifying the structure and increasing porosity. Water, particularly with prolonged exposure, can induce physical swelling and dissolution of certain soluble compounds, contributing to the observed increase in textural properties. The observed differences emphasize the importance of solvent selection in modifying coal fines for industrial applications such as adsorption, catalysis, and filtration. Further studies should focus on the specific chemical transformations occurring during washing to better understand the mechanisms underlying these textural modifications.
Potassium hydroxide treatment: properties, uses, and benefits
The potassium hydroxide-treated sample exhibits a highly developed porous structure with distinct micro- and mesoporous contributions. A single-point measurement (p/p° ≈ 0.25103) indicates a surface area of 154.07 m²/g, while BET analysis reveals a significantly larger value of 322.08 m²/g, highlighting the extensive surface area accessible through multilayer adsorption. The t-Plot method further refines this assessment, attributing 175.80 m²/g to micropores and 146.29 m²/g to external (meso- and macroporous) surfaces, confirming the coexistence of both pore types.
BJH analysis, which evaluates pores within the 5,000–5,000,000 Å range, estimates a cumulative surface area of 270.30 m²/g, underscoring the mesoporous fraction’s contribution. Pore volume measurements reinforce this trend—single-point adsorption at low relative pressure (p/p° = 0.01) yields a total pore volume of 0.01120 cm³/g for pores below 9,384 Å, closely matching the t-Plot micropore volume (0.01134 cm³/g). However, BJH analysis registers a significantly higher cumulative pore volume (0.17137 cm³/g), indicating a substantial mesopore presence. The average pore width, determined via BJH, is 25.36 Å, positioning the sample squarely in the mesoporous regime.
Further refinement using DFT analysis detects no measurable volume in pores smaller than 13.08 Å, with a total pore volume of 0.16048 cm³/g up to 448.83 Å and a corresponding pore area of 144.32 m²/g for pores above 13.08 Å. This confirms that the majority of the accessible surface area originates from larger pores. The Horvath-Kawazoe method, particularly sensitive to micropores, indicates a dominant micropore width around 12.55 Å, with a maximum pore volume of 0.05082 cm³/g at a relative pressure of 0.15104.
The adsorption isotherm provides insight into the sample’s gas uptake behavior, showing a steady increase in adsorption volume as relative pressure rises (Figure 2.). While the overall trend follows a smooth uptake, a few later data points display anomalous negative values, likely due to instrumental artifacts rather than actual material behavior.
[image: ]
Fig.2. Adsorption isotherm of the KOH-treated sample..
These results confirm that KOH treatment significantly enhances porosity, yielding a material with a well-balanced network of micropores and mesopores. This improved textural profile makes KOH-treated coal fines highly suitable for adsorption, catalysis, and energy-related applications. The increased surface area enhances gas adsorption efficiency, particularly for carbon dioxide and methane capture, making the material valuable for carbon sequestration and energy storage. Its enhanced porosity also makes it an excellent precursor for activated carbon, widely used in water purification, air filtration, and chemical separation processes. Additionally, the material's high surface area makes it an effective support for catalysts in industrial reactions such as hydrocarbon cracking and hydrogen production. Its improved electrical conductivity further suggests applications in energy storage devices, including supercapacitors and lithium-ion batteries.
Future research should focus on the long-term stability, cost-effectiveness, and large-scale feasibility of this treatment method to optimize its industrial application.
Conclusions
This study demonstrated that washing coal fines with different solvents significantly alters their textural properties, with potassium hydroxide treatment leading to the most substantial increase in surface area. The observed modifications suggest potential applications in adsorption, filtration, and catalytic industries. Understanding the chemical interactions between coal fines and various solvents provides valuable insights into optimizing the efficiency of coal-based materials for environmental and industrial use. Future research should explore the detailed mechanisms of these modifications and their long-term stability in practical applications.
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