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PREFACE

The 32nd International Conference Ecological Truth & Environmental Research 
has been dedicated for more than three decades to presenting the latest scientific 
achievements, research findings, and innovative approaches in the fields of ecology, 
environmental protection, and sustainable development. In 2026, the conference was held in 
Sokobanja, Serbia, at Hotel Sunce, from 24 to 26 June.

The primary aim of the conference is to bring together leading experts, researchers, 
professionals, and young scientists from diverse fields in order to foster the exchange of 
knowledge, strengthen scientific collaboration, and promote innovative solutions to 
contemporary environmental challenges. By connecting science, education, industry, and 
society, E
life, as well as within economic and industrial systems, contributing to a more sustainable 
future.

The 32nd International Conference Ecological Truth & Environmental Research 
is organized by the University of Belgrade, the Technical Faculty in Bor, with the co-
organization of the University of Banja Luka, the Faculty of Technology; the University of 
Montenegro, the Faculty of Technology Podgorica; the University of Zagreb, the Faculty of 
Metallurgy Sisak; the University of Pristina, the Faculty of Technical Sciences Kosovska 
Mitrovica; and the Association of Young Researchers Bor (Serbia).

The Proceedings of by researchers, 
academics, and industry representatives from universities, research institutions, and 
organizations across the following countries: Bosnia and Herzegovina, Bulgaria, the Czech 
Republic, Finland, Italy, Montenegro, North Macedonia, Pakistan, Romania, Slovenia, the 
Netherlands, the United Kingdom, the United States of America, Uzbekistan, and Serbia. It is 
our great honour and pleasure to welcome all participants and contributors and to express our 
sincere appreciation for their valuable scientific contributions.

th Student Section was also 
organized. We highly value the contribution of students and their mentors, whose enthusiasm, 
creativity, and dedication represent an important foundation for the advancement of scientific 
knowledge. We encourage young researchers to continue exploring, questioning, and 
expanding the boundaries of knowledge, recognizing that education and scientific discovery 
are lifelong processes.

The support of our donors, together with their commitment, trust, and willingness to 
cooperate, has significantly contributed to the successful organization of the conference. The 
Organizing Committee expresses its deepest gratitude to the Platinum donors of the 
conference Serbia Zijin Mining DOO Bor and Serbia Zijin Copper DOO Bor; the Gold 
donors HBIS SERBIA, the Serbian Chamber of Engineers, and Elixir Prahovo; and the 
Silver donor Rudex Explosives.
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We extend our sincere appreciation to all authors who contributed to these Proceedings. 
Special recognition is given to the members of the Scientific, Organizing, and Honorary 
Committees, reviewers, invited speakers, session chairs, and all participants whose dedication 
and support have contributed to the success and continuity of EcoTER.

Our sincere gratitude goes to everyone who has contributed to the organization and delivery 
of this conference. Your efforts and collaboration continue to strengthen the mission of 
EcoTER and its role in promoting scientific excellence, environmental responsibility, and 
sustainable development.

Prof. Dr Ana Radojevi

President of the Organizing Committee
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Abstract

The increasing demand for environmentally friendly electronic materials has encouraged the 
development of lead-free solder alloys and sustainable production technologies. Despite numerous 
alternatives, the eutectic Sn-0.7Cu alloy has been recognized as a promising candidate for lead-free 
solder applications due to its low cost, acceptable mechanical properties, and compliance with RoHS 
and WEEE regulations. This study investigates the effect of graphene nanoparticles, in the form of 
graphene nanosheets (GNS), on the microstructural and mechanical properties of Sn-0.7Cu matrix 
composites produced via powder metallurgy. GNS was incorporated into the matrix in small weight 
fractions (0, 0.02, 0.04, 0.06, 0.08, and 0.10 wt.%) to promote microstructural refinement and 
enhance the mechanical properties of the composites. Optical microscopy was used to characterize the 
microstructure of the sintered samples, while microhardness was measured using the Vickers method. 
The results indicate that increasing the graphene content significantly refines the grains, reducing the 
average grain size by approximately 54 % and increasing the microhardness by about 16 % compared 
to the base alloy.

Keywords: lead-free solder, graphene nanoparticles, powder metallurgy, composites.

INTRODUCTION

The electronics industry faces growing demands to develop materials that combine high 
performance with environmental sustainability. The replacement of toxic Sn-Pb solders with 
lead-free alternatives has been strongly encouraged by environmental regulations such as the 
RoHS and WEEE Directive [1]. Among lead-free systems, eutectic Sn-0.7Cu solder is widely 
used due to its ecological acceptability, relatively low cost, excellent wettability, and 
satisfactory soldering performance. However, its mechanical properties are lower than those 
of eutectic Sn-Pb and Sn-Ag-Cu solders, potentially affecting the reliability of soldered joints
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[2]. The incorporation of reinforcement phases through composite technology provides an 
effective strategy for improving the performance of Sn Cu solder. 

Over the past decade, nanocomposite solders obtained by incorporating nanoparticles into 
conventional solders have been extensively investigated to improve the performance of solder 
joints under various service conditions [3]. Numerous studies have employed various types of 
nanoparticles to modify lead-free solders. However, to date, relatively few studies have 
focused on the incorporation of carbon-based nanomaterials, particularly graphene, which has 
attracted significant interest in advanced materials research due to its outstanding properties. 
[4]. Graphene, in the form of graphene nanosheets (GNS), is a two-dimensional carbon 
nanomaterial with exceptional mechanical strength, high thermal and electrical conductivity, 
and a large specific surface area, making it an ideal reinforcement phase for enhancing the 
properties of metal matrix composites [5]. 

Among the various techniques available for adding reinforcements to a solder matrix, 
powder metallurgy (PM) is the most frequently used. From a sustainability perspective, this 
technique offers an efficient processing route that minimizes material waste, enables near-net-
shape production, and provides precise control over composition. Compared to conventional 
casting, PM can reduce energy consumption and lower environmental impact [6]. 

The main focus of this research is to investigate the effect of small amounts of GNS on the 
microstructure and microhardness of the Sn-0.7Cu based composites. The composites were 
synthesized using the PM technique, and the results were compared with those of the base 
alloy. 

 

MATERIALS AND METHODS 

Materials used in this study included atomized tin (Sn) and copper (Cu) powders, with 
-

3-5 nm. Six different compositions, Sn-0.7Cu/xGNS (x = 0, 0.02, 0.04, 0.06, 0.08, and      
0.10 wt.%) were synthesized. For each composition, the corresponding powders were first 

-axis mixer at 50 rpm for 30 hours to produce the Sn-0.7Cu 
matrix powder. The matrix powder and GNS were then mechanically alloyed in a high-energy 

-
uniform distribution of GNS within the matrix. The resulting powder mixture was cold 

-Federhaff-
of 300 MPa. Compacted samples were then sintered in a furnace at 185 °C for 3 hours in an 
argon atmosphere to obtain the final specimens. 

The microstructural analys
After standard metallographic 

preparation by grinding and wet polishing, the samples were etched with a solution of     
 % methanol). 

The microhardness of the samples was measured in accordance with the ASTM E384 
standard [7] using a PMT-3 Vickers microhardness tester. To ensure reliable results, the 
sample surfaces were carefully ground and polished. A pressing force of 0.
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average value was calculated. 

 

RESULTS AND DISCUSSION 

Figure 1 shows the optical microphotographs of the investigated sintered samples with 
different GNS contents. The microstructure of the Sn-0.7Cu base alloy is shown in Figure 1a, 
while Figures 1(b f) illustrate the microstructures of the samples containing GNS. It can be 
observed that the addition of reinforcement particles significantly reduces the grain size, as 
confirmed by measurements of the average grain size using ImageJ software (Figure 2). The 
average grain size continuously decreased from 27.19 
content. The Sn-0.7Cu/0.10GNS composite exhibited the finest microstructure, with 
approximately 54 % lower grain size than the Sn-0.7Cu base alloy. 

 

   

   
Figure 1 Optical microphotographs of the sintered Sn-0.7Cu/xGNS samples: a) Sn-0.7Cu;                      

b) Sn-0.7Cu/0.02GNS; c) Sn-0.7Cu/0.04GNS; d) Sn-0.7Cu/0.06GNS; e) Sn-0.7Cu/0.08GNS;                
f) Sn-0.7Cu/0.10GNS 

 

Microstructural analysis indicated that the addition of GNS affected the grain morphology 
of the composites. Optical micrographs showed that the grains are polygonal with                   
well-defined boundaries. The microstructure is heterogeneous, showing variations in grain 
size, which may be attributed to the non-uniform distribution of GNS during the powder 
metallurgy process. Porosity is minimal, indicating good consolidation of the powder during 
the sintering process. At this magnification, GNS particles are not visible. GNS reinforced 
samples exhibited significant grain refinement and a more homogeneous microstructure 
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compared to the base alloy. The observed grain refinement can be attributed to the role of 
GNS as a barrier to grain growth during sintering. The presence of GNS at the grain 
boundaries may inhibit atomic diffusion, reducing grain boundary mobility and resulting in a 
finer microstructure. Similar findings were also reported by Yang et al. in their study [8]. 

Figure 3 illustrates the effect of different contents of GNS on the microhardness of the 
sintered Sn-0.7Cu/xGNS samples. The results indicate a linear trend of increasing 
microhardness with increasing GNS content. The Sn-0.7Cu base alloy exhibits a 
microhardness of 18.72 HV0.05, while composite Sn-0.7Cu/0.10GNS has a microhardness of 
21.65 HV0.05 (15.65 % higher than the Sn-0.7Cu base alloy). This enhancement can be 
attributed to the grain refinement induced by GNS, as well as the restriction of dislocation 
movement at the grain boundaries, where GNS particles act as barriers during deformation. 
These findings are consistent with the observations by Yin et al. [9], confirming that even 
small additions of GNS significantly improve the mechanical properties of the composites. 

 

  

CONCLUSION 

In this study, Sn-0.7Cu based composites reinforced with GNS (0, 0.02, 0.04, 0.06, 0.08, 
and 0.10 wt.%) were successfully fabricated using the powder metallurgy technique. From a 
green engineering perspective, the PM process applied in this study offers several 
environmental advantages compared to conventional casting processes. Unlike traditional 
solder production, which requires complete melting of the alloy at temperatures typically 
above 250 °C, the PM process involves sintering at a significantly lower temperature of     
185 °C. This reduced processing temperature directly lowers energy consumption during 
manufacturing and consequently decreases CO2 emissions. Additionally, PM enables            
near-net-shape fabrication, which minimizes material waste and reduces oxidation losses 
commonly occurring during repeated melting operations. Material utilization efficiency in PM 
processing is typically above 95 %, contributing to improved resource efficiency. 

Overall, the incorp

enhancing the long-term reliability of solder joints. These improvements can extend the 
service life of electronic components and reduce e-waste. The combination of lower energy 

  
Figure 2 Effect of GNS content on the average 

grain size 
Figure 3 Effect of GNS content on the 

microhardness 
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demands, high material efficiency, and improved functional properties demonstrates that the 
developed Sn-0.7Cu/xGNS composites offer a sustainable solution for lead-free electronics 
applications. 
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