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Preface 
 
 
The International Conference on Tribology – BALKANTRIB is supported by the Balkan 
Tribological Association and is organised every three years since 1993, each time in a different 
Balkan country. The previous conferences were held in Bulgaria (1993 and 2008), Greece 
(1996 and 2011), Romania (1999 and 2014), Turkey (2002 and 2017) and Serbia (2005). This 
10th jubilee BALKANTRIB conference is organised in Belgrade, by the Serbian Tribology Society 
and the University of Belgrade, Faculty of Mechanical Engineering, on May 20-22, 2021. 
 
The original date of the Conference was on September 24-26, 2020, but it was postponed due 
to the COVID-19 pandemic. Since the pandemic still significantly affects the world and makes 
the travelling difficult and unsafe it was decided to hold the 10th International Conference on 
Tribology – BALKANTRIB '20 entirely online. 
 
Due to the postponing of the BALKANTRIB '20 conference there was an overlap with the 
SERBIATRIB '21 conference, which is also organised by the Serbian Tribology Society. The 
International Conference on Tribology – SERBIATRIB is organised every two years since 1989. 
The previous conferences were held in Kragujevac (1989, 1991, 1993, 1999, 2005, 2007, 2011, 
2013, 2017 and 2019), Herceg Novi (1995), Kopaonik (1997) and Belgrade (2001, 2003, 2009 
and 2015). Therefore, this year the 17th International Conference on Tribology – SERBIATRIB 
'21 is organised in the same period and included in the BALKANTRIB '20 conference. 
 
Serbian Tribology Society (STS) is a full member of the International Tribology Council (ITC) and 
Balkan Tribological Association, as well. Organising Scientific Conferences, STS plays a 
significant role in helping engineers and researchers to introduce in the fundamentals of 
tribology and to present their experience, solutions and research results. 
 
Tribology is one of the sciences and technical disciplines whose development has a great 
influence on the reliability and life of mechanical systems. Interdisciplinary character of 
tribology and presence of tribological processes in most of mechanical systems demand 
researches in all fields of industry, where tribological activities can achieve significant 
technical, economical and environmental effects. The scope of the Conference embraces the 
state of art and future trends in tribology research and application. 
 
Altogether 92 papers of 275 authors from 31 countries (Argentina, Austria, Bangladesh, Belgium, 
Bosnia and Herzegovina, Bulgaria, Canada, Czechia, Egypt, France, Germany, Greece, India, Japan, 
Latvia, Lithuania, Mexico, Montenegro, Netherlands, Poland, Portugal, Romania, Russia, Serbia, 
Slovenia, Spain, Sweden, Taiwan, Turkey, Ukraine and USA) have been published in this 
Proceedings. Approximately 56 papers were submitted by the authors from Balkan countries and 
approx. 36 papers by authors from the rest of the World. 
 
Besides presentations of these 92 papers, the Conference will have 3 presentations of the 
companies and 1 presentation of the paper that was not printed in the Proceedings, which 
make a total of 96 presentations scheduled in the Conference Programme. 



All papers in this Proceedings are classified into eleven chapters: 
• Plenary Lectures (4) 
• Tribological Properties of Solid Materials (12) 
• Surface Engineering and Coating Tribology (12) 
• Lubricants and Lubrication (10) 
• Tribotesting and Tribosystem Monitoring (9) 
• Tribology of Machine Elements (10) 
• Tribology of Manufacturing Processes (8) 
• Design and Calculation of Tribocontacts (6) 
• Sealing tribology (3) 
• Biotribology (6) 
• Other Topics Related to Tribology (12) 

 
The Conference is financially supported by the Ministry of Education, Science and 
Technological Development of the Republic of Serbia, Bruker, Valvoline Europe, Ellis 
Enterprises East d.o.o., Fluidotehnic d.o.o., Labtim SE d.o.o., Lubricants, Messer Tehnogas AD 
and Rtec Instruments. 
 
As a President of the Organising Committee I would like to thank members of the Scientific 
and the Organising Committee and all those who have helped in making the Conference and 
this Proceedings better. It was a great pleasure and new experience for me to organise this 
Conference and I hope that the Conference, bringing together specialists, research scientists 
and industrial technologists, and the Proceedings will stimulate new ideas and concepts, 
promoting further advances in the field of tribology. 
 
 
 

Belgrade, May 2021 Editor 
 

Prof. Dr. Aleksandar Vencl 
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Sodium carbonate was mechanically activated for 7 minutes in a vibro mill at a frequency of 3000 oscillations per 
minute. Activated samples were stored in the air at room conditions for 31 days. To monitor the kinetics of the 
transformation process of sodium carbonate to bicarbonate, Fourier-transform infrared (FTIR) spectroscopy 
analysis was used and was performed as a function of relaxation time for characteristic groups 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: mechanical activation, sodium carbonate, mechanochemical transformation, FTIR. 
 
 
1. INTRODUCTION 

The sodium carbonate used in this study was 
anhydrous and in p.a. quality and was mechanically 
activated in the high-energy mill KHD Humboldt 
Wedag AG for 7 minutes at a frequency of 3000 
opm. Engine power is 0.8 kW, discontinuously in an 
air atmosphere, with rings leads to its heating up 
to a temperature of 80 °C. After activation, the 
samples were stored at room conditions for 1, 6, 
10, 24 and 31 days (relaxation time). The effects of 
mechanical activation were monitored by FTIR 
spectroscopy analysis. 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 for groups: CO3

2–, HCO3
2– and OH–. 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 [1-5]. 
 
2. RESULTS AND DISCUSSION 

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. 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. 
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Figure 1. FTIR spectrograms of Na2CO3 samples 

activated for 7 min during relaxation time (0, 1, 6, 
10, 24 and 31 days) at room conditions 

 
Figure 2. (a) areas of peaks characteristic for ion 

groups and (b) widths at peak half-height, for 
Na2CO3 sample activated for 7 min as a function of 

relaxation time 

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 (Fig. 2). 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. 
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