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FOREWORD 

The conditions created by the development of technologies in which modern man lives have led to 

a complex and paradoxical effect: that by removing obstacles on the way to a more comfortable, 

simpler, faster and more efficient life and way of working, man also generates numerous misfortunes, 

attracting dark clouds of threats to the survival of the planet and humanity. The question that concerns 

and affects all of us - all people, all living beings, systems in which life takes place, large and 

small, strong and weak - boils down to the problem of the negative impact of man on the environment; 

this issue invites us to an urgent solution by looking at the causes, proposing solutions, evaluating 

them, changing approaches and ways of thinking, as well as drawing correct conclusions. Simply put, 

by adapting nature to one's own needs, man threatens and damages it. That is why, with the joint 

efforts of all of us, individuals, organizations and states, it is necessary to take all possible measures to 

immediately prevent the negative effects that are ahead of us. 

The importance of renewable sources of electricity, which this international conference focuses on, is 

noticeable from two angles: the first - it is certain that fossil fuels as a resource will disappear and it is 

necessary to find alternative sources, the second - the use of renewable energy sources by its essence 

implies "clean" technology that significantly contributes to reducing CO2 emissions and thus mitigating 

climate change and reducing pollution, while encouraging social and economic development in all 

spheres of life. 

The 11th International Conference on Renewable Electrical Power Sources is organized 

by the Society for Renewable Electrical Power Sources (DOIEE) at SMEITS, with co-organizers: The 

Institute of Architecture and Urban & Spatial Planning of Serbia (IAUS) and the Chamber of 

Commerce and Industry of Serbia, with the support of the Ministry of Science, Technological 

Development and Innovation of the Republic of Serbia. 

The registered participants designed their papers according to the given conference topics: 

- Energy sources and energy storage;

- Energy efficiency in the context of use of renewable energy sources (RES);

- Environment, sustainability and policy;

- Applications and services.

Eminent authors - scientists, teachers, experts in this field from fifteen different countries: 

Algeria, Belgium, Bosnia and Herzegovina, China, Croatia, Greece, Hungary, India, Portugal, Saudi 

Arabia, Serbia, Slovenia, Spain, the United Arab Emirates, and Ukraine, contributed to the conference 

through sixty-nine papers that were reviewed by the Scientific Committee of the Conference, and after 

the review process were accepted for presentation at the conference and for publication in the 

proceedings. 

At the end of this short message and at the beginning of the proceedings I believe that it can be proudly 

said that scientists, researchers, policy makers and industry experts gathered in one place, in order to 

exchange experiences and knowledge with the aim of promoting scientific and professional ideas and 

results of research, technology improvement for the use of RES, promoting the rational use of 

electricity, affirming and proposing inventive solutions in the field of sustainable sources of electricity. 

Belgrade, Milica Vlahović 

November 2023 
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Abstract 

This research evaluates the effects of the acid environment on sulfur-polymer composite. For this 

purpose, a morphology investigation consisting of mathematical morphology analysis and SEM 

analysis was performed. Based on the obtained results, insignificant changes in the pore system of 

sulfur-polymer composite in terms of deterioration, pore distribution, and homogeneity were 

observed. Namely, no signs of severe damage were detected at the surface and inside the samples. 

With increasing the acid exposure time, the material exhibited further changes in the direction of 

homogenization and drowning of the aggregate in the sulfur binder compared with the starting 

structure. These facts indicate that sulfur-polymer composite can be effectively used as a 

construction material in an acid environment. 

Key words: sulfur-polymer composite; mathematical morphological analysis; SEM 
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U ovom istraživanju procenjuju se efekti kisele sredine na sumpor-polimerni kompozit. U tu svrhu 

izvršeno je morfološko ispitivanje koje se sastojalo od matematičke morfološke analize i SEM 

analize. Na osnovu dobijenih rezultata, uočene su neznatne promene u sistemu pora kompozita 

sumpor-polimer u pogledu propadanja, raspodele pora i homogenosti. Naime, na površini i unutar 

uzoraka nisu otkriveni znaci ozbiljnih oštećenja. Sa povećanjem vremena izlaganja kiselini, 

materijal se dalje menjao u smislu homogenizacije i utapanja agregata u sumporno vezivo u 

poređenju sa početnom strukturom. Ove činjenice ukazuju da se sumpor-polimer kompozit može 

efikasno koristiti kao građevinski materijal u kiseloj sredini.  

Ključne reči: sumpor-polimerni kompozit; matematička morfološka analiza; SEM 

1 Introduction 

Sulfur- polymer matrix composites are high performance environmentally sustainable and du-

rable thermoplastic materials made of mineral aggregates, filler and modified sulfur binder which 

replaces cement and water in conventional Portland cement composite at temperatures above the 

hardening point of sulfur (120 °C) [1]. Using sulfur to make modified sulfur binder is based on its 

physico-chemical characteristics. Different types of modified sulfur have been created in order to 

prevent failure of composite material with elemental sulfur as a binder. For this purpose, various 

chemical modifiers were used to polymerize sulfur and one of them is dicyclopentadiene which reacts 

with elemental sulfur to form long-chain polymeric polysulfides [2]. Unlike conventional Portland 

cement- based composites, sulfur- polymer composites are produced without water and achieve final 

strength in a few days. In spite of durability and sustainability of sulfur- polymer matrix composites, 

their wide use is limited due to the high price of chemical modifiers. 

According to our own terminology, the term modified sulfur binder means a mixture of ele-

mental sulfur and modified sulfur-sulfur polymer [3]. Recent experience all over the world shows 

that composite materials produced with modified sulfur binder instead of cement and water have 

significant chemical and physico-mechanical advantages comparing with Portland cement compo-

sites. 

Since all materials during their service life are exposed to different external impacts that cause 

certain kind of reaction, the idea of this research was to examine the quality of sulfur- polymer com-

posite in extreme conditions, during the accelerated destruction testing in hydrochloric acid solution. 

Image analysis of microphotographs taken through a microscope was applied as a conventional 

way of these examinations, whereby the samples were cut and changes of the obtained slices were 

quantified. The question of the resolution necessary for observing the surface or the interior of the 

samples in this case was solved by using two types of microscopes, optical and scanning electron 

microscope (SEM). 

2 Materials and Methods 

2.1 Samples preparation 

Sulfur-polymer composite samples were fabricated according to the manufacturing technolog-

ical procedure described in [1,4]. The process included mixing both melted sulfur and modified sulfur 

into heated and homogenized dry mixture of aggregate and filler at sulfur melting temperature, 132–

141 °C. After homogenization and mixing, sulfur-polymer composite mixture was casted into molds 

preheated at 120 °C and vibrated for 10 s on a vibrating table. The surface of each sample was finished 

and left to harden inside the molds, at room temperature. The samples were removed from the mold 

after 3 h and cured at room temperature for 24 h. 

2.2 Accelerated destruction 

In order to evaluate quality of sulfur- polymer composite, cube samples were tested under 

immersion in 10 % HCl solution for 7, 14, 21, 60 and 180 days. 
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2.3 Morphology investigation 

The resulting damage of sulfur-polymer composite was assessed by monitoring and analyzing 

morfology changes. 

Microstucture changes of sulfur-polymer composite samples during the accelerated 

destruction agent influence were observed using optical and scanning electron microscope (SEM). 

Slices, that is cross-sections of the samples, were taken by the optical stereomicroscope with 

CCD (Charge Coupled Device) camera, LEICA DC 150 in order to analyze the volume changes. The 

samples of sulfur-polymer matrix composite were cut into four slices by diamond cutting blade that 

is used for the preparation of mineralogical specimens. Software Image Pro Plus, version 6.2, with 

the appropriate programming procedure was used and mathematical morphological analysis was per-

formed for the analysis of the obtained images [5]. 

In order to analyze the morphological and structural changes, sulfur-polymer composite sam-

ples were taken by scanning electron microscope JEOL JSM 5800, Vega Tescan TS 5130MM. 

3 RESULTS AND DISCUSSION 

3.1 Mathematical Morphological Analysis  

Set of selected morphological parameters served for the quantification of changes in the ana-

lyzed samples. Cumulative analysis of the measured parameters changes enabled the quantification 

of the accelerated destruction agent effect on the material quality, that is, on the structure properties. 

The surfaces of the slices obtained by cutting samples of sulfur- polymer composite are taken 

by a stereomicroscope, and typical images are shown in Figure 1. 

 

 

Figure 1. The stereomicroscope images of sulfur- polymer matrix composite samples during accel-

erated destruction testing. 

After data reduction, extensive mathematical analysis using statistical procedures was 

performed for each sulfur- polymer composite sample as well as time analysis of all measured 
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parameters. Statistical analysis was performed to define the homogeneity of the sample. It was im-

portant that the values of measured parameters on the slices of a certain sample do not vary signifi-

cantly. It means that the inhomogeneity shows whether a sample is not affected by the influence of 

the agent of accelerated destruction throughout the volume, or does not respond. 

Mean values of measured parameters during the treatment time, Figure 2, indicate that there is 

a homogeneity change, meaning that more significant interactions took place than in the first 21 days. 

In this way, the impact of sulfur on the material behavior in terms of inhibition of the observed 

changes in the structure can be discussed. 

 

Figure 2. Mean values of measured parameters- homogeneity change of sulfur- polymer composite 

during accelerated destruction testing. 

Based on the given analysis, it may be concluded that the greatest homogeneity increase takes 

place at 21st day of treatment. The morphological analysis is interesting after 21 days of treatment 

because of evident greater volume changes of certain parameters which positively or negatively affect 

the homogeneity achieved at approximately 21st day of accelerated destruction agent influence. How-

ever, regardless the effect, the action of the accelerated destruction agent was towards rearranging 

sulfur, which was the main moderator of homogeneity changes. 

Further analysis was the analysis of time changes in cumulative parameters for each sample.  

Figure 3 shows the graphs for four measured parameters through the volume of sulfur- polymer 

composite sample during the treatment time from 0 to 180 days.  
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Figure 3. Change of measured parameters through the volume of sulfur- polymer matrix composite 

samples during accelerated destruction testing from 0 to 180 days. 

As it can be seen from the graph shown in Figure 3, the time change kept the same form- power 

function. Compared with the surface analysis, a lower correlation degree is present here. This is en-

tirely in accordance with the supposed model, since, unlike surface changes, bulk changes are cumu-

lative changes of higher interaction material- agent, which results in a lower correlation degree be-

tween the examined parameters. 

3.2  Morphological Analysis by SEM 

The testing methodology included monitoring the structure changes of sulfur- polymer compo-

site before the treatment and up to six months of the accelerated destruction agent action. 

Microphotographs generated by the SE detector were analyzed in order to determine the mor-

phological structure of the samples. To determine the final distribution of sulfur in the structure, ele-

ment mapping, which means observing a sample in the energy range of the selected element, was 

applied. 

SE microphotographs of sulfur- polymer composite samples are presented in Figure 4. 

As seen on SE microphotographs, the existing binding phase, sulfur, and separated aggregate 

grains can be distinguished. 
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Figure 4. SE microphotographs of sulfur- polymer matrix composite samples during accelerated 

destruction testing: a) 0 days, b) 14 days, c) 21 days, d) 60 days, and e) 180 days. 

Clearly defined aggregate and sulfur binder that looks like a monolithic integral part of the 

system can be noticed in the structure of the untreated sulfur- polymer composite sample, Figure 4 

a). 

Sulfur- polymer composite samples exposed to accelerated destruction show more pronounced 

monolithic structure. Also, ‘‘drowning’’ of the aggregate into the binder phase- sulfur, homogeniza-

tion, can be observed. With increasing the treatment time, the structure exhibits further changes in 

the direction of homogenization and drowning of the aggregate in the sulfur binder compared with 

the initial structure, Figure 4 b), c), d). Based on the analysis of the structural changes, secondary 

homogenization of sulfur- polymer composite treated by acid, with clearly visible secondary binding 

of the aggregate and primary binder phase, expressed after 180 days, is evident, Figure 4 e). 

4 Conclusion  

According to the trends of selected parameters variations throughout the samples volume, it 

was concluded that a homogenization of sulfur-polymer composite sample occurred during the time 

of accelerated destruction. The greatest homogeneity increase happened at 21st day of treatment. The 

influence of the accelerated destruction agent was towards rearranging sulfur, which was the main 

factor of homogeneity changes. 

It was possible to show sulfur- polymer composite structure rearranging by observing the ma-

terial structure with higher resolution and by choosing another method that would indicate the volume 

changes. The scanning electron microscopy was applied as a highly resolution method. This method 

clearly identified changes- rearrangement of the structure during the time. 

According to the presented research, it can be concluded the accelerated destruction can be used 

to provoke changes in the structure of materials and thus properties changes. The used methods ade-

quately demonstrate the possibility of detecting destruction influence on the sulfur- polymer compo-

site structures. 
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