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1. Introduction – Volatile organic compounds, pesticides, pharmaceuticals, surfactants, metal anions and 

metalloids and nonmetals, and radionuclides are harmful contaminants emitted into the environment due 

to various commercial, industrial, and domestic practices. Their presence in water leads to pollution and 

poses a huge threat to the ecological environment and human health. They are typically released into the 

environment through a spill or inappropriate disposal, which allows the chemicals to get absorbed into the 

ground or enter the sewage system. Several treatment methods have been developed to remove the above 

pollutants from water, including steam stripping or air stripping, ion exchange, filtration, adsorption, and 

application of various types of sorbents. Due to their cost-effectiveness and efficiency, mesoporous 

materials, especially those synthesized from coal fly ash (FA), are recognized as the most promising 

strategy for slowing down the impact of pollutants. This study is believed to be the first to assess the 

advances made in improving the adsorption of selected water pollutants by different functional 

mesoporous materials (FA, zeolites, zeolite-carbon and zeolite-vermiculite composites). 

 

2. Experimental - VOCs (benzene, ethylbenzene, toluene, xylene), pesticides (2,4-D, MCPA, 

carbendazim, simazine), pharmaceuticals (erythromycin, colistin, fluoxetine), surfactants (HDTMA, TX-

100), metals and metalloids (Cr(VI), V(V), As(V)), radionuclides (238U, 234U) were sorbed on 

mesoporous materials synthesized from FA. Two types of ultrapure zeolites (NaX and NaA) were 

synthesized according to the method proposed by Panek et al. [1]. Na-X and Na-A zeolites were obtained 

using the method proposed by Boycheva et al. [2] and modified by Kunecki at. al. [3]. All carbon zeolite 

composites materials were obtained by conducting the hydrothermal synthesis procedure described by 

Bandura et al. [4]. 

 

3. Results and Discussion – The novelty of the work is based on the use of fly ash as a precursor to the 

synthesis of new materials with the structure of not only zeolites but also of mesoporous silica materials, 

zeolite-carbon composites, and on the utilisation of the functional materials obtained in water and 

wastewater treatment, environmental engineering, agriculture and for the production of building 

materials. With the implementation of new coal combustion technologies and flue gas treatment, new 

types of fly ashes with increased content of unburned carbon (up to 30%) can be produced. Such 

byproducts were used in this project to synthesise novel zeolite-carbon composites. Materials synthesised 

from fly ash can effectively remove all tested pollutants within the range of their concentrations typically 

found in the environment. The sorption efficiencies found ranged from 50 to 100%, depending on the 

initial concentrations of sorbed compounds used, the pH of the reaction environment, the reaction time, 

and the solid to solution ratio. Sorbents modified with surfactant compounds have higher sorption 

efficiencies than unmodified materials. Experiments on the regeneration and reuse of sorbents indicate 

that they can be reused many times without significantly deteriorating their sorption capacity. Sorbents 

can be used in dusty or granular form, which significantly facilitates their application in flow systems. 

 

4. Conclusions – Functionalized mineral and mineral-organic materials synthesized from fly ash can be 

used as sorbents for water and wastewater treatment. 
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