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Despina Kokkinidou, Konstantinos Kapnisis, Andreas Anayiotos, Stathis Kaliviotis 

 
Cyprus University of Technology  

Email: andreas.anayiotos@cut.ac.cy  
 

 
Abstract: Cardiovascular stent implantation is routinely used as the primary solution in restoring 
blood flow after arterial stenosis. Despite the wide clinical use of stents for many decades now, stent 
functionality is still compromised by complications at the site of implantation. The presence of a 
stent influences specific hematological, hemorheological and hemodynamic parameters potentially 
impacting long-term stent functionality and leading to eventual thrombosis and occlusion. We have 
investigated the effects of stent implantation on hematological, hemorheological, and hemodynamic 
parameters, assessing how these alterations may compromise stent functionality and circulatory 
physiology. Experimental evaluations were conducted in vivo by implanting custom-made self-
expanding nitinol stents in the common carotid artery of male mice (CD1), with blood samples 
collected at 5- and 10-weeks post-implantation for hematological and hemorheological analysis. In 
vitro studies were performed using human blood from male and female subjects, perfused through 
single and overlapping stents deployed within polymer tubes, under different flow conditions and 
configurations. Our results have shown that stent implantation leads to notable changes in 
hematological and hemorheological indices. Results from the in vivo studies demonstrated increased 
hematocrit and decreased RBC deformability at 10 weeks post-implantation, contributing to elevated 
blood viscosity, despite a slight reduction in RBC aggregation. These alterations may be linked to 
inflammatory responses at the implant site. Findings from the in-vitro experiments revealed a 
significant increase in RBC aggregation, particularly among female subjects, and altered blood 
viscosity at higher flow rates. Results have also shown that the pressure drop across the stented 
region, varied depending on the stent configuration.  We conclude that the presence of a stent 
influences specific hematological, hemorheological and hemodynamic parameters, at specific flow 
conditions, potentially impacting long-term stent functionality. The findings underscore the need for 
further investigation into the physiological consequences of stent-induced hemorheological changes 
to optimize stent design and improve clinical outcomes. 

 

mailto:andreas.anayiotos@cut.ac.cy
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Filipe Vaz1,2,4 
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Keywords: Thermal Properties, Electrical Properties, GLAD, Growth Design, Microstructure 

 
Abstract: One of the main targets of materials nanotechnology is the engineering of nanostructures and 
nanopatterns, enabling the development of solutions increasingly reliant on deliberately designed 
nanomaterials. These new developments span specialised fields such as nanoelectronics, nanomedicine, 
nanomachining, and a wide range of applications rooted in nanoscale technologies. 
Precise control over the design and production of materials at the nanometre scale is therefore of paramount 
importance, not only for advancing fundamental scientific understanding and generating new knowledge, but 
also for driving the development of next-generation technological devices with enhanced electrical, thermal, 
optical, chemical, mechanical and biological functionalities. 
A special and unique example among materials of growing importance is the case of thin films. The reduced 
thickness and high surface-to-volume ratio of thin films provide a unique platform for tailoring electrical, 
optical, thermal, and mechanical properties beyond those achievable in bulk materials. By decoupling material 
properties from bulk constraints, thin films facilitate the design of engineered materials with enhanced or 
entirely new functionalities. The ability to engineer interfaces and heterostructures in thin films is critical for 
the development of next-generation electronic, photonic, and energy systems. 
Magnetron sputtering technique offers significant potential for the fabrication of nanoarchitectured thin films, 
including nanostructures and nanopatterns, over defined areas of surfaces, mechanical components, and 
functional devices. These approaches enable the formation of solid-state features approaching molecular 
length scales. However, despite its well-established reliability and versatility, their implementation is often 
constrained by stringent processing requirements, such as nucleation control and feature growth limitations, as 
well as restricted dimensional tunability in certain material systems, which can ultimately hinder scalability and 
manufacturing flexibility. 
In this work, the electrical and thermal behaviour of thin films is systematically investigated and correlated as a 
function of microstructure, thickness, and deposition conditions. Electrical properties are analysed in terms of 
charge transport mechanisms, resistivity evolution, and the influence of grain boundaries, defects, and film 
density. Thermal properties are evaluated through thermal conductivity and heat diffusion behaviour, 
highlighting the role of phonon scattering at interfaces, porosity, and columnar features. 
The results demonstrate a strong correlation between film morphology and functional performance, where 
reduced dimensionality and nanostructuring significantly affect both electron and phonon transport. In 
particular, increased structural disorder and interface density lead to enhanced electrical resistivity and 
reduced thermal conductivity, which can be advantageous for applications requiring thermal insulation or 
thermoelectric efficiency. Conversely, dense and well-crystallized films exhibit improved electrical conduction 
and heat transport, suitable for electronic and thermal management applications. 
These findings provide valuable insights into the structure–property relationships governing electrical and 
thermal performance in thin films, offering guidelines for tailoring functional properties through deposition 
engineering and microstructural control. 
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Abstract: Technological progress has always been driven by materials. From energy storage and 
hydrogen systems to lightweight mobility, sustainable polymers and advanced electronics, today’s 
grand challenges are fundamentally materials challenges. At the same time, material systems are 
becoming increasingly complex: multi-phase, nano-structured, hybrid, process-sensitive and strongly 
time-dependent. As complexity grows, intuitive understanding declines — and innovation slows. 
In this environment, successful materials development requires more than empirical optimization. It 
requires deep mechanistic understanding. 
Advanced material characterization plays a pivotal strategic role in this transformation. Modern 
thermal analysis and coupled analytical techniques provide insight into phase transitions, reaction 
kinetics, molecular mobility, degradation pathways and long-term stability. When interpreted 
correctly, these measurements do not merely generate data — they reveal the structure–property–
performance relationships that enable prediction rather than trial-and-error experimentation. 
Particularly in the context of sustainable and recycled materials, variability and aging behavior 
introduce new uncertainties. Reliable innovation therefore depends on precise analytical insight and 
kinetic understanding. Furthermore, while digitalization and artificial intelligence accelerate 
development processes, predictive models remain fundamentally dependent on high-quality, 
physically meaningful experimental data. 
This presentation discusses how advanced characterization serves as the foundation for knowledge-
driven materials engineering. By transforming measurable signals into mechanistic understanding, 
organizations can shift from reactive testing toward predictive design — reducing development 
cycles, improving reliability and enabling sustainable innovation. 
Innovation is not accidental. It is the consequence of understanding. And understanding begins with 
characterization.” 

 
 

mailto:denise.beitelschmidt@netzsch.com
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MULTI-CRITERIA OPTIMIZATION OF TITANIUM ENDOSSEOUS IMPLANTS 

 

Cătălin Popa  
 

Technical University of Cluj-Napoca, Romania  
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Abstract: Titanium is, for decades, the golden standard for endosseous implants in medical fields 
such as Orthopaedics, Dentistry and Maxillofacial Surgery. Although the related successfully treated 
clinical cases are an absolute majority, complex medical cases comprising both the need for a 
personalized design approach and an unfavourable medical context lead to the quest for a 
multicriterial optimization of implants, taking into account all aspects, starting with the constructive 
design and manufacturing route and continuing with surface treatments / functionalization and post 
– operative procedures. For personalized cranial implants, the manufacturing method is Additive 
Manufacturing and the constructive design approaches both lattice structures and biomimetically – 
inspired ones. The direct testing of cranial plates is complemented with FE Modelling in order to 
optimize the construction both from the mechanical point of view and of the clinical procedure / 
effects one. The blood – implant interaction is also taken into account. Surface patterning with 
titania nanotubes and functionalization with peptide grafts or drug delivery layers are also 
considered, while post – operative drug therapy and laser photo-bio-modulation complete the 
multicriterial optimization of implants. 
 

mailto:Catalin.Popa@stm.utcluj.ro
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CORROSION BEHAVIOR OF NEW INDUSTRIAL MATERIALS 

 
J.C. Mirza-Rosca1,2, A.D. Rico-Cano1 

 
1 Las Palmas de Gran Canaria University, Mechanical Engineering Dept., Campus Universitario Tafira, 35017 Las 

Palmas de Gran Canaria, Spain 
2 Transilvania University of Brasov, Materials Engineering and Welding Department, 29 Eroilor Blvd., 

500036, Brasov, Romania, e-mail: julia.mirza@ulpgc.es 
 
 

Keywords: corrosion, high entropy alloys, ceramic 

 
Abstract: Corrosion of industrial materials refers to their deterioration due to reactions with the 
environment. This process gradually weakens the material and can compromise the structural 
integrity, efficiency and safety of industrial equipment and infrastructure. 

Most of the conventional alloys are based 
on a principal element that acts as a 
matrix; although some alloys with two 
metals in similar proportions can be 
found, classic metallic alloys usually are 
created with one metal in a high 
proportion, that is known as the base 
metal and small addition of other 
elements which can entail a big 
difference in the characteristics of the 
resulting alloy [1]. Ceramics have very 

good mechanical properties that can be combined with new metallic alloys and obtain special 
composites with attractive results for industrial applications. 
Since most of the possible alloy compositions are based on more than one component, conventional 
alloy development strategy has been very restrictive in exploring the full range of possible alloys.  
Microstructural characterization and quantitative analysis, mechanical properties and corrosion 
behavior can be performed for the new composites [2]. 
 In the past ten years, the emergence of new industrial materials has meant new stimulus in the 
research of their behavior in different service environments. 
 
Selective references: 
1. Alberto Daniel Rico-Cano; Julia Claudia Mirza-Rosca; Burak Cagri Ocak; Gultekin Goller. Impact of 
CoCrFeNiMo High-Entropy-Alloy Doping on the Mechanical and Electrochemical Properties of B4C Ceramic, 
Applied Sciences 15(9), 4859. Multidisciplinary Digital Publishing Institute-MDPI, DOI: 10.3390/app15094859. 
2. Alberto Daniel Rico-Cano; Julia Claudia Mirza-Rosca; Burak Cagri Ocak; Gultekin Goller. Comparison and 
Evaluation of the Corrosion Behavior of Two Innovative B4C Samples Doped with 0.5% and 3% FeNiCoCrMo 
High-Entropy Alloy, Microscopy and Microanalysis 31(Issue Supplement_1), 1998-2003. Oxford Academic, DOI: 
10.1093/mam/ozaf048.999. 

 
 
Acknowledgements: We would like to thank the European project 2023–1-RO01-KA220-HED-
000159985: Smart Healthcare Engineering. 

 
 

Fig. 1.  Aluminum foam [2] 
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MAGNESIUM-BASED ALLOYS AS IMPLANT MATERIALS:  

THE STONY PATH FROM RESEARCH AMBITION TO CLINICAL IMPLEMENTATION 
 

Iulian Antoniac 
 

National University of Science and Technology POLITEHNICA Bucharest, Romania 
Academy of Romanian Scientist, Bucharest 

Email: antoniac.iulian@gmail.com  
 
 

Abstract: Magnesium (Mg)-based alloys have become an important category of materials that is 
attracting more and more attention due to their high potential use as temporary implants for various 
surgery. These alloys are a viable alternative to nondegradable metallic implants used in surgery, 
especially for trauma implants and cardiovascular stents. Biodegradable metals are designed to 
provide sufficient mechanical strength at the beginning of the treatment, and then, after their 
degradation, a complete bone healing process is observed.  
The key features for biodegradable Mg-based alloys, suitable for temporary orthopedic implants, are 
biocompatibility, proper mechanical properties to assure mechanical integrity until the fracture 
healing, degradation rate, and dynamic corrosion, according to the clinical needs. The effective 
biofunctionality of the biodegradable temporary orthopedic implants can be evaluated only by in 
vivo testing, on animal models, followed by clinical trials. In addition, the new bone formation, bone–
implant interface, and inflammatory reactions can be evaluated. Special attention is given to animal 
testing, and the clinical translation is also reviewed, focusing on the main clinical cases that were 
conducted under human use approval. 
Different research groups demonstrated that the initial difficulties with in vitro testing appear to be 
surpassed, and the testing procedures and the mediums used are quite well accepted. Animal testing 
is widely presented in the literature, and the main species used for in vivo experiments are mice, 
rats, rabbits, dogs, goats, and mini pigs.  
The objective of this presentation is to present a systematic investigation on different Mg alloys from 
different binary and ternary system. New designs for specific implants are possible to be developed 
soon, especially for foot and ankle surgery, if the researchers better correlate the clinical needs with 
each Mg-based alloy biofunctional properties. This is because, in the case of biodegradable Mg-based 
alloys, we cannot conclude that a universally accepted alloy for any surgical applications exists. 
Further research that includes clinical studies is indicated for each newly developed implant. 
The landscape of medical device design and development is continually evolving, driven by 
innovations in materials, technologies, and design techniques. As these trends continue to develop, 
the future of medical devices promises to be more efficient, effective, and personalized, paving the 
way for a new era in healthcare. 
 

mailto:antoniac.iulian@gmail.com
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MICROSTRUCTURAL CHARACTERIZATION OF ALUMINUM SAMPLES FABRICATED BY THE 
MOLTEN METAL DEPOSITION ADDITIVE MANUFACTURING TECHNOLOGY 

 
Eleonora Santecchia1, Gabriele Grima1, Anna Maria Schiavone2, Alberto Santoni1, Kamal 

Sleem1, Jonas Galle3, Chola Elangeswaran3 
 

1 DIISM, Università Politecnica delle Marche, Via Brecce Bianche 12, 60131 Ancona, Italy 
2 SIMAU, Università Politecnica delle Marche, Via Brecce Bianche 12, 60131 Ancona, Italy 

3 ValCUN, Industrieweg 122 J1, 9032  Ghent, Belgium 
 

Keywords: molten metal deposition, microstructure, aluminum, characterization, additive 
manufacturing 

 
Abstract: The use of metal additive manufacturing (AM) has seen significant growth in recent years, 
making it one of the key manufacturing processes for producing lightweight, complex components 

[1]. However, when it comes to light alloys, in 
particular aluminum alloys, common additive 
manufacturing technologies such as laser 
powder bed fusion (LPBF) and directed energy 
deposition (DED) are not very efficient, due to 
typical issues as high reflectivity, powder 
management, super-heating and intensive 
cooling rates [2]. Molten Metal Deposition 
(MMD) is a novel 3D printing approach that 
enables the fabrication of intricate geometries 
using reactive materials, including Al. This study 
investigates the influence of process parameters 
on the formation of defects and the 
microstructure of single-walled rectangular 
samples in the as-built condition (Fig. 1). 

Aluminum alloy 4043 was used as feedstock for the MMD process. Digital microscopy was used to 
perform an analysis of the surface waviness, to evaluate the occurrence of deposition-related 
defects. The samples were then subjected to conventional metallographic preparation and 
microstructural characterization using optical microscopy (OM) and scanning electron microscopy 
(SEM). Mechanical behavior was characterized by microhardness testing to determine the influence 
of the process parameters on the overall performance.   
 
 
Selective references: 
1. L. Yang, Metal lightweight features processed by powder bed fusion additive manufacturing: Process, 
microstructure and dimensional dependency, IOP Conference Series: Materials Science and Engineering1332, 
2025, 012002. 
2. N. T. Aboulkhair, M. Simonelli, L. Parry, I. Ashcroft, C. Tuck, R. Hague, 3D printing of Aluminium alloys: 
Additive Manufacturing of Aluminium alloys using selective laser melting, Progress in Materials Science, Volume 
106, 2019, 100578. 

 

 
Fig. 1.  Microstructure of AA 4043 processed 

by MMD 
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IMPROVING THE PROPERTIES OF MATERIALS USED IN CEMENT SEPARATORS THROUGH 
THERMAL DEPOSITION 

 
Adrian Ioncica 1, Corneliu Munteanu 1,2 *, Bogdan Istrate 1, Fabian-Cezar Lupu 1, Marcelin 

Benchea 1 
 

1”Gheorghe Asachi” Technical University of Iasi-Romania, Faculty of Mechanical Engineering, 43 Prof. D. 
Mangeron Blvd., 700050, Iasi, Romania, e-mail: corneliu.munteanu@academic.tuiasi.ro  

2Technical Sciences Academy of Romania, 26 Dacia Blvd., 030167 Bucharest, Romania 
 

Keywords: plasma spraying; microstructural analysis; mechanical properties; coatings 

 
Abstract: Thermal surface coatings produced by atmospheric plasma spraying (APS) have 
demonstrated attractive potential for enhancing the properties of metals. In the present work, we 
investigated the wear characteristics and resulting microstructures from coatings with metallic 

powders (NiCrAl and NiAlSi) and ceramic 
powders (ZrO₂CaO) applied via APS 
technique on a selected base material 
from separator equipment components. 
These coatings exhibited high density and 
were crack-free, with strong adhesion to 
the substrate surface. Both hardness 
tests and micro-scratch resistance tests 
were conducted, revealing strong 
resistance, with the apparent friction 
coefficient showing multiple peaks as 
displacement varied. Separators used in 
the cement manufacturing industry are 
subjected to extreme working conditions, 
most frequently stressed by wear and 

impact. Thermal deposition methods, such as plasma jet thermal spraying, offer significant potential 
not only for improving material properties but also for refurbishing these equipment components 
through targeted depositions in highly worn areas, thereby extending the service life of these parts. 
[1-3]. 

 
Selective references: 
1. Ashokkumar, M; Duraisamy, T; Sonarul, T; Mihail, I; Packkirisamy, V; Rajangam, P; Mathanbabu, M; Jinyang, 
X. Cold spray processing of AA2024/Al2O3 coating on magnesium AZ31B alloy: Process parameters 
optimization, microstructure and adhesive strength performance of coating. International Journal of 
Lightweight Materials and Manufacture. 2024. Vol. 7 (5). DOI: https://doi.org/10.1016/j.ijlmm.2024.05.002 . 
2. V. Goanta, C. Munteanu, S. Muftu, B. Istrate, P. Schwartz, S. Boese, G. Ferguson, C.I. Moraras, Evaluation of 
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Fig. 1.  Thermal deposition process [2] 

https://doi.org/10.1016/j.surfcoat.2022.129068
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Abstract: Optically Stimulated Luminescence (OSL) is a key technology in ionizing radiation 
dosimetry, with important applications in clinical health physics, nuclear energy monitoring, and 
environmental reconstruction. When dealing with large sample batches, classic OSL systems 
frequently encounter throughput constraints and signal-to-noise issues. This paper describes the 
design, manufacturing, and characterization of a unique multi-sample OSL measuring system that 
overcomes these limits. 
The suggested system uses a modified optical stimulation geometry in conjunction with high-
sensitivity detection to collect luminescence emissions with higher linearity and precision. By using 
an automated multi-sample stage, this design greatly decreases processing time while meeting 
stringent calibration requirements. Preliminary results show that this design is a more efficient and 
user-friendly alternative to traditional dosimeters, with increased sensitivity for low-dose tests. This 
work provides a new perspective on instrumentation design to improve the reliability of dose 
determination in complex radiation situations. 
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Abstract: This study investigates the influence of thermal treatment (quenching and tempering) and 
thermo‑chemical treatment (oxidation) on the fatigue behaviour of C60 steel, a material widely used 
in industrial components subjected to cyclic loading. The research aims to clarify how these 

treatments modify the microstructure and affect the 
initiation and propagation of fatigue microcracks, with 
the objective of improving the durability and 
operational reliability of C60 steel components.  
Fatigue tests were performed in four‑point bending 
following SR ISO 1099:2017 [1], using 26 specimens 
from the same material batch, all machined under 
identical conditions. The test force was determined 
from the required bending moment, considering the 
mechanical properties specified for the material [2] 
Fatigue life was defined as the number of cycles until 
the appearance of a technical crack, identified by a 
frequency drop of 0.02 Hz. Continuous monitoring of 
frequency changes enabled the determination of 

microcrack initiation and its evolution during cyclic loading. Due to the different mechanical 
properties resulting from the applied treatments, the two sets of specimens were tested under 
different force levels. The results reveal significant differences between thermally treated and 
oxidized samples regarding both fatigue life and the onset of microcracking. These findings provide 
valuable insights for selecting appropriate treatment processes to enhance the fatigue resistance and 
reliability of C60 steel in demanding industrial applications. 
 
Selective references: 
1. SR ISO 1099:2017 este standardul „Fatigue testing — Axial force controlled method 
2. Gelu, I. Organe de Masini (Machine parts); Part I, Politehnium Publishing House: Iasi, Romania, 2010; ISBN 
978-973-621-176-8 
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Fig. 1.  Aluminum foam [2] 
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Abstract: Plants require nutrients in order to grow and develop. Fertilizers are chemical compounds 
capable of supplying the essential nutrients necessary for plant development. They are widely 
applied in agriculture to improve crop yields. Among the main essential nutrients for plants, nitrogen, 
phosphorus, and potassium (NPK) are required in higher concentrations (mmol/kg dry mass) for plant 
growth compared to other elements.  

Studies have shown that most fertilizers used lose part of their nutrients into the 
environment, which can lead to environmental contamination. Fertilizers containing nitrates and 
phosphates may lose these compounds through leaching, generating eutrophication processes in 
surface waters and groundwater. In addition, when fertilizers are not applied correctly, they can 
cause ecosystem imbalance and increase the number of sources of acute and carcinogenic toxicity for 
humans, especially in sandy soils exposed to heavy rainfall or intensive irrigation.  

In recent years, a series of controlled/modified nutrient release technologies (e.g. coating, 
microencapsulation, metal−organic frameworks, nanotechnologies, physical entrapment, physical 
adsorption, electrostatic attraction) based on based on polymers, minerals, clays, hydrogels, 
polyolefins have been developed. These technologies have emerged as an important approach to 
mitigating environmental pollution problems. In the controlled-release systems, the most commonly 
used materials are biodegradable polymers, because they degrade into carbon dioxide, water, and 
biomass (organic matter) as a result of the action of enzymes or microorganisms.  

In the present study, an innovative biodegradable material enriched with NPK-type fertilizer 
has been obtained. The results indicated that the obtained material can be used to produce plant 
pots. The plants can be introduced into the soil together with the pot. The pot will provide the plant 
with carbon, nitrogen, potassium, and phosphorus—nutrients necessary for its growth.   

  
Selective references:  
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Abstract: This work presents the preparation of a novel indolo[2,3-e]benzazocine based ligand with 
potential anticancer activity and colchicine binding site affinity. To achieve this, the synthesis of the 
methoxy analogue was adapted from the route toward an unsubstituted indolo[2,3-e]benzazocine 
[2]. Retrosynthetic planning indicated 2-(2-iodo-5-methoxyphenyl)ethylamine as an essential starting 
building block, thus, the first stage of the process focuses on its synthesis. Starting from 3-
methoxyphenylacetic acid, the first stage involves iodination, esterification, reduction, tosylation, 
azidation, and lastly Staudinger reduction to generate the desired compound. Despite the number of 
steps, only a single chromatographic separation is needed, enabling economical preparation of 2-(2-
iodo-5-methoxyphenyl)ethylamine in 6–7 g batches with an overall yield of 60%. The second stage 
targets assembly of the ligand’s tetracyclic core and its subsequent functionalization. It begins with 
condensation of previously obtained amine with 1-(ethoxymethyl)-1H-indole-2-carboxylic acid. The 
resulting amide is N-protected with a tert-butoxycarbonyl group prior to the intramolecular Heck-
type palladium-catalyzed cyclization step. The resulting lactam is deprotected, converted into the 
corresponding thiolactam, whose hydrazinolysis and subsequent condensation with pyridine-2-
carboxaldehyde give the final tridentate ligand with a total yield of 31% for the two stages. This 
ligand will be employed for the synthesis of metal complexes, whose in vitro anti-proliferative activity 
against a series of cancer cell lines will be investigated. 

 
Selective references: 
1. C. Wittmann, Indolo[2,3-e]benzazocines and indolo[2,3-f] benzazonines and their copper(II) complexes as 
microtubule destabilizing agents, Dalton Trans. 52, 2023, p. 9964 – 9982. 
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Abstract: This study investigated the influence of geometric shape on the torsional resistance of 
medical screws used in medicine for fixing metallic bone plates. The metallic materials used in the 
manufacture of medical screws, in addition to their biocompatibility properties with human tissue, 
must meet certain requirements in terms of physical and mechanical properties, properties regulated 

by international regulations ASTM F543 [1]. In the first phase, the virtual screw models were 
analyzed by torsion simulation using SolidWork software. In this way, areas with a high risk of 
breakage were identified. The theoretical results obtained previously were compared to those 
obtained by performing physical torsion tests. The material used to obtain the screws was AISI 316 
and its theoretical physical and mechanical properties were used in the simulations (mass density, 
elastic modulus, yield strength). It was observed that the simulations were accurate in terms of 
determining the stressed region positions, as well as the screw failure characteristics and values. 
However, it was also observed that the requirements are met at the lower threshold. 

 

      
Fig.1. Medical screws used for plate fixation, tested for torsion. 

 
Selective references: 
1. ASTM F543 Standard Specification and Test Methods for Metallic Medical Bone Screws 
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Abstract: Titanium matrix composites discontinuously reinforced with titanium boride (TiB) and 
titanium carbide (TiC) are of high scientific interest due to their compatibility and superior properties 
[1, 2]. One of the in-situ techniques for obtaining Ti/(TiB+TiC) composites is the sintering of mixtures 
of titanium and boron carbide powders [1-3]. This study aims to determine the effect of nickel 
addition (4 wt.% Ni) on the structural and mechanical properties of Ti/20 vol.% (TiB+TiC) composites 
obtained from mixtures of titanium and boron carbide (B4C) powders. To facilitate the exothermic 
reaction between Ti and B₄C at the typical sintering temperatures of titanium, in addition to the Ni 
content, a novel method for introducing boron carbide into the mixture with the titanium powder 
forming the composite matrix is proposed. The composite powders obtained by mechanical milling 
up to 7 hours were then mixed with titanium powder to form the matrix of the Ti/(TiB+TiC) 
composites. The resulting powder mixtures were subsequently consolidated by sintering under 
controlled conditions to promote the in-situ formation of TiB and TiC phases, ensuring a uniform 
distribution of the reinforcing phases within the titanium matrix. The powder mixtures were sintered 
using the spark plasma sintering (SPS) technique (Ar atmosphere, 900°C, 10 min, 30 MPa). The 
composites obtained by plasma sintering were characterized structurally (optical and scanning 
electron microscopy, X-ray diffraction) and by hardness and compressive strength measurements. 
The results show that the addition of nickel leads to a finer and more homogeneous dispersion of the 
constituents within the composite. The presence of nickel also has a positive effect on the 
compressive behavior of the Ti/20 vol.% (TiB+TiC) composites. 
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Abstract: This paper presents a comparative analysis of metal-ceramic powder mixtures deposited 
on CoCrFeMoNi High Entropy Alloy substrate using Laser Directed Energy Deposition (LDED). The 
LDED process enables near-net-shape fabrication of complex components while significantly 
influencing the metallurgical characteristics of the deposited material due to rapid heating and 
cooling cycles.  
Inconel 718 (In718) and stainless steel (SS 304) were used as the metallic embedding matrix, and 
granular Al2O3 powder was used as the ceramic material, in different percentages, with the aim of 
obtaining, through laser cladding process, of a superficial layer with increased wear and high 
temperature resistance characteristics. Furthermore, the higher melt fluidity of In718 relative to 
SS304 led to an increased cladding track width, as observed through macro- and microstructural 
analyses. Alumina (Al₂O₃)-based ceramics exhibit excellent resistance to corrosion and high-
temperature oxidation, and the incorporation of spherical alumina particles was found to enhance 
the metallurgical bonding between the deposited layer and the substrate (Figure 1). A comparative 
evaluation of metal matrix composites (MMCs) produced with varying proportions of Al₂O₃, SS304, 
and In718 identified a laser power of 500 W and a cladding speed of 10 mm/s as the optimal 
processing parameters. 

 
Fig. 1. SEM and EDS images of the laser processing area (top) and the CoCrFeMoNi alloy (bottom), highlighting 
the presence in the chemical composition of the elements Al and O originating from the incorporation of Al2O3 

particles. 
Selective references: 
1. Mihai S., Chioibasu D., Popescu A.C., Craciun S., Geanta V., Stefanoiu R., Voiculescu I., Obtaining Metal-
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Galati, Fascicle XII, Welding Equipment and Technology, Vol. 35, p.25-35, 
 https://doi.org/10.35219/awet.2024.02 
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properties of Al2O3 ceramic fabricated by laser directed energy deposition, Additive Manufacturing, vol. 81, 
2024, p. 103984 
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Abstract: The paper presents the results of experimental research on the structural particularities of 
phosphorus-alloyed hypereutectic grey cast irons cast in thin-walled components (3.74–4.94 mm), 
intended for cookware applications. Interest in these materials is driven by the need to achieve an 
optimal balance between thermal conductivity, mechanical strength, and thermal shock resistance 
under the high cooling rates specific to thin sections. 

The main objective of the study was to analyze the correlation between chemical 
composition (especially carbon equivalent and phosphorus content) and graphite morphology, 
metallic matrix structure, and eutectic cell characteristics respectively. The chemical composition was 
determined using complementary methods, while graphite morphology and matrix structure were 
examined by optical microscopy and evaluated according to ISO 945. The number and size of eutectic 
cells were established through quantitative analysis of etched micrographs. 

The results highlight the direct influence cast iron eutecticity (Cech = 4.45–5.15%, Sc = 1.06-
1.26) both on the solidification mechanism and the ratio between type I and type II graphite (ISO 
945-1:2019 E). Sc values greater than 1 confirm the hypereutectic character of the alloys and the 
existence of available carbon for graphitization. The increasing in Cech even under conditions of high 
melt undercooling (because of low wall thickness), leads to earlier graphite precipitation (primary C 
and C’ type graphite) and the formation of the eutectic dendritic austenite together with eutectic 
granular austenite which creates the final eutectic solidification structure. D and B type graphite are 
also favorized both by the high iron eutecticity and high cooling rate, finally conducting to a 
dominant ferritic structure of the matrix. 

The reduced wall thickness results in a refined structure, reflected by 4.45–8.29 eutectic 
cells/mm and average cell diameters of 0.12–0.22 mm. Phosphorus content (0.04–1.54%) influences 
the eutectic cells distribution promoting the formation of a strong eutectic phosphide network with 
the phosphorus increasing. An interesting dendritic structure of the eutectic phosphide has been 
recorded in samples with high phosphorus content that should be considered in future research. 
It can be concluded that the work brings new elements under discussion in relation to the formation 
of the structure in gray cast iron with a very high degree of eutecticity solidified with high cooling 
speed (pieces with a thickness of 3 ... 5 mm) 
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Abstract: Airframe noise, particularly from wing trailing edges or high-lift devices, such as flaps, 
continues to be a significant environmental concern during aircraft landing phase. The dominant 
contributions to this noise occur in the low- to mid-frequency range (500 – 1500 Hz), where 
conventional solid aerodynamic surfaces reflect most of the incident acoustic energy, limiting 
effective mitigation. Porous materials offer a promising alternative by allowing sound waves to 
penetrate and dissipate through viscous and thermal losses inside their interconnected pore 
structure. However, achieving high absorption at low frequencies remains challenging for many 
metallic foams due to small or graded pore sizes, limited thickness, or high porosity that 
compromises structural performance. 

This study investigates the normal-incidence sound absorption behavior of open-cell AlSi 
porous cylinders with precisely controlled uniform pore diameters ranging from 0.3 mm to 2.25 mm. 
six cylindrical specimens (28 mm diameter and 70 mm length) were tested in an acoustic impedance 
tube following the ISO 10534-2:2023 standard. Two measurements were performed for each 
specimen (front and rear faces) and the results were averaged to ensure reliability. The sound 
absorption coefficient α shows strong dependence on pore size: small pores (0.3-0.65 mm) exhibit 
low absorption that increases gradually with frequency, while larger pores (≥1.2 mm) produce 
significantly higher values. The samples with the largest pores (1.8-2.25 mm) reach α = 0.93 – 0.97 I 
the 500 – 700 Hz range and maintain α > 0.75 across the entire tested bandwidth (500 – 6500 Hz). 
These results highlight the important role of large uniform pores and sufficient thickness in achieving 
excellent low-frequency absorption at relatively low porosity (~55%). The superior broadband 
performance, especially below 1500 Hz, positions open-cell AlSi alloys as promising candidates for 
aeroacoustic noise reduction strategies, such as porous trailing edge treatments and hybrid flap 
configurations, contributing to quieter and more sustainable aviation. 
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Abstract: 17-4 PH martensitic precipitation-hardening stainless steel (UNS S17400) is widely used in 
aerospace, energy and advanced industrial applications due to its high strength, good toughness and 
dimensional stability. In this study, the effect of zirconium addition (2–5 wt.%) on the corrosion 
behavior of 17-4 PH stainless steel was investigated. The alloy was produced by vacuum arc 
remelting (VAR) to ensure high metallurgical purity and chemical homogeneity. After casting, the 
material was solution treated at 104°C for 1 h followed by air cooling, and subsequently aged at 
462°C for 4 h. Corrosion performance was evaluated using the neutral salt spray test according to 
ASTM B117 for an exposure duration of 72 h. Microstructural characterization was carried out on 
prepared samples using an Olympus GX51 optical microscope equipped with image analysis 
software. Zirconium additions in the range of 2–3 wt.% resulted in noticeable grain refinement and 
improved microstructural uniformity. Following salt spray exposure, surface corrosion was observed 
on all examined samples, with differences in corrosion morphology depending on zirconium content. 
The results indicate that zirconium contributes to microstructural modification; however, corrosion 
behavior remains strongly influenced by surface-controlled electrochemical processes in chloride 
environments. The study provides insight into the relationship between zirconium-induced 
microstructural refinement and corrosion response of 17-4 PH stainless steel. 
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Abstract: Nanomaterials have special chemical, physical and mechanical properties, being used for a 
wide variety of applications. For example, nanoparticles may act as adsorbents for retaining 
pollutants from wastewater, as surfactant molecules during wastewater treatment by flotation, 
being incorporated into surfactant-stabilized foams for several years, photocatalysts for degradation 
of organic pollutant from wastewater, and others [1,2].  In scientific literature there are found some 
studies which demonstrate the ability of nanoparticles to act as foams/emulsion stabilizers [3,4]. For 
flotation technologies, the formation and the stability of foams are influenced by the particles size, 
surfactant type and concentration [5,6]. 
In the case of using nanomaterials, the wastewater treatment efficiency is dependent of the their 
particle size, specific surface are, shape, and so one. Before testing in wastewater treatment 
technologies, the nanomaterials are well  structural and morphological characterized  by XRD, SEM 
and TEM analyses. In order to evaluate the nanomaterials potential of application in wastewater 
treatment technologies are evaluated various parameters such as: maximum concentration of 
pollutant being removed from wastewater, pH of wastewater, amount of nanomaterials needed, and 
so one.  
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Roman military architecture along the Danubian Limes reflects a complex interplay among Roman 
ingenuity, material availability, and long-term sustainability. These fortresses were dynamic systems 
that evolved through successive phases of construction, repair, and adaptation, often relying on the 
recycling and reconfiguration of previous materials [1].  
By combining archaeometry with digital 3D reconstruction in 
several case studies (Sacidava, (Dunăreni), Micia (Vețel), Sucidava 
Moesica and Vîrtopu (Bumbești, Jiu), Figure 1 (a-c), this paper 
demonstrates that fortresses along the Danubian Roman limes 
anticipate modern concepts of material sustainability, and a 
primary recycling of materials, including the reuse of stone blocks, 
ceramic fragments, and mortar aggregates. Techniques such as 
microscopy, elemental analysis and mineralogical characterization 
allow the identification of recycled stone, brick and mortar 
phases, highlighting the sustainability practices integrated into 
Roman engineering [2]. Digital 3D reconstructions serve as 
visualization tools and as analytical frameworks that link material 
evidence to architectural logic and historical context, the concept 
of material sustainability analyzed from antiquity to their 3D 
reconstruction.  
 

Figure 1. The Roman Danubian Limes map (A),  
Sacidava photo (B) and 3D reconstruction (C) [3] 
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Abstract: The titanium alloy Ti6Al4V plays a crucial role in the biomedical field, particularly for 
orthopedic implants, due to its excellent mechanical strength and biocompatibility. However, there 
remains a significant interest in continuously optimizing its surface characteristics to enhance its 

interaction with the biological environment. 
One promising approach involves the 
application of chemical conversion layers 
that can modulate cellular responses and 
promote osseointegration. In this study, the 
development and characterization of zinc 
(Zn)-based phosphate layers incorporating 
various metals, such as zirconium (Zr), 
magnesium (Mg), and calcium (Ca), 
deposited on the surface of Ti6Al4V alloy, 
are explored. The inclusion of these 
elements aims to enhance biocompatibility 
and potentially stimulate bone growth. 
Accordingly, it was observed that variations 

in the concentrations of metal ions led to significant differences in the morphology and properties of 
the layers. Therefore, the primary objective of this research was to evaluate the tribological properties 
and adhesion of these innovative coatings. To assess the mechanical properties of the layers and their 
interface with the metal substrate, scratch and microindentation tests have been conducted. 
Additionally, scanning electron microscopy (SEM), equipped with an energy dispersive spectrometry 
(EDS) detector, was used for a detailed analysis of the surface morphology and to confirm the 
elemental composition of the phosphate layers. The results of this study contribute to the 
understanding of how the chemical composition of the phosphate solutions affects mechanical 
performance, a critical aspect of implant durability. 
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Fig. 1. Microstructure of Zi-Ca-Mg chemical 
conversion phosphate layer 
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Abstract: Adhesion is a critical property of thin films, directly influencing their mechanical reliability, 
durability, and performance in technological applications such as protective coatings, 
microelectronics, and optical devices. The pull-off adhesion test is a widely used quantitative method 
to evaluate the interfacial strength between a thin film and its substrate by measuring the tensile 
stress required to detach the coating. In this work, we report on the development of a custom-made 
pull-off device to be used in the analysis of the adhesion behaviour of thin film deposited on a steel 
substrate.  A special focus was given to the evaluation of its reliability and resolution according to its 
application to different transition metal nitride thin film material systems and different substrate 
surface preparation conditions. 
The pull-off adhesion behavior of thin films deposited under different growth conditions is 
systematically investigated. The influence of characteristics such as film composition, microstructure, 
surface roughness, and substrate plasma surface treatments on the measured adhesion strength is 
analyzed. Moreover, the influence of geometrical features such as the glued pins is also analyzed. 
Fracture surface observations allow the identification of failure modes, distinguishing between 
adhesive failure at the film–substrate interface and cohesive failure within the film or adhesive layer. 
The results demonstrate that deposition parameters and the surface preparation features play a 
decisive role in adhesion performance, affecting stress distribution and crack initiation during testing. 
This study highlights the relevance of the pull-off adhesion test as a reliable and practical tool for 
assessing thin-film adhesion and provides insights into optimizing deposition strategies to enhance 
coating–substrate bonding for advanced functional applications. 
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Abstract: It has been observed that during high-power laser-matter interaction studies, carbon 
contamination (carbonization) of mirrors surfaces could occur, which decreases their reflection 
coefficient and lowers the value of their laser induced damage threshold (LIDT), reducing their life-
time. Considering the high cost of these large area mirrors, the development of cleaning methods 
aiming to recover the loss of reflection caused by carbonization process would be very important. 
However, the efficiency of any cleaning method depends on the mirror’s material characteristics. 
Herewith, we present results describing the characteristics of laser carbonized mirror surfaces and an 
approach for their in-situ cleaning by a low energy plasma. The characteristics of metallic (Al, Ag) and 
dielectric (HfO2, ZrO2) mirrors carbonized areas formed during exposure to ultra-high power fs laser 
interactions with various targets in the Extreme Light Infrastructure for Nuclear Physics (ELI-NP) 
facility in Romania were firstly analyzed by SEM, XPS, XRR, and RBS and then compared with those of 
the non-carbonized ones.  
The carbonization process decreases the optical reflection of the mirrors, but does not affect the 
surface roughness. In-depth XPS and RBS investigations reveal the presence of the carbon at surface 
in larger percentage and extending to a higher depth in the case of carbonized areas. For the in-situ 
removal of the surface carbon contamination layer we developed an atmospheric pressure, flexible, 
small size plasma jet source. It allows for the mixing in the main Ar plasma of several gases (O2, 
producing radicals that remove the solid carbon from surface by gas phase-solid phase chemical 
reactions. The use of the plasma source was successful in removing a-C:H films deposited by PECVD 
technique. The influence of the plasma source working parameters on the cleaning efficiency is 
presented, and the possible extension of the cleaning procedure to carbonized mirror samples is 
discussed.  
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Abstract: Zinc oxide is an inorganic compound, being important due to its multifunctional properties 
(e.g. antibacterial [1], optical [2], electrical [3]) and its multiple applications. ZnO applications cover 
multiple industries: technological [4], electronic [5], pharmaceutical and medical [6], cosmetic [7],  
industrial [8] etc. This oxide can be produced through chemical, mecanical, physical and biogenic 
synthesis [9]. Biogenic synthesis differentiates itself from other syntheses through several key 
advantages such as low cost, low toxicity, sustainability and stability control [10]. This research 
focuses on elaboration of biogenic ZnO using ovalbumin from free-range chicken eggs and zinc 
acetate, and characterization of the obtained nanostructured particles by: ATR-FTIR, XRD and SEM. 
Ovalbumin is a natural, accessibe and biodegradable protein that replaces the hazardous synthetic 
chemical, reasons why it is used in the elaboration of biogenic ZnO [11]. Using ovalbumin from free-
range chicken eggs as a precursor, particles of micrometric size are obtained. A cost analysis of the 
synthesis was performed, with the estimated production cost per gram calculated based on 
precursors and consumable expenses. Antibacterial activity was evaluated against Escherichia coli 
and Enterococcus faecalis, indicating effective inhibition of both Gram-positive and Gram-negative 
bacteria. 
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Abstract: Nickel oxide is widely studied by researchers due to its unique properties such as 
antibacterial [1], catalytic [2] or optical properties [3]. Most studies shows that NiO can be produced 
through chemical synthesis like hydrolytic, hydrothermal or sol-gel synthesis [4]. The present paper 
investigates the influence of advanced ultrasonic and microwave processing techniques on the 
physicochemical characteristics of nickel oxide nanoparticles synthesized by hydrolytic method. 
Compositional analysis by ATR-FTIR spectroscopy confirmed the formation of the crystal structure, 
highlighting the vibration specific to the Ni-O bond at approximately 373 cm⁻¹, a value comparable to 
that of commercial NiO. From a morphological point of view, examination by scanning electron 
microscopy revealed a heterogeneous structure, composed of irregular particles that tend to 
assemble into complex "flake" aggregates. 
Colloidal characterization by dynamic light scattering (DLS) indicated a high degree of polydispersity 
(PdI between 0.31 and 0.45), with mean hydrodynamic dimensions ranging between 270 nm and 460 
nm. Zeta potential measurements indicated a value of +26.8 mV, suggesting moderate electrostatic 
stability of the suspensions in water. The results demonstrate that energy field-assisted synthesis 
allows the control of dimensional and structural properties, providing insights for the use of these 
materials in antibacterial and catalytic applications. 
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Abstract: Increasing demands for food safety, sustainability, and reduced environmental impact have 
driven the advancement of intelligent packaging systems capable of monitoring and communicating 
real-time changes in food quality and freshness. In this context, biodegradable materials based on 
naturally derived polymers are being intensively investigated as substitutes for conventional 
synthetic indicators [1]. When integrated with bio-based functional additives, these materials can 
simultaneously exhibit sensing functionality alongside antimicrobial and antioxidant activities, 
enabling multifunctional packaging platforms within a single, environmentally compatible system [2]. 
In this study, ultra-light cryogels based on xanthan gum (Xn) and enriched with anthocyanin-
containing bilberry (BLB) extract were fabricated through a cryogelation approach and evaluated as 
multifunctional freshness indicators for Prussian carp [3]. The cryogels were stabilized through both 
physical and chemical cross-linking, resulting in a synergistically reinforced porous network with 
improved physicochemical performance. Incorporation of the bioactive extract and chemical cross-
linking led to increased structural density, with encapsulation efficiencies reaching 39.27% and 
antioxidant activity exceeding 90% as determined by DPPH radical scavenging assays. BLB-loaded Xn 
cryogels exhibited strong antimicrobial performance, achieving up to complete growth inhibition 
against Salmonella typhimurium, Escherichia coli, and Listeria monocytogenes. The anthocyanins 
retained their stability for up to 50 days under storage conditions. Additionally, the cryogels 
displayed rapid, reversible, and reproducible pH-dependent color responses during repeated 
exposure to volatile acidic and basic environments. A clear visual color transition from purple to blue 
was observed during Carassius gibelio spoilage, correlating with pH evolution. Overall, these findings 
confirm the potential of anthocyanin-loaded xanthan cryogels as eco-friendly, multifunctional 
biomaterials for intelligent food packaging applications. 
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Abstract: Titanium and its alloys play an important role in modern biomedical applications due to 
their favourable combination of mechanical performance, corrosion resistance, and biocompatibility. 
However, widely used alloys such as Ti–6Al–4V present limitations related to elastic modulus 
mismatch with bone, and potential long-term toxicity associated with Al and V. [1] In response, 
recent research has focused on the development of β-type titanium alloys containing non-toxic 
alloying elements that better meet the mechanical and biological requirements of long-term 
implants. The objective of this presentation is to provide a comprehensive theoretical assessment of 
Ti–Mo–Nb–Sn alloy systems as promising alternatives for biomedical applications. [2] The roles of Mo 
and Nb alongside Sn, a neutral element, are discussed in relation to phase stability, elastic modulus 
reduction, strength enhancement, and corrosion resistance. Various processing routes, including 
conventional melting techniques and additive manufacturing methods, are examined for their 
influence on microstructure and final properties. Comparative data from recent studies demonstrate 
that Ti–Mo–Nb–Sn alloys exhibit a lower elastic modulus closer to that of human bone while 
maintaining high strength and excellent biocompatibility. [3] The review highlights emerging trends 
in alloy design, characterization techniques, and future perspectives, emphasizing the potential of Ti–
Mo–Nb–Sn alloys for safer, more durable, and mechanically compatible biomedical implants. 
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Abstract: Geopolymers are obtained through the alkaline activation of aluminosilicate precursors 
(e.g., metakaolin, fly ash, or slag), involving the dissolution of reactive Si and Al species followed by 
their polycondensation into a three-dimensional Si–O–Al network. The incorporation of zinc oxide 
(ZnO) into this system is neither chemically nor kinetically neutral. ZnO exhibits a marked retarding 
effect on geopolymerization, leading to extended setting times, which is commonly attributed to the 
formation of a zinc hydroxide layer on aluminosilicate particles that temporarily inhibits their 
dissolution in alkaline media [1]. In addition, 𝑍n2+ ions may be partially incorporated into the 
geopolymer framework, either by limited substitution of charge-balancing cations or through the 
formation of Zn–O–Si/Al bonds, thereby influencing the degree of cross-linking and structural 
ordering of the matrix. Geopolymers containing ZnO nanoparticles exhibit notable antibacterial 
activity, arising from the controlled release of Zn2+ ions and the generation of reactive oxygen 
species, which suppress microbial growth and inhibit mold formation. In this context, the present 
study aims to comparatively assess the antibacterial performance [3] of geopolymers incorporating 
commercial ZnO, ZnO functionalized with stearic acid, and ZnO functionalized with polyethylene 
glycol (PEG). The comparative analysis focuses on elucidating the role of particle surface chemistry 
and functionalization on matrix–filler interactions, particle dispersion, and the resulting antibacterial 
efficiency, providing guidance for the design of geopolymers with enhanced antibacterial 
functionality for advanced applications. 

 
Selective references: 
1. S. Mira, A.-G. Schiopu, M. Oproescu, E. M. Modan, Comparative Assessment of Functionalized Geopolymers, 
Applied Sciences, 2026. 
2. A.G. Plăiaşu, M. Abrudeanu, M.M. Dicu, C. Monty, Elaboration and nanostructural study of pure and Al doped 
ZnO nanopowders, Journal of Optoelectronics and Advanced Materials 16 (9-10), 1116-1120 
3. D. Istrate, M. Oproescu, E.M. Modan, S.G. Moga, D.A. Negrea, A.-G. Schiopu, Nanoscale Nickel Oxide: 
Synthesis, Characterization, and Impact on Antibacterial Activity Against Representative Microorganisms, 
ChemEngineering, 9(4), July 2025, p. 77. 

 
 

mailto:stefan.mira@stud.sed.upb.ro


                                                                                                 

38 
 

BRAMAT 2026 
14TH INTERNATIONAL CONFERENCE ON MATERIALS SCIENCE & ENGINEERING 

Transilvania University of Brasov - Romania 
Materials Science and Engineering Faculty 

II.O.09 
 

SOFT MAGNETIC COMPOSITE OBTAINED FROM DOUBLE-COATED Al-PERMALLOY 
(Ni71.25Fe23.75Al5) By Reaction Spark Plasma Sintering  

 
Traian Florin Marinca1,2, Bogdan Viorel Neamțu1,2, Florin Popa1,2, Virgiliu Călin Prică1,2 

 
1 Materials Science and Engineering Department, Technical University of Cluj-Napoca, 103-105 Muncii Aveenue, 

400641, Cluj-Napoca, Romania 
2EUT+ Institute of Nanomaterials and Nanotechnologies-EUTINN, European University of Technology, European 

Union 
e-mail: traian.marinca@stm.utcluj.ro 

 
 

Keywords: permalloy, soft magnetic composite, spark plasma sintering, reaction sintering 

 
Abstract: Soft magnetic composite materials with an oxide matrix, predominantly alumina, were 
developed starting from a newly designed alloy referred to as Al-Permalloy. This alloy is derived from 
the classical permalloy composition (75 wt.% Ni and 25 wt.% Fe) by the addition of aluminum and 
was synthesized by mechanical alloying of elemental powders. By adjusting the milling parameters, a 
nanocrystalline FCC single-phase alloy was obtained after 8 hours of processing, with flattened 
particles and controlled particle size. To produce composite magnetic materials, the Al-Permalloy 
powder was subjected to surface oxidation, followed by coating with Fe₂O₃ nanoparticles, leading to 
the formation of double-layer coated particles. These powders were subsequently consolidated by 
spark plasma sintering at 900 °C for a short dwell time. During the reactive sintering process, 
interfacial reactions occurred between the metallic core and the oxide layers. Aluminum atoms 
diffused outward from the alloy particles and reacted with the surrounding oxides, resulting primarily 
in the formation of an alumina (Al₂O₃) matrix. The sintered composites exhibit a microstructure 
consisting of Ni-based metallic clusters, with sizes ranging from several to tens of micrometers, 
uniformly embedded within a continuous alumina matrix. Although the thickness of the oxide 
regions varies locally, the alumina network ensures high electrical resistivity, which is beneficial for 
magnetic applications. Detailed analysis of the metal–oxide interfaces highlights the role of diffusion 
and reaction mechanisms during consolidation. 
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Rare-earth nanoparticles doped with lanthanides such as Ce³⁺, Yb³⁺, and Er³⁺ are widely used for 
upconversion, downshifting, and near-infrared (NIR) photoluminescence. When these nanoparticles 
are conjugated to zinc phthalocyanine (ZnPc) derivatives, their combined photophysical behavior 
becomes highly very important for applications in photodynamic therapy (PDT), bio-imaging and NIR-
triggered drug delivery. In this presentation emission spectra and transient absorption spectroscopy 
were applied to study and characterize the photophysical properties of some rare earth oxide 
nanoparticles (CeO2, Yb2O3, Er2O3) conjugated to zinc tetracarboxy phthalocyanine (ZnPc(COOH)4 to 
form supramolecular architectures. For this, (ZnPc(COOH)4 have been synthesized, and the quantum 
yields and lifetimes of excited states were estimated.  ZnPc(COOH)₄, possessing excited-state 
lifetimes in the range of 8–12 μs, was conjugated to La₂O₃ and CeO₂ nanoparticles. The photophysical 
behavior of these systems is governed by interactions between the lanthanide ions in the 
nanoparticles and the π-conjugated ZnPc macrocycle.  
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Abstract: Among biopolymers, proteins are attractive for a wide range of applications in the 
biomedical and pharmaceutical fields or in food industry due to their versatility, functionality, 
hydrophilic/hydrophobic balance. Casein can be used successfully as matrix for embedding natural 

bioactive substances. Electrospinning 
technique allows efficient fabrication of 
polymer fibers with nanometric 
diameters and high specific surface area. 
Nanostructured fiber mats have been 
obtained by electrospinning of caseinate-
based formulations containing water and 
methanolic extracts of oregano and 
rosemary. The challenges of protein 
electrospinning were overcome by 
employing ethanol and sodium dodecyl 
sulfate as chaotropic agents to modulate 
protein conformation. The complex 
interactions in the multicomponent 
polymer systems with added natural herb 

extracts were highlighted by rheology studies of solutions.  Changes in rheological response of seven 
solution compositions analyzed and a significant decrease of cohesive energy density at higher 
concentrations of plant extracts were revealed. These leaded to enhanced electrospinnability of the 
highly concentrated caseinate formulations, as shown by morphological (SEM) characterization of 
the electrospun fibers. The protein chains conformational changes were evidenced by FTIR 
spectroscopy. The rosemary and oregano extracts provided increased hydrophobicity and induced 
notable antioxidant activity to the non-woven caseinate-based fibers, with higher efficiency for the 
organic ones. 
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Fig. 1.  Morphology of caseinate-based electrospun 

fibers loaded with oregano organic extract 
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Abstract: Among the multifunctional materials one type are the Heusler alloys. From the large 
Heusler alloy family, one of the most promising alloys for solid state refrigeration is the Ni2MnSn 
one. The issue with this composition is the obtaining route, implying the melting of the components, 
with Mn problem. To overcome this problem, we propose the alloy obtaining by solid state reaction 
using the mechanical alloying method. Furthermore, to avoid other problems related to the Mn high 
oxidation rate, we studied the obtaining of the structure with Mn deficit. The milling was performed 
on elemental powders, in argon gas atmosphere for time ranging up to 10 h. After the milling the 
samples were analyzed by X-ray diffraction, and it was found that the Heusler disordered phase is 
obtained with a volume of about 30 %. By scanning electron microscopy (SEM) important changes of 
the powder morphology were observed, as depicted in Fig. 1.  

The samples were also thermally analyzed, and the Sn crystallization was observed and the 
decomposition of the Heusler phase. The kinetic of the milled phases decomposition was analyzed. 
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Fig. 1.  Morphological evolution of the Ni-Mn-Sn powders by mechanical alloying observed by 

SEM. 
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Introduction. Advanced oxidation processes (AOPs) represent an important process for pollutants 
removal from water since can be applied to a wide range of pollutants.  Main directions in oxidation 
processes development encompass ozonation (in presence of catalysts, H2O2 or UVA) and 
heterogeneous photocatalytic oxidation [1]. The efficiency of catalytic ozonation can be enhanced 
using new type of nanostructured catalysts [2-3]. Several studies stressed out that nanocrystalline 
TiO2 is effective in pollutant removal comparing with supported TiO2 owing to high specific surface 
area and dispersion. However elimination of pollutants can be improved by preparing composite 
catalysts based on TiO2 catalysts.   
Experimental. TiO2-La2O3 - Fe2O3/HA catalysts were prepared by co-precipitation technique Using 
different amount of titanium butoxide the TiO2 amount was varied. Prepared catalysts were 
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and point of zero 
charge of catalyst surface (PZC). The diclofenac degradation experiments ([Dcf]o = 100  mg/L) were 

carried out in a semi batch reactor (200 mL) provided with thermostatic jacket  (22  0.5 oC) and 
under magnetic stirring. Ozone was bubbled into the bottom of the reactor by means of a diffuser. 
Evolution of organic substrate was monitorized by means of dye concentration (HPLC – Rigol), TOC 
(Toc analyzer – Thermo, and COD (Hach digester and UV-VIS ( Unicam). 
Results and discussion. From experimental data it can be observed that the kinetics of DCF 
degradation follows first-order kinetics either in absence or presence of studied catalysts. Also 
complete removal of DCF occur faster for catalytic processes (~ 15 min) comparing with not catalytic 
process (~40). For non catalytic process COD removal attain only 35% while in presence of catalyst 
COD removal is considerable higher (over 55%). 
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Abstract: This study presents the structural, dimensional, and thermal characterization of polymeric 
dental surgical guides fabricated through additive manufacturing technologies, including SLA, MSLA, 
and FDM using PEEK at 100 µm and 200 µm layer thicknesses. The objective was to evaluate the 

dimensional accuracy, internal 
morphology, and structural integrity of 
the guides in relation to fabrication 
parameters. 
Micro-computed tomography (micro-CT) 
was employed to investigate internal 
architecture, porosity distribution, and 
dimensional deviations from the digital 
reference model. Fourier-transform 
infrared spectroscopy (FTIR) was used to 
assess chemical structure preservation 
after printing, while thermogravimetric 
analysis (TGA) evaluated thermal stability 
and degradation behaviour relevant to 
sterilization protocols. 

The results indicate that SLA-based guides exhibit improved structural homogeneity and reduced 
internal defects, whereas PEEK samples demonstrate enhanced thermal stability. The findings 
emphasize the importance of printing resolution, layer thickness, and post-processing in achieving 
high dimensional fidelity and structural consistency of polymeric surgical guides for dental 
applications. 
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Abstract: Transition metal nitrides (TMNs) are a versatile class of materials that exhibit a unique 
combination of metallic conductivity, high thermal stability, and tunable optical response, making 
them attractive for applications ranging from microelectronics and energy systems to plasmonic and 
protective coatings [1,2]. In this work, we investigate the evolution of the electrical, optical, 
mechanical and thermal properties of some TMNs thin films as a function of composition, 
microstructure, and growth conditions.  
Systematic variations in nitrogen content and deposition parameters lead to pronounced changes in 
crystallographic texture, grain size, and defect density, which directly impact charge transport, 
optical behavior, and heat conduction mechanisms. Electrical measurements reveal a transition from 
metallic to more resistive regimes associated with increased disorder and nitrogen incorporation. 
Optical characterization shows a strong dependence of reflectance and color coordinates on film 
stoichiometry and microstructure. Thermal analyses indicate that phonon scattering at grain 
boundaries and defects plays a dominant role in limiting thermal properties, particularly in 
nanostructured films [3].  
These results highlight the strong coupling between structure and multifunctional properties in TMNs 
and provide valuable insights for tailoring their performance for advanced electronic, optical, 
mechanical and thermal management applications. 
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Abstract: Zinc (Zn)-based alloys are innovative candidates for biodegradable implants, yet they 
require surface processing strategies to overcome mechanical limitations. This study investigates the 
influence of shot peening (SP) treatment on the microstructure and wear resistance of ZnCu (binary) 
and ZnCuTi (ternary) alloys. Samples were processed at coverage levels of 100%, 500%, and 1000%, 
and subsequently evaluated using optical profilometry, scanning electron microscopy (SEM), and 
energy-dispersive X-ray spectroscopy (EDS). Results indicate a topographical transformation, with 
average roughness (R_a) increasing from 0.20μm to 4.76–5.84μm post-treatment. Wear tests 
demonstrated a direct correlation between increased shot peening exposure time and improved 
material wear resistance. A significant aspect analyzed is the evolution of roughness within the wear 
tracks (R_a track). Compared to untreated samples where wear increases roughness, the 1000% 
treated samples exhibit a track roughness (4.79–4.89μm) lower than the initial strain-hardened 
surface roughness (5.22–5.76μm). This phenomenon of asperity smoothing under load confirms the 
high stability and hardness of the surface layer. Peak performance was achieved at 1000% coverage, 
where the worn volume decreased, from 2.02mm3, respective 1.9mm3 for initial samples, to 
0.80mm3 for ZnCu and 1.12mm3 for ZnCuTi. The study concludes that optimizing the treatment at 
1000% induces superior surface consolidation through strain hardening and grain refinement, 
providing an effective solution for maximizing the lifespan of biodegradable implants. 

 
Selective references: 
1 A.-T. Şutic, R. Chelariu, R. Cimpoeşu, A.-M. Roman, B. Istrate, V. Goanță, M. Benchea, M. Moscu, A. 
Alexandru, N. Cimpoeşu, G. Zegan, Corrosion Behavior and Mechanical Properties of Zn-Ti Alloys as 
Biodegradable Materials, Metals, Vol. 14, No. 7, 2024, p. 764.. 
2. S. Bagherifard, I. Fernandez-Pariente, R. Ghelichi, M. Guagliano, Effect of severe shot peening on 
microstructure and fatigue strength of cast iron, Int. J. Fatigue, Vol. 65, 2014, pp. 64-70. 

 
 
 
 
 



                                                                                                 

46 
 

BRAMAT 2026 
14TH INTERNATIONAL CONFERENCE ON MATERIALS SCIENCE & ENGINEERING 

Transilvania University of Brasov - Romania 
Materials Science and Engineering Faculty 

II.O.17 
 

EFFECT OF ANODIZATION VOLTAGE ON Ti6Al4V NANOTUBE FORMATION AND DRUG 
INCORPORATION CONSIDERATIONS 

 
Alex-Barna Kacsó1, Cătălin Croitoru2 and Ildiko Peter3 

 
1 Doctoral School of I.O.S.U.D., George Emil Palade University of Medicine, Pharmacy, Science, and Technology 

of Târgu Mureș, Gheorghe Marinescu 38, 540142 Târgu Mureș, Romania; alex.kacso@umfst.ro 
2 Departamentul de Ingineria materialelor și sudură, Facultatea de Știința și ingineria materialelor,                           

Str. Universității nr. 1, 500068 Brașov, Romania; c.croitoru@unitbv.ro 
3 Department of Industrial Engineering and Management, G. E. Palade University of Medicine, Pharmacy, 
Science, and Technology of Târgu Mureș, Gh. M. 38, 540142 Tg. Mureș, Romania; ildiko.peter@umfst.ro 

 

Keywords: Ti6Al4V, anodization, nanotubes, voltage effect, drug incorporation, SEM characterization 

 
Abstract: Building upon previous studies [1–3], this research investigates the anodization of Ti6Al4V 
alloys to produce nanotubular structures with enlarged diameters, suitable for biomedical 
applications. The anodization was performed at 40, 60, 80, and 100 V in an electrolyte made of 0.5 
wt% NH₄F, 2 wt% H₂O, and ethylene glycol (EG). A copper electrode (CuE) served as the cathode, 
with a spacing of 20 mm. The process was carried out for 30 minutes at a sweep rate of 1 V/s. 
Scanning electron microscopy (SEM) revealed a clear correlation between applied voltage and 
nanotube diameter, with higher voltages yielding larger nanotubular structures. 

In preliminary incorporation attempts, Amoxiclav was selected as a model pharmaceutical 
compound. The results highlighted several critical parameters influencing successful integration. 
Beyond the molar mass of the drug, factors such as solubility in the loading medium, 
hydrophilic/hydrophobic balance, charge interactions with the oxide surface, and chemical stability 
under experimental conditions strongly affected the incorporation process. These parameters 
collectively determine both the efficiency of loading and the potential release kinetics. Scanning 
Electron Microscope (SEM, Hitachi SU8230) images (Figure 1a–b) illustrate the morphological 
differences observed before and after drug incorporation. 

The findings emphasize the dual importance of optimizing anodization parameters and 
carefully selecting pharmaceutical compounds based on their physicochemical properties. By 

      

Figure 1. SEM images of Ti6Al4V nanotubes 
(a) before Amoxiclav incorporation and (b) after Amoxiclav incorporation. 

a b 
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combining electrochemical control with considerations of drug compatibility, this study contributes 
to the advancement of multifunctional titanium-based implant materials. 
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Abstract: Resorcinol-formaldehyde (RF) aerogels, a class of organic aerogels, are highly porous 
materials, characterized by low thermal conductivity, low sound velocity, and a low dielectric 
constant. When RF aerogels are pyrolyzed at 1050˚C, carbon aerogels are obtained. Carbon aerogels 
exhibit high porosity and low density making them promising candidates for supercapacitor 
applications [1]. RF aerogels present a relatively simple and efficient production process, making 
them available on a larger scale. To obtain RF aerogels with properties tailored to specific 
applications, preparation processes must be optimized. Several parameters are considered important 
during both synthesis and post-synthesis stages including during formation of sol-gel phase, solvent 
exchange and subcritical drying. The cross-linking reaction between resorcinol and formaldehyde is 
promoted by the presence of either a basic or an acidic catalyst, and the ratios between these 
reactants directly influence the resulting aerogel properties. A low catalyst concentration or an 
excess of resorcinol leads to formation of large clusters that connect through necking, producing a 
rigid structure capable of withstanding capillary forces during solvent evaporation. However, an 
insufficient catalyst amount may also result in an incompletely developed network [2]. 
In our research, we optimized each processing stage by monitoring the effects of temperature and 
time during gelation and drying, as well as the influence of solvent type 
(ethanol or acetone) during solvent exchange. Heating the solution at a 
temperature over the gelation temperature (~50 ˚C) proved useful for 
aerogel’s structural development and mechanical resistance (Fig. 1). 
We observed that ethanol induces structural collapse even in solid, 
consolidated gels. Moreover, drying conditions, whether performed in 
an oven or at room temperature, affected the mechanical stability of 
the wet gels. Differential Scanning Calorimetry (DSC) analysis has 
shown a reduced thermal degradation of material (i.e., mass loss < 
10%), thus proving its stability even at high temperature. 
Microstructure of the aerogel was observed by electron microscopy. 
Mechanical compression tests were also performed. 
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Fig.1. RF aerogel with a 
resorcinol: catalyst 
weight ratio of 4000 



                                                                                                 

49 
 

BRAMAT 2026 
14TH INTERNATIONAL CONFERENCE ON MATERIALS SCIENCE & ENGINEERING 

Transilvania University of Brasov - Romania 
Materials Science and Engineering Faculty 

II.O.19 
 

ENHANCED ANTIOXIDANT PERFORMANCE OF POLYMERIC HYDROGELS BY  
BACCAUREA POWDER INCORPORATION 

Elena Butnaru1, Daniela Pamfil1, Benedict Samling2, Shafri Bin Semawi2, Sim Siong Fong2,  
Mihai Brebu1, Elena Stoleru1 

 
1 “Petru Poni” Institute of Macromolecular Chemistry, 41A Gr. Ghica Voda Alley, 700487, Iasi, Romania 

            2 University Malaysia Sarawak, Faculty of Resource Science & Technology, Sarawak, Malaysia 
e-mail: elena.butnaru@icmpp.ro 

 
 

Keywords: Baccaurea powder, natural polymers, bioactive compounds, hydrogels 

 
Abstract: Baccaurea species are tropical fruit trees recognized for their nutritional value and rich 
content of bioactive compounds, including phenols, flavonoids and terpenoids [1]. The stability and 
bioavailability of bioactive compounds in physiological media are in general limited due to their 
oxidative degradation susceptibility and intrinsic hydrophobic nature. Given these limitations, the 
incorporation of Baccaurea powders as bioactive agents into natural polymeric systems represents a 
valuable approach [2]. 
In this study, Baccaurea powders were incorporated into chitosan and gelatin xerogels, enhancing 

their bioavailability and stability. The antioxidant 
activity was tested on loaded xerogels by solvent 
extraction and by direct contact assays. 
Incorporation of Baccaurea powders into the CS/G 
xerogels led to materials with good antioxidant 
properties. The release of light volatile compounds 
was determined by Py-GC-MS. Terpenes and 
terpenoids were identified as bioactive compounds 

in Baccaurea powders. The antioxidant activity results were well correlated with the pyrolysis–gas 
chromatography–mass spectrometry data. This suggests that Py-GC-MS method can be useful as 
prescreening analytical technique in facilitating the selection of natural materials with high-value 
bioactive potential for targeted applications in pharmaceuticals or packaging applications.  
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Fig.1. Baccaurea species 
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Abstract: The purpose of this study was to improve the efficiency of UV-crosslinking of 
chitosan/gelatin (CS-G) [1] based hydrogel films. UV-crosslinking was selected because is a green 
method that avoid the use of toxic agents which affect the material biocompatibility and riboflavin 

was established as photo-initiator for the 
hydrogel photo-crosslinking due to its 
water solubility and compatibility with 
physiological environments [2]. There are 
various factors that affect the photo-
crosslinking efficiency, such us the 
irradiation time, light source distance, 
pulsed or continue irradiation, 
concentration of photo-initiators, and 
presence of co-initiators. These factors 
significantly influence the resulting gel 
properties. Taking in consideration these 
aspects, a comparative analysis of 
irradiation parameters focusing on some 
hydrogel films characteristics, including 

viscoelasticity, surface hydrophilicity, and swelling behavior, was achieved. The rheological analysis 
performed by amplitude sweep tests confirmed an increase in the hydrogels resistance to stress with 
the increase of UV-irradiation time (Fig. 1). Swelling kinetics of the hydrogel films revealed their 
enhanced water uptake capacity and their increased stability in aqueous media. This study provides a 
good understanding into how the final properties of the hydrogel film are dictated by carefully 
optimization of the irradiation parameters. This is helpful in materials preparation for a particular 
biomedical application. 
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Fig. 1. Impact of irradiation time on the viscoelastic 
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Abstract: Current biomedical research emphasizes the importance of early diagnosis, as well as the 
development of minimally invasive techniques with increased efficiency, reduced toxicity, and faster 
response time. Yttrium oxide (Y2O3) is a material used in biomedical applications due to its excellent 
biocompatibility, mechanical, chemical, and thermal stability, antibacterial properties, ability to 
enhance other materials etc. In this paper, we propose the synthesis of Y2O3 nanoparticles doped 
with erbium ions, in the trivalent form (Er3+), for the development of fluorescent labels with 
applicability in imaging. The precipitation process used for the synthesis of Y2O3-based nanoparticles 
follows two main stages: (1) synthesis of the precursor in solution and (2) solid-phase thermal 
treatment at 600 ℃. Basically, obtaining the precursor involves using an initial solution containing 
sea buckthorn (Hippophae rhamnoides) extract and polyethylene glycol (PEG), while rapid cation 
precipitation was induced using an ammonia solution. Urea and a mixture of nitrates corresponding 
to the cations of interest were simultaneously added to the initial solution. The developed materials 
were structurally analyzed using X-ray diffraction and spectroscopic techniques, including FTIR, 
Raman and EDX analysis. The purity of the material, its cubic unit cell, chemical bonds, and types of 
atoms were identified. The morphological characteristics were investigated by scanning electron 
microscopy (SEM), and optical properties were evaluated by fluorescence spectroscopy, 
demonstrating the potential applicability of the synthesized nanoparticles in biomedical imaging. 
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Abstract: Binary oxide nanostructures are advanced materials that exploit the synergetic effect of 
ZnO (an n-type semiconductor with a wide band of ~3.3 eV), and Y₂O3 (a rare earth oxide with high 
chemical and thermal stability, a wide band of ~5.6 eV, and high dielectric constant). The 
combination of the two components leads to obtain nanostructures with modified surface 
properties, increased structural stability, improved photocatalytic, antimicrobial and antioxidant 
activity. [1-3] This study aims to obtain ZnO-Y₂O₃ nanostructures with superior performance, using a 
versatile method based on cation precipitation in the presence of citric acid, which act as chelating 
agent to obtain a homogenous citrate-metal complex, followed by thermal treatment at 900 °C. The 
characterization of binary composites was performed using complementary techniques, such as FTIR 
spectroscopy, which allowed the identification of characteristic functional groups of Zn-O and Y-O, 
EDX confirmed the chemical composition and distribution of elements, while XRD analysis revealed 
the coexistence of crystalline phases of the components and the material's purity. Morphological 
analysis by microscopy confirmed the shape and size of particles below 50 nm. Contact angle 
measurements allowed the evaluation of the hydrophilic behavior and percolation potential of ZnO-
Y₂O₃ nanostructures, opening up new perspectives in the development of biomedical, optical, 
environmental, and other devices. 
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Abstract: Essential and vegetable oils represent a valuable source of bioactive compounds including 
polyphenols, flavonoids, alkaloids, terpenoids, and carotenoids which have attracted significant 
interest due to their functional properties and health benefits. The screening process is critical for 
evaluating the bioactivity potential of natural oils and identifying the most suitable option for 
incorporation into natural polymeric matrices [1]. Once incorporated, these bioactive compounds are 
protected from degradation and contribute to the development of new bioactive materials with 
enhanced functionality.  
In this study, the antioxidant activity of two commercial essential oils (clove and lavender) and five 

vegetal oils (sea buckthorn, flaxseed, olive, 
grapeseed, and sunflower) was evaluated to assess 
their suitability as bioactive components for 
incorporation into chitosan/gelatin materials. 
The antioxidant activity measured via DPPH and ABTS 
radical scavenging assays shows strong correlation 
with higher phenolic content in essential oils and 
increased unsaturation in vegetal oils. GC-MS analysis 
showed that the chemical composition of clove oil is 
dominated by phenolic compounds such as eugenol 
(83%), which explains its strong antioxidant activity 

(2410 µmol TE/g oil), while lavender oil contains mainly oxygenated monoterpenes (linalool, linalyl 
acetate) associated with low radical scavenging capacity (0.45 µmol TE/g oil). For vegetal oils, the 
antioxidant assay indicated that sea buckthorn oil exhibited the strongest antioxidant activity of 2.8 
µmol TE/g oil.  
The selected oils were used in preparation of chitosan-gelatin oil-in-water emulsions and bioactive 
films with enhanced antioxidant properties were obtained. 
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Fig.1. Radical scavenging activity in oil samples, measured 
by DPPH assay expressed as Trolox equivalents (µmol TE/g)  
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Abstract: Additive manufacturing is increasingly deployed for patient-specific biomedical devices. 
Current commercial filaments rarely provide, in a single material, both mechanical reliability and a 
surface response suitable for cell–material interaction [1]. This study establishes a PLA-based 
composite feedstock reinforced with biogenic hydroxyapatite (HA) and graphene nanoplatelets 
(GNP), developed for fused deposition modelling (FDM) and bone-related applications [2]. Biogenic 
HA obtained from bovine bone (particle size < 40 μm) and micrometric GNP were incorporated into 
the PLA matrix by melt mixing followed by extrusion, while the HA/GNP ratio was systematically 
varied to define composition–microstructure–property trends relevant to printing. Cylindrical pellets 
were prepared as representative specimens and assessed by FT-IR spectroscopy, scanning electron 
microscopy (SEM), mechanical testing, and wettability measurements. Spectroscopic and 
microstructural evidence supported effective interfacial interactions and showed a more uniform HA 
distribution at higher HA-to-GNP ratios, together with a strengthened PLA–HA interface promoted by 
HA porosity and direct HA–GNP contact. In parallel, GNP exhibited extensive exfoliation and 
homogeneous dispersion within the polymer phase. These features correlated with improved 
mechanical response and increased wettability relative to neat PLA, confirming that the combined 
reinforcement strategy enhances both structural integrity and surface functionality. The results 
delineate a practical PLA/HA/GNP formulation window for biofunctional FDM filaments and provide 
a technical basis for tuning printing parameters in scaffold design. 
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Abstract: Multicomponent reactions (MCRs) represent an efficient synthetic approach in which three 
or more reactants are combined in a single step to generate structurally complex products [1]. Owing 
to their high atom economy, reduced number of reaction and purification steps, and efficient 
resource utilization, MCRs align well with the principles of sustainable and green chemistry [1,2]. 
Among these reactions, the four-component Ugi reaction (Ugi-4CR) stands out due to its broad 
functional group compatibility and remarkable structural diversity, which can be readily achieved 
through variation of the reaction components [3]. Conducting the Ugi reaction in water further 
enhances its environmental profile by employing a non-toxic and renewable solvent. 
In this work, alginate, a naturally derived anionic polysaccharide, was successfully modified via an 
aqueous Ugi multicomponent reaction to produce new functionalized alginate derivatives. This 
single-step functionalization approach enables the efficient grafting of complex side chains onto the 
polysaccharide backbone while minimizing solvent use and reaction duration. The resulting modified 
alginate, along with the unmodified polymer, was comprehensively characterized using 1H NMR 
spectroscopy, Fourier-transform infrared spectroscopy, conductometric titration, and particle size 
analysis. The degree of substitution was estimated to be approximately 40%, based on both 
conductometric titration and 1H NMR data. These findings highlight the versatility of Ugi 
multicomponent chemistry as a sustainable and effective tool for the structural modification and 
functional enhancement of polysaccharide-based materials. 
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Abstract: This study investigates the preparation of nanostructured TiN thin films and the tuning of 
their properties through inclined and zigzag deposition architectures. The films were synthesized on 
stainless steel and silicon substrates using Oblique Angle Deposition (OAD) in a DC reactive 

magnetron sputtering system. The 
mechanical and tribological responses of 
the films were found to vary when the 
deposition configuration transitioned 
from conventional normal incidence 
geometry to inclined and zigzag OAD 
arrangements. These changes, induced by 
shadowing effects and reduced adatom 
thermalization, resulted in notable 
decreases in hardness, Young’s modulus, 
friction coefficient, wear resistance, and 
scratch resistance. Nonetheless, the 
obtained values remained within the 

range reported in the literature, confirming the suitability of these TiN films for various applications. 
Hardness and Young’s modulus values decreased from approximately 27 GPa and 260 GPa, 
respectively, for films produced under conventional geometry, to around 13 GPa and 210 GPa for 
inclined architectures, and to roughly 10 GPa and 190 GPa for zigzag structures. A similar declining 
trend was observed in adhesion performance, with critical loads (Lc2 and Lc3) decreasing by about 
50% when progressing from conventional to inclined and subsequently to zigzag geometries. Figure 1 
shows the loading-unloading curves for the conventional, inclined and zigzag TiN thin films. From the 
evolution of the penetration depth as a function of the applied load, the difference in hardness 
values between the three types of thin films becomes evident. Finally, consistent with the overall 
slight degradation in mechanical and tribological behavior, the friction coefficient increased from 
0.20 for conventional TiN to approximately 0.69 and 0.81 for the inclined and zigzag films, 
respectively. 
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      Fig. 1. Instrumented indentation loading-unloading curves for    

conventional, inclined and zigzag deposited TiN thin films 
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Abstract: This study examines the site-selective growth and microstructural evolution of titanium 
dioxide nanostructures synthesized by metal–organic chemical vapor deposition on pre-patterned 
cobalt templates. Electron beam lithography was used to define cobalt nanostructures with 
controlled geometries on Si ⟨100⟩ substrates, enabling an investigation of the role of localized 
metallic sites in directing TiO₂ growth. Deposition was carried out in a low-pressure MOCVD system 
using titanium isopropoxide as the organometallic precursor. [1] A multi-scale characterization 
approach was employed to analyze the relationship between the cobalt templates and the resulting 
oxide nanostructures. Scanning electron microscopy combined with energy-dispersive X-ray 
spectroscopy confirmed selective growth, morphological fidelity, and elemental composition. High-
resolution transmission electron microscopy was further used to examine the crystalline structure of 
the TiO₂ and the interface between the cobalt templates and the oxide. The results show that the 
geometry and surface characteristics of the lithographically defined cobalt structures strongly 
influence TiO₂ nucleation behavior and crystallinity. These findings highlight the potential of catalyst-
assisted MOCVD for tailoring TiO₂ nanostructures for applications in plasmonics, catalysis, and 
biomedical fields. [2] 
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Abstract: The development of multifunctional thin films for biomedical surfaces is of growing interest 
due to the need for enhanced surface functionality without compromising mechanical integrity and 
biocompatibility [1,2]. In this context, copper-containing coatings have been explored as a strategy to 
modify mechanical behavior, corrosion resistance, and surface reactivity. This study investigates the 
influence of copper incorporation on the microstructural and mechanical properties of zirconium and 
niobium oxynitride thin films deposited via magnetron sputtering. The main variable deposition 
parameters were: i) the reactive gas mixture flow (90% N₂ + 10% O₂), based on U vs. flow curves, and 
ii) the sputtering power applied to the copper target (25 and 50 W). Undoped and Cu-doped films 
were compared in terms of structural features, surface morphology, and functional material 
properties, including mechanical behavior and corrosion resistance. These findings lay the 
groundwork for the continued development of sputtered Zr- and Nb-based oxynitride coatings for 
functional surface engineering applications. [3]. 
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Natural pigments obtained from plants are frequently embedded in matrices of biodegradable 
natural polymers such as alginate, casein, carboxymethylcellulose, or dextrin to boost their stability 
and solubility in aqueous solutions. Since their discovery, these compounds have been utilized as 
adjuvants in pharmaceutical applications, food or cosmetic additives, and, more recently, color-
changing pH indicators for smart labels or food packaging. 
The work intends to extract anthocyanin pigments (ANT) from red clover (Trifolium pratense) and 
encapsulate them in α-cyclodextrin (CD) structures. ANT extracted in alcoholic medium at pH 1.5 was 
encapsulated in α-cyclodextrin matrices by the coprecipitation process, with temperature ranging 
from 25-60°C and pH adjusted to neutral. To achieve the highest yield in the encapsulation process, 
ANT:CD mass ratios of 1-2:1 (w/w) were utilized. After solvent evaporation, the precipitates were 
ground into powder and dried at 80°C.  
Natural dyes encapsulated in cyclodextrin were studied using a variety of analytical techniques, 
including FTIR spectroscopy, fluorescence and UV-Vis spectroscopy, chromatic studies, scanning 
electron microscopy (SEM), and thermogravimetric analysis (TGA). The resultant materials were 
examined for color change sensitivity while the pH was changed to alkaline, as well as the 
appearance of fluorescence caused by anthocyanin dye degradation. 
The encapsulating process was successful, and materials with varying amounts of anthocyanin dyes 
were obtained. The resultant composites preserved the dyes' characteristics and switched color from 
pink to yellow in the presence of pH changes, whereas the fluorescence process occurred due to the 
presence of pyrocatechol produced by the dye breakdown process at pH greater than 7. ANT-CD can 
thus be used to assess the quality of vegetable oils that may change during the manufacturing 
process and contain pollutants such 3-monochloropropane-1,2-diol esters and glycidyl esters. 
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2022–2027, project no. PN 23.06.01.01(AQUAMAT). 

 
1. Dodero A., Polymer-free cyclodextrin and natural polymer-cyclodextrinelectrospun nanofibers: A comprehensive review 

on current applications and future perspectives, Carbohydrate Polymers, 2021, 264, pp.118042. 
2. Enaru, B. et al, Anthocyanins: Factors affecting their stability and degradation,Antioxidants 2021, 10, 1967. 
3. Xu T. et al,A simple fluorescence pyrocatechol–polyethyleneimine detection method for 3-MCPD, Anal. Methods, 

2024,16, 276-283 

 
 
 
 
 

mailto:monica.raduly@icechim.ro


                                                                                                 

60 
 

BRAMAT 2026 
14TH INTERNATIONAL CONFERENCE ON MATERIALS SCIENCE & ENGINEERING 

Transilvania University of Brasov - Romania 
Materials Science and Engineering Faculty 

II.P.10 
 

CONVENTIONAL AND EMERGING METALLIC MATERIALS FOR ORTHOPEDIC APPLICATIONS 
 

Mihai Tofan1, Mădălina Simona Bălțatu1,*, Andrei Pruteanu1, Andrei Victor Sandu1,2,3, Dumitru-
Doru Burduhos-Nergiș1, Mirabela Georgiana Minciună1, Petrică Vizureanu1,2,4, *   

 
1” Gheorghe Asachi” Technical University of Iasi, Faculty of Materials Science and Engineering, Iași, România,  

2Academy of Romanian Scientists, 54, Spaliul Independenței St., Sect. 5, 050094, Bucharest, România  
3Romanian Investor Forum, Str. Sf. P. Movila 3, Iași, România  

4 Technical Sciences Academy of Romania, 26 Dacia Blvd., 030167 Bucharest, Romania 
Petrica.vizureanu@academic.tuiasi.ro  

 

Keywords: Metallic biomaterials; orthopedic implants; titanium alloys; cobalt-based alloys; 
magnesium alloys; biocompatibility; mechanical properties; corrosion; stress shielding.  

 
Abstract:  Metallic materials used in orthopedics play an essential role in restoring the biomechanical 
function of the skeletal system, with strict requirements imposed on mechanical strength, 
biocompatibility, chemical stability and long-term behavior in the physiological environment. Among 
them, titanium, cobalt and magnesium-based alloys are the most frequently investigated and used 
for permanent or temporary orthopedic implants. Titanium alloys are preferred due to their high 
strength-to-weight ratio, excellent corrosion resistance and superior biocompatibility, but they have 
a higher elastic modulus than cortical bone, which can lead to stress shielding and long-term bone 
resorption. Cobalt-based alloys, especially those in the Co–Cr–Mo system, offer exceptional 
mechanical strength and wear resistance, being used in applications subject to severe stress, such as 
joint endoprostheses; however, the very high elastic modulus, high density and potential for metal 
ion release raise issues related to biomechanical adaptation and biocompatibility. In contrast, 
magnesium alloys are distinguished by their low density, elastic modulus close to that of bone and 
controlled biodegradability, being considered promising materials for temporary implants; however, 
the high corrosion rate and accelerated hydrogen release currently limit their widespread clinical 
use. In this context, material selection for orthopedic applications must be achieved by a careful 
compromise between mechanical properties, biological behavior and specific clinical requirements, 
and current research is focused on the development of alloys and surface treatments capable of 
minimizing the disadvantages of conventional materials and improving the performance of 
orthopedic implants. 
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Abstract: Titanium and its alloys represent a class of materials of major interest for advanced 
applications, due to their high strength-to-weight ratio, biocompatibility and excellent corrosion 
resistance. Their properties are strongly influenced by the alloying elements, especially the β phase 
stabilizers. Unlike the α phase with hexagonal close-packed (HCP) structure, the β phase presents a 
body-centered cubic (BCC) structure, the thermodynamic stability of which is controlled by the 
nature and concentration of the alloying elements. Molybdenum, niobium and tantalum are 
isomorphic stabilizers of the β phase, completely soluble in titanium, which progressively reduce the 
β transformation temperature (β-transus) with increasing concentration. Zirconium, although 
considered a neutral element from the point of view of phase stabilization, contributes significantly 
to the refinement of the microstructure and to the improvement of mechanical strength and 
corrosion behavior. Metastable β alloys can retain the β phase after quenching, but it can undergo 
transformations during aging or under mechanical stress. Increasing the content of β stabilizers leads 
to improved yield strength, hardenability and cold workability, but a non-optimized content can 
reduce ductility and fracture toughness. By precisely controlling the chemical composition and 
appropriate thermomechanical processes, the microstructure and phase distribution can be adjusted 
according to the application requirements. Due to their superior mechanical and functional 
properties, titanium alloys alloyed with Mo, Zr, Ta and Nb are widely used in the aerospace, 
automotive and biomedical implant industries. 
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Technical polymers based on ASA (acrylonitrile–styrene–acrylate) are widely utilized in outdoor 
applications due to their excellent UV resistance and dimensional stability. However, their inherent 
brittleness and limited impact strength often restrict their use in demanding structural roles. In this 
study, elastomer modification is explored as an effective strategy to enhance the mechanical 
performance of ASA. We present a comparative analysis of three distinct systems: neat ASA, an 
ASA/TPU/ASA multilayer structure, and a SEBS/ASA blend, focusing on how the elastomer type and 
distribution influence the final properties. The materials were fabricated via conventional 3D printing 
material extrusion, followed by comprehensive mechanical, thermal, and morphological 
characterization. Tensile and Charpy/Izod impact tests were employed to evaluate mechanical 
toughness, while thermal stability was assessed through DSC morphological investigations were 
conducted to establish a structure-property correlation. The results reveal significant differences in 
energy dissipation mechanisms, highlighting the distinct roles of TPU and SEBS in balancing 
toughness and stiffness. This work provides critical insights for the engineering of advanced ASA-
based materials for high-performance applications. 
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Abstract: The study of the influence of substitution with La ions was carried out through two 
categories of measurements: magnetic measurements and electrical measurements.  
Magnetic measurements reveal specific magnetization values for the two samples compatible with 
the values in the literature. In the case of ferrite doped with La ions, a strong decrease in specific 
saturation magnetization compared to the undoped sample, this being an effect of doping with La 
ions. The behavior can be easily justified if we take into account the cations involved in the magnetic 
sublattices of the respective ferrites (Fe3+ : 5μB , Mn2+ : 5μB, Zn2+ : 0μB, La3+ : 0μB ) and reveals 
the fact that non-magnetic La ions occupy octahedral positions ions in the spinel structure like 
magnetic Fe3+ ions.  
Regarding electrical conductivity, RE ions release conduction electrons in the doped ferrite, and the 
effect is the increasing of the electrical conductivity. The I-V characteristic obtained experimentally 
through volume resistivity measurements on MnZn samples and on MnZnLa samples shows this 
phenomenon very clearly, this dependence being presented through electrical resistivity 
measurements. The study of this type of substituted ferritic materials recommends these materials in 
the manufacture of gas or magnetic field sensors. 
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Abstract: Titanium and titanium alloys have a solid reputation in the biomedical field due to their 
exceptional biocompatibility. However, it has been proven that certain types of alloys, such as 
Ti6Al4V and NiTi, can release toxic ions [1]. The present study investigates three novel titanium 

alloys, designated TiMoZrxTa (x = 5, 10 
and 15 wt. %), which were manufactured 
by means of Vacuum Arc Remelting 
(VAR). The addition of advantageous 
elements such as molybdenum (Mo), 
zirconium (Zr) and tantalum (Ta) to these 
alloys has been shown to increase the 
durability, biocompatibility and strength 
of implants, thereby improving the 
quality of life for those who receive them 
[2]. It has been demonstrated through 
advanced microstructure analysis, 
microhardness testing and 

electrochemical testing that an increased concentration of Ta enhances corrosion resistance by 
facilitating the development of a more robust passive layer. However, the Vickers hardness values 
obtained were similar for all three samples, with TiMoZr5Ta showing slightly higher values. 
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Fig. 1.  Electric equivalent circuit R(QR) 
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Abstract: Biodegradable Mg-based alloys seem to be the future raw materials used for the 
fabrication of temporary implants used in orthopedic, cardiovascular, dental, and general surgery 
specializations. The main problem of Mg-based alloys is their faster degradation rate in the human 
body, which will compromise the biomechanical stability of the implants before the end of the 
healing process and implicitly increase the tissue healing time [1]. 
The objective of the current experimental research was to determine the effect of the testing media 
on the corrosion behavior of different Mg-based alloys. In this study, the corrosion behaviour of four 
magnesium alloys was investigated in two distinct media: three alloys from the Mg-Zn system (Alloy 
1, Alloy 2, and Alloy 3) and one from the Mg-Ca system (Alloy 4). Immersion tests were conducted in 
Simulated Body Fluid (SBF) and Dulbecco’s Modified Eagle’s Medium (DMEM), both media being 
selected due to their chemical similarity to human body fluids. Corrosion behaviour was evaluated by 
measuring hydrogen evolution rates and mass loss, two relevant indicators of magnesium 
degradation. The results revealed significant differences between the two testing environments, 
both in terms of corrosion rate and the influence of alloys chemical compositions. Among all 
samples, Alloy 2 demonstrated the most favourable performance, characterized by the lowest 
hydrogen evolution rate and mass loss in both media. The results confirm that the testing 
environment significantly influences the corrosion behaviour of magnesium alloys, a critical aspect in 
the development of biodegradable implants. Additionally, the chemical composition of the alloys 
leads to distinct differences in corrosion rates. 
The investigations on the corrosion behavior demonstrate that the testing media have a strong 
influence, simulated body fluid (SBF) being a more corrosive environment due to the presence of a 
higher concentration of Cl- ions and to the absence of organic compounds in its composition. Future 
work will focus on evaluating the corrosion behaviour of magnesium alloys with modified surface. 
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Abstract: This study presents the development and characterization of an innovative copper–steel 
composite coating produced by electric arc thermal spraying using a TAFA installation. The coating 
was fabricated from commercially available copper and steel wires, simultaneously melted and 
atomized, resulting in the formation of a dense composite layer that combines the functional 
properties of both base materials. Morphological investigations were performed using a FEG Quattro 
C scanning electron microscope (ThermoFisher, 2024), while the elemental chemical analysis was 
conducted using the integrated ChemiSEM module: an energy-dispersive spectroscopy (EDS) system 
specific to the Quattro C system. The micrographs reveal a characteristic lamellar structure, typical 
for arc-sprayed coatings, consisting of flattened splats, interlamellar boundaries and localized 
porosity. This morphology indicates a good interfacial bonding between copper-rich and steel-rich 
regions, suggesting effective mechanical interlocking and structural compatibility within the 
composite layer. Elemental analyses obtained through EDS confirm the heterogeneous yet well-
distributed presence of Cu and Fe phases together with minor alloying elements, emphasizing the 
composite nature of the coating. 

Microhardness measurements carried out at HV0.5 using a Shimadzu tester show values 
consistent with the intrinsic hardness of the constituent materials, demonstrating that the coating 
preserves the mechanical characteristics of both copper and steel while forming a compact and 
adherent surface layer. The correlation between microstructural observations and hardness results 
confirms the structural integrity and functional performance of the deposited coating. 

The novelty of this work resides in the synergistic combination of copper’s electrical and 
thermal conductivity with the mechanical strength and wear resistance of steel within a single arc-
sprayed layer. Such composite coatings open new perspectives in surface engineering, offering 
multiple potential applications in electrical contacts, wear-resistant components, heat-exchange 
systems, and multifunctional protective surfaces for industrial environments. 
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Abstract : The development of new devices in communication, imaging, (opto)electronics and sensor 
technologies involves the application of materials like phthalocyanine (Pc) a broad class of materials 
with high thermal and chemical stability, as well as high optical absorption in the visible range. 
Interaction with the substrate can modify the orientation of the phthalocyanine crystallites. The 
ellipsometric measurements were performed with RAE ellipsometer setups (VASE) and the 
ellipsometer parameters Ψ and Δ was deduced. The organic materials were used in order to prepare 
thin films by organic molecular beam deposition OMBD. The Si(111) substrates with an offcut angle 

less than 0.35, keeping the wafer in hydrofluoric acid (HF) solution 5% for 2 minutes yields a 1x1 
reconstructed Si surface that is chemically passivated with hydrogen (H) were kept at room 
temperature during the deposition. Uniaxial model was built using the WVASEtm software and the 
film thicknesses of samples were determined in the absorption free range (below 1eV). The thickness 
was determined by fitting the ellipsometry data in the transparent region from 0.7eV to 1.2eV using 
the Cauchy model. In order to determine the dielectric function ellipsometric spectra were recorded 
at different angles of incidence. 
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Abstract: Phosphating is one of the most widely used chemical conversion processes, achieved through 
immersion. Chemical conversion by immersion is a method of treating metal surfaces, whereby the 
part is immersed in a chemical solution. The purpose is to generate a controlled chemical reaction on 
the metal surface, thus transforming it into a protective layer of phosphates. This process is chemical 
and is based on the compatibility between the solution and the metal. The adhesion and uniformity of 
the phosphate layer are the most important quality indicators in the phosphating process. 
Achievement of these indicators requires strict adherence to the fundamental stages of the 
phosphating process. Thus, the paper analyzes the fundamental stages of the phosphating process: 
degreasing, pickling, phosphating (the actual immersion), and drying; as well as their role in the 
morphology of the phosphate layer, which has a decisive influence on its functional behavior in the 
subsequent stages of use. The analysis highlights the fact that optimizing the early stages of the 
chemical conversion process influences the microcrystalline structure of the phosphate layer and, 
implicitly, its functional properties. Understanding the relationship between the formation mechanism 
and the morphology of the obtained layer allows the development of surface treatments adapted to 
modern industrial applications, especially in the automotive, aerospace, and biomedical fields [1]. 
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Abstract: There is no research that uses Gaussian mixture models (GMM) to estimate hardness zones 
in magnesium alloys.  Methodological literature on GMM and hardness prediction can be consulted. 
GMM uses weighted summation to reflect the distribution of continuous measurements, such as 

Vickers hardness, for each 
phase/microstructural zone [1], [2]. The density 
function is:  

where each 
component k 
can be 
interpreted as a 

hardness zone with mean μk and dispersion σk. 
The Expectation-Maximisation (EM) algorithm is 
used to estimate GMM parameters by 
iteratively calculating probability of data points 
belonging to each component and updating μk 

σk, and pk until convergence [1], [2]. Under normal assumptions, EM is consistent and efficient, but 
initialisation and component overlap are particularly important. Proper differentiation of hardness 
zones is crucial. In GMM, the number of hardness zones (k) is chosen using model selection criteria 
like BIC (Bayesian Information Criterion). A recent R GMM package analysis reveals robust k selection 
in well-separated or moderately overlapping circumstances, while performance decreases in heavily 
overlapping or severely imbalanced distributions [2]. 
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Fig. 1.  Mg alloy hardness zones 
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Abstract: This paper presents a study on 316L stainless steel samples and Ti6Al6V titanium alloy 
samples, to verify the opportunity of their use in implantology. 
It is known that an object implanted in the human body is subject to the corrosive action of human 
fluid, and such an implant must have appropriate mechanical and surface properties, not to cause 
inflammation or infection of the body. 
Therefore, the surface topography of the samples and their roughness, surface energy, wear 
behavior and hardness (indentation hardness, modulus of elasticity, Vickers hardness, maximum 
penetration depth) were analyzed. The corrosion behavior was evaluated through electrochemical 
tests, in simulated human fluid and antimicrobial properties were tested using both Gram-negative 
and Gram-positive bacterial strains. 
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Abstract: The incorporation of nanomaterials and biomaterials into university teaching provides a 
pedagogical bridge between nanoscale phenomena and macroscopic functionalities, enabling 
meaningful learning in Materials Science and Engineering. At ULPGC, a teaching approach is 

proposed that integrates low-cost 
laboratory micro-practices, digital 
simulations, and project-based learning 
(PBL), aligned with competencies in critical 
thinking and materials design [1–3]. 
A mixed-methods design was implemented 
in two core courses (n=112). The 
intervention combined: (i) 
micro-characterization practices (virtual 
AFM/SEM and mechanical-property kits), 
(ii) bioinspiration modules for selecting 
polymers, ceramics, and bioactive 
composites, and (iii) PBL aimed at solving 
local clinical-industrial challenges. Learning 
gains were measured using concept tests 

(pre/post), design rubrics, and surveys on self-efficacy and motivation [2,4]. 
Students showed significant improvements in scale-transfer reasoning (Δ=+21% in structure-property 
items) and design performance (rubrics: +0.8/4 points), as well as increases in self-efficacy (+18%) 
and intrinsic motivation (+15%). Case studies in biomaterials strengthened connections with 
real-world challenges (biocompatibility, degradation, ethics), whereas nanomaterials promoted 
critical analysis of risks and sustainability [1,3–5]. Barriers (lab time, equipment access) and scalable 
solutions (digital twins, open datasets) are discussed. 
Integrating nano- and biomaterials through PBL, simulation, and micro-practices enhances 
conceptual learning and purposeful design. Modular sequences are recommended for related 
degrees, together with longitudinal assessment of competencies [2,5]. 
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Fig. 1. Nanomaterials and Biomaterials 
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Abstract: Hydrogen can degrade the mechanical and fracture properties of virtually all materials. 
Hydrogen is not homogeneously distributed in materials; it will be found not only in the host lattice 
but also segregated to atomic and microstructural imperfections: atoms, dislocations, grain 
boundaries, and second phase particles. 
Our approach integrates microstructure observation, TDA (Thermal Desorption Analyses), and 
mechanical testing. Additionally, we used synchrotron as an energy dispersive diffraction technique, 
as its photon flux is orders of magnitude higher than conventional X-ray. Hydrogen diffusion behavior 
can be studied by using synchrotron radiation, and diffusion coefficients can be calculated and 
applied for computational simulation. Furthermore, ToF-SIMS imaging, in which a sample is exposed 
to bombardment by primary ions, generates a process of the release of secondary ions leading to the 
detachment of singular atoms or fractions of molecules. As such, ToF-SIMS is a strong tool for 
understanding the interaction of hydrogen with a dual-phase metal microstructure.  
We also conducted shock wave experiments with high strain rates. The plate impact experiments 
produce conditions of high pressure and high strain rate (10 5 s -1). These conditions can be 
comparable to explosions during extreme conditions of failure. The influence of metal defects on the 
dynamic strength is studied in the presence of hydrogen. When strain rates are lower (~10 -7 s -1), the 
activation energies for hydrogen trapping are ~40% lower compared with dynamic loaded LDS. The 
research generated key experimental evidence for some of the theories that, up to the present, has 
not been proven on this scale. Significant cracking of the austenitic phase can be explained by 
extensive twinning and martensitic phase transformation. The combination of synchrotron, ToF-
SIMS, TDA, and TEM-SEM can be used to better understand hydrogen-assisted degradation 
mechanisms in complex microstructures (e.g., welded components). A discussion is presented on 
how we can develop and verify a lifetime prediction of structural materials.  



                                                                                                 

74 
 

BRAMAT 2026 
14TH INTERNATIONAL CONFERENCE ON MATERIALS SCIENCE & ENGINEERING 

Transilvania University of Brasov - Romania 
Materials Science and Engineering Faculty 

III.O.01 
 

DISCRIMINATION AND PREDICTION OF NATURAL POLYMERS SOURCES 
 

Mihai Brebu1, Elena Stoleru1, Sion Fong Sim2 
 

1 “Petru Poni” Institute of Macromolecular Chemistry, 41 A Gr. Ghica Voda Alley, 700487, Iași, Romania 
2 Faculty of Resource Science & Technology, University Malaysia Sarawak, 94300, Kota Samarahan, Sarawak, 

Malaysia 
e-mail: bmihai@icmpp.ro 

 

Keywords: solid waste management, torrefaction, pyrolysis, exploratory data analysis, classification 
methods 

 
Abstract: Biomass is a largely abundant and sustainable source of chemicals and energy [1]. Efficient 
management of agriculture biomass residues requires proper source discrimination and classification 
prior selection of the most suitable treatment / valorization method [2]. 

A number of 21 biomass residues from 
agriculture and fruit crop activities were 
divided in five biological classes and 
characterized by classical destructive 
(proximate / ultimate / structural 
analysis) methods, as well as by non-
destructive infrared spectroscopy (FTIR). 
Results were thoroughly analyzed using 
different data representation modes, 
statistical data processing and supervised 
machine learning algorithms, to extract 
the most useful information for 
discrimination, classification and 
prediction. FTIR was proposed as facile 
alternative to classical characterization. 

Torrefaction and pyrolysis were performed analyzing the energy efficiency of the process and seeking 
if discrimination is preserved based on the composition of liquid products. Torrefaction as a thermal 
pre- treatment of biomass residues lead to more uniform composition of pyrolysis oils, suitable for 
large scale applications.  
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Fig. 1.  Approaches for discrimination/classification 
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Abstract: Global efforts to improve energy efficiency in electrical systems have intensified research 
on advanced soft magnetic materials capable of reducing core losses in electromagnetic devices. Soft 
Magnetic Composites (SMCs) are attractive alternatives to conventional magnetic materials due to 
their combination of high electrical resistivity and good magnetic performance, which enables 
reduced eddy-current losses in medium- and high-frequency applications. 
In this work, Fiber-based Soft Magnetic Composites (FSMCs) are developed using a cold sintering (CS) 
approach. Unlike conventional SMCs based on insulated magnetic powders, the proposed materials 
employ ferromagnetic fibers as the functional magnetic component, forming anisotropic conductive 
paths and improved magnetic flux distribution. The cold sintering process enables consolidation at 
relatively low temperatures, preserving the insulating phase and limiting microstructural 
degradation. 
Structural and magnetic characterization demonstrates that fiber-based architectures can provide 
improved magnetic permeability and reduced energy losses compared to traditional powder-based 
SMC systems. The results highlight the potential of combining fiber geometry with low-temperature 
consolidation techniques for next-generation soft magnetic components used in energy-efficient 
electrical devices. 
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Abstract: Photocatalysis has attracted significant interest as an advanced wastewater treatment 
technology, particularly for water reuse applications, due to its effectiveness in degrading organic 
emerging pollutants at low concentrations. Titanium dioxide (TiO₂) is the most widely used 
photocatalyst because of its chemical stability over a wide pH range, non-toxicity, low cost, and ease 
of production. To extend its activation range from the UV to VIS, various strategies have been 
proposed, such as coupling TiO₂ with graphitic carbon nitride (g-C₃N₄), a semiconductor with a 
narrower bandgap. This study focuses on the development and evaluation of VIS-active TiO₂/g-C₃N₄ 
sol-gel composite photocatalytic films deposited on spherical glass substrates for advanced 
wastewater treatment. The precursor sol consisted of titanium tetra-isopropoxide, ethanol, 
acetylacetone, acetic acid, water, and a g-C₃N₄ dispersion, resulting in composite films containing up 
to 10 wt% g-C₃N₄. Glass beads with a diameter of 2 mm, previously coated with a thin TiO₂ seeding 
layer, were immersed in the diluted sol under orbital stirring to ensure uniform coating. After 
deposition, the beads were dried at 110°C and annealed at 450°C to obtain crystalline composite 
films. 
The films were investigated using X-ray diffraction (XRD), scanning electron microscopy (SEM), 
atomic force microscopy (AFM), and elemental analysis techniques (EDX and XRF). Photocatalytic 
activity was assessed using methylene blue (MB) and imidacloprid (IMD) aqueous solutions, both at 
an initial concentration of 10 ppm. Experiments were done under low irradiance conditions using 
either (UV + VIS) or UV radiation alone, with exposure times up to eight hours. XRD revealed a 
crystallinity degree of ~50% for all samples. Morphological analysis showed continuous films with 
highly stable surface aggregates of varying sizes and shapes, which increased the available surface 
area for pollutant adsorption.  Photocatalytic results indicated promising degradation efficiencies for 
MB, reaching 55–65% after 8 hours under combined UV–VIS irradiation, with up to 10% higher 
efficiency than UV-only exposure. IMD degradation followed a similar trend but with lower 
efficiencies (approximately 20–25%), suggesting a photosensitization effect associated with MB. 
Reusability tests involving three successive photocatalytic cycles revealed a gradual decrease in 
efficiency, attributed to surface clogging by degradation by-products. These findings highlight the 
need for effective regeneration strategies to support future up-scaling and long-term application of 
the composite photocatalytic systems. 
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Abstract: The efficient removal of diverse water contaminants, including heavy metal ions, organic 
dyes, and pathogenic bacteria, remains a critical challenge, particularly in emergency situations 
requiring portable purification systems [1, 2]. In this work, multifunctional macroporous cationic 
cryogels were designed as advanced sorbents for simultaneous water purification and disinfection 
[3]. The materials were prepared by entrapping fully quaternized poly(N,N-dimethylaminoethyl 
methacrylate) chains within a chitosan network cross-linked with glutaraldehyde, yielding semi-
interpenetrating polymer networks obtained via ice-templating at −18 °C or by unidirectional 
freezing. To further improve structural robustness and sorption efficiency, a second polymer network 
based on acrylamide, dimethylaminoethylmethacrylate, and N,N′-methylenebisacrylamide was 
introduced, leading to double-network composites denoted PC-ent-DN. Morphological and 
physicochemical investigations using FTIR spectroscopy, SEM, swelling studies, and compression tests 
demonstrated that pore architecture and mechanical behavior are strongly influenced by freezing 
conditions and network composition. The cryogels exhibited high sorption capacities toward Cr₂O₇²⁻ 
oxyanions, copper(II) ions, and methyl orange. The materials maintained over 92% of their 
chromium(VI) sorption capacity after multiple reuse cycles. In addition, the cationic cryogels 
displayed outstanding antibacterial performance, achieving complete inhibition of Escherichia coli 
and Salmonella typhimurium [3]. These findings demonstrate the high potential of the developed 
cryogels as versatile materials for advanced water purification applications. 

 
Selective references: 
1. X. Zeng, D.T. McCarthy, A. Deletic, X. Zhang, Silver/Reduced Graphene Oxide Hydrogel as Novel Bactericidal 
Filter for Point-of-Use Water Disinfection. Advanced Functional Materials, 25, Jul. 2015, p. 4344-4351. 
2. D.C. Wang, H.Y. Yu, M.L. Song, R.T. Yang, J.M. Yao, Superfast Adsorption-Disinfection Cryogels Decorated with 
Cellulose Nanocrystal/Zinc Oxide Nanorod Clusters for Water-Purifying Microdevices. ACS Sustainable Chemistry 
& Engineering, 5, Jul. 2017, p. 6776-6785. 
3. M.V. Dinu, D. Humelnicu, M.M. Lazar, E.S. Dragan, Cationic Composite Cryogels as Potential Filters for 
Removal of Metallic Pollutants, Anionic Dyes, and Bacteria from Water. ACS Applied Engineering Materials, 3, 
Sep. 2025, p. 3271−3284. 

 
 
Acknowledgements: M.V. Dinu and M.M. Lazar gratefully thank for the financial support from the 
Executive Agency for Higher Education, Research, Development and Innovation Funding (UEFISCDI) 
through the project PN-IV-P1-PCE-2023-1968 (4PCE/08.01.2025). 



                                                                                                 

78 
 

BRAMAT 2026 
14TH INTERNATIONAL CONFERENCE ON MATERIALS SCIENCE & ENGINEERING 

Transilvania University of Brasov - Romania 
Materials Science and Engineering Faculty 

III.O.05 
 

A MATERIAL CIRCULARITY INDICATOR IMPLEMENTATION FOR LITHIUM-ION AUTOMOTIVE 
BATTERIES 

 
Mihai Dragomir, Ankidim Zinveli, Elena Bianca Negomireanu, Mirela Simijdean 

 
 Technical University of Cluj-Napoca, Str. Memorandumului nr. 28, Cluj-Napoca 

e-mail: mihai.dragomir@muri.utcluj.ro 
 
 

Keywords: material circularity indicator, Lithium-Ion, automotive, critical materials 

 
Abstract: As lithium is a critical material for electromobility and smart devices, its recovery and reuse 
are essential to ensuring the competitiveness of the European industry in the automotive and other 
high-tech sectors. This paper develops a customized implementation of the Material Circularity 
Indicator (MCI), tailored to circular economy applications within the automotive battery industry. 
Based on a review of the available literature and industrial reports, a systemic model of the 
automotive battery production sector is developed using organizational, supply chain, and process-
modeling tools. The use of critical materials is analyzed through a material budget approach, and key 
points for recycling and recovery are identified in order to minimize waste and reduce dependence 
on newly mined resources. The MCI is calculated for the proposed model, after which improvement 
scenarios are introduced and reassessed. The discussion focuses on establishing the necessary 
prerequisites for effective recycling facilities. The results indicate significant potential for 
transforming the industry in terms of cost efficiency, environmental impact, and geopolitical 
resilience. 
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Abstract: Hydrogen storage remains a critical challenge for the widespread deployment of hydrogen-
based energy systems, as current high-pressure tank technologies struggle to simultaneously achieve 
high gravimetric and volumetric efficiencies. Capillary array hydrogen storage offers a promising 
alternative by enabling improved mechanical resistance and space utilization through the combined 
optimization of material properties and geometric design. 
In this study, a coupled materials–geometry framework for capillary array hydrogen storage is 
presented. High strength-to-weight materials, including polymers, glasses, metals, and ceramics, are 
evaluated for their suitability in capillary architectures based on mechanical performance and 
density. A mathematical modeling approach is used to investigate the influence of capillary 
dimensions and space-filling geometries on storage efficiency under high-pressure conditions. The 
results indicate that capillary arrays composed of optimized materials and geometries can achieve 
enhanced volumetric storage capacity while maintaining competitive gravimetric performance 
compared to conventional tank technologies. Improved packing efficiency and reduced structural 
mass are identified as the key drivers of this performance gain. The findings highlight the strong 
interdependence between material selection and geometric configuration in determining overall 
storage efficiency. This work demonstrates that capillary array hydrogen storage represents a viable 
pathway toward advanced hydrogen storage systems, offering improved space efficiency and the 
potential to overcome key limitations of existing high-pressure storage solutions. 

 
Fig.1. Materials-geometry framework for capillary array hydrogen storage capacity optimization [1] 
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Abstract: The global construction materials industry, especially the cement sector, is under 
significant pressure to reduce CO2 emissions and anthropogenic impacts. In this context, 
conventional materials, which are usually energy-intensive, do not meet the requirements of 
sustainable building; therefore, there is an urgent need to develop and validate alternative green 
materials. In the context of the circular economy and sustainability, incorporating industrial mineral 
waste, such as fly ash, metallurgical slag, mining residues, or other oxide by-products, as raw 
materials for low-carbon materials is a key solution. Therefore, geopolymers and other alkali-
activated systems have proven to be promising solutions, offering mechanical performance and 
durability comparable to those of conventional materials while significantly reducing CO₂ emissions. 
This paper briefly presents the current state of the art in geopolymers and their suitability for 
replacing conventional, energy-intensive materials. 
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Abstract: An alternative approach to the design of cementitious materials was explored, in which 
ordinary Portland cement (OPC) was partially replaced with ash obtained from legacy fly ash 
deposits. The substitution rates varied between 20% and 40% by mass. The fly ash was collected 
directly from aged deposit sites and subjected to a pre-treatment procedure consisting of oven 
drying at 60 ± 2 °C for 48 hours in order to eliminate residual moisture. Subsequently, the material 
was mechanically ground to obtain a particle size distribution passing the 63 µm sieve. The processed 
ash was incorporated into a cementitious system comprising OPC (CEM I) and standardized sand at a 
mass ratio of 1:3. The dry constituents were thoroughly homogenized and then mixed with water 
under controlled conditions, in accordance with the requirements of European Committee for 
Standardization standard SR EN 197-1:2011. The mortar specimens were demoulded after 24 hours 
and cured in water at 20 ± 2 °C. Mechanical, structural, and morphological properties were evaluated 
at curing ages of 1, 7, and 28 days, following the testing procedures specified in SR EN 196-1:2016. 
The blended binders exhibited initial setting times ranging from 260 to 284 minutes and final setting 
times between 600 and 670 minutes. Compressive strength results showed values between 12 MPa 
and 18 MPa at 1 day and between 50 MPa and 59 MPa at 28 days, depending on the ash content in 
the binder formulation. 
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Abstract: The management of electronic waste (e-waste) and the recovery of strategically important 
raw materials present a significant challenge and opportunity for a sustainable circular economy. This 
study focuses on the recovery of Rare Earth Elements (REE’s) and other critical materials from waste 
smartphone screens using a green and innovative solvometallurgical approach. The primary objective 
was to optimize the leaching process parameters using a Deep Eutectic Solvent (DES) composed of 
choline chloride (ChCl) and p-toluenesulfonic acid (pTSA). Key process parameters, including 
temperature (40°C and 80°C), solid/liquid (S/L) ratio (0.025 to 0.200), and duration (4 to 24 hours), 
were systematically investigated using a Taguchi experimental design. The results demonstrate that 
temperature is the most dominant factor, with an increase to 80°C significantly enhancing the 
recovery efficiency for all target metals. Optimal S/L ratios were found to be element-specific, with 
0.050 being ideal for Nd, Dy, and Pr, while a more dilute ratio of 0.025 was preferable for Ce, La, and 
Ga. This research, being the first to apply this specific DES system for leaching metals from waste 
smartphone screens, highlights a promising and efficient pathway for urban mining of e-waste. 
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Abstract: Chemical components in municipal effluents are critical factors with high influence on 
quality of receiving waters or on the possibility to recycle them [1]. Up to date the chemical profile of 
these effluents was evaluated using mainly global parameters such as COD and BOD or TOC, and 
suspended solids. These pollutants include pharmaceuticals like paracetamol [2]. The mixed ferrites 
were prepared by coprecipitation. The morphological and structural characterisation of the catalysts 
was achieved by means of: Transmision Electron Microscopy with Energy Dispersive X-ray 
spectroscopy (TEM-EDX), X-Ray Diffraction analysis (XRD), and XRF. Catalytic tests (0.1-0.5 g.L-1 
catalyst) were carried out in a semi-batch reactor (volume 200 mL) equipped with a magnetic stirrer 
and a thermostat (at 20 °C). Ozone was continuously bubbled into paracetamol solution (10-5-10-4 M) 
through a ceramic sparger at a flow rate of 20 L h-1. Ozone was continuously monitored with an 
ozone gas analyzer (BMT 964). For the chemical species evolution during the oxidation process 
samples were periodically withdrawn at intervals varying from 15 to 30 min. Organic substrate was 
analyzed measured by HPLC–UV, via gradient elution with a Kinetex Evo C18 column (Agilent) in a 
Rigol 3000 system. Mobile-phases were 80% acetonitrile/ 20% pH 5, 2-mM acetate buffer or 80% 
acetonitrile/20% pH 2.2, 10-1 mM phosphate buffer for paracetamol. Paracetamol was detected at 
257 nm. In the study of paracetamol oxidation several parameters were investigated: initial pollutant 
and ozone concentrations, catalyst dose, and evolution of oxidation by products and pH. The study 
shows that ozonation contributed substantially to overall removal of paracetamol with over 70% but 
catalytic ozonation efficiency can reach total removal of target pollutant and a better mineralization 
of organic substrate. 
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Abstract: The use of hydrothermal carbon (HTC) for adsorption appears to be the most economical 
and easiest/fastest approach for the removal of pollutants from water and wastewater [1]. The aim 
of this study was to use coffee grounds by hydrothermal autoclaving technology for the retention of 

heavy metals from synthetic waters [2]. Five HTC samples 
were produced by varying the autoclaving conditions: 
temperature (220°C/150°C), contact time (1 h/6 h/12 h) and 
solid to distilled water mass ratio (1/10 and 1/5). HTC 
samples were treated with a 2M NaOH solution to improve 
the retention capacity of heavy metals from synthetic water 
samples. Each 0.1 g of treated HTC was put in contact with a 
0.5 mg/L multi-element heavy-metal standard solution. 
Samples were collected at 0, 15, 30, 45, and 60 minutes 
respectively and analyzed qualitatively by flame atomic 
absorption spectrometry (ContrAA 800). Qualitative testing 
of heavy-metal removal from the synthetic water indicated 
that HTC produced at 220 °C, 1 h contact time, and a 1:10 
reactants ratio showed enhanced efficiency in retaining Cd, 
Co, Cr, Cu, Mn, Ni, and Pb ions (Fig. 1). Integrating the 

products from coffee grounds processing by hydrothermal autoclaving can yield multiple benefits: 
reduced environmental pollution, efficient waste management, and a more sustainable future. 
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Fig. 1. Absorbance recorded by the HTC I 
sample in the time interval 0 -60 minutes 
in contact with a 0.5 ppm multielement 

standard metal solution 
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Abstract: The development of sustainable solutions for clean air and clean water has become a 
global priority in promoting a greener and more sustainable future. Among emerging environmental 
pollutants, textile-derived microfibers (MFs) have gained increasing attention due to their released 
into aquatic systems and the atmosphere [1, 2]. In this paper, sports textiles based on virgin 
polyester (PET), recycled polyester (rPET), recycled 
polyamide/elastane (rPA/EL), and virgin PA/EL – both 
unwashed and washed for ten cycles in a lab 
GyroWash washing machine (which is equivalent to 
five cycles in an automatic washing machine), of 
which one sample showed perforations were 
investigated for MFs release. The results showed that 
the rPA/EL washed in a single wash cycle is an 
important source of secondary MFs. Dark-colored 
textiles revealed high difference between their colors 
compared with controls, which may promote an 
increased microfiber shedding during washing (Fig. 1). 
Developing sustainable textile solutions, focused on 
material selection, optimizing manufacturing 
processes and increasing wash durability are effective 
strategies to reduce MFs during repeated washing. 
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Fig. 1.  Difference between the colors of 
the washed textile samples compared to 

the controls 
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Abstract: Although it is used as a disinfectant and in low concentrations does not pose health 
problems, there are applications in which the water must be free of chloramines. It is known that of 
all the chlorine compounds used for water disinfection, chloramine leads to the formation of much 
fewer disinfection by-products. Therefore, chloramine is used when it is desired to replace 
chlorination due to the increased risk of formation of disinfection by-products. Unlike free chlorine, 
chloramine does not dissipate by itself. It is therefore necessary to apply effective removal methods. 
One of them is sorption on activated carbon which is easy to apply and efficient. In the present work, 
the retention of chloramine on modified activated carbon (contacted with thyme extract to improve 
performance) was studied. The influence of the working parameters (contact time, initial chloramine 
concentration, adsorbent mass to solution volume ratio, pH) was studied and the results were 
compared with those obtained for chloramines adsorption on simple activated carbon. The 
experiments showed that the modified activated carbon completely removes chloramines from 
water in a shorter time (for example, trichloramine is completely retained after 20 minutes, 
compared to the test performed with simple activated carbon indicating a concentration of 0.88mg/L 
trichloramine in solution for the same contact time). 
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Abstract: Hydrogels possess a wide range of physicochemical properties that originate from their 
three-dimensional polymeric networks, enabling their use in diverse application areas. When derived 
from natural polymers, hydrogels combine high absorption capacity with biodegradability, making 
them particularly attractive for environmental applications by minimizing secondary waste 
generation [1]. Xanthan gum, a naturally occurring anionic polysaccharide rich in carboxyl functional 
groups, exhibits strong interactions with metal ions and therefore represents a suitable matrix for 
property modulation through the incorporation of transition metal oxide nanoparticles [2]. 
In this study, an environmentally friendly thermal crosslinking approach was employed to synthesize 
xanthan/poly(vinyl alcohol) hydrogels using citric acid as a green crosslinking agent [3]. The effect of 
nanoparticle loading on the structural, morphological, optical, and sorption properties of the 
resulting hydrogel composites was systematically investigated. The observed property variations 
were attributed to interfacial interactions between the polymeric network and the embedded 
nanoparticles. 
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Abstract: Baccaurea, a genus in the family Phyllanthaceae, comprises fruit-bearing plants widely 
distributed across tropical Asia. Several species are traditionally used in Southeast Asia for medicinal 
purposes; however, comparative data on the chemical composition and biological activities of 
underutilized Baccaurea species remains limited. This study aimed to characterize the chemical 
constituents of essential oils obtained from selected Baccaurea species and to evaluate their 
antibacterial and antioxidant activities. Essential oils were extracted from fresh leaves and fruits by 
hydrodistillation and analyzed using gas chromatography (GC) and gas chromatography–mass 
spectrometry (GC–MS). Antibacterial activity was assessed using disc diffusion and broth 
microdillution assays. Meanwhile, antioxidant capacity was evaluated using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical 
scavenging, as well as ferric reducing antioxidant power (FRAP) assays. The essential oils were 
predominantly composed of monoterpenes, sesquiterpenes, their oxygenated derivatives, and fatty 
acid derivatives. These findings highlight the phytochemical diversity and biological potential of 
underexplored Baccaurea species, supporting their further exploration as valuable sources of 
bioactive compounds.  
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Abstract: Triphenylmethane dyes are widely used in industrial processes and are recognized for their 
high persistence and toxicity in aquatic environments. Once released into water bodies, these 
compounds cause severe coloration, which limits light transmission and interferes with 
photosynthetic activity [1]. In addition, their ability to permeate biological membranes and 
bioaccumulate raises concerns regarding long-term toxic effects, including genotoxicity and 
carcinogenicity. These issues highlight the need for efficient and environmentally benign strategies 
for dye removal from wastewater [2]. In this work, chitosan–zeolite nanocomposite cryogels were 
designed and evaluated as adsorbent materials for the removal of chrome azurol S (CAS) from 
aqueous solutions [3]. Chitosan was selected as a biopolymeric matrix due to its biodegradability and 
functional amino groups, while natural zeolite was incorporated to enhance sorption performance. 
The incorporation of zeolite within the chitosan network was proved using Fourier-transform 
infrared spectroscopy, scanning electron microscopy, and energy-dispersive X-ray analysis. The 
cryogels exhibited fast swelling behavior at pH 1.2, reaching equilibrium within approximately 10 
minutes. Adsorption studies showed that the uptake of CAS increased with decreasing cross-linking 
degree and increasing zeolite content. Equilibrium data were best described by the Freundlich 
isotherm model, suggesting heterogeneous surface interactions and multilayer adsorption. The 
maximum adsorption capacity of 250.81 mg/g was achieved for the CSGA5Z40 sorbent [3]. These 
findings indicate that chitosan–zeolite nanocomposite cryogels represent an effective and adaptable 
class of bio-based adsorbents with significant potential for the treatment of dye-contaminated 
wastewater. 

 
Selective references: 
1. T. Yao, Y. Gan, Q. Li, M. Tan, X. Shi, Removal and recovery of triphenylmethane dyes from wastewater with 
temperature sensitive magnetic ionic liquid aqueous two-phase system. Journal of Cleaner Production, 328, 
Dec. 2021, p. 129648. 
2. M.M. Lazar, R.P. Damaschin, I. Volf, M.V. Dinu, Deep cleaning of crystal violet and methylene blue dyes from 
aqueous solution by dextran-based cryogel adsorbents. Gels, 10, Aug. 2024, p. 546. 
3. M.M. Lazar, C.-A. Ghiorghita, D. Rusu, M.V. Dinu, Nanocomposite cryogels based on chitosan for efficient 
removal of a triphenylmethane dye from aqueous systems. Gels, 11, Aug. 2025, p. 729. 

  
 
Acknowledgements: This work was supported by the Ministry of Research, Innovation and 
Digitization, CNCS/CCCDI – UEFISCDI, project PN-IV-P1-PCE-2023-1968 (4PCE/08.01.2025). 



                                                                                                 

90 
 

BRAMAT 2026 
14TH INTERNATIONAL CONFERENCE ON MATERIALS SCIENCE & ENGINEERING 

Transilvania University of Brasov - Romania 
Materials Science and Engineering Faculty 

III.P.07 
 

ANAEROBIC DARK FERMENTATION OF PRETREATED KITCHEN WASTE 
 

Paula Sfirloaga1, Debkumar Chakraborty1,2, Makarand Ghangrekar1,3, Ionel Balcu1, Corina 
Macarie1, Doru Buzatu1, Narcis Duteanu1,4 

 
1National Institute for Research and Development in Electrochemistry and Condensed Matter, Dr. A.P. Podeanu 

street, No. 144, 300569, Timisoara, Romania, e-mail: paulasfirloaga@gmail.com 
2Gandhi Institute of Technology and Management (GITAM), Visakhapatnam, India 

3Indian Institute of Technology, Kharagpur, India 
4Department of Applied Chemistry & Engineering of lnorganic Compounds & Environment, Faculty of Chemical 

Engineering, Biotechnologies and Environmental Protection, Politehnica University Timisoara, Romania 
 
 

Keywords: food waste, dark fermentation, energy recovery 

 
Abstract: The research carried out aimed to further optimize the dark anaerobic fermentation 
process in order to maximize the recovery yield of chemical energy stored in kitchen waste [1-3]. In 
this context, studies were conducted to optimize anaerobic fermentation processes operating both in 
batch mode and in continuous bioreactor operation. The data obtained when the fermentative 
processes were carried out without pH correction highlighted that, during fermentation, a decrease 
in pH value occurs—i.e., an acidification of the reaction medium—which affects and alters the 
metabolic processes taking place within the microbial consortium. In this regard, in order to optimize 
the biohydrogen production process and maximize the amount of biohydrogen obtained, 
experiments were conducted to evaluate how pH control influences the quantity of biohydrogen 
produced. From the experimental data obtained, it can be observed that increasing the amount of 
volatile solids from 12 g/L to 16 g/L leads to a significant increase in the volume of hydrogen 
produced (from approximately 125 mL hydrogen/g VS to about 150 mL hydrogen/g VS). With a 
further increase in the amount of volatile solids introduced into the bioreactor, a decrease in the 
amount of biohydrogen produced is observed. This trend can be correlated with the limitations of 
the microbial consortium responsible for carrying out anaerobic fermentative processes. A possible 
cause is the increase in microbial biomass due to the abundance of substrate. It should be noted that 
in all experiments conducted at this stage, the amount of methane produced was minimal—below 
5% of the total biogas obtained. 
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Abstract 
This research presents the Integrated Circularity Assessment Model (ICAM), a framework for 
evaluating material flows and circular performance in municipal waste systems. ICAM integrates 
material flow quantification, environmental impact assessment, circularity metrics, operational 
benchmarking and scenario‑based modelling to support circular transition pathways [1]. The model 
characterizes heterogeneous waste streams and their suitability for low-emission, resource-efficient 
processing, including chemical depolymerization, bioconversion, advanced sorting, optimized 
mechanical recovery, selective aggregate liberation and fibre‑recovery [2]. These characterizations 
generate structured Life Cycle Inventory (LCI) inputs for Life Cycle Assesment (LCA), enabling 
consistent integration of waste derived secondary materials into environmental impact models [3]. 
By identifying critical points for resource losses, environmental impact, recovery constraints and 
circularity opportunities, ICAM supports the development of sustainable material systems and green 
processing chains, contributing to cleaner and more efficient environmental material flows. 
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Abstract: Photocatalytic nanoparticles are nowadays used in air and wastewater treatment, as self-
cleaning/decontamination fabrics, etc. Their formulation as dispersions/inks enables simple and low-
cost deposition, but stabilizers might have a diminishing effect on their photocatalytic efficiency. Thus, 
the optimization process is simultaneously focused on the dispersion photocatalytic activity and 
stability, as consequence of photocatalyst properties, surface charge, additives type and quantity [1-3].  
The study investigates the photodegradation of dyes and chemical warfare agents by the TiO2-CuxS 
composite system deposited on commercial woven fabrics and textile fabrics for military suites by 
cold spray deposition, from stabilised dispersions. The influence of the dispersion stabilizers and 
deposition parameters on the fabrics photocatalytic activity is studied to allow process optimization. 
Photocatalytic inks were prepared by dispersing under ultrasonication nanoparticles (NP) of sol-gel 
TiO2 and CuXS (obtained via chemical precipitation) in water, water-2-propanol, using as stabilizing 
agents surfactants (DTAB, SDS, PEG), polymers (PAA), a biopolymer (chitosan, Q) and a capping agent 
(TODA) leading to: (a) dispersions of already prepared composites TiO2-CuxS and (b) dispersions of 
TiO2, CuxS for the in situ preparation of TiO2-CuxS composite (Type b). The dispersion stability was 
optimized considering: the powder concentration (0.2...1%); the composition of the continuous 
medium; the TiO2:CuxS ratio in (Type a) experiments; the stabilizer (type and concentration). The 
relative increase in the VIS transmittance for each dispersion at pre-set moments: 10, 15, 30 minutes 
was used as stability indicator. 
The stabilized dispersions were deposited by room temperature spraying, on commercial woven 
fabrics and textile fabrics for military suites as: (1) multiple layers (type (a) dispersions) or (2) 
successive layers, TiO2/CuxS/ TiO2 (type b dispersions). Coated fabrics were tested for methylene 
blue, MB (4 ppm concentration, 6h of UV+VIS irradiation, G=55W/m2) and mustard gas, HD 
(concentration equivalent to 10 g/m2, 10...120 min of UV irradiation, G=230W/m2) 
photodegradation. Better removal efficiencies were provided by the multiple layers coated fabrics, 
for both MB (higher than 75% after 6 hours of UV+VIS irradiation) and HD (around 95% mustard gas 
degradation after 120 minutes of UV exposure). Photodegradation mechanisms were proposed and 
recommendations in the design of self-decontamination fabrics based on TiO2-CuxS were formulated. 
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Abstract: The research presents a sustainable pathway for the fabrication of porous ceramic 
materials using cold sintering at a low processing temperature of 150°C. The ceramic matrix was 
developed from recycled clay brick powder and sodium silicate, utilizing a sacrificial pore former 
specifically selected for its thermal stability during the sintering cycle. The chosen pore former 
remains chemically and physically stable at the cold sintering temperature, ensuring structural 
integrity during the high-pressure consolidation phase (up to hundreds of MPa). 
Post-sintering, the sacrificial phase was removed via a leaching process to generate a controlled, 
interconnected pore network. The microstructural characteristics were evaluated using Scanning 
Electron Microscopy (SEM) and X-ray Diffraction (XRD), while the influence of porosity on the 
mechanical and thermal properties was systematically investigated. Results indicate that the cold-
sintered porous ceramics achieve a significant reduction in embodied energy and carbon footprint 
compared to traditional ceramics fired at 900°C. The resulting lightweight material demonstrates 
high potential for applications in sustainable construction and thermal insulation, providing a circular 
economy solution for construction and demolition waste. 
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Abstract: Water pollution with heavy metals, particularly lead, represents a major environmental 
issue with significant impacts on human health and aquatic ecosystems. In this context, the 
valorization of agricultural waste for the production of adsorbent materials constitutes a sustainable 
solution aligned with the principles of the circular economy [1-2]. This study evaluates the efficiency 
of biochar derived from rice husks for the removal of Pb²⁺ ions from aqueous solutions, in 
comparison with the raw material. Biochar was obtained through the pyrolysis of rice husks at 500°C 
[3], and adsorption experiments were conducted in batch systems using lead solutions with initial 
concentrations ranging from 1 to 25 mg/L at temperatures of 5°C, 25°C, and 40°C. Kinetic analysis 
was performed using pseudo-first-order and pseudo-second-order models, with experimental data 
showing a better fit to the pseudo-second-order model (R² > 0.99), suggesting the predominant 
involvement of chemical adsorption mechanisms. Although higher kinetic rate constants (k₂) were 
observed for raw rice husks, biochar exhibited higher initial adsorption rates and equilibrium 
adsorption capacities, indicating superior overall efficiency. The analysis of adsorption isotherms and 
the effect of temperature revealed different behaviors for the two materials, with biochar showing 
optimal performance at 25°C. The results confirm the potential of rice husk-derived biochar as an 
efficient, sustainable, and economically viable adsorbent for the removal of lead from contaminated 
water. 
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Abstract: The advancement of ultra-low-density targets has emerged as a significant research 
direction, due to their potential to enhance the energy coupling in high-power laser experiments, 
particularly those focused on particle acceleration and radiation generation. In recent years, 
considerable attention has been devoted to optimizing laser–plasma coupling to achieve higher 
acceleration efficiencies. In this context, we report on the development and characterization of 
structured ultra-low density carbon (ULD-C) targets fabricated via Pulsed Laser Deposition (PLD) on 
thin aluminum (Al) foil substrates. These targets exhibit densities on the order of a few mg/cm3, 
specifically tailored to improve laser energy absorption through volumetric interaction mechanisms. 
A detailed experimental investigation of the laser-target interaction was carried out at the ELI-NP 
facility using a femtosecond pulsed laser system operating at millijoule energy levels and intensities 
around 1013 W/cm2, in vacuum conditions. The plasma plume dynamics from ULD-C on Al foils was 
analyzed and compared to that obtained from bare Al foil targets. We performed a comparative 
analysis using an ultra-fast ICCD camera and Langmuir probe measurements to determine the time-
of-flight of the ions. The results showed a notably distinct behavior in plume expansion and kinetic 
energy profiles between the structured and simple Al foil targets. 

Complementary radiative-hydrodynamic simulations were performed using the FLASH code to 
model the temporal evolution of the laser-induced plasma. The simulations revealed that, while bare 
aluminum foils exhibited surface-localized heating and limited plume expansion, the ULD-C targets 
facilitated volumetric energy absorption, resulting in a more uniform heating profile and explosion-
like plasma dynamics. Preliminary tests performed at the 1 PW fs-laser level with an Al 1.5 mm+ 10 
mm C foam target showed the detection of a proton beam of 27.8 MeV. This work highlights the 
potential of engineered ULD-C targets to significantly enhance laser–plasma coupling and obtain high 
energy proton beams. 
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Abstract: This study combines quality management, engineering principles, and intellectual property 
to improve integrated healthcare systems. It proposes a framework that uses systems engineering 
tools to protect procedural and technological innovations and enhance performance metrics. 
Methods examined operational processes at Bacău County Emergency Hospital using industrial 
engineering techniques, including Lean Six Sigma and value stream mapping. This identified 
intangible assets for IP protection and connected ISO quality standards to patents and know-how 
safeguards. Findings indicate that engineering integration improves workflows and develops valuable 
IP portfolios. Protected protocols for equipment management and internal software act as strategic 
assets, increasing competitiveness and sustainability. In conclusion, viewing hospitals as complex 
engineering systems, with rigorous quality management and IP protection, modernises infrastructure 
and transforms operational innovations into intellectual capital. 
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Abstract: A considerable number of novel technologies emerge from the seven families of additive 
manufacturing (AM) identified by ASTM F42 [1], each one including unique features. However, when 

it comes to scaling up dimensions and 
complexity of a part, especially in the field of 
metals and alloys, technological options become 
limited. Directed energy deposition (DED) is the 
family of AM technologies showing the highest 
capabilities in terms of large building volume 
coupled with a fair amount of part complexity. 
Scaling up dimensions and complexity is a very 
big challenge, not only because of the need to 
account for the print job stability and conformal 
growth of the part, but also because of the 
microstructural features which arise from the 
combination of high thermal gradients and 
unconventional mutual orientations of part and 

deposition nozzle [2]. This can result in complex shapes of the melt pool that, building the part layer 
upon layer, can result in local instabilities and microstructural inhomogeneities, and part distortions 
at the macroscopic level. In this context, the present research shows the microstructural features 
(Fig. 1) of complex parts fabricated by an LP-DED system, using the nickel superalloy IN625 as a raw 
material. Samples’ characterization was performed by stereomicroscopy (for roughness and waviness 
investigations), metallography and optical microscopy as well as scanning electron microscopy (SEM), 
to show different features due to different process parameters combinations during complex 
channel-type parts fabrication.   
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Fig. 1.  Microstructure of LP-DED Inconel 625 
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Abstract: Craniocerebral trauma is a leading neurosurgical condition requiring innovative diagnostics 
and therapies. Nanotechnology offers advanced tools to improve the management of traumatic brain 
injury. This review evaluates its role in diagnosis and treatment based on recent literature and 
assesses implementation potential at Bacău County Emergency Hospital. Methods: A systematic 
literature search was conducted in PubMed, Scopus, and Web of Science, focusing on 
nanotechnology applications in neuroimaging, neuroprotection, and targeted drug delivery. Results: 
Nanotechnology enables molecular lesion imaging, efficient drug delivery, and neuronal repair in TBI. 
These advances enhance treatment efficacy and prognosis, supporting clinical integration. Targeted 
adoption can personalise care, with intellectual property considerations essential for neurosurgical 
progress and patient outcomes. 
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