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About this Review and LCMT 
The Annual Research Review of 2024 provides a concise overview of the Laboratory of 

Chemistry and Materials Technology (LCMT) and its accomplishments under the direction of 
Professor Vassilis Stathopoulos during the calendar year 2023. This report aims to 
encapsulate the laboratory's advancements in chemistry and materials science, focusing on 
its commitment to sustainable technology innovation and provide access to the research 
data generated and reported within 2023. 

LCMT, affiliated with the National and Kapodistrian University of Athens (NKUA), is a 
hub of interdisciplinary research at the forefront of materials science, and active part in the 
NKUA research institutes ecosystem. LCMT through Prof V. Stathopoulos is a member of 
Research Institute of Energy, Renewables and Transport and Research Institute of 
Biotechnology, Circular Bioeconomy and Sustainable Development - RIBIO3. Prof. Vassili 
Stathopoulos leads LCMT with a vision for sustainable solutions. His academic journey, 
including research stints in Germany and industrial experience, enriches LCMT's collaborative 
ethos. Professor Stathopoulos' leadership is marked by securing substantial funding, 
spearheading numerous research projects, and prolific publication in scientific journals. 
LCMT's research trajectory, under his guidance, emphasizes the development of materials 
with environmental and energy applications, positioning the laboratory as a key player in 
advancing sustainable technologies. 

 

 

 

 

 

https://lcmt.core.uoa.gr/
https://lcmt.core.uoa.gr/
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Annual research aspects on chemistry and materials 
Vassilis Stathopoulos1, 2 

1Laboratory of Chemistry and Materials Technology, Core Department, National and 
Kapodistrian University of Athens, Psachna Campus, 34400, Evia, Greece 

2Department of Agricultural Development, Agri-food and Management of Natural 
Resources, National and Kapodistrian University of Athens, Psachna Campus, 34400, Evia, 

Greece. 

Abstract 
This comprehensive review delves into the research activities and notable achievements of 
the Laboratory of Chemistry and Materials Technology (LCMT) throughout the year 2023. The 
publications, disseminated across esteemed scientific journals, encapsulate the innovative 
research endeavors undertaken at LCMT, ranging from fundamental discoveries to practical 
applications. In 2023, LCMT made a significant impact with nine scientific publications, and a 
international patent application and 39 contributions to conferences, where researchers 
presented their latest findings.  

1. Introduction  
The Laboratory of Chemistry and Materials Technology deals with research in the field 

of chemistry as well as materials technology. The symbiotic relationship between chemistry 
and materials technology is perhaps best exemplified by the interdisciplinary research 
endeavors pursued within the Laboratory of Chemistry and Materials Technology.  

Chemistry, often referred to as the central science, serves as the cornerstone of our 
understanding of the natural world. It is the discipline that elucidates the composition, 
structure, properties, and transformations of matter, providing the fundamental framework 
upon which countless scientific endeavors rest. From elucidating the intricate mechanisms 
of biological processes to engineering novel materials with tailored properties, chemistry 
serves as the linchpin that connects disparate fields of study. 

Materials technology, on the other hand, represents the practical manifestation of 
chemistry's theoretical underpinnings. It encompasses the design, synthesis, 
characterization, and application of materials with tailored properties to address a myriad of 
societal challenges. From lightweight and durable alloys revolutionizing aerospace 
engineering to nanostructured materials enabling next-generation electronics, materials 
technology empowers humanity to transcend the limitations of conventional materials and 
forge new frontiers of innovation. 

Over the past decade, LCMT's prolific output in both publications and conference 
contributions exemplifies its enduring commitment to advancing the frontiers of knowledge in 
chemistry and materials technology. By embracing interdisciplinary approaches and 
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leveraging its collective expertise, LCMT continues to make significant contributions to 
scientific research, driving innovation and shaping the future of the field. 

2. Scientific results and publications 
Over the past decade, the Laboratory of Chemistry and Materials Technology (LCMT) 

has consistently demonstrated its prowess in scientific research, contributing a remarkable 
total of 79 publications that have significantly influenced the scientific community. Spanning 
a wide spectrum of research areas, these publications underscore the laboratory's 
multifaceted expertise and commitment to interdisciplinary collaboration. From catalysis to 
materials science, energy research to coatings (Fig. 1), LCMT's diverse portfolio reflects its 
dedication to addressing complex challenges through innovative solutions. 

 

Figure 1. LCMT publication fields 2014-2024 
Catalysis, representing 30% of LCMT's publications [1–19], stands as a cornerstone of 

the laboratory's research portfolio. Through meticulous experimentation and theoretical 
modeling, LCMT researchers have made significant strides in elucidating the intricate 
mechanisms governing catalytic processes. From the development of novel catalysts for 
organic transformations to the design of heterogeneous catalysts for sustainable chemical 
synthesis, LCMT's contributions to the field of catalysis have paved the way for greener, more 
efficient chemical processes with far-reaching implications for industry and society. 

Materials science comprises the largest proportion of LCMT's publications [20–45], 
accounting for 37% of the laboratory's scientific output. Within this realm, LCMT researchers 
have harnessed the principles of chemistry and materials engineering to design and 
synthesize a diverse array of advanced materials with tailored properties. LCMT's 
contributions to materials science have transcended disciplinary boundaries, driving 
innovation across a myriad of fields and applications. 

Energy-related research represents a significant focus of LCMT's endeavors, 
comprising 22% of the laboratory's publications [46–55]. Leveraging their expertise in 
chemistry and materials science, LCMT researchers have spearheaded efforts to develop 
sustainable energy solutions that mitigate the environmental impact of traditional energy 
sources. Whether it be the design of high-performance electrodes for energy storage devices 
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or the development of photocatalytic materials for solar energy utilization, LCMT's 
contributions to the energy sector have laid the groundwork for a more sustainable and 
resilient energy infrastructure. 

Coatings, though representing a smaller proportion of LCMT's publications at 11% [56–
62], nevertheless play a crucial role in multitude of technological applications. LCMT 
researchers have leveraged their expertise in surface chemistry and materials engineering to 
develop coatings with tailored functionalities, ranging from corrosion resistance and anti-
fouling properties to stimuli-responsive behavior. These coatings find application in diverse 
fields such as aerospace, automotive, and biomedical engineering, where they enhance the 
performance, durability, and functionality of critical components and devices. 

Collectively, LCMT's scientific publications over the past decade underscore the 
laboratory's unwavering commitment to advancing the frontiers of knowledge in chemistry 
and materials technology. Through a combination of fundamental research, applied science, 
and interdisciplinary collaboration, LCMT researchers continue to push the boundaries of 
scientific inquiry, driving innovation and fostering positive societal impact in the process. The 
publications from 2023, as summarized in Table 1, are thoroughly examined next, for their 
insights and implications. 

Table 1. LCMT publications 2023 
No Publication title page Reference 

2.1 Metal-Organic-Framework-based nanofiltration membranes for 
selective multi-cationic recovery from seawater and brines 

6 [63] 

2.2 Fabrication of highly active and stable Ni/CeO2-nanorods wash-
coated on ceramic NZP structured catalysts for scaled-up CO2 
methanation 

6 [1] 

2.3 Multi-Layer Ceramic Capacitors in Lighting Equipment: Presence 
and Characterisation of Rare Earth Elements and Precious 
Metals 

7 [20] 

2.4 Performance Comparison of Different Cathode Strategies on Air-
Cathode Microbial Fuel Cells: Coal Fly Ash as a Cathode 
Catalyst 

7 [2] 

2.5  Construction, Evaluation, and Performance of a Water 
Condensation Test Unit 

7 [64] 

2.6 Micromachining on Stainless Steel 304 for Improved Water 
Condensation Properties 

14 [56] 

2.7 Bioenergy Production from Tannery Waste via a Single-Chamber 
Microbial Fuel Cell with Fly Ash Cathodic Electrodes 

19 [65] 

2.8 Development and Evaluation of Corrosion Resistance and 
Hydrophobic Properties of Thermal Sprayed Coatings over 
Carbon Steel 

24 [57] 

2.9 Fabrication and Study of 3D Printed ABS-Carbon Composite 
Anodes for Single Chamber Microbial Fuel Cells 

30 [66] 
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Description of published works   

2.1.  Metal-Organic-Framework-based nanofiltration membranes for selective multi-
cationic recovery from seawater and brines, 
https://doi.org/10.1016/j.memsci.2023.121941 

Nanofiltration (NF) has emerged as a crucial component in Zero Liquid Discharge 
(ZLD)/Minimal Liquid Discharge (MLD) systems, playing a pivotal role in improving the 
efficiency of downstream processes for reclaiming valuable minerals from seawater and 
brines. However, a persistent challenge lies in ensuring that the purity of the extracted 
minerals meets market specifications, rendering ZLD/MLD economically unviable at present. 
To address this challenge, this study focuses on the development of a novel positively 
charged NF membrane aimed at enhancing selectivity for magnesium and calcium. The 
membrane design comprises two key components: an ultrafiltration substrate and an active 
layer incorporating NH2-MIL-101(Al) and ZnO nanoparticles within a chitosan matrix. The 
investigation explores the impact of varying loadings of NH2-MIL-101(Al) and ZnO on 
membrane structure, selectivity, and water permeability. Initial filtration experiments using 
single-salt solutions at 1000 ppm (NaCl, Na2SO4, MgCl2, CaCl2) reveal that the membrane 
containing 35%wt of ZnO exhibits the highest rejections of MgCl2 (90.10%) and CaCl2 
(86.49%). Furthermore, the selectivity towards MgCl2 and CaCl2 surpasses that of commercial 
membranes such as NF90 and NF270, as well as positively charged membranes introduced in 
recent literature. Subsequent tests with synthetic seawater and brine, conducted at a trans-
membrane pressure of 30 bar, underscore the compelling competitive edge of the newly 
synthesized membrane in terms of magnesium and calcium selectivity when compared to 
NF90 and NF270, particularly in the context of seawater and brine valorization efforts. [63] 

2.2. Fabrication of highly active and stable Ni/CeO2-nanorods wash-coated on ceramic 
NZP structured catalysts for scaled-up CO2 methanation, 
https://doi.org/10.1016/j.jcou.2023.102425. 

The synthesis of synthetic natural gas through CO2 methanation using green H2 produced via 
water electrolysis presents a promising solution for managing excess power from variable 
renewables and reducing CO2 emissions. Nickel-based catalysts, particularly supported on 
ceria nanorods, have shown exceptional low-temperature CO2 methanation activity due to 
enhanced metal-support synergy. This study focuses on scaling up the CO2 methanation 
process by fabricating highly porous NZP-type ceramic substrates and wash-coating them 
with Ni/CeO2-nanorods catalyst. Scaled-up experiments, conducted with a mass and volume 
of catalysts 80:1 and 65:1 times larger than lab-scale experiments, respectively, 
demonstrated the remarkable performance and stability of the structured catalyst. A 
methane formation rate of 277 NL gNi

−1 h−1 was achieved, surpassing values reported in similar 
studies. Additionally, it was observed that increased space velocity resulted in higher 
temperature gradients in the catalytic bed, favoring CO generation. Importantly, the catalyst's 
morphological and structural characteristics remained unchanged even after multiple on/off 
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reaction cycles and stability tests, indicating potential for scaling up the process using real 
feed streams at higher technology readiness levels. [1] 

2.3. Multi-Layer Ceramic Capacitors in Lighting Equipment: Presence and 
Characterisation of Rare Earth Elements and Precious Metals, 
https://doi.org/10.3390/recycling8060097. 
The drive to diminish energy usage in buildings has led to a notable shift in lighting technology, 
particularly with the advent of light-emitting diode (LED) lamps circa 2010. These LEDs, 
boasting extended lifespans, have become pivotal in the quest to exclusively utilize LED 
lamps by 2025, consequently reshaping the landscape of Category 3 waste electrical–
electronic equipment (WEEE) and fostering expectations for streamlined, high-concentration 
recycling pathways. This research endeavors to examine multi-layer ceramic capacitors 
(MLCCs) extracted from WEEE within the lighting sector, focusing on the identification of rare 
earth elements (REEs) and precious metals (PMs) they contain. To achieve this, the MLCCs 
underwent a digestion process employing HNO3 and aqua regia on a heated plate, followed 
by characterization utilizing inductively coupled plasma optical emission spectroscopy (ICP-
OES) and scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM-
EDX). Analysis revealed that the MLCCs harbor a weight percentage of 0.84% REEs and 0.60% 
PMs, constituting an economically significant reservoir, primarily driven by PMs accounting 
for 98.67%, with palladium (Pd) dominating at 78.37%. Further breakdown showcased the 
prevalence of key elements: neodymium (Nd) at 0.366%, yttrium (Y) at 0.220%, dysprosium 
(Dy) at 0.131%, silver (Ag) at 0.467%, and Pd at 0.105%. These findings underscore the 
necessity for targeted extraction methods and segregated recycling procedures specifically 
tailored for MLCCs sourced from WEEE in lighting applications. [20] 

2.4. Performance Comparison of Different Cathode Strategies on Air-Cathode Microbial 
Fuel Cells: Coal Fly Ash as a Cathode Catalyst, https://doi.org/10.3390/w15050862. 

The study explored the impact of various cathode configurations, including mullite/MnO2, 
Plexiglas/Gore-Tex/MnO2, mullite/coal fly ash, mullite/biochar, and mullite/activated carbon, 
on the performance of air-cathode microbial fuel cells (MFCs). Among these configurations, 
the combination of MnO2 catalyst applied on Gore-Tex cloth exhibited the highest maximum 
power output (7.7 mW/m3). However, the highest coulombic efficiencies (CEs) were attained 
with MnO2 (CE 23.5 ± 2.7%) and coal fly ash (CE 20 ± 3.3%) applied on ceramic substrates. 
These findings underscore the potential of utilizing coal fly ash and biochar as catalysts in 
MFC technology, offering both sustainability and cost-effectiveness.[2] 

2.5. Construction, Evaluation, and Performance of a Water Condensation  Test Unit, 
https://doi.org/10.4028/p-am2ENG 

The study of water condensation phenomena is important in order to evaluate the 
performance of materials and coatings employed in the fabrication of waste heat recovery 
units including heat exchangers, heat pipes, condensing economizers and related 
functional surfaces. Fast evaluation of lab-scale samples is important during research and 
development of coatings for wetting phenomena under controlled, reproducible, and stable 
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humidity and temperature conditions of both sample and environment. To study these 
effects, we report on the construction of a lab-scale condensation chamber, along with its 
evaluation and benchmarking with superhydrophobic coatings on stainless steel using 
perfluorooctyl silane (PFOTS). A working unit has been successfully fabricated and applied 
in a highly responsive device capable of recording the condensation performance of flat 
specimens under controlled conditions. Sample temperature was maintained with 0.10 oC 
deviation. The humidity response time of the chamber is 17.2 s per degree of RH% while the 
maximum relative humidity variation is +/- 3.2%RH. The unit successfully delivered valuable 
data over hydrophillic, hydrophobic and superhydrophobic surfaces. Data useful for 
studying open research issues such the relationship of contact angle and condensation 
phenomena.[64] 
The comprehensive edition of this publication can be found in Figure 2.



 
 

 

Figure 2. Comprehensive edition of “Construction, Evaluation, and Performance of a Water Condensation Test Unit 
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 Figure 3. (continued) 
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Figure 4. (continued) 
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Figure 5. (continued) 
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Figure 6. (continued) 



 
 

 

2.6. Micromachining on Stainless Steel 304 for Improved Water Condensation 
Properties, https://doi.org/10.4028/p-FwZKv7 

Microstructure fabrication and chemical surface functionalization with low-surface-
energy materials are the key steps to achieve hydrophobic surfaces with high water 
droplet contact angles (CA). In this work we employed wire Electric Discharge Machining 
(EDM) as a way to induce microstructure topography on stainless steel 304 coupons. The 
resulting topography was rendered hydrophobic using trichloro-1H,1H,2H,2H-
perfluorooctyl silane (PFOTS) via gas phase deposition. The channels created by 
machining and PFOTS functionalization facilitate water condensation by increasing 
nucleation sites and enhancing droplet coalescence. The resulting surface is 
hydrophobic (CA~140o) in contrast to the bare stainless steel 304, which is hydrophilic 
(CA~76o). [56] 
The comprehensive edition of this publication can be found in Figure 3. 



 
 

 

Figure 3. Comprehensive edition of “Micromachining on Stainless Steel 304 for Improved Water Condensation Properties” 
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Figure 3. (continued) 
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Figure 3. (continued) 
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Figure 3. (continued) 



 
 

2.7. Bioenergy Production from Tannery Waste via a Single-Chamber Microbial Fuel 
Cell with Fly Ash Cathodic Electrodes, https://doi.org/10.4028/p-0xWsyq 

Microbial Fuel Cells (MFCs) are attracting attention for their application in simultaneous 
energy production and waste treatment, as innovative biochemical reactors. They usually 
operate under adiabatic conditions, utilizing microorganisms to treat wastewater 
compositions using mainly carbon-based electrodes as anodes and cathodes. During the 
past years, various anodic and cathodic electrodes with plenty of variations were used in 
MFC configurations. On the anode side metal-based electrodes are used while on the 
cathode, ceramic electrodes are currently introduced. In this study, a stainless steel 
anode is used in a single chamber MFC. Ceramic cathodic electrodes are used, coated 
with Fly Ash (FA). The mixed transition oxides of FA are tested as potential cathodic 
catalysts in the operation of the MFC. The FA powder was deposited by two methods: an 
ultrasound-assisted method and a conventional brush coating. Tannery liquid waste is 
used as the waste/substrate to be treated in the single-chamber MFC. The configuration 
with ultrasound-assisted Fly-Ash produced cathodic electrodes, led to the highest power 
output in batch operation modes and a high degree of simultaneous COD decrease of the 
tannery waste reaching the values of 0.44 mW/gcat and 85.6% COD removal respectively. 
[65] 
 

The comprehensive edition of this publication can be found in Figure 4. 

 

 
 

 

 



 
 

 

Figure 4. Comprehensive edition of “Bioenergy Production from Tannery Waste via a Single-Chamber Microbial Fuel Cell with Fly Ash Cathodic 
Electrodes” 
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Figure 4. (continued) 



  ARR-LCMT 

22 
 

 

Figure 4. (continued) 
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Figure 4. (continued) 



 
 

2.8. Development and Evaluation of Corrosion Resistance and Hydrophobic Properties 
of Thermal Sprayed Coatings over Carbon Steel, https://doi.org/10.4028/p-sth09H 

Various industrial parts and equipment made of steel need to withstand demanding 
conditions. In order to increase performance and lifetime, surface processing and 
functional coatings can be applied. In this study we report on the evaluation of coated 
carbon steel with commercial corrosion-resistant powders Diamalloy 4276 and Woka 
7502 by Oerlikon Metco, using thermal spraying. Further functionalization is performed 
by rendering thermal sprayed surfaces syperhydrophobic via gas phase deposition of 
trichloro-1H,1H,2H,2H-perfluorooctyl silane, (PFOTS). Electrochemical impedance 
spectroscopy, contact angle and water condensation studies reveal the protective 
properties of coatings prepared by both materials as well as the superiority of Diamalloy 
4276 based coatings. Corrosion was evaluated under a harsh 20% w/w H2SO4 

environment. Rendering the coating superhydrophobic improves water condensation 
under the tested conditions of high (80%) relative humidity. [57] 
 

The comprehensive edition of this publication can be found in Figure 5. 

 



 
 

 

Figure 5. Comprehensive edition of “Development and Evaluation of Corrosion Resistance and Hydrophobic Properties of Thermal Sprayed 
Coatings over Carbon Steel” 
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Figure 5. (continued) 
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Figure 5. (continued) 
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Figure 5. (continued) 
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Figure 5. (continued) 



 
 

2.9. Fabrication and Study of 3D Printed ABS-Carbon Composite Anodes for Single 
Chamber Microbial Fuel Cells, https://doi.org/10.4028/p-3QcQuv 

Microbial Fuel Cells (MFCs) are electrochemical devices that exploit microbes for 
wastewater treatment with simultaneous power production. Concerning reactor design, 
electrode materials and operation modes, great achievements have been reported with 
an emphasis on developing anode materials to improve overall MFC performance. Anode 
materials (carbon cloth, carbon veil, carbon sponges) and their properties such as 
biocompatibility, electrical conductivity, surface area and efficient transport of waste 
play a very important role in power generation in MFCs. Despite their low cost, they present 
structural-based disadvantages eg. Fragility, and low conductivity issues. Additive 
manufacturing of Fused Deposition Modelling (FDM) due to its tailoring properties, has 
employed various polymer-based materials such as Polylactic Acid (PLA) and 
Acrylonitrile Butadiene Styrene (ABS) for manufacturing applications. In addition, carbon-
based composites and hybrid materials eg. electrically conductive PLA and ABS have 
already been fabricated and are commercially available to exploit good electrical 
conductivity and structural rigidness. In this research, FDM was used to fabricate 
custom-sized electrodes made of a laboratory-produced electrically conductive ABS 
filament. A parametric study of conductivity and biocompatibility properties of these 
electrodes in correlation to 3D printer parameters was investigated and reported. 
Furthermore, treatment with a combination of thermal, mechanical, and chemical 
procedures was performed to improve the crucial parameters of anodes for MFCs. [66] 
 

The comprehensive edition of this publication can be found in Figure 6. 



 
 

 

Figure 6. Comprehensive edition of “Fabrication and Study of 3D Printed ABS-Carbon Composite Anodes for Single Chamber Microbial Fuel Cells” 
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Figure 6. (continued) 



  ARR-LCMT 

33 
 

 

Figure 6. (continued) 
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Figure 6. (continued) 



 
 

3. Scientific conferences 
The laboratory has actively participated in 39 international conferences the last 10 

years, where researchers have presented their latest findings and engaged in scholarly 
discourse. These conferences serve as invaluable platforms for knowledge dissemination, 
facilitating exchanges of ideas and fostering collaborations with peers from around the 
world. Specifically, some of the conferences that LCMT team participated are Applied 
Nanotechnology and Nanoscience International Conference - ANNIC 2015, 12th European 
Congress on Catalysis – EuropaCat-XII, European Congress and Exhibition on Advanced 
Materials and Processes-EUROMAT 2015, International Conference On Applied Mineralogy 
& Advanced Materials, 5th Nano Today Conference, 2nd International Conference on 
Sustainable Energy and Resource Use in Food Chains, ICSEF 2018, 12th International 
Conference on Sustainable Energy & Environmental Protection "SEEP 2019", 9th 
International Workshop on Advances in Cleaner Production Towards Sustainable Energy-
Water-Food Nexus: The Contribution of Cleaner Production, 17th International Conference 
on Environmental Science and Technology, and 8th International Conference on Material 
Science & Smart Materials “MSSM 2022”.  

 

Figure 7. LCMT conference contributions fields 2014-2024 
 

Catalysis remains a prominent focus of LCMT's conference presentations, 
comprising 15% of the laboratory's contributions. LCMT researchers have shared their 
insights into catalytic mechanisms, novel catalyst design, and catalytic process 
optimization at conferences spanning the globe. These presentations have facilitated the 
exchange of ideas and catalyzed collaborations with researchers from academia, and 
industry, ultimately advancing the field of catalysis and its applications in various sectors. 

Materials science continues to be a cornerstone of LCMT's conference 
participation, accounting for 39% of the laboratory's presentations. LCMT researchers have 

https://www.materialstoday.com/nanomaterials/events/annic-2015/
https://www.materialstoday.com/nanomaterials/events/annic-2015/
https://istina.msu.ru/conferences/9025886/
https://istina.msu.ru/conferences/9025886/
https://www.oeaw.ac.at/esi/detail/news/euromat-2015-held-in-warsaw
https://www.oeaw.ac.at/esi/detail/news/euromat-2015-held-in-warsaw
https://www.socminpet.it/N81/amam-2015-international-conference-on-applied-mineralogy-advanced-materials.html
https://www.socminpet.it/N81/amam-2015-international-conference-on-applied-mineralogy-advanced-materials.html
https://www.materialstoday.com/nanomaterials/events/5th-nano-today-conference/
https://www.brunel.ac.uk/research/Centres/Sustainable-Energy-Use-in-Food-Chains/ICSEF-2018
https://www.brunel.ac.uk/research/Centres/Sustainable-Energy-Use-in-Food-Chains/ICSEF-2018
https://www.sharjah.ac.ae/en/Media/Conferences/seep/Documents/SEEP2019_Book.pdf
https://www.sharjah.ac.ae/en/Media/Conferences/seep/Documents/SEEP2019_Book.pdf
http://www.advancesincleanerproduction.net/9th/site/
http://www.advancesincleanerproduction.net/9th/site/
http://www.advancesincleanerproduction.net/9th/site/
https://journal.gnest.org/node/8814
https://journal.gnest.org/node/8814
https://www.iways.eu/fostering-sustainable-innovation-in-material-science/
https://www.iways.eu/fostering-sustainable-innovation-in-material-science/
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showcased their expertise in materials synthesis, characterization, and application at 
conferences covering a wide range of topics, such as nanomaterials and polymers and 
composites. Through their conference presentations, LCMT researchers have contributed 
to the collective knowledge base of materials science, while also forging connections with 
peers and collaborators from around the world. 

Energy-related research has emerged as a growing area of interest for LCMT, 
representing 10% of the laboratory's conference presentations. LCMT researchers have 
shared their findings on topics such as energy storage, renewable energy, and sustainable 
fuel production at conferences focused on energy technologies and environmental 
sustainability. These presentations have stimulated discussions on pressing energy 
challenges and potential solutions, paving the way for collaborative efforts aimed at 
addressing global energy needs. 

Coatings research has garnered significant attention at LCMT's conference 
presentations, comprising 36% of the laboratory's contributions. LCMT researchers have 
shared their expertise in surface chemistry, thin film deposition, and coating technologies 
at conferences dedicated to coatings and surface engineering. These presentations have 
highlighted the role of coatings in enhancing the performance, durability, and functionality 
of diverse materials and devices, while also fostering collaborations with industry partners 
seeking innovative coating solutions. 

The 2023 LCMT scientific team made remarkable strides in showcasing their 
research, with a total of 10 contributions presented at prestigious conferences. The team's 
dedication and expertise were evident as they presented eight works at the ΕΜΑΝΑΤΕ 
CONFERENCE 2023, a significant platform for exchanging ideas and advancements in 
various fields. At ΕΜΑΝΑΤΕ CONFERENCE 2023, the team's presentations covered a 
diverse range of topics, spanning from fundamental research to applied technologies, 
reflecting the multidisciplinary nature of their work.  

Namely the influence of urban fires on the concentration of mobile forms of 
elements of concern and heavy metals in surface and in different soil depths were 
investigated. Sampling of soils of pyrogenic origin was carried out in 2022 by at least 800 
different ground sampling points. All points selected according to operating standards in 
the territory of Mati and Kineta (Attica, Greece) that suffered from wildfires in July of 2018. 
The heavy metals content of the soil samples was identified after Aqua Regia extraction 
utilizing Inductively coupled plasma-mass spectrometry (ICP-MS) as analytical method. 
Certified Reference Materials (CRM) were used for the method development. The results 
were evaluated using the Dutch List, a collection of values and regulations related with the 
contaminated soils[67]. 

 

https://conferences.uoa.gr/event/68/
https://conferences.uoa.gr/event/68/
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The need for suitable training and methods and material for the introduction of 
green special processes in aerospace industry was discussed during EMANATE by 
members of LCMT in collaboration with the Hellenic Airspace Industry. Special processes 
(Welding, Surface Engineering & Chemical Processing, Electronics manufacturing, 
Composites, Elastomer Seals, Heat Treatment, Thermal Spraying, Materials Testing & 
Inspection, Nonconventional Machining, Non-destructive Testing etc) in materials for 
specific applications such as aircraft and aircraft engines Maintenance Repair and 
Overhaul (MRO) require specific and advanced skills, equipment, and detailed procedures 
to ensure the quality and safety of the maintenance work [68].  

The manganese based mixed oxides were discussed for their properties as well as 
for their structure and composition effect on their catalytic performance in typical redox 
reactions. Such structural features were introduced by the synthesis method applied and 
both composition and structural characteristics can be used to control the catalytic 
performance. By the synthesis method rare earths, transition metals and or alkaline earths 
can be introduced towards mixed systems as well as perovskite structure formation [69]. 
Similar perovskites type oxides were studied for solid oxide electrolytic cells (SOECs) 
cathodes. The aim was to develop A-site deficient perovskite materials of exceptional 
redox stability and tailored ionic-electronic conducting properties for efficient syngas 
production in reversible solid oxide electrolysis/fuel cells, utilizing the reaction CO2 + H2O 
⇄ CO + H2 + O2. Candidate cathode materials were prepared and reported, utilizing the 
LSCM (La, Sr, Cr, X) formulation of perovskite oxide material, with the general formula 
La0.75Sr0.25Cr0.5X0.5O3-δ (X=Mn, Fe). Several B-site doping strategies in A-site deficient 
perovskites have also been employed, with the ultimate goal of studying the formation of 
mono- or multi-metallic nanoparticles obtained after exsolution [70].  

The Microbial Fuel Cells (MFCs) that gain popularity as cutting-edge biochemical 
reactors that consume waste substrates in order for the electrogenic bacteria and/or 
enzyme cultures to produce electricity and, simultaneously, to lower environmentally 
hazardous values of wastes were in LCMT research focus. Results of this research were 
reported, as a single chamber microbial fuel cell was operated with commercial steel 
sponges as anode electrodes, and ceramic electrodes as a cathode, whilst the use of 
Escherichia coli (E. coli) bacteria was evaluated as the bacteria for treating tannery waste. 
Stainless steel electrodes outperformed carbon felt in terms of power generation and COD 
tannery treatment. A COD decrease of almost 80% was achieved with stainless steel 
followed by an increased power output of 50% in comparison with carbon-felt electrode 
[71].  

The group in collaboration with other research groups and an enterprise through 
funded projects reported on the development and study of properties of super-
hydrophobic surface morphology on sandblasted stainless steel 304 samples. The findings 
of this study were promising and further studies are underway [72]. In the same subject the 
group reported the superior durability, superhydrophobicity, and corrosion protection of 
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functional coatings over 304 stainless steel [73] as well as on three types functional 
coatings applied by thermal spraying to provide protection against corrosion and fatigue, 
resulting in prolonged lifespan, reduced material waste, and improved resource economy. 
In this study, the effectiveness of three types of functional coatings applied via thermal 
spraying to carbon steel was evaluated. Electrochemical measurements, and contact 
angle studies were then conducted to assess the coatings' effectiveness under harsh 
corrosive conditions with sulfates present [74]. Functional coatings for flat-type solar 
panels were also reported as applied using physical spraying method and tested. The 
precursors were water based VOC free [75].  

Their contributions not only highlighted their innovative approaches but also 
fostered collaboration and discussion among peers in the scientific community. 
Additionally, the team showcased two works at the 9th International Conference on 
Material Science & Smart Materials “MSSM 2023”. This conference provided a focused 
platform for sharing insights and developments in material science and smart materials, 
areas crucial for advancements in numerous industries including electronics, healthcare, 
and energy. 

The team's participation in these conferences underscores their commitment to 
pushing the boundaries of knowledge and driving progress in their respective fields. By 
sharing their research findings and engaging with fellow experts, they contribute 
significantly to the collective effort of advancing science and technology for the betterment 
of society. 

4. Conclusions and Remarks 
The Laboratory of Chemistry and Materials Technology (LCMT) has demonstrated 

exceptional prowess and dedication in scientific research throughout the year 2023. 
Through a multifaceted approach encompassing both publications and conference 
contributions, LCMT has made significant strides in advancing knowledge and innovation 
in the fields of chemistry and materials technology. 

LCMT's scientific publications in 2023 span a diverse range of research areas, 
including catalysis, materials science, energy research, and coatings. These publications 
not only highlight the laboratory's depth of expertise but also its commitment to addressing 
pressing societal challenges through interdisciplinary collaboration and innovative 
solutions. 

Furthermore, LCMT's active participation in international conferences underscores 
its commitment to scholarly discourse and knowledge dissemination. By presenting their 
latest findings and engaging with peers from around the world, LCMT researchers have 
fostered collaboration and facilitated the exchange of ideas, ultimately contributing to the 
collective advancement of science and technology. 

https://watereurope.eu/9th-international-conference-on-materials-science-and-smart-materials-2023/
https://watereurope.eu/9th-international-conference-on-materials-science-and-smart-materials-2023/


  ARR-LCMT 

39 
 

In summary, LCMT's achievements in 2023 underscore its position as a leader in 
scientific research, driving innovation and shaping the future of chemistry and materials 
technology. Through its continued dedication to excellence and interdisciplinary 
collaboration, LCMT is poised to make even greater contributions to scientific knowledge 
and societal progress in the years to come. 
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