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1. Introduction  

Radioisotopes, both natural and artificial, are considered as one of the most dangerous contaminants 

of surface waters and groundwaters. Due to their leachability from bed-rocks and tendency to migrate via 

infiltration process to the deep, groundwater reservoirs, it seem to be indispensible to effectively manage 

their dispersion and neutralization, since potable waters are of the greatest importance for human’s health.  

Numerous sorption materials are predisposed for the cleaning radioactive cations or anions, mostly 

via adsorption or ion exchange processes, however only few of them were thoroughly assessed for this 

specific purpose so far. Natural clays: montmorillonite and sepiolite [1-2], synthetic zeolites: Na-P1, Na-

A, Na-X, ZSM-5 [3] mesoporous silica materials (MSMs): MCM-41, MCM-48 [4], metal organic 

frameworks (MOFs): MOF-76, UiO-66-AO, UiO-68, MIL-101, Zn-MOF-74 [5-9] and also biodegradable 

materials such as calcium alginate beads [10] and plant biomass [11] have been assessed within the 

process of uranium sorption.  

Nevertheless, there is still an observable niche to develop novel methods of the mesoporous materials 

synthesis and to define which parameters are of the greatest importance for the permanent removal of 

natural and artificial radionuclides from aqueous environments.  

Here we present the preparation procedure of synthetic zeolites (Na-P1, Na-A, Na-X), and  

zeolite-carbon composites (NaP1-C, NaA-C, NaX-C) of different mineral lattice structures from coal 

combustion fly-ashes (CCFAs) and implementation of these mineral sorbents for the removal of uranium 

isotopes (238U, 235U, 234U) from aqueous solutions.  

 

2. Experimental 

Synthesis of zeolites was performed utilizing hydrothermal method as described elsewhere [12]. 

Zeolite-carbon composites were prepared from fly-ashes with high content of unburned carbon residues 

(HiC) up to 30%wt.   

All materials have been thoroughly assessed utilizing a whole array of physicochemical solid state 

analyses. Structure of the sorbents was determined using XRD and SEM-EDS microimaging. Textural 
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parameters were measured with nitrogen (N2) adsorption/desorption isotherm. Chemical composition and 

surface chemistry of the sorbents was evaluated with XRF and FTIR.  

Sorption process was conducted in a PET containers in a function of mass of the sorbent, contact 

time and pH of the solution. Solution’s pH was adjusted using sodium hydroxide (NaOH) and nitric acid 

(HNO3) water solutions with molar concentration of both equals to 0.1 mol/dm3.   

Activity of uranium radioisotopes before and after sorption process was measured by α-spectrometry 

(spectrometer Canberra 7401) coupled with PIPS (Passivated Implanted Planar Silicon) detector of  

300mm2 overall surface. During activity measurements, pressure of 5Pa was maintained inside the 

analytical chamber of the α-spectrometer [13-14].  

 

3. Results and discussion 

Hydrothermal conversion of fly-ashes to zeolites of Na-P1, Na-A and Na-X structures, renders 

mostly microporous materials with significantly better developed specific surface area measured by BET 

method (SBET) in respect to used raw materials (2.5m2/g for class F fly-ash up to 237.8 m2/g for NaX-C 

composite, respectively).  

Sorption efficiency of uranium radioisotope in form of UO2
2+ was the highest at pH=4 and obtained 

80% for NaP1-C zeolite-carbon composite. Uranium solutions with pH lower than 4 deteriorates sorption 

process, probably due to greater mobility of protons (H+) in an acidic solution and their competitive 

sorption in respect to uranyl cations. Further increase in solution’s pH also diminishes sorption efficiency, 

due to formation of hydroxylated uranyl anions (UO2(OH)3
-, UO2(OH)4

2-), hence no electrostatic 

attraction occurred between mineral sorbents and sorbate.  

 

4. Conclusions 

We found that the uranium sorption onto various fly-ash based zeolites is a greatly pH dependent 

process and that the main sorption mechanisms are physical adsorption and electrostatic interactions 

between negatively charged zeolite’s surface and cationic forms of radioactive sorbate (mostly UO2
2+).   

Furthermore, the hydrothermal synthesis of synthetic zeolites, renders a larger specific surface area 

of obtained materials in comparison to their natural counterparts, which seem to be crucial in terms of 

free diffusion of uranium oxycations (UO2
2+) in mineral lattice of obtained sorbents.  

Our experiments determined the main mechanisms that govern the sorption process and proved that 

zeolites synthesis with the use of mineral by-products of coal combustion would be an efficient way in 

producing molecular sieves while simultaneously prolonging the life-cycle of hazardous fly-ashes.  
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