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Introduction 

 

One of the important goals of the 21st century is to improve the 

environment. The emission of pollutants can have adverse effects 

on the environment and public health. Therefore, it is necessary 

to develop treatment processes that isolate and remove 

contaminants from their environment. Thus, the aim of my 

research is to sorb anionic pollutants (phosphate and arsenite 

ions) and long-lived radioactive isotopes (36Cl-, 129I-, 99Tc- 

isotopes as pertechnetate ions, TcO4
-) on modified bentonite clay. 

Since these pollutants are anions, they do not sorb onto natural 

clays to a significant extent and therefore they can relatively 

quickly migrate with water in the environment. The modifications 

create sorbing sites in the clays where anions can also be sorbed 

or precipitated in the form of weakly soluble salts, thereby 

reducing migration. The sorption of phosphate and arsenite ions 

was studied on bentonites modified with rare earth (REE) ions 

and Fe(III) ions. The sorption of 36Cl-, 131I- isotopes was 

investigated on Ag-bentonite, while the sorption of 99mTc isotopes 

as pertechnetate ions (TcO4
-) was studied on Mn-, Cr-, Sn-

bentonites. 
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Experimental methods 

La-, Ce-, Y-, Fe(III)-, Ag-, Mn(II)-, Cr(III)-, Sn(II)-bentonites 

were prepared by ion exchange. The concentration of the 

modifying metal ion was determined by X-ray fluorescence 

spectroscopy (XRF). The d(001) basal spacing of the initial Ca-

montmorillonite and the modified montmorillonites and that of 

after sorption and desorption was measured. The anion sorption 

on the modified bentonites was investigated by batch method. 

The amount of sorbed and desorbed phosphate ions was 

determined by UV-Vis spectrophotometry, while the arsenic 

concentrations were determined by microwave plasma atomic 

emission spectrometry.  

The distribution of 131I- and 99mTc between the solution and the 

solid phase was determined by gamma spectrometry based on the 

gamma radiation of the isotopes. The activity of 36Cl was 

measured with a liquid scintillation spectrometer. 
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New scientific results 

 

1. It was proved that anions sorb on the modified bentonites 

by surface precipitation. The mechanism of phosphate ion 

sorption is different in the case of REE- and Fe-bentonites. Based 

on the temperature dependence of the solubility of the sorption 

complex, exothermic surface precipitation was observed for 

REE-bentonites and endothermic for Fe-bentonite. The sorption 

of arsenite ions on REE-bentonites is likewise an exothermic 

process. Fe-bentonite did not sorb measurable amounts of arsenite 

ions. The sorption of chloride ions on the Ag-bentonite is an 

exothermic, whereas the sorption of iodide ions is an endothermic 

surface precipitation reaction. 

 

1.1 Kinetic studies confirmed that the activation energy of the 

phosphate ion sorption was the highest in the case of Y-bentonite, 

37 kJ/mol. The activation energy of phosphate sorption was 

similar for La-bentonite (22 kJ/mol) and Ce-bentonite (27 

kJ/mol), whereas for iron(III)- bentonite it was cca. half as much 

of REE-bentonites (10 kJ/mol). In the case of arsenite sorption, 

the calculated activation energy value was higher, 53 kJ/mol. 
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1.2 Desorption experiments proved that the phosphate ion 

cannot be desorbed with distilled water. In contrast, during 

desorption of arsenite ions, almost half of the sorbed amount was 

desorbed with distilled water. 

 

2. It was found that the sorption of iodide ion was influenced 

by iodide carrier solution. Increasing the concentration of the 

inactive iodide ion reduces the sorption of the radioactive iodide 

ion due to the formation of a soluble silver diiodide complex, 

which was interpreted by thermodynamical equilibrium model. In 

the case of chloride ion sorption, the phenomenon is the same as 

in the case of the iodide ion sorption. However, the sorption 

quantity differs because of the difference in the stability constant 

of the dihalogenide complexes. 

 

2.1 It was found that the effect of light is negligible, but Ag-

bentonite ages with time. In 600 days, the sorption of iodide ions 

decreases to the half. 

 

3. It can be stated that the Cr-, Sn-modified bentonites 

showed the most effective sorption; the removal of Tc was 100% 

after 5 minutes. Approx. 100% sorption was achieved for Cr(III)-
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bentonite at pH=4.5 and 633 mV/SHE redox potential, and for 

Sn(II)-bentonite at pH=3.1 and 560 mV/SHE redox potential. It 

is assumed that tin ions are in +2 oxidation state in the interlayer 

space of the bentonite and the Sn- species precipitated on the 

surface in the +4 oxidation state explain the exchange beyond the 

cation exchange capacity of bentonite (1.42 times CEC). 
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