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Feeding Robots 

 

Agnieszka Adamczyk1* 

 
1 Department of Mechanics, Materials and Biomedical Engineering, Faculty of Mechanical, Wrocław University of Science 

and Technology 

* Email: agnieszka.adamczyk@pwr.edu.pl 

 

Keywords: feeding robots, Arduino, the elderly, healthcare, social robot 

 
As the global population ages, the demand for innovative tools to support individuals dependent on caregivers 

steadily increases. It is essential to promote and ensure the accessibility of such solutions for all who require them. 

While assistive technologies already exist, they are often financially out of reach for those who need them most. 

One of the everyday challenges elderly individuals face is eating, as they usually rely entirely on others for assis-

tance. To address this issue and help restore a sense of independence during meals, a feeding robot was developed 

as part of a master’s thesis, serving as a prototype for a widely affordable and accessible solution. 

The project focused on designing and building a cost-effective, functional, and easy-to-manufacture feeding sta-

tion. The robot was primarily produced using additive manufacturing (3D printing) and is operated via an Arduino 

Uno microcontroller. The system includes four servomechanisms: a bowl, a spoon, a card reader, a temperature 

sensor, an RGB LED, a battery, control buttons, and a main switch. Notable features include a temperature sensor 

for monitoring meal conditions and a card reader that stores patient-specific settings to optimize arm movement. 

The prototype was tested using food products of varying consistencies, such as water, thick cream soup, and kissel, 

in both hot/liquid and cold/semi-solid forms. Tests confirmed the robot’s ability to consistently retrieve a food 

sample and deliver it safely to the user’s mouth without losing its contents. 

However, particular challenges emerged during testing. Specific movement sequences were more effective for liquid 

or semi-liquid foods, while solid foods required different approaches. Sticky substances, such as kissel, demanded 

additional motions to remove excess from the spoon and ensure clean transport. Despite these limitations, the initial 

phase demonstrated the viability of creating a low-cost and practical solution using widely available materials. 

Due to the complexity of trajectory optimization, the project has since evolved into a doctoral research topic. The 

current phase focuses on developing a more reliable robot capable of handling various food textures effectively. 

A second prototype has been designed using a simplified, more rigid metal component resembling a channel bar. 

This advancement introduced the need to consider user safety more seriously. As a result, the new prototype in-

cludes friction-based joints that allow controlled slippage in case of collisions. The integration of collision sensors 

remains a subject for future development. 

The first prototype and the improved version currently under development are shown in Fig. 1. 

 

Fig. 1. The feeding robot currently developed during my doctoral studies (left) and its prototype created as part of my master’s thesis (right) 

[own study] 
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Evaluation of Oxime Ethers: Cytotoxicity and Cell Viability in THP-1 Cells 

 

Kinga Baberowska1*, Alicja K. Surowiak1, Marcin Poręba1, Daniel J. Strub1 

 size 12 
1 Department of Chemical Biology and Bioimaging, Faculty of Chemistry, Wrocław University of Science and Technology 

* Email: kinga.baberowska@pwr.edu.pl  

spacing size 10 

Keywords: oxime ethers, cytotoxicity, cell viability, THP-1 cells, fragrance safety 

 
The ability to serve multiple functions is essential for novel chemical compounds, particularly in the field of fra-

grances, where enhancing product appeal, user satisfaction, and regulatory compliance is crucial. Compounds con-

taining the oxime ether group are highly regarded not only for their diverse and versatile chemical properties but 

also for their significant biological activities. The oxime ether motif is considered a privileged structure in chem-

istry, as it is found in numerous medicinal frameworks exhibiting a wide range of biological and pharmaceutical 

effects, such as antifungal, antibacterial, anticancer, and antitumor activities [1], which may also influence immune 

cells like macrophages. These cells are critical in the skin, playing a dual role in maintaining homeostasis and 

defending against microbial threats. Depending on their activation state, they can either support healthy skin func-

tion or contribute to inflammation. This makes them particularly relevant when evaluating substances like fra-

grances, which, while beneficial, can sometimes trigger allergic or irritant skin reactions [2, 3]. 

To assess the cytotoxic potential of newly synthesized compounds, 90 oxime ethers (at a concentration of 200 µM) 

were subjected to preliminary cytotoxicity testing using human leukemia monocytes differentiated into macro-

phage-like cells (THP-1), during exposure time 24–72 h. THP-1 cells were differentiated into macrophages using 

10 nM PMA and seeded in 96-well cell culture plates at a density of 100,000 cells per well in 100 μL of RPMI 

1640 medium supplemented with 10% FBS, 2 mM L-glutamine, 100 units/mL penicillin, and 10 mg/L streptomycin. 

Cytotoxicity was evaluated using both the MTS assay, which measures cellular metabolic activity, and the LDH 

assay, which detects membrane integrity and cell damage. 

The results showed that oxime ethers generally exhibited significantly lower cytotoxicity. Oxime ethers with 

longer or branched alkyl groups tended to exhibit lower cytotoxicity and higher cell viability. Most oxime ethers 

maintained cell viability above 70%, often exceeding 85%, indicating low toxicity to healthy cells. Several oxime 

ethers demonstrated both low cytotoxicity and high viability, positioning them as promising candidates for further 

development in the field. 

 
References 

[1] Mirjafary Z. et al., Oxime ethers as versatile precursors in organic synthesis: a review, RSC Advances, 2015, 5, 79361–79384. 

[2] Nakai K., Multiple Roles of Macrophage in Skin, Journal of Dermatological Science, 2021, 104, 2–10. 
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Investigating the Role of Macrophages in Spinal Cord Regeneration in Zebrafish 

 

Jakub Baczyński-Keller1, 2*, Samuel Wattrus2 

 
1 Laboratory for Regenerative Biotechnology, Department of Chemistry, Gdansk University of Technology 
2 Wattrus Lab, Department of Molecular Biology, Massachusetts General Hospital & Harvard Medical School 

* Email: jakub.baczynskikeller@fulbrightmail.org 

 

Keywords: developmental biology, regenerative medicine, molecular biology 

 
The immune system has been shown to play a crucial role in the response to tissue damage in many organisms, 

including zebrafish (D. rerio), a species characterized by exceptional regenerative capacity. Macrophages were 

found to not only remove dead cells but also to transmit signals that activated progenitor cells and initiated regen-

erative processes. In the absence of macrophages, regeneration did not occur – cells did not divide. 

Confocal time-lapse microscopy revealed that macrophages establish prolonged physical interactions with glial 

cells, sometimes even engulfing viable cells. These contacts precede regenerative events and may suggest a direct 

regulatory role. 

To investigate the molecular basis of this macrophage influence, we performed single-cell RNA-seq and ATAC-

seq one day post-injury, comparing injured animals with and without macrophages. While no major shifts in gene 

expression were observed at this early time point, chromatin accessibility analyses identified macrophage-depend-

ent open regions enriched for AP-1 transcription factor motifs, including FOSL2, JDP2, and ZNF148. 

Among 20 candidate enhancers identified from these regions, one drove injury-specific GFP expression in neurons, 

enabling real-time visualization of regenerative activation in transgenic lines. These results support a model in which 

macrophages orchestrate regeneration not only through debris clearance and cytokine release, but by modulating 

chromatin accessibility and activating gene regulatory programs in progenitor cells. Our findings establish a frame-

work for dissecting macrophage-driven regeneration and may inform future regenerative medicine strategies. 

 

Fig. 1. Process of zebrafish spinal cord regeneration – right after injury (top panel) and 3 days after injury (bottom panel). 

Neurons are labeled in green 
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Review of Sizing Methodologies for Hydropower-Based Hybrid Energy Systems: 

A Techno-Economic Perspective 

 

Yuting Cui1*, Jakub Jurasz1 

 
1 Department of Water Management, Faculty of Environmental Engineering, Wrocław University of Science and Technology 

* Email: yuting.cui@pwr.edu.pl 

 

Keywords: hybrid power systems, techno-economic analysis, pumped hydro storage, renewable energy 

 
Hybrid energy systems emerge as an irreplaceable approach to enhancing grid resilience and speeding up the power 

system transformation [1]. Hydropower, validated in commercial and industrial contexts, serves as a promising 

complementary energy source for inherently variable solar and wind sources [2]. However, realizing its comple-

mentary potential depends on proper system configuration. Most existing reviews on this topic focus primarily on 

wind and solar energy, leaving a gap in hydropower-based hybrid energy systems (HBHES) sizing studies [3]. In 

light of this, this work reviews HBHES from a techno-economic perspective, examining system configurations, 

uncertainties, techno-economic indicators and optimization methods. A total of 189 research articles were retrieved 

and categorized from the Web of Science and Scopus databases using the keywords “capacity configuration” and 

“hydropower/pumped hydro storage,” covering complementary energy sources such as solar, wind, electrochem-

ical, hydrogen, biomass, and thermal. Some key conclusions are as follows: (1) The three most influential factors 

are runoff, electricity prices, and initial investment costs, which affect optimal sizing by 34%, 21%, and 14%, 

respectively. (2) Wind and solar should account for 40% of the total capacity in HBHES, with storage capacity 

– such as PHS – constituting 10–20% to achieve optimal technical and economic performance. (3) Accelerated mar-

ketization intensifies the impact of natural resources and energy demand on electricity prices, potentially reshaping 

the landscape of HBHES sizing research. This work aims to offer optimal sizing strategies for hybrid energy sys-

tems centered on hydropower, as well as provide in-depth insights into their techno-economic aspects. 

 

Fig. 1. Hydropower-based hybrid energy system complementary relationships 

References 

[1] Cui Y. et al., Capacity configuration of cascaded hydro-wind-photovoltaic complementary systems considering comprehensive benefits 

based on a synergetic-orderly framework, Energy Convers Manage, 2024, 319, 118916. 

[2] Jurasz J. et al., A review on the complementarity of renewable energy sources: Concept, metrics, application and future research directions, 

Solar Energy, 2020, 195, 703–724.  

[3] Lian J. et al., A review on recent sizing methodologies of hybrid renewable energy systems, Energy Conversion And Management, 2019, 199.  
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Zoonotic Capnocytophaga in Wrocław’s Dogs: Prevalence and Identification Study 

 

Zuzanna Czekaj1*, Małgorzata Klimowicz-Bodys1, Krzysztof Rypuła1 

 
1 Department of Epizootiology and Clinic of Birds and Exotic Animals, Faculty of Veterinary Medicine, Wrocław University 

of Environmental and Life Sciences 

* Email: zuzanna.czekaj@upwr.edu.pl 

 

Keywords: Capnocytophaga canimorsus, Capnocytophaga cynodegmi, Capnocytophaga spp., dog, microbiome 

 
Capnocytophaga species are Gram-negative, facultatively anaerobic bacteria that naturally inhabit the oral cavities 

of dogs and cats. Within this group, Capnocytophaga canimorsus and Capnocytophaga cynodegmi are known zoon-

otic agents, with C. canimorsus posing a particular threat to individuals with weakened immune systems [1, 2]. This 

study aimed to determine the prevalence of these bacteria in dogs from the Lower Silesia region of Poland and 

explore potential factors influencing their presence. Statistical analysis was conducted using Pearson’s chi-square 

test and Fisher’s exact test. P ≤ 0.05 was considered to indicate a statistically significant association. Statistical 

analysis was performed using PQStat (v. 1.8.6). Due to the exploratory nature of this pilot study and the limited 

sample size, multivariate analysis was not performed. 

Oral swabs were collected from 105 dogs and analyzed using PCR-based molecular techniques. The study assessed 

possible links between the presence of C. canimorsus and C. cynodegmi and a variety of variables, including oral 

health condition, prior antibiotic use, age, chronic illness, and dietary habits, particularly the use of dog chews. 

Findings revealed that 55.2% of the samples contained at least one Capnocytophaga species, with C. cynodegmi 

detected in 45.7% and C. canimorsus in 39% of cases, as shown in Fig. 1. 

Statistical analysis showed a significant correlation between C. cynodegmi presence and factors such as oral cavity 

health (p = 0.019), the location from which the swab was taken (p = 0.015), and the use of dog chews (p = 0.015). 

While a significant association between the use of dog chews and the presence of C. cynodegmi was observed, 

this does not imply a causal relationship. Further research is needed to explore potential mechanisms. No signifi-

cant associations were identified for C. canimorsus with the factors investigated. Interestingly, among multi-dog 

households, bacterial transmission was not consistent, indicating the potential involvement of additional, uniden-

tified factors that merit further study. 

These results emphasize the importance of Capnocytophaga species as constituents of the canine oral microbiome 

and reinforce the need for ongoing research into their implications for both canine and human health. Considering 

the zoonotic risks associated with these bacteria, it’s essential to raise awareness among dog owners and veterinary 

professionals, particularly concerning oral hygiene practices and preventive measures. 

 

Fig. 1. Prevalence of Capnocytophaga species in healthy and sick dogs 

References 

[1] Dilegge S.K. et al., Presence of the oral bacterium Capnocytophaga canimorsus in the tooth plaque of canines, Veterinary Microbiology, 

2011, 149, 437–445. 

[2] Holt C.S., Capnocytophaga, [in:] B.W. Whitman (ed.), Bergey’s Manual of Systematics of Archaea and Bacteria, John Wiley & Sons, 

Inc., 2015, 4, 168–176. 
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Architectural Research of Carolath Castle 

 

Daria Dobrasiak1* 

 
1 Department of Architecture Conservation and Restoration of Cultural Landscape, Faculty of Architecture, Wrocław Univer-

sity of Science and Technology 

* Email: daria.dobrasiak@pwr.edu.pl 
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The aim of this research is to reconstruct and discuss the architectural development and transformation processes 

of the Carolath Castle in Siedlisko. Residence was originally constructed at the turn of the 16th and 17th century 

on the initiative of Georg von Schönaich. It was built in the type of palazzo in fortezza, which was intended to 

combine the functions of comfortable palace and a fortress. Over time, it was expanded form l-shaped to six wing 

with representative and a service courtyards [1]. It became one of the largest early modern residential complexes 

in the historical region of Silesia. Residence remained in the hands of the Schönaich family until its partial de-

struction in 1945 [2]. The work focuses on a detailed historical and architectural analysis of the building. Its main 

objective is to fill existing research gaps and to systematise knowledge on the evolution of the residence in the 

context of Central Europe, Poland and Silesia. The present work will be based primarily on an in-depth analysis 

of source and historical material, as opposed to research papers in which hypotheses and research questions are 

used to verify specific theories. In this case, the key objective is to describe and understand specific architectural 

transformations in relation to changing historical and cultural realities. The study employs a combination of ar-

chival analysis, architectural research, and non-invasive survey methods. A key component of the methodology is 

the use of modern digital documentation techniques, including 3D laser scanning and photogrammetry with the 

use of a drone. The architectural research involves construction and material analysis to determine building phases. 

Preliminary results reveal a multi-stage development process: the identification of at least three major construction 

phases (c. 1600, mid-17th century, and early 19th century), differences in materials, masonry techniques. The 

chapel in the eastern wing, the only surviving interior is described by researchers as the greatest achievement of 

Protestant church architecture of the Reformation age in Silesia [3, 4]. Although palace chapels appear at the turn 

of the 16th and 17th centuries in many residences of varying status in Silesia, e.g., in Brzeg, Pruszków, Żyrowa, 

Gorzanów, none of them presents a similar layout and level of ornamentation. The findings contribute to a more 

precise understanding of the architectural evolution of early modern Silesian residences and support conservation 

planning for partially preserved heritage sites. 

 

Fig. 1 Siedlisko - Carolath. Castle on the right bank of the Oder, https://polska-org.pl/865598, foto.html?idEntity=511612 

 
References 
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Multi-Criteria Risk Assessment Method Focused on Building Resilience 

in Global Supply Chains 

 

Dominika Dopart1* 

  
1 Department of Technical Systems Operation and Maintenance, Faculty of Mechanical Engineering, Wrocław University of 

Science and Technology 

* Email: dominika.dopart@pwr.edu.pl 

  

Keywords: supply chain resilience, risk assessment, global logistics, disruptions, anthropotechnical systems 

 
The increasing complexity of global supply chains (SCs), intensified by COVID-19 disruptions, emphasizes the ur-

gent need to strengthen supply chain resilience (SCRES) [1, 2]. A systematic review of 110 sources using the 

PRISM methodology revealed a research gap concerning integrated approaches to resilience assessment within 

internal anthropotechnical logistics systems – critical for sustaining material flows. The literature reveals a gap in 

assessment methods focused on viability. Although resilience assessment methods exist, with most described as 

of 2024, there is still a need to develop a comprehensive assessment method specifically aimed at building resili-

ence in global supply chains.  

Preliminary empirical research, including expert interviews and document analysis in a leading FMCG company, 

identified key disruptions and assessed their impacts on inventory, delivery lead times, and service levels. A case 

study demonstrated a pandemic-related drop in service levels from 98% to below 35%, with recovery extending 

over four years. These results underline limited resilience and a lack of tailored risk assessment tools [2, 3]. The 

analysis suggests that resilience-building requires the integration of proactive and reactive strategies with long-

term operational planning. Resilience should be embedded in organizational strategy to foster adaptability to dy-

namic market conditions and the ability to transform crises into growth opportunities. The preliminary results 

provide a foundation for the development of the proposed method and for further recommendations on risk miti-

gation and supply chain redesign.  

The contribution of this research lies in the forthcoming development of a formalized resilience assessment method 

incorporating both organizational and technological dimensions. This study aims to develop a multi-criteria risk 

assessment method that integrates managerial and engineering perspectives to support SCRES. This method is 

expected to support managerial decision-making and foster digital transformation in Industry 4.0 logistics. Future 

work will focus on the model’s development, implementation guidelines, and validation through supply chain flow 

simulations. 

 
Acknowledgments 
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Historical architectural monuments, due to natural and human-related factors, are constantly at risk of degradation 

and eventual loss. This raises an important research question: how can modern digital documentation techniques 

support the preservation of such structures for future generations? One of the key challenges in contemporary 

archaeology is therefore the effective digitalization of historical sites. 

I am a member of a Polish-Egyptian archaeological and conservation expedition working under the auspices of the 

Polish Centre of Mediterranean Archaeology at the University of Warsaw. Our work is centered on the Temple of 

Hatshepsut in Deir el-Bahari, southern Egypt – also known as the “Temple of Millions of Years.” It served as the 

mortuary temple of Queen Hatshepsut, one of only four women to rule as pharaoh. The construction of this mon-

ument dates back to the New Kingdom period, a time of great power and architectural achievement in ancient 

Egypt.  

In my role as a member of a mission, I focus on the documentation of architectural elements. In my presentation, 

I will explore what daily archaeological work looks like on-site, and, most importantly, how modern documenta-

tion methods are being applied to protect and preserve ancient heritage. 

 

 

Fig. 1. Temple of Hatshepsut, 2024 
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spacing size 14 
Electric motors have been widely used in drive systems in both industry and electromobility. The reliability of 

these systems has been crucial to maintaining production continuity and ensuring operational safety. Early fault 

detection has been recognized as a key factor in minimizing the risk of failure and reducing maintenance costs. 

Despite structural similarities, motors used in different applications vary significantly in design and rated param-

eters. Current diagnostic methods have mostly been tailored to specific machines, limiting their scalability and 

general applicability. This has highlighted the need to develop diagnostic systems that allow the identification of 

various types of faults across motors with diverse characteristics. 

The planned research has focused on the development of a scalable diagnostic system based on the analysis of 

easily measurable electrical signals. Special attention has been given to signals that allow noninvasive and practical 

data acquisition, such as the axial flux and stator current. To identify fault-related features that are consistent across 

motors of different power levels, classical signal processing methods and selected artificial intelligence techniques 

have been proposed.  

The expected results of the research include the development of a scalable diagnostic system capable of effectively 

detecting faults in motors with various rated parameters. The findings will advance knowledge of the relationships 

between fault symptoms and motor parameters with varying power levels, allowing better adaptation of diagnostic 

methods to a variety of electric machines. The results of the research are intended to form the basis for further 

scientific studies focused on expanding diagnostic approaches to a wider range of motor types and fault categories. 
 



 

 

 

 

14 

Design and Evaluation of Electromagnetic Metasurfaces 
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The growing interest in microwave energy harvesting technologies has driven the development of advanced sys-

tems capable of wireless power transfer and ambient energy recovery [1]. Electromagnetic metasurfaces, charac-

terized by engineered subwavelength structures, offer promising solutions due to their ability to achieve high ab-

sorption levels and tailor electromagnetic responses beyond the limits of natural materials [2]. 

This research focuses on the numerical design and optimization of metasurfaces dedicated to efficient energy har-

vesting in the microwave frequency range (1.7–5 GHz). Full-wave electromagnetic simulations have been con-

ducted to investigate the influence of unit cell geometry and output pad integration on energy absorption and 

extraction efficiency. Artificial intelligence methods were additionally employed to optimize the unit cell designs 

[3]. The designed metasurface concepts contribute to sustainable development by promoting energy-efficient tech-

nologies, minimizing reliance on conventional power sources, and enabling compact, low-impact energy harvest-

ing systems. Future work includes fabrication of prototypes and experimental validation. The presented approach 

contributes to the development of compact, integrated systems for powering IoT devices, microsatellites, and 

wearable electronics. 
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The OxiTop® method is a respirometric approach used for the quantification of Biochemical Oxygen Demand 

(BOD). This technique operates on the principle of monitoring pressure changes within a sealed system, which 

occur as a consequence of microbial oxygen consumption and carbon dioxide production. The generated carbon 

dioxide is absorbed by an alkaline medium, resulting in a measurable decrease in pressure that correlates directly 

with the BOD value. [1] The OxiTop® system is applicable in a wide range of environmental and biotechnological 

analyses [2, 3], including the assessment of effluents from wastewater treatment facilities, investigations of soil 

respiration dynamics, and evaluations of chemical biodegradability. Moreover, it has been demonstrated as a viable 

tool for monitoring the growth and metabolic activity of fungi [4]. 

From a biocatalytic perspective, it is well established that the enzymatic properties of a biocatalyst can be modu-

lated through the careful optimization of culture conditions. Considering this, the present study investigated vari-

ous cultivation media – specifically Czapek-Dox Medium (CDM), Potato Dextrose Broth (PDB), Maltose Glucose 

Medium (MG), and Maltose Glucose Yeast extract Peptone Medium (MGYP) – for their influence on the growth 

of Fusarium culmorum. Particular attention was given to assessing the fungus’s respiratory activity as an indirect 

indicator of its biocatalytic potential, with the ultimate aim of identifying conditions conducive to the production 

of an active enzymatic system for further investigation. 

The study showed different growth rates on the mediums depending on their complexity – the richer they were, 

the faster fungi grew. Thus, for the full MGYP medium, entry into the logarithmic phase occurred after just 1 day 

and into the stationary phase 24 hours later, while for the minimal medium (CDM) the logarithmic phase lasted 

longer, 48 hours, but also started later, on day 2 after inoculation. And although these results by themselves do not 

speak directly to the enzymatic activity of the biocatalyst, they allow the selection of optimal culture conditions 

for further biotransformation studies. 
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The recent detection of benzonitrile in the interstellar medium (ISM) is one of the most important discoveries of 

modern astrochemistry [1]. Benzonitrile is not only ideally suited for studying the evolution of aromatic com-

pounds in the ISM but it can also be a precursor in the synthesis of aromatic molecules of biological importance 

[2]. Therefore, it is very important to study and understand how this compound is formed in such an environment. 

Experimental work indicates the possible synthesis of benzonitrile inside astronomical ice grains containing ben-

zene and hydrogen cyanide (HCN) or acetonitrile (ACN) molecules, but the exact chemical mechanism of this 

process remains unknown [3]. To investigate it we performed a series of quantum-chemical calculations. The 

vertical excitation spectrum, calculated using the ADC(2)/cc-pVTZ method, indicates the presence of a high-en-

ergy excited state in the benzene-acetonitrile system describing the electron transfer from benzene to acetonitrile. 

This state can be relaxed by conical intersection with the ground state leading to the formation of a cyclic product 

in a [2+2] cycloaddition reaction. Subsequent excitations of this product with photons can lead to its opening and 

rearrangement. As a result, it is possible to form a benzonitrile molecule from a mixture of benzene and acetonitrile. 

The reaction paths leading to conical intersections were obtained from the RI-CASPT2 (10/10) method in the def2-

TZVP basis set. 

 
Fig. 1. Pathway of photoinduced cycloaddition of acetonitrile to benzene with HOMO (blue) 

and LUMO (green) orbitals shown 
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Astrocytes play a crucial role in regulating the number and functioning of synapses. Specifically, these cells are 

responsible for brain energy metabolism and neurotransmitter homeostasis – two processes that are tightly linked 

at the molecular level and subject to systemic hormonal control. Disturbances in astrocyte-specific processes can 

lead to abnormal synaptic structure and function. For example, clinically confirmed phenotypes in depression 

include disrupted glucose metabolism in the prefrontal cortex and altered glutamate to glutamine (Glx) ratio. Both 

parameters are directly related to astrocyte function. The main glutamate metabolism pathway involves its uptake 

by specific transporters, which activates glucose metabolism. Glutamate is then converted to glutamine by the 

astrocyte-specific enzyme glutamine synthetase (GluL), or it can enter the Krebs cycle as an energy substrate. 

Current understanding of astrocyte physiology suggests that these processes are regulated by circadian metabolic 

hormones, particularly glucocorticoids, under chronic stress conditions in mice [1]. The main goal of this study is 

to determine how chronic stress affects astrocyte-dependent metabolic and neurotransmitter pathways in a time-

of-day-dependent (circadian) manner. This will be achieved by monitoring approximately 120 selected, polar me-

tabolites (e.g., lactate, BCAA, aminoacids, intermediate metabolites) and key neurotransmitters (e.g., Glu, GABA, 

serotonine) using a targeted metabolomics approach combined with NextGenMicrodialysis in rodent models [2]. 

The focus will be on brain regions involved in the integration of the stress response, such as the prefrontal cortex. 

The expected outcome of this study is the identification of circadian disruptions in energy metabolism and neuro-

transmitter cycling – particularly within glutamate-glutamine related pathways – in response to chronic stress. 

These changes are hypothesized to contribute to dysfunctional neurotransmission observed in stress-related psy-

chiatric disorders. Ultimately, the project aims to identify novel astrocyte-related molecular targets for future phar-

macological interventions in the treatment of mood disorders. 
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Structural responsiveness in architecture refers to structures that adapt to external conditions by altering their geom-

etry. This research introduces a new perspective – topological responsiveness – as an alternative to the more common 

geometric approach. Unlike traditional kinetic systems based on telescoping actuators that can only operate within 

elongation of bars, author proposes using rotational and translational motion within modular structures that retain 

a partially rigid skeleton, enabling easier simulation, analysis and more adjustable structure adaptation. 

The concept builds on Kinetic Architecture [1], which integrates movement and time into design. While most 

research focuses on optimizing energy [2] use and geometric transformations [3], this study emphasizes structural 

changes at a topological level, offering new design and behavioral possibilities in intelligent architecture. 

The author presents a methodology for designing a topologically responsive rod module, along with conceptual 

and geometric models, simulations on various scales, and a physical prototype. Conceptual design has to improve 

effectiveness in responsive architecture by higher shape adjustability. The structure undergoes basic tests compar-

ing simulated and real-world behavior, allowing the identification of its functional scope and limitations. Test has 

to highlight structural improvement in comparition with geometrical responsiveness and show structural mass 

savings against static structures. 

Results show radical improvement in calculations speed of domain topology and difficulties in imperfection oc-

curencies possibility that leads to uniaxial forceflow that is ineffective. Results show that protective systems must 

be involved to reduce connections imperfection impact. 

Topological responsiveness can be applicable in domain of high rise buidings and urban footbridges so structures 

that’s one dimention is dominant and wind forces influences structure cross sections dimensions. 

 

Fig. 1. Development Process of the Generalized Grasshopper Model and the Geometrical CAD Model. Own graphic 
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This work addresses the critical challenge of detecting Parallel Motor Misalignment with Load in industrial set-

tings, a condition known to significantly reduce motor lifespan and cause operational disruptions. Traditional di-

agnostic methods often rely on vibration analysis, necessitating additional sensors susceptible to environmental 

noise, or signal processing techniques like Fast Fourier Transform (FFT) which demand large amounts of station-

ary data. This research proposes an alternative by exploring the diagnostic potential of motor current signatures 

– specifically utilizing only 600 data probes sampled at 10 kHz – processed directly via Deep Neural Networks 

(DNNs) to accurately identify misalignment levels. Crucially, leveraging inherent current signals eliminates the 

need for extra sensors and offers enhanced resilience against common industrial noise compared to vibration-based 

approaches. 

The core methodology involves a DNNs architecture specifically designed to classify raw, unprocessed motor 

current signals into one of nine distinct parallel misalignment states. Input data, meticulously collected under di-

verse motor load and supply frequency conditions, is rigorously partitioned into training, validation, and testing 

sets to ensure robust model development and evaluation. The DNN undergoes training on the designated training 

set, with performance continuously monitored against the validation set, followed by final performance verifica-

tion using the unseen test data. This specific DNN-based strategy builds upon previous successful applications in 

identifying other motor fault types, highlighting its potential advantages over classical algorithms, particularly 

regarding processing efficiency and minimal data requirements. 

The primary contribution of this investigation is the application and validation of this established DNN methodol-

ogy within the novel context of motor misalignment detection using only current signals. The central objective is 

to ascertain the effectiveness of the approach in discerning the subtle, yet characteristic, current signal patterns 

induced by varying degrees of misalignment. The research workflow encompasses systematic data acquisition, 

tailored DNN model development and training, and comprehensive testing phases designed to thoroughly evaluate 

the algorithm's diagnostic accuracy, operational advantages, and inherent limitations across a spectrum of simu-

lated industrial scenarios. 

Consequently, the anticipated outcome is the development and verification of a novel, robust, and computationally 

efficient method for detecting motor misalignment using readily available motor current data. This approach prom-

ises a significant improvement over the current state-of-the-art by providing a reliable diagnostic tool that functions 

effectively under varied motor operating conditions without requiring additional, costly sensor installations. Suc-

cessful implementation offers a pathway to enhanced predictive maintenance strategies, contributing to increased 

operational reliability and reduced downtime in industrial applications reliant on electric motors. 
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Electric drives are often used to fulfill strict requirements of modern technological processes. Moreover, in order 

to face a variety of different technological challenges they are often coupled with sophisticated machinery, which 

requires high dynamics and control accuracy. A two-mass system is considered one of the most common mechan-

ical extensions of the complex electric drive unit. It is applied in various industrial applications, e.g., wind turbines, 

positioning systems. The mechanical part of the drive is exposed to different external disturbances (environmental 

circumstances, overload scenario, changed friction, etc.), which significantly affect the plant response quality. A wide 

range of possible operating scenarios force scientists to elaborate novel control strategies which can provide in-

creased robustness or adaptation capabilities. The main principle of modern control strategies is to minimize vul-

nerability of the drive and compensate any kind of uncertainties occurred during operating the drive (e.g. speed/po-

sition overshoot, torsional vibrations, etc.). Strict dynamic requirements are also faced with modern automation 

trends, i.e. reducing the number of measurement sensors (low costs, system reliability). For the sake of scientific 

research, a two-mass system concept is substituted with two electric motors coupled together with a long (flexible) 

shaft. The purpose of using the shaft is to introduce additional elasticity and torsional vibrations to the drive model. 

By doing so, it is possible to analyze the worst potential operating scenario on the test-bench. In order to satisfy 

abovementioned demands of modern electric drive systems, an Active Disturbance Rejection Control (ADRC) is 

currently being evaluated. It is based on the assumption that the exact plant model can be described with the use 

of the multi-integrator concept. By doing so, the mathematical description of the controlled object does not need 

to be known. Thus, both the internal plant dynamics and the external disruptions can be omitted, as their precise 

form is estimated on-line in the form of the combined disturbance variable [1]. The actual value of the disruption 

is estimated with the use of the Extended State Observer (ESO). Described approach ensures high control accuracy 

and excellent dynamic properties. Moreover, it also satisfies the limited mechanical sensor amount criteria, as it 

uses the load machine speed feedback only. The main idea of the doctoral dissertation is to make an ADRC strategy 

more robust to a sudden change of the plant parameters and to increase its resilience on the implementation inac-

curacies. The doctoral thesis examines two main approaches. The first one is focused on extending the speed 

controller with the floating gain parameters adjusted by the Radial Basis Function Neural Network (RBFNN) [2]. 

The second part of the work improves the control quality by modifying the default form of the ESO. The main 

goal of the doctoral thesis is to improve the two-mass ADRC system speed precision tracking and vibration damp-

ing capabilities in case plant parameters are significantly changed. The general concept of the doctoral thesis in-

volves elaboration of the current state of the art overview, development of a novel ADRC algorithm improvements 

based on neural network model, carrying out numerical and experimental tests. The elaborated neural extensions 

will make the ADRC more versatile algorithm capable of controlling the drive in variety of different conditions, 

no matter what type of flexible connection or electric motor is used. The proposed algorithms will constitute 

a huge contribution to the field of two-mass control strategies development. 
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The α-helical peptide PSMα3 belongs to the family of phenol-soluble modulins (PSMs), which are extracellular 

short amphipathic peptides secreted by the bacteria Staphylococcus aureus. PSMα3 is of special recent interest 

due to its cytotoxicity and highly stable α-helical conformation, which also remains in its amyloid fibrils [1]. The 

aim of this study was to evaluate the aggregation propensity of synthetic PSMα3, which, due to the features of the 

synthesis process, lacks the N-terminal formyl groups usually presented in wild-type bacterial peptides. 

It has been demonstrated that synthetic PSMα3 does not form amyloid fibrils and maintain α-helical conformation 

in a soluble monomeric form for days of incubation. Furthermore, using multiple experimental techniques, it has 

been found that synthetic PSMα3 considerably inhibited the aggregation of particular human amyloids, for exam-

ple human insulin [2]. It has also been revealed that PSMα3 substantially reduced human islet amyloid polypeptide 

(hIAPP) aggregation in vitro. Particularly, the kinetics assay displayed a considerable elongation in the lag phase 

with the increase of PSMα3 concentration. Microscopic studies show fewer fibrils in the case of co-incubation of 

hIAPP with PSMα3, supporting the kinetic data, while the attenuated total reflectance-Fourier transform infrared 

(ATR-FTIR) analysis indicated that PSMα3 prevents hIAPP transition into β-sheet-enriched structures, disrupting 

its tendency to fibrillate. Notably, synthetic PSMα3 was not damaging to human endothelial cells, in contrast to 

wild-type bacterial peptide. It also protects these cells from cytotoxicity caused by hIAPP, hence enhancing their 

viability and rate of proliferation. Furthermore, it has been shown the anti-fibrillation effectiveness of PSMα3 is 

highly selective, dependent on the target protein sequence, and extremely sensitive to its terminal alterations. Par-

ticularly, PSMα3 was totally ineffective towards the deamidated sample of hIAPP. Moreover, PSMα3 did not 

modulate the aggregation of the fragment serum amyloid A (SAA27), which is characterised by entirely different 

amino acid sequences compared to hIAPP. Molecular modelling suggested that PSMα3 could interact with 

a broader range of amyloidogenic peptides. According to predicted structures, the mechanism of PSMα3 binding 

to other peptides is probably dominated by hydrophobic interactions between the PSMα3 amino acids Phe, Leu, 

and Val and the partner protein's Ala, Phe, Ile, Leu, and Val. 

In conclusion, it has been demonstrated that synthetic PSMα3 acts as a selective, non-toxic inhibitor of amyloid 

aggregation of particular human proteins. Its anti-amyloidogenic effect depends on a target protein sequence and 

is highly sensitive to terminal modifications. The obtained results suggest the therapeutic potential of synthetic 

PSMα3 in modulating pathological amyloid aggregation. 
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The research focuses on examining the influence of spark plug tip geometry, gap size, and pressure on the ioniza-

tion process, plasma channel formation, and spark stability. Parameters such as spark duration, current and voltage 

waveforms, as well as peak and average values, are being analyzed. Additionally, the effect of multiple attempts 

to initiate the plasma channel is investigated. The scientific study revealed a strong dependency of the voltage 

required to initiate the plasma channel on the pressure inside the test chamber. In some cases, particularly for 

surface-discharge spark plugs, this relationship is not linear. For certain tip designs, multiple attempts to establish 

the plasma channel were observed before the final spark breakdown occurred. All tests were conducted under 

negative polarity. Sample graphs from the study are presented in Fig. 1. 

 

Fig. 1. Behavior of the different spark plug types 

For the purposes of the study, a dedicated test rig was constructed. It includes a pressure chamber with adjustable 

pressure ranging from 0 to 10 bar, a single ignition coil, a coil triggering system with adjustable charging time and 

firing frequency, and a measurement system based on a resistor with minimal voltage-dependent resistance. The 

setup also includes two high-voltage probes for the oscilloscope, a PICO oscilloscope adapter, and an Mt Pro 4.1 

oscilloscope. For each measurement point, the spark was triggered at least 100 times. Before beginning the tests, each 

spark plug was operated for 10 minutes to stabilize the breakdown voltage and current values. A uniform 1 mm 

gap between electrodes was used for all spark plugs. The lowest overall breakdown voltages and the longest spark 

durations were achieved by the iridium-platinum double TIP spark plug, Denso TT. The highest voltages were 

recorded on the BRISK EVO spark plug, which is a surface-type plug with an additional coated electrode on the 

ceramic insulator, resulting in a double spark discharge. At a pressure of 9 bar, the breakdown voltage in ambient 

air reached as high as 28.6 kV, making this spark plug unsuitable for use in turbocharged and high-performance 

vehicles. The copper NGK spark plugs exhibited high ignition instability, showing multiple attempts to initiate 

a plasma channel even at pressures as low as 4 bar. 
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This study presents a novel hybrid method for manufacturing forging tools with conformal cooling channels by 

integrating 316Ti stainless steel tubes into hardfaced layers using Cold Metal Transfer (CMT) technology. The 

method was tested on H11 tool steel substrates with three different variants of tube positioning and weld bead 

geometry. The objective was to achieve full circumferential fusion of the tubes while minimizing thermal distortion 

and welding defects. Microstructural analysis confirmed effective bonding in all variants, with Method 2 (bevel 

bead) providing the most consistent results and minimal welding discontinuities. The CMT process produced nar-

row heat-affected zones and preserved a fine-grained tempered martensitic structure in the substrate. Hardfaced 

layers exhibited a gradient from tempered bainite at the base to untampered martensite at the surface. Vickers 

hardness values ranged from ~500 HV1 near the fusion line to ~750 HV1 at the surface, with tubes maintaining 

~200 HV1. This method enables the formation of smooth, circular internal channels with good mechanical integrity 

and thermal properties. Compared to conventional additive manufacturing, it offers greater structural control, im-

proved cooling efficiency, and practical applicability for large-scale industrial forging tools. 
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Cyanobacteria are known biocatalysts and due to their photoautotrophic metabolism, they are able to utilize carbon 

dioxide as a carbon source and light as energy. This renders them sustainable candidates for performing especially 

redox-based transformations with chemo-, regio- and enantio-selectivitity under mild conditions (physiological pH, 

ambient temperature and pressure) and generate less waste than conventional chemical routes. Additional advantage 

is application of biomass after biocatalysis further reducing waste and using it for bioremediation of heavy metals 

from the environment or stimulating plant growth. 

One of the key components of cyanobacterial biomass are exopolysaccharides (EPS). Beyond their role in shielding 

cells from environmental stresses and contributing to biofilm formation, EPS exhibit a broad spectrum of biological 

activities, including antibacterial, antioxidant, and anticoagulant properties. The inherent negative charge of EPS 

facilitates the sequestration of metal cations, which is an attribute crucial for cellular growth and particularly ad-

vantageous in the context of bioremediation of heavy metals from contaminated environments. Additionally, they 

have shown potential as biostimulants in agriculture, aiding in the mitigation of both biotic and abiotic stresses 

and functioning as elicitors of plant defense responses, as well as contributing to soil stabilization.  

Using phenol-sulfuric-acid assay, the amount of EPS was established in various cyanobacterial species Kaptonema 

animale (36.50 mg/L EPS eq. glucose), Leptolyngbya foveolarum (70.95 mg/L EPS eq. glucose), Nodularia moravica 

(21.04 mg/L EPS eq. glucose), Nodularia sphaerocarpa (45.26 mg/L EPS eq. glucose), Nostoc cf-muscorum 

(33.84 mg/L EPS eq. glucose), Synechococcus bigranulatus (93.46 mg/L EPS eq. glucose), Limnospira maxima 

(222.7 mg/L EPS eq. glucose), Limnospira indica (166.5 mg/L EPS eq. glucose), which allowed to select an ap-

propriate species to further conduct research on its biocatalytic abilities. Limnospira maxima and Limnospira indica 

were preliminarily chosen as a biocatalysts with the highest concentration of EPS. 

 



 

 

 

 

25 

Heterometallic Rare Earth-Zinc Aryloxides for Polymer Synthesis 

 

Adrian Kowaliński1*, Rafał Petrus1 

 
1 Department of Biochemistry, Molecular Biology, and Biotechnology, Faculty of Chemistry, Wrocław University of Science 

and Technology 

* Email: adrian.kowalinski@pwr.edu.pl 

 

Keywords: heterometallic complexes, rare earth elements, catalysis, polymer synthesis 

 
Over the past three decades, heterometallic rare earth metal-zinc coordination compounds have gained attention 

as valuable molecular materials due to their remarkable magnetic, photochemical, catalytic, and structural charac-

teristics [1-4]. The synthesis of REIII-ZnII complexes presents a promising approach to enhancing catalytic perfor-

mance, offering improved reaction efficiencies and selectivity in various chemical transformations. In polymer 

and resin synthesis, these complexes can facilitate controlled polymerization processes, leading to advanced ma-

terials with tailored properties such as enhanced stability, mechanical strength, or thermal resistance. 

In our work, we developed a simple synthetic route to REIII-ZnII coordination compounds by reacting homoleptic 

or heteroleptic zinc aryloxides, [Zn4(sal-Me)8] and [Zn4(μ3-OMe)2(sal-Me)6] (Hsal-Me = methyl salicylate) with 

2 equiv of RECl3 [5]. Depending on the zinc aryloxide precursor used, the formation of either trinuclear hetero-

metallic clusters [REZn2(sal-Me)4Cl3(H2O)] (REIII = Y, Ho, Er) using the first one or hexanuclear clusters 

[RE2Zn4(μ3-OH)2(μ-OMe)2(sal-Me)6Cl4] (REIII = Y, Ho, Er) using the second one was observed. The catalytic ac-

tivities of homometallic and heterometallic compounds were investigated in the ring-opening polymerization 

(ROP) of pentadecanolide (PDL) and hexadecanolide (HDL), leading to the synthesis of low molecular weight 

materials, as pictured in Fig. 1. Although a direct comparison with homometallic analogs was limited due to solu-

bility constraints in the monomers, the YIII-ZnII complexes showed the most consistent catalytic performance, 

attributed to their favorable solubility in the reaction environment. 

 
Fig. 1. Synthesis of {REZn2} and {RE2Zn4} type clusters 

for polymerization of macrocyclic lactones. 

The low molecular weight polyesters 

(PPDL and PHDL) were examined 

as modifying agents for commercial 

polylactide resin (PLLA 2003D) and 

used to create PLLA/PPDL and 

PLLA/PHDL blends. From an appli-

cation standpoint, blending PLLA 

with PPDL or PHDL resulted in lower 

thermal stability and faster degrada-

tion, suggesting potential utility in bi-

odegradable packaging or transient bi-

omedical materials. 
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High phosphorus concentrations in industrial wastewater represent a significant environmental and technological 

challenge, as they preclude direct discharge into sewer systems and contribute to eutrophication of receiving sur-

face waters. The commercial sorbent ProSorb-C4P1a, obtained by modifying natural aluminosilicate, was chosen 

for its characteristic porous structure and abundance of active sites, enabling effective phosphorus removal; once 

saturated, it can be used as a fertilizer, thus closing the nutrient loop. Although aluminosilicates are widely used 

to treat waters with low to moderate contaminant loads, their sorption capacity under conditions of extremely 

high phosphorus concentrations remains poorly characterized. In this study, the mineralogica l composition of 

the ProSorb-C4P1a sorbent was determined by energy-dispersive X-ray fluorescence (ED-XRF), and the pH and 

electrical conductivity of a 1% suspension were measured. All aqueous samples were analyzed for phosphorus 

content by inductively coupled plasma optical emission spectrometry (ICP-OES). The effect of a 1% (w/v) sorbent 

addition on phosphorus removal was evaluated in both synthetic model solutions and actual industrial effluents. 

Adsorption isotherms were obtained over a range of 0–1000 mgP/L and fitted to both Langmuir and Freundlich 

models, yielding a maximum adsorption capacity (Qₘₐₓ) of 37 mgP/g for the Langmuir model, while the Freundlich 

model provided the best fit (KF = 1.123, n = 1.656), indicating potential multilayer adsorption at higher initial 

concentrations. Sorption kinetics were also determined. A subsequent pilot-scale experiment, in which 1% (w/v) 

sorbent was placed in a tank periodically charged with real wastewater containing 1540 mgP/L, a reduction in 

phosphorus concentration exceeding 50% was achieved. Future work will evaluate the agronomic potential of the 

phosphorus‐laden ProSorb-C4P1a sorbents as a sustainable fertilizer source. 
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2D materials such as transition metal dichalcogenides (TMDs) and their alloys are being intensively investigated 

for future applications in electronics and sensors. 2D TMDs exhibit new properties that differ from their bulk 

counterparts. In the present study, the mechanical properties of monolayer and bilayer membranes based on 

Mo(SXSe1–X)2 crystals were investigated. The samples were prepared using mechanical exfoliation and the dry 

transfer method [1]. To characterize the number of layers, Raman spectroscopy and atomic force microscopy 

(AFM) measurements were carried out, which prove that mono- and bilayer atomic thicknesses were obtained. 

Specialized substrates with etched holes of 2.4 μm diameter, coated with a gold layer (150 nm Au/10 nm Cr/297 nm 

SiO2/Si), were used to fabricate the structures. Membrane deflection as a function of applied force was measured 

for each of the materials investigated using AFM. In the case of the monolayer structure, MoSe2 showed the lowest 

deflection, while MoS2 showed the highest, as shown in the figure below [2]. The magnitude of deflection of 

membranes fabricated from MoS1.44Se0.56 is between MoSe2 and MoS2. The thickness of the membrane also sig-

nificantly affects its deflection. The thinner the membrane, the greater the deformation. One of the mechanical 

properties that was determined by force-distance (F–z) spectroscopy was Young’s modulus (E). The highest 

Young’s modulus was determined for MoS2 and is 247.96 ± 1.8 GPa. In comparison, the E of the most mechani-

cally strong material, graphene, is 1.02 ± 0.03 TPa [3]. For monolayers, the smallest Young's modulus was ob-

tained for MoS1.44Se0.56 – 101.23 ± 31.01 GPa, which is 26.37 GPa lower than MoSe2. In addition, for the 

MoS1.44Se0.56 bilayer, E was obtained four times lower than the result obtained for the single layer. 

 

 

Fig. 1. (a) Deflection of membranes fabricated from MoS2, MoSe2, and MoS1.44Se0.56 as a function of the applied forces. 

Images of the membrane made of (b) MoS1.44Se0.56 [2] 
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The increasing use of Unmanned Aerial Vehicles (UAVs), fueled by recent military conflicts and expanding civil-

ian applications, has created a demand for innovative propulsion systems with expanded operational capacity. The 

purpose of this study was to evaluate a hybrid propulsion unit concept with a system power of 30 kW for an 

observation drone with a takeoff weight of 200 kg and a flight time of more than 2 hours, and to determine its 

flight performance for two flight scenarios. The shape of the airframe resulting from the conceptual design is 

shown in Figure 1. The proposed architecture consisted of a 20 kW counter-rotating internal combustion engine 

and a 10 kW electric motor, connected by a mechanical clutch and belt system developed by Gear Research La-

boratory, shown in Fig. 1. The main requirements for the design of such a gearbox are its compact size, low weight, 

allowing each engine to operate separately or work together. The electric motor was configured to operate in three 

modes: starter, booster and generator. A flight profile analysis was conducted to verify the ability of the propulsion 

system to meet operational requirements. Using the energy method for determining power requirements during 

flight [1, 2], two flight scenarios were simulated for the adopted mission profile: flight without battery charging 

and flight with simultaneous charging. Both scenarios maintained a cruising speed of 36 m/s and propulsion power 

delivered to the propeller of 11 kW. In the first case, the electric motor did not operate in generator mode, coaxing 

only the energy stored in the battery. The drone achieved a total flight time of 182 minutes, with 31 seconds of 

quiet operation in “ghost mode” using pure electric propulsion. In the second scenario, the internal combustion 

engine was additionally loaded with an electric motor operating in generator mode at 7 kW of charging power. 

This resulted in a slight reduction in flight time to 180 minutes but significantly increased the ability to operate in 

ghost mode to 432 seconds. The results of the analysis are shown in Table 1. The results of the conceptual work 

have confirmed stable operation in all modes, with an expected flight duration of 180 minutes, surpassing the 

initial assumption of a 2-hour mission. In addition, the hybrid system provides the ability to control the energy 

cycle on board the UAV, increasing the reliability of the aircraft and enabling low-noise reconnaissance with 

purely electric propulsion (it was shown that electric flight is possible in excess of 5 minutes after operation in 

generator mode). This research presents a novel propulsion concept that integrates mechanical and electrical sub-

systems to meet the changing tactical requirements of modern UAV missions. 

 

 

Fig. 1. Isometric view of the analyzed UAV and hybrid propulsion system, Table with parameters of flight analyzed UAV 
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In the last forty years, considerable research has focused on the nonenzymatic self-replication of RNA, revealing 

that imidazolium-bridged dinucleotides likely play a crucial role in this process. Such findings reinforce the idea 

that RNA was important to the origin of life [1–3]. By contrast, DNA primer extension occurs at a much slower 

rate, which makes it less relevant to prebiotic chemistry, though it might provide an alternative route for DNA 

synthesis [4]. While common techniques like solid-phase synthesis and PCR are often employed to produce DNA, 

they come with several drawbacks, such as high enzyme costs, procedural complexity, and heavy solvent usage. 

Notably, recent research indicates that DNA synthesis proceeds more efficiently on RNA templates than on pure 

DNA, potentially due to RNA’s A-form helical structure [5]. Main object of these studies is to fully understand 

mechanism of the process and impact of RNA template on DNA self-replication. 

In this work, we present molecular dynamics simulations of RNA, DNA, and DNA/RNA hybrid systems, consid-

ering both protonated and deprotonated 3′ ends of the primer. These simulations help clarify the limited efficiency of 

DNA primer extension and show how RNA template force DNA to adopt A type helicity. Additionally, they reveal the 

essential role of magnesium ions in facilitating nonenzymatic primer extension.  

 

 

Fig. 1. Investigated structures 

spacing size 10 

Acknowledgments  

This work has been supported by a grant from the National Science Centre, Poland (2022/46/E/ST4/00377 to R. S.). Calculations were per-

formed in Poland's high-performance Infrastructure PLGrid. 

spacing size 8 

References 

[1] Crick F.H.C., The origin of the genetic code, Journal of Molecular Biology, 1968, 38, 367–379. 

[2] Inoue T. et al., Oligomerization of (guanosine 5′-phosphor)-2-methylimidazolide on poly (C): an RNA polymerase model, Journal of 

Molecular Biology, 1982, 162, 201–217. 

[3] Zhang W. et al., Crystallographic observation of nonenzymatic RNA primer extension, eLife, 2018, 7, e36422.   

[4] Andrews B.I. et al., Sustainability challenges and opportunities in oligonucleotide manufacturing, Journal of Organic Chemistry, 2021, 

86, 49–61. 

[5] Park S.J. et al., Role of helicity in the nonenzymatic template-directed primer extension of DNA, Organic & Biomolecular Chemistry, 

2023, 21, 6702–6706.  



 

 

 

 

30 

Synthesis and Characterization of Polyurethanes 

for Thermal Energy Storage Applications: 

Investigation on Chain Extenders 

 

Aleksandra Ławniczak1*, Łukasz Piszczyk1 

 
1 Department of Polymer Technology, Faculty of Chemistry, Gdańsk University of Technology 

* Email: aleksandra.lawniczak@pg.edu.pl 

 

Keywords: polyurethane chemistry, material engineering, phase change materials, polyurethane crystallinity, segmented poly- 

urethanes 

 
Phase change materials (PCMs), among fatty acids, paraffins, and eutectic mixtures, represent a wide range of 

materials that can be used for thermal energy storage due to their cyclic ability to undergo phase transitions. One 

of the materials that can store thermal energy is polyethylene glycol (PEG), a crystalline polyol, which, combined 

with an isocyanate and chain extender, can form part of the segmented structure of polyurethane materials. The 

presentation covers the influence of the type of chain extender on the thermal energy storage capacity of the polyu-

rethane material based on petrochemical polyethylene glycol. In this work, three polyurethane materials were ob-

tained based on petroleum PEG, 4,4’-diphenylmethane diisocyanate (MDI), and three chain extenders – diethanola-

mine (DEA), 1,4-butanediol (BDO), and 1,3-propanediol (PDO). The correlation between PEG and chain extender 

was investigated utilizing thermal, mechanical, and chemical analysis. The addition of an amine-based extender 

caused the formation of a higher interconnected domain structure in comparison to alcohol-based chain extenders. 

An increase in hydrogen bond strength results in a melting point shift into higher temperature regions, reaching 

37.1°C for PUxPCM DEA sample and the highest latent heat value – 68.15 J/g. In comparison, alcohol-based 

chain extenders caused poorer interaction-network, and melting temperature and latent heat for BDO and PDO 

were 31.8°C/55.39 J/g and 34.2°C/42.34 J/g, respectively (Fig. 1). Thermal stability was determined by T5% pa-

rameter and the sample’s value of stability with diethanolamine was the highest (Fig. 2). 

 

  
Fig. 1. Heat flow of obtained materials 

as a function of the temperature 

Fig. 2. Thermal degradation of polyurethane materials 
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The combustion of a hydrogen-air mixture in an internal combustion engine is a complex phenomenon, however 

worthy of thorough research and technological development taking into account the potential benefits of using 

hydrogen as an alternative fuel [1]. Its usage can significantly contribute to the reduction of harmful emissions, 

supporting global efforts towards sustainable development and environmental protection [2]. In the context of 

hydrogen engines, where the burning rate of hydrogen is relatively high, the two stage combustion system allows 

for more precise control of the combustion process, which is key to ensure the stability and safety of engine oper-

ation [3]. The main objective of the research was to determine the influence of the volume of prechamber on the 

course of the combustion process in a spark ignition engine fueled by hydrogen. The used research object was 

a 1.4 TSI engine of the Volkswagen Group designated as EA111. The scope of the carried research includes the 

analysis of the principle of the two stage combustion system and its applications in engines, as well as the influence 

of the geometry of prechamber on the combustion process. The simulation part of the work focuses on the com-

parison of three prechamber volumes: 3%, 5% and 10% of the main combustion chamber volume, based on the 

literature review, using the CFD modeling software - AVL Fire. The simulation results were then compared and 

interpreted to identify the optimal solution. 

Table 1. Amount of heat released in a single cycle for different ignition advance angles and prechamber volumes 

Ign. Advance 

[°CA] 

Qmax V = 0% 

[J] 

Qmax V = 3% 

[J] 

Qmax V = 5% 

[J] 

Qmax V = 10% 

[J] 

9 628.8 640.9 630.5 629.1 

7 628.4 640.8 633.6 639.4 

5 627.5 640.5 635.4 653.3 

 

Simulations were carried out for a rotational speed n =1500 rpm and ignition advance angles of 9.7 and 5 degrees 

before top dead centre. In the course of the analysis, it was determined that chambers with a volume of 3% have 

optimum properties considering the effect of its volume on the reduction of compression ratio. 
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Machine learning models may inadvertently memorize sensitive, unauthorized, or malicious data, which poses 

risks of privacy breaches, security vulnerabilities, and performance degradation. To address these issues, a new 

group of algorithms, called machine unlearning [1], has emerged, whose main goal is to remove the influence of 

specific data fragments on previously trained models. As this technique develops, many questions have arisen 

aimed to understand the unlearning. The most challenging of these involves determining the impact of individual 

data points on the machine learning model and the possibility of fairly comparing different machine unlearning 

methods based on various model architectures. Explainable Artificial Intelligence techniques can be used to in-

crease the transparency and explainability of complex models, making the relationship between training data and 

model predictions clear. This intricate relationship between explainability and machine unlearning could be used 

to impact both branches of artificial intelligence. In this seminar we will present my achievements in the unex-

plored field of explainable machine unlearning. My current research is focused on usage of already existing in-

stance-level explanation methods like Shapley Additive Explanations (SHAP) [2], Local Interpretable Model-Ag-

nostic Explanations (LIME) [3] or saliency map [4] as evaluation metric for machine unlearning methods. This 

study is the first one to use such approach in assessments of forgetting algorithms. Results showed that there is 

a connection between existing machine unlearning metrics and proposed solution. Based on the number of active 

pixels in the SHAP method before and after unlearning operation, we observed a significant drop in feature im-

portance in the class forgetting task on unlearned datasets across all tested machine unlearning algorithms—from 

20.89% in the original model to between 16.71% and 4.71%. This results are the first milestone in order to under-

stand how deletion of selected data affected machine learning model. Future studies may include going deeper into 

the problem of explainability in machine unlearning with the usage of other existing explain- ability algorithms on 

less complex model architectures. 
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The environmental impacts of rail transport have long remained underrepresented in discussions of biodiversity 

conservation. Although railways are often considered more sustainable than road transport, they have been shown 

to contribute significantly to habitat fragmentation, wildlife mortality, and ecological barrier effects [1]. To address 

these challenges, a comprehensive review of mitigation strategies has been conducted, covering both peer-re-

viewed studies and applied cases across Europe and North America. Particular attention has been given to the 

integration of these strategies into planning and development processes under the framework of sustainable devel-

opment. The research has identified a variety of technical and ecological measures, including wildlife crossings, 

fencing systems, early warning and detection devices, and habitat restoration. Their effectiveness has been evalu-

ated in relation to different landscape types, traffic intensities, and species-specific needs. It has also been demon-

strated that the timing and scale of mitigation implementation are critical to success, and that strategic environ-

mental assessments (SEA) and environmental impact assessments (EIA) can serve as key instruments in guiding 

these processes. By framing biodiversity protection not as a limitation but as a strategic component of sustainable 

infrastructure, the study has contributed to the development of an integrated model for environmentally responsible 

rail expansion. This approach has highlighted the importance of interdisciplinary collaboration, early-stage plan-

ning, and the alignment of ecological objectives with transportation policies at multiple governance levels. 

 

Fig. 1 Examples of protecting and enhancing the lineside environment by habitat creation as biodiversity off-setting 

and managing habitat corridors to link core habitats (adapted from Network Rail Biodiversity Action Plan in UK) [2] 
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The purpose of this work is to introduce a modification of the finite field method [1]. In the original method the 

energy of the molecule is differentiated with respect to the intensity of the electric field. The Hamiltonian in these 

calculations is unlimited from below and so are the spectra of its eigenvalues. Proposed modification consists in 

replacing the homogeneous electric field with the harmonic potential: 
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and the second one that uses the dependence of the response to harmonic perturbation upon X0(2). Auxiliary 

XA variable is introduced in this approach: 
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Concerning numerical tests, the properties of water, lithium hydride and the helium atom were calculated in aug-pc-2, 

aug-pc-3 and Hy-pol basis sets with MP2 and HF-SCF method. Obtained values of dipole moment μ, dipole po-

larizability () and dipole hyperpolarizability () are close to the cited literature [2–4], which proves that the modi-

fication is indeed correct. However, several problems appear in calculations, mainly with numerical precision of 

the hyperpolarizability due to lack of numerical control of calculations of the energy, and in algorithm that employs 

extrapolation of results. 
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The construction industry is one of the largest sectors in the world in terms of workforce size. It offers a wide range 

of job opportunities across the entire lifecycle of a building – from design and construction to maintenance [1], as 

well as the development of new materials for structural and finishing purposes. Within this process, the construc-

tion phase presents the greatest risk to worker safety. Despite years of improvements in training programs and 

raising awareness among workers, the industry continues to face a high number of accidents and fatalities [2]. The 

aim of this research is to analyze the current state of knowledge regarding the use of virtual reality (VR) and 

augmented reality (AR) technologies in health and safety training within the construction industry. In Poland, 

many initiatives have emerged to reduce workplace accidents in construction, aligning with the nationwide “zero 

accidents” campaign led by major construction companies under the “Agreement for Safety in Construction” ini-

tiative. Previous market research has shown a strong interest among construction workers in new technologies and 

innovative solutions, particularly in the field of occupational health and safety training [3]. One possible response 

from the construction sector to improve the quality and effectiveness of training is the use of virtual reality (VR). 

Studies have demonstrated that before undergoing personalized VR-based safety training, construction workers 

were able to identify only 42% of potential hazards at the workplace, whereas after training, they were able to 

recognize up to 77% [4]. Currently implemented VR solutions place participants in a virtual environment where 

they must complete tasks related to workplace safety. VR can also be integrated into Building Information Mod-

eling (BIM) technologies, for example, in planning assembly processes using CLT (Cross-Laminated Timber) 

panels [5]. In this scenario, the worker is immersed in a BIM-based virtual environment to perform assembly tasks. 

During the simulation, the worker's movements are tracked – such as their exact locations, areas where they spent 

the most time, and zones they merely passed through. Based on this data, safe and high-risk zones are defined. 

This practical use of VR not only enhances the skills and knowledge of the participant but also provides valuable 

insights for the researchers conducting the training. Current research indicates that most studies involving VR are 

conducted with students, while construction workers – who are the primary target group for these solutions – are 

rarely involved [6]. This highlights the direction that future studies should take. The subject of the research is VR 

technology in OSH and the developed virtual environment created to conduct the research. The objective of this 

paper is to determine whether: the use of VR-based training systems effectively minimizes the risk of accidents 

and hazards on construction sites. And if the application of various VR tools and techniques (such as visual presen-

tations, gamification, and experiential learning) impacts participant engagement in the training process.  
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The starting point of this research is a discussion of the housing situation after the First World War in Germany, 

with particular emphasis on Silesia. Housing conditions were tragic; there was a quantitative and qualitative lack of 

housing for the poorest class. In the first post-war years, the Weimar Republic began activities to solve the housing 

problem, the country made an effort to build new social housing estates, which became a model of modern housing 

solutions, and significant changes in the architectural form took place. Thanks to the introduction of Charles Gates 

Dawes’ plan (foreign capital supplied the German economy), from April 1924, the phase of economic improve-

ment began. New architectural trends spread in Germany more than in any other European country. 

In 1926, the State Research Society for the Economics of Construction and Housing was established to carry out 

and finance research on rational development and to support model housing projects. It dealt with the internal 

layouts of apartments and their surface, new materials and technologies. At the beginning of the 1920s, Wrocław 

was perceived as a unique place on the map of Europe because of new ways of solving housing problems. Housing 

estate cooperatives and housing associations of general utility greatly impacted new housing estates. The research 

will aim to show the impact of mentioned institutions and companies on the development of modern housing. The 

last point is to examine the influence of the interwar period's architecture on residential architecture after the Sec-

ond World War. 

 

 

 
Fig. 1 Dessau, Töerten housing estate, arch. W.Gropius, 1926-1928. Bericht über die Versuchssiedlung in Dessau, 

Reichsforschungsgesellschaft für Wirtschaftlichkeit im Bau- und Wohnungswesen, Sonderheft 7, vol. 2, April 1929, pp. 5, 41, 84, 137 
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This work delves into the intricate relationships between various classes of sets in Cantor space, focusing on their 

structural properties under the ∗-operation, measure-theoretic characteristics, and interactions with ideals. Central 

to the study is the exploration of the ∗-operation, defined for a family F ⊆ P(X) as  

F* = {A ⊆ X: ∀F ∈ F A + F ≠ X}. 

Key results include the equivalence of conditions for F = F** and implications for translation-invariant σ-ideals. 

Results also contains examples of families F, such that F = F* in Z ^ {ω} or 2 ^ {ω}. 

Next we will present he Galvin–Mycielski–Solovay Theorem extended to the Cantor space, establishing that a set 

X ⊆ 2 ^ {ω} is strong measure zero if and only if  X + H ≠ 2 ^ {ω} for every meager set H. Dually we can define 

strongly meager sets as: X is strongly meager if and only if X + H ≠ 2 ^ {ω} for any null set H. This bridges the 

study of strong measure zero (SMZ) and strongly meager (SM) sets with the ∗-operation, revealing SMZ = M* 

and SM = N*, where N is the family of null sets and M is the family of meager sets.  

The work further demonstrates that under the Borel Conjecture (saying that every strong measure zero set is count-

able), M ≠ M**, similar with dual Borel Conjecture (saying that every strongly meager set is countable) which 

implies N ≠ N**. 

Next we will present microscopic sets (Micro) and porous sets (P) and how they look like in the real line and in 

Cantor space. Key result in this section is showing how related with respect to *-operation are microscopic and 

porous sets. It turns out that we have σ – P* ≠ M and M* ≠ σ – P, where σ – P sets are countable unions of porous 

sets but we have implication that set X is microscopic if for every porous set H we have X + H ≠ 2 ^ {ω}. 
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In recent years, interest in photocatalysis and photocatalytic materials has intensified. Photocatalysis, defined as 

the induction of redox reactions under light irradiation [1], is regarded as a promising solution to various environ-

mental challenges. Its applications include air purification, water treatment, microplastic degradation, and green 

hydrogen production [2]. However, broader implementation is hindered by limitations in the manufacturing meth-

ods of photocatalysts. The most commonly employed technique is sol-gel processing, which is a time- and energy-

intensive, multistep process that poses significant challenges for industrial scalability [3]. 

An alternative strategy involves the use of thermal spray techniques for the deposition of photocatalytic coatings 

from powder, suspension, or solution precursor feedstocks. These methods offer several advantages over conven-

tional approaches, particularly in terms of scalability and the potential for single-step deposition [4]. Despite these 

benefits, the application of plasma spraying for the fabrication of photocatalytic coating remains underdeveloped, 

with many underlying challenges yet to be explored. 

This presentation addresses the key aspects of the fabrication and characterization of TiO₂-based photocatalytic 

coatings produced via plasma spraying. The deposition process is discussed in detail, with emphasis on substrate 

preparation and importance of stability of process conditions. The critical role of feedstock materials is also high-

lighted. The issues related to characterization of both mechanical and photocatalytic properties are also presented. 

Furthermore, the relationships between process parameters and evaluation methodologies are disclosed and dis-

cussed. 
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14 
Amyloids are ordered, typically fibrillar protein or peptides aggregates, characterized by a cross-β structure. While 

traditionally linked to neurodegenerative diseases (NDDs), such as Alzheimer’s disease (AD), involving the amy-

loid beta (Aβ) and tau proteins aggregation, and Parkinson’s disease (PD), associated with α-synuclein [1], recent 

research has uncovered their broader biological roles. These so-called functional amyloids are involved in pro-

cesses such as biofilm formation, gene expression regulation, and immune system responses across both eukaryotic 

and prokaryotic organisms. 

Recent discoveries have suggested that some components of the human microbiome may influence amyloid-asso-

ciated NDDs, potentially mediated via the gut-brain axis. In this context, bacterial proteins or peptides could en-

counter and interact with amyloids in the brain, thereby contributing to the development of various NDDs [2]. One 

bacterium implicated in neurodegeneration is Helicobacter pylori, a widespread gastric pathogen. Among the pro-

teins expressed by H. pylori, the histidine-rich Hpn (H. pylori nickel-binding) protein has been recognized for its 

metal-binding properties, and more recently, for its ability to form amyloid-like structures [3, 4]. 

The aim of the present study has been to experimentally verify the aggregation propensity and cross-interaction 

potential between selected protein/peptide pairs, namely Hpn (and its fragments) and Aβ. A combination of spec-

troscopic techniques (Fourier-Transform InfraRed (FTIR) and Circular Dichroism (CD) spectroscopies), micro-

scopic methods (Atomic Force Microscopy (AFM) and Transmission Electron Microscopy (TEM)), and fluores-

cence-based test (Thioflavin T (ThT) assay) has been employed [5]. Our results, obtained using the aforementioned 

techniques, have demonstrated that the Hpn(4–38) fragment exhibits amyloidogenic properties; however, the full-

length Hpn protein has not formed amyloid fibrils, contrary to findings reported by R. Ge (2011) [4]. Moreover, 

our preliminary results using the ThT assay have indicated a potential interaction between Aβ and Hpn. Given the 

growing body of evidence linking H. pylori infection with an increased risk of AD, there is a clear need for in-

depth investigation of cross-interaction mechanisms between microbial and host amyloids. Confirmation that Hpn 

influences Aβ aggregation would suggest that H. pylori infection is not neutral to human health and may contribute 

to the pathogenesis of AD. Understanding these interactions may provide new insights into the role of the micro-

biome in neurodegeneration and aid in identifying novel therapeutic targets. 
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Geopolymerization is the process of producing stable aluminosilicate materials by activating aluminosilicate pow-

ders in a highly alkaline environment, resulting in a three-dimensional Si–O–Al copolymer network stabilized by 

sodium or calcium cations. Clays with a high plasticity index (IP > 40%) can undergo volumetric expansion of up 

to 25% when exposed to moisture fluctuations, which may lead to damage of foundations and pavements. Fly ash, 

an industrial by-product rich in amorphous SiO2 and Al2O3, serves in geopolymerization as an aluminosilicate pre-

cursor, replacing part of the cement while substantially reducing the carbon footprint. Eliminating cement – which 

accounts for approximately 5% of global anthropogenic CO2 emissions – makes this method more environmentally 

sustainable. 

In this study, two variants of stabilizing a base soil (a bentonite – kaolin blend in a 20:80 ratio) were compared, 

each activated with a 6% NaOH solution and amended with either 16% or 24% fly ash by mass. The objectives 

were to assess the influence of fly ash content on unconfined compressive strength (UCS), Atterberg limits (liquid 

limit, LL; plasticity limit, PL), and free-swelling behavior. After 14 days of curing at 20°C, the 16% fly-ash mix-

ture achieved a UCS of 15.04 MPa and the 24% mixture 19.83 MPa, whereas the unstabilized base material ex-

hibited UCS values of only 1.27 MPa and 1.44 MPa, respectively. The plasticity index of the soil mixtures de-

creased by 52.5 p.p. (from 77.0% to 24.5%) and 33.5 p.p. (from 57.5% to 24.0%) after geopolymerization process. 

Free swelling was reduced by 95% and 99%. 

These results confirm that geopolymerization with 16% and 24% fly ash is an effective alternative for stabilizing 

expansive soils. The markedly improved resistance to swelling (95%–99% reduction) minimizes deformation and 

cracking of pavement layers, which is particularly important under variable moisture conditions that induce cycles 

of swelling and shrinkage. 
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Ultrasonic atomization is emerging as a promising alternative technique for the production of metal powders, 

offering unique advantages over conventional methods such as gas and water atomization [1]. This process utilizes 

high-frequency vibrations to fragment molten metal into fine droplets, which solidify into spherical powders with 

narrow particle size distributions. The ability to precisely control droplet size through vibration frequency enables 

tailored powder characteristics, making this method particularly attractive for advanced manufacturing applica-

tions [2]. Additionally, ultrasonic atomization can be performed in compact, laboratory-scale setups, allowing for 

cost-effective small-batch production ideal for research and development [3]. The primary objective of this study 

is experimentally evaluate a laboratory-scale ultrasonic atomization system for the production of metal powders. 

Stainless steel 316L was used as a reference material to validate atomization behavior and optimize process parame-

ters. The system integrates a high-frequency ultrasonic transducer (20 kHz) with a arc melting unit and a controlled 

delivery mechanism, allowing for the continuous feeding of molten material onto the vibrating surface. In this 

study, the influence of key process parameters was investigated, such as: 

– the distance between the spray gun and the ultrasonic atomization plate, in a range of 100 mm to 300 mm; 

– the tilting angle of the atomization plate, in a range of 0° to 45°; 

– the RMS power of the atomization system, in a range of 10% to 40%. 

This study demonstrates the feasibility of producing high-quality, defect-free powders suitable for use in additive 

manufacturing and other precision applications. It should be highlighted that regardless of the tested parameters in 

this study, the as-produced powders were known by dv50 size in range of 42 μm to 91 μm, which made it possible 

to prove that the process is stable,, but it is possible to change the distribution of the obtained powders, mainly by 

changing the angle of inclination of the atomizing plate. 
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The study aims to assess the potential of vegetated kinetic façades, which incorporate vertical green façades with 

kinetic shading mechanisms to enhance their environmental benefits. The state-of-the-art has been systematically 

reviewed, integrating concepts such as vegetated kinetic façades, kinetic green façades, and dynamic living walls, 

with a scope encompassing peer-reviewed articles and conference papers published in the last 15 years. The find-

ings of the study demonstrated that the implementation of vegetated green façade modules on windows can result 

in a reduction of heat transfer through window glass by up to 64.8% [1]. The application of kinetic external green 

wall louvres has reduced the cooling load by 30.09% and the heating load by 17.74% [2]. The research emphasizes 

the significance of specifying lightweight substrates, sustainable yet durable materials, sensor-controlled irrigation 

systems, and control technologies that enable user interaction when necessary to align the façade function with the 

design stage. This approach is intended to optimize the performance of these systems. Furthermore, the study 

demonstrates that while promising, the scope of existing research is limited, and further work is needed to com-

prehensively analyze environmental benefits and improve system designs for wider applications. This study pro-

vides valuable insights to support designers in the early development of vegetated kinetic façades, aiming to pro-

mote innovative, sustainable and adaptable architectural solutions for urban environments. 
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Chronic stress is one of the main risk factors for the development of mental disorders, including depression, which 

is a major medical challenge and it is estimated that about one-third of patients are resistant to drug treatment [1]. 

Preclinical studies using animal models are an integral part of testing new pharmaceutical agents for psychiatric 

diseases [2]. The project aims to develop artificial intelligence methods, such as deep learning, that will be applied 

to the analysis of neurophysiological and behavioral symptoms of chronic stress. Using a mouse model, the re-

search project will conduct electroencephalographic (EEG) signal recording by wireless devices, which will enable 

monitoring of circadian brainwave rhythm and sleep architecture, excluding contact with a sleeping animal that 

could affect the results obtained [3]. Moreover, the wireless recording of the EEG signal will be connected to the 

already existing “Social Box” system, which is based on video recording of mice and allows analysis of their social 

behavior without the presence and influence of an experimenter [4, 5]. The integration of these technologies will 

allow a more accurate assessment of the impact of stress on the social behavior of mice and test whether antidepres-

sant drugs can modify these changes. Including in a single model data from EEG recordings during sleep as well as 

those recorded during a specific behavior may contribute to better identification of potential biomarkers of depressive 

disorders, which in turn may affect the efficiency of diagnosis and precise selection of pharmacotherapy [6].  
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Safety assessment methods were developed about fifty years ago to analyze undesirable events, including human 

errors, and to develop strategies to prevent them. Initially, they were used in high-risk sectors such as aviation, the 

chemical industry, and the nuclear industry. With technological advances and increased human-machine interac-

tion, the number of these methods has increased significantly, especially in the 1990s. 

Purpose of the article is to show the process of developing the method of assessing the safety human-machine 

interaction in automatic logistic systems.  

Based on two hypotheses: H1: The functioning of autonomous logistic systems generates changes in human-ma-

chine cooperation affecting the safety of the human-machine-environment system and H2: Currently, there is a lack 

of safety assessment methods for complex autonomous logistic systems that take into account the new conditions of 

human-machine interaction and the specificity of the functioning of logistics systems. 

A two-stage literature review was conducted, including an analysis of the interaction between Automated Guided 

Vehicles (AGVs) and human operators [1] and a review of methods for assessing human errors [2]. Based on the 

obtained results, two levels of security were distinguished: First – operational level: cooperation based on human-

machine interactions. Second – system level: assessment of the security of the entire system operation.  

On this basis, appropriate assessment criteria were selected and a method of assessing the risk associated with 

human error for Logistics 4.0 systems was created, considering the new conditions of human functioning in cyber-

physical systems, dedicated to two levels of safety. 

The method of assessing the safety human-machine interaction in automatic logistic systems is still in the process 

of development. 
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Fiber optic sensors are widely used for temperature monitoring due to their high sensitivity, electromagnetic im-

munity, and ability to operate under harsh environmental conditions. They can be categorized as point sensors 

(e.g., Bragg gratings), which can measure the response from a single selected point [1], quasi-distributed sensors 

(multiple gratings at different wavelengths), and fully distributed sensors [2]. Distributed fiber optic sensors, uti-

lizing phenomena such as Rayleigh, Brillouin, and Raman scattering, enable continuous measurements along the 

entire fiber length with high spatial resolution.  

Optical fibers are coated with materials such as polyimide, acrylate, copper, or other metals to protect the glass 

fiber against mechanical damage and environmental factors. The coating material is often selected based on ex-

pected operating conditions, including temperature range, liquid exposure, and mechanical stress [3]. 

In liquid or humid environments, the absorption of surrounding substances by the fiber protective coating can 

significantly affect the measurement result and its accuracy. Swelling of the coating material due to absorption of 

surrounding liquids and/or vapors can cause stretching or exert stress on the fiber core. This can lead to apparent 

temperature changes that are not related to actual environmental changes. 

The aim of this study is to investigate the effect of fiber coating material absorption on the performance of distrib-

uted temperature sensors. Key factors include stabilization time, interaction with temperature variations, and long-

term reliability. A commercial OFDR-based Rayleigh sensor system was used, offering 0.65 mm spatial resolution, 

±0.1°C temperature accuracy, and an operating range of –40°C to 200°C [4]. Fibers with polyimide and acrylate 

coatings were tested in water and alcohol environments. Results show that polyimide coatings exhibit better sta-

bility in liquids. In methanol and water, stabilization occurred within approximately 3000 minutes (2 days) and 

300 minutes (5 hours), with maximum spectral shifts of –31 GHz and –8.5 GHz, respectively. Acrylate-coated 

fibers stabilized faster (up to 500 minutes) but showed poor long-term compatibility with the tested liquids. Un-

derstanding these interactions is essential for improving sensor reliability in applications involving immersion in 

fluids. 
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Recent breakthroughs in polymer chemistry have enabled significant progress in emulating the molecular archi-

tecture of natural biopolymers, driven by innovations in the design of sequence-defined polymers [1]. Unlike con-

ventional polymers, these synthetic heteropolymers feature precisely engineered chain sequences, eliminating 

structural variability. A critical attribute of these polymers is their ability to adopt folded conformations, mirroring 

the functional behaviour of biomolecules such as ligand-binding proteins [3]. Sequence-defined polymers acquire 

tailored functionalities by integrating synthetic monomers into their backbones, expanding their utility in biomed-

ical engineering, nanotechnology, and adaptive materials. Their folding behaviour enables sophisticated applica-

tions, including enzyme-mimicking catalysts and programmable drug delivery systems [2]. 

This study aims to identify solvent conditions that induce stable folding in sequence-defined oligourethanes – a prom-

ising class of abiotic foldamers – and to correlate their structural behaviour with potential functional applications. 

We use molecular dynamics simulations and nuclear magnetic resonance (NMR) spectroscopy to investigate how 

solvent polarity governs conformational transitions. Molecular dynamics simulations quantified the stability of 

folded states, revealing a >60% population of helical conformations in nonpolar media. Computational insights 

aided in interpreting 2D ROESY NMR spectra, which provided interproton spatial correlations that confirmed the 

folded architectures. Remarkably, ROESY data identified a distinct 2.614 helical conformation exclusively in non-

polar solvents, whereas polar solvents failed to promote ordered structures. These findings highlight the potential 

of sequence-defined oligourethanes as versatile platforms for applications requiring programmable folding, from 

molecular sensing to supramolecular assembly. 
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The management of food waste is a pressing global issue, with the Hotel, Restaurant, and Catering (HoReCa) 

sector being a substantial contributor. This study developed a method for converting the waste stream from the 

HoReCa sector into high-nutrient organo-mineral fertilizers. The primary focus was on optimizing nutrient recov-

ery and minimizing the environmental consequences associated with conventional food waste disposal. The de-

veloped method comprises four key stages: (1) acid hydrolysis of food waste to break down organic matter and 

release bound nutrients, (2) neutralization to stabilize pH and enhance nutrient availability, (3) granulation to pro-

duce a solid fertilizer product, and (4) drying to ensure product stability and usability. These steps were designed 

to maximize the retention of essential nutrients while minimizing losses. Analysis of the obtained fertilizer showed 

high concentrations of key nutrients, including nitrogen (1.41%), potassium (7.22%), and organic carbon (44.0%). 

Cucumber seed germination tests demonstrated significantly improved plant growth compared to control groups 

and commercially available fertilizers, as evidenced by increased stem length, enhanced root development, and 

greater biomass accumulation. The study also addressed challenges associated with the inherent variability in food 

waste composition and potential contamination by heavy metals, proposing strategies to ensure consistent product 

quality. This scalable method demonstrates distinct advantages over conventional food waste disposal techniques. 

Converting HoReCa food waste into organo-mineral fertilizers offers a sustainable solution aligned with the prin-

ciples of a circular economy. This approach effectively reduces environmental impact while simultaneously re-

covering valuable nutrients. Future research should focus on refining processing techniques, validating results 

through large-scale field trials, and ensuring the long-term safety and consistent quality of the product. 

 

 

Fig. 1. Pathways for identifying the optimal food waste management process 
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The development of road infrastructure, despite its undeniable economic importance, poses serious environmental 

challenges. Expressways are significant sources of atmospheric pollution, including heavy metals (Pb, Zn, Cd) and 

suspended particulate matter, which accumulate in soils and vegetation along roadsides [1, 2]. One of the meth-

ods for monitoring the scale of this impact is the use of bioindicator plants capable of accumulating harmful 

substances [3]. 

Taraxacum officinale (Common dandelion) is characterized by a wide distribution, high tolerance to environmental 

stress, and the ability to accumulate heavy metals in its tissues [2, 4]. It frequently colonizes areas transformed by 

human activity, including roadside zones, which makes it an accessible and practical bioindicator of environmental 

contamination. 

The aim of this study was to assess the effectiveness of roadside green belts in limiting the spread of traffic-related 

contaminants, based on the analysis of heavy metal accumulation in common dandelion. Plant and soil samples 

were collected along a fragment of the S5 expressway, between the Kleszczewo and Poznań East junctions, at two 

distances from the road: 10 meters from the road edge before the green belt and 20–25 meters beyond the green 

belt. The analyzed sites varied in the structure of the green belts – they included areas dominated by herbaceous 

vegetation, single and double rows of shrubs, tree plantings, and sections with acoustic barriers. 

Field observations and literature analysis indicate that the presence of green belts helps reduce the spread of traffic-

related contaminants into the soil environment [2, 5]. Measured concentrations of Pb, Cd, Zn, Cu, Cr, Ni, and As 

were significantly higher at 10 meters from the road, confirming strong pollutant input from traffic. Green belts 

reduced heavy metal levels by up to 80–90%, particularly for Pb, Zn, Cr, and Ni. Sites S.2, S.3, and S.5 – which 

featured shrubs, trees, or noise barriers – proved most effective in reducing contamination, whereas S.1, a site 

without vegetation, showed minimal protective function. This confirms that herbaceous vegetation alone is insuf-

ficient to act as an effective barrier. 

The conclusions are based on complete dataset analysis and confirm the usefulness of Taraxacum officinale as an 

effective, low-cost bioindicator of traffic pollution. The study also highlights the important role of well-designed 

green belts as natural protective barriers along expressways. 
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One of the most promising groups of carbon materials are carbon nanostructures (CNSs), such as carbon nanotubes 

(CNTs) and carbon nanofibers (CNFs). They exhibit unique physicochemical properties, which make them of great 

interest for use in electrochemical energy storage and conversion systems. However, their practical use is limited 

by the fact that they are usually obtained in powder form, which hinders their direct application in devices and 

often necessitates the use of binders or polymer matrices, which can significantly degrade electrochemical prop-

erties. 

An engaging solution to this problem is the direct synthesis of CNSs on conductive substrates, such as carbon cloth 

(CC). This material exhibits excellent electrical conductivity, chemical and thermal stability, mechanical flexibil-

ity, and textile-like structure, making it an ideal substrate for building flexible and freestanding electrode materials. 

This approach makes it possible to produce coherent, binder-free, and mechanically durable electrodes which can 

be used, for example, as air electrodes in flexible zinc-air batteries. The battery technology is gaining increasing 

attention due to its high energy density, environmental friendliness, and potential applications in wearable elec-

tronics [1]. 

The most common method for the synthesis of CNTs and CNFs directly on CC is catalytic chemical vapor depo-

sition (CCVD). A key element of this process is the presence of a catalyst, typically transition metal nanoparticles 

such as Fe, Co, or Ni. Although many catalyst deposition strategies have been developed, most of them rely on 

expensive precursors, toxic solvents, or complicated procedures, limiting their scalability [2]. 

This work presents a simple, rapid, and environmentally friendly method for catalysts impregnation on carbon 

cloth using a dip-coating technique from aqueous solutions of transition metal inorganic salts. This method mini-

mizes the use of harmful solvents and provides a readily available pathway to prepare catalysts for the direct 

synthesis of CNSs on conductive substrates. Furthermore, the resulting materials were also tested as oxygen re-

duction reaction (ORR) and oxygen evolution reaction (OER) electrocatalysts. The studies showed that the mate-

rials exhibit excellent ORR/OER activities, making them highly suitable as air electrodes in Zn-air batteries. 
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The ongoing climate change and international commitments such as the UN Sustainable Development Goals 

(SDG, 2015) [1] and the European Green Deal (2019) underline the urgent need to implement sustainable energy 

solutions. Buildings account for almost 40% of the total primary energy consumption in Europe, while also being 

a significant source of greenhouse gas emissions [2]. Considering that people spend about 90% of their lives 

indoors, improving energy efficiency cannot be at the expense of the quality of the indoor environment of 

buildings [2]. 

One promising direction is the integration of renewable energy sources directly into the building envelope. This 

presentation focuses on the use of photovoltaic panels in glazing systems, which allow the simultaneous use of the 

surface for generating electricity, illuminating interiors and regulating thermal conditions. PV panels integrated 

with façades are an example of a multifunctional approach, in line with the idea of BIPV (Building-Integrated 

Photovoltaics). They offer the potential to reduce operational energy consumption, reduce CO₂ emissions and 

improve indoor comfort.  

The presentation includes a review of selected aspects of the current state of knowledge regarding the use of PV 

panels in glazed building facades. Particular attention is paid to the impact of these solutions on the energy perfor-

mance of the building and user comfort. 
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Chelidamic acid (chel, H3cda) is a multifunctional ligand of growing interest due to its versatile coordination properties. 

Its ability to coordinate metals ions through nitrogen, two carboxylate oxygen atoms, and a phenolic oxygen makes it 

suitable for constructing a wide range of mono- and polynuclear complexes, including coordination polymers and 

metal-organic frameworks. Chelidamic acid typically coordinates metal ions via tridentate (O, N, O) chelation, and 

can furthermore function as a bridging ligand through its carboxylate groups and deprotonated phenolic oxygen 

atoms [1, 2]. In aqueous solutions, it interconverts between enol and keto tautomeric forms and exists in multiple 

protonation species (H3cda, H2cda-, Hcda2–, cda3–), depending on the pH. These factors significantly influence its 

coordination behavior [3]. The introduction of co-ligands, such as 2,2-bipyridine, enables precise modification of 

complex geometry and properties [4]. Consequently, it becomes feasible to engineer structures with interesting 

magnetic and optical properties [5]. 

The research focuses on the synthesis and characterization of new copper(II) coordination compounds based on 

chelidamic acid and co-ligands such as 1,10-phenantroline (phen) and imidazole (imid). Special attention is given to 

the influence of reaction conditions, particularly pH and stoichiometry, on the resulting crystal structures and physico-

chemical properties. A combination of crystallographic techniques (single-crystal and powder X-ray diffraction) and 

spectroscopic methods (UV-Vis-NIR, IR/Raman, EPR, fluorescence) is employed to characterize the obtained com-

pounds. The variation in reaction parameters led to the formation of both mononuclear ([Cu(Hcda)(phen)(H2O)]∙H2O (1), 

[Cu(Hcda)(imid)(H2O)]∙H2O (2)) and trinuclear ([Cu3(μ-O-cda)(cda)(phen)4]∙13H2O (3), [Cu3(cda)2(imid)2(H2O)6] (4)) 

copper(II) complexes with different coordination modes and protonation species of chelidamic anions (Fig. 1). In 

monomeric compounds, the Cu(II) center is coordinated by tridentate (O, N, O) Hcda2– anion. Whereas in trinu-

clear structures, the Cu(II) centers are linked via bridging carboxylate groups or phenolic O atoms of cda3– anions. 

The results contribute to a deeper understanding of the design principles for multifunctional coordination materials. 

 

Fig. 1. Structures of copper(II) complexes with chelidamic acid and: a) 1,10 -phenanthroline (1,3); b) imidazole (2,4) 
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Hydrogen renewability, and environmentally friendly properties make it a promising candidate for the develop-

ment of new technologies and research related to energy production and storage [1]. Hydrogen, undetectable by 

human senses due to its lack of color, odor, or taste, presents a unique challenge. Tungsten oxide (WO3), an intri-

guing metal oxide, has significant utility in various sectors. The optical properties of tungsten oxide are changed 

upon interaction of the film and hydrogen, which is known as the gasochromic effect [2]. The gasochromic effect 

can only occur in the presence of a catalyst and is strongly dependent on the structure and morphology of the WO3 

film. Ongoing efforts to further enhance gas detection capabilities and create sensors with better performance 

include the use of different manufacturing methodologies and post-processing of WO3 [2]. 

Fabrication of WO3 thin films was achieved through electron beam evaporation. The study aimed to explore the 

effects of postprocess thermal modifications, as well as the thickness and type of catalysts, on the gasochromic prop-

erties of tungsten oxide WO3. Gasochromic properties were determined from transmission changes during 30-minute 

colouring and bleaching cycles for films annealed at different temperatures (Fig. 1a). It was determined that the 

biggest change, and therefore the highest sensor response, was achieved for the film annealed at 673 K. Further 

investigations into the influence of thickness and catalyst type were conducted for the films after postprocess 

modification at 673 K (Fig. 1b). It was found that, for low hydrogen concentrations, the use of thin palladium as 

a catalyst reduces the response time and thus speeds up the gasochromic process. 

 

Fig. 1. Variation in transmittance at 900 nm during colouring/bleaching cycles of WO3 thin films (a) annealed at various temperatures (b) 

annealed at 673 K with different catalyst upon exposure to H2 concentrations of 25 to 1000 ppm 

 

The gasochromic effect was observed in all samples, irrespective of the annealing temperature or the type and 

thickness of the catalyst. Enhancing the sensor characteristics of the tested films involved optimizing the annealing 

temperature and application of a suitable catalyst.  
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Laser-Assisted Zone Casting (referred to as LAZEC) is a novel method for fabricating ultrathin (ranging from 

several nanometers to a few hundred nanometers in thickness) films of polymers and small-molecule organic sub-

stances. LAZEC is based on moving a laser-induced temperature gradient zone on a substrate pre-coated with the 

coating solution. The absorption of laser radiation leads to localized heating of the substrate, and the resulting tem-

perature gradient induces surface tension variations in the coating solution, initiating Marangoni flow. Moving the 

laser spot guides the directional flow of the solution on the substrate. The transported solution leaves a thin wet film 

on the substrate, which is immediately dried due to laser heating. The evaporation of the solvent leaves an ultrathin 

film of the solute behind the heated zone. Film formation under flow conditions combined with immediate solvent 

evaporation and annealing enables the fabrication of films with unique physicochemical properties. 

Experiments performed in recent months have demonstrated that, by adjusting key coating parameters (substrate 

wettability, solution viscosity, casting speed, and evaporation rate) it is possible to control the structure and mor-

phology of the resulting solid film. The LAZEC method was successfully employed to fabricate coatings of small-

molecule semiconductors and synthetic polymers on both flat substrates (e.g., mineral glass, ITO) and curved 

surfaces (e.g., plastic optical lenses), which may find application in modern organic electronic.   

 

Fig. 1. (a) Component layout in Laser-Assisted Zone Casting (LAZEC), (b) heating, evaporation and flow in the proximity 

of the laser-heated area, (c) exemplary thermal image for toluene on glass scanned with a 28W laser 
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Throughout the second half of the twentieth century, the paradigm of urban planning and street design was shaped 

by modernist ideologies and increasing industrialisation, which facilitated the adoption of zoning policies. These 

approaches physically separated residential, industrial, and commercial areas, encouraging suburbanisation. Rapid 

motorisation, supported by automobile propaganda, offered individuals the promise of spatial freedom, reinforcing 

the logic of car-centric development. In response, the developing then field of road engineering introduced the 

Functional Classification system – originating in the United States and subsequently exported globally – which 

framed streets primarily as conduits for traffic flow. This system became a dominant tool in automobile-based 

planning, contributing to the spatial separation of life functions and eroding social cohesion by discouraging spon-

taneous, local interaction. 

In recent decades, technological shifts (smartphones, e-commerce, e-mobility, remote work) and demographic 

changes (EU 65+ share rising from 16% to 21% between 2002–22 – Eurostat) have laid bare the shortcomings of car-

focused street design. The COVID-19 pandemic further accelerated remote lifestyles and contributed to a 25% in-

crease in anxiety and depression worldwide – exacerbating both physical inactivity and mental-health pressures 

(W.H.O. 2022). Sedentary lifestyles now double premature-death risk (2× overall; 2.7× for cardiovascular disease 

– HUNT Study, ESC 2020) and cost Europe € 80 billion annually (152 000 deaths, 2.1 million lost healthy years 

– EC Health Promotion Knowledge Gateway), while mental-health disorders consume ~4% of EU GDP (EESC). 

Elderly citizens, individuals with disabilities, children, youth, and caregivers are frequently marginalised in street 

design, despite their diverse needs for physical accessibility, independence, and social interaction. 

Today, many streets remain designed for traffic efficiency rather than human connection. Children often lack the 

freedom to play or travel independently, confined to designated “safe” areas or transported by car – limiting op-

portunities to build resilience and develop social skills. Similarly, weak inter-neighbourhood ties and reduced 

public interaction contribute to growing levels of social isolation and loneliness. A sedentary lifestyle, com-

pounded by low rates of active mobility and limited public realm engagement, is increasingly linked to physical 

and mental health issues. For instance, Dr Bruce Appleyard’s research [1] demonstrates, residents of low-traffic 

streets report approximately three times more local acquaintances than those on high-traffic streets, highlighting 

the powerful role of street environments in shaping social connection. Moreover, heavy traffic not only suppresses 

street life but also discourages walking and other forms of active mobility, diminishing access to communal spaces 

and reinforcing both physical inactivity and social withdrawal. 

Addressing these challenges requires rethinking streets as public, multifunctional realms that enable spontaneous 

interaction, social cohesion, and community. Walkable, human-scaled environments also support active transpor-

tation, build social capital, and improve public health. The social dimension of street design underpins my PhD’s 

theoretical framework, and the next phase is a case study of a street transformation project – using spatial analysis 

and stakeholder interviews – to examine how temporary interventions can drive lasting, systemic change. 
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Nowadays, the demand for more precise and reliable behavioral assessment in laboratory animals is growing, 

particularly in the context of preclinical studies. Automated or semi-automated systems that maintain etiologically 

relevant environmental conditions offer a significant improvement over classical, mostly manual methods by en-

abling the detection of subtle behavioral changes in mice. These alterations are often crucial for identifying the 

effects of genetic modifications, pharmacological agents or complex therapeutic strategies. The integration of Ar-

tificial Intelligence tools into behavioral studies further not only enhances the accuracy and efficiency of data 

analysis, allowing for more detailed interpretation of behavioral patterns, but also helps eliminate the human factor 

as a source of subjective data interpretation. 

Presented experimental setup for automated tracking of mice cohorts in semi-naturalistic conditions was designed 

to be both user-friendly and broadly applicable, particularly for studies involving mouse models of neurological 

disorders. System is based on AI-tools, such as SLEAP [1], used for markerless pose-estimation of mice and 

DeepOF [2], applied for supervised behavioral classification and deep phenotyping of the tested animals, with 

a particular focus on social interactions (eg., nose to nose-, side by side-behavior). Furthermore, the volume and 

quality of data produced within the analysis support the 3Rs principle – Replacement, Reduction, and Refinement, 

by reducing the number of animals used and promoting higher standards of animal welfare during conducting 

experiments. 
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