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PREFACE 

In today’s world, the environment has been endangered by the use of outdated technology, 

fossil fuels and environmental law violations. Therefore, environmental and many other 

scientists all over the world have been concerned about finding sustainable technology in 

resolving these issues. That is why environmental research and ecological truth are at the 

focus of the 29
th

 International Conference Ecological Truth & Environmental Research 2022 

(EcoTER’22), which will be held in Sokobanja, Serbia, 21–24 June 2022. On behalf of the 

Organizing Committee, it is a great honor and pleasure to wish all the participants a warm 

welcome to the Conference. 

We hope to convey the message of the conference, which is that a transformation of attitudes 

and behavior would bring the necessary changes. This is also an opportunity for the 

participants who are experts in this field to exchange their experiences, expertise and ideas, 

and also to consider the possibilities for their collaborative research. 

The 29
th

 International Conference Ecological Truth & Environmental Research 2022 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 

Association of Young Researchers, Bor. 

These proceedings include 85 papers from the authors coming from the universities, research 

institutes and industries in 6 countries: Bulgaria, Italia, Albania, Bosnia and Herzegovina, 

Montenegro and Serbia.  

As a part of this year's conference, the 4
th

 Student section – EcoTERS’22 is being held. We 

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

the Conference.  

Financial assistance provided by the Ministry of Education, Science and Technological 

Development of the Republic of Serbia is gratefully acknowledged by the Organizing 

Committee of the EcoTER’22 conference. 

The support of the Platinum donor and their willingness and ability to cooperate have been of 

great importance for the success of EcoTER’22. The Organizing Committee would like to 

extend their appreciation and gratitude to the Platinum donor of the Conference for their 

donation and support. 

We appreciate the effort of all the authors who have contributed to these Proceedings. We 

would also like to express our gratitude to the members of the scientific and organizing 

committees, reviewers, speakers, chairpersons and all the Conference participants for their 

support to EcoTER’22. Sincere thanks go to all the people who have contributed to the 

successful organization of EcoTER’22. 

Prof. Snežana Šerbula, 

President of the Organizing Committee 
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Abstract  

For mechanical activation of sodium carbonate, a vibro mill at a frequency of 3000 oscillations per 

minute was used for 28 minutes. After activation, samples were placed for 31 days in the air at room 

conditions. In aim to monitor the kinetics of the transformation process of sodium carbonate to 

bicarbonate, Fourier-transform infrared (FTIR) spectroscopy analysis was used. As a function of 

relaxation time characteristic groups were observed: CO3
2-

, HCO3
-
 and OH

-
. The obtained results 

provided kinetics parameters for the transformation of carbonate into bicarbonate as a result of 

chemisorption of moisture and carbon dioxide from the atmosphere.  

Keywords: sodium carbonate, mechanical activation, mechanochemical transformation  

 

INTRODUCTION 

In the world, the activation of materials is widely used as a procedure for bringing energy to 

the system so that it begins to react in a controlled manner. This allows the system to skip over 

the "energy barrier" on the reaction path [1,2]. The method of mechanical activation, which, in 

various technical and technological ways, brings mechanical energy to solid materials thus 

changing and regulating many physico-chemical characteristics related to increasing the system’s 

reactivity, is becoming more and more topical [3,4]. With the development of this procedure, 

many research fields related to obtaining new materials and monitoring the kinetics of the solid 

phase reactions have been opened and significant savings compared to classical methods of 

material activation achieved [5]. 

 

MATERIALS AND METHODS 

The sodium carbonate used in this study was anhydrous and in p.a. quality. According to 

the MERCK index 11.8541, the chemical composition of sodium carbonate is: 99.5% 

Na2CO3, 0.002% Cl
-
, 0.005% SiO2, 0.0005% Pb, 0.0005% Fe, 0.01% Al, 0.0005% Mg, 0.01% 

K, 0.005% SO4
2-

, 0.005% Ca, and 0.5% loss on drying at 180C; specific mass 2500 kg/m
3
; 

decomposition temperature 851C. Na2CO3 has a monoclinic crystal lattice (a=8.907, 

b=5.239, c=6.043); the bond energy values are: Na–O (364 kJ/mol), C–O (1076.4 kJ/mol), 

C=O (532.2 kJ/mol). 

Sodium carbonate was mechanically activated in the high-energy mill KHD Humboldt 

Wedag AG. Samples in the amount of 50 g each were activated for 28 minutes (activation 
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time) at a frequency of 3000 oscillations per minute thus obtaining four series for further 

investigation. Relaxation time was 31 days. 

The effects of mechanical activation were monitored by FTIR spectroscopy analysis. FTIR 

spectroscopy is a very important non-destructive method, given the high sensitivity and 

precision of frequencies, excellent resolution, quick recording, and possibility to repeat 

recording as well as different ways to interpret the obtained data. Changes were observed on 

the characteristic groups: CO3
2-

, HCO3
-
 and OH

-
. FFT infrared spectra of the samples were 

recorded on a spectrometer Bomem-Hartman & Braun Michelson MB-100, in the wave 

numbers range of 4000–300 cm
-1

 and at a resolution of 2 cm
-1

. Samples were prepared in the 

form of a suspension using "Nujol". Changes in the peaks' areas, as well as the widths at the 

half-heights, were observed for the given characteristic groups: CO3
2-

, HCO3
2-

 and OH
-
. The 

results are presented as a function of relaxation time for all four series, i.e. for different 

activation periods. 

 

RESULTS AND DISCUSSION 

FTIR spectrogram of the initial, non-activated sodium carbonate sample is presented in 

Figure 1. 

 

Figure 1 FTIR spectrogram of non-activated Na2CO3 

 

Table 1 shows the wavelengths of the characteristic peaks monitored by FTIR 

spectroscopy in this study.  
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Table 1 Wavelengths of characteristic groups of sodium carbonate, sodium bicarbonate and 

intermediate compound 

Na2CO3 NaHCO3 CO3
2-

 HCO3
-
 OH

-
 CO2 + H2O 

1775 cm
-1

 1800 cm
-1

 1461.61 cm
-1

 1800–1980 cm
-1

 350–3600 cm
-1

 2300–2400 cm
-1

 

1420 cm
-1

 1000 cm
-1

 1090 cm
-1

 1000 cm
-1

 1645 cm
-1

  

878 cm
-1

  874 cm
-1

  590–720 cm
-1

  

702 cm
-1

  725 cm
-1

    

 

Figure 2 shows comparative FTIR spectrograms of all four series of sodium carbonate 

samples for different relaxation periods at room conditions.  

The change in the characteristic peaks as a function of relaxation time is clearly noticeable 

in the diagrams in Figure 1. The initial curves (0 days of relaxation) for all four activation 

times, at a wavelength of 3500–3600 cm
-1

, do not have clearly defined peaks, and with the 

increasing relaxation time. The appearance of the OH group in the activated sodium carbonate 

sample, as well as changes in the peak area of the OH group, can be explained by the fact that 

the Na2CO3 sample, due to the energy obtained by mechanical activation and disturbed crystal 

structure had increased adsorption and chemisorption affinity to moisture from the 

atmosphere during relaxation. The valence OH groups bind to the crystal lattice of activated 

Na2CO3, and the diagrams show that the peak characterizing the OH group increases with the 

increasing relaxation time. A similar change is observed at a wavelength of 1645 cm
-1

, and 

the database revealed that these changes are also related to the OH group. 

At a wavelength of 1420 cm
-1

, which characterizes Na2CO3, that is CO3
2-

 ion, a tendency 

of peak decrease with the increasing relaxation time can be seen. Similar changes are 

observed at a wavelength of 873 cm
-1

. This is a consequence of the conversion of carbonate to 

bicarbonate ion due to the absorption of moisture and carbon dioxide from the air. Parallelly 

with this change, a peak characteristic for the bicarbonate ion at a wavelength of 1800 cm
-1

 

appeared. This peak is more pronounced with the increasing relaxation time. 

At wavelengths from 2300 to 2400 cm
-1

, a peak that principally disappears gradually with 

the progress of relaxation time can be observed. These wavelengths are typical for adsorbed 

moisture and carbon dioxide. During relaxation, chemisorption of moisture and carbon 

dioxide occurs and the conversion of carbonate to bicarbonate, which explains the decrease 

and disappearance of this peak on the observed curves. 

At wavelengths from 700 to 800 cm
-1

, with emphasis on 725 cm
-1

, a peak, while both the 

intensity and the surface area are decreasing with the increasing relaxation time, can be 

observed. The analysis determined that it is a carbonate ion, whose amount decreases as a 

function of the relaxation time due to the process of chemisorption of moisture and carbon 

dioxide from the air. Parallelly with this result, the peak characteristic for the HCO3
-
 group 

increases, which is a consequence of the transformation of carbonate into bicarbonate. 

In the discussion that follows, based on the obtained FTIR spectrograms of activated 

sodium carbonate, areas of peaks characteristic for ion groups CO3
2-

, HCO3
-
, and OH

-
, as well 

as peaks widths at half-height during relaxation time were estimated and graphically 

presented.   
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Figure 2 FTIR spectrograms of Na2CO3 samples activated for 28 min during relaxation time            

(0, 1, 6, 10, 24, and 31 days) at room conditions 

 

 

Figure 3 a) Areas of peaks characteristic for ion groups; b) Widths at peak half-height,                      

for Na2CO3 sample activated for 28 min as a function of relaxation time 
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The peak area characteristic for the CO3
2-

 ion (Figure 3a) decreases with the relaxation 

time progress, whereby this drop is sharp during ten days, especially on the first day of the 

sample aging. The phenomenon can be explained by a significantly enhanced energy of just 

activated sodium carbonate due to the energy delivered to the system by mechanical 

activation as well as by the weakened bonds in the crystal. This caused the sudden adsorption 

of moisture and carbon dioxide from the air as well as the formation of a bicarbonate ion, 

which is reflected in the increased width of the peak characteristic for the HCO3
-
 ion. A 

similar trend of corresponding width changes at the half-heights of the characteristic peaks 

can be seen in the diagram shown in Figure 3b. The reduced width value at the half-height of 

the peak characteristic for the CO3
2-

 ion is considerable. The most significant changes for all 

ions occur in the first 10 days of relaxation time. 

 

CONCLUSION 

The results of this study showed a gradient of changes in the analyzed samples during 

relaxation depending on the activation time. The changes in terms of reducing the number of 

carbonate ions in all four series of samples in favor of the formation of HCO3
2- 

ions during the 

relaxation period are clearly noticeable. The key moment in the transformation process is the 

weakening of the Na–O chemical bond, where during the relaxation time the Na
+
 ion was 

replaced by the H
+ 

ion, thus forming the OH group. The formation of sodium bicarbonate 

began by bonding the valence OH group to the activated crystal lattice of sodium carbonate. 

This transformation was taking place after the 25th day of the relaxation period owing to the 

existence of a sufficient amount of the OH group which directed the reaction towards the 

bicarbonate formation. 
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