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Technogenic disasters and the accidental release of radioactive waste are sources of radionuclide contamination, and 

the issue of radionuclide remediation remains open to this day [1–4]. Among the numerous technologies for radionuclide 

removal, adsorption and ion exchange technologies have proven to be the most effective and cost-efficient in 

environmental applications [5]. Clays and their minerals, as well as their modifications and treated forms, are among the 

best adsorbents due to their high efficiency, availability, and low toxicity, and are economically feasible [6, 7]. 

The clay-graphene oxide-γ-Fe2O3/Fe3O4 composite was prepared by ultrasonic treatment and subsequent mixing of 

the components in an argon flow at 60 ºС. The components of the composite were prepared in advance. Graphene oxide 

was obtained by the improved Hummers’ method and γ-Fe2O3/Fe3O4 by a co-precipitation reaction of ferrous and ferric 

ions. Muscovite mica clay was obtained from industrial exploitation site Šaltiškiai, North Lithuania. The adsorption tests 

included the determination of the dependence of adsorption on the concentration of caesium and cobalt ions, the mass of 

adsorbent, pH, time and temperature. Based on the obtained experimental data, adsorption isotherms (Langmuir, 

Freundlich, Temkin and Dubinin-Radushkevich), pseudo-first, pseudo-second order kinetic models, and the Weber-Morris 

model of intraparticle diffusion, as well as thermodynamic parameters (Gibbs free energy (ΔG), enthalpy (ΔH) and entropy 

(ΔS)), were calculated. The data obtained from the calculations of the above isotherms, kinetic models and thermodynamic 

parameters allow us to talk about the features of the adsorption behaviour of caesium and cobalt on this composite. 

Thus, adsorption occurred spontaneously, endothermically and favourably on a heterogeneous surface with minimal 

interaction between adsorbed atoms and was controlled by film diffusion in the case of caesium and by a mixed type – 

intraparticle and film diffusion in the case of cobalt. The mechanism of adsorption is physical in terms of the parameters 

E (kJ/mol) and ΔH (kJ/mol). However, according to the values of the parameters 1/n (The Freundlich constant, which 

refers to the heterogeneity of the adsorption surface) and BT (j/mol) and according to the pseudo-second order kinetic 

model, it is chemical adsorption. We assume that the adsorption of caesium and cobalt on clay-graphene oxide-γ-

Fe2O3/Fe3O4 has a mixed mechanism involving both physical and chemical interactions, due to the complexity of the 

composite matrix. 
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