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PREFACE 

The 31
st
 international conference Ecological Truth & Environmental Research – EcoTER’24 

focuses on showing the latest research findings and innovations in the field of ecology, 

environmental protection and sustainable development. The conference will be held in 

Sokobanja (Serbia) in hotel Sunce in the period of 18–21 June 2024. 

The aim of the conference is to connect the experts in various fields in order to transform 

attitudes and behaviors in everyday practices, as well as in the industry and economy sector 

which is essential for achieving the desired changes that our society must undergo. 

The 31
st
 international conference Ecological Truth & Environmental Research – EcoTER’24 

is organized by the University of Belgrade, Technical Faculty in Bor, and co-organized by the 

University of Banja Luka, Faculty of Technology; the University of Montenegro, Faculty of 

Metallurgy and Technology – Podgorica; the University of Zagreb, Faculty of Metallurgy – 

Sisak; the University of Pristina, Faculty of Technical Sciences – Kosovska Mitrovica and the 

Society of Young Researchers – Bor. 

These Proceedings encompass 119 papers from the authors coming from the universities, 

research institutes and industries in 15 countries: Brazil, Norway, USA, Spain, Austria, 

Libya, Italy, Israel, Slovenia, Croatia, Romania, Bulgaria, Montenegro, Bosnia and 

Herzegovina, North Macedonia, and Serbia. It is a great honor and pleasure to cordially wish 

a warm welcome to all the participants of the conference. 

As a part of this year's conference, the 6
th

 Student Section – EcoTERS’24 will be held. We 

appreciate the contribution of the students and their mentors who have also participated in 

the conference and hope that students will continue to explore and to be curious, since 

education is a never-ending process, and knowledge is continuously growing.  

The organization of the EcoTER’24 conference has been financially supported by the Ministry 

of Science, Technological Development and Innovation of the Republic of Serbia. 

The support of the Donors and their willingness and ability to cooperate has been of great 

importance for the success of the EcoTER’24 conference. The organizing committee would 

like to extend their appreciation and gratitude to the Platinum donors of the conference – 

Serbia ZiJin Copper doo Bor and HBIS SERBIA, to the Gold donor of the conference – Elixir 

Group, as well as to the Silver donor of the conference – Serbian Chamber of Engineers. 

We would like to express our sincere appreciation to all the authors who have contributed to 

the Proceedings. We would also like to express our gratitude to the members of the scientific, 

organizing and honorary committees, reviewers, speakers, chairpersons and all the 

conference participants for their support of the EcoTER’24. Sincere thanks go to all the 

people who have contributed to the successful organization of the EcoTER’24. 

 

Prof. Snežana Šerbula, 

President of the scientific and organizing committee 
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Abstract  

Lead is a very useful element that has found application in batteries, construction, bullets and hunting 

ammunition, it is part of solder and various alloys. It is especially used in piezoelectrics and as a 

shield against radiation. Unfortunately, lead is a potent neurotoxin that accumulates in soft tissues 

and bones over time. Therefore, it is of great interest to control Pb mobility and bio-accessibility by its 

immobilization in a suitable crystal structure. Ceria with fluorite structure could play essential roles 

in lead immobilization. Nanosized Pb-doped ceria (Ce1-xPbxO2) powders (0.1≤ x≤ 0.3) were obtained 

by self-propagating room temperature reaction. X-ray diffraction analysis and field emission scanning 

microscopy results showed that the doped samples are single phase solid solutions with fluorite-type 

structure and all prepared powders were nanometric in size. The thermal stability of solid solution 

was followed by XRD. The mass of Pb [ppm] in the solution with different concentration of Pb in the 

doped ceria after its dissolution in different time intervals at different pH values was measured by 

means of Inductively coupled plasma (ICP) spectroscopy. The TEM investigation showed that pattern 

of CeO2 before and after leaching confirms that samples are single phase CeO2. 

Keywords: lead, immobilization, fluorite structure, stability of solid solution. 

 

INTRODUCTION 

Enhanced industrial activities and human actions in recent times have led to increased 

release of toxic heavy metals into the environment, particularly agricultural lands 1. Lead 

(Pb) is commonly found in polluted soils, and its elevated levels can diminish environmental 

quality, causing reduced crop yields and groundwater contamination, thus posing significant 

risks to human and animal health 2. Consequently, the remediation of contaminated soils is 

a pressing concern for ensuring safe water and food production. 

Various conventional techniques such as excavation, landfilling, and soil washing are 

commonly employed to remediate soils contaminated with heavy metals. However, these 

methods are often time-consuming, expensive, and sometimes not feasible. In contrast, the in 

situ immobilization technique has been anticipated as more environmentally friendly and 

effective for remediating heavy metals from contaminated soils 3,4. One successful 

technique is immobilization, which has been primarily used for nuclear waste. Immobilization 

of heavy metals is the process of converting hazardous waste into a solid form to prevent its 
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release into the environment. This is done to reduce the risk of contamination and facilitate 

safe long-term storage or disposal. The most common method of immobilizing heavy metals 

is the use of suitable crystal lattice structures that can encapsulate and retain these elements. 

In this work the powders were prepared by the self-propagating room temperature reaction 

(SPRT) [5]. This technique gives the possibility of producing very fine powders with very 

precise stoichiometry in accordance with the tailored compositions 6. In addition, it is the 

first time that the results are shown, which evidence formation of solid solution between ceria 

and Pb. These solid solutions were obtained in a form of nanometric powders by applying 

SPRT. The effect of Pb concentration on the thermal and chemical stability of ceria solid 

solution was examined.  

 

MATERIALS AND METHODS 

Nanocrystalline Ce1-xPbxO2-δ (x = 0.0–0.3) powders were synthesized by SPRT method [7]. 

The starting materials for the preparation of Pb immobilization by ceria crystal lattice were 

cerium nitrate hexahydrate, lead nitrate and sodium hydroxide. Used chemicals were 99.9% 

pure as stated by the manufacturer (OLDRICH). The compositions of the starting reacting 

mixtures were calculated according to the nominal composition of the final reaction product, 

according to the equation (1): 

 

[(1-x)Ce(NO3)3·6H2O + xPb(NO3)] + 4NaOH  Ce1-xPbxO2-δ + 4NaNO3 + 6H2O + 2O2            (1) 

 

Synthesis procedure was carried out in an alumina mortar by mechanical activation (by 

hand mixing instead by heating) of reactants for 3–5 min, that allowed rapid progress of the 

reaction at room temperature in the air. After being exposed to air for 2 h, obtained mixtures 

of reaction products according to equation (1) was dissolved in water and subjected to 

centrifugation at Centurion 1020D centrifuge at 4000 rpm, for 10 min. Rinsing procedure was 

repeated four times with distilled water and twice with ethanol, in order to eliminate NaNO3 

from the synthesized powder mixture. Finally, material was dried out at 70C in ambient 

atmosphere. It should be outlined that this is the first time that solid solution powders were 

prepared directly after synthesis procedure was terminated. 

The composition of the Ag-doped ceria was identified by means of powder XRD on a 

Rigaku IV, XRD diffractometer with Cu Kα radiation at room temperature. The present 

phases were identified with the help of the PDXL2 software (version 2.0.3.0) [8], with 

reference to the patterns of the International Centre for Diffraction Data (ICDD) [9], version 

2012.  

Morphology of obtained powders as well as their evolution during calcination was studied 

by the Field emission electron microscope model FE-SEM JEOL-5200F (Japan). The mass of 

Pb [ppm] in the solution with different percentage of Pb in the doped ceria after its dissolution 

in different time intervals at pH 3, pH 7 and pH 11 was measured by means of inductively 

coupled plasma optical emission spectrometry instrument (ICP-OES, ARCOS FHE12, 

SPECTRO, Germany), according to the manufacturer's instructions. 
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The conventional and high-resolution (HR) transmission electron microscopy 

(TEM/HRTEM) analyses were carried out using the FEI Talos F200X microscope (Thermo 

Fisher Scientific, Waltham, MA, United States) operating at 200 kV. The elemental 

composition and change of Pb content before and after teaching is investigated by an energy-

dispersive X-ray spectroscopy (EDXS) system. 

 

RESULTS AND DISCUSSION 

As-synthesized Pb immobilized in CeO2 matrices, presented in Figure 1, revealed low 

intensity diffraction reflections in each sample and their significant broadening indicating 

small crystallite size. The obtained materials depicted explicit features of cubic fluorite crystal 

structure (space group 225), known as cerianite phase (JSPDS-ICDD 34-0394). The ceria 

peak shape of the plane reflections in the obtained samples broadened, with increasing Pb 

doping, respectively. 
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Figure 1 X-ray diffraction patterns of synthesized Ce1-xPbxO2-δ nanopowders at room temperature 

 

The typical morphology of obtained solid solution is shown at Figure 2. As synthesized 

powders depict very small isometric particles which are agglomerated in the form of spheres. 

Roughly measured, the size of individual particles was about 5 nm, while the agglomerated 

spheres were about 100–150 nm. 

In order to examine the stability of Pb immobilized in CeO2 matrices (solid solutions), the 

samples Ce1-xPbxO2-δ (x = 0.0–

for 1 h (Figure 3). All solid solutions throughout the entire range of Pb concentrations show 

stability at 600°C. With further temperature increase to 900°C, solid solutions with 15% Pb 

are also stable; however, at higher concentrations exceeding 15% of Pb (20 and 30%), the 

separation of PbO phase occurs at 900°C. This confirms that the thermal stability of such a 

solid solution decreases with temperature. 



EcoTER'24, 18–21 June 2024, Hotel Sunce, Sokobanja, Serbia 

451 

 

 
Figure 2 Typical FE SEM of obtained of Ce1-xPbxO2-δ nanopowders at room temperature 
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Figure 3 X-ray diffraction pattern of Ce1-xPbxO2-δ nanopowders calcined at a) 600; b) 900C:  

*
 -(PbO). Unmarked peaks belong to the fluorite structure 

 

The chemical stability of immobilized lead in the matrix of cerium fluorite lattice was 

monitored at various time intervals at 3 different pH levels (3, 7, and 11), which is given in 

the Figure 4. 

It is evident that under basic conditions, immobilized Pb is stable, while in neutral 

medium, it is partially soluble and highly soluble (around 20%) in acidic conditions. In the 

case of higher concentrations of Pb in the cerium matrix, this trend is even more pronounced. 

Specifically, in acidic conditions, almost 90% of Pb is dissolved after 30 hours, while in basic 

conditions, only 1.6% is dissolved in the same period (Table 1). 

Considering that the highest concentration was 30% Pb, that sample was examined using 

TEM before and after Pb dissolution.  

The TEM investigation of CeO2 showed agglomerated nanoparticles (Figure 5a and b) with 

particle size of only few nanometers. The particle size observed with HRTEM matches the 

calculated particle size of 2.98 nm from XRD patterns. The HRTEM image (inset of Figure 

5a) reveals the lattice fringes corresponding to (1 1 1) plane of CeO2 with d spacing of 0.331 

nm before leaching of Pb. The selected area electron diffraction (SEAD) pattern of CeO2 
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before and after leaching confirms that samples are single phase CeO2 and they are presented 

as insets of Figure 5 a,b. The SEAD pattern exhibits serious of rings corresponding to the 

respective (1 1 1), (2 0 0), (2 2 0) and (3 1 1) planes of CeO2 nanoparticles. The elemental 

composition and change of Pb content before and after teaching is investigated by EDS. EDS 

shows that the content of Pb is 15 at% before leaching and dropping to 4 at% after leaching. 

Beside the change of Pb content observed in EDS spectrum of the sample, the change of 

interplanar distance of (111) plane from 0.331 to 0.327 nm is also observed, confirming that 

the Pb cations are leached out from CeO2 structure. 
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Figure 4 Dissolved Pb in mass percentages in the solution of the sample with 10% Pb after its 

dissolution at various time intervals at pH 3, pH 7, and pH 11 

 
Table 1 Pb dissolution (mas.%) in the sample solution with 30% Pb after its dissolution at 

different time intervals at pH 3, pH 7 and pH 11 

Time (h) pH 3 pH 7 pH 11 

2 62 18 1.6 

6 69 32 1.6 

12 77 34 1.6 

20 85 42 1.6 

30 90 46 1.6 

 
a) b) 

  
Figure 5 TEM spectra of Ce0.7Pb0.3O2-δ solid solution a )before; b) after leaching (pH 3) 
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CONCLUSION 

Single Pb-ceria solid solutions were synthesized by self-propagating room temperature 

method (SPRT). XRD and TEM spectroscopy confirmed the pure solid solutions.  

The solid solubility of Pb into ceria lattice was the topmost reported so far. Average 

crystallite size of the powders was less than 5 nm.  

The thermal stability of solid solutions are stable till 600C, after that it decreases with 

increasing the amount of Pb concentration at 900C  

These results demonstrate the highly effective room temperature immobilization of Pb in 

the form of ceria solid solutions using the SPRT method. 
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