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Трета меѓународна конференција ЕТИМА 

  Third International Conference ETIMA 

 

PREFACE  

 

The Third International Conference “Electrical Engineering, Technology, Informatics, Mechanical 

Engineering and Automation – Technical Sciences in the Service of the Economy, Education and 

Industry” (ETIMA’25), organized by the Faculty of Electrical Engineering at the “Goce Delchev” 

University – Shtip, represents a significant scientific event that enables interdisciplinary exchange of 

knowledge and experience among researchers, professors, and experts in the field of technical sciences. 

The conference was held in an online format and brought together 78 authors from five different 

countries. 

 

The ETIMA conference aims to establish a forum for scientific communication, encouraging 

multidisciplinary collaboration and promoting technological innovations with direct impact on modern 

life. Through the presentation of scientific papers, participants shared the results of their research and 

development activities, contributing to the advancement of knowledge and practice in relevant fields. 

The first ETIMA conference was organized four years ago, featuring 40 scientific papers. The second 

conference took place in 2023 and included over 30 papers. ETIMA’25 continued this scientific 

tradition, presenting more than 40 papers that reflect the latest achievements in electrical engineering, 

technology, informatics, mechanical engineering, and automation. 

 

At ETIMA’25, papers were presented that addressed current topics in technical sciences, with particular 

emphasis on their application in industry, education, and the economy. The conference facilitated 

fruitful discussions among participants, encouraging new ideas and initiatives for future research and 

projects. 

 

ETIMA’25 reaffirmed its role as an important platform for scientific exchange and international 

cooperation. The organizing committee extends sincere gratitude to all participants for their 

contribution to the successful realization of the conference and its scientific value. 

 

We extend our sincerest gratitude to all colleagues who, through the presentation of their papers, ideas, 

and active engagement in discussions, contributed to the success and scientific significance of 

ETIMA’25. 

 

     The Organizing Committee of the Conference  

 

 

 

 

 

 

 

 

 

 



 

ПРЕДГОВОР 

 

Третата меѓународна конференција „Електротехника, Технологија, Информатика, Машинство и 

Автоматика – технички науки во служба на економијата, образованието и индустријата“ 

(ЕТИМА’25), организирана од Електротехничкиот факултет при Универзитетот „Гоце Делчев“ 

– Штип, претставува значаен научен настан кој овозможува интердисциплинарна размена на 

знаења и искуства меѓу истражувачи, професори и експерти од техничките науки. 

Конференцијата се одржа во онлајн формат и обедини 78 автори од пет различни земји. 

 

Конференцијата ЕТИМА има за цел да создаде форум за научна комуникација, поттикнувајќи 

мултидисциплинарна соработка и промовирајќи технолошки иновации со директно влијание врз 

современото живеење. Преку презентација на научни трудови, учесниците ги споделуваат 

резултатите од своите истражувања и развојни активности, придонесувајќи кон унапредување 

на знаењето и практиката во релевантните области. 

 

Првата конференција ЕТИМА беше организирана пред четири години, при што беа 

презентирани 40 научни трудови. Втората конференција се одржа во 2023 година и вклучи над 

30 трудови. ЕТИМА’25 продолжи со истата научна традиција, презентирајќи повеќе од 40 

трудови кои ги отсликуваат најновите достигнувања во областа на електротехниката, 

технологијата, информатиката, машинството и автоматиката. 

 

На ЕТИМА’25 беа презентирани трудови кои обработуваат актуелни теми од техничките науки, 

со посебен акцент на нивната примена во индустријата, образованието и економијата. 

Конференцијата овозможи плодна дискусија меѓу учесниците, поттикнувајќи нови идеи и 

иницијативи за идни истражувања и проекти. 

 

ЕТИМА’25 ја потврди својата улога како значајна платформа за научна размена и 

интернационална соработка. Организациониот одбор упатува искрена благодарност до сите 

учесници за нивниот придонес кон успешната реализација на конференцијата и нејзината научна 

вредност. Конференцијата се одржа онлајн и обедини седумдесет и осум автори од пет различни 

земји. 

 

Изразуваме голема благодарност до сите колеги кои со презентирање на своите трудови, идеи и 

активна вклученост во дискусиите придонесоа за успехот на ЕТИМА’25 и нејзината научна 

вредност. 

 

      

Организационен одбор на конференцијата 
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Abstract:  

A scanning electron microscope (SEM) is a type of electron microscope that produces images of a sample by 

scanning its surface with a focused beam of electrons. The electrons interact with the atoms in the sample, 

generating various signals that contain information about the surface topography and composition of the sample. 

The electron beam is scanned in a raster pattern, and the beam position is combined with the intensity of the 

detected signal to create an image. In the most common SEM mode, secondary electrons emitted by atoms excited 

by the electron beam are detected using a secondary electron detector (Everhart-Thornley detector). The number 

of secondary electrons that can be detected, and thus the signal intensity, depends, among other factors, on the 

sample's topography. Some SEMs can achieve resolutions better than 1 nanometer. Samples are observed 

under high vacuum in a conventional SEM or under low vacuum or wet conditions in a variable pressure or 

environmental SEM. They can also be examined across a wide range of cryogenic or elevated temperatures using 

specialized instruments. The instrument model is Tescan Vega 3 LMU. In dentistry, samples must first be prepared 

using an appropriate method depending on what will be analyzed. After that, they need to be further prepared 

for microscopy. In this case, the sample was applied only to a holder with a double-sided adhesive carbon 

tape without coating. The analyses were performed under high vacuum using an SE detector for morphological 

examination and an EDS detector for point chemical analysis. For handling the implants, sterile gloves were used 

to prevent additional contamination. 

Key words:  

 

chemical, contamination, detector, implants, sterile. 
 

Introduction 

A Scanning Electron Microscope (SEM) is a high-resolution imaging tool that generates 

detailed images by scanning a specimen's surface with a concentrated beam of electrons. These 

electrons interact with the atoms of the sample, producing signals that reveal information about 

its surface morphology and elemental composition. The beam follows a raster scanning pattern, 

and image formation relies on correlating beam position with signal intensity. In standard 

operating mode, the SEM captures secondary electrons (SE) emitted from the sample surface, 

typically detected using an Everhart–Thornley detector. [1,2]. The quantity of secondary 

electrons—and therefore the signal intensity—is influenced by the surface topography of the 

sample. Advanced SEM systems can achieve spatial resolutions below 1 nanometer. Depending 

Faculty of Medical Sciences, Goce Delcev University, Stip, North Macedonia 

mailto:ljupka.arsovski@ugd.edu.mk,
mailto:sofija.carceva@ugd.edu.mk
mailto:verica.toneva@ugd.edu.mk
mailto:sonja.rogoleva@ugd.edu.mk
mailto:marko.mladenovski@ugd.edu.mk
mailto:sanja.naskova@ugd.edu.mk
UGD
Typewritten text
UDC: 616.314-089.843:77.026.34
https://www.doi.org/10.46763/ETIMA2531226a




 
 227 

on the instrument setup, samples may be analyzed under high vacuum (conventional SEM), low 

vacuum, or even under environmental conditions (ESEM), and across a broad temperature 

range—from cryogenic to elevated temperatures. [3]. At our facility, we use the Tescan Vega 

3LMU.[4] 

The Electron Microscopy Laboratory specializes in analyzing the morphology and chemical 

composition of various materials under controlled vacuum environments. Imaging can be 

performed using both SE and BSE (Backscattered Electron) detectors. When samples are 

properly prepared, imaging resolutions better than 5 nm can be attained. Elemental analysis is 

conducted with an EDS (Energy Dispersive Spectroscopy) detector, capable of detecting 

elements ranging from beryllium (Be) to plutonium (Pu), with an energy resolution of up to 125 

eV. This technique enables both qualitative and quantitative chemical characterization of the 

specimen. [5,6,7] 

Matherials and method 

The Scanning Electron Microscopy (SEM) technique finds broad application across numerous 

disciplines, including mineralogy, petrology, crystallography, paleontology, mining, 

electronics, industrial glass and ceramics, heritage preservation, metallurgy, mechanical and 

civil engineering, dentistry, pharmacy, medicine, and biology. [6.8,9,10] 

Sample Preparation for SEM in Dentistry 

In dental research, the preparation of samples for SEM analysis requires precise protocols 

tailored to the specific focus of the investigation. The standard preparation procedure includes: 

1. Drying: Moist samples must be completely air-dried at room temperature to eliminate 

residual moisture. 

2. Mounting: The sample is affixed to a specimen stub using a double-sided carbon 

adhesive tape. 

3. Coating (if necessary): Depending on conductivity requirements, the sample may be 

sputter-coated with carbon or gold. 

4. Imaging: The sample is then placed into the microscope chamber and is ready for 

scanning (Figure 1). 

 
Figure 1. The microscope chamber 
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In the presented case, the dental implant sample was mounted without sputter-coating—only 

using carbon tape. Analyses were performed under high vacuum using a Secondary Electron 

(SE) detector to assess surface morphology, and Energy-Dispersive X-ray Spectroscopy 

(EDS) for point-specific elemental analysis. To minimize contamination risk, all implant 

handling was conducted with sterile gloves. 

Implant Surface Analysis Procedure 
 

1. Surface Cleaning and Preparation 

 The implant surfaces are carefully cleaned to ensure accurate and contamination-free 

analysis. 

 A pristine surface is essential for reliable identification of both intrinsic material 

properties and any surface contaminants. 

2. SEM Imaging and Elemental Analysis 

 Microstructural Evaluation: SEM provides high-resolution visualization of the implant 

surface, facilitating micro- and nanostructural analysis. 

 Contamination Mapping: SEM imaging can reveal surface residues such as dust, oil 

films, or oxidation products. 

 EDS Spectroscopy: Coupled with SEM, EDS enables detailed qualitative and 

quantitative analysis of elemental composition. It is particularly effective in detecting 

surface contaminants and determining their elemental identity and concentration. 

3. Detection of Surface Contaminants 

 Metallic and Non-metallic Residues: SEM/EDS analysis can detect trace amounts of 

potentially harmful elements, such as aluminum, chlorine, sulfur, or iron—residues that 

may be introduced during manufacturing and can lead to peri-implantitis or implant 

degradation (Figure 2). 

 Oxidative Layers and Organic Films: The presence of oxide layers or organic residues 

(e.g., from lubricants or cleaning agents) can compromise osseointegration and 

destabilize the implant. 

 

 
Figure 2. SEM Analysis of a Dental Implant 



 
 229 

Conclusion 

Elemental Surface Analysis: Data obtained from Scanning Electron Microscopy 

(SEM) and Energy-Dispersive X-ray Spectroscopy (EDS) offer precise identification of the 

chemical elements present on the implant surface. This enables detection of foreign elements 

that are not part of the implant’s original material composition, potentially introduced during 

the manufacturing process or surgical placement (Figures 3a and 3b). Micro- and Nanoscale 

Topographical Visualization: High-resolution SEM imaging provides detailed insights into the 

surface morphology of the implant, including assessments of porosity and surface 

smoothness—key parameters for optimal osseointegration. The presence of irregularities or 

contaminants in the surface structure may signal an increased risk of implant failure or poor 

biological integration. The elemental composition of dental implant surfaces exhibited 

variation across different samples, largely influenced by the implant class and manufacturing 

process. 

Through our SEM/EDS-based investigation, the primary goal was to identify and quantify 

surface contaminants, assessing the proportion of each detected element and evaluating their 

potential impact on the biological process of osseointegration. 

 
 

Figure 3а. Chemical Analysis of the Surface of a Dental Implant Using an Electron Microscope 

 

 

 

Figure 3b. Chemical Analysis of the Surface of a Dental Implant Using an Electron Microscope 
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