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1 Introduction 

The objective of this work is the development of a new method for the synthesis of magnetic composites from natural 

clays. The phase composition and structure parameters of natural clays and their modified forms, as well as their 

application as adsorbing agents for the purification of drinking water and their sources were studied. Natural clays from 

the Turkestan deposit of Kazakhstan were used to obtain magnetic composites by chemical co-precipitation and applied 

as effective adsorbents to remove Ni(II) from water. It is established that the chemical composition and structure, as 

well as the efficiency of adsorption of natural and modified clays in the treatment of drinking water in comparison with 

existing technologies, materials and methods is significantly higher [1,2].  

 

2 Experimental 

Magnetic pillared clays (PILCs) were obtained by intercalation of iron cations in the region between the clay silicate 

layers, upon hydrolysis of a solution of Fe2(SO4)3•9H2O and MnCl2•4H2O, in a molar ratio of 1:2, with NaOH 5 mol 

L-1. Then, the intercalated clay was dried and calcined at 400 °C for 3 h in order to remove volatile impurities from the 

materials and to completely dehydrate them, becoming ready for use as an adsorbent. The basic physical and chemical 

properties of the developed materials were studied by XRD, elemental analysis, FTIR and atomic emission spectral 

analysis (AES). 

 

3 Results and Discussion 

The adsorption runs were carried out for 8 h and monitored 

taking samples for analysis at selected times, considering the 

following conditions: 25 ºC, initial concentration of Ni (II) = 

50 mg/L, 2.5 g/L of adsorbent, pH 3.0 and  pH 6.0. The 

results of adsorption are depicted in Figure 1. 

Characterization by XRD reveals that the MnFe2O4/TC clay 

do not contain kaolinite, but contains calcite and dolomite 

with mass concentrations of 21.4 and 9.5%, respectively. The 

characteristic peaks of MnFe2O4 were also identified, 

confirming the magnetic characteristics of the developed 

materials. The research work showed that the inclusion of 

functional magnetic nanoparticles (MNPs) in clay structures 

led to the production of stable adsorbents that have increased 

recoverability and stability during processing.  
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Figure1 - Removal of Ni (II) by adsorption with the Turkestan natural 

clay and with the MnFe2O4/Turkestan PILCs 

 
4 Conclusions 

A method for obtaining MnFe2O4/clay composites with nanoscale iron particles characterized by high magnetic properties 

has been developed. Studies of the elemental composition and XRD determination have established that the content of 

magnetite in composites is determined by the cation exchange capacity of the sorbent with iron ions, due to the 

chemisorption process. The application of MnFe2O4/Turkestan clay in water and wastewater treatment has been well 

studied and used in various ways to control water containing the heavy metal Ni(II). The research work showed that the 

inclusion of functional MNPs in clay structures led to the production of stable adsorbents that have increased recoverability 

and stability during processing. The adsorption capacity is related to the pH of the solution, pH = 3 was found to be 

optimal. The obtained magnetic pillared clays (MnFe2O4/Turkestan) showed better characteristics than the natural clays. 

The results of adsorption revealed that the optimal adsorption conditions were observed at pH 3. 
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