
 

 
 

THESES FOR THE DEGREE OF DOCTOR OF PHYLOSOPHY (PHD) 

 

Preparation, structural and surface characterization of 

lanthanoid bentonites 

by Eszter Mária Kovács 

Supervisor: Professor Dr. Noémi M. Nagy 

  

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITY OF DEBRECEN 

DOCTORAL SCHOOL OF CHEMISTRY 

DEBRECEN, 2019



 

 
 

 



Eszter Mária Kovács: PhD Thesis 

1 
 

Introduction and objectives 

 

Interfacial reactions of clay rocks play an essential role in 

describing the interfacial processes in the rocks and in mapping 

the consequences of environmental pollution. During this work, 

bentonite clay rock was used, main mineral of which is 

montmorillonite. Montmorillonite is a 2:1 layered (TOT type) 

dioctahedral clay mineral of the silicate class in the layersilicate 

subclass. Due to its permanent negative charge, it can bind 

cations in its interlayer space. Montmorillonite is particularly 

suitable for the study of interfacial processes because of its well-

known properties and high cation exchange capacity.  

Lanthanoide ions are often used as geochemical tracers for 

surface processes. Lanthanoide ions are also geological 

indicators, but their nature and binding strength are not fully 

known. Moreover, lanthanoide ions are models in the interactions 

between soil and transuranium ions and lanthanide ions are also 

found in fission products. Considering the complexity of surface 

processes, it is important to understand the mechanisms that may 

influence the system.  Clay minerals are extremely important for 

sorption studies, due to their large specific surface area and 

abundance in the natural environmental surface. The interaction 
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between clay minerals and lanthanides have been investigated in 

the past 40 years. These studies focused on different aspects of 

sorption mechanisms, e.g. the irreversibility of sorption 

mechanisms or their relation to cation exchange ability.  

However, the published data often differ and it is difficult to 

compare the results of different experimental protocols. In 

addition, experiments are usually done with a single lanthanoide 

ion. The available data on lanthanoide sorption do not allow us to 

draw conclusions. Little is known about the nature of the 

chemical bonds between the metal cations and the clay structure 

or the possible changes in the clay structure.  

Thus, it is essential to study structural changes before using 

bentonite clay rock. Therefore, in the main part of my 

dissertation, structural determination examinations were used for 

studying the structure of bentonite.  

Sorption and migration experiments were carried out on 

lanthanoide bentonites with different ions by radioactive tracer 

method, monitoring the relationship between lanthanoide clay 

and radionuclide clay. 
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Experimental methods 

 

Lanthanoide bentonites were prepared from Ca-bentonite by 

cation exchange procedure. XRF, XRD, SEM and Mössbauer 

spectroscopy were used to study the structure of the prepared 

lanthanoide bentonites. 

The calcium, iron and lanthanoide ion contents of the modified 

bentonites were examined by XRF method. The surface of the 

lanthanoide bentonites was observed by SEM (EDX) method and 

the elemental distribution map of the Ln3+ and Fe3+ ions were 

recorded.  

The change in mineral composition and in the basal spacing (d) 

of the clay mineral depending on the size of the cation was 

observed by XRD measurement.  

Mössbauer spectroscopy measurements of bentonite samples 

were also performed to determine the oxidation state, 

coordination and chemical environment of iron. 

Gamma spectrometry method was used to investigate the sorption 

of 137Cs isotope and the migration of the 36Cl isotope which can 

be used to determine the amount of the sorption of cesium and 

chloride in the bentonite and how it goes forward during the 

migration.  
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Liquid scintillation spectrometry method was used to follow the 

36Cl isotope and 137Cs isotope migration to track the location by 

the time in the bentonite.  

 

Abbreviations 

 

XRF: X-ray fluorescent spectroscopy 

XRD: X-ray diffraction 

SEM (EDX): Scanning electronmicroscopy (with energy 

dispersive detector) 

Ln3+: Lanthanoides 

TOT type: tetrahedral-octahedral-tetrahedral structural unit 

 

New scientific results 

 

1. Lanthanoide bentonites were prepared from lanthanum to 

luthetium (expect for promethium) by cation exchange 

procedure. The sorbed amount of Y3+-, La3+, Ce3+ and Gd3+ ions 

was higher than the cation exchange capacity while the structural 

iron content released. 

1.1 The cation exchange was successful between the Ca2+ and 

Ln3+ ions as detected by XRF measurements.  The concentration 
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of Ca2+ ion in the bentonite was under 10%. The concentration of 

Ln3+ ion in the bentonite was mostly 70-80%, or over the cation 

exchange capacity. The Fe3+ content decreased by 20-50%. 

1.2 XRD measurements show no changes in crystal structure. 

The d(001) basal spacing of the montmorillonite increases as the 

radius of the lanthanoide ions increases, indicating successful 

cation exchange. 

1.3 The morphology is characteristic of the montmorillonite 

and the Ln3+ ions are homogenously distributed on the surface. 

2. As the temperature increases, more and more lanthanoide ions 

are sorbed on the bentonite. Sorption is slightly influenced by the 

pH, but it is significantly influenced by the concentration of 

lanthanoide ions (yttrium and lanthanum). 

3. The Y3+, La3+, Ce3+ and Gd3+ ions cause the release of the 

octahedral iron ions from the montmorillonte lattice in aqueous 

media at room temperature which was observed and proved 

firstly by me. Even at low concentration of lanthanoide ion (1*10-

4 mol/dm3) a slightly decrease in iron concentration can be 

detected in the bentonite.  

3.1 57Fe Mössbauer spectroscopic measurements showed the 

presence of the interlayer Fe3+ ions, which did not occur on the 

calcium bentonite spectra. A part of the octahedral iron in the 
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montmorillonite was entered into the interlayer phase using high 

concentration of lanthanoide ion during cation exchange 

procedure.  

3.2 Another part of the octahedral iron enters to the aqueous 

phase then hydrolyzed and present as FeO-OH using high 

concentration of lanthanoide ion during cation exchange 

procedure.  

4. The concentration of lanthanoide, calcium and iron ions go 

through a three-step change during the sorption kinetic studies of 

lanthanum ion. The three steps were separately evaluated for the 

three ions using pseudo-second-order kinetic model. It was 

assumed that beside the ion exchange between the calcium and 

lanthanum ions, the iron ion leaves the crystal lattice in the very 

beginning of the kinetic study which is due to the high 

concentration of lanthanum ion. The lanthanoide ion creats new 

sorption site for itself by diffusing the iron ion from the 

octahedral layer, which increases the negative layer charge and 

the cation exchange capacity of the clay mineral. This explains 

the sorption of lanthanoide ions over the cation exchange 

capacity and the decrease in structural iron concentration. 

5. 137Cs+ ion can exchange lanthanoide ions during the sorption 

on Pr-, Dy- and Nd-bentonites.  The exchange isotherm derived 
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by us can be used to determine the number of active sites of the 

surface in heterogeneous system. However, the equilibrium 

constants of the cation exchange can only be evaluated with large 

error; thus, it can be used for comparing the relative preference 

of the cations.  

6. The migration coefficients of the 36Cl-, 137Cs+ ions were 

determined in La- and Pr- bentonites. It was concluded that the 

bentonites modified with lanthanoide ions are also suitable as 

engineering barrier for radioactive waste storage based on the 

evaluation.  
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