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PREDGOVOR

Drustvo za procesnu tehniku pri SMEITS-u i Katedra za procesnu tehniku, Masinskog fakulteta u
Beogradu, sa velikim zadovoljstvom predstavljaju Zbornik apstrakata 39. Medunarodnog kongresa o
procesnoj industriji — Procesing "26. Izuzetno interesovanje i veliki odziv javnosti za ovogodisnji skup

jasno pokazuju da se Procesing vraca na poziciju koja mu tradicionalno pripada. U vremenu intenzivnih
tehnoloskih promena, kada se pred procesnu industriju postavljaju visoki zahtevi u pogledu zelene tranzicije,
energetske efikasnosti i odrZivosti, kongres iznova potvrduje svoju ulogu centralnog mesta za razmenu ideja
i predstavljanje inovacija, podsecajuci nas pritom koliko su direktan kontakt i Ziva re¢ medu kolegama
zapravo nezamenljivi.

Procesing °26 se odrzava u Negotinu, 3. i 4. juna 2026. godine.

Generalni pokrovitelj kongresa je Elixir Prahovo - Elixir Group, kompanija koja je 2025. godine
obelezila dva velika jubileja, 65 godina tradicije hemijske industrije u Prahovu i
35 godina postojanja kompanije Elixir Group.

Visok akademski i strucni nivo skupa i ove godine garantuju Naucni i Organizacioni odbor, u kojima su
na najbolji nacin udruzeni znanje i iskustvo predstavnika najznacajnijih obrazovnih i naucnih institucija,
strukovnih organizacija i privrede.

Medunarodni karakter Procesinga i ove godine potvrden je ucescem inostranih autora i clanova naucnog
odbora. Zvanicni jezici za izlaganje radova su srpski i engleski.

Pred vama je 80 rezimea radova autora iz zemlje i inostranstva koje je Naucni odbor prihvatio za izlaganje
nakon obavljenih recenzija.

Osnovni ciljevi kongresa su usavrsavanje i povezivanje inZenjera i istrazivaca u oblastima procesne

tehnike, procesnih tehnologija, energetike, inZenjerstva zastite Zivotne sredine, menadzmenta kvaliteta i
standardizacije u organizacijama i srodnih industrijskih grana, uz podrsku u predstavljanju ostvarenih
rezultata istraZivackih projekata, razmeni iskustava i primeni savremenih inZenjerskih resenja u praksi.

Fokus Procesinga "26 je na primeni obnovljivih izvora energije i smanjenju negativnog uticaja na Zivotnu
sredinu u procesnoj industriji. Posebna paznja bice posvelena primeni principa cirkularne ekonomije,
ostvarivaniju ciljeva odrZivog razvoja, smanjenju emisija i proizvodnji odrZivih proizvoda, sa ciliem potpunog
zatvaranja ciklusa od proizvoda, preko otpada, do novog proizvoda.

Tematske oblasti Procesinga "26 obuhvataju:

- Procesne tehnologije, operacije, aparate i masine u procesnoj industriji;

- Projektovanje, izgradnju, eksploataciju i odrzavanje procesnih postrojenja;

- Energiju u procesnoj industriji;

- InZenjerstvo zivotne sredine, odrzivi razvoj i cirkularnu ekonomiju;

- Merenje, upravljanje, modelovanje i optimizaciju procesnih i termoenergetskih postrojenja;
- MenadzZment kvaliteta i standardizaciju u organizacijama.



Pored izlaganja radova, program obuhvata i Cetiri panela posvecena najaktuelnijim pitanjima procesne
industrije. Ove dinamicne platforme za otvoreni dijalog okupice predstavnike industrije, akademske zajednice
i nadleznih institucija oko slede¢ih tema:

1.

Industrija i vestacka inteligencija: od digitalne spremnosti do Industrije 5.0 Primena vestacke inteligencije
danas vise nije pitanje buducnosti, ve¢ opstanka i konkurentnosti. Na panelu ce se diskutovati o proceni
digitalne spremnosti industrijskih sistema, realnim mogucénostima primene Al resenja u proizvodnim
procesima, kao i o ulozi digitalnih blizanaca i Industrije 5.0 u prelasku ka otpornijoj i coveku usmerenoj
industriji.

Industrija i klimatski zahtevi: smanjenje emisije gasova sa efektom staklene baste, monitoring i regulatorni
okvir Smanjenje emisija postalo je kljucno pitanje zbog odrZivosti i strogih regulatornih zahteva.
Razmatrace se mogucnosti za ostvarivanje realnih usteda CO, u industrijskim procesima, postupci
verifikacije i aktuelni regulatorni okvir u Srbiji, uz posebnu analizu uticaja mehanizma CBAM.

Industrija u zelenoj tranziciji: novi zahtevi, realni izazovi Proces implementacije Direktive o industrijskim
emisijama (IED) otvara vazna pitanja uskladivanja, prelaznih perioda i potrebnih ulaganja. Govorice se o
primeni novih Seveso propisa i izmenama u upravljanju otpadom u praksi, kao i o uticaju ovih zahteva na
konkurentnost domace industrije.

Oprema pod pritiskom Panel se fokusira na jednu od najzahtevnijih oblasti procesne industrije,

donose(i konkretna znanja i tumacenja aktuelne prakse i propisa. U okviru programa bice predstavljen
srpski prevod i strucna redakcija PED 2014/68/EU Smernica, a razmatrace se i potencijalni problemi

pri ispitivanju pritiskom opreme koja je dugo u eksploataciji. Poseban osvrt bice dat mogucénostima
ispitivanja akusticnim metodama, kao delu programa periodicnih pregleda celicnih posuda na stanicama
za snabdevanje komprimovanim prirodnim gasom. Uz to, detaljno ée se analizirati uloga imenovanih

tela u odobravaniju osoblja za izvodenje i ispitivanje bez razaranja nerastavljivih spojeva na opremi pod
pritiskom (ukljucujuéi mogucnost prihvatanja inostranih sertifikata), kao i nadleznosti inspektora opreme
pod pritiskom i propisani poslovi koje obavljaju lica sa poloZenim strucnim ispitom iz ove oblasti u skladu
sa Zakonom o gasu i Zakonom o nafti.

Kao dodata vrednost ovogodisnjem programu, ucesnicima je omogucena strucna poseta postrojenju za
dobijanje energije iz otpada, sto predstavlja jedinstvenu priliku za upoznavanje sa savremenim tehnoloskim
resenjima na terenu.

U Beogradu,
maj 2026.
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Prirubnicki spojevi nestandardnih geometrija, narocito kvadratnog i pravougaonog preseka,
sve se cesSce koriste u procesnoj industriji zbog specificnih konstruktivnih i tehnoloskih zahteva. Me-
dutim, postojece norme — ASME BPVC Section VIII Div. 1 i evropske EN 1591-1 i EN 13445-3 —
razvijene su iskljucivo za osno-simetricne kruzne prirubnice, uz pretpostavku prstenastog savijanja i
ravnomerne raspodele opterecenja. Zbog toga faktori krutosti i rigidnosti (ASME J-faktor, EN rota-
ciona fleksibilnost Z_F'i k-faktori) nisu matematicki ni fizicki primenljivi na prirubnice nestandardne
geometrije.

U inzenjerskoj praksi cesto se primenjuju razlicite aproksimacije, kao Sto su odredivanje ,, ekvi-
valentnog precnika “ ili modifikovanje formula za kruzne prirubnice radi procene ponasanja pravo-
ugaonih spojeva. Ovakvi pristupi dovode do znacajnih gresaka: lokalnog smanjenja krutosti u uglo-
vima, neravnomerne rotacije, redistribucije sila u vijcima, kao i pojave vrsnih naprezanja koja nisu
vidljiva analitickim metodama. Posledice mogu biti potpune pogresne procene nosivosti, brtvene sile
i rizika od curenja.

Rad prikazuje ogranicenja normativnih metoda i najcesce greske u praksi, uz detaljno porede-
nje analitickih proracuna i numerickih rezultata. Kroz 3D MKE simulacije demonstrira se realno
ponasanje kvadratnih i pravougaonih prirubnica, ukljucujuci savijanje, kontaktne pritiske, preraspo-
delu sila u vijcima i uticaj geometrijskih nelinearnosti. Prikazani su i prakticni kriterijumi za prepoz-
navanje situacija u kojima analiticke metode postaju neupotrebljive.

Cilj rada je da pokaze da numericka analiza metodom konacnih elemenata predstavija jedini
pouzdan pristup projektovanju i verifikaciji prirubnickih spojeva nestandardnih geometrija u proce-
snoj industriji, kao i da pruzi smernice za pravilno modeliranje i interpretaciju rezultata.

Flanged joints with non-standard geometries, particularly square and rectangular flanges, are
increasingly encountered in process industry applications. However, existing design standards —
ASME BPVC Section VIII Division 1 and the European EN 1591-1 and EN 13445-3 — are developed
exclusively for axisymmetric circular flanges, assuming ring-type bending behaviour and uniform
load distribution. Consequently, stiffness and rigidity parameters (ASME J-factor, EN rotational
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flexibility Z F and k-factors) are mathematically and physically inapplicable to non-circular geome-
tries.

In engineering practice, various simplifications are often attempted, such as calculating an
“equivalent diameter” or adapting circular-flange formulas to rectangular configurations. These
approximations lead to significant errors due to the fundamentally different structural behaviour of
rectangular flanges: reduced stiffness in corner regions, non-uniform rotation, bolt-load redistribu-
tion, and localized peak stresses not predicted by analytical methods. This may result in overly opti-
mistic capacity estimates, incorrect bolt preload evaluation, and inaccurate prediction of gasket
contact pressure and leakage risk.

This paper presents the limitations of ASME and EN analytical methods when applied to
non-axisymmetric flanges, as well as the most common engineering mistakes. A detailed comparison
between analytical predictions and numerical simulations is provided. Using 3D finite element a-
nalysis (FEA), the study demonstrates the actual behaviour of square and rectangular flanges, inclu-
ding bending deformation, contact pressure distribution, bolt-load variation, and the influence of
geometric and contact nonlinearities. Practical criteria are proposed to identify situations where
analytical calculations are no longer valid.

The work concludes that finite element analysis is the only reliable method for the design and
verification of non-standard flange geometries in the process industry and provides engineering gu-
idelines for proper modelling and interpretation of FEA results.
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Povrat toplote moze znacajno poboljsati neto efikasnost termoelektrana, ali konvencionalni donji ciklusi
su ograniceni zauzetim prostorom, troSkovima i performansama izmenjivaca toplote pri visokim temperatu-
rama. Superkriticni CO: (sCO:) Brajtonovi ciklusi nude kompaktnu turbomasineriju i konkurentnu efikasnost,
omogucavajuci prakticnu integraciju povrata toplote. Ovaj rad razvija matematicki model za rekombinacioni
sCO: Brayton-ov downji ciklus spregnut sa generickim visokotemperaturnim izvorom izduvnih gasova. Pred-
stavljamo termodinamicke i modele prenosa toplote za turbinu, kompresore, rekuperatore, primarni grejac i
hladnjak; i formulisemo optimizacioni problem za maksimizaciju neto snage pod ogranicenjima opreme. Radi
utemeljenja studije, ukljucujemo objavljene radne uslove i performansne pokazatelje iz simulacionog istrazi-
vanja rekombinacionog zatvorenog Brajovog ciklusa snage 25 MWe i iz eksperimentalnog povrata postrojenja
snage 50 kWe projektovanog za visokotemperaturne izduvne gasove. Podaci iz literature koriste se za para-
metarsko definisanje granicnih uslova, validaciju trendova i demonstraciju realnih performansnih opsega pri
razlicitim temperaturama na ulazu u turbinu i razlicitim temperaturnim pristupima rekuperatora.

Waste heat recovery (WHR) can materially improve the net efficiency of thermal power plants, but con-
ventional bottoming cycles are constrained by footprint, cost, and heat-exchanger performance at high tem-
peratures. Supercritical CO: (sCO:) Brayton cycles offer compact turbomachinery and competitive efficiency,
enabling practical WHR integration. This paper develops a mathematical model for a recompression sCO:
Brayton bottoming cycle coupled to a generic high-grade exhaust source. We present thermodynamic and
heat-transfer models for the turbine, compressors, recuperators, primary heater, and cooler; and formulate
optimization problem for maximizing net power under equipment constraints. To ground the study, we incor-
porate published operating conditions and performance metrics from a simulation study of a 25 MWe recom-
pression closed Brayton cycle and from a 50 kWe experimental WHR facility designed for high-temperature
exhaust. The literature data are used to parameterize boundary conditions, validate trends, and demonstrate
realistic performance ranges under varying turbine inlet temperatures and recuperator temperature appro-
aches.
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Elixir Grupa je u cilju odgovornijeg i odrzivijeg razvoja svojih proizvodnih postrojenja zapocela Prahovo2027,
veliki ciklus investicija usmerenih ka Elixir Prahovu, svojoj kompaniji koja se bavi proizvodnjom fosforne kiseline i mi-
neralnih dubriva. Cilj ovog investicionog ciklusa je modernizacija proizvodnje, dostizanje punog potencijala u domenu
efikasnosti koriséenja resursa i ubrzavanje prelaska na obnovljive izvore energije.

Jedna od kljucnih aktivnosti u dostizanju tih ciljeva predstavlja i projekat Elixir Eco Energy, koji u vise faza ima
za cilj da proizvodnju u Elixir Prahovu u potpunosti osloni na odgovornije i obnovljive izvore energije. Sprovodenjem
ovog projekta Elixir Grupa dekarbonizuje proizvodnju i time aktivno doprinosi spovodenju globalnih planova za borbu
protiv klimatskih promena i ocuvanje nase Zivotne sredine.

Prva faza Elixir Eco Energy projekta obuhvata izgradnju dva kompleksa: Postrojenje za energetsko iskoris¢enje
otpada, odnosno Energana na otpad, i Deponiju neopasnog otpada. Lokacija ovih kompleksa nalazi se u sklopu Elixir
Prahova, u Prahovu, u opstini Negotin.

Energana na otpad podrazumeva industrijsko postrojenje koje putem termickog tretmana otpada proizvodi
toplotnu energiju. Vrste otpada koje ée Energana koristiti kao alternativno gorivo je nereciklabilni industrijski, komerci-
jalni i komunalni otpad, i neke vrste opasnog otpada. Dobijena toplotna energija koristice se za proizvodnju vodene pare
koja ée se dalje isporuciti i koristiti za rad industrijskih pogona u Elixir Prahovu. Energana se gradi na planiranoj
povrSini od pribliZzno 6 hektara, u granicama od 217 x270,7 metara, a ukupan kapacitet kotla bice 30 MW.

Deponija neopasnog otpada gradi se za potrebe odlaganja nesagorelih ostataka koji preostanu u procesu termicke
obrade. Ti ostaci se specijalnim procesima stabilizacije i solidifikacije pretvaraju u tzv. soldifikat, jednolicnu masu u
formi betona bezbednu za deponovanje. Kao povrsinu za odlaganje ovih ostataka predvideno je ukupno 8,5 hektara, koji
Ce se popunjavati u vise faza u skladu sa savremenim tehnoloskim praksama, ekoloskim standardima i regulativama.
Moguci kapacitet deponije bice 1.142.952,00 kubnih metara. Oko deponije ¢e se organizovati jednosmerni saobracaj, a
sama deponija e biti ogradena zicanom ogradom visine oko 2 m.

Ukupan kapacitet Energane na otpad se projektuje za termicki tretman 12.5 Tona /h , odnosno 100000 tona/g
otpada za 8000 h godi3nje

Kljucni koraci toka otpada u Energani u Prahovu:

1 Prijemna kontrola i prijem. Svi otpadni materijali prolaze kroz detaljnu kontrolu pri prijemu, ukljucujuéi opasan
i neopasan otpad.

2 Merenje otpada i pranje tockova vozila. Obezbedujemo da sva vozila koja prevoze otpad budu temeljno o-
Ciscena, smanjujuci rizik od kontaminacije.

3 Istovar i skladistenje. Cvrsti i tecni otpadni materijali se priviemeno skladiste u sigurnim uslovima do dalje
obrade.

4 Predtretman otpada. Ukljucuje procese kao Sto su pranje, presovanje, Sredovanje, i separacija, pripremajuci
otpad za dalju obradu.

5 Transport i manipulacija. Sve operacije premestanja otpada obavljaju se uz maksimalnu paZnju i efikasnost.
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6 Termicki tretman. Otpad se pretvara u toplotnu energiju, ¢ime se smanjuje njegov volumen i negativni uticaj

na okolinu.
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Pratece aktivnosti toka otpada

1 Priprema procesne vode. Esencijalno za efikasan rad postrojenja, obezbedujuci neophodne resurse za procese
tretmana.

2 Razvod pomocnih fluida. Ukljucuje upravijanje esencijalnim fluidima poput CNG-a, azota, i amonijacne vode.

3 Tretman gasova. Emisije gasova iz razlicitih faza procesa se temeljno tretiraju kako bi se minimizirao uticaj na
kvalitet vazduha.

4 Obrada ostataka iz termickog tretmana. Stabilizacija i solidifikacija otpadnih materijala pripremaju ih za si-
gurno odlaganje.

5 ReciklaZa i otprema. Sekundarne sirovine kao Sto su metal i plastika se recikliraju ili Salju ovlaséenim operate-
rima za dalje zbrinjavanje.

6 Sakupljanje i tretman otpadnih voda. Obezbeduje da sve otpadne vode budu adekvatno precis¢ene pre ispusta-
nja.

Elixir Group, with the aim of achieving more responsible and sustainable development of its production facilities,
has launched the ,,Prahovo2027* project — a major investment cycle directed toward Elixir Prahovo, its company enga-
ged in the production of phosphoric acid and mineral fertilizers. The goal of this investment cycle is the modernization
of production, reaching full potential in terms of resource efficiency, and accelerating the transition to renewable energy
sources.

One of the key activities in achieving these goals is the ,,Elixir Eco Energy““ project, which in several phases aims
to fully base production at Elixir Prahovo on more responsible and renewable energy sources. By implementing this
project, Elixir Group is decarbonizing production and thereby actively contributing to the implementation of global plans
to combat climate change and preserve our environment.

The first phase of the ,,Elixir Eco Energy** project includes the construction of two complexes: a Waste-to-Energy
Plant and a Non-hazardous Waste Landfill. The location of these complexes is within Elixir Prahovo, in Prahovo, Negotin
municipality.

The Waste-to-Energy Plant is an industrial facility that produces thermal energy through the thermal treatment of
waste. The types of waste to be used as alternative fuel include non-recyclable industrial, commercial, and municipal
waste, as well as certain types of hazardous waste. The thermal energy obtained will be used to produce steam, which
will then be delivered and utilized for the operation of industrial facilities at Elixir Prahovo. The plant is being built on
a planned area of approximately 6 hectares, within boundaries of 217 x 270.7 meters, and the total boiler capacity will
be 30 MW.

The Non-hazardous Waste Landfill is being constructed for the disposal of unburned residues remaining from the
thermal treatment process. These residues are transformed through special stabilization and solidification processes into
so-called solidificate — a uniform concrete-like mass safe for disposal. The area designated for disposal covers a total of
8.5 hectares, which will be filled in several phases in accordance with modern technological practices, environmental
standards, and regulations. The possible capacity of the landfill will be 1,142,952.00 m3. One-way traffic will be organi-
zed around the landfill, and the landfill itself will be fenced with wire mesh approximately 2 meters high.
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The total capacity of the Waste-to-Energy Plant is projected for the thermal treatment of 12.5 tons per hour, i.e.,
100,000 tons of waste annually for 8,000 operating hours.

Key steps in the waste flow at the Prahovo Waste-to-Energy Plant:

1. Reception control and intake. All waste materials undergo detailed inspection upon arrival, including hazar-
dous and non-hazardous waste.

2. Weighing of waste and vehicle wheel washing. All vehicles transporting waste are thoroughly cleaned, redu-
cing the risk of contamination.

3. Unloading and storage. Solid and liquid waste materials are temporarily stored under safe conditions until
further processing.

4. Waste pretreatment. Includes processes such as washing, pressing, shredding, and separation, preparing the
waste for further treatment.

5. Transport and handling. All waste transfer operations are carried out with maximum care and efficiency.

6. Thermal treatment. Waste is converted into thermal energy, reducing its volume and negative environmental
impact.

PRECISCENA
VODA

RARRRARA

PRECISCAVANJE OTPADNIH VODA

./ evrsTiTALOG

[\ ODLAGANJE

SOLIDIFIKATA
STABILIZOVANI SOLIDIFIKAT

Supporting activities in the waste flow:

1. Process water preparation. Essential for efficient plant operation, ensuring necessary resources for treatment
processes.

2. Distribution of auxiliary fluids. Includes management of essential fluids such as CNG, nitrogen, and ammonia
water.

3. Gas treatment. Emissions from various process stages are thoroughly treated to minimize impact on air quality.

4. Processing of residues from thermal treatment. Stabilization and solidification of waste materials prepare
them for safe disposal.

5. Recycling and dispatch. Secondary raw materials such as metal and plastic are recycled or sent to authorized
operators for further handling.

6. Collection and treatment of wastewater. Ensures that all wastewater is adequately purified before discharge.
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Razmenjivaci toplote predstavijaju vaznu komponentu postrojenja biogasnih elektrana, sa pri-
marnom funkcijom pasterizacije biomase pre njene fermentacije u digestoru. U kontekstu razmene
toplote sa viskoznim medijima kao Sto je biomasa, dvostruko — helikoidni (double — helix) tip razme-
njivaca toplote se istice zbog svoje efikasnosti, kompaktnosti kao i prednosti u pogledu ciscenja i
odrzavanja. Primena ovakvih razmenjivaca za iskorisc¢enje otpadne toplote sistema doprinosi pove-
¢anju ukupne energetske efikasnosti i odrzivosti rada biogasnih elektrana. Preduzece Mont iz Obre-
novca je razvilo ovakav tip razmenjivaca i proizvodi ga iizvozi u zemlje Evropske unije gde on nalazi
primenu u farmama u kojima se koristi za sopstvene potrebe kao i u elektranama gde se proizvodi
energija i dubrivo za trZiste. U ovom radu je predstavljeno konstruktivno resenje, princip rada i opi-
sana eksploatacija u sistemu biogasne elektrane.

Heat exchangers represent an important component of biogas power plant facilities, with the
primary function of pasteurizing biomass prior to its fermentation in the digester. In the context of
heat exchange with viscous media such as biomass, the double-helix type heat exchanger stands out
due to its efficiency, compact design, as well as advantages in terms of cleaning and maintenance.
The application of such heat exchangers for the utilization of waste heat contributes to increasing the
overall energy efficiency and sustainability of biogas power plant operation. The company Mont from
Obrenovac has developed this type of heat exchanger and manufactures and exports it to European
Union countries, where it is used on farms for their own needs as well as in plants that produce
energy and fertilizer for the market. This paper presents the design solution, operating principle, and
describes its exploitation within a biogas power plant system.
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Modeliranje pogonske sile za razmenu toplote u plamenocevnim toplovodnim kotlovima sa tri
prolaza gasa predstavlja kljucni korak za razumevanje, projektovanje i analizu ovakvih sistema. Na
ovaj nacin dobija se matematicki opis transporta toplote sa jasnim uvidom u temperaturne profile
dimnih gasova sa cevne i vode sa meducevne strane. Analiticko modeliranje daje mogucnost da se u
odustvu preciznih modela i eksperimentalnih rezultata dobiju okvirni trendovi, identifikuju parame-
tari i granice sistema bez kompleksnih i dugih simulacija. Dobijeni rezultati pruzaju osnovu za pro-
cenu efikasnosti kotla, odredivanje potrebnog protoka vode i optimizaciju konstrukcije za razlicite
kapacitete. Ovaj pristup se pokazuje kao pogodan alat za unapredenje energetske efikasnosti, sigur-
nosti i pouzdanosti toplovodnih kotlova, kao i za razvijanje kriterijuma koji olakSavaju projektovanje
i kontrolu rada u praksi.

Modeling the driving force for heat exchange in fire-tube hot-water boilers with three gas
passes represents a key step in understanding, designing, and analyzing such systems. In this way, a
mathematical description of the heat transfer process is obtained, providing clear insight into the
temperature profiles of flue gases on the tube side and water on the shell side. Analytical modeling
makes it possible, even in the absence of precise models and experimental results, to determine ge-
neral trends, identify parameters, and establish system boundaries without complex and time-consu-
ming simulations. The obtained results form the basis for assessing boiler efficiency, determining the
required water flow, and optimizing the design for different capacities. This approach proves to be a
suitable tool for improving the energy efficiency, safety, and reliability of hot-water boilers, as well
as for developing criteria that facilitate practical design and operational control.
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Rad ispituje tacnost pojednostavijenog pristupa numerickom modeliranju pod razlicitim uslo-
vima faznog dovoda vazduha kod sagorevanja biomase malih razmera. Model A predstavlja strate-
giju niskog faznog dovoda vazduha. Ciljni sadrzaj O2 u suvim dimnim gasovima za Model A bio je
oko 10%, sa odnosom primarnog i sekundarnog vazduha od 1,4, sto znaci da je u komoru za sagore-
vanje kotla na biomasu snage 32 kW, dovedeno 40% viSe primarnog nego sekundarnog vazduha.
Nasuprot tome, Model B predstavlja scenario visokog faznog dovoda vazduha. Za Model B, ciljni
sadrzaj O2 u suvim dimnim gasovima bio je oko 5%, a odnos primarnog i sekundarnog vazduha
iznosio je skoro 0,6. Rezultati su uporedeni sa merenjima temperature u komori za sagorevanje i
prosecnim emisijama CO i NO na izlazu dimnih gasova. CFD predvidanja temperature pratila su isti
trend kao i izmerene vrednosti, iako su temperature bile blago precenjene. CFD predvidanja emisija
CO i NO takode su pratila isti trend kao i merenja, ali su pokazala znatno manje smanjenje CO i
znatno vece smanjenje NO prilikom prelaska sa slabe na snaznu strategiju faznog dovoda vazduha.

The paper examines the accuracy of a simplified numerical modeling approach under various
air staging conditions for small-scale biomass combustion. Model A represents a low air staging
strategy. The target O2 content in the dry flue gases for Model A was around 10%, with a primary/se-
condary air ratio of 1.4, meaning that 40% more primary air than secondary air was supplied to the
combustion chamber of a 32 kW biomass boiler. In contrast, Model B represents a high air staging
scenario. For Model B, the target O2 content in the dry flue gases was around 5%, and the pri-
mary/secondary air ratio was nearly 0.6. The results were compared to measurements of temperature
in the combustion chamber and the average emissions of CO and NO at the flue gas outlet. The CFD
temperature predictions followed the same trend as the measured values, although the temperatures
were overpredicted. The CFD predictions of CO and NO emissions also showed the same trend as
the measurements, but indicated a considerably smaller reduction of CO and a considerably larger
reduction of NO when switching from a weak to a strong air staging strategy.
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Modeliranje pogonske sile za razmenu toplote u plamenocevnim toplovodnim kotlovima sa tri
prolaza gasa predstavlja kljucni korak za razumevanje, projektovanje i analizu ovakvih sistema. Na
ovaj nacin dobija se matematicki opis transporta toplote sa jasnim uvidom u temperaturne profile
dimnih gasova sa cevne i vode sa meducevne strane. Analiticko modeliranje daje mogucnost da se u
odustvu preciznih modela i eksperimentalnih rezultata dobiju okvirni trendovi, identifikuju parame-
tari i granice sistema bez kompleksnih i dugih simulacija. Dobijeni rezultati pruzaju osnovu za pro-
cenu efikasnosti kotla, odredivanje potrebnog protoka vode i optimizaciju konstrukcije za razlicite
kapacitete. Ovaj pristup se pokazuje kao pogodan alat za unapredenje energetske efikasnosti, sigur-
nosti i pouzdanosti toplovodnih kotlova, kao i za razvijanje kriterijuma koji olakSavaju projektovanje
i kontrolu rada u praksi.

Modeling the driving force for heat exchange in fire-tube hot-water boilers with three gas
passes represents a key step in understanding, designing, and analyzing such systems. In this way, a
mathematical description of the heat transfer process is obtained, providing clear insight into the
temperature profiles of flue gases on the tube side and water on the shell side. Analytical modeling
makes it possible, even in the absence of precise models and experimental results, to determine ge-
neral trends, identify parameters, and establish system boundaries without complex and time-consu-
ming simulations. The obtained results form the basis for assessing boiler efficiency, determining the
required water flow, and optimizing the design for different capacities. This approach proves to be a
suitable tool for improving the energy efficiency, safety, and reliability of hot-water boilers, as well
as for developing criteria that facilitate practical design and operational control.
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U ovom radu ispitivana je mogucnost primene testa gorenja kao brze metode za identifikaciju
natrijum-poliakrilata koji se koristi kao superapsorbujuci polimer (SAP). Uzorci superapsorbujuceg
sloja (koji sadrzi granule natrijum-poliakrilata) ispitivani su kao funkcionalni deo higijenskih ulo-
Zaka. Pretpostavljeno je da se primenom testa gorenja na uzorcima, koji predstavljaju proizvod sa
kristalima za koje se, na osnovu podataka proizvodaca, smatra da su natrijum-poliakrilat, moze izvr-
Siti preliminarna potvrda toga. Takode je pretpostavijeno da prisustvo aditiva u polimernom materi-
jalu na bazi natrijum-poliakrilata, kao i drugih polimernih ili nepolimernih materijala prisutnih u
proizvodu formiranom od superapsorbujuceg sloja (koji ¢ini funkcionalnu celinu sa ostalim slojevima
higijenskih uloZaka i ne moze se u potpunosti odvojiti od njih), utice na odstupanje njihovog ponasa-
nja tokom ispitivanja u odnosu na literaturne podatke. Dobijeni rezultati su u skladu sa ogranice-
njima primenjene metode i predstavljaju preliminarnu procenu vrste polimernog materijala od kojeg
Jje izraden superapsorbujuci sloj ispitivanih uzoraka higijenskih ulozaka. Dobijeni rezultati potvrdili
su postavljene pretpostavke. Ova se objasnjava prisustvom dodataka natrijum-poliakrilatu, kao i pri-
sustvom drugih polimera i/ili nepolimernih materijala u ispitivanim uzorcima. Rezultati mogu ukazi-
vati na to da je osnova superapsorbujuceg sloja, koji cini funkcionalnu celinu sa ostalim slojevima u
strukturi komercijalno ispitivanih higijenskih ulozaka, polimerni materijal na bazi natrijum-poliakri-
lata. Zahvaljujuci svojim svojstvima, natrijum-poliakrilat omogucava formiranje gela, odnosno
ostvarivanje funkcije ,, zakljucavanja“ apsorbovane tecnosti u ispitivanim higijenskim uloscima i,
posledicno, njihovu efikasnost.

In this work, the possibility of applying the burning test as a quick method for the identification
of sodium polyacrylate used as super-absorbent polymer (SAP) was investigated. Samples of the su-
per absorbent layer (containing sodium polyacrylate granules) were tested as a functional part of
sanitary pads/napkins. It was assumed that by applying the burning test to the samples, which are a
product with contained crystals that were considered to be sodium polyacrylate - based on the ma-
nufacturer's data; can make a preliminary confirmation of the same. It was also assumed that the
presence of additives in the polymer material based on sodium polyacrylate, as well as other polymer
or non-polymer materials, present in the product formed by the super-absorbent layer (which forms
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a functional whole with the other layers of sanitary pads/napkins and cannot be completely separated
from them) affect the deviation of their behavior during the test, in relation to literature data. The
obtained results are in accordance with the limitations of the used method and represent a prelimi-
nary assessment of the type of polymer material from which the super-absorbent layer of the tested
samples of sanitary pads/napkins is made. The obtained results confirmed the assumptions. The phe-
nomenon is explained by the presence of additions to sodium polyacrylate, as well as the presence of
other polymers and/or non-polymer materials in the examined samples. The results may indicate that
the basis of the super-absorbent layer, which forms a functional unit with other layers in the structure
of commercially tested sanitary pads/napkins; is a polymer material based on sodium polyacrylate.
Thanks to its properties, sodium polyacrylate enable the creation of a gel, that is, the so-called the
function of locking the absorbed liquid in the tested sanitary pads/napkins and, consequently, enable
their effectiveness.
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Hidrogelovi su polimerni materijali meke konzistencije koji zbog toga imaju veliku primenu u
biomedicini i srodnim oblastima. Hidrogelovi na bazi akrilamida (AAM) su posebno interesantni
zbog svojih dobrih mehanickih svojstava i stabilnosti u fizioloskim uslovima, kao i mogucnosti da im
se poroznost prilagodi zahtevima primene. U ovom radu, AAM hidrogelovi su sintetisani u ambijen-
talnim uslovima primenom inicijatorskog sistema vodonik peroksid/vitamin C (H202/VC) kao eko-
loski prihvatljive alternative konvencionalnim inicijatorima. Karakterizacija dobijenih AAM hidro-
gelova je izvedena primenom razlicitih metoda: FTIR i SEM analiza, testovi kompresije i ispitivanje
svojstva bubrenja. Ispitana je i mogucénost primene ovih hidrogelova za kontrolisano otpustanje ak-
tivnih supstanci. N-acetil glukozamin i diklofenak su koris¢eni kao model lekovi koji mogu da se
koriste za tretiranje rana. Postignuto je kontrolisano otpustanje oba leka tokom tri dana. Takode je
ispitano kako povecanje kolicine H202 utice na bubrenje i otpusStanje inkapsuliranih model lekova.
Dobijeni rezultati pokazuju da se AAM hidrogelovi mogu pripremiti na ekoloski prihvatljiv nacin
primenom inicijatorskog sistema H202/VC i da poseduju potencijal za kontrolisano otpustanje N-
acetil glukozamina i diklofenka.

Hydrogels are soft polymeric networks widely investigated for biomedical applications. Hydro-
gels based on acrylamide (AAM) are particularly interesting because they possess favourable
mechanical properties, tunable porosity and stability under physiological conditions. In this study,
AAM hydrogels are synthesized under ambient conditions using hydrogen peroxide/vitamin C
(H202/VC) initiation system as eco-friendly alternative to conventional initiators. Prepared AAM
hydrogels are characterized by various technics: FTIR analysis, SEM analysis, compression testing,
and analysis of swelling behaviour of the AAM hydrogels. The potential of these hydrogels for con-
trolled release of drugs is evaluated. N-acetyl glucosamine and diclofenac are used as model drugs
that can be used in wound treatment. Both model drugs are released in controlled manner for three
days. It is also analysed how the increase in the H202 amount affects swelling behaviour and release
of the encapsulated drugs. The results show that AAM hydrogels can be efficiently prepared in eco-
friendly manner using H202/VC initiation system and have potential for controlled release of N-
acetyl glucosamine and diclofenac.
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Derivati akridina predstavijaju jedinjenja jedinstvenih fizicko-hemijskih i farmakoloSkih svojst-ava, sa znacajnom
primenom u medicini i industriji. Zahvaljujuci planarnoj strukturi i sposobnosti da uspostavljaju interakcije sa razlicitim
bioloskim receptorima, brojni analozi ovog heterocikla imaju terapijski znacaj. Kvinakrin se koristi u lecenju malarije,
akriflavin i proflavin u terapiji bakterijskih infekcija, dok se amsakrin i nitracin primenjuju kao antineoplasticni agensi.
Pored toga, poznata su njihova antiinflamatorna, antituberkulozna, antiviralna i antifungicidna svojstva, a u industriji
boja i pigmenata prisutni su jos od 19. veka. U ovom radu, pruc¢avani su derivati 3,3,6,6-tetrametil-3,4,6,7,9,10-heksa-
hidroakridin-1,8-diona sa p-hidroksifenil-grupom u poloZaju 9 i p-supstituisanom benzil-grupom u poloZaju 10. Antioksi-
dativna aktivnost ispitana je ABTS metodom. Efekat razlicitih interakcija izmedu molekula rastvaraca i molekula rastvo-
rene supstance na pomeranje apsorpcionih maksimuma analizivan je metodom linearne korelacije energije solvatacije,
Sto je dalje omogucilo da se procene efekti solvatacije na njihovu potencijalnu farmakolosku aktivnost.

Acridine derivatives represent an important class of heterocyclic compounds characterized by unique physicoche-
mical features and broad pharmacological potential. Their planar tricyclic structure enables multiplr interactions with
biomacromolecules, underlying diverse biological activities. Quinacrine is used in the treatment of malaria, acriflavine
and proflavine in the treatment of bacterial infections, while amsacrine and nitracin are used as antineoplastic agents.
Clinically relevant representatives include antiinflammatory, antitubercular, antiviral, and antifungal activity. In addi-
tion to their biomedical significance, acridine-based compounds have permanent applications in the dye and pigment
industry due to their stability and strong chromophoric properties. Herein, a series of derivatives of 3,3,6,6-tetramethyl-
3,4,6,7,9,10-hexahydroacridine-1,8-dione was synthesized and structurally characterized. The synthesized compounds
contain a p-hydroxyphenyl group at position 9 and various p-substituted benzyl groups at position 10. The antioxidant
activity was investigated using the ABTS assay. Furthermore, solvent effects on the absorption maxima shifts were a-
nalyzed using the linear solvation energy relationship (LSER) concept, providing insight into solvent—solute interactions
and their possible influence on pharmacological activity.
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Azo boje predstavljaju strukturno najraznovrsniju klasu organskih jedinjenja, koju karakterise
prisustvo jedne ili vise azo-grupa (-N=N-) koje povezuju dva organska fragmenta, pri cemu je bar
Jjedan aromatican. Najcesce se dobijaju metodom diazokuplovanja, gde diazonijumove soli reaguju
sa aromatic¢nim jedinjenjima poput fenola, naftola ili arilamina. Znacaj azo boja u industriji je ogro-
man, koriste se za bojenje tekstila, koze, plastike i kozmetickih proizvoda, a njihov udeo u ukupnoj
proizvodnji boja prelazi 60%. U ovom radu, ispitivan je uticaj rastvaraca na pomeranje apsorpcionih
maksimuma dve azobenzenske boje. Da bi se istrazile intermolekulske interakcije koje se uspostav-
liaju izmedu molekula ove dve azobenzenske boje i molekula rastvaraca, snimljeni su apsorpcioni
spektri u setu rastvaracai njihovim binarnim smesama. Analiziran je uticaj polarnosti rastvaraca i
efekata supstituenata na polozaj, intenzitet i oblik apsorpcionog maksimuma. Dobijeni rezultati omo-
gucice bolje razumevanje uticaja hemijske strukture na spektroskopska svojstva ovih boja. Obzirom
na Sirok spektar primene azobenzenskih boja i ocekivani porast njihovog znacaja, rezultati ovog
istrazivanja predstavijaju korisnu osnovu za buduce studije u oblasti sintetskih boja, sa potencijalom
za razvoj novih boja i poboljsanje svojstava postojecih.

Azo dyes represent one of the most structurally diverse classes of organic compounds, charac-
terized by one or more azo groups (-N=N-) connecting two organic moieties, at least one of which
is aromatic. They are predominantly synthesized via classical diazocoupling, in which diazonium
salts react with aromatic compounds such as phenols, naphthols, arylamines. Owing to their unique
coloration, chemical stability, and versatility, azo dyes play a central role in industrial applications,
including the coloring of textiles, leather, plastics, and cosmetics, accounting for over 60% of global
dye production. In this study, the influence of solvents on the absorption maxima of two synthesized
azobenzene dyes was extensively investigated. The effects of solvent polarity and substituent effects
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on the position, intensity, and shape of the absorption maxima were analyzed, providing insight into
the underlying intermolecular interactions. These findings provide a detailed understanding of sol-
vent-solute interactions and offer predictive guidance for modulating dye properties. Given the
growing industrial relevance of these dyes, the insights gained in this work will establish a starting
point for the rational design of new dyes
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Bakar predstavlja jedan od najvaznijih industrijskih metala zbog svoje Siroke primene i izuzetne
toplotne i elektricne provodljivosti, kao i otpornosti na koroziju. Najznacajniji izvor bakra je halko-
pirit (CuFe2S2), koji se u prirodi javlja zajedno sa drugim sulfidnim mineralima, kao Sto su pirit,
galenit i sfalerit, u polimetalicnim rudnim leZistima. Sa iscrpljivanjem bogatih ruda, hidrometalurski
procesi dobijaju sve veci znacaj u preradi siromasnijih i sloZenijih sulfidnih koncentrata. U ovom
istrazivanju ispitivano je luzenje bakra iz sfalerithog koncentrata u sumpornoj kiselini uz dodatak
pomocnog sistema oksidanasa MnO2—-KI. Rezultati su pokazali da temperatura znacajno utice na
kinetiku procesa, pri cemu povecanje temperature u opsegu od 40 do 80 °C dovodi do povecanja
stepena luzenja bakra. Dodatak KI ima kljucnu ulogu u smanjenju pasivacije povrsine i povecanju
dostupnosti oksidacionog sredstva, pri cemu je maksimalni stepen luZenja od 82,1% postignut pri
dodatku od 3 mas.% KI. Kineticka analiza ukazuje na relativno nisku energiju aktivacije (28,90 kJ
mol-1), Sto sugeriSe da se proces efikasno odvija na umerenim temperaturama i da prati mehanizam
rastvaranja bakra kontrolisan difuzijom. Dobijeni rezultati ukazuju na znacajan potencijal primene
ovog sistema u hidrometalurskoj preradi slozenih sulfidnih sirovina.

Copper represents one of the most important industrial metals due to its wide application and
exceptional thermal and electrical conductivity, as well as corrosion resistance. The most important
source of copper is chalcopyrite (CuFe2S2), which occurs in nature together with other sulphide
minerals, such as pyrite, galena and sphalerite, in polymetallic ore deposits. With the depletion of
rich ores, hydrometallurgical processes gain increasing importance in the processing of poorer and
more complex sulphide concentrates. In this study, the leaching of copper from sphalerite concentrate
in sulphuric acid combined with auxiliary oxidans MnO2-KI system was investigated. The results
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showed that temperature significantly affects the kinetics of the process, whereby an increase in tem-
perature in the range from 40 to 80 °C leads to an increase in the degree of copper leaching. The
addition of Kl plays a key role in reducing surface passivation and in-creasing the availability of the
oxidizing agent, with the maximum degree of leaching of 82.1% achieved at the addition of 3 wt.%
KI. Kinetic analysis indicates a relatively low activation energy (28.90 kJ mol-1), suggesting that the
process proceeds efficiently at moderate temperatures and follows a diffusion-controlled copper
dissolution mechanism. The obtained results indicate the significant potential of the application of
this system in the hydrometallurgical processing of complex sulphide raw materials.
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U ovom radu ispitivan je uticaj procesnih parametara — temperature, vremena i odnosa biljna
droga:rastvarac - na efikasnost ekstrakcije ukupnih fenolnih jedinjenja i flavonoida iz tri razlicita
uzorka mlevene prZene kafe. Kafa, kao kompleksna smeSa bogata fitohemikalijama, predstavlja zna-
Cajan izvor prirodnih antioksidanasa, prvenstveno hlorogenske kiseline, cija izolacija direktno zavisi
od primenjenih uslova ekstrakcije.

Metodoloski pristup obuhvatio je detaljnu karakterizaciju polaznog materijala. Za odredivanje
raspodele velicine cestica mlevene, przene kafe primenjena je metoda difrakcije laserske svetlosti,
dok je za identifikaciju funkcionalnih grupa i hemijskih karakzeristika uzorka korisé¢ena infracrvena
spektroskopija sa Furijeovom transformacijom (FTIR).

Granulometrijskom analizom utvrdene su znacajne razlike u velicini Cestica, gde je Uzorak 1
bio najfinije mleven, dok su uzorci 2 i 3 pokazali znatno krupniju strukturu. FTIR spektroskopija
potvrdila je prisustvo kljucnih funkcionalnih grupa polifenola, pri cemu je intenzitet pikova na = 3300
i 1030 cm-1 ukazao na to da Uzorak 3 poseduje najvisi inicijalni bioaktivni potencijal.

Eksperimentalni rezultati dobijeni metodom maceracije pokazali su da su temperatura od 85
°C i vreme ekstrakcije od 30 minuta optimalni za postizanje maksimalnog prinosa kod svih uzoraka.
Povecanje odnosa faza sa 1:20 na 1:30 (m/v) dodatno je unapredilo efikasnost procesa obezbediva-
njem povoljnijeg koncentracionog gradijenta.

Kljucni nalaz istrazivanja je da Uzorak 3, uprkos najnepovoljnijem granulometrijskom sastavu,
ostvaruje apsolutne maksimalne vrednosti sadrzaja fenola i flavonoida. Ovo potvrduje da hemijski
sastav sirovine i optimizacija procesnih parametara (visoka temperatura i veca zapremina rastva-
raca) imaju presudan uticaj na finalni kvalitet ekstrakta, nadmasujuci fizicka ogranicenja velicine
Cestica. Dobijeni rezultati pruzaju naucnu osnovu za optimizaciju ekstrakcije antioksidanasa iz kafe
na industrijskom nivou za potrebe prehrambene i farmaceutske industrije.

This study investigated the influence of process parameters—temperature, time, and the solid-
to-liquid ratio - on the extraction efficiency of total phenolic compounds and flavonoids from three
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distinct samples of ground roasted coffee. Coffee, a complex mixture rich in phytochemicals, repre-
sents a significant source of natural antioxidants, primarily chlorogenic acid, the isolation of which
directly depends on the applied extraction conditions.

The methodological approach included a detailed characterization of the raw material. Laser
diffraction was applied to determine the particle size distribution of the ground roasted coffee, while
Fourier-transform infrared spectroscopy (FTIR) was used to identify functional groups and chemical
characteristics.

The particle size analysis revealed significant differences in grain size, where Sample 1 was the
most finely ground, while Samples 2 and 3 showed a considerably coarser structure. FTIR spectro-
scopy confirmed the presence of key polyphenol functional groups, with peak intensities at =~ 3300
and 1030 cm-1 indicating that Sample 3 possesses the highest initial bioactive potential.

Experimental results obtained through the maceration method showed that a temperature of 85
°C and an extraction time of 30 minutes were optimal for achieving maximum vyield across all
samples. Increasing the phase ratio from 1:20 to 1:30 (w/v) further improved process efficiency by
providing a more favorable concentration gradient.

The key finding of this research is that Sample 3, despite having the least favorable particle
size distribution, achieved the absolute maximum values for phenol and flavonoid content. This con-
firms that the chemical composition of the raw material and the optimization of process parameters
(high temperature and larger solvent volume) have a decisive influence on the final extract quality,
surpassing the physical limitations of particle size. The obtained results provide a scientific basis for
optimizing the extraction of antioxidants from coffee at an industrial level for the needs of the food
and pharmaceutical industries.
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Razvoj i optimizacija novih rastvaraca koji se koriste u regenerativnim procesima precisc¢ava-
nja gasa zahtevaju poznavanje pouzdanih podataka o termofizickim svojstvima. Ova studija istrazuje
viskoznost binarnih smesa sastavljenih od dimetil anilina (DMA) i polietilen glikola (PEG 200 ili
PEG 400). lako je DMA dobro poznati rastvarac koji se ve¢ primenjuje u komercijalnim “FGD”
procesima, PEG 200 i PEG 400 kao rastvaraci pokazuju povoljne karakteristike poput visoke ras-
tvorljivosti SO2 i relativno lake desorpcije, Sto smanjuje potrosnju energije u fazi regeneracije ras-
tvaraca. Merenja su sprovedena pomocu viskozimetra Anton Paar Stabinger SVM 3000/G2, na tem-
peraturama u rasponu od 288,15 do 323,15 K i na atmosferskom pritisku. Iz eksperimentalnih poda-
taka izracunate su vrednosti promene viskoznosti, korelisane Redlih-Kisterovom jednacinom (Slika
1) i koriSéene za analizu molekulskih interakcija prisutnih u ispitivanim smeSama. Eksperimentalni
podaci su takode korelisani koriséenjem nekoliko modela: McAllister, Eyring-UNIQUAC i Eyring-
NRTL, kao i pristupa zasnovanog na primeni jednacine stanja za simultano modelovanje dopunske
molarne zapremine i viskoznosti. Pored toga, izvrseno je poredenje sa rezultatima dobijenim korisce-
njem prediktivnih UNIFAC-VISCO i ASOG-VISCO modela, modela teorije trenja i slobodne zapre-
mine. Sprovedeno istrazivanje doprinosi daljoj inZenjerskoj evaluaciji sistema rastvaraca na bazi
PEG kao ekoloski prihvatljivije alternative konvencionalnim industrijskim procesima sa aminom i
krecnjakom pri odsumporavanju dimnih gasova.
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Slika 1. Eksperimentalne vrednosti promene viskoznosti A7 u funkciji molarnog udela DMA x;
za sisteme a) DMA (1) + PEG 200 (2); b) DMA (1) + PEG 400 (2) na slede¢im temperaturama: (m)
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288.15 K, (m) 293.15 K, (=) 298.15 K, (m) 303.15 K,( ) 308.15 K, (=) 313.15 K, (m) 318.15 K, (m)
323.15 K, (-) RK jednacina.
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Development and optimization of advanced solvent systems used in regenerative gas cleaning
operations require knowledge of reliable thermophysical property data. This study investigates the
viscosity of binary mixtures composed of dimethyl aniline (DMA) and polyethylene glycol (PEG 200
or PEG 400). While DMA is a well-known solvent already applied in commercial FGD processes,
PEG 200 and PEG 400, as physical solvents, exhibit favorable characteristics like high SO solubility
and relatively easy desorption which reduces power consumption in the solvent regeneration phase.
Measurements were conducted with the Anton Paar Stabinger SVM 3000/G2 viscometer, at temper-
atures ranging from 288.15 to 323.15 k and at atmospheric pressure. From experimental values,
deviations in viscosity were calculated, correlated with Redlich-Kister equation (Figure 1) and used
for analysis of molecular interactions present in the investigated mixtures. Experimental data were
also correlated using several models: McAllister, Eyring-UNIQUAC and Eyring-NRTL as well as the
approach based on the application of equation of state for simultaneous modelling of excess molar
volume and viscosity. In addition, a comparison was made with the results obtained using the pre-
dictive UNIFAC -VISCO and ASOG-VISCO models, friction and free-volume theory. The conducted
research contributes to further engineering evaluation of PEG-based solvent systems as a greener
alternative to conventional amine and limestone processes in industrial flue gas desulfurization.

0% 0 S _
5 \ \l\iﬂ”’i—.**{;ilf/ = 5 -5 \:t:k":.j;l/ //
10l \x e
P 9 -154
d -15, < 20 -
= 20l —— =< 25 -
520 — =
~ 304
-25- 351
-30 ! : . . -40 : ; ; .
00 02 04 06 0.8 1.0 0.0 0.2 0.4 0.6 0.8 10
X X1
a) b)

Figure 1. Experimental values of viscosity deviations Az as a function of DMA molar fraction

x1 for the systems a) DMA (1) +PEG 200 (2); b) DMA (1)+PEG 400 (2) at following temperatures:

(m) 288.15 K, (m) 293.15 K, (=) 298.15 K, (m) 303.15 K,( ) 308.15 K, (=) 313.15 K, (m) 318.15 K,
(m) 323.15 K, (-) RK equation.
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Ovaj rad ispituje uticaj geometrije destilacionog suda, brzine destilacije i odnosa biljna masa—
voda na kinetiku hidrodestilacije etarskog ulja lavande. Mehanisticki pristup zasnovan na razdvaja-
nju faza ispiranja i difuzije primenjen je kroz dva komplementarna modela: dvofazni kineticki model
ispiranja—difuzije i redukovani kineticki model. Utvrdeno je da se proces odvija kroz simultane faze
kontrolisane ispiranjem i difuzijom. Zapremina destilacionog suda znacajno povecava efikasnost
ispiranja, povecavajuci ispirljivu frakciju etarskog ulja, uz ogranicen uticaj na difuziju. Brzina desti-
lacije ubrzava obe faze bez znacajnog uticaja na ukupan prinos. Nasuprot tome, odnos biljna masa—
voda utice na transportna svojstva i pomera ekstrakciju ka difuzionom rezimu. Uprkos razlikama u
kinetici, ukupan prinos ulja ostaje u uskom opsegu (=5-8%), Sto ukazuje da operativni uslovi prven-
stveno uticu na kinetiku, a ne na dostupnost ulja.

Zahvalnica

Ovaj rad je podrzalo Ministarstvo za nauku, tehnoloski razvoj i inovacije u okviru projekta 451-
03-34/2026-03/200155 dodeljenog Fakultetu tehnickih nauka u Kosovskoj Mitrovici i projekata 451-
03-33/2026-03/ 200133 i 451-03-34/2026-03/200133 dodeljenog TehnoloSkom fakultetu u Leskovcu,
kao i Srpska akademija nauka i umetnosti (SANU) u okviru projekta F-78 i Ogranak SANU u NiSu u
okviru projekta O-35-24.

This study examines the effects of flask geometry, distillation rate, and plant-to-water ratio on
the kinetics of lavender essential oil hydrodistillation. A mechanistic framework distinguishing was-
hing and diffusion stages was applied using two complementary models: the two-stage washing—
diffusion kinetic model and the reduced-form global kinetic model. Hydrodistillation was found to
proceed through overlapping washing- and diffusion-controlled stages. Flask volume significantly
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enhanced washing efficiency, reducing the characteristic washing time (tw) and increasing the was-
hable fraction, with minor influence on diffusion. Distillation rate acted primarily as a temporal sca-
ling factor, accelerating both stages without substantially affecting total oil yield. In contrast, the
plant-to-water ratio influenced phase behavior and mass transfer, shifting extraction toward diffu-
sion-controlled release. Despite notable differences in extraction dynamics, total recoverable oil re-
mained within a narrow range (=5-8%), indicating that operating variables govern extraction kine-
tics rather than oil availability. These findings support mechanistic interpretation, process optimiza-
tion, and scale-up of hydrodistillation systems.
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Uljana rotkva (Raphanus sativus var. oleiformis) predstavlja perspektivnu uljaricu zbog rela-
tivno visokog sadrzaja ulja u semenu i potencijala za proizvodnju biogoriva, tehnickih ulja i drugih
industrijskih proizvoda. Ovaj rad je usmeren na razvoj dvostepenog laboratorijskog procesa ekstrak-
cije ulja iz semena uljane rotkve u cilju povecanja ukupnog prinosa ulja i efikasnosti procesa. Pre-
dlozZeni pristup kombinuje mehanicko presovanje kao primarni korak ekstrakcije, nakon cega sledi
ekstrakcija rastvaracem radi izdvajanja preostalog ulja iz pogace. U prvoj fazi, seme uljane rotkve
(sorta NS Bora, Institut za ratarstvo i povrtarstvo, Novi Sad, Srbija) presovano je pomocu puzne
prese (model SPU 20, Elektromotor-Simon, Srbija). Najveci prinos ulja (17,6%) postignut je pri opti-
malnim procesnim uslovima (frekvencija puza 50 Hz, temperatura glave 80 °C i precnik dizne 8 mm).
Dobijena pogaca je sakupljena, usitnjena na ku¢nom dvovaljnom mlinu i prosejana na frakciju veli-
Cine cestica od 0,5 mm. Krupnija frakcija je dodatno samlevena u laboratorijskom mlinu (A1l basic,
IKA, Nemacka) i ponovo prosejana na istu frakciju. Dobijeni prah je rucno homogenizovan kako bi
se obezbedila ujednacenost uzorka. U drugoj fazi, preostalo ulje iz pogace ekstrahovano je macera-
cijom pod optimalnim uslovima (temperatura 70 °C, odnos rastvarac—cvrsta faza 10 ml/g, vreme
ekstrakcije 15 min), pri cemu je kao organski rastvarac koriscen n-heksan. Nakon maceracije, tecni
ekstrakt je odvojen vakuum filtracijom, a pogaca je isprana dva puta sa po 20 ml svezeg n-heksana.
Filtrati su objedinjeni i koncentrisani pod vakuumom na 50 °C do konstantne mase. Prinos ulja u
drugoj fazi iznosio je 24,2%, dok je ukupni prinos ulja dostigao 37,3%, cime je potvrdena efikasnost
dvostepenog procesa ekstrakcije.
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SANU u NiSu u okviru projekta O-35-24.

Oilseed radish (Raphanus sativus var. oleiformis) is a promising oilseed crop due to its relati-
vely high seed oil content and potential for biofuel, technical oil, and other industrial product pro-
duction. This study focuses on developing a two-stage laboratory oil-extraction process for oilseed
radish seeds to enhance overall oil yield and process efficiency. The proposed approach combines
mechanical pressing as the primary extraction step with subsequent solvent extraction to recover
residual oil from the press cake. In the first phase, fodder radish seeds (variety NS Bora, Institute of
Crops and Vegetables, Novi Sad, Serbia) were pressed using a screw press (model SPU 20, Elektro-
motor-Simon, Serbia). The highest oil yield (17.6%) was achieved under optimal process conditions
(screw frequency 50 Hz, head temperature 80 oC, and nozzle diameter 8 mm). The resulting cake was
collected, ground using a domestic two-roll mill, and sieved to a particle size fraction of 0.5 mm. The
larger particle fraction was further ground in a laboratory mill (A11 basic, IKA, Germany) and sie-
ved again to the same fraction. The final cake powder was mixed manually to ensure sample homo-
geneity. In the second stage, residual oil from the press cake was extracted by maceration under
optimal conditions (temperature 70 °C, solvent-to-solid ratio 10 mL/g, extraction time 15 min) using
n-hexane as the organic solvent. After maceration, the liquid extract was separated by vacuum filtra-
tion, and the cake was washed twice with 20 mL of fresh n-hexane. The filtrates were combined and
concentrated under vacuum at 50 °C to constant mass. The second-stage oil yield was 24.2%, and
the total oil yield was 37.3%, confirming the efficiency of the two-stage extraction process.
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U radu su prikazani rezultati eksperimentalnih i teorijskih istraZivanja parametara transporta
sirove nafte cevima. Sadrzaj parafina u nafti ima dominantan uticaj na svojstva sirove nafte, a pose-
bno ima uticaj na smanjenje protocnih svojstava nafte. Fizicke osobine sirove nafte se modifikuju
zagrevanjem kako bi se sprecio nastanak voska unutar naftovoda. Zagrevanjem nafte poboljsavaju
se protocna svojstva, smanjuje se viskoznost, kao i gubici pritiska na trenje pri transportu cevima,
posledicno tome smanjuje se i snaga pumpe. Na osnovu eksperimentalnih i teorijskih istrazivanja na
realnom naftnom postrojenju, simulacijom na Origin softveru, odredeni su sledeci odnosi i numericke
vrednosti za sledece parametre procesa: koeficijent trenja, Rejnoldsov broj, pad pritiska, protok i
snaga pumpe.

This work shows the results of experimental and theorethical research of parametars of tran-
sport crude oli with pipeline. Contetn of paraphyne in oil has dominant influence on crude oil pro-
perties, especially on decrease on its flow rate. Physical properties of crude oil are modified by its
heating in order to prevent occurence of wax inside the oil pipeline. Oil heating improves its flow
properties, decreases viscosity and losses of pressure on friction during pipeline transport, consequ-
ently, the power of the pump decreases. Based on experimental and theoretical reserches on a real
oil pipeline, by simulation on Origin software, following relations and numerical values has been
determined for the following parameters of the process: friction coefficient, Reynolds number,
pressure decrease, flow and power of the pump.
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Plamenogasitelji, pojedine kalijumove soli, koriste se kao aditivi radi smanjenja bljeska na
ustima cevi. Uticaj se zasniva na inhibiciji postplamenih reakcija, odnosno na vezivanju reaktivnih
radikala u gasnoj fazi i usporavanju sekundarnih lancanih reakcija sagorevanja, ¢ime se smanjuje
intenzitet vidljivog plamena. Brojni primeri iz prakse, kao i dostupni literaturni podaci, ukazuju da
prisustvo kalijum-sulfata u barutnoj masi nepovoljno utice na hemijsku stabilnost jednobaznih ba-
ruta. U ovom radu analizirace se uticaj sastava barutne mase i tehnoloskog postupka prerade na
krajnju hemijsku stabilnost tri jednobazna baruta razlicite namene, NC-151, NC-48 i NCD-27, ko-
jima je zajednicko prisustvo odredene kolicine kalijum-sulfata. Poredenjem njihovog hemijskog
sastava, sadrzaja stabilizatora i kljucnih faza tehnoloske obrade bice razmotreno na koji nacin sastav
i procesni parametri uticu na hemijsku stabilnost jednobaznih baruta. Procena hemijske stabilnost
bice izrazena parametrom Bergmann—Junk, a Dobijeni rezultati su interpretirani u skladu sa dostup-
nim teorijskim postavkama i specificnostima proizvodnog procesa, sa ciljem identifikacije kljucnih
parametara koji uticu na hemijsku stabilnost jednobaznih baruta koji sadrze kalijum sulfat kao pla-
menogasitelj.

Flame retardants, particularly certain potassium salts, are used as additives to reduce muzzle
flash. Their effect is based on the inhibition of post-flame reactions, i.e., on the scavenging of reactive
gas-phase radicals and the suppression of secondary combustion chain reactions, thereby reducing
the intensity of visible flame. Numerous practical examples, as well as available literature data, indi-
cate that the presence of potassium sulfate in the propellant composition adversely affects the chemi-
cal stability of single-base propellants. This paper analyzes the influence of propellant composition
and processing technology on the final chemical stability of three single-base propellants of different
applications, NC-151, NC-48, and NCD-27, all of which contain a certain amount of potassium sul-
fate. By comparing their chemical composition, stabilizer content, and the key stages of technological
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processing, the study examines how compositional and process parameters affect the chemical stabi-
lity of single-base propellants. The assessment of chemical stability will be expressed by the Ber-
gmann-Junk parameter, and the obtained results will be interpreted in accordance with the available
theoretical principles and the specific features of the manufacturing process, with the aim of iden-
tifying the key parameters affecting the chemical stability of single-base propellants containing po-
tassium sulfate as a flame retardant.
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U radu je izvrSena preliminarana identifikacija odabranih polimernih materijala i elastomera
na bazi ispitivanja njihovog ponaSanja u otvorenom plamenu kao i na bazi procene gustine (pluta-
nje/tonjenje) u odgovarajucoj tecnosti, uz primenu brzih metoda identifikacije. Pretpostavljeno je da
se na osnovu jednostavnih nestandardnih testova, brzih metoda identifikacije, moze izvrsiti procena
vrste materijala od koje su izradeni krajnji proizvodi od polimera/elastomera, a da dobijeni rezultati
mogu odstupati od literaturnih vrednosti za ciste polimere/kaucuk. Na osnovu identifikovanih karak-
teristika prema primenjenim metodoma, moze se smatrati da su ispitivani uzorci izradeni od sledecih
materijala: ABS kaucuk, PET, PS, PP. Modifikacija osnovnog polimera u procesu kompaundiranja
polimernog materijala utice na promenu ispitivanih svojstava u odnosu na vrednosti za ciste kompo-
nenete.

In this paper, a preliminary identification of the type of polymer materials from which samples
of commercial polymer products were made was performed. The burning test was used to examine
the behavior of the samples in an open flame. The method of flotation of samples in water was used
to estimate the density of the samples from the tested series. It was assumed that additives for plastics
cause deviations of the formulated plastics in relation to the expected behaviors shown in the litera-
ture for the basic polymer. It was estimated that the samples from the tested series, according to both
applied methods, were made of thermoplastic polymer materials based on: HPP; PET, HIPS, ABS.
Testing samples of commercial products made of thermoplastic materials are widely used for the
production of various packaging due to the satisfactory application properties formed by the pro-
cessing of the basic polymer, that is, by the formulation of modern types of polymer materials.
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Fontanski sloj predstavlja efikasan sistem za kontakt gas—krupne cestice sa Sirokom primenom
u hemijskoj industriji. Posebno mesto zauzima fontanski sloj sa cevnim umetkom, koji kombinuje
prednosti pakovanog sloja sa karakteristicnim fontanskim reZimom strujanja, omogucavajuci bolju
kontrolu procesnih parametara i vecu efikasnost sistema. U ovom radu prikazano je eksperimentalno
ispitivanje fluido-dinamike u laboratorijskoj koloni sa fontanskim slojem i cevnim umetkom. Ekspe-
rimentalna instalacija obuhvata kolonu sa ugradenim mernim mestima za pritisak duz centralne cevi
(p1—p6) i u anularnom prostoru (pAl i pA2). Na dnu kolone nalaze se dva seta mlaznica za kontroli-
sano uvodenje vazduha u sistem: kompresor obezbeduje strujanje vazduha kroz centralnu cev, dok
ventilator omogucava protok kroz anularni prostor. Ispitivanja su izvedena koriscenjem sfernih sta-
klenih Cestica, pri cemu je variran protok vazduha kroz centralnu cev i anulus. Posebna paznja posve-
Cena je ispitivanju uticaja visine centralne cevi, koja je podeSavana na 3, 4,5, 6 i 8 cm. Analizirani
su profili pritiska i maseni protok Cestica kao kljucni fluido-dinamicki parametri. Rezultati pokazuju
da visina centralne cevi znacajno utice na hidrodinamicko ponasanje i stabilnost sistema. Nize pozi-
cije centralne cevi (3—4,5 cm) obezbeduju stabilniji rad, manji pad pritiska i jednostavniju regulaciju
procesa. Poredenjem Cetiri ispitivane konfiguracije utvrdeno je da smanjenje visine centralne cevi
dovodi do poboljsanja ukupne efikasnosti sistema. Dobijeni rezultati potvrduju da fontanski sloj sa
cevnim umetkom predstavlja efikasnu tehniku za procese kontakta gas—cestice, uz mogucnost optimi-
zacije kroz izbor odgovarajucih geometrijskih parametara.

A spouted bed represents an efficient gas—coarse particle contact system with wide application
in the chemical industry. In particular, a spouted bed with a draft tube (central tube insert) combines
the advantages of packed beds with the characteristic spouting regime, enabling improved control of
process parameters and enhanced operational efficiency. In this study, an experimental investigation
of fluid dynamics in a laboratory-scale spouted bed column with a draft tube was performed. The
experimental setup consisted of a column equipped with pressure measurement ports located along
the central tube (p1-p6) and in the annular region (pAl and pA2). Air was introduced into the system
through two sets of nozzles at the bottom of the column: compressed air supplied the central tube,
while a fan provided airflow through the annular space. Experiments were conducted using spherical
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glass particles, with systematic variation of airflow rates through both the central tube and the annu-
lus. The influence of central tube height on system performance was investigated for four configura-
tions: 3, 4.5, 6, and 8 cm. Key fluid-dynamic parameters, including pressure profiles and particle
mass flow rate, were measured and analyzed. The results demonstrate that the central tube height
has a significant impact on the hydrodynamic behavior and stability of the spouted bed. Lower central
tube positions (3—-4.5 cm) resulted in more stable operation, lower pressure drop, and improved pro-
cess controllability. Comparative analysis of the four tested configurations indicates that reduced
central tube height enhances overall system efficiency. These findings confirm that spouted beds with
draft tubes represent a highly effective technique for gas—solid contact processes, with potential for
optimization through appropriate geometric configuration.
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Nezeljene hemijske interakcije izmedu komponenti visokoenergetskih materijala, poput termo-
baricnih eksplozivnih smesa, mogu smanjiti stabilnost i povecati bezbednosne rizike tokom njihove
proizvodnje, skladiStenja i primene. Zato je veoma vazno pravovremeno detektovati i kvantifikovati
ove interakcije, odnosno proceniti kompati-bilnost komponenti. Termobaricni eksplozivi su sloZeni
viSekomponentni sistemi koji sadrze nitraminske eksplozive, metalne prahove, oksidatore i polimerna
veziva. Poseban znacaj ima ispitivanje interakcija izmedu polimernih veziva i metalnih prahova, jer
direktno uticu na dugorocnu stabilnost sistema. U ovom radu kompatibilnost komponen-ti ispitivana
je primenom kalorimetrije toplotnog fluksa, kao osetljive metode za de-tekciju sporih i niskoenerget-
skih procesa. Kao model sistem koris¢eno je vezivo na bazi hidroksil-terminiranog polibutadiena
(HTPB) sa umrezivacem izoforon diizocijanatom (IPDI), u kombinaciji sa prahovima metala, koji se
Cesto koriste kao goriva komponenta u formulacijama visokoenergetskih materijala. Ispitivanja su
sprovedena na mikrokalo-rimetru TAM IV u izotermskim uslovima, pracenjem toplotnog fluksa u
funkciji viemena za pojedinacne komponente i njihove smese. Analizom dobijenih termickih signala
pro-cenjena je kompatibilnost, sa fokusom na egzotermne interakcije koje mogu ukazivati na neze-
ljene reakcije tokom homogenizacije, umrezavanja polimera ili skladiStenja. Rezultati pokazuju raz-
licit stepen interakcije izmedu HTPB/IPDI veziva i metalnih prahova. Razlike u intenzitetu i kinetici
oslobadanja toplote omogucavaju identifikaciju potencijalno kriticnih kombinacija. SEM analiza me-
talnih prahova je pokazala znacajne razlike u mor-fologiji i velicini Cestica, Sto se moze dovesti u
korelaciju sa stepenom interakcije u sis-temu vezivo/metalni prah i uocenim termickim ponasanjem
smeSa. Dobijeni rezultati doprinose boljem razumevanju interakcija konstituenata u termobaricnim
formulacijama i predstavljaju osnovu za optimizaciju sastava sa aspekta bezbednosti i dugorocne
sta-bilnosti.

Unwanted chemical interactions between components of high-energy materials, such as ther-
mobaric explosive mixtures, can reduce stability and increase safety risks during their production,
storage and application. That is why it is very important to timely detect and quantify these interacti-
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ons, i.e. assess the compatibility of components. Thermobaric explosives are complex multicompo-
nent systems containing nitramine explosives, metal powders, oxidizers and polymer binders. Exami-
ning interactions between polymer binders and metal powders is of particular importance, as they
directly affect the long-term stability of the system. In this paper, the compatibility of the components
was examined using heat flow calorimetry, as a sensitive method for detecting slow and low-energy
processes. As a model system, a binder based on hydroxyl-terminated polybutadiene (HTPB) with
crosslinker isophorone diisocyanate (IPDI) was used, in combination with metal powders, which are
often used as a fuel component in the formulation of high-energy materials. Tests were carried out
on the TAM IV microcalorimeter in isothermal conditions, by monitoring the heat flow as a function
of time for individual components and their mixtures. By analyzing the obtained thermal signals, the
compatibility was evaluated, with a focus on exothermic interactions that may indicate unwanted
reactions during homogenization, polymer cross-linking or storage. The results show a different
degree of interaction between the HTPB/IPDI binder and the metal powders. Differences in the inten-
sity and kinetics of heat release allow the identification of potentially critical combinations. SEM
analysis of metal powders showed significant differences in particle morphology and size, which can
be correlated with the degree of interaction in the binder/metal powder system and the observed
thermal behavior of the mixtures. The obtained results contribute to a better understanding of the
interactions of constituents in thermobaric formulations and represent the basis for optimizing the
composition from the aspect of safety and long-term stability.
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Azo boje predstavijaju najznacajniju klasu organskih boja zahvaljujuci svojoj strukturnoj raz-
novrsnotsi, podesivim svojstavima i Sirokom spektru primena u razlicitim naucnim i industrijskim
oblastima. Heterociklicne azo boje predstavijaju znacajnu potklasu ovih jedinjenja, pri cemu se po-
sebno izdvajaju azo boje na bazi piridona zbog jednostavne sinteze, visoke funkcionalnosti i visokih
vrednosti molarnog ekstinkcionog koeficijenta (¢). U ovom radu izvrsena je sinteza i detaljna karak-
terizacija tri nova molekula azo boja izvedenih iz piridona. Boje su dobijene reakcijom diazotovanja
anilina, 4-(N,N-dimetilamino)anilina i 4-nitroanilina, a zatim reakcijom diazo-kuplovanja sa novim
4-(piridin-3-il)-6-hidroksi-3-cijano-2-piridonom.

Strukture svih jedinjenja su potvrdene ATR-FTIR i NMR spektroskopijom, temperaturom top-
ljenja i elementalnom analizom. UV-Vis spektroskopija koris¢ena je za ispitivanje solvatohromnih i
tautomernih svojstava ovih jedinjenja u setu rastvaraca razlicite polarnosti. Pored toga, ispitivano
je i dejstvo pH vrednosti rastvaraca na tautomernu ravnotezu ovih jedinjenja (kiselo-bazna ravno-
teza).

Azo dyes are widely recognized as the most significant class of organic colorants due to their
extensive structural diversity, tunable properties, and a wide range of applications across multiple
scientific and industrial fields. Heterocyclic azo dyes constitute a notable subclass of these compo-
unds, with pyridone-based azo dyes being especially significant, due to their straightforward synthe-
tic route, functionality, and a high molar extinction coefficient values (¢). In this paper, three novel
pyridone-derived azo dye molecules were synthesized and thoroughly characterized. The dyes were
obtained by a diazotation reaction of aniline, 4-(N,N-dimethylamino)aniline, and 4-nitroaniline, and
subsequent diazo-coupling reaction with a novel 4-(pyridin-3-yl)-6-hydroxy-3-cyano-2-pyridone.
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The structures of all compounds were confirmed by ATR-FTIR and NMR spectroscopy, melting
point, and elemental analysis. The UV-Vis spectroscopy was employed to investigate the solvatochro-
mic and tautomeric properties of these compounds in a set of solvents of different polarity. In addi-
tion, the influence of the solvent's pH value on tautomeric equilibrium was investigated (acid-base
equilibrium).
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Sinteza azo boja koje u svojoj strukturi sadrze heterociklicna jedinjenja postala je predmet sve
veceg interesovanja poslednjih godina, prvenstveno zbog Sirokog spektra bioloskih i farmakoloskih
aktivnosti ovih jedinjenja. Pored ovoga, heterociklicne azo boje nalaze primenu kao fluorescentni
materijali, nelinearni opticki (NLO) materijali drugog reda, kao i komponente tecnih kristala. Ta-
kode, uvodenje heterociklicnih jedinjenja u moleklule azo boja omogucava modifikaciju njihovih e-
lektronskih i optickih svojstava, cime se povecava intenzitet boje i poboljsava efikasnost bojenja.
Znacajnu podklasu heterociklicnih jedinjenja predstavljaju derivati pirimidina koji ispoljavaju raz-
novrsna fizioloska i bioloSka svojstva. Oroticna kiselina (vitamin B13) ima kljucnu ulogu u biosintezi
pirimidina i Cesto se ukljucuje u formulacijama dijetetskih suplemenata i multivitamina. Oroticna
kiselina takode nalazi primenu u raznim jonoizmenjivackim procesima, ocuvanju hrane, a koristi se
i kao biokatalizator u medicini. U ovom radu prikazana je sinteza i detaljna karakterizacija nove azo
boje dobijene iz 5-aminooroticne kiseline. Ova azo boja je sintetizovana konvencionalnim reakcijama
diazotovanja i diazo-kuplovanja, a njena struktura je potvrdena ATR-FTIR i NMR spektroskopijom,
temperaturom topljenja i elementalnom analizom. Da bi se ispitala veza izmedu molekulske strukture
i optickog svojstva sintetizovanog jedinjenja, sprovedena je solvatohromna analiza u setu rastvaraca
razlicite polarnosti. Pored toga, UV-Vis spektroskopijom je ispitana zavisnost tautomerne ravnoteze
od pH vrednosti rastvaraca (kiselo-bazna ravnoteza).

The synthesis of heterocycle-containing azo dyes and their derivatives has attracted increasing
attention in recent years, primarily due to their diverse biological and pharmacological activities, in
adition to their applications as fluorescent materials, second-order nonlinear optical (NLO) materi-
als, components of liquid crystals, etc. Also, heterocyclic moieties are incorporated into azo dye chro-
mophores to modulate their electronic and optical characteristics, thereby enhancing color intensity
and overall dyeing performance. Pyrimidine derivatives represent an important subclass of these
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compounds, exhibiting diverse physiological and biological effects, among which orotic acid (vitamin
B13), a uracil-derived compound, plays an essential role in pyrimidine biosynthesis and is widely
incorporated into dietary supplements and multivitamin preparations. Besides, applications of orotic
acid also expand to ion-exchange processes, food preservation, and as a biocatalyst in medical appli-
cations. In this paper, the synthesis and thorough characterization of a novel azo dye derived from
5-aminoorotic acid was presented. This azo dye was synthesized through conventional synthetic
methods via diazotation and subsequent diazo-coupling reactions, and its structure was validated by
ATR-FTIR and NMR spectroscopy, melting point, and elemental analysis. To investigate the relati-
onship between molecular structure and optical behavior, the solvatochromic analysis was conducted
in a set of solvent differing in polarity. Likewise, the UV-Vis spectroscopy was performed to assess
the dependence of tautomeric equilibrium on the pH of the solvent (acid-base equilibrium).
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Prirodne i inzenjerske nauke se sve vise oslanjaju na metode masinskog ucenja (ML) kao do-
punu, a u nekim slucajevima i alternativu klasicnim modelima zasnovanim na prvim principima. Cilj
ovog predavanja je da pruzi pregledan i pristupacan uvod u spektar ML tehnika relevantnih za inze-
njerstvo, namenjen strucnjacima iz industrije i akademske zajednice koji Zele da se informisu o tre-
nutnim mogucnostima i pravcima razvoja ove oblasti.

Predavanje polazi od klasicnih statistickih i regresionih pristupa, koji ve¢ decenijama cine
osnovu za prediktivno odrZavanje, kontrolu kvaliteta i meka senzorska merenja. Zatim se razmatraju
metode nadgledanog i nenadgledanog ucenja, sa naglaskom na njihovoj ulozi u detekciji anomalija,
monitoringu procesa i optimizaciji radnih rezima. Poseban segment posvecen je dubokom ucenju i
njegovim mogucnostima za rad sa kompleksnim vremenskim serijama, slikovnim podacima i topolo-
Ski strukturiranim sistemima karakteristicnim za procesna postrojenja.

Teziste predavanja stavijeno je na noviju generaciju metoda koje prevazilaze jaz izmedu poda-
taka i fizike procesa. Fizicki informisane neuronske mreze (PINN) omogucavaju ugradivanje zakona
odrzanja mase, energije i kolicine kretanja direktno u proces ucenja, cime se postize fizicka konzi-
stentnost modela i smanjuje potreba za velikim skupovima podataka. Neuronski operatori, poput De-
epONet i Fourier Neural Operator arhitektura, predstavijaju dalji konceptualni iskorak ka ucenju
preslikavanja izmedu funkcionalnih prostora i omogucavanju resavanje parametarskih parcijalnih
diferencijalnih jednacina znatno brze od klasicnih numerickih solvera. Na ovaj nacin otvaraju se
nove mogucnosti za digitalne blizance, simulacije u realnom vremenu i optimizaciju sloZzenih procesa.

Kroz ovaj pregled bice diskutovane prednosti, ogranicenja i prakticni izazovi primene pojedi-
nih pristupa, kao i buduci pravci razvoja u kontekstu procesne industrije.

Natural and engineering sciences are increasingly relying on machine learning (ML) methods
as a complement to, and in some cases an alternative to, traditional first-principles-based models.
The goal of this lecture is to provide a clear and accessible introduction to the spectrum of ML tec-
hniques relevant to engineering, intended for professionals from both industry and academia who
wish to gain insight into the current capabilities and future directions of this field.

The lecture begins with classical statistical and regression-based approaches, which have ser-
ved for decades as the foundation for predictive maintenance, quality control, and soft sensing appli-
cations. It then explores supervised and unsupervised learning methods, with an emphasis on their
role in anomaly detection, process monitoring, and operational optimization. A dedicated segment
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focuses on deep learning and its capabilities for handling complex time series, image-based data,
and topologically structured systems characteristic of industrial process plants.

The main focus of the lecture is placed on the newer generation of methods that bridge the gap
between data-driven modeling and process physics. Physics-Informed Neural Networks (PINNs) e-
nable the incorporation of conservation laws of mass, energy, and momentum directly into the lear-
ning process, resulting in physically consistent models while reducing the need for large datasets.
Neural operators, such as DeepONet and Fourier Neural Operator architectures, represent a further
conceptual step toward learning mappings between functional spaces and solving parametric partial
differential equations significantly faster than traditional numerical solvers. In this way, new possi-
bilities are emerging for digital twins, real-time simulations, and optimization of complex industrial
processes.

Throughout this overview, the advantages, limitations, and practical challenges of applying
these approaches will be discussed, along with future research and development directions in the
context of the process industry.
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Moze se uociti znacajan napredak u implementaciji BIM-a Sirom EU tokom poslednje decenije,
mada sa primetnim varijacijama gledano po zemljama na temu usvajanja relevantnih zakona. Grcka
je 2024. godine usvojila Nacionalnu strategiju sa planom aktivnosti za implementaciju informacionog
modelovanja objekata (BIM).

Ovaj dokument i njegova dosadasnja primena, u odnosu na preporuke Radne grupe EU za BIM,
pruzaju zanimljiv primer za posmatranje. Glavna upotreba BIM-a u EU i dalje je kod radova grade-
vinskih inZenjera, ali masinstvo dobija na znacaju, posebno u sistemima za grejanje, ventilaciju i
klimatizaciju, cevovodima i protivpozarnoj zastiti.

U prvom odeljku, ovaj rad pokusava da sumira generalne mogucnosti koriscenja BIM-a u pro-
cesnoj industriji, ukljucujuci interdisciplinarnu inZenjersku primenu, optimizaciju energije i slicne
teme.

U nastavku se analiziraju relevantni segmenti grcke Nacionalne strategije i plana aktivnosti za
BIM u pogledu mogucnosti prilagodavanja razlicitim inzenjerskim disciplinama, a posebno proce-
snom inzenjerstvu. Zakljucci mogu biti od posebnog interesa za profesionalce koji se bave EPC (inZe-
njering, nabavka i izgradnja) projektima, ali se mogu koristiti i kao smernice za inZenjere ukljucene
u razne druge segmente domena procesne industrije.

Significant progress can be noticed in the implementation of BIM across the EU over the last
decade, though with variations per country in the adoption of pertinent legislations. Greece has a-
dopted the National Strategy and Roadmap for the Implementation of Building Information Modelling
(BIM) in 2024.

This document and its application so far, in relation to EU BIM Task Group's recommendati-
ons, provides an interesting example to observe. Main utilization of BIM in EU still resides with civil
engineers, but mechanical engineering is gaining ground, in particular in HVAC, piping and fire
protection systems.

In the first section, this paper attempts to summarize the possibilities of using BIM in process
industry in general, including interdisciplinary engineering application, energy optimization, and
similar issues. In continuation, relevant segments of Greek National Strategy and Roadmap for BIM
are analyzed in regard to the capability for accommodating various engineering disciplines, and in
particular the process engineering.
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Conclusions might be of particular interest to professionals dealing with EPC (Engineering,
Procurement, and Construction) projects, but also used as guidance for engineers involved in various
other segments of the process industry domain.
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U radu je razvijen nov elektro upravljacki sistem kojim je zamenjen stari upravijacki sistem
linije proizvodaca Rosendahl za plastiranje i ili ispunu pojedinacnih ili pouzenih provodnika na kojoj
su ugradeni ekstruderi proizvodaca Nokia Maillefer sa cilindrima od 30mm, 60mm i 80mm u skladu
sa projektnim zadatkom i svim tehnickim i tehnoloskim zahtevima. U okviru elektro projekta uradena
je elektro dokumentacija distrubutivnog ormana, ormana PLC kontrolera i ormana u kojima su insta-
lirani regulatori za pogon pojedinacnih uredaja, uradeno je Semiranje, izrada i instalacija i napisan
softver za regulaciju brzine, sile zatezanja i temperature, a potom izvrseno testiranje rada pojedinac-
nih tehnoloskih celina i cele linije ¢ime je obezbedeno optimalno upravijanje linijom prema zadatim
tehnoloskim zahtevima. Regulacija brzine i odrZavanje sile zatezanja zasnovana je na upotrebi kom-
binovnih metoda upravljanja sa senzorima pozicije, merenjem sile zatezanja i indirektne kontrole sile
zatezanja a realizovana upotrebom kaskadnih upravijackih petlji na bazi PID upravljackih zakona.
Za izradu upravijackog sistema za kontrolu brzine linije iskoriséen je master slave princip upravija-
nja visemotornim pogonom, gde je ulazni vucni uredaj vodeci (master), a svi ostali uredaji (slave)
prate njegovu brzinu sa zadatim odnosom i pri tome se materijal koji se obraduje zateze zadatom
silom zatezanja. Temperaturna regulacija zona ekstrudera uradena je upotrebom 2DOF PID uprav-
ljackih zakona pri cemu se vodilo racuna o medusobnom termickom uticaju zona, takode je razvijen
deo softvera za podesavanja parametara regulatora pojedinicanih zona ekstrudera i svih zona isto-
vremeno uz mogucnost ukljucenja atomatskog podesavanja parametara. Softveri za PLC kontroler
S7 1500 serije razvijeni su upotrebom Siemens alata za programiranje TIAPortal. Upravijacki softver
je napisan u jeziku Ladder dijagrama, STL i SCL u zavisnosti od slozenosti pojedinih tehnoloskih
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celina. Za upravljanje DC i AC motorima upotrebljeni su konvencionalni regulatori Siemens serije
6RA80 Sinamics DCM i invertori serije G120 Sinamics koji su podeSeni upotrebom StartDrive alata
koji je sastavni deo TIAPortal softvera. Ekrani za panele uradeni su upotrebom TIAPortal WinCC
okruzenja. Upotrebom operatorskih panela ostvarena je intuitivna vizuelizacija procesa rada delova
linije i linije u celini, pri cemu su tehnoloske celine linije prikazane grafickim simbolima koji menjaju
boju, oblik i itd u zavisnosti od statusa ili nastalih dogadaja uz aktiviranje alarma. Arhiviranje rele-
vantnih podataka vrsi se upotrebom mysql baze i KepServerEx activex drajvera za komunikaciju sa
Siemens PLC-ovima.

This paper presents the development of a new electrical control system that replaces the existing
control system of a Rosendahl production line for filling and sheathing of single or stranded
conductors, equipped with Nokia Maillefer extruders (30 mm, 60 mm, and 80 mm cylinders), in accor-
dance with project requirements and all technical and technological constraints. The project included
the design of electrical documentation for distribution cabinets, PLC control cabinets, and drive con-
trol cabinets, as well as wiring, installation, and development of software for speed, tensile force,
and temperature control. After implementation, individual technological units and the complete line
were tested, ensuring optimal operation according to defined technological requirements. Speed re-
gulation and tensile force control are based on combined control methods using position sensors,
direct and indirect tensile force measurements, implemented through cascade control loops based on
PID control laws. The control of the multi-motor drive system is realized using a master—slave prin-
ciple, where the inlet pulling device acts as the master, while all other devices follow its speed with
a defined ratio, maintaining the required tensile force of the processed material. Temperature control
of extruder zones is implemented using 2DOF PID control, taking into account thermal coupling
between zones. Additionally, software modules for both individual and simultaneous tuning of con-
troller parameters for all extruder zones were developed, including automatic tuning functionality.
The PLC software for the Siemens S7-1500 controller was developed using TIA Portal, with control
algorithms implemented in Ladder, STL, and SCL languages depending on system complexity. Con-
trol of DC and AC motors is achieved using Siemens Sinamics DCM (6RA80 series) converters and
G120 inverters configured via the StartDrive tool. HMI visualization is implemented using WinCC,
enabling intuitive monitoring and control of the process. Data acquisition and archiving are perfor-
med using a MySQL database and KepServerEx communication drivers.
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Numericko-eksperimentalni pristup ¢vrstoci konstrukcija zasniva se na primeni numerickih me-
toda proracuna, prvenstveno metode konacnih elemenata, zajedno sa tehnikama eksperimentalnog
ispitivanja. Prvo, biée predstavijen konvencionalni pristup proceni ¢vrstoce konstrukcija, koji uklju-
Cuje staticu analizu, radna optereéenja i linearnu analizu koriSéenjem metode konacnih elemenata.

Kasnije ce biti predstavljene neuobicajene metode za razumevanje cvrsto-ce strukturnih eleme-
nata koji se obicno koriste u procesnoj industriji. Ove metode ukljucuju dinamicku reanalizu i testi-
ranje modela, koje obe pruzaju detaljniji uvid u ponasanje konstrukcije. Dinamicka reanaliza zasniva
se na ideji da sam napon nije uvek dovoljan pokazatelj kriticnih mesta na konstrukciji. Umesto toga,
ova metoda koristi raspodelu razlike potencijalne i kineticke energije kako bi se identifikovale slabe
tacke i predlozila moguca poboljSanja dizajna. Modelsko ispitivanje podrazumeva izradu i ispitivanje
umenjenog modela konstrukcije. Testiranje modela umesto konstrukcije u punoj velicini znacajno
smanjuje troskove i vreme testiranja. Stavise, laboratorijska ispitivanja omogucavaju upotrebu sofi-
sticirane opreme, kao sto je sistem za korelaciju digitalnih slika, koja je cesto neprakticna za primenu
u samom postrojenju. Posto su mnogi strukturni elementi u procesnoj industriji oblika ljuske izloZene
unutrasnjem pritisku (membransko naprezanje), oni su posebno pogodni za modelsko ispitivanje, ali
u zonama gde su efekti savijanja dominantni, moraju se formulisati koeficijenti slicnosti.

Na kraju, analizira se granicna ¢vrstoca konstrukcije. Tradicionalni postupci proracuna gene-
ralno uzimaju u obzir elemente konstrukcije koje uticu na krutost i ¢vrstocu, dok se zavareni spojevi
zanemaruju u linearno-elasticnim analizama pod normalnim radnim opterecenjima. Ali Sta je sa ne-
ocekivanim preopterecenjima koja mogu dovesti do otkaza konstrukcije? Kada se razmatraju gra-
nicna ¢vrstoca i plasticna deformacija, zavareni spojevi moraju biti ukljuceni u analizu, jer razlike u
mehanickim svojstvima razlicitih regiona zavarenog spoja imaju znacajan uticaj na integritet kon-
strukcije.

Numerical and experimental approach to structural strength is based on the application of nu-
merical computation methods, primarily finite element method analysis, together with experimental
testing techniques. Firstly, the conventional approach to structural strength assessment, which inclu-
des static loading conditions, service loads, and linear analysis using the finite element method, will
be presented.
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Later, advanced methods for understanding structural behavior of structural elements
commonly used in the process industry, will be presented. These methods include dynamic reanalysis
and model testing, both of which provide a more detailed insight into structural performance. Dyna-
mic reanalysis is based on the idea that stress alone is not always a sufficient indicator of critical
regions in a structure. Instead, this method evaluates the distribution (differences) of potential and
kinetic energy in order to identify weak points and suggest possible design improvements. Model
testing involves the production and examination of sub-scaled structural models. Testing a model
instead of the full-scale structure significantly reduces both costs and testing time. Furthermore, la-
boratory testing allows the use of advanced equipment, such as Digital Image Correlation system,
which are often impractical for on-site applications. Since many structural elements in the process
industry are shell structures subjected to internal pressure (membrane stress), they are particularly
suitable for model testing, but in the zones where bending effects are dominant, similarity coefficients
must be formulated.

Finally, ultimate structural strength is analyzed. Traditional design procedures generally con-
sider only the structural components that affect rigidity and strength, while welded joints are
neglected in linear-elastic analyses under normal service loads. But what about unexpected overlo-
ads that may lead to structural failure? When ultimate strength and plastic deformation are conside-
red, welded joints must be included in the analysis because variations in the mechanical properties
of different weld regions have a significant influence on the overall structural integrity.
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Deponijski gas nastaje kao proizvod anaerobnog razlaganja biodegradabilnih komponenti
ostatka komunalnog otpada na deponiji i prosecno sadrzi oko 50-55% metana i 45-50% ugljen-diok-
sida. To znaci on predstavlja obnovljivi izvor energije, ali se moze posmatrati i kao znacajan izvor
gasova sa efektom staklene baste.

Cilj upravijanja deponijskim gasom je najpre sprecavanje zagadenja koje on moze uzrokovati,
a nakon toga i iskoristiti njegove potencijale kao izvora energije.

Istovremeno, podatke o kolicinama generisanog i emitovanog gasa potrebno je dostaviti na-
dleznim organima koji se bave zivotnom sredinom. Prvi korak u procesu projektovanja sistema za
iskoriscéenje deponijskog gasa je odredivanje raspolozivih kolic¢ina gasa.

Osim toga, sa stanovista upravljanja otpadom, neophodno je imati i uvid u predikcije o gene-
risanim kolicinama gasa u nekom vremenskom periodu.

Cilj ovog rada je prikazati na studiji slucaja metodologiju za efikasno upravijavljanje deponij-
skim gasom na primeru regionalne deponije. Ona ima dve osnovne funkcije:

a) pracenje kolicina i sastava odloZenog otpada, kao i viemena njegovog odlaganja sto ima za
posledicu izracunavanje kolicina generisanog deponijskog gasa dostupnog za iskoriséenje i

b) predvidanje buducih kolicina gasa.

Landfill gas (LFG) is a product of anaerobic decomposition of biodegradable components of
municipal waste disposed on landfills. It contains about 50-55% methane and 45-50% carbon di-
oxide. This means that it is a renewable energy source, but it can also be a significant source of
greenhouse gases.

The main goal of landfill gas management is to prevent the pollution it can cause, but also to
use its potential as an energy source. Also, LFG emitters should report data on the quantities of
generated and emitted gas to the environmental protection agency. The first step in the process of
designing a system for landfill gas utilization is to determine the available quantities of gas.

The aim of this paper is to present a methodology for landfill gas management using a case
study of a regional landfill. It has two basic functions:
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a) monitoring the quantities and composition of disposed waste, as well as the time of its dispo-
sal, which results in determination of generated landfill gas available for utilization, and

b) predicting future LFG quantities.
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U prethodnim istrazivanjima je pokazano da, u okviru elasticne analize zavarenih konstrukcija,
razlika u mehanickim svojstvima pojedinih zona zaverenog spoja ne utice znacajno na integritet kon-
strukcije. Posledicno, kada naprezanja ostanu unutar elasticne oblasti, nije potrebno eksplicitno mo-
delirati zavarene spojeve u numerickim simulacijama. Medutim, kada naponi premase granicu raz-
vlacenja materijala i dode do plasticne deformacije, razlike u mehanickim svojstvima izmedu osnov-
nog materijala, metala Sava i zone uticaja toplote postaju vrlo znacajan faktor u proceni integriteta
konstrukcije.

Kako bi se dobili odgovarajuci ulazni podaci za modeliranje zavarenih spojeva feritno-auste-
nitnog celika (mehanicka zatezna svojstva svih zona zavarenog spoja), za karakterizaciju materijala
zavara od dva materijala primenjena je metodologija prethodno razvijena za zavare od jednog ma-
terijala, koja kombinuje numericko-eksperimentalni pristup. Ovde je eksperimentalnim metodama
dobijeno polje deformacije (dobijena korelacijom digitalnih slika) dok je uzorak ispitivan na zateza-
nje, koje je ko-ris¢eno za poboljsanje numerickih prorvacunskih modela. Na taj nacin su odredena
mehanicka svojstva svih pojedinacnih zona zavarenog spoja.

Koristeci prethodno opisane ulazne podatke, razvijena su dva proracunska modela cevovoda
izradenog od dva materijala, sa i bez zavarenih spojeva. Pri tipicnim radnim uslovima, nema razlike
izmedu dva modela, jer su naprezanja i dalje u elasticnom podrucju. Medutim, nakon Sto su napre-
zanja dosegla plasticnost, u zoni zavarenih spojeva (u modelu koji sadrzi zavarene spojeve) bila je
prisutna primetna koncentracija napona. Faktor koncentracije napona u modelu koji sadrzi zavareni
Spoj procenjen je u odnosu na prora-cunski model bez zavarenih spojeva i bez koncentracije napona.
Ova analiza moze lako da se primeni i na procenu integriteta posude pod pritiskom, jer su i cevovod
i posuda pod pritiskom zavarene konstrukcije izradene od elemenata ljuske opterecene unutrasnjim
pritiskom, koji prvenstveno izaziva membranska naprezanja.
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Previous studies have demonstrated that, within the framework of elastic analysis of welded
structures, variations in mechanical properties across individual weld regions do not significantly
influence the accuracy of structural integrity assessments. Consequently, when stresses remain within
the elastic range, it is not necessary to explicitly model welded joints in numerical simulations. Howe-
ver, once stress levels exceed the material’s yield strength and plastic deformation occurs, the diffe-
rences in mechanical properties between the base material, weld metal, and heat-affected zone be-
come highly significant factor in structureal integrity assessment.

In order to obtain proper input data for ferritic-austenitic steel welded joints modeling
(mechanical tensile properties of all welded joint regions), methodology previously developed for
one-material welds, that combines experimental and numerical method, is applied for material cha-
racterization of a two-material weld. Herein the experimental approach provided the strain fields (as
obtained by digital image correlation) while specimen was subjected to tensile testing, which were
used to improve numerical computational models. In this way, it was possible to accurately determine
the mechanical properties of all individual welded joint regions.

Using the previously described input data, two computational models of a two-material pipeline
is developed, with and without welded joints. During typical exploitation conditions under service
operations, there was no difference between the two models, as the stresses were still in the elastic
area. However, once the stresses reached plasticity, noticeable stress concentration was present in
the zone of welded joints (in a computational model containing welded joints). Stress concentration
factor in a model containing welded joint is estimated in comparison to computational model without
welded joints and without stress concentration. This analysis can be easily transferred to pressure
vessel integrity assessment, since both pipeline and pressure vessel are both welded structures made
of shell elements loaded with internal pressure, which primarily induces membrane stresses.
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Pri pranju brzih gravitacionih filtera vodom dolazi do ekspanzije filterskog medijuma i podi-
zanja nivoa vode iznad filtera kako bi se necistoce koje su se na njemu zadrzale prilikom procesa
filtracije, a koje su lakSe od materijala medijuma, preko preliva odvele u kanalizaciju.Velicina
ekspanzije zavisi od brzine strujanja vode kroz filterski medijum prilikom pranja kao i od viskoznosti
vode koja se menja u zavisnosti od njene temperature.

Za filterske medijume kao Sto su kvarcni pesak ili kombinacija peska i drugih materijala (antra-
cit, tuf, zeoliti i sl.) postoje u literaturi razlicite metode za odredivanje brzina strujanja vode prilikom
pranja sloja primenjenog medijuma, koje bi omogucile ostvarivanje njegove ekspanzije dovoljne da
se uklone necistoce deponovane tokom procesa filtracije vode.

Te metode se svode na teorijske, odnosno racunske, i prakticne, koriscenjem statistickih poda-
taka sa vec¢ izgradenih postrojenja koja su duze vreme u eksploataciji. U evropsikim zemljama se
najcesée primenjuje Carman-Kozeni-jeva jednacina koja daje dobre rezultate pri izracunavanju
pada pritiska u toku filltracije. Medutim, kada se ista formula upotrebi za odredivanje potrebne
brzine strujanja vode prilikom pranja pescanog filtera, dobijaju se rezultati koji ne odgovaraju real-
nim vrednostima. Zbog toga se operateri u eksploataciji najcesée oslanjaju na statisticke podatke sa
slicnih postrojenja .

Autor u radu iznosi sopstveni pokusaj za resavanje ovog problema, oslanjajuci se pre svega na
prakticna iskustva stecena pracenjem 38-godiSnjeg rada PPV ,,Makis* u Beogradu, kao i brojnih
drugih postrojenja.

During backwashing rapid gravity filters with water, the filter medium expands and the water
level rises above the filter in order to carry away the impurities that have been retained on it during
the filtration process, which are lighter than the medium material, through the overflow into the
sewage system. The extent of expansion depends on the rate of water flow through the filter medium
during washing as well as on the viscosity of the water, which changes depending on its temperature.

For filter media such as quartz sand or a combination of sand and other materials (anthracite,
tuff, zeolites, etc.), there are various methods in the literature for determining the water flow rates
during the washing of the applied medium layer, which would allow achieving its sufficient expansion
to remove impurities deposited during the water filtration process.

These methods are divided into theoretical, or computational, and practical, using statistical
data from already constructed plants that have been in operation for a long time. In European coun-
tries, the Carman-Kozeny equation is most commonly applied, which gives good results when calcu-
lating the pressure drop during filtration. However, when the same formula is used to determine the
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required water flow rate during the washing of a sand filter, the results do not correspond to real
values. For this reason, operators in practice most often rely on statistical data from similar plants.

The author in this work presents his own attempt to solve this problem, relying primarily on
practical experiences gained from monitoring 38 years of operation of the PPV,,Maki$* in Belgrade,
as well as numerous other plants.
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U radu je analizirana uloga termotehnickih sistema u procesnim objektima postrojenja za
vlazno odsumporavanje dimnih gasova blokova B1 i B2 termoelektrane ,,Nikola Tesla B*“ u Obre-
novcu. Proces odsumporavanja zasniva se na apsorpciji sumpor-dioksida iz dimnih gasova u suspen-
ziji krecnjaka, pri cemu nastaje gips kao nusproizvod. Kontinuitet ovog hemijskog procesa direktno
zavisi od stabilne pripreme i transporta krecnjacke suspenzije, kao i od rada sistema za tretman i
susenje gipsa. U objektima pripreme krecnjaka i susenja gipsa dolazi do znacajne procesne disipacije
toplote usled rada mlinova, pumpi, transportnih sistema i elektroenergetske opreme. Projektom je
definisan temperaturni opseg rada (minimalno +5 °C u zimskom periodu radi sprecavanja smrzava-
nja instalacija i maksimalno 38 °C u letnjem periodu), kao i mehanicka ventilacija velikog kapaciteta
radi odvodenja viska toplote. Rad pokazuje da odvodenje toplote predstavlja faktor pouzdanosti
sistema za odsumporavanje. Porast temperature iznad projektovanih vrednosti dovodi do pregreva-
nja elektromotora, smanjenja pouzdanosti mehanickih sklopova i poveéanog rizika od zastoja u pri-
premi reagensa. Svako narusavanje kontinuiteta pripreme krecnjacke suspenzije direktno utice na
stepen uklanjanja sumpor-dioksida, c¢ime se smanjuje ekoloska efikasnost postrojenja. Mehanicka
ventilacija, stoga, nije samo prateci tehnicki sistem, vec¢ integralni deo tehnoloske stabilnosti procesa
odsumporavanja. Analiza ukazuje da odrzavanje projektovanog temperaturnog rezima obezbeduje
stabilan rad sistema pripreme reagensa, kontinuitet hemijske reakcije u apsorberu i pouzdano ispu-
njavanje ekoloskih zahteva. Rad naglasava znacaj integracije termotehnickih i procesnih aspekata u
analizi i projektovanju savremenih postrojenja za odsumporavanje dimnih gasova.

The paper work analyzes the role of thermal engineering systems in the process facilities of the
wet flue gas desulfurization units of blocks B1 and B2 at the "Nikola Tesla B" thermal power plant in
Obrenovac. The desulfurization process is based on the absorption of sulfur dioxide from flue gases
in a limestone suspension, resulting in gypsum as a by-product. The continuity of this chemical pro-
cess directly depends on the stable preparation and transportation of the limestone suspension, as
well as the operation of the gypsum treatment and drying systems. In the limestone preparation and
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gypsum drying facilities, significant process heat dissipation occurs due to the operation of mills,
pumps, transport systems, and electrical equipment. The project defines the operating temperature
range (minimum +5 °C in the winter period to prevent freezing of installations and a maximum of 38
°C in the summer period), as well as high-capacity mechanical ventilation to remove excess heat. The
study shows that heat removal is a reliability factor for the desulfurization system. An increase in
temperature above the designed values leads to overheating of the electric motors, reduced reliability
of mechanical assemblies, and an increased risk of downtime in reagent preparation. Any disruption
in the preparation of the limestone suspension directly affects the degree of sulfur dioxide removal,
thereby reducing the environmental efficiency of the plant. Mechanical ventilation, therefore, is not
just an auxiliary technical system, but an integral part of the technological stability of the desulfuri-
zation process. The results indicate that maintaining the designed temperature regime ensures stable
operation of the reagent preparation system, continuity of the chemical reaction in the absorber, and
reliable fulfillment of environmental requirements. The paper emphasizes the importance of integra-
ting thermotechnical and process aspects in the analysis and design of modern flue gas desulfuriza-
tion plants.
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Uloga projektanta tehnologije u izradi tehnicke dokumentacije u Republici Srbiji definisana je
kroz Siri normativni okvir, pre svega Zakon o planiranju i izgradnji i pratece podzakonske akte. lako
zakon ne izdvaja uvek eksplicitno ovu struku kao posebnu kategoriju, njen znacaj je sustinski u pro-
Jjektovanju objekata sa slozenim tehnoloskim procesima, narocito u industriji, energetici i infrastruk-
turi. Ovaj rad analizira polozZaj i ulogu projektanta tehnologije u svim fazama izrade tehnicke doku-
mentacije, od generalnog projekta do upotrebne dozvole. Projektant tehnologije ima kljucnu funkciju
u definisanju tehnoloskih procesa, izboru i dimenzionisanju opreme, kao i u odredivanju tokova ma-
terijala i energije. Njegova uloga obuhvata i uskladivanje tehnoloskih zahteva sa arhitektonskim,
gradevinskim i instalacionim reSenjima, uz obavezno postovanje propisa kao sto su Pravilnik o sadr-
Zini, nacinu i postupku izrade i nacinu vrsenja kontrole tehnicke dokumentacije, kao i regulativa iz
oblasti zastite zivotne sredine, zastite od pozara i bezbednosti i zdravlja na radu. Poseban znacaj ima
interdisciplinarna koordinacija, koja omogucava integraciju funkcionalnih i tehnickih zahteva u je-
dinstveno projektno resenje. Analizom prakse identifikovani su kljucni izazovi, ukljucujuci nedovoljno
precizno normativno definisanje uloge projektanta tehnologije, kao i neujednacen kvalitet tehnoloske
dokumentacije. Zakljucuje se da je za unapredenje procesa projektovanja neophodno ranije ukljuci-
vanje projektanta tehnologije, bolja standardizacija dokumentacije i jacanje koordinacije medu uce-
snicima u projektovanju. Time se doprinosi povecanju efikasnosti, bezbednosti i odrzivosti realizova-
nih projekata.

Zahvalnica

Ovaj rad je podrzalo Ministarstvo za nauku, tehnoloski razvoj i inovacije Republike Srbije
(kontakt broj 451-03-33/2026-03/200287).

The role of the technology designer in the preparation of technical documentation in the Repu-
blic of Serbia is defined through a broader normative framework, primarily the Law on Planning and
Construction and the accompanying by-laws. Although the law does not always explicitly distinguish
this profession as a special category, its importance is essential in the design of facilities with complex
technological processes, especially in industry, energy, and infrastructure. This paper analyzes the

39. MEDUNARODNI KONGRES O PROCESNOJ INDUSTRIJI 71



72 39" INTERNATIONAL CONGRESS ON PROCESS INDUSTRY

position and role of the technology designer in all stages of the preparation of technical documenta-
tion, from the general project to the use permit. The technology designer has a key function in defining
technological processes, selecting and dimensioning equipment, as well as determining material and
energy flows. Its role includes the harmonization of technological requirements with architectural,
construction, and installation solutions, with mandatory compliance with regulations such as the Ru-
lebook on the content, method, and procedure of preparation and the method of control of technical
documentation, as well as regulations in the field of environmental protection, fire protection and
occupational safety and health. Of particular importance is interdisciplinary coordination, which
enables the integration of functional and technical requirements into a unique project solution. A-
nalysis of practice identified key challenges, including an insufficiently precise normative definition
of the role of the technology designer, as well as uneven quality of technological documentation. It is
concluded that in order to improve the design process, earlier involvement of technology designers,
better standardization of documentation and strengthening of coordination among design partici-
pants is necessary. This contributes to increasing the efficiency, safety and sustainability of imple-
mented projects.

Acknowledgment

This work was supported by the Ministry of Science, Technological Development and Innova-
tion of the Republic of Serbia (contact umber 451-03-33/2026-03/ 200287).



A 39. Medunarodni kongres
&= 0 procesnoj industriji
N\ Negotin, 3. &. jun 2026.

Strucni rad

Kljucnereci: - pRIMENA SAVREMENIH GEODETSKIH I SENZORSKIH

lasersko skeniranje; dronovi;

monitoring: procesna indusrijar TEHNOLOGIJA U MONITORINGU I INSPEKCIJI
multispektralna analiza (B JEKATA PROCESNE INDUSTRIJE

Keywords: APPLICATION OF MODERN GEODETIC AND SENSOR

laser scanning; UAV (drones),;

monitoring, process industry, TECHNOLOGIES IN MONITORING AND INSPECTION
multispectral analysis - g pROCESS INDUSTRY FACILITIES

Aleksandar MILOSAVLJEVIC*  Geotaur d.o.o., Beograd
* a.milosavljevic@geotaur.com  ORCID: 0009-0002-0932-5090

U savremenoj procesnoj industriji postoji izrazena potreba za unapredenjem metoda monito-
ringa, inspekcije i odrzavanja slozenih industrijskih postrojenja. Tradicionalni pristupi cesto su vre-
menski zahtevni, rizicni i ograniceni u pogledu dostupnosti i obima podataka. Razvoj savremenih
geodetskih i senzorskih tehnologija, kao Sto su lasersko skeniranje, bespilotne letelice (UAV) i razli-
Citi tipovi senzora, omogucava znacajno unapredenje ovih procesa.

U radu je prikazana primena laserskog skeniranja za izradu preciznih 3D modela industrijskih
objekata, sa posebnim osvrtom na kontrolu geometrije rezervoara, ukljucujuci analizu odstupanja
kao Sto su ovalnost i ravnost. Takode je predstavijena upotreba UAV sistema opremljenih razlicitim
senzorima, ukljucujuci multispektralne i gasne senzore, za potrebe detekcije anomalija, curenja i
termalnih nepravilnosti.

Kroz nekoliko prakticnih primera iz realnih projekata, ukljucujuci modelovanje kompleksnih
industrijskih postrojenja, analizu stanja rezervoara i detekciju zarista na deponijama, demonstrirane
su prednosti ovih tehnologija u pogledu bezbednosti, efikasnosti i dostupnosti podataka.

Rezultati ukazuju na znacajan potencijal primene ovih metoda u procesu digitalizacije indus-
trijskih sistema, unapredenja odrzavanja i donosenja informisanih odluka, ¢ime se otvara prostor za
dalji razvoj koncepta digitalnih blizanaca i integrisanih sistema monitoringa.

Modern process industry faces an increasing need for advanced methods for monitoring,
inspection, and maintenance of complex industrial facilities. Traditional approaches are often time-
consuming, risky, and limited in terms of data availability and coverage. The development of modern
geodetic and sensor-based technologies, such as laser scanning, unmanned aerial vehicles (UAVs),
and various types of sensors, enables significant improvements in these processes.

This paper presents the application of laser scanning for the generation of accurate 3D models
of industrial structures, with a particular focus on geometric control of storage tanks, including the
analysis of deviations such as roundness and flatness. Additionally, the use of UAV systems equipped
with different sensors, including multispectral and gas sensors, is demonstrated for the detection of
anomalies, leakages, and thermal irregularities.

Several practical case studies are presented, including modeling of complex industrial facili-
ties, geometric analysis of storage tanks, and detection of hotspots at waste disposal sites. These
examples highlight the advantages of the proposed technologies in terms of safety, efficiency, and
data availability.
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The results indicate a strong potential for the application of these methods in the digitalization
of industrial systems, improvement of maintenance processes, and support for informed decision-
making, opening the way for further development of digital twins and integrated monitoring systems.
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Trodimenzionalna (3D) Stampa omogucava direktnu izradu komponenti sloj po sloj, vodenu
digitalnim podacima iz CAD modela, bez potrebe za specijalizovanim alatima za svaku pojedinacnu
komponentu. Tokom protekle tri decenije razvijene su brojne tehnologije 3D Stampe, Sto je doprinelo
poboljsanju direktne proizvodnje delova u razlicitim primenama. Cesto se istice kao kljucni element
nove industrijske revolucije, u kojoj digitalizacija, informacione tehnologije i povezanost podataka
podsticu inovacije proizvoda. Ipak, iako 3D Stampa pruza znacajan potencijal, postojeca istraZivanja
sugerisu da ocekivane prednosti naprednih proizvodnih tehnologija retko budu u potpunosti ostva-
rene u praksi.

Keramika je takode nasla primenu u masinskoj industriji i biotehnoloskim procesima. Zbog
svojih izuzetnih osobina, kao Sto su mehanicka cvrstoca, krutost, dugovecnost i termicka stabilnost,
kompozitni keramicki materijali Siroko se primenjuju u automobilskoj, vazduhoplovnoj industriji, kao
i u biomedicinskim i elektronskim uredajima.

S obzirom da monolitna keramika ima slabu otpornost na lom i nisku elektricnu provodljivost,
ovi materijali su tokom poslednje decenije znacajno unapredeni.

Posebno je znacajno sto se reaktori sa slozenom unutrasnjom geometrijom mogu lako izraditi,
optimizovati i zameniti kako bi ispunili specificne zahteve procesa, kao Sto su poboljsano mesanje i
povecana specificna povrsina. Ove prednosti ih cine posebno znacajnim, jer omogucavaju razvoj
funkcionalnih, jeftinih alternativa konvencionalnoj opremi, Sto moze olaksati i ubrzati ukupan proces
u barbotaznim bioreaktorima, istovremeno smanjujuci investicione troskove.
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Ovaj pregled razmatra razlicite karakteristike materijala u izradi bioreaktora i uporeduje nji-
hove mehanicke i hemijske osobine kroz numericka i eksperimentalna istraZivanja. Literatura je pre-
gledana koriséenjem kljucnih reci kao sto su: bioreaktor, materijali, 3D Stampa, analiza i otpadne
vode u publikacijama na engleskom jeziku. Svi saZeci iz indeksiranih casopisa su pazljivo procitani i
analizirani kako bi se dodatno suzio izbor ukljucenih studija.

Three-dimensional (3D) printing enables the direct fabrication of components layer by layer,
guided by digital data from CAD models, without the need for specialized tooling for each individual
part. Over the past three decades, numerous 3D printing technologies have been developed, trans-
forming the concept of direct part manufacturing across a wide range of applications. It is often
highlighted as a key element of the new industrial revolution, in which digitalization, information,
and connectivity drive product innovation. Nevertheless, although 3D printing offers considerable
potential, current studies suggest that the expected advantages of advanced manufacturing technolo-
gies are seldom fully achieved in practice.

Ceramics have also found applications in mechanical engineering and biotechnological pro-
cesses. Due to their outstanding properties such as mechanical strength, stiffness, durability, and
thermal stability ceramic composite materials are widely used in the automotive, industrial, and a-
erospace sectors, as well as in biomedical and electronic devices. Since monolithic ceramics exhibit
brittle behavior and low electrical conductivity, these materials have been significantly enhanced
over the past decade.

Notably, reactors with complex internal geometries can be easily fabricated, optimized, and
replaced to meet specific process requirements, such as improved mixing and increased specific
surface area. These advantages make them particularly appealing, as functional, low-cost alternati-
ves to analytical equipment can be developed, which can facilitate or even accelerate the overall
process in bubble column bioreactors while reducing investment costs.

This review examines various material characteristics in bioreactor fabrication and compares
their mechanical and chemical properties through both numerical and experimental investigations.
The literature survey was conducted using keywords such as: bioreactor, materials, 3D printing,
analysis and wastewater in English-language publications. All abstracts retrieved from indexed jour-
nals were read and analyzed to further narrow the selection of included studies.
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Bice prikazano nekoliko postupaka za izbor tipa i definisanje raspored protivpozarnih aparata,
i najvaznije metode ce biti ukratko opisane. Te metode imaju slicne osnovne komponente parametara,
vrednosti i medusobnih odnosa. Bice razmatrana ogranicenja zapazena u primeni tih komponenti.
Takode bice data i uporedna analiza rezultata dobijenih navedenim postupcima.

Several concepts for choice and distribution of fire extinguishers are presented and some major
methods for are briefly described. These procedures have similar basic components of parameters,
values, and relationships. Limitations found in application of these components are discussed.
Furthermore, a comparative analysis of the results obtained by these methods is given.
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Kombinovane komore za nanoSenje premaza i susenje Siroko se koriste u procesnoj industriji,
ukljucujuci prehrambenu, farmaceutsku i hemijsku industriju, za nanosenje tankih slojeva materijala
i njihovo naknadno suSenje. U ovom istrazivanju predstavljeno je projektovanje i razvoj kombinovane
komore za premazivanje i suSenje sa atmosferskim gorionicima za direktno sagorevanje. PredloZeno
reSenje omogucava preciznu kontrolu temperature i vlaznosti unutar komore, sto je neophodno za
obezbedivanje ravnomernog premazivanja i konzistentnih uslova suSenja. Posebna paznja je
posvecena integraciji atmosferskih gorionika, koji obezbeduju direktan prenos toplote kroz gasove
sagorevanja, Sto rezultira visokom termickom efikasnoscu i brzim odzivom na zahteve procesa. At-
mosferski gorionici obezbeduju preciznu regulaciju temperature i vliaznosti unutar komore, sto je
neophodno za kontrolisano nanosenje premaza i ravnomerno susenje materijala, obezbedujuci kon-
zistentan kvalitet proizvoda. Sistem gorionika je dizajniran da obezbedi stabilno sagorevanje, ravno-
mernu raspodelu toplote i bezbedan rad pod razlicitim uslovima opterecenja. Takode se razmatra
uticaj radnih parametara gorionika na raspodelu temperaturnog polja i kinetiku suSenja. Pored toga,
sistem pokazuje poboljSanu energetsku efikasnost u poredenju sa konvencionalnim resenjima e-
lektricnog grejanja, posebno u primenama koje ukljucuju velike povrsine i proizvodnju u industrij-
skim razmerama. Razvijeni dizajn komore zadovoljava relevantne tehnicke i operativne zahteve, kao
I vazece standarde i direktive. Predstavljeno reSenje doprinosi optimizaciji proizvodnih procesa sma-
njenjem potrosnje energije, skracivanjem vremena obrade i poboljSanjem ukupnog kvaliteta i konzi-
stentnosti premazanih proizvoda.

Combined coating and drying chambers are widely used in the process industry, including food
processing, pharmaceuticals, and chemical production, for the application of thin material layers
and their subsequent drying. The design and development of a combined coating and drying chamber
with atmospheric burners for direct combustion is presented in this research. Proposed solution e-
nables precise control of temperature and humidity within the chamber, which is essential for ensu-
ring uniform coating and consistent drying conditions. Special attention is given to the integration of
atmospheric burners, which provide direct heat transfer through combustion gases, resulting in high
thermal efficiency and rapid response to process demands. Atmospheric burners provide precise re-
gulation of temperature and humidity within the chamber, which is essential for controlled coating

78 39. MEDUNARODNI KONGRES O PROCESNOJ INDUSTRIJI



39. MebUNARODNI KONGRES O PROCESNOJ INDUSTRIJI 79

application and uniform drying of materials, ensuring consistent product quality. The burner system
is designed to ensure stable combustion, uniform heat distribution, and safe operation under varying
load conditions. The influence of burner operating parameters on temperature field distribution and
drying kinetics is also considered. In addition, the system demonstrates improved energy efficiency
compared to conventional electric heating solutions, particularly in applications involving large
surfaces and industrial-scale production. The developed chamber design satisfies relevant technical
and operational requirements, as well as applicable standards and directives. The presented solution
contributes to the optimization of production processes by reducing energy consumption, shortening
processing time, and improving the overall quality and consistency of coated products.
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Rad razmatra mogucnosti integrisanog filozofsko komunikoloskog pristupa upravljanju orga-
nizacionim kvalitetom u industrijskim postrojenjima odrZive energetike, polazeci od pretpostavke da
se transparentnost tehnoloskih procesa i edukativna uloga vizitor centara mogu posmatrati kao
sastavni elementi kvaliteta, a ne kao sporedne prakse organizacijske komunikacije. Kao studija slu-
Caja uzeta je Energana na otpad u Prahovu, Ciji Vizitor centar omogucava empirijski okvir za ispiti-
vanje nacina na koje se sloZene tehnoloske strukture tumace, predstavljaju i drustveno utemeljuju.
Teorijski pristup zasniva se na nekoliko komplementarnih filozofskih perspektiva. Gadamerova her-
meneutika omogucava razumevanje Vizitor centra kao prostora u kojem se tehnoloski procesi pre-
Vode u iskustvo koje je moguce razumeti u horizontu posetioca. Habermasova teorija komunikativne
racionalnosti obezbeduje kriterijume za analizu institucionalne transparentnosti i uslova u kojima se
moze konstituisati poverenje javnosti. Rikerov koncept narativnog identiteta osvetljava nacin na koji
organizacija kroz interpretativne strukture gradi koherentan prikaz sopstvenih praksi i ciljeva odrZi-
vosti. Hajdegerova analiza tehnike kao oblika otkrivanja sveta otvara mogucnost da se tehnoloski
procesi Energane promisljaju van usko-strukovnog tehnickog pojmovnika. Laturova teorija akterskih
mreza doprinosi razumevanju Vizitor centra i Energane na otpad kao elemenata Sireg spleta odnosa
izmedu tehnoloskih, institucionalnih i drustvenih aktera. Manhajmova dijagnostika modernog drus-
tva pruza okvir za razmatranje promena vrednosnih orijentacija i ocekivanja koja prate odrzive
industrijske inicijative. Rad pokazuje da integracija ovih perspektiva otvara mogucnost za promis-
ljanje koncepta kvaliteta kao relacijski zasnovane kategorije koja ukljucuje i nacine predstavljanja
tehnike, oblikovanja poverenja i stabilizacije drustvenih odnosa u kojima industrijska postrojenja
deluju.

The paper examines the possibilities of an integrated philosophical communicological appro-
ach to organizational quality management in industrial facilities of sustainable energy production,
starting from the assumption that transparency of technological processes and the educational role
of visitor centers can be understood as integral elements of quality, rather than as secondary practi-
ces of organizational communication. The waste to energy plant in Prahovo is used as a case study,
with its Visitor Center providing an empirical framework for exploring how complex technological
structures are interpreted, presented, and socially grounded.
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The theoretical approach is based on several complementary philosophical perspectives. Ga-
damer’s hermeneutics enables an understanding of the Visitor Center as a space in which technolo-
gical processes are translated into an experience comprehensible within the visitor’s horizon. Ha-
bermas’s theory of communicative rationality provides criteria for analyzing institutional transpa-
rency and the conditions under which public trust can be constituted. Ricoeur’s concept of narrative
identity illuminates how an organization constructs a coherent representation of its practices and
sustainability goals through interpretive structures. Heidegger’s analysis of technology as a mode of
revealing opens the possibility of reflecting on the plant’s technological processes beyond narrowly
technical terminology. Latour’s actor network theory contributes to understanding both the Visitor
Center and the waste to energy plant as elements within a broader network of relationships between
technological, institutional, and social actors. Mannheim’s diagnostics of modern society offers a
framework for considering value orientation shifts and expectations associated with sustainable
industrial initiatives.

The paper demonstrates that integrating these perspectives opens the possibility of conceptua-
lizing quality as a relationally grounded category that includes ways of presenting technology,
shaping trust, and stabilizing the social relations within which industrial facilities operate.
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Razvoj mobilnih tehnologija znacajno je uticao na obrazovno okruzenje, isticuci znacaj uprav-
ljanja kvalitetom i standardizacije u pruzanju obrazovnih usluga. Mobilno ucenje (m-ucenje), kao
nastavak e-ucenja, omogucava studentima fleksibilan i interaktivan pristup obrazovnom sadrzaju pu-
tem mobilnih uredaja, Sto doprinosi standardizaciji i poboljsanju kvaliteta obrazovnog procesa u
visokom obrazovanju. Cilj ovog istrazivanja je ispitivanje faktora koji oblikuju percepciju kvaliteta
usluga mobilnog ucenja, sa fokusom na ocekivani napor, uticaj predavaca, i licnu inovativnost stu-
denata. Predlozeni model istrazivanja testiran je koris¢enjem modeliranja strukturnih jednacina par-
cijalnih najmanjih kvadrata (PLS-SEM), na osnovu podataka ankete prikupljenih od studenata Uni-
verziteta u Beogradu, pruzajuci uvid u kljucne determinante koje doprinose kvalitetu usluga mobil-
nom ucenju. Rezultati istrazivanja potvrduju sve postavljene hipoteze, ukazujuci da ocekivani napor,
uticaj predavaca i licna inovativnost studenata imaju statisticki znacajan i pozitivan efekat na per-
cepciju kvaliteta usluga mobilnog ucenja. Dobijeni rezultati pruzaju smernice donosiocima odluka i
visokoskolskim institucijama za unapredenje dizajna i implementacije mobilnih obrazovnih platformi
u cilju postizanja viSeg nivoa kvaliteta i standardizacije obrazovnih usluga.

The development of mobile technologies has significantly affected the educational environment,
emphasizing the importance of quality management and standardization in the provision of educati-
onal services. Mobile learning (m-learning), as a continuation of e-learning, allows students flexible
and interactive access to educational content via mobile devices, which contributes to the standardi-
zation and improvement of the quality of the educational process in higher education. The aim of this
research is to examine the factors that shape the perception of the quality of mobile learning services,
with a focus on the expected effort, the influence of the lecturer and the personal innovativeness of
the students. The proposed research model was tested using partial least squares structural equation
modeling (PLS-SEM), based on survey data collected from students at the University of Belgrade,
providing insight into the key determinants that contribute to the quality of services in mobile lear-
ning. The research results confirm all proposed hypotheses, indicating that effort expectancy,

82 39. MEDUNARODNI KONGRES O PROCESNOJ INDUSTRIJI



39. MebUNARODNI KONGRES O PROCESNOJ INDUSTRIJI 83

instructor influence, and students’ personal innovativeness have a statistically significant and posi-
tive effect on the perceived quality of mobile learning services. The obtained findings provide valua-
ble guidance for decision-makers and higher education institutions in improving the design and
implementation of mobile learning platforms, with the aim of achieving higher levels of service qua-
lity and standardization in education.
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U savremenom poslovnom okruzenju, organizacije se suocavaju sa sve vecim pritiskom da
usvoje hibridne modele rada koji kombinuju tradicionalno prisustvo u kancelariji sa radom na da-
ljinu. Ovo istrazivanje fokusira se na analizu kvaliteta timskog razvoja i kohezije u hibridnim okru-
Zenjima, sa posebnim osvrtom na izazove u komunikaciji, jasnocu uloga i nivo medusobnog poverenja
medu clanovima tima. Kljucni cilj istraZivanja je identifikacija promena koje se desavaju u dinamici
tima usled prostorne distance, kao i analiza faktora koji direktno uticu na socijalnu i koheziju usme-
renu na zadatak. Kroz empirijsku analizu stavova zaposlenih koji rade u hibridnom rezimu, istraZi-
vanje tezi da utvrdi kako tehnoloski alati i liderski pristupi mogu prevazic¢i osecaj izolovanosti i ne-
ravnopravnosti. Na osnovu dobijenih rezultata, rad pruza smernice i preporuke za preduzeca kako bi
efikasno unapredila timsku povezanost i osigurala efikasno poslovanje u digitalnom okruzenju.

In the contemporary business environment, organizations face increasing pressure to adopt
hybrid work models that combine traditional office presence with remote work. This research focuses
on analyzing the quality of team development and cohesion in hybrid environments, with reference to
communication challenges, role clarity, and the level of mutual trust among team members. The key
goal of the research is the identification of changes that occur in team dynamics due to spatial
distance, as well as the analysis of factors that directly affect social and task-oriented cohesion.
Through an empirical analysis of the attitudes of employees working in a hybrid mode, the research
aims to determine how technological tools and leadership approaches can overcome the feeling of
isolation and inequality. Based on the results obtained, the work provides guidelines and recommen-
dations for companies to effectively improve team bonding and ensure efficient business in the digital
environment.
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Kvalitet ERP sistema igra kljucnu ulogu u poboljsanju organizacione efikasnosti integrisanjem
poslovnih procesa omogucavanjem razmene informacija u realnom vremenu. Medutim, percepcija
kvaliteta ERP sistema moZze da varira u razlic¢itim industrijskim kontekstima. Ova studija ispituje da
li postoje statisticki znacajne razlike u percipiranim performansama ERP sistema izmedu korisnika
u diskretnoj i procesnoj industriji. Empirijski podaci su prikupljeni putem onlajn ankete medu 100
korisnika ERP sistema zaposlenih u preduzecima koja posluju u Srbiji. Kvalitet ERP sistema meren
je efikasnoScu pretrage podataka, viemenom ucitavanja sistema, preuzimanjem podataka, kreiranjem
dokumenata i izvrSavanjem zadataka. Metoda analize varijanse (ANOVA) primenjena je za testiranje
razlika u percepciji korisnika izmedu dva tipa industrija. Rezultati ukazuju na statisticki znacajne
razlike u percepcijama vezanim za efikasnost pretrage podataka i brzinu ucitavanja sistema, dok nisu
pronadene znacajne razlike za preuzimanje podataka, kreiranje dokumenata i izvrSavanje zadataka.
Studija doprinosi literaturi pruzajuci empirijske dokaze o razlikama u percepciji performansi ERP
sistema zasnovanim na industriji. Sa prakticne perspektive, rezultati isticu vaznost prilagodavanja
dizajna i konfiguracije ERP sistema specificnim operativnim potrebama razlicitih industrijskih okru-
zenja. Buduca istrazivanja bi mogla prosiriti analizu ukljucivanjem dodatnih dimenzija kvaliteta
ERP-a i Sireg uzorka.

Enterprise Resource Planning (ERP) system quality plays a critical role in improving organi-
sational efficiency by integrating business processes and enabling real-time information exchange.
However, perceptions of ERP system quality may vary across different industrial contexts. This study
examines whether statistically significant differences exist in perceived ERP system performance
between users in discrete and process industries. Empirical data were collected through an online
survey of 100 ERP users employed in enterprises operating in Serbia. ERP system quality was mea-
sured by data search efficiency, system loading time, data downloading, document creation, and task
execution. The analysis of variance (ANOVA) method was applied to test differences in user percep-
tions between the two industry types. The results indicate statistically significant differences in per-
ceptions related to data search efficiency and system loading speed, while no significant differences
were found for data downloading, document creation, and task execution. The study contributes to
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the literature by providing empirical evidence on industry-based differences in ERP system perfor-
mance perceptions. From a practical perspective, the results highlight the importance of adapting
ERP system design and configuration to the specific operational needs of different industrial envi-
ronments. Future research could extend the analysis by including additional ERP quality dimensions
and a broader sample.
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Vestacka inteligencija i tehnologije zasnovane na vestackoj inteligenciji proZimaju nas svakod-
nevni Zivot, sve vise menjajuci nacin na koji zivimo i radimo. Ako se pravilno upravljaju, tehnologije
vestacke inteligencije imaju potencijal da doprinesu resavanju nekih od najznacajnijih izazova Sirom
sveta, posebno onih koji se odnose na klimatske promene, ekonomski rast i odrZivi razvoj. Ako se loSe
upravljaju, tehnologije vestacke inteligencije mogu imati ozbiljne posledice. Stoga, kako bi se ostva-
rio potencijal vestacke inteligencije, uz, ujedno, umanjivanje sa njom povezanih rizika na najmanju
mogucu meru, odgovorno upravljanje vestacke inteligencije postaje kljucno. Oslanjajuci se na mno-
gobrojne medunarodne inicijative (eng. the United Nations’ (UN) Global Digital Compact), brojne
regionalne inicijative (eng. the European Union (EU) Artificial Intelligence Act — Al Act), kao i
brojne nacionalne inicijative (ukljucujuci nacionalne strategije vestacke inteligencije koje su usvojile
odredene zemlje), kreatori politika Sirom sveta sve viSe prepoznaju potrebu za uspostavljanjem odgo-
varajuc¢ih mehanizama za odgovorno upravljanje vestacke inteligencije. lako je uloga standarda u
odgovornom upravljanju vestacke inteligencije obradena u literaturi, uloga infrastrukture kvaliteta
(IK), koja ukljucuje standardizaciju, metrologiju, akreditaciju, ocenjivanje usaglasenosti i nadzor
trzista, obradena je, uglavnom, pojedinacno (i to kroz specificne studije slucaja). Ipak, istrazivanje
koje bi ukazalo na ulogu celokupne IK (svii elemenata IK) u obezbedivanju odgovornog upravljanja
vestacke inteligencije jos uvek nije sprovedeno. Shodno tome, ovo istrazivanje ima za cilj da ukaze
na to da li IK (ili koji od elemenata IK) doprinosi odgovornom upravljanju vestacke inteligencije. Uz
to, ostvareni rezultati bi trebalo da ilustruju u kojoj meri IK (ukljucujuci elemente IK) doprinosi
odgovornom upravljanju vestacke inteligencije, pruzajuci osnovu za javne politike zasnovane na do-
kazima i znacajna ulaganja u IK. Kako tehnologije zasnovane na vestackoj inteligenciji nastaviljaju
da se razvijaju, opstojna i robusna IK postaje osnova za odgovorno upravljanje vestacke inteligen-
cije.

Artificial Intelligence (Al) and Al technologies are being embedded in our everyday lives, incre-
asingly changing the ways in which we live and work. If governed properly, Al technologies have the
potential to address some of the most critical challenges around the world, especially the ones related
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to climate change, economic growth, and sustainable development. If governed poorly, Al technolo-
gies may entail serious consequences. Thus, to explore its potential while minimizing risks, respon-
sible Al governance seems crucial. Drawing upon various international initiatives (e.g., the United
Nations’ (UN) Global Digital Compact), several regional initiatives (e.g., the European Union’s
(EV) legislation and the EU Al Act), and a variety of national initiatives (e.g., the national Al strate-
gies adopted by countries), policymakers all over the world have increasingly recognized the need to
establish adequate mechanisms for responsible Al governance. Although the role of standards in
ensuring the responsible Al governance has been explored in the literature, the role of Quality Infras-
tructure (QIl), encompassing standardization, metrology, accreditation, conformity assessment, and
market surveillance, has been explored individually (through specific case studies). Still, a study
examining the role of the entire QI (all of its elements) in ensuring the responsible Al governance
remains lacking. As a result, our study aims to demonstrate whether QI (and which of its elements)
contributes to the responsible Al governance. Additionally, our results demonstrate the extent to
which the QI (including its individual elements) contributes to the responsible Al governance, thereby
offering a rationale for evidence-based public policies and substantial investments in QI. As Al tec-
hnologies continue to evolve, resilient and robust QI becomes a basis for responsible Al governance.
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Jedan od nacina za poboljsanje organizacionih performansi ali i povecanje konkurentske pred-
nosti jeste primena strateskih modela. Jedan od strateskih modela u tu svrhu jeste Balanced score-
card. Ovaj model uljucuje Cetiri perspektive kao sto su perspektiva korisnika i stejkholdera, perspek-
tiva internih poslovnih procesa, perspektiva ucenja i rasta kao i finansijska perspektiva. Prema tome,
cilj rada je sistematizovanje literature opsteprihvacenog modela Balanced scorecard.

Ovaj model je pronasSao Siroku primenu u raznim oblastima svih sektora. lako je u prethodnom
period ovaj model bio svojstven proizvodnim organizacijama, tokom vremena pronasao je uspesnu
primenu i u usluznim delatnostima kao i neprofitnim organizacijama. Pored toga, ovaj strateSki mo-
del doprinosi povezivanju organizacionih strategija sa operativnim ciljevima $to moze imati uticaj
na povecanje sposobnosti organizacija za poboljsanje organizacionih performansi.

Ovaj rad moze biti od koristi menadzerskim strukturama organizacija kao pocetni putokaz i
upoznavanje sa usvajanjem, primenom ali i benefitima koji primena ovog modela moze obezbediti za
mogucnost oblikovanja Zeljenog nivoa organizacionih performansi.

One of the ways to improve organizational performance, as well as to increase competitive
advantage, is the application of strategic models. One of the strategic models used for this purpose
is the Balanced Scorecard. This model includes four perspectives: the customer and stakeholder per-
spective, the internal business process perspective, the learning and growth perspective, and the fi-
nancial perspective. Accordingly, the aim of this paper is to systematize the literature on the widely
accepted Balanced Scorecard model.

This model has found wide application in various fields across all sectors. Although in the past
it was primarily characteristic of manufacturing organizations, over time it has also been successfully
applied in service activities as well as in non-profit organizations. In addition, this strategic model
contributes to linking organizational strategies with operational objectives, which can influence the
enhancement of organizations’ capabilities to improve organizational performance.
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This paper may be useful to managerial structures of organizations as an initial guideline and
introduction to the adoption, implementation, and benefits that the application of this model can pro-
vide in shaping the desired level of organizational performance.
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PoboljSanje efikasnosti, transparentnosti i odgovornosti predstavlja jedan od osnovnih izazova
sa kojima se suocavaju organizacije javne uprave. U tom kontekstu, menadzment kvaliteta predstavija
jedno od kljucnih sredstava za unapredenje sistema javne uprave. Poseban fokus ovog pristupa
ogleda se u primeni standarda ISO 9001, totalnog upravljanja kvalitetom (TQM) i Lean me-
nadzmenta, Ciji je osnovni cilj unapredenje poslovnih procesa, povecanje efikasnosti upravljanja
ljudskim resursima i unapredenje zadovoljstva korisnika usluga. U okviru ovog rada sprovedena je
analiza studija slucaja nacionalnih privrednih komora u razlicitim zemljama sveta, posmatrana kroz
prizmu primene sistema kvaliteta u javnoj upravi. Pored toga, izvrsena je analiza kljucnih indikatora
performansi, analiza troskova, kao i anketno istraZivanje medu zaposlenima i korisnicima usluga,
kako bi se dodatno sagledali efekti primene sistema menadZmenta kvaliteta. Dobijeni rezultati uka-
zuju da primena sistema menadZmenta kvaliteta dovodi do unapredenja efikasnosti poslovnih pro-
cesa, smanjenja budzetskih troskova, povecanja transparentnosti i odgovornosti, skracenja trajanja
administrativnih postupaka, kao i pojednostavljenja procedura za gradane i privredu. Navedeni
zakljucci potvrduju da primena principa menadzmenta kvaliteta predstavlja vazan korak u transfor-
maciji nacionalnih privrednih komora, kao sistema javne uprave, ka efikasnijem, transparentnijem i
korisnicki orijentisanom sistemu, koji u vecoj meri odgovara potrebama gradana i privrede.

Improving efficiency, transparency, and accountability represents one of the main challenges
faced by public administration organizations. In this context, quality management is one of the key
instruments for enhancing the public administration system. Particular emphasis of this approach is
reflected in the application of ISO 9001 standards, Total Quality Management (TQM), and Lean
management, whose primary goal is to improve business processes, increase the efficiency of human
resource management, and enhance user satisfaction. Within this paper, an analysis of case studies
of national chambers of commerce in different countries around the world was conducted, observed
through the lens of the application of quality systems in public administration. In addition, an analysis
of key performance indicators, cost analysis, as well as a survey conducted among employees and
service users were carried out in order to further assess the effects of implementing quality manage-
ment systems. The obtained results indicate that the implementation of quality management systems
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leads to improved efficiency of business processes, reduction of budgetary costs, increased transpa-
rency and accountability, shortening of administrative procedures, as well as simplification of pro-
cedures for citizens and businesses. These conclusions confirm that the application of quality mana-
gement principles represents an important step in transforming the public administration system into
a more efficient, transparent, and user-oriented system that better responds to the needs of citizens
and the economy.
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Savremeni uslovi poslovanja namecu potrebu za odgovornim, transparentnim i odrzivim uprav-
ljanjem organizacija, usled cega ESG koncept sve vise dobija na znacaju kao okvir za procenu dugo-
rocne uspesnosti organizacija. Kljucna prednost njegove primene uocava se u avio-industriji, koja,
kao slozen i razvojno znacajan sistem, ima izrazen uticaj na zivotnu sredinu, drustvene tokove i uprav-
ljacke procese.

Imajuci u vidu da se procesna industrija sve intenzivnije usmerava ka odrzivim modelima poslo-
vanja, analiza ESG principa u ovoj oblasti postaje od posebnog strucnog i naucnog interesa. Predmet
rada jeste razmatranje pojma, znacaja i osnovnih dimenzija ESG koncepta, sa posebnim osvrtom na
njegovu primenu u avio-industriji.

Poseban segment rada odnosi se na analizu primera iz prakse, odnosno na sagledavanje mera
I inicijativa koje pojedini aerodromi i avio-kompanije sprovode radi unapredenja poslovanja u skladu
sa ESG principima.

Na osnovu sprovedene analize zakljucuje se da primena ESG koncepta vise ne predstavlja samo
dodatni element reputacione vrednosti, ve¢ vazan uslov za odrzivo i konkurentno poslovanje, usagla-
Savanje sa savremenim regulatornim i trZiSnim zahtevima, kao i za jacanje poverenja investitora,
korisnika i Sire druStvene zajednice.

Contemporary business conditions require responsible, transparent, and sustainable manage-
ment, which has made the ESG concept an increasingly important framework for evaluating the long-
term performance of organizations.

Its application is particularly relevant in the aviation industry, which, as a complex and stra-
tegically important sector, has a significant impact on the environment, social processes, and corpo-
rate governance.

Given that the process industry is becoming increasingly oriented toward sustainable business
models, the analysis of ESG principles in this field is gaining professional and scientific importance.
This paper examines the concept, importance, and main dimensions of ESG, with a special focus on
its application in the aviation industry.
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Special attention is given to practical examples, namely the measures and initiatives imple-
mented by certain airports and airlines in order to improve their operations in accordance with ESG
principles.

Based on the conducted analysis, it can be concluded that the application of the ESG concept
no longer represents only an additional element of reputational value, but an essential requirement
for sustainable and competitive business performance, compliance with modern regulatory and mar-
ket demands, and strengthening the trust of investors, users, and the wider community.
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Lokalna samouprava ima vaznu ulogu u ocuvanju Zivotne sredine kroz sprovodenje zakona,
pracenje smernica strategija za ocuvanje Zivotne sredine, kao i resSavanje ekoloskih izazova savre-
menog doba i podsticanje odrzivog razvoja. Neke od kljucnih nadleznosti u ocuvanju Zivotne sredine
odnose se na zastitu vode i vazduha, prostorno planiranje, upravljanje otpadom, odrzavanje zelenih
povrsina, javni prevoz i slicno tome. Kroz sprovodenje zakona o zastiti Zivotne sredine, lokalna sa-
mouprava utice na ispunjavanje ovih zahteva. U Republici Srbiji postoji Zakon o zastiti zivotne sre-
dine.

Sistem menadZmenta Zivotne sredine zasniva se na celovitom i integrisanom pristupu upravlja-
nju, koji organizacijama omogucava da dosledno uocavaju, kontrolisu i umanjuju Stetne uticaje svo-
Jjih aktivnosti na Zivotnu sredinu, uz istovremeno unapredenje ekoloskih rezultata i poStovanje rele-
vantnih zakonskih i drugih propisanih zahteva. Razvoj i uvodenje ovih sistema u praksi u velikoj meri
se oslanjaju na medunarodno priznate standarde, medu kojima se posebno izdvaja I1SO 14001, koji
pruza metodoloski okvir za prepoznavanje znacajnih ekoloskih aspekata, procenu njihovih uticaja,
postavljanje ciljeva u oblasti zastite Zivotne sredine, kao i pracenje postignutih rezultata. Kroz pri-
menu ovog standarda organizacijama se omogucava da na sistematican i kontinuiran nacin unapre-
duju upravljanje ekoloskim pitanjima i doprinose principima odrzivog razvoja.

Takode, standard ISO 18091 Sistem menadzmenta kvalitetom - Smernice za primenu 1SO 9001
u lokalnoj samoupravi, takode istice vaznost zastite zivotne sredine, kao jedne od nadleznosti lokalne
samouprave. U upitniku koji se nalazi u prilogu ovog standarda, a koji meri kvalitet lokalne samou-
prave, postoji grupa pitanja koja se tice iskljucivo Zivotne sredine i kroz razlicite indikatore meri
kvalitet ovog aspekta upravljanja na lokalnom nivou.

Cilj rada je analiza uloge lokalne samouprave u zastiti Zivotne sredine i kvaliteta njenog delo-
vanja kroz zakonske okvire i standarde.

Obezbedivanje odrzivosti u upravljanju na lokalnom nivou zahteva, takode, uskladenost sa si-
rim nacionalnim i medunarodnim programima, spremnost i stratesko donosenje odluka na ovom ni-
vou vlasti.

Local self-government plays a significant role in environmental protection through the imple-
mentation of laws, the monitoring of environmental strategies and guidelines, as well as by ad-
dressing contemporary environmental challenges and promoting sustainable development. Key
responsibilities in this domain include the protection of water and air, spatial planning, waste mana-
gement, maintenance of green areas, public transportation, and related activities. By enforcing envi-
ronmental protection legislation, local self-government contributes to meeting these requirements. In
the Republic of Serbia, this framework is defined by the Law on Environmental Protection.
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The concept of an environmental management system is based on a comprehensive and inte-
grated approach that enables organizations to systematically identify, control, and mitigate the
adverse environmental impacts of their activities, while simultaneously improving environmental per-
formance and ensuring compliance with relevant legal and regulatory requirements. The deve-
lopment and implementation of such systems are strongly supported by internationally recognized
standards, particularly 1ISO 14001, which provides a structured framework for identifying significant
environmental aspects, assessing their impacts, setting environmental objectives, and monitoring
performance improvements. The application of this standard allows organizations to continuously
and systematically enhance their environmental management practices and contribute to sustainable
development.

Furthermore, the ISO 18091 standard, Quality Management Systems — Guidelines for the
Application of ISO 9001 in Local Government, highlights the importance of environmental protection
as one of the key responsibilities of local self-government. The questionnaire included in the annex
of this standard, which is used to assess the quality of local governance, contains a dedicated set of
questions focused exclusively on environmental issues, measuring this aspect of governance through
a range of indicators at the local level.

The aim of this paper is to analyze the role of local self-government in environmental protection
and to assess the quality of its performance within the framework of legal regulations and internati-
onal standards.

Ensuring sustainability in local governance also requires alignment with broader national and
international frameworks, as well as institutional readiness and strategic decision-making at the lo-
cal level.
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Rad se bavi sagledavanjem medusobnih odnosa Kaizen pristupa i IT resursa u poboljsavanju
kvaliteta procesa u organizaciji. Kaizen se u radu posmatra kao pristup menadzmentu kvaliteta koji
se zasniva na stalnom poboljSanju, usmerenosti na procese, standardizaciji i ukljucivanju zaposlenih
u svakodnevno resavanje problema i trazenje boljih nacina rada. U tom smislu, rad najpre pokazuje
osnovne karakteristike Kaizen pristupa i njegovu povezanost sa konceptom Total Quality Manage-
ment, kao i sa zahtevima standarda ISO 9001. Posebno se ukazuje na znacaj PDCA ciklusa, gemba
pristupa i 5S metodologije, jer oni predstavljaju vaznu osnovu za poboljSavanje procesa u organiza-
ciji.

Drugi deo rada usmeren je na IT resurse kao podrsku primeni Kaizen principa. Razmatraju se
BPM alati, QMS softverska reSenja, alati za upravljanje zadacima i radnim tokovima, data i Bl alati,
kao i kolaboracioni alati. Njihova uloga se ogleda u tome Sto omogucavaju vecu preglednost procesa,
lakse pracenje rezultata, bolju dokumentovanost aktivnosti i jednostavniju komunikaciju medu uce-
snicima procesa.

Cilj rada jeste da pokaze da se kvalitet procesa ne poboljsava samo primenom odredenih me-
toda menadzmenta kvaliteta, vec i njihovim povezivanjem sa odgovarajucim IT resursima. Zakljucuje
se da IT resursi predstavijaju znacajnu podrsku Kaizen pristupu, jer olakSavaju pracenje procesa,
analizu podataka, standardizaciju aktivnosti i sprovodenje stalnog poboljsanja u organizacionoj
praksi.

The paper examines the relationships between the Kaizen approach and IT resources in impro-
ving process quality within an organization. In the paper, Kaizen is viewed as a quality management
approach based on continuous improvement, process orientation, standardization, and the involve-
ment of employees in everyday problem-solving and in finding better ways of working. In this context,
the paper first presents the main characteristics of the Kaizen approach and its connection with the
concept of Total Quality Management, as well as with the requirements of the 1SO 9001 standard.
Special attention is given to the importance of the PDCA cycle, the gemba approach, and the 5S
methodology, as they represent an important basis for process improvement in an organization.

The second part of the paper is focused on IT resources as support for the application of Kaizen
principles. It discusses BPM tools, QMS software solutions, task and workflow management tools,
data and Bl tools, as well as collaboration tools. Their role is reflected in enabling greater process
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visibility, easier monitoring of results, better documentation of activities, and simpler communication
among process participants.

The aim of the paper is to show that process quality is improved not only through the applica-
tion of certain quality management methods, but also through their connection with appropriate IT
resources. It is concluded that IT resources represent significant support for the Kaizen approach, as
they facilitate process monitoring, data analysis, activity standardization, and the implementation of
continuous improvement in organizational practice.
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Egexmusnocm obyka 3anocienux npedcmaema jedarn 00 KbYUHUX (PAKMOpA 3a YCHeutHo
@yHKYUOHUCAe cUCTNeMa MEeHAUMEHMa Keaiumema y pe2yiucanum uHOyCmpujama, Kao wmo cy
MeouyuHcka u ¢papmayeymceka uumoycmpuja. Y oeum umdycmpujama, npumena melhyHapoouux
CmManoapoa u pe2yiamopHux 3axmesa ycio6/baéa NOmpedy 3a A0eK8amuo 00yUeHUM Kaopo8UMa Koju
pasymejy u ucnpasro npumerbyjy oegpunucane npoyedype y npaxcu. Egpexkmusnocm obyka ce oeneoa
Y cmeneHy y Kojem 3anocieHu npumersyjy cmedena 3Hara y c6aKoOHesHoM pady. bpoj cnposedenux
00yKka u muxoea opmanna pearusayuja ne eapanmyjy oa he ce cmeuena 3narba NPUMerbUBAMU Y
NpaKcu Ha HUBOY Koju ce 3axmesd, y CKAaoy ca npoyedypama.

Kpos pao ce epwu ananuza 3nauaja obyka u wuxose eqpeKmusHOCmMuY y KOHMEKCMY cucmema
MmeHaymenma xearumema. Iloceban goxyc je na 0oopoj dokymenmayuornoj npaxcu GDP u ALCOA
NPUHYUNUMA UHMe2pUmema no0amaxa, Koju npedcmasasajy 0CHo8y 3a obezbehusarbe noy30anocmi,
MAYHOCIU U Ce0/bUBOCTIU NOOAMAKA Y C8UM (ha3ama npoyeca npou3eoorse.

Y paoy je npuxazana cmyouja cayuaja y Kojoj cy amanusupane HeycaeiauleHOCmu y
npouzeoonoj ookymenmayuju npumernom GDP u ALCOA npunyuna. [lpumenom Ishikawa memooe
udenmugurxosanu cy KawyuHu yspoyu oocmynarea, npu yemy je CAPA npucmyn xopuwhen 3a
Odegpunucaroe KOPeKMUBHUX U NPEGEHMUBHUX MePd.

Pezynmamu yka3zyjy oa neepexmuene 00yke, Hed080bHA CMAHOApOU3ayUja 0oOKyMeHmayuje,
Kao u Hed080./bHA KOHMPOLA npoyeca 00800e 00 nojase HeycaziaueHocmu u nogehiarea pusuxka 0o
epewaxka mokom paoa.

3axmyuyje ce 0a jauarwe sese usmely 0oyka u 0oKymenmayuje, Kao u CUCMeMCKU NIAHUPAHO U
ehekmusHo cnposoherve 00yKa 3anocieHux yCKiaheHux ca 3axmesuma cmanoapoa u pe2yiamopHux
CMepHUYA, 3HAYAjHO OONPUHOCU YHANpelhery cucmema MeHaymMenma Keaiumema y MeOuyuHcKoj u
Gdapmayeymckoj unoycmpuju.

The effectiveness of employee training is one of the key factors for the successful functioning of
quality management systems in regulated industries such as the medical device and pharmaceutical
industries. In these sectors, the application of international standards and regulatory requirements
creates the need for adequately trained personnel who understand and correctly apply defined pro-
cedures in practice. Training effectiveness is reflected in the extent to which employees apply acqui-
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red knowledge in their daily work. The number of conducted trainings and their formal implementa-
tion do not guarantee that the acquired knowledge will be applied in practice at the required level,
in accordance with established procedures.

This study analyzes the importance of training the reliability and its effectiveness within the
context of quality management systems. Special focus is placed on Good Documentation Practice
(GDP) and ALCOA data integrity principles, which form the basis for ensuring reliability, accuracy
and traceability of the data throughout all stages of the production process.

A case study is presented in which nonconformities in production documentation were analyzed
using GDP and ALCOA principles. The Ishikawa method was applied to identify the root causes of
deviations, while the CAPA approach was used to define corrective and preventive actions.

The results indicate that ineffective training, insufficient standardization of documentation and
inadequate process control lead to nonconformities and an increased risk of errors during operati-
ons.

It is concluded that strengthening the link between training and documentation, as well as syste-
matically planned and effectively implemented employee training aligned with standard requirements
and regulatory guidelines, significantly contributes to improving quality management systems in both
the medical device and pharmaceutical industries.
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Sve intenzivnija primena veStacke inteligencije u procesnoj industriji donosi znacajne moguc-
nosti za optimizaciju proizvodnje i operacija, kao i efikasnije korisc¢enje resursa. Medutim, paralelno
sa pozitivnim aspektima, javljaju se i izazovi u vezi sa pouzdanoséu samih sistema, transparentno$céu
odluka, upraviljanjem podacima i uskladenoscu sa regulatornim i etickim zahtevima.

ISO/IEC 42001, predstavlja prvi medunarodni standard za sistem menadzmenta vestackom
inteligencijom (AIMS), i kao takav pruza strukturiran okvir i smernice za upravljanje Al sistemima
kroz ceo njihov zivotni ciklus. lako je primarno prepoznat u IT sektoru, njegova primena u procesnoj
industriji moze predstavljati kljucni korak ka odgovornoj i odrzivoj digitalnoj transformaciji.

U okviru rada se analizira mogucnosti implementacije ISO/IEC 42001 u ne-1T okruzenjima, sa
fokusom na procesnu industriju, ukljucujuci energetiku, hemijsku i proizvodnu industriju. Poseban
akcenat stavljen je na integraciju AIMS elemenata sa postojecim sistemima menadZzmenta kvaliteta
(1ISO 9001), zastite Zivotne sredine (1SO 14001) i informacione bezbednosti (1SO 27001).

Na kraju, rad sadrzi i predlog prakticnog okvira za implementaciju koji povezuje zahteve sta-
ndarda sa operativnim procesima, ciljevima odrzivog razvoja i principima ekonomije. Kroz ovaj pri-
stup, kompanije mogu obezbediti vecu transparentnost, smanjiti rizike i unaprediti donosenje odluka
zasnovano na podacima.

The increasingly intensive application of artificial intelligence in the process industry brings
significant opportunities for optimizing production and operations, as well as for more efficient re-
source utilization. However, alongside these benefits, challenges also arise related to system reliabi-
lity, decision transparency, data governance, and compliance with regulatory and ethical require-
ments.

ISO/IEC 42001 represents the first international standard for Artificial Intelligence Manage-
ment Systems (AIMS), providing a structured framework and guidelines for managing Al systems
throughout their entire lifecycle. Although it is primarily recognized in the IT sector, its application
in the process industry can represent a key step toward responsible and sustainable digital transfor-
mation.

This paper analyzes the possibilities of implementing ISO/IEC 42001 in non-IT environments,
with a focus on the process industry, including energy, chemical, and manufacturing sectors. Special
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emphasis is placed on integrating AIMS elements with existing management systems such as ISO
9001 (quality management), ISO 14001 (environmental management), and ISO 27001 (information
security).

Finally, the paper proposes a practical implementation framework that connects standard
requirements with operational processes, sustainable development goals, and principles of circular
economy. Through this approach, companies can achieve greater transparency, reduce risks, and
improve data-driven decision-making.
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U radu je uradena analiza postojeceg standarda kvalifikacije Tehnicar grejanja i klimatizacije,
sa ciljem da se istakne neuskladenost izmedu vazeceg standarda i onoga sto zahteva moderna indus-
trija, posebno u oblastima kao $to su digitalizacija, energetska efikasnost, odrZivi razvoj i upravljanje
kvalitetom. Neophodnost navedenog, sadrzana je u cinjenici da savremeni razvoj procesne industrije
zahteva stalno unapredenje obrazovnih profila u strucnom obrazovanju, jer su drustvu sve potrebniji
strucnjaci sa tehnickim, digitalnim i odrzivim kompetencijama.

U radu se predlaze model unapredenja kroz jacanje veza izmedu obrazovanja i industrije, kao
i primena dualnog modela obrazovanja, koji omogucava ucenicima da steknu prakticna iskustva u
realnim industrijskim uslovima rada.

Modernizovane oblasti kompetencija, ucenicima bi pruzile mogucnost da ovladaju vestinama
koje industrija prepoznaje kao kljucne, ukljucujuci upotrebu digitalnih i automatizovanih sistema,
energetski optimizovana reSenja, i principe odrzivog razvoja.

Realno je ocekivati da bi implementacija ovih promena dovela do lakseg pronalazenja posla i
profesionalnog razvoja, i podigla kvalitet kadrova koji su spremni za rad u digitalizovanim, energet-
ski efikasnim i odrzivim procesnim postrojenjima.

The paper analyzes the existing qualification standard Heating and Air Conditioning Techni-
cian, with the aim of highlighting the mismatch between the current standard and what modern indus-
try requires, especially in areas such as digitalization, energy efficiency, sustainable development
and quality management. The necessity of the above lies in the fact that the modern development of
industrial processes requires constant improvement of educational profiles in vocational education,
because society needs specialists with technical, digital and sustainable competencies.

The paper proposes a model of improvement through strengthening the links between education
and industry, as well as the application of a dual model of education, which allows students to gain
practical experience in real industrial working conditions.
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Modernized competency areas would provide students with the opportunity to master skills re-
cognized by industry as key, including the use of digital and automated systems, energy-optimized
solutions, and principles of sustainable development.

Itis realistic to expect that the implementation of these changes would lead to easier job finding
and professional development, and raise the quality of personnel who are ready to work in digitized,
energy-efficient and sustainable process plants.
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Ovo istrazivanje ima za cilj da prikaze bibliometrijsku analizu naucne literature o zelenom
kupovnom ponasanju u kontekstu odrzivog razvoja. Analiza je sprovedena koriséenjem baze Scopus,
uz primenu strukturisane strategije pretrage zasnovane na relevantnim kljucnim recima. U uzorak su
ukljuceni naucni i pregledni radovi objavijeni na engleskom jeziku u periodu od 2000. do 2025. go-
dine. Podaci su analizirani primenom odgovarajucih bibliometrijskih metoda, dok je za vizualizaciju
i mapiranje odnosa medu publikacijama koriséen alat VOSviewer. Analiza obuhvata trendove publi-
kovanja, identifikaciju najuticajnijih autora, c¢asopisa i zemalja, kao i ispitivanje strukture istraZi-
vacke oblasti putem analize ko-pojavijivanja kljucnih reci. Rezultati ukazuju na kontinuiran rast
broja publikacija, posebno u poslednjoj deceniji, sto potvrduje sve veci znacaj odrzive potrosnje i
ekoloski odgovornog ponasanja potrosaca. Identifikovani tematski klasteri ukazuju na snaznu pove-
zanost zelenog kupovnog ponasanja sa konceptima odrzivosti, cirkularne ekonomije i svesti potro-
Saca. Rad doprinosi literaturi kroz sistematizaciju postojecih istraZivanja i identifikaciju buducih
pravaca razvoja, pruzajuci korisne uvide za istrazivace i donosioce odluka u oblasti odrzivog razvoja.

Zahvalnica

Ovaj projekat je podrZzan od strane Fonda za nauku Republike Srbije, 9029-YF-SAIGE GRANT
br., Enhancing Collaboration in Promoting Attitudes and Consumption Trends for Green Products
and Services (ECO-PACT).

This research aims to show a bibliometric analysis of the scientific literature on green purcha-
sing behaviour in the context of sustainable development. The analysis was conducted using the Sco-
pus database, with a structured search strategy based on relevant keywords. Scientific and review
papers published in English in the period from 2000 to 2025 are included in the sample. The data
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were analyzed using appropriate bibliometric methods, while the VOSviewer tool was used to visua-
lize and map the relationship between publications. The analysis includes publication trends, identi-
fication of the most influential authors, journals, and countries, and an examination of the structure
of the research area through keyword co-occurrence analysis. The results indicate a continuous
growth in the number of publications, especially in the last decade, which confirms the increasing
importance of sustainable consumption and environmentally responsible consumer behavior. The i-
dentified thematic clusters indicate a strong connection between green purchasing behavior and the
concepts of sustainability, circular economy and consumer awareness. The paper contributes to the
literature through the systematization of existing research and the identification of future deve-
lopment directions, providing useful insights for researchers and decision makers in the field of susta-
inable development.
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Ovaj rad istrazuje kljucne determinante zelenog kupovnog ponasanja u Sirem kontekstu odrzi-
vog industrijskog razvoja. Empirijski podaci prikupljeni su putem strukturisanog upitnika koji obu-
hvata ekolosku zabrinutost (EC), percipirano ekolosko znanje (PEK), nameru kupovine zelenih pro-
izvoda (GPI) i zeleno kupovno ponaSanje (GPB), uz primenu sedmostepene Likertove skale. IstraZi-
vanje je sprovedeno u Srbiji (n=329) i Ceskoj Republici (n=324). Za svaki konstrukt izracunate su
srednje vrednosti, nakon cega je sprovedena korelaciona analiza odnosa izmedu EC, PEK, GPI i
GPB. Rezultati pokazuju da svi posmatrani faktori znacajno uticu na zeleno kupovno ponasanje, pri
Cemu namera kupovine ima najjacu povezanost u obe zemlje. U Srbiji koeficijenti korelacije iznose
0,61 (EC-GPB), 0,65 (PEK-GPB) i 0,77 (GPI-GPB), dok u Ceskoj Republici iznose 0,54, 0,64 i
0,71, redom. Nesto viSe vrednosti u Srbiji mogu se objasniti razlikama u razvijenosti trzista i izraze-
nijom uskladenoscéu stavova i ponasanja u trzistima u razvoju. Rezultati ukazuju na znacaj podstica-
nja potrazmje za zelenim proizvodima, jer povecana potrosnja moze doprineti odrzivoj industrijskoj
proizvodnji, efikasnijem koriséenju resursa i ostvarivanju dugorocnih ciljeva zastite Zivotne sredine.
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This paper investigates key determinants of green purchasing behaviour within the broader
context of sustainable industrial development. Empirical data were collected through a structured
questionnaire covering environmental concern (EC), perceived environmental knowledge (PEK),
green purchase intention (GPI), and green purchasing behaviour (GPB), using a seven-point Likert
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scale. The survey was conducted in Serbia (n=329) and the Czech Republic (n=324). Mean values
for each construct were calculated, followed by correlation analysis to examine relationships between
EC, PEK, GPI, and GPB. The results indicate that all three factors significantly influence green
purchasing behaviour, with green purchase intention showing the strongest correlation in both coun-
tries. Slightly higher correlation coefficients were observed in Serbia (0.61; 0.65; 0.77) compared to
the Czech Republic (0.54; 0.64; 0.71), which may reflect differences in market maturity and the stron-
ger alignment between attitudes and behaviour in emerging markets. The findings highlight the
importance of stimulating demand for green products, as increased consumption can support sustai-
nable industrial production, resource efficiency, and long-term environmental goals.
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Opste smernice za primenu pravila odlucivanja koje koriste laboratorije za ispitivanje date su
u dokumentu ILAC G8:09/2019. Pravila odlucivanja definisu kako se merna nesigurnost uzima u
obzir kada se iskazuje usaglasenost sa specificiranim zahtevom. Laboratorije koje se bave ispitiva-
njem ventila sigurnosti se jasno opredeljuju za neko od ponudenih pravila odlucivanja i njega iska-
zuju u izvestajima o ispitivanju. Medutim, izuzetno je mali broj laboratorija za ispitivanje ventila
sigurnosti koje su u svojim procedurama definisala i primenjuju postupak izracunavanja verovatnoce
laznog prihvatanja ili odbacivanja rezultata ispitivanja, pri primeni usvojenog pravila odlucivanja.
U svojim izvestajima samo navode maksimalnu verovatnocu laznog prihvatanja rezultata, a ne izra-
cunavaju je. Cilj ovog rada je da upravo prikaze postupak procene verovatnoce laznog prihvatanja
ili odbacivanja rezultata na primeru ispitivanja ventila sigurnosti. lako je postupak prikazan na pri-
meru ispitivanja ventila sigurnosti, procedure statisticke obrade rezultata ispitivanja su univerzalne
I mogu se primeniti na druge oblasti ispitivanja.

General guidelines for the application of decision rules used by testing laboratories are given
in document ILAC G8:09/2019. The decision rules define how the measurement uncertainty is taken
into account when declaring conformity with the specified requirement. Laboratories dealing with
safety valve testing clearly determines for one of the offered decision rules and report it in the test
reports. However, there is an extremely small number of safety valve testing laboratories that have
defined and apply the procedure for calculating the probability of false acceptance or rejection of
test results in their procedures, when applying the accepted decision rule. In their reports, they only
state the maximum probability of false acceptance of the result, and do not calculate it. The aim of
this paper is to show the procedure for estimating the probability of falsely accepting or rejecting
results on the example of a safety valve test. Although the procedure is shown on the example of safety
valve testing, the procedures for statistical processing of test results are universal and can be applied
to other areas of testing.
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Evropska politika, kroz European Green Deal, Fit for 55, reformu ETS-a, implementaciju
CBAM-a, taksonomiju odrZivih finansija, industrijsku strategiju EU i Inovacione fondove, usmerava
disciplinu procesne tehnike ka dekarbonizaciji, digitalizaciji i cirkularnoj ekonomiji. Ovaj rad ana-
lizira regulatorni okvir, tehnoloske implikacije na projektovanje, vodenje i optimizaciju procesa, kao
i obrazovne i istrazivacke posledice za formiranje nove generacije inZenjera. Dodatno, razmatra se
finansijska i infrastrukturna izvodljivost tranzicije i rizici implementacije. Zakljucak istic¢e potrebu za
integrisanim pristupom u kojem se klimatski ciljevi i industrijska konkurentnost saglasno ostvaruju.

European policy, through the European Green Deal, Fit for 55, ETS reform, CBAM implemen-
tation, sustainable finance taxonomy, the EU industrial strategy, and Innovation Funds, is steering
the discipline of process engineering toward decarbonization, digitalization, and the circular eco-
nomy. This paper analyzes the regulatory framework, the technological implications for process de-
sign, operation, and optimization, as well as the educational and research consequences for shaping
a new generation of engineers. In addition, it considers the financial and infrastructural feasibility
of the transition and the risks of implementation. The conclusion highlights the need for an integrated
approach in which climate goals and industrial competitiveness are achieved in harmony.
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Ovaj rad analizira implikacije primene nove EU Direktive o kvalitetu vazduha iz novembra
2024. godine na stanje kvaliteta vazduha u Srbiji, sa posebnim fokusom na suspendovane Cestice
PM?2.5. Direktiva po prvi put uvodi dnevnu granicnu vrednost od 25 ug/m? uz dozvoljeno maksimalno
18 dana prekoracenja u toku jedne kalendarske godine. Cilj istrazivanja je da prikaze kako bi izgle-
dala klasifikacija kvaliteta vazduha u Srbiji kada bi se ovi kriterijumi odmah primenili na dostupne
podatke sa automatskih mernih stanica. Analiza podataka za januar 2026. godine pokazuje da je u
velikom broju gradova vec tokom prvog meseca premasen dozvoljeni godisnji limit od 18 dana sa
prekoracenjem dnevne koncentracije PM2.5. U pojedinim urbanim sredinama zabelezeno je preko-
racenje tokom svih 31 dana, Sto bi prema novim pravilima znacilo da je vazduh za celu godinu oce-
njen kao zagaden. Rezultati ukazuju da problem nije ogranicen na pojedinacne lokalitete, vec je si-
roko rasprostranjen i obuhvata razlicite regione zemlje. Rad naglasava znacaj uskladivanja nacio-
nalnog zakonodavstva sa evropskim standardima, kao i potrebu za sistemskim merama smanjenja
emisija iz sektora grejanja, saobracaja i industrije. Zakljucuje se da bi primena strozih kriterijuma
dovela do realnijeg sagledavanja stanja i mogla posluziti kao snazan podsticaj za unapredenje poli-
tika zastite vazduha i javnog zdravlja u Srbiji.)

This paper analyzes the implications of the new EU Air Quality Directive adopted in November
2024 for air quality assessment in Serbia, with a particular focus on fine particulate matter (PM2.5).
For the first time, the Directive introduces a daily limit value of 25 pg/m3 for PM2.5, allowing a
maximum of 18 exceedance days per calendar year. The aim of this study is to evaluate how air
quality in Serbia would be classified if these criteria were immediately applied to data obtained from
the national automatic monitoring network. The analysis of data for January 2026 indicates that in
numerous cities the annual limit of 18 exceedance days was surpassed within the first month of the
year. In several urban areas, exceedances were recorded on all 31 days, which, under the new EU
standards, would result in the classification of air quality as polluted for the entire year. The findings
demonstrate that the issue is not limited to isolated locations but is geographically widespread,
affecting cities of different sizes and regions across the country. The paper highlights the importance
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of harmonizing national legislation with updated European standards and emphasizes the need for
systemic emission reduction measures in the residential heating, transport, and industrial sectors. It
is concluded that the adoption of stricter criteria would provide a more realistic assessment of air
quality conditions and could serve as a strong policy driver for improving air protection strategies
and safeguarding public health in Serbia.
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Ocuvanje zdrave Zivotne sredine jedan je od globalnih ciljeva odrZivog razvoja. Posebna sfera
pripada vodama, kako prirodnim, tako i otpadnim koje je potrebno precistiti pre ispustanja u vodo-
tokove. Razliciti tehnoloski procesi nasli su svoju primenu u realnim, konvencionalnim sistemima za
tretman otpadnih voda. Unapredeni oksidacioni procesi (UOP), a medu njima i fotokataliza, pred-
stavljaju buducnost u ovoj oblasti. Naime, u odnosu na standarne postupke, primenom UOP postize
se trajno uklanjanje organskih zagadujucih materija bez potrebe za sekundarnim tretmanom.

U ovom radu, novosintetisani fotokatalizator TiO2/Y20s3 je podvrgnut detaljnim strukturnomor-
foloskim ispitivanjima radi utvrdivanja teksturalnih svojstava, a potom i hemijskih i fotohemijskih
osobina. Primenjene su razlicite analiticke tehnike karakterizacije dobijenog praha, kao sto su ske-
nirajuca elektronska mikrosopija (SEM), Infracrvena spektroskopija sa Furijeovom transformacijom
(FTIR), Rendgenska difraktometrija praha (XRD). Koris¢ene tehnike su pokazale efikasno sintetisa-
nje nanometarskih cestica, uz uspesno deponovanje Y203 na povrsini pocetnog TiOs.

Pored toga, visoka fotokataliticka efikasnost od 99% prema model polutantu anjonskog tipa
svrstava ovaj fotokatalizator u veoma efikasne. Primenom ultravioletne/vidljive (UV/Vis) spektrosko-
pije nije primeceno prisustvo model polutanata u zaostalom vodenom rastvoru.

Preservation of a healthy environment is one of the global goals of sustainable development. A
special sphere belongs to waters, both natural and waste, which need to be purified before being
discharged into waterways. Various technological processes have found their application in real,
conventional wastewater treatment systems. Advanced oxidation processes (AOP), among them pho-
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tocatalysis, represent the future in this field. Namely, compared to standard procedures, the applica-
tion of UOP achieves the permanent removal of organic pollutants without the need for secondary
treatment.

In this work, the newly synthesized photocatalyst TiO2/Y>03 was subjected to detailed structural
and morphological tests in order to determine the textural properties, and then the chemical and
photochemical properties. Various analytical techniques were applied to characterize the obtained
powder, such as scanning electron microscopy (SEM), Fourier transform infrared spectroscopy
(FTIR), X-ray powder diffractometry (XRD). The techniques used showed efficient synthesis of nano-
meter particles, with successful deposition of Y203 on the surface of initial TiO».

In addition, the high photocatalytic efficiency of 99% according to the anion-type pollutant
model classifies this photocatalyst as very efficient. Using ultraviolet/visible (UV/Vis) spectroscopy,
the presence of model pollutants in the residual aqueous solution was not observed.



A 39. Medunarodni kongres
&= o procesnoj industriji
N\~ Negotin, 3.i 4. jun 2026.

Originalni nau¢ni rad

Kijuéne reci: - [SPITIVANJE MOGUCNOSTI OBEZBOJAVANJA

Fenton proces; mikroreaktorski

sistem; Reactive Blue 5 RASTVORA BOJE REACT'V BLUE 5
U MIKROREAKTORSKOM SISTEMU

Keywords: - INVVESTIGATION OF THE POTENTIAL FOR

Fenton process; microreactor system;

reactive Blue 5 REACTIVE BLUE 5 DYE SOLUTION DECOLORIZATION
IN MICROREACTOR SYSTEMS

Ana DAJIC*  Inovacioni centar Tehnolodko-metalurskog fakulteta, Beograd
* aveljasevic@tmf.bg.ac.rs  ORCID: 0000-0002-4427-1393
Marina MIHAJLOVIC  Inovacioni centar Tehnolosko-metalurskog fakulteta, Beograd
ORCID: 0000-0003-3643-345X

Rad ispituje mogucnost tretmana rastvora boje Reactive Blue 5 u vodi u mikroreaktorskim
sistemima primenom unapredenog procesa oksidacije. Otpadne vode tekstilne industrije karakterise
visok sadrzaj boja i njihovo ispustanje u vodoprijemnike bez primene odgovarajuceg tretmana pred-
stavlja znacajan rizik za Zivotnu sredinu. Ovu vrstu otpadnih voda je moguce tretirati na razne nacine
ali nusproizvode ovih tretmana je Cesto potrebno dalje obraditi pre ispustanja. Alternativno resenje
je tretman u mikroreaktorskim sistemima. U radu je ispitan tretman rastvora boje Fentonovim rea-
gensom u mikroreaktorskom sistemu. Sistem se sastoji od dve klipne pumpe, meSalice i PTFE cevi.
Uspesnost procesa je ispitana spektrofotometrijskom analizom proizvoda reakcije sa fokusom na pa-
rametre sistema, brzinu protoka reaktanata kroz sistem i molski odnos reaktanata u reakcionoj smesi.

The study examines the possibility of treating aqueous solutions of the dye Reactive Blue 5 in
microreactor systems using an improved oxidation process. Wastewater from the textile industry is
characterised by a high dye content, and its discharge into water bodies without appropriate tre-
atment poses a significant environmental risk. This type of wastewater can be treated in various ways,
but the by-products of these treatments often require further processing before discharge. An alter-
native solution is treatment in microreactor systems. The paper investigates the treatment of dye so-
lutions with Fenton's reagent in a microreactor system. The system consists of two plunger pumps, a
stirrer, and a PTFE tube. The effectiveness of the process was evaluated by spectrophotometric a-
nalysis of the reaction products, focusing on system parameters, the flow rate of the reactants through
the system, and the molar ratio of the reactants in the reaction mixture.
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Povecana potreba za smanjenjem industrijskog otpada i emisija gasova sa efektom staklene
baste podstakla je razvoj cirkularnih pristupa valorizaciji industrijskih nusproizvoda. Kompanija E-
lixir Prahovo d.o.o. je vodeci proizvodac fosforne kiseline i mineralnih dubriva u jugoistocnoj Evropi.
Proizvodnja fosforne kiseline generise velike kolicine fosfogipsa (FG), koji se najcesce odlaze uprkos
visokom sadrzaju kalcijum-sulfata. U ovom radu ispitivana je valorizacija FG putem mineralne kar-
bonizacije primenom gasne smeSe CO2-N> (10:90 vol.%), koja simulira tok dimnih gasova nastalih
sagorevanjem pri-rodnog gasa. Cilj istraZivanja je konverzija FG, koji je pretezno sastavljen od
CaS04-2H20, u proizvode sa dodatom vrednoséu, pre svega CaCQOs, uz istovremeno dobijanje
(NH4)2SOQa, koji predstavija znacajnu sirovinu u proizvodnji mineralnih dubriva. Elementarni i fazni
sastav polaznog FG odredeni su ICP-OES i XRD analizama, respektivno. Ispitivan je uticaj reakcio-
nih uslova (molskog odnosa N/S i vremena karbonizacije) na efikasnost karbonizacije FG, sa ciljem
identifikacije uslova koji omogucavaju efikasnu konverziju pri umerenim radnim uslovima. Molski
odnos N/S i vreme karbonizacije imaju pozitivan uticaj na stepen konverzije FG i sadrzaj CaCOs u
finalnom ¢vrstom proizvodu, pri cemu je pri odabranim uslovima postignuta konverzija FG od 96,6%,
odnosno sadrzaj CaCOs u finalnom proizvodu od 80%. Dobijeni rezultati ukazuju na izvodljivost
korisé¢enja FG i emisija CO> kao sirovina za proizvodnju vrednih proizvoda, uz istovremeno smanje-
nje akumulacije FG i emisi-je CO2. Predlozeni tehnoloski postupak predstavlja obecavajuci pristup
za integraciju valorizacije industrijskog otpada i koriscenja CO», doprinoseci prelasku ka odrZivim i
cirkularnim hemijskim procesima.
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The increasing need to reduce industrial waste and greenhouse gas emissions has driven the
development of circular approaches for the valorization of industrial byproducts. Elixir Prahovo
d.o.o. is a leading producer of phosphoric acid and mineral fertilizers in Southeast Europe. Phospho-
ric acid production generates large quantities of phosphogypsum (PG), which is commonly disposed
of despite its high calcium sulfate content. This study investigates the PG valorization through mine-
ral carbonation using CO2-N2 gas mixture (10:90 vol.%) that simulates the flue gas stream from
natural gas combustion. The aim was to convert PG, mainly composed of CaSOs-2H-0, into value-
added products, primarily CaCOs with co-production of (NH4)2SO4, a significant raw material in
production of mineral fertilizer. The elemental and phase composition of the initial PG were deter-
mined by ICP-OES and XRD analyses, respectively. The influence of reaction conditions (N/S molar
ratio and carbonation time) on carbonation efficiency was analyzed to identify conditions enabling
effective conversion under moderate operating conditions. Both N/S molar ratio and carbonation
time had a positive influence on the PG conversion degree and CaCOs content in the final solid
product, achieving 96.6% PG conversion and 80% CaCOs under selected conditions. The results
demonstrate the feasibility of utilizing PG and CO2 emissions as raw materials to produce valuable
products while simultaneously reducing PG accumulation and CO2 emissions. The proposed appro-
ach represents a promising pathway for integrating industrial waste valorization and carbon utiliza-
tion, supporting the transition toward more sustainable and circular chemical processes.
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Korozija predstavija jedan od najznacajnijih tehnoloskih i ekonomskih problema savremene
industrije, pri cemu se procenjuje da globalni gubici uzrokovani korozijom premasuju 3,4% svetskog
bruto domaceg proizvoda godisnje. U procesnoj industriji, procesi dekapiranja metala kiselinom
stvaraju izrazito agresivne uslove koji ubrzavaju degradaciju metalnih materijala i skracuju radni
vek opreme. lako se konvencionalni sinteticki inhibitori Siroko primenjuju u cilju ublazavanja koro-
U tom kontekstu, farmaceutski proizvodi sa isteklim rokom trajanja, koji se danas uglavnom tretiraju
kao opasan otpad, predstavljaju perspektivan, ali nedovoljno istrazen resurs u okviru koncepta cir-
kularne ekonomije. U ovom radu ispitana je efikasnost inhibicije korozije niskougljenicnog celika u
rastvoru 1 M HCI primenom metformina sa isteklim rokom trajanja, pri uslovima koji simuliraju
industrijske procese tokom dekapiranja metala kiselinom. Efikasnost inhibicije odredena je prime-
nom elektrohemijskih metoda, potentiodinamicke polarizacije i elektrohemijske impedansne spektro-
skopije, kao i merenjem gubitka mase metala. Karakterizacija povrsine izvrSena je primenom skeni-
rajuce elektronske mikroskopije (SEM), dok je digitalna analiza slike koris¢enjem softvera MIPAR
omogucila kvantitativnu procenu korodirane i nekorodirane povrsine. Koncentracija inhibitora va-
rirana je u opsegu od 100 do 600 ppm kako bi se odredili optimalni uslovi za zastitu od korozije.
Dobijeni rezultati pokazuju da metformin ostvaruje najvecu efikasnost inhibicije pri koncentraciji od
400 ppm, pri cemu maksimalna vrednost efikasnosti iznosi 89,4% na osnovu potentiodinamickih po-
larizacionih merenja. Mehanizam inhibicije dodatno je analiziran primenom proracuna u okviru te-
orije funkcionala gustine (DFT) u kombinaciji sa eksperimentalnim rezultatima. Dobijeni rezultati
ukazuju se adsorpcija metformina na celiku ukljucuje kombinaciju dva tipa adsorpcije, ukljucujuci
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inicijalnu elektrostaticku interakciju izmedu protonovanih molekula metformina i povrsine celika,
nakon c¢ega dolazi do hemisorpcije putem koordinacionih veza izmedu azotovih atoma i nepopunjenih
orbitala gvozda. Dobijeni rezultati potvrduju da metformin sa isteklim rokom trajanja moze delovati
kao efikasan inhibitor korozije niskougljenicnog celika u kiselim sredinama, ukazujuci na potencijal
primene farmaceutskih jedinjenja sa isteklim rokom trajanja kao odrzivih i vrednosno korisnih ma-
terijala za zastitu od korozije u industrijskim uslovima.

Corrosion remains a major technological and economic challenge for modern industry, with
global losses estimated to exceed 3.4% of the world’s GDP each year. In process industries, acid
pickling operations create highly aggressive conditions that accelerate the degradation of metallic
materials and reduce equipment lifetime. Although conventional synthetic inhibitors are widely used
to mitigate corrosion, increasing environmental and regulatory constraints encourage the deve-
lopment of sustainable and environmentally acceptable alternatives. In this context, expired pharma-
ceutical compounds, commonly classified as hazardous waste, represent a promising yet insufficien-
tly explored resource within circular economy strategies. The present study investigates the corrosion
inhibition performance of expired metformin for low - carbon steel in 1 M HCI solution, simulating
industrial acid pickling conditions. The inhibition efficiency was evaluated using a combination of
weight loss measurements and electrochemical techniques, including potentiodynamic polarization
and electrochemical impedance spectroscopy. Surface characterization was performed using
scanning electron microscopy (SEM), while digital image analysis with MIPAR software enabled
quantitative assessment of the corroded and uncorroded surface areas. The inhibitor concentration
was varied in the range of 100 - 600 ppm in order to determine the optimal conditions for corrosion
protection. The results indicate that metformin exhibits the highest inhibition efficiency at 400 ppm,
reaching a maximum value of 89.4% according to potentiodynamic polarization measurements. The
inhibition mechanism was further analyzed through density functional theory (DFT) calculations
combined with experimental observations. The results suggest a dual adsorption process, involving
initial electrostatic interactions between protonated metformin species and the steel surface, followed
by stronger chemisorption through coordination between nitrogen atoms and vacant iron orbitals.
Overall, the obtained results demonstrate that expired metformin can act as an efficient corrosion
inhibitor for low-carbon steel in acidic media, highlighting the potential of expired pharmaceutical
compounds as sustainable and value-added materials for corrosion protection in industrial applica-
tions.
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U radu je ispitana mogucnost valorizacije pepela suncokretove ljuske, nastalog kao nusproiz-
vod termickog tretmana biomase, u cilju delimicne supstitucije mineralnih sirovina u proizvodnji
NPK dubriva. Primarni cilj bio je razvoj formulacije kompleksnog granulisanog dubriva NPK
6:12:24 + 6% S koja zadrZava visok nutritivni kvalitet uz potpunu bezbednost po zdravlje ljudi i
zivotnu sredinu.

Sprovedena je detaljna fizicko-hemijska karakterizacija uzorka pepela, sa posebnim fokusom
na sadrzaj primarnih nutrijenata i teSkih metala. Laboratorijska granulacija varijanti sa dodatkom
30 kg/t 1 50 kg/t pepela realizovana je u Eirich granulatoru, uz primenu mineralnih kiselina i soli
koje se standardno koriste u procesu proizvodnje dubriva. Finalni proizvodi su podvrgnuti laborato-
rijskom testiranju, a bezbednost je proverena u skladu sa kriterijumima Uredbe (EU) 2019/1009.

Laboratorijske analize potvrdile su da je pepeo suncokreta izuzetno bogat kalijumom (48,33%
K20), pri cemu je preko 93% ovog elementa u vodorastvornom obliku. lako sam pepeo sadrzi povi-
Sene koncentracije nikla i Sestovalentnog hroma, rezultati ispitivanja finalnih dubriva pokazuju da
su vrednosti svih teskih metala visestruko nize od zakonski dozvoljenih granica, zahvaljujuci efektu
razblazivanja unutar normativa. Varijanta sa 50 kg/t pepela pokazala je najveci potencijal za supsti-
tuciju mineralnih soli, uz blago povecanje egzotermne reakcije tokom procesa granulacije.

Istrazivanje dokazuje da pepeo suncokretove ljuske predstavlja konkurentnu i ekoloski oprav-
danu alternativu tradicionalnim izvorima kalijuma. Implementacija ovog reSenja direktno doprinosi
principima cirkularne ekonomije, omogucavajuci povratak nutrijenata u zemljite i smanjenje depo-
novanja industrijskog otpada, uz punu uskladenost sa evropskom regulativom.

The paper investigates the possibility of valorizing sunflower husk ash, generated as a bypro-
duct of thermal biomass treatment, for the partial substitution of mineral raw materials in NPK fer-
tilizer production. The primary objective was to develop a complex granulated fertilizer formulation,
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NPK 6:12:24 + 6% S, which maintains high nutritional quality while ensuring complete safety for
human health and the environment.

A detailed physicochemical characterization of the ash sample was conducted, with a specific
focus on the content of primary nutrients and heavy metals. Laboratory granulation of variants with
the addition of 30 kg/t and 50 kg/t of ash was performed in an Eirich granulator, utilizing mineral
acids and salts standardly used in the fertilizer manufacturing process. Final products underwent
laboratory testing, and safety was verified according to the criteria of Regulation (EU) 2019/1009.

Laboratory analyses confirmed that sunflower ash is exceptionally rich in potassium (48.33%
K20), with over 93% of this element in water-soluble form. Although the raw ash contains elevated
concentrations of nickel and hexavalent chromium, the testing results of the final fertilizers show that
the values of all heavy metals are several times lower than the legally permitted limits, thanks to the
dilution effect within the formulation. The variant with 50 kg/t of ash demonstrated the highest po-
tential for mineral salt substitution, alongside a slight increase in the exothermic reaction during the
granulation process.

The research proves that sunflower husk ash represents a competitive and environmentally
justified alternative to traditional potassium sources. The implementation of this solution directly
contributes to the principles of circular economy, enabling the return of nutrients to the soil and
reducing the landfilling of industrial waste, while maintaining full compliance with European regu-
lations.
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Jedan od glavnih izazova u savremenim industrijskim procesima je efikasno razdvajanje vode
i acetona, narocito koriséenjem ekoloski prihvatljivih metoda. Zamena konvencionalnih, energetski
intenzivnih rastvaraca zelenim alternativama je kljucna za odrzivo projektovanje procesa. U ovom
radu ispitivana je ravnoteza tecnost-tecnost za dva trokomponentna sistema - voda + aceton + etil
miristat i voda + aceton + 1-dekenol na 295,15 K i pri atmosferskom pritisku. Binodalne krive odre-
dene su metodom titracije, dok su sastavi ravnoteznih linija odredeni analizom indeksa refrakcije.
Izracunati su kljucni parametri razdvajanja, ukljucujuci koeficijente distribucije i faktore separacije.
Pouzdanost eksperimentalnih podataka procenjena je koriséenjem Othmer—Tobias i Hand korelacija.
Eksperimentalni LLE podaci uspesno su modelovani koris¢enjem UNIQUAC modela koeficijenata
aktivnosti. Rezultati ukazuju da su etil miristat i 1-dekenol potencijalno efikasni zeleni rastvaraci za
selektivnu ekstrakciju acetona iz vodenih rastvora, pri cemu dobijeni termodinamicki podaci pred-
stavljaju znacajnu osnovu za dizajn i optimizaciju separacionih procesa.

One of the major challenges in modern industrial processes is the efficient separation of water—
acetone mixtures, particularly using environmentally friendly methods. Replacing conventional, e-
nergy-intensive solvents with green alternatives is essential for sustainable process design. In this
study, liquid—liquid equilibrium (LLE) for two ternary systems water + acetone + ethyl myristate and
water + acetone + 1-decenol was investigated at 295.15 K and atmospheric pressure. The binodal
curves were determined using the cloud point titration method, while tie-line compositions were me-
asured via refractive index analysis. Key separation parameters, including distribution coefficients
and separation factors, were calculated for the immiscible regions. Reliability of the experimental
data was evaluated using Othmer—Tobias and Hand correlations. The experimental LLE data were
successfully modeled with the UNIQUAC activity coefficient framework. The results indicate that
ethyl myristate and 1-decanol are potentially efficient green solvents for the selective extraction of
acetone from aqueous solutions, while the obtained thermodynamic data provide a valuable basis for
the design and optimization of separation processes.
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Sorbent na bazi ljuske kestena inkapsuliran je u natrijum-alginat sa ciljem dobijanja kompozit-
nog biomaterijala (CS-4lg) pogodnog za primenu u adsorpcionim procesima precis¢avanja vode sa
prisutnim katjonskim tekstilnim bojama.

Pripremljeni materijal je karakterisan primenom FTIR spektroskopije, skenirajuce elektronske
mikroskopije (SEM) i dinamickog rasejanja svetlosti (DLS), dok je analiza zeta potencijala koriséena
za ispitivanje povrSinskog naelektrisanja i stabilnosti sistema.

Adsorpciona svojstva ispitana su u seriji eksperimenata na tri razlicite temperature (25, 35 i
45 °C). Dobijeni rezultati pokazuju da se kinetika adsorpcije moze uspesno opisati modelom pseudo-
drugog reda, dok ravnotezni podaci najbolje prate Frojndlihov model.

Termodinamicka analiza ukazuje da je proces adsorpcije spontan i endoterman. Maksimalni
adsorpcioni kapaciteti materijala CS-Alg iznosili su 195 mg g! BR2 (Basic Red 2) i 131 mg g za
BY28 (Basic Yellow 28) pri temperaturi od 45 °C. Ostvareni rezultati potvrduju da CS-Alg predstav-
lja odrZivo i efikasno resenje sa znacajnim potencijalom za primenu u uklanjanju katjonskih tekstilnih
boja iz vodenih sistema.

A chestnut shell-based sorbent was encapsulated in sodium alginate to obtain a composite bi-
omaterial (CS-Alg) suitable for application in adsorption processes for water treatment containing
cationic textile dyes.

The prepared material was characterized using Fourier-transform infrared spectroscopy
(FTIR), scanning electron microscopy (SEM), and dynamic light scattering (DLS), while zeta poten-
tial analysis was employed to evaluate surface charge and system stability.

The adsorption performance was investigated through a series of experiments conducted at
three different temperatures (25, 35, and 45 °C). The results indicated that the adsorption kinetics
were best described by the pseudo-second-order model, whereas the equilibrium data were well fitted
by the Freundlich isotherm model.
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Thermodynamic analysis revealed that the adsorption process is spontaneous and endothermic.
The maximum adsorption capacities of CS-Alg were 195 mg g for BR2 (Basic Red 2) and 131 mg
g for BY28 (Basic Yellow 28) at 45 °C. These findings demonstrate that CS-Alg is a sustainable and
efficient material with significant potential for the removal of cationic textile dyes from aqueous
systems.
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Zeoliti su kristalni, neorganski materijali sa poroznom strukturom i razvijenom specificnom
povrsinom. lako ne poseduju antibakterijsku aktivnost, zeoliti su perspektivni nosaci antimikrobnih
Jjedinjenja zbog svoje specificne strukture i potencijalno velikog kapaciteta vezivanja. Direktna pri-
mena zeolita u prahu u dezinfekciji vode je neprakticna, jer se Cestice slepljuju zbog cega se ne disper-
guju ravnomerno, teSko se odvajaju i ponovo koriste.

Biopolimerni materijal, hitozan ima povoljna mehanicka i termicka svojstva i moze sluziti kao
matrica za cCestice zeolita pa se dispergovanjem zeolita u hito-zanu dobijaju materijali koji su pogodni
za dezinfekciju vode. Dobar antibak-terijski efekat postize se impregnacijom bioaktivnih jedinjenja
na kompozite.

Biljna jedinjenja, ukljucujuci terpene (na primer mentol), poznata su po svom antibakterijskom
dejstvu. Za ekstrakciju ovih jedinjenja iz biljaka upotrebljavaju se toksicni rastvaraci koji ostaviljaju
nus-produkte. Superkriticni CO: (scCO:) omogucava ekolosku ekstrakciju i impregnaciju pri niskim
temperaturama, sa uniformnim unoSenjem jedinjenja u ¢vrste materijale.

Cilj ovog rada je razvoj zeolit/hitozan kompozita sa antibakterijskim svojstvima za dezinfekciju
vode. Pripremane su mikrokuglice sa i bez zeolita.Mentol kao aktivha komponenta inkorporiran je
scCO: tehnikom. Svojstva dobijenog kompozita su detaljno ispitana kao i njegovaantibakterijska ak-
tivnost.
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Ovaj rad podrZan je od strane Ministarstva nauke, tehnoloskog razvoja i inovacija Republike
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jekta izmedu R. Srbije i R. Nemacke (br. 001545243 2025 13440 003 000 000 001 03 006).

Zeolites are crystalline, inorganic, and chemically inert materials with porous structures and
high specific surface areas. They do not posses the antimicrobial activity, but they are promising
carriers for antimicrobial compounds due to their high loading capacity. Direct application of
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powdered zeolites in water disinfection is impractical because fine particles do not disperse uni-
formly, tend to aggregate, and are difficult to separate and reuse.

Polymer chemistry enables fabrication of composites (membranes, beads, films) with uniform
zeolite distribution. Eco-friendly polymers such as chitosan provide suitable matrices with good
mechanical and thermal properties. Effec-tive antimicrobial performance is achieved by loading
composites with bioac-tive compounds.

Plant-derived compounds, including terpenes (for example menthol), are promising antibac-
terial agents but their extraction commonly requires toxic solvents, which may leave residues. Super-
critical CO: (scCO:) extraction offers an environmentally friendly alternative, as it is nonpolar,
recyclable, and allows extraction at low temperatures without solvent residues.

This paper aims to develop zeolite/biopolymer composites with antibacterial properties for wa-
ter disinfection. Microbeads with and without zeolite were prepared, and menthol was incorporated
using supercritical CO: impregnation and extraction. Antibacterial activity and material properties
were determined in detail.
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Sumpor direktno utice na visinu prinosa i kvalitet poljoprivrednih proizvoda. On omogucéava
efikasno usvajanje azota kroz sintezu aminokiselina cisteina i metionina, bez kojih nije moguce for-
miranje biljnih proteina. lako nije direktan sastojak hlorofila, sumpor je neophodan za njegovu
izgradnju, pa se deficit manifestuje kroz hlorozu mladih listova i pad intenziteta fotosinteze. Njegova
primena je narocito vazna kod uljanih kultura, poput suncokreta i uljane repice, jer direktno odreduje
sadrzaj ulja u zrnu. Kod pSenice i drugih Zitarica, sumpor je presudan za tehnoloski kvalitet glutena
i sadrzaj proteina. S obzirom na to da su kisele kise prakticno eliminisane, a zemljista osiromasena
intenzivnom obradom, sumpor se vise ne moze smatrati elementom koji je prirodno dostupan u do-
voljnim kolicinama. Zbog toga on danas predstavlja obavezan sastojak mineralnih dubriva radi odr-
Zavanja bioloske stabilnosti i nutritivne vrednosti useva.

Decenijama je sumpor tretiran kao jeftin i obilan nusproizvod desulfurizacije fosilnih goriva,
¢ineci osnovu za proizvodnju mineralnih dubriva i razvoj ,, Zelene revolucije*. Medutim, globalni
prelazak na obnovljive izvore energije i dekarbonizaciju (Net Zero ciljevi) paradoksalno ugrozava
stabilnost snabdevanja ovim ,, cetvrtim makroelementom * (pored azota, fosfora i kalijuma). Ovaj rad
analizira trenutnu trzisSnu situaciju, aktuelne tehnologije proizvodnje, ali i tehnoloske rute valoriza-
cije otpadne sumporne kiseline i elementarnog sumpora u regionima sa visokom eksploatacijom ki-
selog gasa.

Oslanjajuci se na projekcije deficita sumpora do 2040. godine (tzv. Sulfur Gap), rad ispituje
rizike povratka na ekoloski invazivno direktno rudarenje. Zakljucak rada ukazuje na neophodnost
tranzicije ka cirkularnoj ekonomiji koja postaje primarni mehanizam opstanka. Kroz valorizaciju
industrijskih nusproizvoda i otpada, sumpor se redefinise iz nusproizvoda u strateSku rezervu, cime
se obezbeduje dugorocna stabilnost proizvodnje mineralnih dubriva i globalna bezbednost hrane.

Sulfur directly influences the yield and quality of agricultural products. It enables the efficient
uptake of nitrogen through the synthesis of the amino acids cysteine and methionine, which are essen-
tial for the formation of plant proteins. Although not a direct component of chlorophyll, sulfur is
necessary for its synthesis; therefore, its deficiency manifests as chlorosis in younger leaves and a
decline in photosynthetic intensity. Its application is particularly critical for oilseed crops, such as
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sunflower and oilseed rape, as it directly determines the oil content in the seed. In wheat and other
cereals, sulfur is crucial for the technological quality of gluten and overall protein content. Given
that acid rain has been virtually eliminated and soils have been depleted by intensive cultivation,
sulfur can no longer be considered a naturally abundant element. Consequently, it has become an
essential component of mineral fertilizers to maintain the biological stability and nutritional value of
crops.

For decades, sulfur has been treated as an inexpensive and abundant by-product of fossil fuel
desulfurization, forming the basis for mineral fertilizer production and the advancement of the "Green
Revolution.” However, the global transition to renewable energy and decarbonization (Net Zero tar-
gets) paradoxically threatens the supply stability of this “fourth macro-element” (alongside nitrogen,
phosphorus, and potassium). This paper analyzes the current market situation, existing production
technologies, and technological routes for the valorization of waste sulfuric acid and elemental sulfur
in regions with high sour gas exploitation.

Drawing on projections of a sulfur deficit by 2040 (the so-called "Sulfur Gap"), the study exami-
nes the risks of returning to ecologically invasive primary mining. The paper concludes by
highlighting the necessity of transitioning toward a circular economy as a primary survival
mechanism. Through the valorization of industrial by-products and waste, sulfur is redefined from a
mere by-product into a strategic reserve, thereby ensuring long-term stability in mineral fertilizer
production and global food security.
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Zagadenje vode teskim metalima koji poticu iz metalurskih i rudarskih podrucja predstavlja
znacajan rizik po zZivotnu sredinu i zdravlje ljudi, zbog njihove toksicnosti, perzistentnosti i sklonosti
ka bioakumulaciji. Kvantitativna identifikacija izvora zagadenja predstavlja preduslov za efikasnu
remedijaciju i upravljanje zivotnom sredinom. Ovaj pregledni rad razmatra aktuelna istrazivanja o
primeni hemometrijskih i multivarijacionih statistickih metoda za utvrdivanje udela pojedinacnih
izvora zagadenja u vodama koje su posledica metalurskih aktivnosti. Kljucni receptorski modeli, u-
kljucujuci analizu glavnih komponenti (engl. Principle component analysis, PCA), pozitivnu faktori-
zaciju matrice (engl. Positive Matrix Factorization, PMF), apsolutne skorove glavnih komponenti—
viSestruku linearnu regresiju (engl. Absolute Principal Component Scores—Multiple Linear
Regression, APCS-MLR) i klastersku analizu (engl. Hierarchical Cluster Analysis, HCA), ocenjuju
se sa stanovista njihove efikasnosti u razlikovanju prirodnog, geoloski uslovljenog porekla od antro-
pogenih izvora, kao Sto su topljenje rude, ispiranje jalovista i industrijska ispustanja otpadnih voda.
Studije slucaja koje su razmotrene za razlicita vodna tela, ukljucujuci reke, podzemne vode i jezera,
pokazuju da integrisani pristupi modelovanju, poput PCA-PMF-SOM (engl. Principal Component
Analysis — Positive Matrix Factorization — Self-Organizing Map), obezbeduju vecéu tacnost i manju
nesigurnost u poredenju sa primenom pojedinacnih modela. Buduci pravci istrazivanja ukazuju na
potrebu za hibridnim modelovanjem, integracijom sa geografskim informacionim sistemima (engl.
Geographic Information System, GIS) i razvojem novih algoritama radi reSavanja slozenog problema
zagadenja koje teski metali uzrokuju.

Water pollution by heavy metals originating from metallurgical and mining areas poses a sig-
nificant risk to the environment and human health due to their toxicity, persistence, and tendency to
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bioaccumulate. Quantitative identification of pollution sources is a prerequisite for effective reme-
diation and environmental management. This review paper examines current research on the appli-
cation of chemometric and multivariate statistical methods for determining the contribution of indi-
vidual pollution sources in waters affected by metallurgical activities. Key receptor models, including
Principal Component Analysis (PCA), Positive Matrix Factorization (PMF), Absolute Principal
Component Scores—Multiple Linear Regression (APCS-MLR), and Hierarchical Cluster Analysis
(HCA), are evaluated in terms of their effectiveness in distinguishing natural, geologically conditio-
ned sources from anthropogenic ones, such as ore smelting, tailings leaching, and industrial
wastewater discharges. The case studies reviewed for different water bodies, including rivers, gro-
undwater, and lakes, show that integrated modeling approaches, such as PCA-PMF-SOM (Principal
Component Analysis—Positive Matrix Factorization-Self-Organizing Map), provide higher accuracy
and lower uncertainty compared with the application of individual models. Future research directi-
ons indicate the need for hybrid modeling, integration with Geographic Information Systems (GIS),
and the development of new algorithms to address the complex problem of pollution caused by heavy
metals.
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Amonijak je kljucna hemijska sirovina, koja nalazi primenu u proizvodnji dubriva, viakana i
plastike, pesticida, farmaceutskih proizvoda, kao i u oblasti rudarstva, precis¢avanja voda, rashlad-
nim sistemima i dr. Najveci procenat ukupno sintetisanog amonijaka koristi se u proizvodnji vestackih
azotnih dubriva. Poslednjih godina, ukazuje se na mogucnosti upotrebe tecnog amonijaka kao eko-
loski prihvatljivog izvora energije usled visoke energetske gustine, bogatog sadrzaja vodonika i sa-
gorevanja bez emisije gasova sa efektom staklene baste. Takode, amonijak se razmatra i kao efikasan
nosaca ciste energije, prvenstveno u transportu i skladistenju vodonika.

U proizvodnji amonijaka i dalje je dominantan Haber-Bosch-ov postupak, koji zahteva visoke
radne temperature i pritiske i odlikuje se velikom potrosnjom energije. U ovom postupku godisnje se
trosi 1-2% ukupne svetske potrosnje energije.

Zahtevni radni uslovi u konvencionalnom Haber-Bosh-ovom postupku, kao i znacajan otisak
ugljenika uslovili su razvoj alternativnih postupaka sinteze. Proizvodnja zelenog amonijaka, pod bla-
Zim uslovima, uz manju potrosnju energije i primenu obnovljivih izvora energije, dovela je do zna-
Cajnog smanjenja energetskog otiska i zagadenje Zivotne sredine. Zeleni amonijak se definise kao
amonijak sintetisan uz prakticno nulti otisak ugljenika.

U ovom radu prikazani su savremeni pristupi unapredenju Haber-Bosh-ovog procesa sinteze
zelenog amonijaka, uz isticanje izazova i mogucnosti koje ovi pristupi pruzaju u cilju odrzive proiz-
vodnje amonijaka.

Ammonia is a key chemical feedstock widely used in the production of fertilizers, fibers and
plastics, pesticides, pharmaceuticals, as well as in mining, water treatment, refrigeration systems,
and many other applications. The largest share of the total synthesized ammonia is utilized in the
manufacture of synthetic nitrogen fertilizers. In recent years, increasing attention has been directed
toward the potential use of liquid ammonia as an environmentally friendly energy source due to its
high energy density, high hydrogen content, and carbon-free combustion. Ammonia is also being
considered an efficient carrier of clean energy, particularly for the transport and storage of hydro-
gen.
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Ammonia production is still dominated by the Haber—Bosch process, which requires high ope-
rating temperatures and pressures and is characterized by substantial energy consumption. It is esti-
mated that this process accounts for approximately 1-2% of the total global energy consumption
annually.

The demanding operating conditions of the conventional Haber—Bosch process, together with
its significant carbon footprint, have driven the development of alternative synthesis approaches.
Green ammonia production, carried out under milder conditions, with lower energy demand and the
use of renewable energy sources, has led to a considerable reduction in the energy footprint and
environmental pollution. Green ammonia is defined as ammonia synthesized with a virtually zero
carbon footprint.

This paper presents modern approaches to improving the Haber—-Bosch process for green
ammonia synthesis, highlighting the challenges and opportunities these approaches provide toward
achieving sustainable ammonia production.
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U radu se razmatra uticaj industrijskih procesa na Zivotnu sredinu, koristeci energetski ekoloski
otisak kao kljucnu meru aktivnosti, sa fokusom na prera-di metala. Deo rada posvecen je izboru
osnovnih i dodatnih materijala, kao i tehnologija zavarivanja, u cilju smanjenja ugljenicnog otiska.
Analizira se uticaj razlicitih vrsta celika, narocito visokolegiranih nerdajucih celika, na ugljenicni
otisak tokom njihove proizvodnje i prerade. Analizom ekoloskih i ekonomskih pokazatelja identifiko-
vane su prednosti primene visokokvalitet-nih materijala, koji zahvaljujuci boljim performansama
zahtevaju znatno man-je odrzavanja i obezbeduju produzeni radni vek konstrukcija. Takode, tema su
i ekoloski izazovi u procesu zavarivanja, analizirajuci stetne produkte, izvore emisije CO., i metode
za njihovo smanjenje.

This paper examines the environmental impact of industrial processes, using the energy ecolo-
gical footprint as a key measure of activity, with a focus on metal processing. A part of a paper is
focused to the selection of base and filler materials, as well as welding technologies, aimed at redu-
cing the carbon footprint. The research analyzes the impact of various steel grades, particularly high-
alloy stainless steels, on the carbon footprint during their production and processing. Through the
analysis of ecological and economic indicators, the benefits of high-quality materials are identified;
due to superior performance, these materials require significantly less maintenance and provide an
extended service life for structures. Additionally, the paper addresses environmental challenges in
the welding process, analyzing harmful by-products, CO: emission sources, and methods for their
reduction.

39. MEDUNARODNI KONGRES O PROCESNOJ INDUSTRIJI 133


https://orcid.org/0009-0001-5535-9331

A 39. Medunarodni kongres
& 0 procesnoj industriji
N\~ Negotin, 3.i 4. jun 2026.

Originalni nau¢ni rad

Kijuéne reci: - TERMODINAMICKA ANALIZA SMESA

eugenol; 4-propilgvajakol;

gvajakol; gustina; viskoznost PRISUTNIH U PROCESU VALORIZACIJE BIOMASE
KOJE SADRZE EUGENOL

Keywords: - THERMODYNAMIC ANALYSIS OF THE MIXTURES

eugenol; 4-propylguaiacol;

guaiacol; density; viscosity PRESENT |N THE B|OMASS VALOR'SAT|ON PROCESS
CONTAINING EUGENOL

Gorica R. IVANIS  Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Beograd
ORCID: 0000-0001-6870-0714
Milica VASOVIC  Univerzitet u Beogradu, TehnoloSko-metalurski fakultet, Beograd

Milica PUKIC  Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Beograd
ORCID: 0009-0005-0430-3759

Ivona RADOVIC  Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Beograd
ORCID: 0000-0002-2726-1564

Mirjana Lj. KIJEVCANIN*  Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Beograd
* mirjana@tmf.bg.ac.rs  ORCID: 0000-0001-7126-3965

Ekoloski i socio-ekonomski problemi do kojih dovodi upotreba fosilnih goriva povecali su istra-
Zivanja u oblasti obnovljivih izvora energije. Osnovni nedostaci fosilnih goriva su ogranicene rezerve
I njihova nejednaka raspodela na zemlji, Sto dovodi u pitanje zadovoljavanje sve vecih energetskih
zahteva covecanstva. Biomasa se istakla kao odgovarajuca zamjena za fosilna goriva kako za proiz-
vodnju energije, tako i hemikalija i materijala. Biomasa je otpad organskog porekla, koja predstavlja
veoma bogat i obnovijiv izvor energije i koji je, u razlicitom obliku, dostupan na citavoj povrsini
zemlje. Lignocelulozna biomasa je biljnog porekla, bilo iz drvne industrije ili poljoprivrede, i sastoji
se od celuloze, hemiceluloze i lignina.

Upotreba lignocelulozne biomase u proizvodnji hemikalija je vrlo izazovna zbog spomenute
sloZenosti njene strukture, Sto izolovanje i preradu pojedinih komponenti ¢ini veoma komplikovanim.
Stoga, proces valorizacije biomase zahteva detaljnu analizu svih komponenti prisutnih u procesu i
razvoj modela koji bi predvideli njihovo ponasanje pri razlicitim reakcionim uslovima.

Eugenol, gvajakol i 4-propilgvajakol predstavijaju platformne hemikalije od izuzetnog znacaja
za proizvodnju Sirokog opsega razlicitih hemikalija. Poznavanje njihovih termodinamickih i tran-
sportnih svojstava je neophodno, kako za njihovu dalju konverziju, tako i za razvoj modela kojim ce
se optimizovati njihova proizvodnja iz lignina. U ovom radu su merene gustine, viskoznosti i brzine
zvuka binarnih smesSa eugenol + gvajakol i eugenol + 4-propilgvajakol na atmosfereskom pritisku u
temperaturnom intervalu 293.15-343.15 K. Ispitan je uticaj sastava smeSe na spomenuta svojstva u
citavom opsegu koncentracija (0,1-0,9). Dobijeni rezultati su pokazali da ponaSanje ispitivane smeSe
eugenol+gvajakol odstupa od ponasanja koje bi se ocekivalo za idealnu smesu Sto ukazuje na odbojne
sile medu komponentama. U slucaju smese eugenol+4-propilgvajakol odstupa od ponaSanja idealne
smese je manje izrazeno zbog slicnosti strukture komponenata.

Environmental and socio-economic problems caused by the use of fossil fuels have increased
research in the field of renewable energy sources. The main disadvantages of fossil fuels are limited
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reserves and their unequal distribution on earth, which calls into question the satisfaction of the ever-
increasing energy demands of humanity. Biomass has emerged as a suitable renewable substitute for
fossil fuels for the production of energy, chemicals and materials which, in different forms, is availa-
ble on the entire surface of the earth. Lignocellulosic biomass is waste of plant origin, either from
the wood industry or agriculture, and consists of cellulose, hemicellulose and lignin.

The use of lignocellulosic biomass in the production of chemicals is very challenging due to the
aforementioned complexity of its structure, which makes the isolation and processing of individual
components very complicated. Therefore, the biomass valorization process requires a detailed a-
nalysis of all components present in the process and the development of models that would predict
their behavior under different reaction conditions.

Eugenol, guaiacol and 4-propylguaiacol are platform chemicals of importance for the pro-
duction of a wide range of different chemicals. Knowledge of their thermodynamic and transport
properties is necessary, both for their further conversion, and for the development of a model that
will optimize their production from lignin. In this work, the densities, viscosities and sound speeds of
the binary mixtures eugenol + guaiacol and eugenol + 4-propylguaiacol were measured at atmosphe-
ric pressure in the temperature interval 293.15-343.15 K. The obtained results showed that the be-
havior of the tested eugenol+guaiacol mixture deviates from the behavior that would be expected for
an ideal mixture, which indicates repulsive forces between the components. In the case of the euge-
nol+4-propylguaiacol mixture, the deviation from the behavior of the ideal mixture is less prono-
unced due to the similarity of the components' structure.
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U procesu proizvodnje mineralne vune neophodne su znacajne kolicine vode koje bivaju kon-
taminirane u raznim fazama proizvodnog ciklusa. Ove otpadne vode sadrze velike kolicine suspen-
dovanih Cestica (fenola, ulja, vlakana, prasine), mineralnih Cestica koje poticu od osnovnih sirovina
(bazalt, dolomit, kvarc, koks). Stetne supstance nastaju i usled pranja gasova, hladenja opreme,
pranja opreme i podova, od kondenzata iz filtracionih sistema, voda iz postrojenja za pripremu ve-
ziva. U tretmanu ovih voda vrsi se automatska regulacija pH vrednosti. Buduci da se doziranjem
reagensa (kiselina ili baza) pH vrednost menja izrazito nelinearno, primenjena je regulacija zasno-
vana na fazi logici. Savremeni sistemi za preciscavanje i neutralizaciju omogucavaju da se 70-90%
ovih voda vraca u proizvodnju, pri cemu se smanjuje potrosnja vode i kolicina otpadnih voda, sto je
u saglasnosti sa strogim propisima i standardima koji reguliSu ovu oblast.

In the mineral wool production process, significant amounts of water are required, and this
water becomes contaminated at various stages of the production cycle. These wastewater streams
contain large quantities of suspended particles (phenols, oils, fibers, dust), as well as mineral par-
ticles originating from the primary raw materials (basalt, dolomite, quartz, coke). Harmful substan-
ces are also generated during gas scrubbing, equipment cooling, washing of equipment and floors,
condensate from filtration systems, and water from binder preparation plants. During the treatment
of this wastewater, automatic control of the pH value is performed. Since the pH value changes highly
nonlinearly when reagents (acid or base) are dosed, a control strategy based on fuzzy logic is applied.
Modern purification and neutralization systems enable 70-90% of this water to be recycled back into
the production process, thereby reducing both water consumption and the volume of wastewater, in
accordance with strict regulations and standards governing this field.
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U procesu proizvodnje betona nastaje tehnoloska otpadna voda tokom pranja bubnjeva mesa-
lica, ispiranja agregata i odrzavanja opreme. U praksi se ova voda najcesc¢e podvrgava osnovnom
tretmanu, nakon cega se odlaze kao otpad umesto da se ponovo ukljuci u proizvodni ciklus. Ovakva
praksa predstavlja propusten potencijal za efikasnije koriscenje resursa i dodatno opterecenje Zi-
votne sredine. U radu se analizira fizicko-hemijski kvalitet otpadne vode pre i nakon tretmana u pos-
trojenju za proizvodnju betona, sa ciljem procene njene pogodnosti za ponovnu upotrebu kao vode
za meSanje u skladu sa zahtevima standarda SRPS EN 1008:2010. U radu se razmatra mogucnost
uspostavljanja zatvorenog sistema ponovne upotrebe vode unutar proizvodnog procesa, sa fokusom
na potencijal njene primene u zavisnosti od utvrdenog kvaliteta otpadne vode. Rezultati analize inter-
pretirani su u okviru zahteva standarda SRPS 1SO 14001:2015 i SRPS 1SO 9001:2015, koji omogu-
Cavaju sistemski pristup upravijanju resursima kroz kontrolisane i dokumentovane procese, kao i
njihovo kontinuirano unapredenje u skladu sa principima cirkularne ekonomije u sektoru gradevin-
skih materijala. Dobijeni rezultati ukazuju na znacajan potencijal ponovne upotrebe tretirane tehno-
loSke otpadne vode, posebno kroz smanjenje upotrebe vode i smanjenje kolicine otpadnih voda koje
se odlazu, ¢ime se otvaraju mogucnosti za odrzivije upravijanje vodnim resursima u proizvodnji be-
tona.

Concrete production generates process wastewater from drum washing, aggregate rinsing, and
equipment maintenance operations. Despite undergoing on-site treatment, this effluent is still frequ-
ently discharged as waste rather than reintegrated into the production cycle, representing both a lost
opportunity for resource recovery and a quantifiable environmental burden. The paper evaluates the
physicochemical quality of wastewater before and after treatment at a concrete plant, assessing its
suitability for reuse as mixing water in accordance with SRPS EN 1008:2010. The study further
examines the technical feasibility of replacing landfill disposal with a closed-loop water reuse system
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within the plant, focusing on the potential for reuse based on the assessed wastewater quality. The
environmental assessment is interpreted within the frameworks of SRPS 1SO 14001:2015 and SRPS
ISO 9001:2015, highlighting their role in structuring water reuse as a controlled and continuously
improved operational process aligned with circular economy principles in the construction materials
sector. The findings underscore the potential of reusing treated process wastewater, particularly
through reduced reliance on freshwater and the minimization of wastewater disposal, supporting its
integration into sustainable production practices.
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Zagadenje plastikom jedan je od globalnih ekoloskih problema danasnjice. Mikroplastika su
polimerne ¢vrste Cestice, velicine <5 mm, primarnog i sekundarnog porekla, koje su nerastvorljive u
vodi. Inicijativa Medunarodne agencije za atomsku energiju (IAEA) pod nazivom NUTEC Plastics
(NUclear TEChnology for Controlling Plastic Pollution) pokrenuta je 2021. godine, u primeni nukle-
arnih tehnologija u resavanju problema zagadenja plastikom. Postoje dva cilja u ovoj primeni nukle-
arnih tehnologija. Jedan cilj je u koriSenju nuklearnih i srodnih tehnika kao Sto su radioaktivni
markeri, gama i beta detektori i precizni alati za snimanje i pracenje mikroplastike u okeanu, a
drugi cilj u recikliranju - korsé¢enju zracenja za pretvaranje plasticnog otpada u druge vredne
proizvode kao Sto su goriva, voskovi, aditivi.

Nuklearne tehnike omogucavaju pracenje kretanja i ponasanja mikroplastike u morskom okru-
Zenju, identifikovanje izvora i analizu procesa razgradnje. U laboratorijskim eksperimentima koji
koriste radioaktivne markere, moze se posmatrati kako se Cestice mikroplastike ponaSaju unutar
morskih organizama i kako se krecu u morskom lancu ishrane i akumuliraju u morskim vrstama.

Recikliranje uz pomoc¢ zracenja ima prednosti, bolju kontrolu procesa, bolji kvalitet reciklirane
plastike i mogucnost prilagodavanja svojstava proizvoda, kao i znacajne ustede troskova i energije.
Prednost tehnike se zasniva na mogucnosti kontrole nacina na koji se hemijske veze u plasticnim
polimerima formiraju ili raskidaju, cime se omogucava promena posebnih svojstava polimera, stva-
ranje novih hemijskih jedinjenja ili njihovo razlaganje.

Plastic pollution is one of today’s global environmental problems. Microplastics are solid
polymer particles, ranging in size <5 mm, of primary and secondary production origin, which are
insoluble in water.

The initiative of the International Atomic Energy Agency called NUTEC Plastics (NUclear
TEChnology for Controlling Plastic Pollution) was launched in 2021, in the application of nuclear
technologies in solving the problem of plastic pollution. There are two goals in this application of
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nuclear technologies. One goal is in using nuclear and related techniques, such as radioactive mar-
kers, gamma and beta counters and precise imaging tools, to monitor microplastics in the ocean and
others in recycling in using irradiation to turn plastic waste into valuable products.

Nuclear techniques enables track the movement and behaviour of microplastic in the marine
environment, identify sources and analyse degradation processes. In laboratory experiments using
radioactive markers, they can observe how microplastic particles behave inside marine organisms
and how they move in the marine food chain and accumulate in seafood species.

Irradiation recycling has the advantages of better process control, better quality of recycled
plastic and the ability to tailor the properties of products, as well as significant cost and energy
savings. The advantages of the technique rest on the ability to control how chemical bonds in plastic
polymers are formed or broken, thereby allowing the special properties of the polymers to be altered,
creating new chemical compositions or their decomposition.
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Bioaktivna jedinjenja su supstance koje u malim koncentracijama ispoljavaju merljivu biolosku
aktivnost i direktno uticu na Zive organizme, tkiva i celije. Bioaktivna jedinjenja obuhvataju razlicite
hemijske grupe, kao Sto su: polifenoli, flavonoidi, tanini, fenolne kiseline, karotenoidi, alkaloidi, ter-
peni i etarska ulja, masne kiseline i polisaharidi. Ova jedinjenja ispoljavaju antioksidansno, antiin-
flamatorno, antimikrobno i imunomodulatorno delovanje. Zbog potencijalnog delovanja na zdravlje
I doprinosa prevenciji i suzbijanju bolesti, neprestano se ispituju novi obnovljivi prirodni izvori za
izolovanje bioaktivnih jedinjenja.

U izolovanju bioaktivnih jedinjenja iz prirodnih izvora klju¢nu ulogu ima ekstrakcija.

U konvencionalnim metodama ekstrakcije (maceracija, perkolacija, cirkulaciona ekstrakcija)
koriste se organski rastvaraci. Zbog toksicnosti, zapaljivosti i visokih energetskih zahteva, njihova
upotreba se cesto vezuje sa ekoloskim, bezbednosnim i zdravstvenim rizicima.

Razvojem i primenom inovativnih metoda ekstrakcije (ultrazvucna ekstrakcija, mikrotalasna
ekstrakcija, ekstrakcija fluidima u superkriticnom stanju, ekstrakcija subkriticnom vodom) i uvode-
njem zelenih rastvaraca prevazilaze se ovi nedostaci. Procesi ekstrakcije postaju ekoloski prihvat-
ljivi, uz zadovoljenje zakonske regulative u pogledu bezbednosti i kvaliteta proizvoda.

Zeleni rastvaraci moraju da ispune stroge zahteve u pogledu netoksicnosti, biorazgradivosti,
reciklaze, odrzivosti, dostupnosti i ekonomicnosti. Primena zelenih rastvaraca za izolovanje bioak-
tivnih jedinjenja iz obnovljivih prirodnih izvora predstavlja savremeni pristup uskladen sa principima
zelene hemije, odrZivosti i cirkularne bioekonomije. Za izdvajanje visokovrednih biohemijskih kom-
ponenti iz obnovljivih prirodnih izvora, kao vrlo efikasni zeleni rastvaraci navode se: voda, superkri-
ticni ugljendioksid, jonske tecnosti i prirodni duboki eutekticni rastvaraci.
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U ovom radu uraden je prikaz zelenih rastvaraca koji se koriste za ekstrahovanje pojedinih
grupa bioaktivnih jedinjenja iz obnovljivih prirodnih izvora.

Bioactive compounds are substances that exhibit measurable biological activity at low concen-
trations and directly affect living organisms, tissues, and cells. These compounds encompass a wide
range of chemical groups, including polyphenols, flavonoids, tannins, phenolic acids, carotenoids,
alkaloids, terpenes, essential oils, fatty acids, and polysaccharides. They display antioxidant, antiin-
flammatory, antimicrobial, and immunomodulatory activities. Due to their potential health benefits
and role in the prevention and suppression of diseases, new renewable natural sources for the isola-
tion of bioactive compounds are continuously being investigated.

Extraction plays a key role in the isolation of bioactive compounds from natural sources. Con-
ventional extraction methods (maceration, percolation, and continuous extraction) typically employ
organic solvents. However, due to their toxicity, flammability, and high energy demands, the use of
these solvents is often associated with environmental, safety, and health risks.

The development and application of innovative extraction methods (ultrasonic extraction, mic-
rowave-assisted extraction, supercritical fluid extraction, subcritical water extraction) and the intro-
duction of green solvents overcome these limitations. These extraction processes become environ-
mentally friendly while ensuring compliance with regulatory standards regarding product safety and
quality.
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Fosfor je nezamenljiv biogeni makroelement u poljoprivrednoj proizvodnji i znacajan predu-
slov stabilnosti sistema proizvodnje hrane. Evropska unija u velikoj meri zavisi od uvoza fosfatnih
stena i elementarnog fosfora. Uredba (EU) 2024/1252 i Direktiva (EU) 2024/3019 otvaraju pitanje
kako meriti stvarni oporavak fosfora, a ne samo njegovo uklanjanje iz otpadne vode, i naglasavaju
obavezu izdvajanja kriticnih sirovina i nutrijenata iz sekundarnih tokova. Ovaj rad razvija operativni
okvir za primenu indikatora standarda 1SO 59020:2024 za merenje i ocenu cirkularnosti izdvajanja
fosfora iz komunalnog mulja i tecnih frakcija, povezujuci regulatorne zahteve sa procesnim indika-
torima cirkularnosti. Procena obuhvata mapiranje regulatornih zahteva, izbor relevantnih 1SO
59020 indikatora i primer bilansa mase za postrojenje za precis¢avanje otpadnih voda (PPOV) ka-
paciteta 50.000 ekvivalent stanovnika (ES). Uporeduju se tri tehnoloske putanje: kristalizacija stru-
vita, poboljSano biolosko uklanjanje fosfora (enhanced biological phosphorus removal, EBPR) sa
nizvodnom kristalizacijom i oporavak fosfora iz pepela komunalnog mulja. Proracun pokazuje da
visok stepen uklanjanja fosfora iz otpadne vode ne znaci automatski i visok stepen cirkularnog opo-
ravka: indikator A.3.4 meri udeo oporavljenog materijala usmerenog ka ponovnoj upotrebi ili reci-
klazi, dok konvencionalni pokazatelji uklanjanja mogu opisivati samo prenos fosfora u mulj ili pepeo.
Za srednja postrojenja u regionu Zapadnog Balkana, EBPR sa nizvodnom kristalizacijom struvita
najrealisticnija prva opcija tretira se kao najizvodljivija prva faza uvodenja cirkularnog oporavka
fosfora, pod uslovom da se rese status proizvoda i trZisni pristup oporaviljenim dubrivima.

Phosphorus is non-substitutable in agricultural production and remains directly linked to food-
system resilience. The European Union depends heavily on imported phosphate rock and elemental
phosphorus. Regulation (EU) 2024/1252 and Directive (EU) 2024/3019 strengthen the obligation to
recover critical raw materials and nutrients from secondary flows. The paper applies the 1SO
59020:2024 standard for measuring and assessing circularity performance to phosphorus recovery
from municipal sludge and liquid fractions by connecting regulatory requirements with process-level
circularity indicators. The assessment combines regulatory mapping, selection of relevant 1ISO 59020
indicators and a mass-balance example for a 50,000 population equivalent (PE) urban wastewater
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treatment plant (UWWTP). Three routes are compared: struvite crystallisation, enhanced biological
phosphorus removal (EBPR) with downstream crystallisation, and recovery from sewage sludge ash
(SSA). The calculation shows that high phosphorus removal from wastewater does not automatically
mean high circular recovery: indicator A.3.4 measures recovered material directed to reuse or
recycling, whereas conventional removal metrics may only describe transfer to sludge or ash. For
mid-sized Western Balkan plants, EBPR with downstream struvite crystallisation is treated as the
most feasible first-stage option, provided that product status and market access for recovered fertili-
sers are resolved.
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U poslednjih deset godina, poZari na sanitarnim i nesanitarnim deponijama predstavljaju jedan
od kljucnih problema lokalnih samouprava. Broj pozara na deponijama, kao i na otvorenom pro-
storu, kontinuirano raste, Sto se najcesc¢e dovodi u vezu sa vise faktora: globalnim zagrevanjem, pro-
menama u strukturi otpada i nepaznjom korisnika. U zavisnosti od mesta nastanka, deponijski pozari
se dele na povrsinske, dubinske i tinjajuce podzemne pozare.

Ovi pozari, koji se manifestuju pojavom tamnog dima i neprijatnih mirisa, kao i emisijama
znacajnih kolicina opasnih materija i produkata sagorevanja u vazduh zahtevaju vanredno angazo-
vanje komunalnih sluzbi, vatrogasnih jedinica i drugih relevantnih subjekata. Procenjuje se da se u
Srbiji godisnje registruje vise od 2000 pozara na deponijama, Sto ima dugorocne ekoloske, ekonom-
ske i drustvene posledice.

Termovizijsko nedestruktivno ispitivanje predstavlja jedan od kljucnih alata za procenu termal-
nog stanja deponija i prevenciju pozara. Deponije sa vise od 50.000 tona otpada i visinom vecom od
5 m ponaSaju se kao slozeni bioreaktori, u kojima se odvijaju procesi razgradnje organske materije,
ukljucujuci metanogenezu. Tokom ovih procesa dolazi do oslobadanja toplote, ali su temperature
unutar tela deponije u stabilnim uslovima relativno ujednacene tokom godine.

Rezultati termovizijskih ispitivanja ukljucuju ortofoto snimke koji omogucavaju identifikaciju
zona sa povisenim temperaturama, Sto moze ukazivati na prisustvo podzemnih ili tinjajucih pozara,
kao i na zone sa povecanim pritiskom deponijskog gasa.

Kombinovana analiza termovizijskih snimaka i rezultata gasnih analiza od kljucnog je znacaja
za pravovremenu detekciju rizicnih zona, prevenciju pozara i efikasno operativno upravljanje depo-
nijama, ¢ime se smanjuje rizik od akcidentnih situacija i negativnih uticaja na Zivotnu sredinu.

Over the past ten years, fires at both sanitary and non-sanitary landfills have become one of
the key challenges for local governments. The number of fires at landfill sites, as well as in open
areas, is continuously increasing, most often due to a combination of several factors: global warming,
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changes in waste structure, and careless behavior by users. Depending on the location of ignition,
landfill fires are classified as surface, deep-seated, or smoldering underground fires.

These fires, which manifest through visible smoke, unpleasant odors, and the emission of sig-
nificant amounts of hazardous substances and combustion products into the air, require extraordi-
nary engagement from municipal services, firefighting units, and other relevant stakeholders. It is
estimated that more than 2,000 landfill fires are reported annually in Serbia, leading to long-term
ecological, economic, and social consequences.

Non-destructive thermographic inspection represents one of the key tools for assessing the ther-
mal condition of landfills and preventing fires. Landfills containing more than 50,000 tons of waste
and exceeding 5 meters in height behave as complex bioreactors, where processes of organic matter
decomposition occur, including methanogenesis. During these processes, heat is released; however,
under stable conditions, temperatures within the landfill body remain relatively uniform throughout
the year.

The results of thermographic inspections include orthophoto images that enable the identifica-
tion of zones with elevated temperatures, which may indicate the presence of underground or smol-
dering fires, as well as areas with increased landfill gas pressure.

Combined analysis of thermographic imagery and gas analysis results is of crucial importance
for the timely detection of risk zones, fire prevention, and efficient operational management of lan-
dfills, thereby reducing the risk of accidental incidents and minimizing negative impacts on the envi-
ronment.
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Komina grozda, kao glavni nusproizvod procesa proizvodnje vina, predstavlja znacajan izvor
bioaktivnih jedinjenja sa velikim industrijskim potencijalom. BioloSka aktivnost ovog materijala
prvenstveno se pripisuje visokom sadrzaju fenolnih jedinjenja, ukljucujuci fenolne kiseline, flavono-
ide, antocijanine i tanine, koji ispoljavaju snazna antioksidativna svojstva. Cilj ovog istraZivanja bio
je da se ispita uticaj razlicitih uslova ekstrakcije na prinos fenolnih jedinjenja i antioksidativnu ak-
tivnosti ekstrakata komine grozda. Uzorci su podvrgnuti ultrazvucnoj ekstrakciji uz variranje fre-
kvencije (20-30 kHz), vremena ekstrakcije (1-15 min) i amplitude (30—70%). Pri ekstrakcionim uslo-
vima od 15 min, 30 kHz i 40% amplitude, odreden je najvisi sadrzaj ukupnih fenolnih jedinjenja u
ekstraktu, a pokazana je i najbolja DPPH antioksidativna aktivnost. Ukupan sadrzaj fenola odreden
je primenom Folin—Ciocalteu metode, dok je zastupljenost pojedinacnih jedinjenja analizirana HPLC
metodom. Rezultati ukazuju na to da komina grozda predstavilja vrednu sirovinu za odrzivu ekstrak-
ciju fenolnih jedinjenja sa visokim antioksidativnim potencijalom. Ukupni sadrzaj polifenola u tropu
grozda iznosi 461 mg GAE/100 g sveZe mase, dok ekstrakt pokazuje izuzetnu antioksidativnu aktivnost
ekvivalentnu 632 mg GAE na 100 g sveZze mase. Prema dobijenim rezultatima, ultrazvucna ekstrak-
cija se pokazala kao najefikasnija metoda za maksimalno iskoriscéenje bioaktivnih komponenti u po-
redenju sa konvencionalnim postupcima ekstrakcije. Dalja istrazivanja bi trebala da budu usmerena
na detaljnu karakterizaciju fenolnog profila tropa, procenu bioraspolozivosti aktivnih komponenti,
kao i na razvoj funkcionalnih prehrambenih proizvoda, nutraceutika i drugih proizvoda sa dodatom
vredno$cu na bazi ekstrakata komine grozda.

Grape pomace, the main by-product of the winemaking process, represents a great source of
bioactive compounds with considerable industrial potential. The biological activity of this material
is primarily attributed to its high content of phenolic compounds, including phenolic acids, flavono-
ids, anthocyanins, and tannins, which exhibit strong antioxidant properties. The aim of this study was
to evaluate the influence of different extraction conditions on the recovery of phenolic compounds
and the antioxidant activity of grape pomace extracts. The samples were subjected to ultrasound-
assisted extraction at different frequencies (20-30 kHz), extraction times (1-15 min), and power le-
vels (30-70%), in order to obtain valuable information regarding potential technological transfera-
bility. The sample obtained by ultrasound-assisted extraction (15 min, 30 kHz, and 40% power)
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showed the highest content of total phenolic compounds, as well as the highest DPPH scavenging
antioxidant activity. Total phenolic content was determined using the Folin—Ciocalteu method, while
individual compounds were analyzed by HPLC. The results indicate that grape pomace is a valuable
raw material for the sustainable recovery of phenolic compounds with high antioxidant potential. The
total polyphenol content of grape pomace amounts to 461 mg GAE/100 g of fresh weight, while the
extract exhibits exceptional antioxidant activity equivalent to 632 mg GAE per 100 g of fresh mate-
rial. Among the investigated conditions, ultrasound-assisted extraction proved to be the most efficient
method for maximizing the yield of bioactive compounds compared to conventional extraction pro-
cedures. Further research should focus on the detailed characterization of the phenolic profile,
assessment of bioavailability, and the development of functional food ingredients, nutraceuticals, and
other value-added products based on grape pomace extracts.
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Zahtev za povecanje energetske efikasnosti dovodi do sve cesceg koriscenja latentne toplote iz
dimnog gasa. U tu svrhu gasu se toplota odvodi indirektno, preko kondenzatora dimnog gasa, ili
direktno, rasprsSivanjem vode ili apsorpcionog rastvora u njega. U zavisnosti od temperature medi-
Jjuma koji se greje kod oba nacina se koriste pasivna ili aktivna kondenzacija. Ova poslednja, podra-
zumeva koriscenje toplotnih pumpi za grejanje medijuma na temperaturi visoj od temperature kon-
denzacije dimnog gasa. Radi ekonomske ustede i kompaktnosti konstrukcija paralelno sa povec¢anjem
energetske efikasnosti tezi se smanjenju emisija, kod kotlova na biomasu prevashodno praskastih
materija. Kad mu se oduzima deo latentna toplota, dimni gas napusta kotao najcesce zasicen vode-
nom parom. U ovom stanju on moze da ugrozi nizvodni ventilator, postojeci dimnjak, ali i da uzrokuje
tzv. vizuelno zagadenje. lako zapravo ocisc¢en, dimni gas je zbog karakteristicne bele boje vodene
pare Cesto pod sumnjom od okolne populacije. U radu se predstavlja konstrukcija koja koristi direk-
tan i indirektan nacin uzimanja latentne toplote od dimnog gasa, kao i mere kojima se gas kondicio-
nira na izlazu iz postrojenja. Pod kondicioniranjem se podrazumeva upravljanje temperaturom i re-
lativnom vlaznoscéu dimnog gasa na ispustu u atmosferu. Analiziraju se tri konceptualno razlicita
nacina za kondicioniranje dimnog gasa: 1. indirektna razmena toplote dimnog gasa sa samim sobom,
2. mesanje dimnih gasova razlicitih temperatura i 3. sistem sa predgrevanjem vazduha za meSanje sa
dimnim gasom i/ili sagorevanje.

The requirement for energy efficiency improvement leads to the utilization of latent heat from
flue gases. The latent heat is extracted in two ways: (i) indirectly, by flue gas condensers, or (ii)
directly by spraying water or absorption solution into the gas stream. Depending on the heated me-
dium temperature, both ways use passive or active condensation. The latter presumes the employment
of heat pumps for heating a medium at a temperature higher than the flue gas dew point. In parallel
with the improvement of energy efficiency, the utilization of latent heat is accompanied by particulate
matter removal from flue gases that originate from biomass combustion. When a share of latent heat
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is removed, flue gas exits a boiler, typically saturated with water vapor. The water droplets can
endanger a downstream fan or an existing stack in the case of a retrofit, as well as cause a white
plume. The paper presents a design which uses indirect and direct latent heat extraction and is used
for flue gas conditioning, i.e., for adjusting the flue gas exit temperature and relative humidity. The
paper analyzes three methods for flue gas conditioning: (i) indirect heat exchange within flue gas,
(it) mixing of two different flue gases, and (iii) air preheating by heat exchange with flue gas, followed
by mixing with flue gas and/or using the air for biomass combustion.
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Ovaj rad analizira potencijalnu primenu i performanse kogeneracionog/trigeneracionog ener-
getskog sistema namenjenog za implementaciju u okviru podrucja ,, Nacionalnog stadiona” u Beo-
gradu. Studija je usmerena na procenu mogucnosti simultane proizvodnje elektricne i toplotne ener-
gije, kao i rashladne energije za potrebe planiranog kompleksa i pratece infrastrukture. Razmatrane
su razlicite tehnoloske konfiguracije, ukljucujuci kombinovane sisteme za proizvodnju elektricne i
toplotne energije (CHP) zasnovane na gasnim motorima, kao i trigeneracione sisteme sa gasnim
turbinama. Analizirana reSenja projektovana su za instalisanu elektricnu snagu od 5-10 MW, sa
odgovarajucim toplotnim kapacitetom od 8~15 MW, u zavisnosti od izabrane konfiguracije i rezima
rada.

Istrazivanje obuhvata analizu mogucnosti iskoriscenja otpadne toplote iz procesa konverzije
primarne energije, koja se moze dalje koristiti za potrebe daljinskog grejanja i proizvodnje rashladne
energije putem apsorpcionih rashladnih uredaja, omogucavajuci ukupni stepen korisnosti sistema
veci od 85-90 %. Posebna paznja posvecena je analizi kljucnih podsistema, ukljucujuci izmenjivace
toplote, apsorpcione i mehanicke rashladne uredaje, sisteme za snabdevanje i regulaciju pritiska
gasa, postrojenja za pripremu vode, kao i strategije upravljanja sistemom.

Konacno, studija istrazuje radne performanse sistema u uslovima promenljivih sezonskih opte-
recenja, sa posebnim osvrtom na fleksibilnost kogeneracionih jedinica i njihovu integraciju sa siste-
mima za skladiStenje toplotne energije, kao Sto su ledene banke, radi pokrivanja vrsnih optereéenja
i smanjenja instalisanog rashladnog kapaciteta. Takode je analiziran i ekoloski aspekt predloZzenog
sistema, posebno u pogledu moguceg smanjenja emisija CO: i NOx u poredenju sa konvencionalnom
odvojenom proizvodnjom elektricne i toplotne energije. Ocekuje se da rezultati istraZivanja pruze
uvid u primenljivost, efikasnost i odrzivost kogeneracionih i trigeneracionih sistema u savremenoj
urbanoj energetskoj infrastrukturi.

This paper analyzes the potential application and performance of a cogeneration/trigeneration
energy system intended for implementation within the ““National Stadium’ area in Belgrade. The
study focuses on evaluating the feasibility of simultaneous production of electricity and heat, as well
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as cooling applications, for the planned complex and associated infrastructure. Various technologi-
cal configurations were considered, including combined heat and power (CHP) systems based on gas
engines, as well as trigeneration systems utilizing gas turbines. The analyzed solutions are designed
to provide an installed electrical capacity of 5-10 MW, with corresponding thermal outputs of 8-15
MW, depending on the selected configuration and operational regime.

The research examines the potential for recovery and utilization of waste heat from primary
energy conversion processes, which can be further used for district heating supply and cooling thro-
ugh absorption chillers, enabling overall system efficiencies exceeding 85-90 %. Particular attention
IS given to the analysis of key subsystems, including heat exchangers, absorption and mechanical
chillers, gas supply and pressure regulation systems, water treatment units, and system control stra-
tegies.

Finally, the study explores operational performance under varying seasonal load conditions,
with emphasis on the flexibility of cogeneration units and their integration with thermal energy sto-
rage systems, such as ice banks, for peak shaving and reduction of installed cooling capacity. The
environmental aspect of the proposed system is also analyzed, particularly in terms of potential re-
ductions of CO: and NO, emissions compared to conventional separate production of electricity and
heat. The results are expected to provide insight into the applicability, efficiency, and sustainability
of cogeneration and trigeneration systems in modern urban energy infrastructure.
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Kotlovi na drvau biomasu termicke snage do 500 kW predstavljaju znacajan izvor emisije pra-
Skastih materija. U ovom radu prikazani su rezultati ispitivanja uticaja uredaja za aktivau konden-
zaciju na ukupnu emisiju i frakcionu raspodelu cvrstih cestica. Uredaj objedinjuje kondenzator dim-
nog gasa, komoru za rasprsivanje tecnosti, odvajac kapljica i sistem recirkulacije kondenzata, omo-
guéavajuci istovremeno povecanje energetske efikasnosti i precis¢avanje dimnih gasova.

Ukupna koncentracija cvrstih cestica merena je izokinetickom gravimetrijskom metodom
uzvodno i nizvodno od uredaja. Frakciona raspodela odredena je kaskadnim impaktorom Dekati HT-
DLPI+ sa 14 kaskada, u opsegu aerodinamickih precnika od 16 nm do 10 um.

Rezultati pokazuju znacajno smanjenje masene koncentracije praskastih materija, pri cemu e-
fikasnost direktno zavisi od protoka vode kroz mlaznice. Frakciona analiza takode ukazuje da postoji
uticaj na preraspodelu velicina Cestica, sa izraZenijim smanjenjem krupnijih frakcija iznad 1 um u
odnosu na submikronske Cestice. Rezultati predstavljaju osnovu za optimizaciju konstruktivnih para-
metara uredaja za aktivnu kondenzaciju.

Zahvalnica

Istrazivanje sprovedeno uz podrsku Fonda za nauku Republike Srbije, 5959, Active Condensa-
tion Hybrid Systems in Biomass Combustion - AC-BC

Biomass-fired boilers with thermal capacities up to 500 kW represent a significant source of
particulate matter emissions. This paper presents the results of an investigation into the influence of
an active condensation device on total particulate emissions and fractional particle size distribution.
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The device combines a flue gas condenser, a liquid spray chamber, a droplet separator, and a con-
densate recirculation system, simultaneously improving boiler energy efficiency and flue gas purifi-
cation.

Total particulate matter concentrations were measured using the isokinetic gravimetric
method, upstream and downstream of the device. Fractional particle size distribution was determined
using a Dekati HT-DLPI+ cascade impactor with 14 stages, covering an aerodynamic diameter
range from 16 nm to 10 um.

The results demonstrate a significant reduction in particulate matter mass concentration, with
separation efficiency directly depending on water flow rate through the nozzles. Fractional analysis
further indicates a redistribution of particle size, with more pronounced reduction of coarser fracti-
ons above 1 um compared to submicron particles. The obtained results provide a basis for the opti-
mization of the design parameters of the active condensation device.
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Savremeni industrijski procesi, posebno proizvodnja litijum-jonskih baterija, zahtevaju pre-
ciznu kontrolu vlage radi ocuvanja elektrohemijske stabilnosti i kvaliteta proizvoda. Prisustvo vlage
u proizvodnim prostorima moZe izazvati nezeljene hemijske reakcije sa aktivnim materijalima bate-
rijskih celija, sto direktno utice na performanse i bezbednost baterija. Zbog toga je u ,, suvim sobama *
neophodno odrzavanje ekstremno niskih vrednosti tacke rose, najcesée u opsegu od —40 °C do
—80 °C. Postizanje ovakvih uslova najefikasnije se ostvaruje primenom adsorpcionih susaca sa ro-
torima od silika-gela. Ovi sistemi omogucavaju kontinuirano uklanjanje vlage iz vazduha, ali isto-
vremeno predstavljaju znacajne energetske potrosace, prvenstveno zbog procesa regeneracije desi-
kantnog rotora koji zahteva konstantan unos toplote. Toplotna energija za regeneraciju moze se o-
bezbediti koriséenjem elektricne energije, tople vode ili vodene pare, pri cemu izbor energenta zna-
¢ajno utice na energetsku efikasnost i operativne troskove sistema. Ovaj rad obuhvata tehno-eko-
nomsku analizu adsorpcionih sistema za regulaciju vlage sa jednim (DFLOW-013D) i dva rotora
(DFLOW-003B013B), uz poredenje razlicitih izvora energije za regeneraciju tokom karakteristicnih
dnevnih rezima rada i celogodiSnje eksploatacije. Rezultati obavljenih analiza prikazuju da je
potrosnja tople vode ili pare za zagrevanje vazduha veca kod uredjaja sa dva rotora u proseku za
60%, dok je potrosnja elektricne energije manja za oko 57% kod uredjaj sa dva rotora. Investiciona
vrednost sistema sa jednim rotorom ili dva rotora je priblizno identicna. Izbor optimalnog sistema
zavisi od dostupnosti energenta i troSkova eksploatacije

Modern industrial processes, particularly lithium-ion battery production, require precise hu-
midity control in order to preserve the electrochemical stability and quality of the final product. The
presence of moisture in production areas can cause undesirable chemical reactions with active
battery cell materials, directly affecting battery performance and safety. Therefore, maintaining
extremely low dew point temperatures, typically ranging from —40 °C to —80 °C, is essential in dry
rooms. Such conditions are most efficiently achieved using desiccant dehumidifiers equipped with
silica-gel rotors. These systems enable continuous moisture removal from the air but simultaneously
represent significant energy consumers, primarily due to the desiccant rotor regeneration process,
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which requires a constant heat supply. Thermal energy for regeneration can be provided by electri-
city, hot water, or steam, while the selected energy source significantly influences the energy effici-
ency and operational costs of the system. This paper presents a techno-economic analysis of humidity
control systems with a single rotor (DFLOW-013D) and a double rotor configuration (DFLOW-
003B013B), including a comparison of different energy sources for rotor regeneration during cha-
racteristic daily operating regimes and year-round operation. The obtained results indicate that the
consumption of hot water or steam for air heating is, on average, 60% higher in double-rotor systems,
while electricity consumption is approximately 57% lower compared to single-rotor systems. The
investment costs of single-rotor and double-rotor systems are approximately identical. The selection
of the optimal system depends on the availability of the energy source and the overall operational
costs.
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Susenje voca predstavlja energetski intenzivan termicki proces koji znacajno utice na kvalitet
proizvoda, efikasnost konzerviranja i odrzivost sistema za preradu hrane. Konvencionalne metode
susenja toplim vazduhom cesto dovode do neujednacenog uklanjanja vlage, prekomerne potrosnje
energije, ocvrs¢avanja povrsine i degradacije nutritivnih i senzornih svojstava proizvoda. U ovom
radu predstavljen je napredni hibridni sistem suSenja zasnovan na mikrotalasnom zagrevanju u kom-
binaciji sa zatvorenim sistemom recirkulacije vlaznog vazduha i tehnologijom pothladivanja. Predlo-
Zeni sistem omogucava efikasan povracaj toplote i kontrolisane termodinamicke uslove kondenzaci-
jom vlage iz izlaznog vazduha i ponovnim korisc¢enjem latentne toplote unutar ciklusa susenja. Ener-
gija mikrotalasa obezbeduje brzo zapreminsko zagrevanje i ubrzava unutrasnju migraciju vlage, dok
kontrolisana cirkulacija vlaznog vazduha smanjuje pregrevanje i poboljSava ravnomernost susenja.
Integracija mehanizama pothladivanja i recirkulacije doprinosi smanjenju toplotnih gubitaka, ma-
njoj potrebi za spoljnim izvorima energije i povecanoj stabilnosti procesa. U radu su analizirani
termodinamicki principi, konstrukciona resenja i strategije upravljanja energijom razvijenog sistema
za suSenje. Posebna paznja posveéena je termickoj efikasnosti, kontroli strujanja vazduha i spreca-
vanju degradacionih pojava kao sto su karamelizacija i ocvrséavanje povrsine proizvoda. PredloZeni
pristup predstavlja odrzivo i skalabilno resenje za visokoperformansne procese susenja voca uz po-
boljsano iskoriséenje energije i ocuvanje kvaliteta proizvoda.

Fruit drying is an energy-intensive thermal process that significantly influences product qua-
lity, preservation efficiency and sustainability in food processing systems. Conventional hot-air
drying methods often result in non-uniform moisture removal, excessive energy consumption, surface
hardening, and degradation of nutritional and sensory properties. This study presents an advanced
hybrid drying system based on microwave-assisted heating combined with closed-loop humid air re-
circulation and subcooling technology. The proposed system enables efficient heat recovery and con-
trolled thermodynamic conditions by condensing moisture from the exhaust air and reusing latent
heat within the drying cycle. Microwave energy provides rapid volumetric heating and accelerates
internal moisture migration, while controlled humid air circulation minimizes overheating and
improves drying uniformity. The integration of subcooling and recirculation mechanisms contributes
to reduced thermal losses, lower external energy demand, and enhanced process stability. The paper
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discusses the thermodynamic principles, structural design, and energy management strategies of the
developed drying system. Particular attention is given to thermal efficiency, airflow control, and pre-
vention of quality degradation phenomena such as caramelization and surface hardening. The pro-
posed approach represents a sustainable and scalable solution for high-performance fruit drying
applications with improved energy utilization and product quality preservation.
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Cilj klimatske neutralnosti Evrope do 2050. godine, ukljucujuci smanjenje emisije gasova sta-
klene baste (GHG) za 55% do 2030. godine, dodatno je povecao napore EU da smanji upotrebu
fosilnih goriva i razvije tehnologije za hvatanje ugljenika. Projekat STEROPE se bavi izazovima de-
karbonizacije u zahtevnim sektorima, posebno u brodarstvu i avijaciji, pokazujuci odrzive nacine za
proizvodnju naprednih e-goriva. Cilj STEROPE-a je povecanje efikasnosti i odrzivosti transformacije
CO2 iz razlicitih industrija (rafinerija, cementara i hemijska industrija) u odrziva goriva za avione
(SAF), e-metanol i e-dimetil etar (e-DME) za avijaciju i pomorski transport.

Efikasna konverzija CO: u e-metanol/e-DME zahteva visok kvalitet i ¢isto¢u sakupljenog CO:.
Hvatanje CO: pomoc¢u membranskih kontaktora sa apsorbujucim tecnostima izdvojilo se kao naja-
dekvatnija metoda za planirane aktivnosti, uzimajuci u obzir razlicite dimne gasove koji cée se treti-
rati. Rastvaraci na bazi amina su medu najefikasnijim za hvatanje CO: i sluzice kao referentni sistem
za procenu ispitivanih naprednih rastvaraca. Procena rastvaraca ¢e se fokusirati i na njihov kapaci-
tet apsorpcije (>90%) i na kapacitet oslobadanja CO: na nizim temperaturama (npr. temperatura
regeneracije ispod 120°C). Termodinamicka i transportna svojstva odabranih rastvaraca, ukljucu-
JUCi Ciste amine i smeSe amina, bice ispitivana u Sirokim opsezima temperature i pritiska. Eksperi-
mentalni rezultati ¢e biti modelovani koris¢enjem termodinamike fazne ravnoteze kako bi se simuli-
ralo hvatanje CO: u membranskom kontaktoru. Primenom masinskog ucenja ¢e biti optimizovan
sastav rastvaraca i uslovi rada za hvatanje CO: iz industrijskih dimnih gasova. Koncept ¢e biti vali-
diran pomocu smeSe gasova koja simulira dimni gas iz cementare. Na osnovu podataka koje je obez-
bedila cementara, bice sprovedena kompjuterska simulacija energetske integracije procesa sa pose-
bnim osvrtom na potencijalni oporavak toplote koja se moze koristiti za regeneraciju rastvaraca za
hvatanje CQO..

The goal of climate neutrality by 2050, including reduction in greenhouse gas (GHG) emissions
of 55% by 2030, has further strengthened the EU's efforts to reduce the use of fossil fuels and develop
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carbon capture technologies. STEROPE project addresses decarbonization challenges in hard-to-
abate sectors, particularly shipping and aviation, by demonstrating sustainable pathways for produ-
cing advanced e-fuels. STEROPE aims to increase the efficiency and sustainability of the transfor-
mation of CO: emissions from different industries (Refinery, Cement Plant, and Chemical Industry)
into sustainable Jet fuels (SAFs), e-methanol, and e-dimethyl ether (e-DME) for aviation, and marine
transportation.

The efficient conversion of CO: to e-methanol/e-DME requires a high quality and purity of
captured CO.. The CO: capture using membrane contactors with absorbing liquids has stood out as
the most adequate for the planned activities considering the different streams to be exploited. Amine-
based solvents are among the most efficient for CO: capture and will serve as the benchmark for the
evaluation of advanced CO: capture solvents. The assessment will focus on both their absorption
capacity (>90%) and the CO: release capacity at lower temperatures (e.g. regeneration temperature
below 120°C). Thermodynamic and transport properties of the selected solvents, including pure and
mixtures of amine, will be studied in wide ranges of temperature and pressure. Experimental results
will be modeled using liquid-phase thermodynamics to simulate CO: capture in a membrane
contactor. Machine learning will optimize solvent composition and operating conditions for indus-
trial CO: waste gas. The concept will be validated with a CO: stream that simulates the flue gas from
a cement plant. Based on the data provided by the cement plant, a computer simulation of the energy
integration of the process will be carried out with special reference to the potential recovery of heat
that can be used for the CO: capture solvents regeneration.
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Pioneering for You m o

Wilo pumpe i pumpni sistemu za otpadnu vodu

Efikasno. Pouzdano. Kvalitetno.
Primena u industriji, komunalnim preduzecima, PPOV

1 §. o7
N T il

Wilo pumpe i sistemi za otpadne vode i mehanizmi za mesanje sa uronjivim motorom.
Savladavaju velike izazove i dugorocno obezbeduju vrhunski kvalitet u tretmanu otpadnih voda.

Wilo-EMU FA:

- Pumpanje otpadne vode sa ili bez
Cvrstih materija

- Mogu¢nost suve i mokre ugradnje

+ Veliki, slobodni sferni prolaz

- Visoka efikasnost i kvalitet zahvaljujuci

motorima IE3 generacije

Wilo-EMU TR:
- Energetski optimizovano mesanje i
obrtanje aktivnog mulja
- Stvaranje brzine protoka u kanalima
za kruznu cirkulaciju
- Visoka efikasnost i kvalitet zahvaljujudi
motorima IE3/IE4 generacije

Wilo Beograd d.o.o. * Tetovska 72, 11000 Beograd Srbija * T/F +381 11 2853 258, 2853 259, 4043 820, 4043 821, 4043 822 * office@wilo.rs * www.wilo.rs




Bosch industrijski kotlovi
i postrojenja
Kompetencija | poverenje

Bosch Industriekessel je u svetskim razmerama renomirani proizvodac toplotnih i
vrelovodnih kotlova, parnih kotlova, kotlovskih sistema i opreme za kotlarnice.

PocevSi od naseg osnivanja 1865. godine, specijalizovani smo za industrijsku
kotlogradnju, te nasim klijentima mozZzemo ponuditi sveobuhvatni specijalizovani
Know-how. Merila naseg proizvodnog programa i nasih servisnih usluga su snaga
inovacija, svest o kvalitetu proizvoda i efikasnost.

Vise od 100.000 isporucenih kotlovskih sistema u vise od 140 zemalja, dokaz su
visoke pouzdanosti nasih industrijskih kotlova. Nasa kotlovska postrojenja mozete
naci gotovo u svakoj grani industrije -izmedu ostalog i u industriji pi¢a, prehrambenoj
industriji, industriji gradevinskog materijala, hemijskoj industriji, tekstilnoj industriji i
industriji papiraitd. Globalne kompanije kao $to su Coca Cola, BASF, Siemens,Ytong,
Michelin, Heineken, Carlsberg, Nestle ili Esso, poklonile su poverenje nasim
inovativnim parnim i vrelovodnim kotlovskim postrojenjima.

4 Kazantrade

Kazantrade Solution d.o.o.
Kneza Viseslava 61A

11090 Beograd
www.kazantrade.rs

Mail: dejan.dotlic@kazantrade.rs

https://www.bosch-thermotechnology.com/global/en/commercial-industrial/home/

BOSCH

Tehnologija za zivot
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NUMIKON PRO - Vas partner u inZzenjerskim izazovima.

NUMIKON PRO pomaze vam u odabiru optimalnih softverskih resenja,
procesa nabavke, do brze i kvalitetne obuke zaposlenika te stalne
tehnicke podrske.

+ Vodeci svetski softveri za projektovanje, konstruisanje, te proracune procesnih i
energetskih postrojenja

 Implementacija resenja kroz jasno definisane faze

* Profesionalna tehnicka podrska i obuka

Nasa misija je da obezbedimo kvalitetna i prilagodena softverska
reSenja koja povecéavaju produktivnost i efikasnost nasih klijenata.
Djeluju¢i kao visegodisnji regionalni zastupnik tvrtke Hexagon, razvili
smo specijalizovane usluge za sve korisnike Hexagon softverskih
resenja.

CADWorx Suite Analysis Suite

Paket snaznih i prilagodljivih alata koji " CAESARII . .
omogucuju jednostavnu izradu potpuno SOftVfr za a.mallz.u naprezanja |
inteligentnih 2D i 3D modela energetskih | €lasticnosti, te dinamike cevovoda.
i procesnih postrojenja, ukljuéujuéi

modele cevovoda, opreme cevovoda, * PV Elite

HVAC, Celi¢ne i betonske konstrukcije. Kompletno reSenje za projektovanje i
proracun posuda pod pritiskom i

« CADWorx Plant izmenjivaca.

+ CADWorx P&ID * TANK
Sveobuhvatan programski paket za

« CADWorx Structure projektovanje, analizu i procenu

naftnih spremnika.
* CADWorx Specification Editor

* PIPESTRESS
- Isogen za CADWorx Kompletan sustav izraCuna za

nuklearne i nenuklearne sustave.
* Orthogen za CADWorx

* GT STRUDL
- CADWorx Design Review Softver za strukturne analize visoke
kvalitete za sveobuhvatnu analizu
metodom konacnih elemenata
Celicnih i betonskih konstrukcija.

NUMIKON PRO TIPS

Training - Zapocinjemo obukom Vaseg tima

Implementation - Implementiramo softverska resenja
Project - Projektna i tehnicka podrska
Support - Podrska tokom celog projektnog procesa

Ogranak NUMIKON ‘

programska rjeSenja i oprema d.o.o. ‘
scan @ 0‘
me Subotika 94, 21000 Novi Sad SO

E-mail: info@numikon-pro.rs ' 4

M: +381 62 55 1656 "
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Smanji
nzik.

Povecaj
kontrolu.

Bespilotne letelice, lasersko skeniranje i specijalizovani
senzori za monitoring i inspekciju procesnih postrojenja.
Od isporuke opreme, implementacije sistema, obuke
osoblja, merenja i obrade, do finalnih izveStaja —

Geotaur d.o.o.

+38165 8352215 GEOTAUR.COM
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Organizator
Drustvo za procesnu tehniku
Savez masinskih i elektrotehnickih
inZenjera i tehnicara Srbije
(SMEITS)

Suorganizator
Katedra za procesnu tehniku
Univerzitet u Beogradu,
Masinski fakultet, Beograd
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