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Dear Participants at CEEC-PCMS1 Conference,
Let us express our great pleasure to welcome you here in Split - Croatia, for attending the
event entitled 1st Central and Eastern European Conference on Physical Chemsitry and Materials
Science (CEEC-PCMS1), between 26th and 30th of July 2022; we thank very much to all 183 of you for
joining us! You were invited in Split, which is the second largest city of Croatia. The city has rich
history, as it was founded as the Greek colony of Aspalathos in the 3rd or 2nd century BC on the coast of
the Illyrian Dalmatae, and later on was home to Diocletian's Palace, built for the Roman emperor in AD
305. Nowdays, Split is a modern city, with a vibrant cultural life.
The conference CEEC-PCMS1 gathers now 183 registered participants from 26 countries,
presenting a total number of 184 scientific works. Of those, 6 are Plenary Lectures (PL), 8 are
Invited Lectures (IL), 8 are Keynote Lectures (KL), 4 Parallel Sessions of Oral Presentations – 36
contributions (OP) & 3 Sessions of Poster Presentation – 126 contributions (PS). Each session of
oral presentations is comprised of 9 works, while three poster presentations include 42 works each.
At this edition, Awards will be offered to exceptional scientists: i) Prof. Dr. rer. nat. Sigrid
Bernstorff from Italy (Emeritus Scientist in Physical Chemistry & Materials Science), ii), Prof. Dr.
Aliaksandr S. Bandarenka from Germany (Distinguished Scientist in Physical Chemistry &
Materials Science); iii) Dr. Matej Hus from Slovenia (Outstanding Young Scientist in Physical
Chemistry & Materials Science); two iv) Grants for Exceptional Young Researchers from Central &
Eastern Europe in the field of Physical Chemistry & Materials Science.
We would like to express our thanks to the people who contributed and supported the
organization of this event, especially to the members of the Honorary Committee, Scientific
Committee, International Organizing Committee, National Organizing Committee, Executive
Organizing Committee, Central and Eastern European Committee for Thermal Analysis and
Calorimetry, Croatian Society of Chemical Engineers (HDKIT), Croatian Chemical Society (HKD),
University of Split (Sveuceliste u Splitu) and the Faculty of Chemistry and Technology (KTF) of
the University of Split, Croatian Ceramics Scoeity (CroCerS) and Tiraspol State University (TSU).
We acknowledge the great support of our Sponsors: Netzsch & AlphaChrom d.o.o. (Gold Sponsor),
RuVe d.o.o. (Bronze Sponsor), Labtim (Bronze Sponsor), Jasika d.o.o. (Additional Sponsor) and
Renacon d.o.o. (Additional Sponsor). A special acknowledgement has to be addressed to the
Journal of Thermal Analysis and Calorimetry, Applied Surface Science Advances, Surfaces and
Interfaces, Molecules, Chemical and Biochemical Engineering Quarterly, where one of their
volumes will be dedicated to research papers of our conference, presented as plenary, invited,
keynote, oral or poster contributions.
The 5-day meeting is hosted at the Faculty of Chemistry and Technology of the University
of Split. The official language of the conference is English.
We hope that you will enjoy the city during your stay at the CEEC-PCMS1 conference, and
that you will leave Split with the same good feelings and memories as those after attending the
previous conferences. We expect that this conference will give you novel scientific and practical
knowledge, and enrich you with a variety of new contacts.
Looking forward to seeing you at forthcoming thermal analysis and calorimetry conferences,
and hopefully in 2024 for CEEC-PCMS2!
Matko Erceg
Chairman of CEEC-PCMS1
Andrei Rotaru
Chairman of the International Organizing Committee of CEEC-PCMS1
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General Information
The joint event “1st Central and Eastern European Conference on Physical Chemistry and
Materials Science (CEEC-PCMS1)” has gathered 183 registered participants from 26 countries,
presenting a total number of 184 scientific works. Of those, 6 are Plenary Lectures (PL), 8 are
Invited Lectures (IL), 8 are Keynote Lectures (KL), 4 Parallel Sessions of Oral Presentations – 36
contributions (OP) & 3 Sessions of Poster Presentation – 126 contributions (PS). Each session of oral
presentations is comprised of 9 works, while each of the three poster presentations included 42 works.

Plenary Lectures







Aliaksandr S. Bandarenka (Technical University of Munich, Germany)
Sigrid Bernstorff (Elettra-Sincrotrone Trieste S.C.p.A., Italy)
Werner E.G. Muller (Johannes Gutenberg University Mainz, Germany)
Luis A. Perez-Maqueda (CSIC Institute of Materials Science of Sevilla/University of Sevilla,
Spain)
Konstantinos N. Raftopoulos (Cracow University of Technology, Poland)
Jaroslav Sestak (The Czech Technical University in Prague, Czech Republic)

Invited Lectures









Ignazio Blanco (University of Catania, Italy)
Vera L.S. Freitas (University of Porto, Portugal)
Maria Ines Goncalves Leles (Federal University of Goias, Brazil)
Matej Hus (National Institute of Chemistry of Slovenia, Slovenia)
Diego Manfredi (Polytechnic University of Turin, Italy)
Alfred Menyhard (Budapest University of Technology and Economics, Hungary)
Clive L. Oliver (University of Cape Town, South Africa)
Paul Vasos ("Horia Hulubei" National Institute for Physics & Nuclear Engineering IFINHH, Extreme Light Infrastructure-Nuclear Physics ELI-NP, Romania)

Keynote Lectures









Dalia Bednarska (Lodz University of Technology, Poland)
George R. Ivanov (University of Architecture, Civil Engineering and Geodesy, Bulgaria)
Madalina Mateescu (West University of Timisoara, Romania)
Filippo Parisi (University of Trieste, Italy)
Miroslav M. Pavlovic (University of Belgrade, Institute of Chemistry, Technology and Metallurgy,
Serbia)
Adel Racz (Centre for Energy Research, Hungary)
Ionel Roventa (University of Craiova, Romania)
Peter Simon (Slovak University of Technology, Slovakia)
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Plenary Lectures

Plenary Lectures

PL1

Thermal Analysis and Material Thermodynamics Assuming
Dimensions
Jaroslav ŠESTÁK, Robert ČERNÝ

Department of Materials Engineering and Chemistry, Faculty of Civil Engineering,
Czech Technical University in Prague, Thákurova 7, CZ-16629 Prague 6, Czech Republic
Heat/fire always played a significant role as an explicit tool in two forms: (i) As an
industrial power applied for tailoring material by controlled heat input and removal. (j) As an
instrumental agent for modern analysis of material via the methods of thermal analysis, which
displays to be a destructive technique studying relationship between material’s properties and its
temperature as the sample is heated/cooled in controlled manner when heat act as a reagent.
Theoretical description of both is associated with the field of thermodynamics; however, the
alternative approach in real dynamic conditions is missing because the procedures are not thermally
static involving heat supply from external sources. Therefore, it is necessary to incorporate current
heat transport processes, which within Newton's laws include time-dependent heat propagation
throughout the body and related inertia during its body dissipation [1]. Consequently, the associated
description of the instantaneous state goes beyond the classical thermodynamic representation, and
in this respect we can imagine the emergence of a new discipline, for which we can choose the
historical name "thermotics" (i.e. a term reminiscent of mathematics). This view better takes into
account the existence and subsequent influence of gradients, heat fluxes, etc., which falls outside
the description of traditional textbook thermodynamics but it brings complications in the analysis of
experimental data, especially DTA. Moreover, the general concept of temperature is
thermodynamically defined [1,2] in equilibrium only the interpretation of which for practical offequilibrium still presents some controversial aspects offering a new term “tempericity”. Another
problem is the reduction in the volume of particles bringing a new variable as a dimension. Another
problem is the reduction of the volume of particles introducing a new variable as a dimension,
which brings with it a new form of extended thermodynamics [3].
[1] J. Šesták. Thermal Analysis and Thermodynamic Properties of Solids, Elsevier, Amsterdam 2021, 660
pp., ISBN 9780323855372.
[2] J. Šesták, R. Černý. Thermotics as an alternative nonequilibrium thermodynamic approach suitable for real
thermoanalytical measurements: A short review. J Non-Equilib Thermod, 47 (2022) 233
[3] J. Šesták. Thermal physics of nanostructured materials: thermodynamic (top-down) and quantum
(bottom-up) issues. Materilas Today 32. (2021) 28-32
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PL2

Small Angle Scattering and its Application in Chemistry,
Life and Material Science
Sigrid BERNSTORFF

Elettra-Sincrotrone Trieste S.C.p.A , 34149 Basovizza, Trieste, Italy
Small Angle X-ray Scattering is a versatile technique used on all synchrotrons and many
laboratories all over the world, which provides information on nanostructures regarding dimension,
shape and aggregation state from roughly 1 nm to > 100 nm. All states of matter, i.e. solid, liquid,
aerosols and thin surfaces can be probed. The opportunity to investigate the samples in their
“natural” environment and with high time resolution is one of the strong points of this technique.
The experimental possibilities at the Austrian SAXS beamline operated at the synchrotron
radiation source Elettra – Sincrotrone in Trieste since more than 26 years will be presented. Here
the focus will be on in-situ and in-operando experiments, as well as on results obtained for selfassembled thin films.
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PL3

Identifying Active Electrocatalytic Centers Under Reaction
Conditions with Electrochemical Scanning Tunneling Microscopy
Aliaksandr BANDARENKA

Technical University of Munich, Department of Physics, James-Franck-Str. 1, 85748 Garching,
Germany
One of the key procedures in elaborating and understanding new and existing
electrocatalysts is the identification of so-called active centers at the electrode surface with optimal
adsorption characteristics towards reaction intermediates. However, such identification, especially
under reaction conditions, is often very complicated and, in most cases, indirect. Therefore, the
nature of active sites is currently known for only a limited number of electrocatalytic reactions and
catalyst surfaces. In the presentation, I will explain the principles of identification of active sites
using electrochemical scanning tunneling microscopy under reaction conditions for several
reactions essential for energy provision [1-3]. Examples include metal, metal oxide, and nonmetallic (e.g. Pt, Pd, IrOx, and HOPG) electrocatalysts.

Figure 1. High-resolution n-EC-STM images of HOPG
under hydrogen evolution reaction conditions [4]
[1] J. Pfisterer, Y. Liang, O. Schneider, A.S. Bandarenka, Nature, 549 (2017) 74
[2] Y. Liang, D. McLaughlin, C. Csoklich, O. Schneider, A.S. Bandarenka, Energy & Environmental Science, 12
(2019) 351
[3] R.W. Haid, R.M. Kluge, Y. Liang, A.S. Bandarenka, Small Methods, 5 (2021) 2000710
[4] R.M. Kluge, R.W. Haid, I.E.L. Stephens, F. Calle-Vallejo, A.S. Bandarenka. Physical Chemistry
Chemical Physics, 23 (2021) 10051
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PL4

Morphogenetically Active Amorphous Polyphosphate:
A foundational breakthrough invention for medical applications
Werner E. G. MÜLLER, Xiaohong WANG

ERC Advanced Investigator Grant Research Group at the Institute for Physiological Chemistry,
University Medical Center of the Johannes Gutenberg University Mainz, Germany
Inorganic polyphosphate (polyP) is one of the oldest chemical energy-providing molecules
in biological systems. This polymer, containing a much longer sequence of high-energy phosphate
units than the universal energy donor adenosine triphosphate (ATP), has attracted increasing
attention for potential biomedical applications because of its diverse metabolic and regulatory
functions and its ability to form biologically active nano/microparticles.
In its particulate form, polyP is not biologically active but these particles easily transform into a
coacervate form in which polyP is biologically active. polyP can be easily combined with other
materials used in tissue engineering, e.g. for the production of bioprintable bioinks (even for cell
printing) or stable polymers such as polymethacrylate of polycaprolactone. In this way, the material
could be applied not only as a filler, but also for the fabrication of larger mechanically more stable
implants. In addition, together with other negative polyanions, polyP is able to selforganize the
presence of divalent cations to polymer bundles stabilized by Ca2+ bridges, or polyP
nano/microparticles can be created in situ from polyP incorporated into certain hydrogels.
Through the selection of suitable hydrogel-forming polymers and controlled hardening via calcium
ions, hybrid biomaterials of defined porosity and mechanical properties can be fabricated, which are
not only morphogenetically active, i.e. capable of promoting cell growth, differentiation and
migration via specific gene induction, but also provide the cells with the energy needed for their
function, including those processes which proceed in the extracellular space.
With the discovery of polyP and the characterization of the multiple functions of this
energy-rich biopolymer, a new physiological molecule has been introduced into the growing group
of biomaterials of biomedical interest, which adds a novel principle: metabolic energy-delivery in
addition to morphogenetic/regenerative activity. There is no other biomaterial that is provided with
this property combination.
Very recently, we investigated the effect of polyP in innate immunity on the binding of the
receptor-binding domain (RBD) of the SARS-CoV-2 spike protein to the cellular ACE2 receptor
and disclosed a potential therapeutic benefit of polyP against SARS-CoV-2 infection.
References
[1] W.E.G. Müller, H.C. Schröder, X.H. Wang, Chem. Rev., 119 (2019) 12337-12374.
[2] W.E.G. Müller, S.F. Wang, et al., X.H. Wang, Adv. Funct. Mater., 29 (2019) 1905220.
[3] E. Tolba, X.H. Wang, et al., W.E.G. Müller, Adv. Sci., 6 (2019) 1801452.
[4] W.E.G. Müller, H.C. Schröder, X.H. Wang, Mater. Today (Kidlington), 51 (2021) 504-524.
[5] H. Schepler, X.H. Wang, et al., W.E.G. Müller, Theranostics, 11 (2021) 6193-6213.
[6] H. Schepler, Neufurth M, et al., X.H. Wang, W.E.G. Müller, Theranostics, 12 (2022) 18-34.
Acknowledgements: This work was supported by an ERC Advanced Investigator Grant (grant number:
268476) and three ERC-PoC grants (grant numbers: 324564, 662486 and 767234); W.E.G.M. is the Investigator.
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PL5

Ceramics in a Flash. Flash Sintering of Ceramic Materials
Luis A. PEREZ-MAQUEDA1, Antonio PEREJON1,2, Eva GIL-GONZALEZ1,3,
Pedro E. SANCHEZ-JIMENEZ1,2
1

Instituto de Ciencia de Materiales de Sevilla (C.S.I.C.-University of Seville),
C. Américo Vespucio, 49, Sevilla 41092, Spain
2
Departamento de Química Inorgánica, Facultad de Química, Universidad de Sevilla,
C. Profesor García González, S/N, Sevilla, 41012, Spain
3
Departamento de Ingeniería Química, Universidad de Sevilla, Escuela Politécnica Superior,
Calle Virgen de África, 7, Sevilla, 41011, Spain

The use of electric fields to induce chemical and biological processes has raised the interest
since the discovery of electricity by Benjamin Franklin in the 1700s. Very recently, it has been
found out that nanograin zirconia could be sintered to full density in less than five seconds at
furnace temperatures of about 850ºC just by applying a small DC field to the sample [1]. In the
conventional flash experiment, the sample is placed inside a furnace while a set voltage is applied to
the sample, in such a way that the current flows through the preheated sample. For a certain value of
temperature and applied voltage, there is a sudden drop in the electrical resistivity of the sample
while the dissipated power raises suddenly. At this point, called the “flash” stage, the power supply
switches from voltage controlled to current controlled mode, applying a pre-set current intensity to
the sample. The flash event is generally accompanied by intense photoluminescence and almost
instantaneous densification. Further developments of the method include the use of current intensity
ramp mode or multiphase AC Flash sintering. Flash sintering has been successfully applied a large
number of ceramic materials, including ionic and electronic conductors, insulators, ferroelectric,
multiferroic, piezoelectric, structural, non-oxide ceramics, metastable materials, etc. Very recently,
it has been shown that it is possible to induce chemical reactions during the Flash sintering process.
Thus, within one step that takes few seconds, materials could be both synthesized and sintered. This
new method has been successfully applied to ferroelectric, multiferroic, piezoelectric, high entropy
oxides, solid state ionic conductors, etc.
[1] M. Cologna, B. Rashkova, R. Raj, J. Am. Ceram. Soc., 93(2010) 3556.
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PL6

Glass transition in polyurethane-POSS hybrid materials
Konstantinos RAFTOPOULOS

Cracow University of Technology, Department of Chemistry and Technology of Polymers,
Warszawska 24 31-155 Kraków, Poland
Polyurethanes are a widely used family of copolymers based on the polyaddition reaction
between isocyanate and hydroxyl groups, forming a urethane linkage. By appropriate choice of the
two components it is possible to synthesize a broad range of materials, with properties easily
tailored to applications.
On the other hand, polyhedral oligomeric silsesquioxanes (POSS) are large hybrid organicinorganic molecules which can be used as sub-nanometric building blocks. They consist of a
siliceous –usually cubic– core with size less than a nm, with Si at the vertices and O at the edges.
On each Si atom it is possible to attach an organic group which can be reactive or not. With proper
selection of these vertex groups, it is possible to tune the solubility of the large molecules in a given
polymeric matrix or even to attach them covalently in the macromolecular structure itself. This
covalent bonding allows for dispersion in the molecular level, as well as for targeted placement in
the case e.g. of copolymers.
Over the last decade we have incorporated such building blocks in various polyurethane
matrices and with different architectures, including POSS as pendent groups, as heavy chemical
crosslinks, in bead like configurations, as well as simple, not bonded additives. It has been found
that incorporation of those nanobuilding blocks in the structure of polyurethanes has a significant
effect on the molecular mobility of the host polyurethane, and as a result they have a notable impact
on its thermal and dynamic glass transition. The extent of the phenomenon depends a lot on the
architecture of the chain, and several direct and indirect mechanisms are in effect [1,2]. To name a
few: (i) Nanoaggregates of POSS act as nanoparticles immobilizing a fraction of the polymer (ii)
POSS can act as diluents thus participating in the glass transition process (iii) Reactive POSS alter
the chain topology, e.g. by changing the molar mass or the crosslinking density thus altering the
mobility. In addition, especially in the case of polyurethanes, (iv) incorporation of POSS may affect
the microphase separation which is a very crucial factor for the physical properties for this family of
polymers, including their glass transition.
[1] K.N. Raftopoulos, K. Pielichowski, Prog. Polym. Sci., 52 (2016) 136
[2] T.M. Majka, K.N. Raftopoulos, K. Pielichowski, J. Therm. Anal. Calorim., 133 (2018) 289
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IL01

POSS Hybrid Nanoparticles: state of the art and future developments
Ignazio BLANCO

Department of Civil Engineering and Architecture and INSTM UdR , University of Catania,
V.le a. Doria 6, 95125 Catania, Italy
*Corresponding author: e-mail: iblanco@unict.it
Polymer was the defining material of the twentieth century whilst, both for the considerable
increase in articles published in literature and for the growth of applications over the last fifteen
years the defining material plat-form of the twenty-first century could very well be the hybrid
material. The design of an hybrid material is related with the combination of two or more
components in a single material to give new and previously unattainable combinations of useful
properties [1]. For the preparation of these materials are required building blocks like carbon
nanotubes, graphene and polyhedral oligomeric silsesquioxanes (POSSs). The set of knowledge
regarding these latter expanded rapidly over a very short period of time as highly efficient synthesis
methodologies were developed. Efforts to develop practical applications for discrete POSS
frameworks gained a major champion in the early 1990’s when Joseph D. Lichtenhan initiated a
research program at Edwards Air Force Base (California, USA) to use POSS-containing polymers
as precursors to hybrid inorganic/organic materials [2]. The interest observed for these
nanomaterials since the nineties, was probably due to an increased focus on mechanistic studies
involving POSS frameworks, and the deliberate use of POSS as pre-cursors to more complex Si/O
and Si/O/M frameworks. Since the existence of reports consistent with silsesquioxane formation
back as far as the 1870s [3], we can consider this new development as a real rebirth of POSS. Today
POSSs, due to their thermal and chemical stability, cover with their use various fields, ranging from
high-performance materials to flame-resistant materials, novel homogeneous POSS-supported
catalyst and applications in proton exchange membranes [4]. POSS molecule has been considered a
next generation material in several biological fields, due to its excellent mechanical properties and
biodegradability provided by Si–O–Si bonds. Accordingly, POSSs have been used as tissue
engineering and biomedical materials and to improve the efficiency and pathway of delivery in drug
delivery systems [4].
[1] I. Blanco. Polymers 10 (2018) 904
[2] J.D. Lichtenhan, K. Pielichowski, I. Blanco. Polymers 11 (2019) 1727
[3] A. Ladenburg. Ber. Dtsch. Chem. Ges. 6 (1873) 379
[4] I. Blanco, L. Abate, F.A. Bottino. Thermochim. Acta 655 (2017) 117
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Advances on the thermochemistry of heterocyclic compounds
Vera L. S. FREITAS

Research Center in Chemistry of University of Porto (CIQUP), Institute of Molecular Sciences
(IMS), Department of Chemistry and Biochemistry (DQB), Faculty of Sciences of University of
Porto (FCUP), Rua do Campo Alegre, P-4169-007 Porto, Portugal
The knowledge of the thermodynamic properties of heterocyclic compounds, in particular
enthalpies of formation in condensed and gaseous states, enables a better understanding of their
chemical behaviour and, consequently, leads to an important background for the future development
of their practical applications.
Following our particular interest for a long time on the establishment of energetic and
structural relationships for heterocyclic compounds with one or two benzene rings fused to a five or
six membered ring containing oxygen, sulfur or nitrogen heteroatoms, it will be presented an
overview on the energetic vs structural properties of the following main structures: benzoxazole /
benzothiazole, dibenzofuran / dibenzothiophene, xanthene / thioxanthene, phenoxazine /
phenothiazine among others [1-6].
The experimental results, obtained by calorimetric and effusion techniques, namely static
and rotating bomb combustion calorimetry, vacuum sublimation/vaporization dropmicrocalorimetry, and Knudsen effusion methods were used to derive reliable thermodynamic
values for the compounds studied.
A complementary analysis of computational results for these molecules will be also
presented. The agreement between the calculated and the experimental gas-phase enthalpies of
formation represents a reinforcement on the validation of the established predictive schemes,
supporting their use for related compounds whose energetic study is not available.
[1] V.L.S. Freitas, M.D.M.C. Ribeiro da Silva, J. Therm. Anal. Calorim., 121 (2015) 1059
[2] V.L.S. Freitas, C.P.F. Santos, M.D.M.C. Ribeiro da Silva, M.A.V. Ribeiro da Silva, J. Chem. Thermodyn. 96
(2016) 74-81
[3] T.S.M. Oliveira, V.L.S. Freitas, M.D.M.C. Ribeiro da Silva, J. Chem. Thermodyn. 94 (2016) 7
[4] V.L.S. Freitas, J.R.B. Gomes, J.F. Liebman, M.D.M.C. Ribeiro da Silva, J. Chem. Thermodyn 115 (2017) 276
[5] V.L.S. Freitas, J.R.B. Gomes, M.D.M.C. Ribeiro da Silva, J. Chem. Thermodyn. 106 (2017) 168
[6] V.L.S. Freitas, P.J.O. Ferreira, M.D.M.C. Ribeiro da Silva, J. Chem. Thermodyn. 118 (2018) 115
Acknowledgments: This work was supported by the Fundacão para a Ciência e Tecnologia (FCT) to
CIQUP, Faculty of Science, University of Porto (Project UIDB/00081/2020), IMS-Institute of Molecular
Sciences (LA/P/0056/2020)).
VLSF is financed by national funds through the FCT-I.P., in the framework of the execution of the program
contract provided in paragraphs 4, 5 and 6 of art. 23 of Law no. 57/2016 of 29 August, as amended by Law
no. 57/2017 of 19 July.
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The role of theoretical calculations and multiscale modelling
in understanding mechanisms and kinetics in heterogeneous catalysis
Matej HUŠ1,2,3, Luka SKUBIC1,4, Taja ŽIBERT1, Žan KOVAČIČ1
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Zveza za tehnično kulturo, Zaloška 65, 1000 Ljubljana, Slovenia
4
Inštitut Jožef Stefan, Jamova cesta 39, 1000 Ljubljana, Slovenia

Modern chemical industry rests heavily upon catalysis as more than 80 perfect of all
chemical reactions are carried out in the presence of at least one catalyst. Whenever possible,
heterogeneous catalysis is preferred because it allows for a simple separation of the products and
catalysts and can be easily implement in continuous processes. Catalysts are crucial in decreasing
the energy required for chemical reactions to proceed. Thanks to the prevailing catalyst use, even
marginal improvements of catalysts or catalytic processes translate into multimillion savings. [1]
Historically, catalysts were largely discovered by trial-and-error. Although empirical
correlations were often found, in-depth understanding of their mode of action eluded. Research in
chemical engineering and catalyst design has amassed copious amounts of data, which lacked
thorough understanding. In recent years, the computing power and the available tools have
progressed tremendously and have begun enabling an intelligent design towards catalyst discovery
and process optimisation. In addition to analysing the existing data, theoretical methods offer
unprecedented insight into the catalyst structure, properties and action. [2]
Multiscale modelling has recently been at the forefront of modelling of catalytic processes.
Every catalytic process can be described at different scales, which range from the atomic-level
description to mass and heat transfer in a large reactor. The scales are incompatible for description
with one method but different approaches can be linked in a multiscale description. With multiscale
modelling, we can describe the reaction from first principles to the reactor level using
simplifications and abstraction only where required. The ensuing digital twins enable computerassisted reaction condition optimisation. Moreover, first-principles insights and modelling can guide
catalyst discovery and allow for targeted synthesis. [3]
[1] F. J. Keil. Multiscale Modelling in Computational Heterogeneous Catalysis. In: Kirchner, B., Vrabec, J.
(eds) Multiscale Molecular Methods in Applied Chemistry. Topics in Current Chemistry, vol 307.
[2] A. Bruix, J. T. Margraf, M. Andersen, K. Reuter, Nature Catalysis, 2 (2019) 659-670
[3] A. H. Motagamwala, J. A. Dumesic. Chem. Rev., 121 (2021), 1049-1076.

33

IL04

Invited Lectures

The research in partnership with the pharmaceutical industry:
Challenges and Opportunities
Maria Inês G. LELES

Federal University of Goias, Av. Esperança s/n. Campus Universitário Samambaia, Chemistry Inst.,
74690-900, Goiânia, GO, Brazil.

The work in partnership with the industry is a collaboration that is still growing. The
industry usually does not have a specialist in thermal analysis, so when they have an issue, they
bring it to the university, and then we have a great challenge that is to solve the industry´s problem.
The biggest challenges are to solve problems with the API (Active Pharmaceutical Ingredient), in
pre-formulations of medicines, or sometimes with products that already are on the market.
The major problem for many Brazilian universities is the funding for the purchase of inputs
and raw materials. When this partnership is established, there are opportunities for obtaining
substances such as API (Active Pharmaceutical Ingredient), high purity standards and excipients.
Thermal analysis (TGA and DSC) is an important tool used for a better understanding of the
physical and chemical behaviour of the materials. And with the use of this tool and knowledge, we
can offer a better interpretation for the solution of the problems that the industry needs to solve.
To exemplify these challenges, I will present some cases that we have solved for the
pharmaceutical industry as well as for regulatory agencies.
Taking advantage of the opportunities in some of these cases, we developed research works,
such as the study of API - excipient interaction, in the development of new pharmaceutical forms and in
the study of synthesis and characterization of new hybrid compounds with some metals.
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Simulation of crystalline morphology and optical properties
from a simple calorimetric crystallization curve
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János MOLNÁR1, Aliz LELIK1, Lilla BUBENKÓ1, Dóra SZOLNOKI1,
Örs SEPSI2, Alfréd MENYHÁRD1

Laboratory of Plastics and Rubber Technology, Department of Physical Chemistry and Materials
Science at Budapest University of Technology and Economics, H-1111, Műegyetem rkp. 3.,
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2
Department of Atomic Physics, Budapest University of Technology and Economics,
H-1111, Budafoki 8, Budapest, Hungary

This work presents a novel approach, which provides a probabilistic simulation
crystallization process and modelling method of crystalline structure, based on the calorimetric
crystallization curve recorded both under isothermal and non-isothermal conditions. The present
approach describes the crystallization by random nucleation and subsequent growth of nuclei
similarly to the conventional kinetic models, but it provides real structural data, like average
spherulite size and size distribution as well as nucleus density data. The model is based on our
earlier methods [1, 2], but the simulation was improved a lot and in its present form it can handle
both isothermal and non-isothermal crystallization process as well. The approach was validated
using isotactic polypropylene homopolymer and random copolymer supplied by MOL
Petrochemicals Ltd. (Hungary). Two nucleating agents were used to modify the crystalline structure
within a wide range of nucleus density. One of them was a conventional heterogeneous nucleating
agent marketed as NA-21E by ADK stab. The other nucleator was a fourth generation of sorbitol
based organogelator called as Millad NX8000 supplied by Milliken. The crystallization curves were
recorded using a Perkin Elmer DSC apparatus under constant cooling rate of 10 °C/min or at
different isothermal temperatures. The simulated results were compared to the spherulitic structure
determined by optical microscopic studies under similar isothermal temperatures and good
agreement was found between the simulated and measured structure. The presence of nucleating
agent accelerated the crystallization process and resulted in much larger nucleus density, which was
supported by the simulation results clearly. According to the results we can state that our simulation
approach provides reliable and realistic results, thus we have made a trial to also simulate the haze
of 1 mm thick platelets using our recently published simulation method [3]. The results indicated
reasonably good agreement between the simulated haze values however further improvement of the
haze prediction is needed.
[1] A. Menyhárd, M. Bredács, G. Simon, Z. Horváth, Macromolecules 48. (2015) 2561
[2] J. Molnár, Ö. Sepsi, B. Gaál, Z. Zuba, M. Dobrzyńska-Mizera, A. Menyhárd, Mater. Des. 212. (2021) 110245
[3] J. Molnár, Ö. Sepsi, G. Erdei, S. Lenk, F. Ujhelyi, A. Menyhárd, J. Polym. Sci., Part B: Polym. Phys. 58.
(2020) 1787
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Additive Manufacturing for metals: Powder Bed Fusion (PBF) vs.
Directed Energy Deposition (DED) techniques
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2
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Among the various Additive Manufacturing (AM) technologies that are available for
processing metallic materials, powder bed-based systems, such as laser powder bed fusion (LPBF)
or electron beam melting (EBM), and blown powder systems, recently been defined as directed
energy deposition (DED), according to ISO/ASTM 52900, play the dominant role in the market [1].
In these technologies, it is crucial to optimize the process parameters in order to obtain high
densification levels and the fastest production rate, to meet the demanding performance
requirements of industries. In the powder bed fusion processes, a layer of loose powder is spread
over a building platform, and selectively melted by a focused laser or electron beam according to a
CAD (Computer-Aided-Design) data. An automatic system creates another layer of loose powder
above the previous one, and the powder is again melted. The energy source power ensures a remelting of the previous layers and that good adhesion is obtained between subsequent layers. The
process is repeated till the object is completed. Each layer can be visualized as a two-dimensional
(2D) slice of a three-dimensional (3D) model, that is, loaded through a 3D CAD data set. DED
systems, also referred to as laser engineering net shaping (LENS), direct metal deposition (DMD),
wire arc additive manufacturing (WAAM), depending on the producers and on the energy source
[2], employ a high-power energy source to create a melt pool on a metallic substrate, into which at
the same time a metallic powder is fed by means of a carrier gas. The material melts to form a
deposit that is fused onto the substrate. The substrate is moved along the xy-plane, layer by layer,
by a computer controlled system, in order to form the desired geometry. The inert gas is used as a
carrier gas to protect the melted material from oxidation, which otherwise would be exacerbated by
the high process temperature.
Both of these families of AM technologies for metals present advantages and disadvantages:
for example, the DED processes has a higher build-up rate than the powder bed fusion processes,
and can generally be used to build larger components, because they are not limited by the
dimensions of the building chamber. On the other hand, the powder bed fusion processes allows
components to be produced with a higher dimensional accuracy and with less surface roughness
than DED. Therefore the main goal is to demonstrates that these different approaches for producing
metallic components by AM are not in contrast, but can complement each other according to the
industrial application requested.
[1] T. DebRoy, H.L. Wei, J.S. Zuback, T. Mukherjee, J.W. Elmer, J.O. Milewski, A.M. Beese, A. WilsonHeid, A. De, W. Zhang. Additive manufacturing of metallic components: Process, structure and properties.
Progress in Materials Science 92 (2018) 112–224
[2] Dong-Gyu Ahn. Directed Energy Deposition Process: State of the Art. International Journal of Precision
Engineering and Manufacturing-Green Technology (2021) 8:703–742
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Crystal Engineering of Metal-Organic Frameworks with
Dynamic Structural Properties
Clive L. OLIVER

Department of Chemistry, University of Cape Town, Rondebosch, 7701, South Africa
Metal-organic frameworks (MOFs), which may consist of 1-periodic, 2-periodic or 3periodic coordination networks comprised of a metal coordinated to organic linkers, have attracted
widespread attention for their porosity and potential applications in separation chemistry, catalysis,
molecular sensing and gas storage. [1] Mixed-ligand MOFs contain more than one type of ligand
and offer the possibility of increased tailoring structural features, such as chemical functionality or
pore dimensions along particular directions. Void volumes are often controlled by a physical
phenomenon known as interpenetration, where at least two frameworks in a structure are entangled
with each other in such a manner that they cannot be hypothetically separated without breaking any
covalent or coordination bonds. This talk will present the synthesis and structural analysis of a
number of MOFs in our laboratory, constructed from transition metals and commonly available
ligands, which are often mixed-ligand MOFs, interpenetrated and show dynamic structural
properties. [2-4] These MOFs have been assessed for their thermal and gas and water vapour
sorption properties. In selected cases, single-crystal-to-single crystal transformations, i.e., where the
single crystallinity of the MOF is retained, allow the structures of ‘activated’ MOFs to be
determined, and so present more accurate structures of the MOF that is exposed to gases and
solvent vapours. Some of these MOFs are shown to be ‘flexible’ in that they can respond to external
stimuli such as heat or the presence of other solvent molecules. A study of MOF crystal that ‘jumps’
upon heating, a rare phenomenon for a coordination polymer, will also be presented.
[1] H. Zhou, J. R. Long, O. M. Yaghi, Chem. Rev. 112 (2012) 673-674.
[2] N. Chatterjee, C. L. Oliver, Cryst. Growth Des. 18 (2018) 7570−7578.
[3] N. Gcwensa, N. Chatterjee, C. L. Oliver, Inorg. Chem. 58 (2019) 2080−2088.

[4] N. Chatterjee, C. L. Oliver, Inorg. Chem. 61 (2022), 3516-3526.
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Magnetic Resonance Biomarkers for Molecular Imaging
of FLASH Radiation Effects
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Signal enhancements by factors over 10’000, obtained by hyperpolarised Magnetic
Resonance (MR) and polarisation sustaining [1] afford the detection of cell biomarkers triggered by
radiation [2]. Hyperpolarised MR reaches the necessary level of sensitivity to pursue the course of
enzymatic transformations of metabolites inside cells on relevant time scales. Diagnostic methods
based on hyperpolarised MR for solid tumors can be used to follow in a non-invasive manner the
biological effects of radiation via functional imaging [2].
Recent improvements in hyperpolarisation methods for MR using partly-deuterated water to
sustain polarisation [3], as well as molecular markers of radiation observed by MR in glioblastoma
cells (choline, creatine, lactate, etc.) will be discussed in the context of high dose-rate (‘FLASH’)
radiobiology. FLASH delivery of radiation on short time scales is observed to alleviate toxicity in
radiotherapy [4,5]. In FLASH, radiobiological effects occur via distinct biomolecular pathways
compared to traditional, prolonged radiation exposure [2,4]. Radiobiology experiments on very
short time-scales, with pulses as fast as ns, can be achieved using high-intensity lasers [6]: a 10 PWpower laser can trigger, upon impact on thin plastic targets or gas, photons and particle radiation
with dose-rates of up to Gy/ns. MR approaches for the detection of differences between
biomolecular effects triggered by FLASH and standard radiation delivery in cells [2, 7] will be
discussed.
[1] Vasos, P.R. et al., “Long-lived states to sustain hyperpolarized magnetization”, Proc. Nat. Acad. Sci.
USA, 106, 44 (2009) 18649
[2] Asavei, T., al., et Vasos, P. R., “Laser-driven radiation: biomarkers for molecular imaging of high doserate effects”, Med.Phys., 46, 10 (2019) e726
[3] Sadet A., al., et Vasos, P. R., "Hyperpolarized Water Enhances Two-Dimensional Proton NMR
Correlations: A New Approach for Molecular Interactions”, J. Am. Chem. Soc., 141, 32 (2019) 12448
[4] P. Montay-Gruel, et al., “Long-term neurocognitive benefits of FLASH radiotherapy driven by reduced
reactive oxygen species”, Proc. Nat. Acad. Sci. USA, 116, 22 (2019) 1094
[5] Schuler E. et al., “Ultra-high dose rate electron beams and the FLASH effect: From preclinical evidence
to a new radiotherapy paradigm”, Med. Phys., 49, 3 (2022) 2082
[6] Strickland D., Mourou G., “Compression of amplified chirped optical pulses”, Optics Commun., 55-6
(1985) 447-449
[7] Raschke S, al., et Boege, F., “Ultra-short laser-accelerated proton pulses have similar DNA-damaging
effectiveness but produce less immediate nitroxidative stress than conventional proton beams”, Sci. Rep.
(2016) 6
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Isoconversional principle and temperature functions
Peter ŠIMON, Zuzana CIBULKOVÁ, Tibor DUBAJ
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of Technology, Radlinského 9, 812 37, Bratislava, Slovakia, peter.simon@stuba.sk
Processes in condensed phase are extensively studied by thermoanalytical methods.
Mechanisms of these processes are very often unknown or too complicated to be characterised by
a simple kinetic model. They tend to occur in multiple steps that have different rates. To describe
their kinetics, the methods based on the single-step approximation are often used which are
represented by the general rate equation [1]:
d
(1)
 k  T  f  
dt
where  is the degree of conversion of the process, t is time, T is temperature, k(T) and f() stand
for the temperature and conversion functions. In Eq.(1) a budget of conversion functions is
employed. On the contrary, only the Arrhenius equation is applied as the temperature function. It
will be demonstrated by the proof by contradiction that Eq. (1) is not a true kinetic equation and that
it is just a mathematical tool for describing the kinetics of the process. The parameters in the
temperature and conversion functions have unclear physical meaning in general; however, they
enable to model the kinetics of the process. Hence, it is not inevitable to be confined to the
Arrhenius equation in the case of the temperature function and that other, non-Arrhenian
temperature functions can be applied.
[1] P.Šimon, J. Therm. Anal. Calorim. 88 (2007) 709
Acknowledgement
Financial support from the Scientific Grant Agency of the Slovak Republic (VEGA 1/0498/22) is greatly
acknowledged.
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Preparation and characterization of Propyphenazone medicated jellies
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Propiphenazone (Prop) or 1,2-Dihydro-1,5-dimethyl-4-(1-methylethyl)-2-phenyl-3Hpyrazol-3one) is a non-steroidal drug that has anti-inflammatory properties. It is widely used as a mild
anesthetic[1].
Medicated jellies can be prepared from various methods and often contain gelling agents,
sweeteners, preservatives, and stabilizers. The most used gelling agents in medicinal jellies are
sodium alginate, cellulose derivatives, gelatin, and pectin[2]. The choice of the constituent
substances of the jellies is dictated by the interactions that may occur between the components.
Therefore, there is the issue of a biocompatibility study between gelling agents, sweeteners,
preservatives, and stabilizers with the active substance[3].
The present study aimed to prepare and characterize medicated jellies with Prop. The
medicated jellies were prepared using the following gelling agents: Gelatine (Gel), Sodium alginate
(Alg), and pectin (Pec). In addition to gelling agents, stabilizers or preservatives agents were also
used as follows: benzoic acid (BenzAc), citric acid (CitAc), sorbitol (Sorb), sodium citrate
(NaCit), and xylitol (Xyl). The compatibility between the active ingredient and each component
used in the jelly bases was investigated on a moist 1:1 binary mixture using FTIR spectroscopy and
TG/DTG/HF thermal analysis.
Our study presents Prop's thermal and spectroscopic analysis results, moist binary mixtures,
and pharmaceutical formulations. The presence of the active ingredient in these formulations was
also confirmed by UV-Vis analysis.
Spectroscopic and thermal analysis of the jellies led to the idea that all the jellies obtained
could be used in the administration of the Prop.

FTIR spectra for Per and jellies based on Pec, Alg, and Gel
[1] Partheniadis, I., Nikolakakis, I.; Zacharis, C.K., Kachrimanis, K.; Al-Zoubi, N., Co-Spray Drying of
Paracetamol and Propyphenazone with Polymeric Binders for Enabling Compaction and Stability
Improvement in a Combination Tablet. Pharmaceutics, 2021, 13, 1259.
[2] Taranum R, Mittapally S. Soft chewable drug delivery system: oral medicated jelly and soft chew. J Drug
Deliv Ther. 2018;8:65–72.
[3] Sunnil. S, Shamal U.K., Araty S.A. Pharmaceutical Jellies: A novel way of drug delivery. J Pharm Sci
Res. 2020;12:904–9.
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Maturation stages of glauconites: A combined EMPA,
Raman and TGA study
Filippo PARISI

Department of Mathematics and Geosciences, University of Trieste, Via Weiss 2,
I-34128 Trieste, Italy
Glauconite mineral is one of the most sensitive indicators of low sedimentation rate in the
marine environment. The time of residence of glauconites at the sea bottom before burial is
reflected by their so-called maturity that is differentiated based on their K2O content.
The present work aims to investigate the evolution of glauconites during the transition
toward the highly evolved level. Complementary electron microprobe, Raman and
thermogravimetric analysis were performed on glauconitic grains from the Belluno basin (Northern
Italy) with different K2O content in order to verify whether the level of glauconites evolution affects
the results of these surveys.
The obtained results show that Raman spectra are sensitive to the grade of glauconite
maturations. First, spectra of mature glauconites are more structured, due to the lower degree of Al
substitution in the octahedral sites. Moreover, the position of the strongest Raman peak (Si–Ob–Si
mode) at ~700 cm -1 shows two contrasting behaviours in the early (K2O < 8%) and late (K2O >
8%) stages of glauconites maturation, respectively. TGA measurements reveal that the presence of
interlayer water is also related to the state of glauconites maturations. The obtained results were
explained in the light of different isomorphic substitutions occurring at octahedral level in the
mature and non-mature glauconites, thus allowing to obtain a deeper insight onto the mechanism of
glauconites evolution.
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Advanced hybrid composite coatings based on calcium phosphate on
titanium for potential biomedical applications

1

Marijana R. PANTOVIĆ PAVLOVIĆ1,2, Nenad L. IGNJATOVIĆ3,
Vladimir V. PANIĆ1,2,4, Miroslav M. PAVLOVIĆ1,2

Institute of Chemistry, Technology and Metallurgy, National Institute of the Republic of Serbia,
Department of Electrochemistry, University of Belgrade, Belgrade, Serbia,
2
Centre of Excellence in Environmental Chemistry and Engineering - ICTM,
University of Belgrade, Belgrade, Serbia,
3
Institute of Technical Science of the Serbian Academy of Sciences and Arts, Belgrade,
Serbia, 4State University of Novi Pazar, Department of Chemical-Technological Sciences,
Novi Pazar, Serbia

This paper deals with the issue of defining a new method of anodizing/anaphoretic
deposition for the application of calcium phosphate and hybrid coatings based on calcium
phosphate ceramics on titanium and anodized titanium coatings with improved properties. Hybrid
coatings consisted of chitosan oligolactate (ChOL) and ChOL with Se as immunomodulatory
oligoelement. The paper contributes to solving the problem of multi-stage pre-treatment and posttreatment of titanium and oxidized titanium surface to obtain a coating on the substrate, adhesion of
the coating, antimicrobial and cytotoxic properties that occur in biomaterials, as well as reduced
immune inflammatory response of the organism. It primarily deals with the creation and
optimization of a new in situ anodizing/anaphoretic deposition process for obtaining multifunctional
composite biomaterials. The in situ method results in improved adhesion bioactive coating,
increased bioactivity and biocompatibility with increased antimicrobial properties and absence of
cytotoxicity. The studied biomaterials have improved properties such as: corrosion resistance,
absence of toxicity to the human body and adequate strength, which enables their potential use in
medicine and dentistry. The aim of the research was to define new in situ anodizing/anaphoretic
deposition process and adequate modification of process parameters for application of composite
calcium phosphate coatings on titanium and its alloys, wherein innovation is reflected in combining
calcium phosphate coating synthesis and surface modification by partially incorporating a ceramic
coating into the crystalline structure of the substrate. The characterization of the coatings obtained
in this manner was performed by various physico-chemical, biochemical and biological methods.
These characterization techniques included: AFM, SEM, FE-SEM, roughness testing, XRD, FTIR,
bioactivity, biocompatibility, cytotoxicity, antimicrobial activity and in vivo testing.
[1] M.R. Pantović Pavlović, M.M. Pavlović, S. Eraković, J.S. Stevanović, V. Panić, N. Ignjatović, Mat. Lett.,
261 (2020) 127121.
[2] M. Pantovic-Pavlovic, M. Pavlovic, S. Erakovic, T. Barudzija, J. Stevanovic, N. Ignjatovic, V. Panic, J.
Serb. Chem. Soc., 84 (2019) 1305–1318.
M. Pantović Pavlović, M.M. Pavlović, J. Kovačina, B. Stanojević, J. Stevanović, V. Panić, N. Ignjatović, J.
Serb. Chem. Soc. 86(6) (2021) 555-559.
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From control theory to a new integral method for
non-isothermal kinetic analysis
Ionel ROVENTA

University of Craiova, Department of Mathematics, Romania
Here, we consider a finite-difference semi-discrete scheme for the approximation of
boundary controls for wave equation. The continuous problem is controllable but the high
frequency numerical spurious oscillations lead to a loss of the uniform (with respect to the mesh
size) controllability property of the semi-discrete model in the natural setting.
Primarily, this difficulty can be treated using an appropriate filtering technique to eliminate
the short wave length components of the solutions/initial data of the discrete system, i.e. the large
frequencies of the discretized problem. Our aim consists of filtering the initial data in an optimal
range in order to restore the uniform controllability property. Moreover, we obtain a relation
between the range of filtration and the minimal time of control.
The technique used here is based on solving a moment problem by using fine estimates of
some integrals. This led to a new method for determining the integral form of the conversion
function, g(α), in the kinetic analysis of heterogeneous processes under non-isothermal regime.
More precisely, by introducing a parameter into the integral, we can derive in terms of it. Finally,
the derivative of the integral (with respect to this additional parameter) can be easily solved and we
can return to the integral, using the antiderivative. Our aim is to prove the usefulness of this method
in estimating integrals for non-isothermal kinetic analysis.
Bibliography:
[1] C. Castro, and E. Zuazua, Une remaque sur les series de Fourier non-harmoniques et son application a la
controlabilite des cordes avec densite singuliere, C. R. Acad. Sci. Paris Ser I, vol. 322, pp. 365--370, 1996.
[2] N. Cindea, S. Micu and I. Roventa, Boundary controllability for finite-differences semidiscretizations of
a clamped beam equation, SIAM J. Control Optim. 55 (2017), 785-817.
[3] S. Ervedoza, Observability properties of a semi-discrete 1D wave equation derived from a mixed finite
element method on nonuniform meshes, ESAIM Control Optim. Calc. Var. 16 (2010) 298-326.
[4] V. Komornik, and P. Loreti, Fourier Series in Control Theory, Springer-Verlag, New-York, 2005.
[5] P. Lissy and I. Roventa, Optimal filtration for the approximation of boundary controls for the onedimensional wave equation using finite-difference method, Math. Comp. 88 (2019) 273-291.
[6] E. Zuazua, Propagation, observation, and control of waves approximated by finite difference methods,
SIAM Rev. 47 (2005) 197-243 (electronic).
[7] A. Rotaru and M. Gosa, Computational thermal and kinetic analysis: complete standard procedure to
evaluate the kinetic triplet form non-isothermal data. J. Therm. Anal. Calorim. 97(2) (2008) 421-426.
[8] J. Šesták and G. Berggren. Study of the kinetics of the mechanism of solid-state reactions at increasing
temperatures. Thermochim. Acta, 3(1) (1971) 1-12.
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Adsorption of glucose oxidase enzyme molecules to Langmuir films
from DPPE-NBD phospholipid with well-developed 3D structure and
glucose sensor formed by the Langmuir-Blodgett film method
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1

University Laboratory "Nanoscience and Nanotechnology", University of Architecture, Civil
Engineering and Geodesy, Sofia 1164, Bulgaria
2
Kotelnikov Institute of Radio Engineering and Electronics of RAS, Moscow 125009, Russia
3
Institute of Optical Materials and Technologies, BAS, Sofia, Bulgaria

In a chemical sensor the best way to increase sensitivity and level of detection is to increase
the surface-to-volume ratio of a thin sensing film. In our research we use the best method to prepare
organized organic nano thin films – the Langmuir-Blodgett (LB) method. The task of increasing the
surface-to-volume is currently achieved by others by incorporating in the LB films e.g., coated
nanoparticles or carbon nanotubes. We propose a much simpler, cheaper and very reproducible
method to achieve this task [1] and further modified the method. We use the fluorescently head
labelled phospholipid DPPE-NBD and deposit it as an LB monolayer at special conditions to obtain
3D pyramids (see Fig. 1). We can control the height of these pyramids from, their surface density
and the underlying phase of these excellent matrix molecules. To the thus prepared Langmuir films
Glucose Oxidase (GOx) at pH 4 was adsorbed. Depending on the surface pressure, GOx molecules
can either penetrate between the DPPE-NBD molecules or can attach at the polar negatively
charged phosphate group in the molecule head. Depositions were carried on 10 or 100 MHz QCM
resonators, and 434 MHz Surface acoustic waves (SAW) resonators for gravimetric evaluation. The
interdigitated electrodes of the SAW were used for electrochemical characterization of the glucose
sensor. Deposition on SPR substrates or ultra-flat Si for AFM characterization was also carried.
Results show enzyme activity with sensing ability to glucose.

Figure 1. Structure of the LB film from DPPE-NBD + adsorbed GOx molecules.
Acknowledgements: This research was funded by the Bulgarian National Science Foundation, grant
numbers: KP-06-OPR 03/9 and KP-06-Russia/8.
References:
1. Ivanov G.R; Polevska Z.; First observation of 3D aggregates in a single-component Langmuir film below the equilibrium
spreading pressure, MATEC Web of Conferences 9, 01003 (2017) DOI: 10.1051/matecconf/20179801003
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Sodium sulphate crystallization pattern within pores of red clay brick
induced by temperature decrease
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The vast majority of building materials, such as cement-base composites, masonry, have porous
structure. Their voids can be filled with water containing some contamination such as inorganic salts. In
masonry structures such a situation occurs when horizontal insulation is damaged, which is a frequent
case in historical buildings. Thereby capillary action can advance with no limits and in extreme cases
water can reach upper floors of a building. Water itself along with dissolved contamination can lead to
various types of material corrosion. Among inorganic salts, sodium sulfate (Na2SO4) is recognized as
one of the most dangerous for porous building materials [1]. This results from several reasons.
Solubility of Na2SO4 strongly depends on temperature, and hence temperature decrease can easily
indicate its crystallization [2]. Moreover, in regular conditions of building materials’ service, sodium
sulfate can create various forms, i.e. anhydrous thenardite (Na2SO4), heptahydrate (Na2SO4・7H2O),
and decahydrate called mirabilite (Na2SO4・10H2O). It is reported that sodium sulfate crystallization
induces crystallization pressure, which can reach tensile strength of building material, and cause its
damage [3, 4]. Nevertheless, the accurate pattern of sodium sulfate crystallization within pores of
material has not been fully understood yet. Thorough recognition of particularly arising phases seems to
be necessary to provide reliable measures of building materials protection. Hence, the main goal of the
presented research is to determine the exact pathways of Na2SO4 crystallization within porous body
depending on initial conditions.
The experimental analysis is conducted by means of differential scanning calorimetry on red
clay brick. A sample, which was fully saturated with 25% Na2SO4 solution was subjected to 20
consecutive cooling-heating cycles with changing initial temperature. This enabled us to monitor
various hydrates formed during temperature decrease. It was observed that during primary cooling,
sodium sulfate heptahydrate is the first formed phase and the transition begins far below equilibrium
temperature. Thern, heptahydrate transforms into mirabilite, which is accompanied by ice
crystallization. Nevertheless, if sufficient amount of decahydrate nuclei is present in pore solution,
sodium sulphate precipitates directly as mirabilite with no previous heptahydrate formation.
[1] R. M. E. Marzal and G. W. Scherer, "Crystallization of sodium sulfate salts in limestone,"
Environmental Geology, vol. 56, no. 3, pp. 605-621, 2008.
[2] M. Steiger and S. Asmussen, "Crystallization of sodium sulfate phases in porous materials: The phase
diagram Na2SO4–H2O and the generation of stress," Geochimica et Cosmochimica Acta, vol. 72, no. 17, pp.
4291-4306, 2008.
[3] M. Steiger, "Crystal growth in porous materials—I: The crystallization pressure of large crystals,"
Journal of crystal growth, vol. 282, no. 3-4, pp. 455-469, 2005.
[4] M. Steiger, "Crystal growth in porous materials—II: Influence of crystal size on the crystallization
pressure," Journal of crystal growth, vol. 282, no. 3-4, pp. 470-481, 2005.
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Materials with superior corrosion resistance, mechanical durability and high heat resistance are
essentially important in harsh environment applications. Among others carbides are often used as
protective coatings. The production of carbides need high temperature and high pressure processes,
many substrates can not tolerate such conditions, however. In this case the stable material can be
produced by far from equilibrium conditions method. By applying ion irradiation it is possible to
produce materials at room temperature for which generally high temperatures are needed. If we
irradiate a layer structure at the interfaces atomic mixing, or ion mixing happens. We have shown
that this method can be applied to produce carbide-rich coatings at room temperature. [1-3]
Different layer systems are investigated. C/Si and C/W multilayer structures - with individual
thicknesses of 10-20 nm - are irradiated by xenon and argon atoms. The irradiation conditions are
chosen with the help of simulation programs (TRIDYN, SRIM). The layer thickness and the indepth distribution of the formed carbides is investigated by Auger electron spectroscopy depth
profiling. We show that the thickness of the carbide-rich region can be tailored by changing the ion
irradiation conditions and the layer structure. The corrosion resistance of the layers is tested by
potentiodynamic corrosion test. Process-property relationships are discussed.
Acknowledgements
The EU H2020 Project No. 824096 “RADIATE”, HZDR-Dresden and project funding of Centre for Energy
Research is highly acknowledged.
References
[1] A.S. Racz, M. Menyhard, ACS Appl. Mater. Interfaces, 10 (2018) 22851.
[2] A.S. Racz et al., Applied Surface Science, 582 (2022) 152385.
[3] A.S. Racz et al., Applied Surface Science, 586 (2022) 152818
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Due to its favourable properties Polyethylene terephthalate (PET) is a widely used thermoplastic
polymer which is amongst others applied in the packaging sector, in the photovoltaic (PV) industry or in
the fibre sector. One major drawback of PET is its sensitivity to hydrolysis, which leads to a reduction in
molar mass due to chain scission and consequent embrittlement. Changes in molar mass are usually
characterized using gel permeation chromatography (GPC), which is very elaborate. The main aim of
this study is to quantify changes in molar mass due to hydrolysis using more basic mechanical and
thermal methods. Therefore, two different commercial PET films have been exposed to a total of 7
different accelerated aging tests, where temperature and humidity levels have been changed
systematically. Then the unaged and aged samples have been characterized using GPC, tensile test,
differential scanning calorimetry (DSC) and nanoindentation (NI).
For both PET films, a significant reduction in molar mass was observed after climate
chamber tests at 85 % RH and 85 °C and 95 °C, respectively. Tensile tests showed a strong
reduction in strain at break values, indicating strong embrittlement of the films. A ductile-brittle
transition was found for a critical molar mass around 15000 gmol-1. In DSC, chain scission is
visible by an increase in crystallization temperature, revealing a linear correlation between
reduction of molar mass and the crystallization temperature. Combining all data, the onset of
embrittlement (i.e. the critical molar mass) can be estimated using the critical increase in the
crystallization temperature from simple DSC measurements. For both investigated PET films, a
crystallization temperature of 208°C indicate the ductile-brittle transition.
Additionally, also an excellent correlation
between NI creep data and GPC data was obtained,
which indicates that the aging of the present PET films
primarily originated from chemical aging.
Summarized, this study states that DSC as well
as NI are appropriate methods to determine degradation
of PET at an early stage, estimating critical changes in
molar mass.
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Thermal properties of diesel with different methyl and benzyl
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A major disadvantage of diesel fuel compared to gasoline is the affinity of higher n-paraffins
to precipitate at lower ambient temperatures and form paraffin wax crystals that tend to agglomerate
and affect the applicability of diesel in winter. This has been further emphasized in recent decades
by stricter diesel fuel composition regulations to reduce exhaust emissions. The result is a greatly
reduced content of aromatics, olefins, and sulphur compounds in diesel. With the reduced content of
aromatics, the n-paraffins in the fuel become less soluble so the diesel fuel has poorer lowtemperature properties. Typical approaches to these problems include kerosene blending,
undercutting and catalytic isomerization, but the most common is the addition of additives to
improve low- temperature properties. [1,2]
In our research, we synthesized various polymer additives based on methyl and benzyl
methacrylate and studied their influence on the thermal properties of their formulations with diesel.
We measured the crystallization temperature of the formulations using differential scanning
calorimetry (DSC) and observed the crystal morphology of the wax crystals at different
temperatures using an optical microscope with polarization and a cooling stage. Standard tests of
low-temperature properties were performed according to EN 116 for the Cold Filter Plugging Point
(CFPP) and ASTM D 5950 for Pour Point (PP). The results showed that the additives lower the
crystallization temperature of diesel formulations and change the shape and the size of the wax
crystals from larger needle like to small spherical crystals.
[1] S. P. Srivastava and J. Hancsók, Fuels and Fuel-Additives. Hoboken, NJ: John Wiley & Sons, Inc, 2014.
[2] M. Xie, F. Chen, J. Liu, T. Yang, S. Yin, H Lin., et al. Synthesis and evaluation of benzyl
methacrylate-methacrylate copolymers as pour point depressant in diesel fuel. Fuel, 255 (2019) 115880
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Double-base solid propellants are widely used in the military and aerospace field. In order to
study the decomposition behavior of double-base solid propellants and employ kinetic methods to
calculate the kinetic triplets, we conducted a series of TG(Thermogravimetry) and DSC(Differential
Scanning Calorimetry) experiments at different heating rates. The TG experiments showed that the
decomposition of double-base solid propellants had two stages. The first stage occurred at
0<α<0.32 and the second stage occurred at 0.32<α<0.68. In addition, the first stage is mainly about
the decomposition of NG(nitroglycerin) and DNT(dinitrotoluene), the second stage is mainly about
the decomposition of NC(nitrocellulose). The DSC curves showed that the decomposition of
double-base solid propellants only had one exothermic peak. And this is because that these two
stages occur in succession, and temperature ranges of the two reactions are near.
The model-free and model-fitting methods were introduced to get the kinetic triplets of
double-base solid propellants. Through model-free method, we got the curve of activation energy as
a function of conversion rate. This curve was flat at first, but rose rapidly when α>0.32, which
indicated that there are more than one thermal decomposition processes. So that we divided the
reaction into two stages, and the value of activation energy was 53-60 kJ/mol in the first stage and
remained stable, and the average value of activation energy was 124 kJ/mol in the second stage.
Then, by Coats-Redfern methods, we drew a conclusion that at lower heating rates(5 ℃/min and 10
℃/min), three best models were nth order models when 0<α<0.32 and diffusion models when
0.32<α<0.68, respectively. Also at higher heating rates(15 ℃/min and 20 ℃/min), three best
models were diffusion models when 0<α<0.32 though these models were not identical, and three
best models were nth order models when 0.32<α<0.68. Furthermore, the constants concerning the
kinetic compensation effects had a good linearity at whole conversion extent.
Moreover, FTIR was applied to give the primary gas products and the curve of IR
characteristic absorption intensity vs. temperature for gas products. Combined the experimental
results of FTIR and TG-DSC, we speculated that the decomposition of double-base solid
propellants mainly consisted of two stages. In the first stage, NG began to decompose and the RONO2 bonds of NG broken down and released NO2. Later, the decomposition of NC which RO-NO2
bonds also broke first and released NO2 token place in the second stage. At last, carbon skeleton
decomposed into CO2 gradually initiated by NO2.
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The Acrylonitrile Butadiene Styrene-ABS is a widely employed polymer due to its
mechanical properties, ease to mechanize and recycle. Its lightweight makes attractive the
employment in automotive and transport industry since its favours fuel economy. Accordingly, it is
expected to increase its use in next years. Owing to this fact and the lower thermal stability and
flammability of the ABS, it seems reasonable to analyse and study the material concerning the fire
properties.
Therefore, a large number of studies of ABS, neat or blended, can be found in literature.
Habitually, these studies are mainly focused on one property (e.g. flammability [1] or diffusivity
[2]) or one typology of test, and researchers, in some cases, require several types of data making
them to acquire data from different works. This task should not represent a handicap due to the
number of publications. However, some discrepancies in the results between publications can be
found, even using same material and experimental boundaries conditions.
Although same results are not likely to obtain in every test even using same initial tests
conditions, a certain degree of similarity should be expected. The observed differences between
some experimental tests, are large enough to assume that they arise from type of ABS,
manufacturing process, sample dimensions, boundary conditions, test method errors, etc. For
instance, in cone calorimeter tests, the unexposed face of the sample plays an important role due to
its configuration can modify the amount of heat flux that leaves the sample through this face,
changing the obtained results. Moreover, some data from the samples or the experiment set-up are
not always available, increasing the level uncertainty for the researchers.
This work aims to expose the results of thermal characterization of ABS (using same type of
ABS in every test) and to review relevant literature concerning ABS explaining the divergences in
the results.
[1] Morgan AB and Bundy M. Cone calorimeter analysis of UL-94 V-rated plastics. Fire Mater 2007: 31; 257–283
[2] Shoulberg RH. The thermal diffusivity of polymer melts. J Appl Polym Sci 1963: 7; 1597–1611
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Recently, the production and use of micro-electromechanical systems (MEMS) and devices
have grown extensively. Soldering microscale components in these devices demands very thin good
quality joints. One option to produce reliable joints is to use self-propagating reactions in multilayer
films [1,2]. Self-propagating, high-temperature synthesis observed in Ni-Ti foils [3], as well as NiTi powders [4], suggests that a similar reaction might be observed in Ni-Ti nanoparticles. Compared
to foils, the deposition of nanoparticles is simpler making them a promising material suitable for
joining miniature components in MEMS.
An improvement in vacuum sputtering gas aggregation techniques allows the production of
core-shell particles with controllable sizes and the ratio of their forming elements [5]. Thus, a
composition necessary for the synthesis of the desired product could be reached by securing the
correct core-shell ratio.
The thermal stability of core-shell Ni-Ti nanoparticles was investigated by in-situ
transmission electron microscopy (TEM). The microstructure of nanoparticles prepared by a DC
magnetron sputtering with varying deposition conditions was first characterized by (TEM),
including high-resolution TEM (HRTEM), scanning TEM (STEM), and chemical analysis by
energy dispersive spectroscopy (EDS). The core-shell structure of nanoparticles was confirmed.
The particles were then in-situ annealed in TEM up to 1240 K using a heating holder. The changes
in microstructure during annealing were monitored and the newly-formed phases were identified by
selected area diffraction.
[1] D. P. Adams, Thin Solid Films 576 (2015) 98-128.
[2] S. C. Barron et al., J. Appl. Phys. 109 (2011) 013519.
[3] Y. Ma et al., J Nano R 54 (2018) 22–34.
[4] C. L. Yeh et al., J. Alloys Compd. 376 (2004) 79-88.
[5] J. Hanuš et. al, J. Phys. D: Appl. Phys. 50 (2017) 475307.
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Consider the densified sample in state G in Figure 1. If this sample is heated to above its Tg, and
then cooled again to room temperature, it will arrive at state B in Figure 1. This has been demonstrated
in our earlier work [1] by DSC. The same effect can be seen in the thermal conductivity. The same
densified sample used for DSC, which had a thermal conductivity of 6.86 Wm-1K-1, was reheated to
above its Tg and then cooled again to room temperature, and the thermal conductivity was again
measured. The obtained value was 5.44 W m-1 K-1, which is much lower than that of the densified
sample. This value is still larger than the sample (undensified) cured at ambient pressure which was 3.44
W m-1 K-1. This difference between two undensified samples refers to the effect of curing under
pressure, which results in a more compact epoxy matrix and hence a better interface of matrix-particle,
while the other part of the enhancement would be achieved using “permanent” densification which was
obtained by cooling to room temperature while maintaining pressure. Thus this former increase from
5.44 Wm-1 K-1 to 6.86 Wm-1 K-1 refers to the “permanent” densification. The densification is permanent
until the sample is heated up to above Tg.
If the undensified sample (the sample cured at ambient pressure) is heated above Tg while
the pressure (2 MPa) is applied, it will reach a state between A and D in Figure 1; due to lack of the
effect of curing under pressure, it will not reach state D because there will be no effect of curing
under pressure. Following cooling to room temperature under pressure will result in a state between
G and E in Figure 1, and releasing the pressure will lead to a final state between B and G in Figure
1, for which the anticipated thermal conductivity would be between that of the sample cured at
ambient pressure and that cured under pressure.
With a similar idea, a measurement was performed for the same undensified sample which had
previously been densified (6.86 W m-1 K-1) and then for which the densification had been removed by
heating above the glass transition region (5.44 W m-1 K-1). This sample was again heated up to its above
Tg under 2MPa pressure and then cooled to room temperature while maintaining pressure. After
releasing the pressure, a value of 6.76 W m-1 K-1 was obtained [1] from the thermal conductivity
measurement. This experiment confirms that the densification is reversible.

Figure 1. Schematic diagram of the glass transition region and the effect of pressure.
[1] S. Moradi, F. Román, Y. Calventus, J. M. Hutchinson., 13 (2021) 00286
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The efficient utilization of solar energy as a renewable and clean energy source, is one of the
most important needs of this century due to the increasing demand for energy and the
environmental impact of fossil fuels. As an alternative strategy to prevalent methods, solar thermal
fuels both convert and store the solar energy directly in the chemical bonds of metastable
photoisomers [1-3]. These isomers, called molecular solar thermal systems (MOST), can be
catalytically converted to the parent compound when energy is needed and release excess energy as
heat [4]. Photoswitchable azobenzene molecule is regarded as an excellent chromophore for solar
thermal storage because of its fast isomerization, high quantum yield, and the tunable
transformation. Additionally, storage capacity of the azobenzene could be tuned by inter-, intramolecular forces, and steric hindrance [5,6].
In this study, azobenzene derivatives containing electroactive carbazole groups were
investigated in term of electropolymerization, thermal stability and solar thermal storage properties.
For this purpose, different electroactive and photoactive molecules were irradiated with UV for 2
hours in dichloromethane and dried under vacuum, and then analyzed in DSC. As the heating
program applied during the analysis triggered the release of the stored energy, the enthalpy change
and energy density were calculated from the heat released from molecules. The data obtained from
thermal studies are given in Table 1.
Electropolymerization and spectroelectrochemical properties of photoactive molecules were
investigated with an UV spectrophotometer and a potentiostat. The other important property of the
azo molecules used in the study is that they contain electroactive carbazole groups. Studies on the
determination of the solar thermal storage properties of the obtained polymers are still in progress.
Table 1. Solar thermal energy densities of different azo molecules in DCM
Power Density

E1-Z3
22,66 j/g

E1-Z4
33,26 j/g

E1-Z5
30,09 j/g

(E1-B1)bis
25,01 j/g

[1] L. Dong, Y. Feng, L. Wang et al. Chem. Soc. Rev., 47 (2018) 7339-7368
[2] Z. Wang, P. Erhart, T. Li et al. Joule, 5(12) (2021) 3116-3136
[3] R. Zhao, Y. Li, J. Bai et al. Dyes and Pigments, 202 (2022) 110277
[4] Q. Qiu, M. A. Gerkman, Y. Shi et.al. Chem. Commun., 57 (2021) 9458-9461
[5] M. Ak, H. B. Yıldız, L. Toppare, Polym. Bull., 71 (2014) 1827–1841
[6] M. Gicevicius, G. Bagdziunas,Y. Abduloglu et al. ChemPhysChem., 19 (2018) 2735
Acknowledgements: This work was supported by the TUBITAK [grant number: 119Z618]
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As society is one of the top products of science, it is essential to define it properly and
explain the relations among its constituents, while the functional mechanisms must be rigorously
established. Recently, the entire world has experienced a feverish condition induced by the
accelerated spread of what is generically known as Covid-19, while major hidden problems of
society were suddenly revealed. Here we show that a novel concept for society perceived as a
porous medium is effective for substantiating its true nature and twigging its evolution. This
physical model with a fractal-like structure crystallizes social hierarchies into an assembly of
similar patterns, forming a unique and solid structure that accurately describes the essence of
society. It enables a shift of paradigms within a diverse spectrum of sciences (social, political,
medical, etc.), hence wielding significant matters. We found that specific terms like porosity (θ) and
tortuosity (τ) characterize the activity of individuals inside social systems, and respectively stand for
the difficulties these encounter. Our results demonstrate that a package of measures consisting of
the pair {θ; τ} belongs actually to a certain frame of political ideology; it equates the permissibility
of the system, which is actually a direct measure for the impact created by a highly-important issue
(e.g. medical: a respiratory virus outbreak). We forestall that this breakthrough will provide precise
means for better understanding and efficient management of the current SARS-CoV-2 pandemic.
For such situations, positive outcomes have been achieved in practice exclusively via a proficient
oligarchic form of leadership.
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Synthesis and characterization of cerium aluminate catalyst was investigated. The catalyst
was prepared via combustion synthesis involving aluminum and cerium nitrates and glycine in the
presence of palladium chloride. The obtained material was investigated using X-ray diffraction,
Fourier transformed infra-red spectroscopy, differential thermal and thermo-gravimetric analysis,
N2 adsorption, Raman spectroscopy, scanning electron microscopy and energy dispersion X-ray
spectroscopy. Catalytic activity was tested for the toluene oxidation process.
The direct product of combustion synthesis was CeAlO3 which remained stable even after
thermal treatment at 400 °C for 2 h in static air, while temperature treatment at 800 °C for 2 h resulted in
the decomposition of CeAlO3 into CeO2 and γ-Al2O3. Both thermal treatment products had sponge-like
microstructure, but relatively small specific surface areas. Nevertheless, CeO2 prepared at 800 °C was
nanocrystalline. Palladium was present as oxide homogeneously dispersed throughout the catalyst. The
prepared catalyst proved to be highly active for the toluene oxidation process.

BSE SEM micrographs of samples thermally treated at 400 °C for 2 h (left) and 800 °C for 2 h (right).
Acknowledgements: This work has been fully supported by Croatian Science Foundation under the

project IP-01-2018-2963.

59

Oral Presentations 2
Electrochemistry, Soft Materials, Thin Films & Coatings

Oral Presentations 2

OP2.01

Corrosion characterization of hybrid zinc coatings on steel
with embedded CuO nanoparticles in artificial sea water
Nikolai BOSHKOV, Kamelia KAMBUROVA, Tsetska RADEVA,
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Acad. G. Bonchev str., bl. No. 11, Bulgaria

Corrosion and microbial corrosion of metals and in particular of low carbon steel often
provoke serious problems in a global scale causing different economic, social and environmental
damages. Galvanized low carbon steel is widely used material in the industry for corrosion
protection of different constructions. One possible way to enhance the protective characteristics of
steel simultaneously against localized corrosion and biofouling is the embedding of polymer
modified CuO nanoparticles in the zinc matrix. The expected result is increased corrosion resistance
of the hybrid zinc-based coating due to the presence of CuO nanoparticles in the zinc matrix, which
demonstrate also bactericide effect.
The studies are realized in a test medium of artificial sea water at ambient temperature by
application of selected electrochemical methods - electrochemical impedance spectroscopy,
polarization resistance measurements for a prolonged time interval and potentiodynamic
polarization curves. The distribution of the nanoparticles and the surface morphology is studied by
Scanning electron microscopy. The thickness of the coatings is evaluated by Straight optical
microscope and cross-sections.
The results obtained demonstrated the enhanced protective ability of the hybrid coating
compared to the ordinary zinc one in that medium.
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Copper, as one of the most commonly used building materials, is frequently subjected to a
variety of damaging environmental forces. As a result, it is introduced to methods of protection,
most commonly through the use of inhibitors.
Gelatin is a protein diverse in amino acid composition, which has the ability to form
thermoreversible gels. Thus, gelatin and a mixture of gelatin and ecologically and medically
significant alga Padina pavonica, both of which are rich in naturally generated chemical
compounds, were used as non-toxic copper coatings in 0.5 mol dm–3 NaCl solutions at different
temperatures.
Natural non-toxic compounds were deposited on the copper surface by the dip-coating
method. The gelatin was characterized by Fourier transform infrared spectroscopy, while the
corrosion behavior of copper and the inhibitory capabilities of the coatings were studied using
electrochemical techniques, and the specimen's surface was examined using an optical microscope.
Analyses revealed that the gelatin coating reduced the corrosion rate of copper in the
chloride ion solution, whereas the gelatin and Padina pavonica coating increased the degree of
copper inhibition in the test solution, classifying it as a mixed inhibitor. This is notably evident in
the coating of gelatin and alga with a mass concentration of 0.8 g dm-3, which achieves corrosion
inhibition of more than 90%. The higher protection of copper under the tested conditions can be
explained by the synergism of the tested non-toxic organic compounds.
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With the growing awareness of bacterial and viral infections, safe antimicrobial materials
have become increasingly important in many areas of application.
We have modify the surface of nanocellulose in a way that exhibits an effective (against a
broad spectrum of bacteria and fungal species) and long lasting antimicrobial properties, showing
also a biocidal properties, and evaluate their safety profile.
The wood-derived cellulose nanocrystals (CNC) and cellulose nanofibrils (CNFs) were
oxidised (CNC/CNF-ox) and further amination (CNC/CNF-ox-amino) in a way to form a structures
that can catch bacteria / fungi by multi-targeted (ionic and hydrophobic) non-specific modes of
action and prevent them from growing; the cellulose surface and interface chemistry was evaluated
by potentiometric titration and zeta-size, and the morphology was assessed by SEM imaging.
Ecotoxicity of all nanocellulose materials was tested by acute toxicity tests using Daphnia
magna according to ISO standard 16197:2014 in a broad range of testing concentrations (1-20-50100 mg/L); the adsorption of CNFs on animal body surface was observed with SEM imaging. The
cytotoxicity was evaluated using A549 human lung cells by three different cytotoxicity assays
(Resazurin assay, Coomassie Blue assay, Neutral Red Uptake assay).
In addition, the biodegradation of nanocellulose samples, prepared as freeze-dryed powder
or solvent-casted films, was assessed in the composting soil, according to the standard ISO 117211: 2001.
CNC/CNF-ox-amino showed most pronounced effect on D. magna immobilization, but with
a small cytotoxicity on A549 cells and slow biodegradation profile. On the other hand, there was no
CNC/CNF-ox present on the D. magna surface and the cytotoxicity occurred at concentrations ≥ 50
mg/L, while the samples completely degraded in the soil in about 20 weeks.
Such materials can serve as an safe alternative to nano-biocides such as metal (e.g. silver)
nanoparticles and other engineered nanomaterials that are limited due to their toxicity for human
and environment.
Acknowledgment: The research was funded by Slovenia Research Agency (Projects No. J2-3053, J2-1719,
and Research Program No. P2-0424).
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acid/polyvinylpyrrolidone for biomedical applications
Nicolás MONREAL, Itziar VELAZ

University of Navarra, Faculty of Sciences, Department of Chemistry, Spain
In this work, the interactions between the antibiotic chlorhexidine and polylactic acid (PLA)
and polyvinylpyrrolidone (PVP) polymers have been studied. The aim of the study is to characterise
the interactions occurring between the drug and each polymer to explore the possibility to create
drug-polymer systems with biomedical applications. For instance, they could be used as polymeric
fibers for treatment of cutaneous infections (wound dressings based on polymeric microfibers) [13]. For that purpose, the interactions in solution and in solid state have been studied, followed by
kinetic-studies to explore the possibility of drug release modulation from the polymeric system.
On the one hand, the solution studies have been performed with an increasing polymer
concentration till 10% w/w at a constant drug concentration. The samples have been measured by
UV-Vis spectrophotometry and spectrofluorimetry. For PLA containing samples, the drug
absorbance decreases as the concentration of polymer increases, while the fluorescence intensity
increases added to a bathochromic displacement in the emission wavelength. For PVP containing
samples, UV-Vis spectrophotometry does not show results, however, the fluorescence intensity
increases as the concentration of polymer increases but the emission wavelength remains constant.
These results show that there are interactions between the drug and both polymers.
On the other hand, the solid-state interactions have been characterised by infrared
spectroscopy (FTIR), X-ray diffraction and thermal analysis. Physical mixtures and solid
dispersions at different drug:polymer proportions employing the cosolvent method have been
preparede. The ability of biguanide groups of chlorhexidine to interact with the studied polymers by
hydrogen-bonds is demonstrated [4].
Once proved that drug-polymer interactions occur, the kinetic studies were developed. 200
mg of the dispersions 20:80 and 30:70 chlorhexidine:polymer were added to 0´5 L of deionized
water (pH≈7), at 37ºC and 50 rpm. The chlorhexidine released from the solid dispersions was
spectrophotometrically measured. It was observed that the drug is gradually released during 1 hour
till equilibrium, which gives an idea of the interest of the system for the modulation of the drug
release and points out the possibility to use mixtures of both polymers for reaching a
sustained/controlled release for biomedical applications.
[1] K-S. Lim, P. Kam, Anaesthesia and intensive care, 36 (2008) 502
[2] D. Luo, X. Zhang, S. Shahid, M. J. Cattell, D. J. Gould, G. B. Sukhorukov, Biomaterials Science, 5 (2017) 111
[3] B-L. Wang, X-S. Liu, Y. Ji, K-F. Ren, J. Ji, Carbohydrate Polymers, 90 (2012) 8
[4] O. Lebel, T. Maris, J.D. Wuest, Canadian Journal of Chemistry, 84 (2006) 1426
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Bohdana BLYZNIUK, Adam DZIWOKI, Kinga FREINDL, Ewa MADEJ,
Ewa MŁYŃCZAK, Dorota WILGOCKA-ŚLĘZAK,
Józef KORECKI, Nika SPIRIDIS
Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences,
Niezapominajek 8, Krakow, Poland

Modern spintronics requires thin films and heterostructures with controllable and
programmable magnetic properties. Molecular beam epitaxy (MBE), which is the most widely used
method of growing magnetic heterostructures allows certain level of indirect control of the
magnetic properties by substrate temperature, deposition rate and partial pressure of reactive gases.
Additionally, external agents can be used, such as for example plasma generation or ion beams.
Here we present magnetic field (MF) assisted epitaxial growth of several nanometer thick
Fe3O4(001) films on MgO(001) and Fe3O4(111) on MgO(111).
The magnetite films were deposited in a multi-chamber ultra-high vacuum (UHV) system
(base pressure 5·10-10 mbar) including MBE facility, typical surface characterization tools (LEED,
AES, STM) and Conversion Electron Mossbauer Spectroscopy (CEMS). The magnetite films were
grown by reactive deposition of 57Fe in O2 partial pressure 5·10-6 mbar [1]. During the preparation
external MF could be applied in two configurations: out-of-plane (250 mT) and in-plane (100 mT).
Magnetooptic Kerr effect measurements (MOKE) showed that MF has the essential impact
on the coercivity of the magnetite films. Figure 1 shows MOKE hysteresis loops measured for a 10
nm Fe3O4(001) film deposited under influence of an in-plane MF applied along the magnetite hard
[100] direction (black curve) and along an intermediate [110] direction (red curve), with the
coercive field value of 16.3 mT and 9.5 mT, respectively. Additionally, the role of MF for in-plane
and out-of-plane magnetic anisotropies in the Fe3O4(001) and Fe3O4(111) films could be revealed
by in situ CEMS that is capable to distinguish between different magnetization orientation in the
virgin magnetic state.

Fig. 1 MOKE hysteresis loops measured for a 10 nm
Fe3O4(001) film deposited in an in-plane magnetic field
applied along the hard [100] and intermediate [110]
direction (black and red curve, respectively).

[1] J. Korecki, B. Handke, N. Spiridis, T. Ślȩzak, I. Flis-Kabulska, J. Haber, Size effects in epitaxial films of
magnetite, Thin Solid Films. 412 (2002) 14–23. doi:10.1016/S0040-6090(02)00306-1.
Acknowledgements: This research was funded by National Science Centre, Poland (NCN), grant number
2020/39/B/ST5/01838
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Experimental and analytical study of the influence of the incident heat
flux in cables heat release
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Miguel Ángel JIMÉNEZ2, Daniel ALVEAR3
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Universidad de Cantabria, Spain
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3
General Directorate of Industry, Energy and Mines, Government of Cantabria, Spain
2

One of the most important apparatus used to study fire behaviour of small samples is the
cone calorimeter. It allows obtaining parameters such as time to ignition (TTI), heat of combustion,
mass loss rate (MLR), or heat release rate (HRR) under different heat fluxes. The influence of heat
flux on these parameters is well known; an increase of the incident heat flux of the cone calorimeter
causes a decrease of the TTI, and higher values of the HRR peak. This effect has been widely used
in the fire community to predict parameters like the ignition temperature using the cone calorimeter
tests. The effect of the heat flux in the MLR and HRR peak was studied in [1] for a flame-retardant
ethylene-propylene-diene monomer rubber. The results show a linear fitting between MLR and
HRR peaks and the heat flux, obtaining a maximum value of the HRR peak of 110 kW/m2 for a heat
flux of 65 kW/m2 approximately.
Based on this hypothesis, the computer model Fire Dynamics Simulator (FDS) has included
a simple model to extrapolate burning rate data collected from a cone calorimeter test to the heat
feedback occurring during a simulation [2]. Nevertheless, in the demonstration of extrapolating
cone test data to other heat fluxes included in [2], it is observed a deviation in the prediction of the
HRR peaks at 75 kW/m2 of approximately 39.3 % and of 37.1 % for the first and second peak
respectively. In this case, the accuracy of the linear fitting shown in [1] is not reached.
Accordingly, this work presents a correlation analysis between heat flux and the global HRR
curve, testing six different cables and considering several heat fluxes. Once experimental data are
acquired, a computational analysis is performed using FDS to study the actual incident heat flux in
the sample. To do so, not only the cone calorimeter heat flux is considered, but also the radiation
from the flame is analysed. This work concludes that using a theoretical heat flux of 58 kW/m2
instead of the value of 50 kW/m2 used during the experimental cone calorimeter test, improves the
extrapolation capacity of the HRR as it considers the effect of flaming radiation. Furthermore, this
conclusion is applied to the example included in FDS guide [1], decreasing the HRR peaks errors
from around 38.2 % to around 19.1 %.
[1] R. Chen, S. Lu, C. Li, Y. Ding, B. Zhang, S. Lo, Correlation analysis of heat flux and cone calorimeter
test data of commercial flame-retardant ethylene-propylene-diene monomer (EPDM) rubber, J Therm Anal
Calorim (2016) 123:545–556
[2] K. McGrattan, S. Hostikka, J. Floyd, R. McDermott, M. Vanella, NIST Special Publication 1019 Sixth
Edition Fire Dynamics Simulator User’s Guide, NIST, VTT, 2021
Aknowledgments: The authors acknowledge the Nuclear Safety Council for the cooperation and cofinancing of the project "Metodologías avanzadas de análisis y simulación de escenarios de incendios en
centrales nucleares".
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Spectroscopic ellipsometry is widely used for experimental determination of the dielectric
function and thickness of thin films on reflective surfaces. The technique is featured with many
advantages such as being fast, non-invasive and applicable in a broad range of environments, both
in- and ex-situ. However, the interpretation of ellipsometric spectra resides on optical models, in
which the dielectric functions (DF) of all materials constituting the surface interface with the
medium, plays the central role. On the other hand, the DF determines the macroscopically
observable optoelectronic properties of materials, important for their applications. Heterogeneous
materials, composed of more than one chemical phase, for which the dielectric function has to be
modelled according to the meso-scale structure of optical components, are commonly present in
functional (composite) thin films. Up to present days, optical modelling of such materials presents a
major scientific challenge. The available approaches reside either on the effective medium theory,
or very robust computer simulations. The former approach involves postulation of the composition
and structure of the optical phases and approximations that are not generally applicable, thus needs
to be validated for each specific system. The paper revises some applications of the effective
medium theory for modelling the ellipsometrically measured reflection coefficients of composite
thin films, enriched by the recent in-house results of fitting the effective medium DFs for several
morphologically different classes of samples: heterogeneous thin films formed by the oxidation of
metal (Cu, Zn) surfaces in a chloride solution, in the presence and absence of several organic
corrosion inhibitors [1,2], as well as the polymer brushes grafted at the Si/SiO2 surface and loaded
with gold nanoparticles [3].
[1] D. Čakara, R. Peter, M. Finšgar, Surf. Interfaces, 32 (2022) 102108.
[2] M. Finšgar, D. Čakara, submitted for publication.
[3] D. Čakara, P. Ritzert, D. Boyaciyan, von Klitzing, R., 45th Jubilee International Convention on
Information, Communication and Electronic Technology (MIPRO) (2022) 223–229.
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University of Novi Sad, Faculty of Technology, Laboratory for Materials in Cultural Heritage,
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2 Institute of Archaeology, Belgrade, Serbia
3 Institute for Testing of Materials, Belgrade, Serbia

The results of Roman mortars characterisation of the former Danube Limes in Serbia are
reported in this paper. The following procedures were used: detailed diagnosis of the defined
archaeological sites, in situ characterisation of the building materials, sampling, laboratory analyses,
interpretation and utilisation of the obtained results as well as up-to-date literature review of other
research groups in the field. These procedures were defined and presented based on the results of
the scientific project MoDeCo2000: Mortar Design for Conservation – Danube Roman Frontier
2000 Years after, financed through the programme PROMIS[1].
Mortars dating from I to VI century BCE, covering military and civil locations were
collected and analysed. Namely, more than 100 samples of various types of mortar from legionary
fortress’ ramparts, auxiliary and smaller forts, constructions within them, as well as bridges, city
ramparts, baths and villas, basilicas and tombs were characterised [2].
The results of the samples characterisation from the Lederata (Ram) and Egeta (Brza
Palanka), Republic of Serbia, which covers only a fragment of the MoDeCo2000 project, are the
core of this paper. After in situ investigations and sampling procedure, the laboratory activities of
the sampled mortars included visual observations, stereo-optical and digital microscopy,
spectrophotometry and colourimetry, mineralogical and petrographic analyses, physical-mechanical
tests, thermal characterisation, mechanical and chemical separation of aggregates from the binders,
and their characterisation by using FTIR, Raman, XRF and XRD.
The obtained results lead directly to the design and production of compatible mortars for
upcoming conservation actions on the Danube Limes in Serbia and contribute to the universal body
of knowledge about Roman mortars and architecture in small towns and military fortifications on
the borders of the Roman Empire [3,4].
[1] Program for Excellent Projects of Young Researchers - PROMIS, Grant Agreement #6067004, Project
acronym MoDeCo2000.
[2] A.L. Velosa, J. Coroado, M.R. Veiga, F. Rocha, Characterisation of roman mortars from Conímbriga
with respectto their repair, Materials Characterization 58 (2007) 1208-1216.
[3] M. Korać, S. Golubović, N. Mrđić, G. Jeremić, S. Pop-Lazić, Granice Rimskog carstva- Rimski limes u
Srbiji, Beograd, 2014.
[4] Ferjančić S: History of Roman provinces in the territory of modern day Serbia during Principate, in:
Constantine the Great and the Edict of Milane 313 (eds. I. Popović, B. Borić-Brešković), Belgrade: National
Museum in Belgrade, pp. 16–25 (2013)
Acknowledgements: The authors are grateful for the support of the Science Fund of the Republic of Serbia,
through the Program for Excellent Projects of Young Researchers - PROMIS, Grant Agreement #6067004,
Project acronym MoDeCo2000.
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Dipartimento di Ingegneria Meccanica, Chimica e dei Materiali, via Marengo 2, Università di
Cagliari, 09123 Cagliari, Italy

Wind erosion is one of the most relevant causes of weathering and degradation which affect
building surfaces in Cultural Heritage. The effect depends on the wind strength, the impact of
particles transported and their size and the characteristics of surfaces affected. This aspect is very
important for historical buildings constructed by using limestone as Lecce stone.
In the past, the limestone was considered resistant and durable, but over time it has been
realised that it was particularly susceptible to atmospheric agents, thus, specific protective and
conservation treatments are required [1,2]. Rainwater, wind, thermal-hygrometric variations and
anthropogenic environmental agents are the principal causes of stone made monuments'
deterioration, which lead to the dissolution and aesthetic value loss of the material. One of most
typical mechanisms of deterioration is the movement and consequent impact of particles of sand on
the stone surface, a phenomenon knows as aeolian corrosion [3-5]. In order to preserve and
minimise the degradation of Cultural Heritage, the most widely used methods of superficial
protection include the application of protectives to give hydrophobicity to the surface of the
material [6,7] and the use of consolidating agents to restore and increase grain cohesion and surface
strength without modifying other physical features of the limestone [8,9].
For this reason, the present study proposes an accelerated aging, performed by sandblasting
method, in order to study the aeolian corrosion phenomenon of treated Lecce stone surface with two
specific commercial coatings, such as, a hybrid organic-inorganic coating and a solvent-based
coating, both, present into market for contrasting weathering processes of construction materials
and facing finishes.
[1] B.J. Smith, M. Gomez-Heras, H.A. Viles, Geol. Soc. Spec. Publ., 331 (2010) 1–11
[2] C. Genestar, C. Pons, J.C. Cerro, V. Cerdà, Environ. Sci. Pollut. Res., 21 (2014) 8663–8672
[3] D. Camuffo, Stud. Conserv. 38 (1993) 198–205
[4] D. Camuffo, Sci. Total Environ. 167 (1995) 1–14
[5] J. Martínez-Martínez, D. Benavente, S. Jiménez Gutiérrez, M.A. García-del-Cura, S. Ordóñez, Build.
Environ. 121 (2017) 262–276
[6] G. Cappelletti, P. Fermo, (2016), Elsevier Ltd
[7] G. Pia, C. Esposito Corcione, R. Striani, L. Casnedi, U. Sanna, Prog. Org. Coatings. 102 (2017) 239–246
[8] E. Sassoni, E. Franzoni, B. Pigino, G.W. Scherer, S. Naidu, J. Cult. Herit. 14 (2013) e103–e108
[9] E. Vasanelli, A. Calia, M. Masieri, G. Baldi, Constr. Build. Mater. 219 (2019) 154–163
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Geopolymer-zeolite composites for photocatalysis
Marko RUKAVINA, Arijeta BAFTI, Ivana PANŽIĆ,
Floren RADOVANOVIĆ-PERIĆ, Vilko MANDIĆ

Faculty of Chemical Engineering and Technology, Marulićev trg 20, Zagreb, Croatia
Due to their similarity, geopolymers and zeolites can be classified in the same category of
alkali-aluminosilicate materials. It can be said that the main difference and the key parameter for the
formation of zeolite are the hydrothermal conditions: elevated temperature/pressure and the amount
of available water. Therefore, geopolymers can be considered an amorphous form of zeolite or
metastable zeolites.
In this research, the possibility of using the so-called "two-step method" for obtaining
zeolite through intermediate product of geopolymer was investigated. The main advantage of this
route is simple structural manipulation that can be used in a wide range of applications such as the
development of dielectric materials, membranes, adsorption and immobilization of heavy metals,
building materials, etc. Another advantage of this method is the possibility of making the desired
shape of the material by geopolymer synthesis route at atmospheric pressure and temperatures
below 80 ℃, which results in the formation of amorphous alkali-aluminosilicate material. Then, in
hydrothermal conditions, the surface of the resulting material can be reorganized into an ordered
crystalline structure. Metakaolin under the commercial name Metamax (BASF) and various water
glasses (Na, Na/K and K) manufactured by Vodní sklo were used to obtain the geopolymer. While
in hydrothermal synthesis, the influence of alkali metal oxides and silicon dioxide on the formation
of zeolite structures at constant temperature was studied. The obtained samples were characterized
by SEM, XRD and FTIR technique.
[1] J. Davidovits, “Geopolymer Chemistry and Applications”, 5th ed., Institut Géopolymère (2020)
[2] J.L. Provis, “Modelling the Formation of Geopolymers”, PhD thesis, Department of Chemical and
Biomolecular Engineering¸University of Melbourne, (2006)
Acknowledgement: This work has been funded by the projects PZS-2019-02-1555 PV-WALL by CSF,
ESF, UIP-2019-04-2367 SLIPPERY SLOPE by CSF and KK.01.2.1.02.0316 by ERDF.
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2
Institute of Inorganic Chemistry, Slovak Academy of Sciences, Dúbravská Cesta 9,
SK-845 36 Bratislava, Slovakia
3
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Geopolymers (GPs) have been known for decades and are described as inorganic polysilates
or cements. Recently, due to the wide range of potential applications of these materials in civil
engineering as well as in many other branches of industry, significantly increased research interest
has been directed to this area.
The purpose of our work was to study the impact of calcination temperature (700, 750, 800 °C)
and concentration of alkaline activator (5, 10, and 20 mass% NaOH) on the geopolymerization process
of metabentonite and metakaolin-based geopolymers. The reaction mechanisms of geopolymers
formation were studied by XRD, TG/DSC, BET, and FTIR spectroscopy.
All the results confirmed that an increase in the calcination temperature and concentration of
alkaline activator promoted geopolymerization in the case of both, metakaolin as well as
metabentonite. An advanced polymerization led to the following main changes in the MIR spectra.
Intensity of bands due to stretching vibrations of the structural OH groups as well as stretching and
bending OH groups in H2O increased. Besides, the absorption band of νSi-O significantly shifted to
lower wavenumbers indicating formation of alumina-silicate gel.
The higher the alkaline activator amount, the higher the total mass loss of the formed
geopolymers was detected. In all cases, the total mass losses were higher for metabentonite-based
geopolymers compared to their metakaolin counterparts. The most important changes occurred in
the temperature interval up to 250°C, where mainly dehydration of water from the interlayer space
occurred. Increasing water release from cavities and cations hydration spheres was observed up to
approximately 400 °C. Lower thermal stability of metabentonite-based geopolymers has been
concluded based upon the findings of TG/DSC analyses, which results from their structure.
Acknowledgments: This work was supported by the courtesy of APVV-19-0490, APVV-20-0175, VEGA
2/0032/21 and 2/0017/21.
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Aluminosilicate gels [1,2] (zeolite precursors) are mostly synthesized with the composition
characterized by general formula Mm[-(Si-O)z-Al-O]n∙wH2O, where Mm are modifying cations
(mostly Na, K, Ca, Mg), n is the degree of polycondensation and z is structural ranking between 1, 2,
3. Configurationally oxygen bridges forming thus Si-O-Al based chains and rings mutually bond
tetrahedrons SiO4 and AlO4. The positively charged Mm ions ought to be compensated by the
negative charge of four coordinated Al. Generated gel-like structure is partially amorphous or nanocrystalline depending on both the amount of initial solid matter and its nature (character of raw
materials) as well as on the condition of the reaction conditions (pH). Certain formalism was
developed in order to investigate structural units involved, mostly in the terms of fragments such as [Si-O-Al-O-] called sialate units (or polysialate when condensed concurrently). Geopolymerization
involves the chemical reaction of alumino-silicate oxides (Al3+ in IV-fold coordination) with alkali
polysilicates yielding polymeric Si-O-Al bonds; the amorphous to semi-crystalline three dimensional
silico-aluminate structures are of the Poly(sialate) type (-SiO-Al-O-), the Poly(sialate-siloxo) type (Si-O-Al-O-Si-O-), the Poly(sialate-disiloxo) type (-Si-O-Al-O-Si-O-Si-O-). The Si:Al atomic ratio
implies 1, 2 and 3, however, non-integer ratios intermediate between 1:1 and 1:3 may be anticipated
as changeable combinations of basic units, provided that the content of charge-balancing cations is
appropriate (often water content controlled). The units with Si:Al > 3 are designated as sialate and
polysialate geopolymers. In the sense of majority of the Earth’s crust, which is composed of siloxosialates and sialates, the common feldspar series are albite-anorthite (NaAlSi3O8 – CaAl2Si2O8)
describable as poly(sialate-disiloxo) for albite to poly(disialate) for anorthite shifts toward the
products and the arrangement. The impact of the original publications on the Journal Thernal Analysis
[3,4] in the field of geopolymers and partially bridging oxygen is emphasized.
[1] J. Šesták, N. Koga, P. Šimon, B. Foller, P. Roubíček. Amorphous inorganic polysialates – geopolymeric
composites and the bioactivity of hydroxyl groups. Chapter 19 in “Thermal analysis of Micro, Nano- and
Non-Crystalline Materials” (J-Šesták, P. Šimon edts), p. 441-460, Springer 2013.
[2] J. Šesták. Non-bridging oxygen in silica biocompatible glasses, polysialates and geopolymers. Chapter 18
in his book “Thermal Analysis and Thermodynamic Properties of Solids, Elsevier, Amsterdam 2021, p. 434454., ISBN 9780323855372.
[3] J. Šestak, B. Foller, Some aspects of composite inorganic polysialates, J. Therm. Anal. Calor 109 (2012) 1–5;
[4] N. Koga, Z. Strnad, J. Šestak, Thermodynamics of non-bridging oxygen in silica biocompatible glassceramics for bone tissue substitution, J. Thermal Anal Calor. 71 (2003) 927–941.
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Recently, a series of oxyfluorides Sr1-xBaxFeO2F with x= 0, 0.25, 0.50, and 0.75 obtained
through a novel synthesis route, have been characterized by X-ray and neutron powder diffraction,
magnetization measurements and Mossbauer spectroscopy [1]. All the XRD and NPD patterns were
assigned to a single-phase cubic perovskite-like structure, space group Pm-3m. The diffraction data
revealed that Sr and Ba occupy at random the A – cation site and O and F are randomly distributed
over the anionic sublattice of the perovskite structure. The analysis of the 57Fe Mössbauer spectra
for the four compositions consistently indicated the presence of Fe3+ ions at B-site, confirming the
Sr1-xBaxFeO2F stoichiometry. Magnetic structure determination from the NPD data at room
temperature established G-type antiferromagnetic arrangement in all compositions with the Fe3+
moments of about 3.5 μB oriented along the c axis. On the other hand, magnetisation measurements
indicated the presence of a very weak ferromagnetic moment due to the canting of the
antiferromagnetic structure below the limits of NPD sensitivity.
In this study, we present and analyse an additional structural information concerning the low
temperature chemical and magnetic structure of Sr0.5Ba0.5FeO2F (x=0.5) and SrFeO2F (x=1.0) based on
a new set of NPD data. Basically, the three-dimensional G-type magnetic structure is maintained down
to 2 K, where it is fully developed with an ordered magnetic moment of 4.25(5) μB/Fe at this
temperature for x= 0.5 and 4.14(3) μB/Fe for x= 0. The data processing is complemented with a new
approach to analyse the temperature dependence of the magnetic order TN on the lattice parameter <a>
based on the magnetic hyperfine fields extracted from the temperature-dependent Mössbauer data.
[1] C. A. Garcia-Ramos, M. Retuerto, J.A. Alonso, Materials 9 (2016) 970; doi:10.3390/ma9120970
Acknowledgments: We acknowledge the financial support of the Spanish Ministry of Science and

Innovation to the projects MAT2017-84496-R and PID2021-122477OB-I00 and the Bulgarian NSF
under contract Bulgaria-India-2/2019. We thank the ILL (France) for providing neutron beam time.
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Motivation for conducting these research was an increasing interest in spintronics field in
the latest years. Current spintronics is strongly oriented towards systems where a ferromagnet is in
close proximity to an antiferromagnet. Spintronic devices based on antiferromagnets offer unique
properties, such as robustness against magnetic field perturbations, fast spin dynamics and lack of
stray fields [1]. Here we present comparative studies of Co/α-Fe2O3(0001) (antiferromagnetic
hematite) and Co/Fe3O4(111) (ferrimagnetic magnetite) systems due to the magnetic, electronic and
chemical interactions at the metal-oxide interface.
The magnetite Fe3O4(111) and hematite α-Fe2O3(0001) layers with typical thickness of 10
nm were prepared in a multi-chamber ultra-high vacuum (UHV) system with the use of oxygenassisted molecular beam epitaxy (MBE) technique. The iron oxides films were deposited onto
MgO(111) substrate covered with 7 nm Pt buffer layer in order to improve surface crystalline
quality and to provide electrical contact. Surface topography of magnetite and hematite showed the
honeycomb superstructure called moiré pattern (biphase) [2],[3] which is the long-range quasihexagonal arrangement with the periodicity of ~4-6 nm. Biphase structure is the periodic matrix
with adsorption sites for ordered deposition of cobalt nanoparticles. Morphology of the films was
measured by means of scanning tunneling microscopy (STM). Co films were prepared in the form
of wedges in the range of 0,2 - 3 nm in order to study its properties and interactions with iron oxides
as a function of thickness.
Mutual interplay between the ferrimagnetic magnetite or antiferromagnetic hematite and
cobalt was analyzed by means of techniques with chemical and magnetic surface sensitivity such as
conversion electron Mössbauer spectroscopy (CEMS), X-ray photoemission electron microscopy
(X-PEEM), X-ray absorption spectroscopy (XAS) and magnetooptic Kerr effect (MOKE).
PEEM/XAS measurements were performed at the SOLARIS National Synchrotron Radiation
Centre with the use of right and left circularly polarized X-ray radiation for the energy covering the
L2,3 edges for Fe and Co. Due to X-ray magnetic circular dichroism (XMCD) phenomenon we
were able to observe the magnetic domain structure of iron oxides and cobalt which appeared to
strongly interact mutually in the way that domains are fully reproduced. From XAS measurements
it was shown that at the interface the iron oxides undergo reduction and cobalt is oxidized.
Magnetic structure was also studied by magnetic force microscopy (MFM) and compared with
magnetization orientation concluded from MOKE hysteresis loops.
[1] V. Baltz, A. Manchon, M. Tsoi, T. Moriyama, T. Ono, Y. Tserkovnyak, Rev. Mod. Phys. 90, 1 (2018) 15005
[2] N. Spiridis, K. Freindl, J. Wojas, N. Kwiatek, E. Madej, D. Wilgocka-Ślȩzak, P. Dróżdż, T. Ślȩzak, J.
Korecki, J. Phys. Chem. C. 123, 7 (2019) 4204–4216
[3] N.G. Condon, F.M. Leibsle, A.R. Lennie, P.W. Murray, D.J. Vaughan, G. Thornton, Phys. Rev. Lett. 75,
10 (1995) 1961–1964
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Nanofabrication via self-assembled hybrid nanomaterials has become an important avenue
to construct functional nanostructures essential for a wide range of applications. In this context, the
bottom-up nanofabrication based on functional building blocks are demonstrated as an alternative to
conventional top-down methods for the fabrication of regular, periodic and functional
nanostructured hybrid materials [1-3].
We explore the potential of nanostructured hybrid materials based on inorganic components
developed in-situ within self-assembled soft polymeric matrix to fabricate regular nanostructures in all
three dimensions.The main advantage of the in-situ preparation is that the size and the size-distribution
of the inorganic moieties can be controlled within the soft polymeric matrix. Moreover, the ability of the
polymeric matrix to self-assemble into macroscopically ordered nanostructures can be exploited to
direct the spatial arrangement of the inorganic components in different dimensions. A mechanism is
proposed with respect to guide the self-assembly process under different conditions [4-6].
[1] A. Fahmi, T. Pietsch., C. Mandoza, Material Today. 12 (2009) 44
[2] A. Fahmi, T. Pietsch., M. A. Rodrigo Advanced Functional Materials. 20 (2010) 1011
[3] A. Fahmi Organic-Inorganic Hybrid Nanomaterials. BOOK (2014) 351-379.
[4] A. Al-Kattan., V.P. Nirwan, I. Chourpa, Fahmi, V. Kabashin, RSC advances. 50 (2017) 31759.
[5] V.P.Nirwan, S. Pandey, E. Hey‐Hawkins, A. Fahmi Journal of Applied Polymer Science. 137 (2020) 49091
[6] V. P.Nirwan, E. Filova, A. Al-Kattan, V. Kabashin, A. Fahmi Nanomaterials. 11 (2021) 519
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Jan Dlugosz University in Czestochowa, 13/15 Armii Krajowej Ave.,
42-200 Czestochowa, Poland

Storage the hydrogen in the solid materials is safe and effective way to store energy. This
type of cell can be used both for stationary and mobile equipment. The main requirements for
modern materials for hydrogen storage in the automotive industry are: high gravimetric density,
easy absorption / desorption of hydrogen at normal temperatures and pressures, low price of
materials and their ecological safety. Conventional hydrides, such as LaNi5H6 and derivatives of
zirconium and titanium alloys are commonly used in hydrogen storage systems have the storage
capacity of less than 2% by weight of hydrogen. Four major groups of suitable materials include: a)
carbon and other materials with high surface areas (nanotubes, graphite nanofibers, zeolites, etc.);
b) H2O-reactive chemical hydrides (NaH, LiH); c) hydrides complex (LiAlH4, NaAlH4, etc.),
borohydrides amine (NH3BH3); d) alloys and intermetallics. Hydrides of rare earth metal (R) and
transition metal alloys (T) are very well researched. These materials show good kinetics, but
capacity and desorption temperature are low. On the other hand the hydrides complex of the lithium
alloys have enjoyed in recent years, large attention as materials for energy storage in the future. The
hydrogen content is achieved in accordance with the literature value of 18% mass for LiBH4.
However, these compounds only desorb hydrogen at a temperature about 600°C. Large prospects in
the process of sorption / desorption of hydrogen and therefore solving of this problem are
lightweight multicomponent lithium alloys and carbon nanotubes. The addition of mono- and multiwalled carbon nanotubes to as described above alloys increase the absorption of hydrogen
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The high temperature and high speed airflow will produce severe ablative effect on the
object in it and damage the material and its internal structure. In this paper, by combining the threedimensional finite element model with continuous laser ablation experiment, the change of glass
fibre reinforced epoxy laminate during ablation was studied. The finite element model was
developed by considering the thermal effect of pyrolysis reaction, the escape of pyrolysis gas and
the change of sample properties during the ablation process. The simulation results of sample
temperature change and mass loss are in good agreement with the experimental results. It is found
that with the increase of laser power, the weight loss degree of the reaction gradually increases, and
the thermal resistance effect of samples is stronger.
The ablation experiments of glass fibre reinforced epoxy laminate under five laser powers
(11, 13, 15, 17 and 19 W) were experimentally studied. The "ablation threshold" was not broken at
11 W, and the temperature difference between front and back of the sample was only 70 °C. The
"ablation threshold" was broken through with a larger power, and the temperature difference
between front and back of the sample reached 350 °C.
This study is helpful to understand the change mechanism of materials during ablation, and
is of great significance to prevent ablation damage and enhance thermal protection performance.
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Wood is mainly composed of cellulose, hemicellulose, and lignin as well as small amounts of
extractives, so the pyrolysis and combustion of wood are complicated processes with multi-scale and
multi-stage. Among them, the wood combustion process consists of four stages: drying, pyrolysis,
homogeneous combustion of volatile products, and heterogeneous combustion of char [1].
Pyrolysis is a key process that can describe wood burning and mass loss. Therefore, the
combustion model established by pyrolysis can provide a good theoretical basis for fire prediction
and timely extinguishing [2-3].
In this work, we established a 1D pyrolysis combustion model of wood under external
radiation through a series of measured thermophysical parameters (such as density, specific heat
capacity, thermal conductivity, gas transfer coefficient, radiation absorption coefficient, etc.). Then
a theoretical model with wood natural aging and humidity was developed, and the comparison of
theoretical data and experimental data was evaluated and analyzed. The results show that the
existing model can roughly reflect the trend of the experimental data, especially in the prediction of
the start and end reaction time of pyrolysis. Finally, this study will provide a basis and reference for
the study of wood burning affected by multiple factors, a theoretical guidance for early warning and
elimination of fire was achieved.
[1] A. Dhahak, R. Bounaceur, C. L. Dreff-Lorimier, G. Schmidt, G. Trouve, F. Battin-Lecler, Fuel, 242
(2019) 756-774
[2] F. Richter, G. Rein, Combust. Flame., 216 (2020) 316-325
[3] S. M. J. Razeghi, M. Safarzadeh, H. Pasdarshahri, J Braz. Soc. Mech. Sci. Eng. 208(2020) 42
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Thin metallic films are a common component of micro-electromechanical systems (MEMS)
where they are exposed to different scales of temperatures and mechanical strains.
A common method to prepare nanocrystalline thin films of different thicknesses is via physical
vapor deposition [1]. The grain size is an important aspect of the thin film’s mechanical properties [2]
and is increased with film thickness due to the columnar character of the deposited grains [3]. The
further altering of grain size is possible via recrystallization during the heat treatment.
The 50 and 150 nm thick films were prepared by DC magnetron sputtering from a low-carbon
steel target. The films were deposited on a polymer substrate, which was then dissolved to obtain freestanding films. The initial microstructure of the films was analyzed by transmission electron microscopy
(TEM) equipped with Automated phase and orientation mapping (ACOM-TEM). The films were
annealed up to 600ºC by in-situ heating in TEM and the microstructure was monitored.
The recrystallization heating of steel films with different grain sizes and film thicknesses was
then simulated by molecular dynamics (MD) and the simulated results were compared to the experiment.
[1] P. A. Savale, Arch. Appl. Sci. Res 8.5 (2016) 1-8.
[2] E. O. Hall. Proc. Phys. Soc. B, 64 (1951) 747.
[3] A-L. Barabasi, H. E. Stanley, et al., “Fractal concepts in surface growth”, Cambridge University Press (1995)
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Boron has a big cross section for neutron absorption which makes it suitable for nuclear
based applications including homeland security and accelerators. We deposited 2.0-3.5 µm boron
carbide coatings on aluminum (Al) substrates using pulsed-DC magnetron sputtering in an argon
atmosphere. Boron carbide and Al are two distinct materials and therefore their efficient attachment
is highly challenging. The direct contact of these two materials may cause the formation of an
unstable aluminum-carbon bond. Moreover, there is a significant difference between their thermal
expansion coefficients, therefore graded layers are essential in order to reduce stress effects. For
this reason, we applied an adhesive intermediate titanium (Ti) layer (0.5-1.5 µm) and studied the
impact of the Ti interlayer on the adhesion, and the effect of the bias voltage applied, on the
growing film. The bias voltage increases the density and coverage uniformity of the coatings.
However, it increases temperature and induces ion peening effects that may enhance internal stress
in the coating, and cause a subsequent adhesive failure. We investigated the residual stress
developed during deposition under different bias application. Here, the residual stress exponentially
increased with the bias applied. Under the application of - 200 V bias voltage, stress of about 1.2
GPa was calculated, causing these coatings to poorly adhere to the substrate. The expected
amorphous structure of the coatings, and B4C composition were confirmed using XRD and XPS
respectively. Moreover, an XPS study revealed oxidized species on the surfaces of coatings
synthesized under ~ - 150 V and above. Furthermore, the durability of the coatings over time
decreased with increasing the bias voltage. Under bias of - 200 V, peelings were detected
immediately after deposition, while under - 150 V, coatings flaked off the substrate after only 6
weeks of storage at 2 % RH environment. Applying bias voltage in the range of about - 30 – (-)
60V, boron carbide coatings with thickness of 2.0-2.5 µm (Ti ~ 0.5 µm) remain fully adhered over
2.5 years now. Furthermore, the Ti interlayer improved the adhesion significantly. By increasing the
Ti thickness from 0.5 µm to 1.5 µm, the attachment of 3.5 µm thick boron carbide coatings, remain
strong until today. Based on this study, we concluded that two main mechanisms directly affect the
adhesion of a boron carbide coating to an Al substrate: (1) The stress developed during the process
and (2) the oxidation of the surface of the coatings.
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High-end performance of light-absorbers and adjacent charge transfer layers in the state-ofthe-art thin-film photovoltaics can be heavily improved, by preparing constituting films in
configurations of homogeneously ordered vertical arrays of nanoformations such as nanotubes.
Nowadays the efforts of upgrading the nanostructured films focus in finding preparation routes that
can facilitate larger area films with better reproducibility while maintaining satisfactory properties.
Semiconducting titania nanotubes suitable for solar cell application are commonly derived by an
electrochemical etching of titanium (deposited on ITO by RF magnetron sputtering) in fluorine rich
electrolyte via intermediate titanium hexafluorite and subsequent thermal treatment. Having in mind
the complexity of the process it is obvious the yield nanotubes heavily depend on many parameters.
Here we try to identify the parameters responsible for variance in the properties of the
nanotubes or even outcome of the synthesis and take it out of the equation. With many of the
parameters that are commonly not controlled brought under constant value, we refer to the
electrochemical etching as the facile upgrading tool. In a nutshell, we have previously shown that
the successful electrochemical etching is a combination of overlapping contributions, which
significantly change during the process. It is our goal to see how applying potentiostatic or
galvanostatic conditions correlates to beneficial distribution of etching conditions during the whole
duration of the process.
To investigate the yield titania nanotube arrays, we refer to broad structural analysis
(GIXRD), electron microscopy analysis (SEM, EDS), atomic force microscopy (AFM), solid-state
dielectric spectroscopy (SS-IS), and various transmittance are reflectance spectroscopies (UV-VIS,
Raman, FTIR). It was shown that it was possible to stabilize the etching process and observe the
effect of the potentiostatic or galvanostatic contributions individually. The mechanisms of etching
are somewhat different but it was not possible to generally discriminate between the two
approaches. Specific requirements preclude the selection of the route.
Acknowledgement: This work has been funded by the projects PZS-2019-02-1555 PV-WALL by CSF,
ESF, UIP-2019-04-2367 SLIPPERY SLOPE by CSF and KK.01.2.1.02.0316 by ERDF.
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Multilayer thin film solar cells properties are dependent not only on the layer compositions
but on the layer mutual interplay. The electron transport layer (ETL) is one of the most important
layers for a successful charge separation and extraction of the electrons, and therefore the overall
cell efficiency. Both titanium and zinc oxide, which are commonly used for ETL, are known to
cause degradation of the active perovskite layer which leads to lower stability and loss in efficiency.
SnO2 has lower catalytic activity and therefore is less prone to displaying oxygen vacancies and
deep level traps that could worsen the electrical properties and degrade the interface. In addition to
that SnO2 can easily be derived by various chemical methods in a mesoporous or nanostructured
thin-film configuration.
In this work by combination of spin coating and hydrothermal synthesis we derived thinfilms of nanostructured SnO2 that were thoroughly characterized by X-ray diffraction, scanning
electron and atomic force microscopy, and Raman and UV/VIS spectroscopy. The electrical
properties were tested by solid state impedance spectroscopy. The samples showed fast electron
transport and typical semiconductor behavior. Use of SnO2 as ETL could be a promising way to
obtain more efficient and stable perovskite solar cells.

Figure 1: SnO2 nanostructured thin film.
Acknowledgement: This work has been funded by the projects PZS-2019-02-1555 PV-WALL by CSF,
ESF, UIP-2019-04-2367 SLIPPERY SLOPE by CSF and KK.01.2.1.02.0316 by ERDF.
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Atmospheric plasma sprayed chromium oxide coatings are known for their outstanding high
temperature resistance, high wear resistance and anti-corrosive properties [1-2]. By adding small
amounts of SiO2, TiO2 or graphite can further improve these properties [3-4]. The aim of this work
was to coat steel substrates using different material powders with varying torch power. As well as to
compare tribological properties of chromia and chromia composite coatings formed at different
plasma temperatures.
Chromia (Cr2O3) and chromia composite (Cr2O3-SiO2-TiO2 and Cr2O3-SiO2-TiO2-graphite)
coatings were formed on stainless steel substrate using atmospheric plasma spraying. Plasma jet
temperatures varied from 3420 K to 3530 K by increasing the arc current (torch power) from 180 A
to 220 A. The surface morphology was investigated using scanning electron microscopy (SEM).
The elemental composition of the deposited coatings was determined by energy dispersive X-ray
spectroscopy (EDS). The phase composition of the coatings was investigated by X-ray diffraction
(XRD). The friction coefficient was measured using a CETR-UMT-2 ball-on-flat tribometer with 1
N and 3 N loads. Specific wear rates were estimated from the surface profiles, which were
measured using Ambios XP-200 Profiler.
Surface morphology investigation results indicated that chromia composite coatings had
lower surface roughness. Increase of plasma torch power resulted in higher surface roughness (up to
50 %) of chromia composite coatings. EDS results showed that the chromium oxide coatings on
average consisted of chromium (~52.3 at.%), oxygen (~46.9 at.%) and small amount of impurities.
The highest intensity peak in the XRD patterns for chromia coatings corresponds to chromium
eskolaite phase. The coefficient of friction (COF) of Cr2O3 coatings varied from 0.41 to 0.51. The
addition of dopants reduced the COF values of Cr2O3 coatings up to 30 % depending on type of
dopant and torch power. It was obtained that the specific wear rates of Cr2O3 coatings were at least
15 times lower compared to the steel. Meanwhile, the addition of dopants reduced the wear rates of
Cr2O3 composite coatings up to two times.
[1] W. Su, S. Niu, et. al. Ceramics International, 48 (2022) 8696-8705
[2] J. Song, M. Sun, Y. Qin, et. al Materials Chemistry and Physics, 287 (2022) 126199
[3] G. Bolelli, et. al. Wear, 480-481 (2021) 203931
[4] P. Bagde, et. al. Materials Today:Proceedings, 56 (2022) 2365-2370
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A Nd-YAG laser was used for texturing the Ti6Al4V surface with dimples of diameter 50
and 100 µm and centre-to-centre distance 100, 200 and 400 µm, defining the surface texture
density. Tribological evaluation was conducted to analyse and compare the behaviour of untextured and laser-textured samples under water in comparison to oil (PAO6) lubrication without
and with the addition of MoS2 nanotubes into the lubricant. MoS2 nanotubes had positive effect on
friction in both media for laser-textured Ti6Al4V. Evaluation of friction and wear in water and
PAO6 showed comparable tribological response in water to oil for specific laser-textured
configurations, proving the novel concept of green tribology for laser texturing in combination with
MoS2 nano-tubes/water lubrication.
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Plasma sprayed Al2O3 and Cr2O3 coatings are widely used to protect industrial components
against wear, corrosion or reduce friction [1-2]. Nowadays, a different attempt is used to improve
and modify the mechanical, corrosive and tribological properties of Al2O3 and Cr2O3 coatings. The
addition of TiO2, graphene, ZrO2, Mo and etc. is used to improve the friction coefficient and
increase wear resistance of alumina and chromia coatings [1,3-4].
Chromia, alumina, alumina with different weight percentages of graphite (5%, 10%, 15 %)
and Cr2O3-TiO2-SiO2 with 10 wt.% of graphite were deposited on steel substrates by atmospheric
plasma spraying. The coatings were sprayed at various torch powers using air-hydrogen plasma.
The surface morphology was investigated by a scanning electron microscope (SEM) Hitachi S3400N. The elemental composition was determined by energy dispersive X-ray spectroscopy (EDS)
Bruker Quad 5040 spectrometer. The surface roughness was measured by a Mitutoyo Surftest-SJ210-Ver2.00 profilometer. Structural characterization of the as-sprayed coatings was done by X-ray
diffraction. The tribological properties of the coatings were analysed using a CETR-UMT-2 ballon-flat tribometer.
The surface morphology of deposited alumina-graphite coatings contained higher amount of
molten areas with increase of torch power. The EDS measurements indicated that the graphite
content in the coatings was up to 5 times lower compared to initial feedstock powders. XRD
measurements indicated that the γ-Al2O3 phase content increased with the increase of the graphite
content and torch power in the coatings. The increase of torch power only slightly changed the
peaks intensities of Cr2O3 phase in chromia and chromia composite coatings. The tribological
properties of as-sprayed coatings have been investigated to evaluate the friction coefficient and
wear rate dependences on the type of additive powders and torch power. The friction coefficient of
sprayed Al2O3 coatings was reduced with the addition of graphite. It was obtained that the wear
rates of Al2O3-graphite coatings were in the range of ~10-6 mm3/Nm with certain exceptions
pertaining to mere plastic deformations. The friction coefficient values of Cr2O3 coatings were
slightly reduced with addition of TiO2-SiO2 and graphite. The specific wear rates of chromium
oxide composite coatings were reduced up to 15 % compared to Cr2O3 coatings.
[1] G. Bolelli, D. Steduto et al., Wear, 480-481 (2021) 203931.
[2] T. Ghara, P.P. Bandyopadhyay, J. Eur. Ceram. Soc., 42 (2022) 4353-4368.
[3] X. Yang, S. Dong et al., Ceram. Int., 45 (2019) 20243-20250.
[4] G.M. T. Basha, A. Srikanth, B. Venkateshwarlu, Mater. Today: Proc., 20 (2020) 191-194.
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With the tool steel global market size of $4.29 billion in 2020 and with forecast to reach
$7.51 billion in 2028 industries are making their effort in creating new alloys for different
manufacturing processes to be competitive on the market.[1] Metals are being fabricated in different
ways, like by forging, by casting and recently through additive manufacturing tecniques. It is well
known that the microstructure of metallic materials strongly depends on the thermal history.
However, in the literature there is a lack of data for alloys after new processes like additive
manufacturing ones. [2,3] The goal of the present study is focused on a new commercial alloy
produced by directed energy deposition (DED). The BÖHLER W360 is a hot work tool steel
specially developed for use in warm forging applications or for forging dies. The application
spectrum is large, and tools manufactured are used in processes such as extrusion, pressure die
casting and drop forging. This paper provides an evaluation of microstructural properties of an asbuilt and heat treated W360 steel processed by DED using a Laserdyne 430 machine by Prima
Power. The starting material was in powder with particle size in the range of 45 – 150 µm. Cubic
samples with 15 x 15 x 15 mm3 dimensions were built after process parameters optimization. Crosssections of as-built samples were prepared for microstructural analysis through XRD and SEM –
EDX measurements. Thermal analysis was performed by DSC. Polished samples were etched with
a 2% nital solution and were observed with optical and SEM microscopes.
[1] A report on Global Tool Steel Market Size By Product Group, By Application, By Geographic Scope
And Forecast, Verified Market Research, 2021
[2] Nima Shamsaei, Aref Yadollahi, Linkan Bian, Scott M. Thompson, An overview of Direct Laser
Deposition for additive manufacturing; Part II: Mechanical behavior, process parameter optimization and
control, Additive Manufacturing, Volume 8, 12-35 (2015). https://doi.org/10.1016/j.addma.2015.07.002.
[3] Metals Handbook Desk Edition 2nd edition, ASM International (1998)
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Titanium silica carbide (Ti3SiC2) has received much attention in the last decades. It belongs
to the group of materials entitled MAX phases, where metallic layers coupled with C or N layers are
sandwiched between the sheets of A-group. The general formula, also indicating the number of
layers between two adjacent A layers, is Mn+1AXn, where n is indicating the number of M layers
separating the A layers. Generally, MAX phases crystallize in the hexagonal structure [1].
Sintering of Ti3SiC2 MAX phase from readily available initial materials Ti, TiC, and SiC
was done using Spark Plasma Sintering (SPS). The combination of the initial materials with the
aforementioned sintering method has been only rarely studied yet. The maximum sintering
temperature was set to 1450, 1550, or 1600 °C with dwell times ranging from 10 to 60 min.
Variations in the initial composition (decreasing the TiC content by 5 wt.%, increasing the Si
content by 5 wt.%, addition of a small amount of Al) and sintering conditions (pulsing current,
different atmospheres) aiming at preparation of single-phase Ti3SiC2 were employed. However,
these changes did not lead to an improvement in the sample composition, as unreacted Ti5Si3
remained present even after sintering. SPS was efficient in preparation of Ti3SiC2/TiC composite
(10 wt.% of TiC).
The microstructure of the prepared samples was studied by scanning electron microscopy,
what revealed a dense microstructure, with a small level of porosity. Samples sintered at three
different maximum temperatures were subjected to dilatometry analysis up to 1000 °C.
XRD analysis showed, that the highest Ti3SiC2 content was achieved after sintering at
1550 °C for 10 min. The prepared Ti3SiC2/TiC composites were subjected to oxidation tests at three
different temperatures (1000, 1100, and 1200 °C) in a laboratory furnace. The relative increase in
the samples mass increased exponentially as the temperature increased. A thick layer of TiO2 was
formed on the samples surface, thus no Ti3SiC2 or SiO2 could be observed by XRD analysis.
[1]. M.W. Barsoum and T. El-Raghy, J. Am. Ceram. Soc. 79, 1953–1956 (1996).
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Currently and in view of its various applications in different fields, tin oxide (SnO2) in its
rutile structure is one of the transparent and conducting oxides (TCO) because of his large gap, has
recognized a special interest by theoretical and experimental researchers [1]. Especially, we find gas
sensors domain. Tin oxide SnO2, crystallized in rutile structure with space group
(number 136 in the table of crystallography).
Presence of the oxygen vacancy (VO) in the matrix of rutile SnO2 play an important role
because they represent a site of harmful gases as for example CO, NOx, …etc. The aim of this
paper is to study theoretically effect of oxygen vacancy on structural, electronic, thermoelectric and
spectroscopic properties of SnO2 materials.
To release this study, we used Cystal17 program [2], using SCF-LCAO-DFT periodic method
at the level of B3LYP exchange and correlation pseudopotentials. Cell parameters used are those
obtained from experimental results : a=b=9.57A° and c=6.38A°. The basis sets used are: DB-41G for
O and DB-21G* for Sn. Configurations adopted for different elements are 4d10 5s2 5p2 for Sn and 2s2
2p4 for O. Supercell with 48 atoms (Sn16O32) is used to create oxygen vacancies. As structural
properties we have released an optimization of full structure to find the most stable sites favorable to
create the vacancies. After the calculation of energy of relaxation, we find relaxation and
reconstruction parameters. Then, for selected structure we find electronic properties from calculation
of diagrams of band structure and density of state total (DOS) and projected (PDOS and LDOS) and
so we determine gap energy. Thermoelectric properties summarized in Seebeck coefficient (S),
electrical(σ) and electronic thermal (ⱪel) conductivity are calculated in the different values of the
temperature using semi-classical Boltzmann transport theory [3] implemented in the Crystal17.
Finally, we calculate different vibrational modes active in IR and Raman spectroscopies
according to the following relation:
Where Raman
active modes are represented by: A1g, B1g, B2g (nodegenerated), and Eu (doubly degenerated), and
infrared active modes: A2u and Eu(triply degenerated), A2g and B1u modes are silent. All obtained
results are compared with stoechiometric structure of SnO2.
[1] M. Batzill and U. Diebold, Surface studies of gas sensing metal oxides, Phys. Chem. Chem. Phys. 9
(2007) 2307-2318. https:/doi.org/10.1039/b617710g
[2] R. Dovesi et al., “User's Manual of CRYSTAL17”, code available from http://www.crystal.unito.it
[3] T. Y. Wu, On the nature of theories of irreversible processes, Int. J. Theor. Phys., 2 (1969) 325–343.
https:/doi.org/10.1007/BF00670700.
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Microbiologically influenced corrosion (MIC) or biocorrosion is a growing global problem
[1, 2] most commonly treated chemically with biocides [3, 4]. Since polyphenolic compounds found
in plant extracts exhibit excellent antibacterial and antioxidative properties [5, 6] the potential
inhibitory effect of aqueous extract of Artemisia annua L. (AAE) on the MIC of 316L stainless steel
(SS) was tested so as to find greener substitute for the use of biocides. The effect of AAE on MIC
of 316L SS caused by Pseudomonas aeruginosa (PA) in artificial seawater (ASW) was investigated
using electrochemical, spectrometric, and surface techniques. The influence of PA on surface film
formation of 316L SS in ASW was investigated using long immersions tests in abiotic (AM) and
biotic media (BM) in different durations, after which open circuit potential (OCP), potentiodynamic
polarization (PP) and electrochemical impedance spectroscopy (EIS) measurements were executed.
Immersions test, OCP, PP, and EIS measurements were repeated with AAE where MIC was
observed. Electrochemical results showed that PA accelerated the MIC of 316L SS, while the
addition of AAE prevented the MIC with an inhibition efficiency of 78.3±1.8%. Morphological
features of treated coupons after immersion tests in AM, BM, and BM containing AAE were
analyzed by a non-contact optical profilometer. The 3D and 2D profiles of the treated alloy surface
revealed that more pronounced pits were formed in the presence of PA, while the addition of AAE
led to the appearance of ticker surface film. Evaluation of elements found in surface layer of treated
samples was determined after short immersion tests using inductively coupled plasma optical
emission spectrometry (ICP-OES). The amount of Fe, Na, and S released, was much higher for the
samples treated without the presence of AAE. Surface and spectrometric analysis confirmed that PA
accelerated the corrosion of 316L SS, while the addition of AAE decreased the influence of PA on
the film formation of 316L SS in ASW, but further research is needed to fully understand and
evaluate the adsorption mechanisms of AAE on 316L SS surface.
[1] B. hm, S., Greef, R., McMurray, H. N., Powell, S. M., Worsley, D. A. J. Electrochem. Soc. 147:9 (2000) 32862.
[2] Ma, Yan; Zhang, Yimeng; Zhang, Ruiyong; Guan, Fang; Hou, Baorong; Duan, Jizhou, Appl. Microbiol.
Biotechnol. 104 (2020) 515–525
[3] T.L. Skovhus, R.B. Eckert, E. Rodrigues, J. Biotechnol. 256 (2017) 31–45.
[4] R. Jia, D. Yang, D. Xu, T. Gu, Sci. Rep. 7 (2017) 6946.
[5] Taguri, T., Tanaka, T., Kouno, I., Biol. Pharm. Bull. 27(12) (2004) 1965—1969
[6] Daglia, M., Curr. Opin. Biotechnol. 23:2 (2012) 174–181
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The binary phase diagrams represent an analysis strategy that uses thermoanalytical
techniques - Differential Scanning Calorimetry (DSC) - to characterize pharmaceutical cocrystals
and eutectic mixtures. Pharmaceutical cocrystals, as well as eutectic mixtures, are multicomponent
solid forms used to modify the physicochemical properties of drugs with low solubility. Cocrystals
and eutectics are formed through cohesive and adhesive interactions, respectively, between an
Active Pharmaceutical Ingredient (API) and a coformer (a generally recognized as safe molecule
that have good solubility in water). Norfloxacin (NOR) is a broad-spectrum antibiotic used for the
treatment of diseases of the gastrointestinal and urinary tract, however, it is classified by the
Biopharmaceutical Classification System (BCS) as a low solubility drug (Class IV). Thus, syntheses
were performed using the mechanochemical method through liquid assisted grinding (LAG) to form
systems capable of increasing the solubility of NOR using Pyrazinamide (PZA) and Pyrazinoic
Acid (PZCA) as coformers. The NOR-PZA and NOR-PZCA systems were synthesized in 9
proportions for of the binary phase diagram. From the DSC curves obtained, data on onset
temperature and the melting point of each of the 9 formed compounds were collected. The binary
phase diagrams obtained (Figure 1) showed characteristics that are attributed to the formation of a
eutectic mixture of NOR-PZA and the formation of a pharmaceutical cocrystal of NOR-PZCA.
Figure 1. Binary phase diagrams of (a) NOR-PZA and (b) NOR-PZCA.

(a)

(b)

[1] Bazzo, G.C., Pezzini, B.R., Stulzer, H.K. “Eutectic mixtures as an approach to enhance solubility,
dissolution rate and oral bioavailability of poorly water-soluble drugs.” International Journal of
Pharmaceutics, 588 (2020) 119741
[2] de Almeida, A.C., Ferreira, P.O., Torquetti, C., Ekawa, B, Carvalho, A.C.S., dos Santos, E.C., Caires, F.J.
“Mechanochemical synthesis, characterization and thermal study of new cocrystals of ciprofloxacin with
pyrazinoic acid and p-aminobenzoic acid”. Journal of Thermal Analysis and Calorimetry, 140 (2020) 2293-2303.
[3] Neupane, U., Rai, R.N., “Co-crystals formation specified from binary phase diagram studies; Their
thermochemical, spectroscopic and optical properties”. Journal of Chemical Thermodynamics, 161 (2021) 106513.
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Nowadays, several strategies to improve physicochemical properties of drugs are been
studied. Among them, coamorphous phases are highlighted to improve the aqueous solubility and
dissolution rate of drugs. These are homogeneous multicomponent amorphous systems made by the
drug and a low molecular weight coformer or another drug, that exhibit kinetic stability due to
intermolecular interactions between the components or to mixing effects [1].
Mechanochemical grinding is a stablished method for the synthesis of amorphous phases. In
this work, neat grinding (NG) was chosen to the synthesis of a new dual-drug coamorphous system
of valsartan (VAL) and Carvedilol (CAR), two antihypertensive drugs belonging to the
Biopharmaceutical Classification System (BCS) class II [2,3]. This means that both have low
aqueous solubility and high permeability, and, because of that, both have an oral bioavailability of
about 25% [2,4]. Thus, studying strategies to improve their aqueous solubilities is necessary to
increase oral bioavailability.
The mechanochemical synthesis was performed in a mixer mill, and the resulting powder
was characterized by Differential Scanning Calorimetry (DSC), infrared spectroscopy (IR), and
powder X-ray diffraction (PXRD).
The DSC curves of mixtures in the range xVAL = 0.1 to 0.9, do not show melting events, but
single glass transitions (Tg), which together with the absence of a crystalline pattern in the PXRD,
confirms the formation of coamorphous between CAR and VAL. The Tgs obtained for the VALCAR system present a significant positive deviation from those calculated with the Gordon-Taylor
equation, which demonstrated that a strong interaction occurs between the components. Considering
the FTIR spectra, a formation of a molecular amorphous-salt is proposed [5].
This work was financed in part by the Brazilian Federal Agency for Support and Evaluation of Graduate
Education (CAPES), in the scope of the Program CAPES-PrInt, Mobility number 88887.571008/2020-00. It was also
supported by Portugal national funds through FCT – Fundação para a Ciência e a Tecnologia, I.P., under the project
UIDB/00313/2020.

[1] A. Shayanfar, K. Asadpour-Zeynali, A. Jouyban, J. Mol. Liq. 187 (2013) 171–176.
[2] G.J. Fernandes, L. Kumar, K. Sharma, R. Tunge, M. Rathnanand, J. Pharm. Innov. 13 (2018) 197-212.
[3] R. Hamed, S.H. Alnadi, AAPS PharmSciTech. 19 (2018) 2213–2225.
[4] G. Flesch, P. Müller, P. Lloyd, Eur. J. Clin. Pharmacol. 52 (1997) 115–120.
[5] K.T. Jensen, F.H. Larsen, K. Löbmann, T. Rades, H. Grohganz, Eur. J. Pharm. Biopharm. 107 (2016) 32–39.
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Ciprofibrate (Cpf) is a drug used for the treatment of hypertriglyceridemia and for the
prevention of atherosclerosis [1]. Fibrate class that acts as an effective supplement to the diet in the
treatment of hypertriglyceridemia, in addition to acting in the prevention of atherosclerosis [2]. This
compound is derived from 2-methoxy-2-methylpropanoic acid and its racemic mixture is used in
the production of drugs in solid formulations [3]. In this work, important structural and thermal
properties of Cpf were studied, which allow establishing quality parameters.
TGA-DTG, TGA-DTA and DSC curves of Cpf indicate that the compound is stable up to
145 °C. From that temperature two consecutive events of mass loss occurred, being related to the
thermal decomposition of the sample. The first event was faster and occurred with a greater loss of
mass (Δm1 calc. = 74.67%) ends at 295.2 °C. The second one was slower and presented minor loss of
mass (Δm2 calc. = 25.33%). The decomposition of the material in oxidizing atmosphere starts at 146
°C and ends at around 614 °C when the entire sample is lost. In the oxidizing atmosphere, by
combining the TGA curve with the graphs of the Gram-Schmidt orthogonalization process were
observed maximum intensities of released gases at 241 ºC and 494 ºC. In the inert atmosphere the
decomposition extends to temperatures above 1100 ºC. Only a more intense peak is observed at 225
ºC attributed to the first stage of decomposition and after the sample undergoes slow decomposition
and the rate of gases release remains with small oscillation until the end of the decomposition.
The Cpf crystals were indexed in a monoclinic unit cell with parameters a=12.8257(5) Å,
b=10.2722(5) Å, c=10.7804(4)Å, and =77.095(2)° considering a P21 (4) space group. The thermal
behavior in oxidizing atmosphere indicated that the compound is anhydrous and remained stable
until 145 ºC. From that temperature up to 614 ºC Cpf decompose in a two stage process. In the first
one 74.67 % of the initial mass is lost with liberation of methacrylic acid, carbon dioxide, water
vapor and HCl gases, while in the second stage the remainder material decomposed into water
vapor, carbon dioxide and carbon monoxide. The same gases leave the sample in the pyrolysis.
Differential scanning calorimetry showed that the melting point occur at the temperature of 117 ºC.
Infrared and Raman spectroscopy allowed to identify the main absorption bands of the functional
groups present in the Cpf molecule. The signs of chemical shift of all the hydrogens in the
molecule were clearly identified by means of hydrogen nuclear magnetic resonance. The results
obtained for the structural characterization and the thermal behavior of Cpf will serve as a reference
for future research involving this drug.
[1] S. Sharma, M. Wood. Curr Treat Options Cardiovasc Med., (2018) 81-93
[2] E. Bruckert, S. Dejager, M. Chapman. Artherosclerosis, 100 (1993) 91-102
[3] European Pharmacopoeia, Ciprofibrate, (2014)
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Cardiovascular diseases are one of the leading causes of death worldwide [1]. With the
increase in the incidence of this type of disease, the use of drugs of this therapeutic class, such as
ciprofibrate (Cpf), also grows. Another problem that affects a large part of the population is
micronutrient deficiency. It is necessary to supplement with micronutrients such as nickel ions,
important enzymatic cofactors, which act in the transport and regulation of cell membranes and
contribute to the balance of the human microbiota [2].
The development of drugs that allow both the treatment of a disease and the replacement of
micronutrients in a single formulation is a challenge [3]. We report here the synthesis of a hybrid of
Cpf with Ni II that led to the formation of Ni(Cpf)2·1,5H2O(s). The synthesis reaction of the ligand
Cpf (monocarboxylic acid pKa 3.65) with metal ion of the salt NiCl2·6H2O(s) ocorred in a
stoichiometric ratio of 1:2 (metal/ligand). The characterization of the hybrid indicated metal/ligand
interaction, greater thermal stability compared to the pure drug and promising potential as a raw
material for pharmaceutical applications.
Thermal analysis up to 1100 °C in air atmosphere a showed that the anhydrous hybrid is
stable up to 230 °C, the organic matter decomposition process occurred in three consecutive steps.
The first step is faster, and the last two are slower. The DTG curve showed four stages of mass loss.
The total mass lost was 88.60%, of which 4.48% represented loss of H2O(18.02 g.mol-1) of
dehydration in event 1, and the sum of events 2, 3 and 4 with a loss of 84.12% of the initial mass, it
corresponds to the output of two ligands (C13H13Cl2O3-)2 (576.38 g mol-1). The residue has a mass
equivalent to 11.40%, which is attributed to the formation of NiO(74.69 g.mol-1). These results
allowed us to suggest the stoichiometry Ni(Cpf)2·1.5H2O(s) (662.10 g.mol-1).
In the study of gases released and according to the Gram-Schmidt graph, there were three
peaks with greater intensity. The FTIR spectra of the released gases indicated the output of
methacrylic acid, water vapor and carbon dioxide. In the second and third peaks, related to the third
stage of mass loss, the same gases, water vapor, carbon dioxide and carbon monoxide came out.
The DSC showed an exothermic peak at 242 °C attributed to the thermal decomposition of the
anhydrous compound by oxidation of organic matter, related to the second mass loss observed in
the TGA curve. The hybrid showed no melting peak and the decomposition occurred at a
temperature higher than the decomposition of the ligand.
[1] J. Sharifi-Rad, et al.Int. J. Environ. Res. Public Health, 17 (2020) 2326
[2] D. Zamble, M. Rowińska-Żyrek, H. Kozlowski. Royal Soc. of Chem., Metallobiology, (2017)
[3] P. Zanonato, et al. J Therm Anal and Calorim., 138 (2019) 3257–3265
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Localized corrosion leads to very serious problems in the civil engineering and industries
resulting to massive financial losses and environmental accidents. Galvanization is one of the most
used methods for protection of steel against atmospheric and other types of corrosion. A new
alternative to improve the corrosion resistance and to minimize the negative influence is the
application of hybrid zinc-based protective coatings. The aim is to incorporate polymer modified CuO
nanoparticles in the zinc matrix and to check the behavior of the newly obtained material in a test
medium with chlorine ions as corrosion activators. In order to stabilize the suspension of CuO
nanoparticles against aggregation, a cationic polyelectrolyte poly(ethylenimine) (PEI) is used. The
hybrid coating is electrodeposited on low carbon steel substrate from a slightly acidic zinc electrolyte.
The investigations are carried out in 5% NaCl solution at ambient temperature by application
of selected electrochemical methods like electrochemical impedance spectroscopy and
potentiodynamic polarization curves. The distribution of the nanoparticles is studied by Scanning
electron microscopy. The results obtained demonstrate the enhanced protective ability of the hybrid
coating compared to the ordinary zinc one in that medium.
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Zinc ferrite (ZnFe2O4) has long been of interest not only in fundamental research because of
pertaining intriguing magnetic behavior, but also due to its great potential in technological
applications for energy storage and conversion materials, gas sensors, magnetic, catalytic and
antibacterial materials, etc. [1]. A very interesting feature of Zn-ferrite is that at room temperature it
exhibits paramagnetic behavior in the bulk, while strong magnetic ordering has been observed at the
nanoscale, providing a platform for various spintronic studies and applications in microwave devices.
In recent years, ultrathin spinel ferrite layers have revealed many exciting properties such as electric
field-controlled magnetism (and vice versa), interfacial exchange bias, and giant magnetoresistive
effects, thanks to the tunable many degrees of freedom of its complex cubic symmetry.
We present the structural and magnetic properties of nanostructured ZnFe2O4 synthesized by
sonochemistry. The XRD patterns of the as-prepared material revealed crystalline ZnFe2O4 and an
amorphous phase fraction. After annealing at 500 oC the peaks turned narrow, proving a high
degree of crystallinity and the indexing showed full compatibility with the single-phase spinel-type
structure (space group Fd-3m, No 227). The room temperature 57Fe Mössbauer spectra of the asprepared and annealed samples resolved a doublet. Both kinds of samples exhibited paramagnetic
behaviour at ambient temperature, which is typical of the normal spinel structure. For the asprepared nanostructured material we measured magnetization curves positioned in the second and
forth quadrants known as demonstration of the self-reversed magnetic hysteresis (SRMH) [2]. This
feature disappeared after temperature annealing. A very narrow hysteresis curve was recorded at 4.2
K as a signature of ferrimagnetic behaviour of the particles at such low temperatures.
The financial support of the Bulgarian NSF under contract Bulgaria-India-2/2019 is
gratefully acknowledged.
[1] M. Bohra, V. Alman, R. Arras, Nanomaterials 11 (2021) 1286.
[2] J. Ma, K. Chen, Sci Rep 7 (2017) 42312.
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In this study are investigated the different type of cementitious composites based on White
Portland cement, Clinoptilolite and Marble as additives and cement replacement. Zeolites are
framework aluminosilicate minerals with large internal and external surface areas. Because they
display an excellent pozzolanic activity - reaction with calcium hydroxide to form insoluble calcium
silicates (cementitious phases), they are incorporated in blended cements [1].
In comparison with light in color pozzolans – silica fume, metakaolin, etc. the clinoptilolite
is soft and ductile mineral [2]. Moreover, it modifies the rheological behavior of fresh mixes and
takes an active part in the process of cement hydration. This predetermines the possibility of
incorporation of clinoptilolite in white cement mortars and concretes to produce architectural
elements and details. Free of any additional pigments the hardened white mortars behave an ancient
view, due to the characteristic color of clinoptilolite [3].
This study reports the investigation of the influence of different content of clinoptilolite and
of marble as additives on the microstructure, crystal and thermal chemistry of white mortars using
powder X-ray diffraction, IR spectroscopy and thermal analysis. Attention was focused on the
general microstructural development during curing with a special attention on the crystal and
thermal chemistry and observed calcium silicate hydrates (C–S–H), portlandite and carbonatecontaining phases.
[1] Perraki T, Kontori E, Tsivilis S, Kakali G., Cem Concr Compos, 32(2), (2010), 128-133
[2] H. F. W. Taylor, “Cement chemistry” Thomas Telford Publishing, (1997)
[3] Montesano G., P. Cappelletti, D. Caputo, B. Liguori, A. Campanile, C. Rispoli, Materials 2022, 15, 2684
Acknowledgments: This work was supported by the Operational Program "Science and Education for Intelligent
Growth", co-financed by the European Union through the European Structural and Investment Funds under grant
BG05M2OP001-1.001-0008 of National Centre for Mechatronics and Clean Technology (V.P.) and Bilateral
project between Tallinn University of Technology of Estonian Academy Sciences and “I. Kostov” Institute of
Mineralogy and Crystallography of Bulgarian Academy of Sciences (2022-2023) (V.P., V.S., B.K.).
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Conventional technologies for preparation of phosphorous fertilizers cause environmental
pollution and even climate changes. This raises the problem of using rational and non-traditional
methods for processing of poor raw phosphate materials. Recently, high energy milling (HEM)
activation finds enlarging application in treatment of sedimentary phosphorite ores of low total
Р2О5 (Р2О5tot) content and high content of admixtures [1]. The impact of mechanical forces over
the samples is mostly related to an increase in the quantity of assimilable form of P2O5 (P2O5ass)
for the plants.
The aim of this work is to investigate the thermal properties of different types of high-energy
milled phosphorites and the possibilities of application of high-energy milled samples as a soil
conditioner on the basis of results from thermal investigation.
The study on activation effect shows that the mechanical activation impacts at the micro-level
is following: (i) change the strength of chemical bond; (ii) deformation of polyhedrons; (iii) smaller
size of crystallites with increased degree of structural defects leading to metastable phosphorite with
increased dispersity.
The obtained results show correlation in the behaviours of the studied samples in regards of their
quartz content and bonded or non-bonded carbonate ions. After HEM activation of the raw samples, the
A-and A-B type carbonate-apatite are formed. The new isomorphic phases (A-and A-B type carbonateapatite) are decarbonized at temperature of about 780-850 K and 1050-1100 K. In the presence of
quartz, the decomposition temperature for carbonate ions in A-site is increased. In addition, the moisture
and higher quartz content in the samples leads to shift of dehydroxylation temperature.
[1] Elliot J. C., Structure and chemistry of the apatite and other calcium orthophosphate, studies in inorganic
chemistry. Amsterdam: Elsevier; 1994
Acknowledgments: This work was supported by the Operational Program "Science and Education for Intelligent
Growth", co-financed by the European Union through the European Structural and Investment Funds under grant
BG05M2OP001-1.001-0008 of National Centre for Mechatronics and Clean Technology (V.P.) and Bilateral
project between Tallinn University of Technology of Estonian Academy Sciences and “I. Kostov” Institute of
Mineralogy and Crystallography of Bulgarian Academy of Sciences (2022-2023) (V.P., V.K., T.K.).
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The basis of modern mortar preparation is ancient recipes. Compared to ancient, modern
ones achieve improved properties (for example, better hydraulic properties) due to used raw
materials. The modern mortar composition often is of portland cement and gypsum (for binder) and
river sand, limestone, marble, etc., for aggregate. Binder in the ancient's could be composed of lime
and gypsum and aggregate - of river sand, rocks (any kind, outcropped near the archaeological site),
and ceramic fragments. Both, modern and ancient, could be prepared of various binder-aggregate
ratios, with different hydraulic and hygroscopic properties. Today, the use of the specific recipe is
related to the purpose of their applications. In the past, in some cases, mortar also was prepared
according to the particular use. In other - mortar was of a composition determined by the natural
resources available in the habitat [1,2].
The conservation and restoration activities take place at archeological sites where
established masonry. In addition to archaeological, an analytical study ( by powder X-ray
diffraction, Fourier transform infrared spectroscopy, and thermal analysis) is necessary for the
quality of these activities [1,3]. These analytical methods determine the composition and properties
of the ancient mortar to be compared with modern ones and define their compatibility.
This work presents a comparative study of modern mortar with compositions satisfying the
EN 196-1 (section 6) requirements [4] (Portland cement and two different aggregates - river sand
and marble powder) and ancient mortars from archaeological sites in Bulgaria. The aim is to clarify
the properties of ancient and modern mortars and their compatibility for the conservation/restoration
of masonry.
[1] J. P. Adam, “Roman building. Materials and Techniques” Taylor & Francis Group, (2008)
[2] H. F. W. Taylor, “Cement chemistry” Thomas Telford Publishing, (1997)
[3] A. Curulli, G. Montesperelli, S. Ronca, N. Cavalagli, F. Ubertini, G. Padeletti,· S. Vecchio Ciprioti, J
Therm Anal Calorim, 142 (2020) 1721–1737
[4] EN 196-1:2006 Methods of testing cement – Part 1: Determination of strength
Acknowledgments: This work was funded by the National Science Fund of Bulgaria (grant KP-06-N39/9;
all authors).
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Ceramics is one of the oldest composite materials made from clay, water, and rigid materials
called a filler. Easy to prepare by mixing the raw materials, shaping, drying, and firing at a
minimum of 600°C. Fired ceramic is stable, and durable over time but brittle and easy to break [1].
As ceramic was produced over a long period and is one of the most commonly found artifacts, it has
always been of great significance to archaeologists. Its study provides information about cultural
and economic aspects of ancient societies, which makes the examination of ceramic production
technology important. Technology identification required the characterization of ancient ceramic by
determining its phase composition [2].
Clay undergoes various changes during firing, which are associated with the formation of
new phases at specific temperatures. Detecting them, one can determine the raw material used and
the ceramic firing temperature. A classical approach to phase composition obtaining is powder Xray diffraction (PXRD) [3]. The limitations of PXRD limitation required the use of Fourier
transform infrared spectroscopy (FTIR) and thermal methods, which are appropriate techniques to
determine the ceramic manufacturing conditions [4].
This work characterizes ancient ceramic - brick, tile, pottery sherd, and clay wall plaster
from a Bulgarian archaeological site (Malko Tranovo) of the Roman age to obtain the firing
conditions and a possible type of raw materials used. The investigation was made by thermal
analysis (simultaneous TG-DSC), FTIR, and PXRD. The brick, tile, and pottery were composed of
quartz, feldspar, illite/muscovite, hematite, and calcite traces, fired at temperatures 800-850°C. The
clay wall plaster was composed only of calcite, quartz, and feldspar and fired at temperatures up to
700°C. The investigation showed different raw clay used in wall plaster preparation. The results
obtained are relevant for both archaeologists and restorers.
[1] Z. Goffer, “Archaeological chemistry. Chemical analysis: A series of monographs on analytical

chemistry and its applications” Wiley & Sons, Inc. (2007) 623
[2] D. P. S. Peacock, World Archaeology, 1(3), (1970) 375-389
[3] M. El Ouahabi, L. Daoudi, F. Hatert, N. Fagel. Clays. Clay Miner. 63 (2015) 404–413.
[4] R. Palanivel, U. Rajesh Kumar. Romanian Journal of Physics. (2009) 56 (1-2). 195-208.

Acknowledgments: This work was funded by the National Science Fund of Bulgaria (grant KP-06-N39/9;
all authors).
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New Al-Li-based alloys have been recently widely used in aerospace, aviation, and military
applications thanks to their high strengths, low density, good corrosion resistance, and fracture
toughness [1]. Twin-roll casting (TRC) of strips prepared from this type of alloys might be an effective
method for replacing the traditional castings process suffering from gas hole formation in ingots. High
cooling rates reached during TRC (~103K/s) refine a dendritic structure with fine intermetallic particles
composed of phases containing impurity atoms and some of the main alloying elements.
Twin-roll cast Al-Li-Cu-Mg-Zr-Sc alloy was studied by in-situ transmission electron
microscopy (TEM), scanning TEM (STEM), and energy-dispersive X-ray spectroscopy (EDS)
during heating up to 550 °C. The as-cast material contains Cu- and Cu+Fe-rich complex phases.
EDS analysis indicates the presence of AlCu and Al7Cu2Fe phases. The Cu-rich AlCu phase
dissolves above 450 °C. A spheroidisation of smaller Al7Cu2Fe particles occurs at higher annealing
temperatures, while coarser ones remain unaffected by the annealing most probably due to a low
diffusion coefficient of Fe in the intermetallic compound. Results were compared with residual
resistivity measurements during isochronal annealing.
[1] T. B. Zhao, Y.S. Sato, R.S. Xiao, T. Huang and J. Q. Zhang Mater. Sci. Eng. A, 808 (2021 ) 140946
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Constrained groove pressing (CGP) is one of the severe plastic deformation methods that
preserve the material dimensions but introduces significant grain refinement up to the submicrometer range [1]. Two twin-roll cast Al-Li-Cu-Mg-Zr alloys with and without a small addition
of Sc were first annealed at 300 °C/30 min and 450 °C/30 min in order to produce fine Al3Zr or
Al3(Sc,Zr) dispersoids, CGP processed at 300 °C, solution treated at 530 °C/30 min, and age
hardened at 180 °C. Precipitation of main strengthening particles - T1 (Al2CuLi), S (Al2CuMg), and
θ′ (Al2Cu) was monitored by electrical resistivity measurements and directly characterized by
transmission electron microscopy. A significant increment of microhardness with increasing
annealing time was observed as a result of the rising volume fraction of strengthening particles. A
comparison with materials without CGP processing was performed.
[1] D. H. Shin, J. J. Park, Y. S. Kim, K. T. Park, J. Mater. Sci. Eng. A 328, (2002) 98
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The presented research is devoted to preparation of oxide perovskites with optimized
composition and physical parameters tuned through initial reagents and synthesis process with
purpose to improve their phase and granulometric composition and functional characteristics in the
pigment field of studies that includes application as NIR-reflective ‘cool’ pigments. For these
applications, the most important issue of these days concerns development of economically
affordable and ecological compositions with hight efficiency. To this purpose, new compounds on
basis of SrTiO3 structure were synthesised and evaluated. Partial substitution of TiIV ions by iron
ions lead to the formation non-stoichiometric perovskites which can have a positive effect on their
reflectivity in VIS region of light and improve their colour parameters. The practical implications of
research may contribute to address the current problem related to the undesirable extension of urban
heat islands. [1]
Powders of theoretical composition SrTi1-xFexO3, where x = 0.03; 0.05; 0.10 and 0.15, were
synthesised by solid-state reaction at high temperature which is a traditional method of preparation
of colour inorganic pigments. [2] However, the materials prepared by solid-state reaction are mostly
sintered and forms particles and agglomerates with wide particle size distribution. In addition, for
effective reflection of NIR radiation, the pigment particle size should be less than 1 m. Therefore,
mechanosynthesis was added prior to the solid-state reaction at high temperature. Planetary mill
was used for high-energy milling with agate balls ( 1 cm) in ethanol medium. The final
perovskites were obtained by heating in the temperature range 1000-1300 °C. An additional
treatment of granulometric composition of prepared compounds in the planetary mill with
zirconoxide balls ( 0.4-0.6 mm) in ethanol medium was made with respect to obtain optimal
particle size distribution, appropriate surface area and thus high NIR reflectivity.
X-ray powder diffraction analysis was used to identify the phase composition of the
powders. The perovskite formation and their thermal stability was studied by methods of thermal
analysis and by heating microscope. Particle size distribution was evaluated on the base of laser
diffraction technique using Mie theory of light scattering. In addition, BET was utilized for surface
area measurement. VIS spectrophotometry was used for evaluation of colour parameters and UVVIS-NIR spectrophotometry was used for measuring and evaluation of total solar reflectivity
according to ASTM G Standard 173-03.
Acknowledgement: This work has been supported by Grant Agency of Czech Republic, project No. 2211397S.
[1] S. Jose, D. Joshy, S.B. Narendranath, P. Periyat, Sol. Energy Mater. Sol. Cells., 194 (2001) 7
[2] Ž. Dohnalová, P. Šulcová, P. Bělina, J. Therm. Anal. Calorim., 138 (2019) 4475
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A lot of interest in Fe-zeolites in catalytic reactions (ODH, SCR, N2O decomposition) has
been given to the identification of the type of active iron species as well as to the role of the acid
sites in these reactions. However, the high variability of Fe species and the contribution of acid sites
are the reasons, why the nature of the catalytically active Fe sites is still a matter of discussion. [1,2]
The identification of these active sites can be contributed mainly by in-situ characterization
techniques, especially their use directly under specific reaction conditions.
The attractive way of producing olefines and at the same time reducing the environmental
problems allows the use of various oxidation agents that reduce the reaction temperature. Generally,
the ODH of ethane and propane uses oxygen as an oxidation agent. However, the attention has been
focused on the ODH reactions estimated with N2O or CO2. CO2 is used as an oxidant if excessive
oxidation is required during ethane cracking. [3]
The activity of Fe-FERs was studied in the ODH of ethane at 350°C concerning (i) the role
of O2 and N2O presence on the activity of Fe-zeolites, (ii) the stability of the Fe-zeolites activity,
and (iii) the role of Fe content on the activity/selectivity of Fe-zeolites. The contribution also deals
with the identification of Fe species active in the oxidative dehydrogenation of ethane.
The attention was focused on the effect of Fe-zeolite preparation by Fe(III) ion exchange
using ferric nitrate in water and ferric chloride in acetylacetone. The Fe-zeolites catalysts were
analyzed by XRF to get total Fe and in-situ and ex-situ DR UV–Vis spectroscopy, voltammetry of
microparticles, and EPR to describe the main Fe species. In-situ DR UV-Vis Spectroscopy was used
to study the oxidative atmosphere in the ODH of ethane and simultaneously the change in the
distribution of Fe particles prepared by Fe(III) ion exchange using ferric nitrate in water and ferric
chloride in acetylacetone reflecting the catalytic behavior of Fe-FER in the ODH of ethane.
Comparing the TOF values, the same TOF values were obtained for Fe-FERs containing
Fe(III) ions with O ligands and oligomeric Fe species just with different fractions. However, the
cationic Fe(III) ions with O ligands were more selective in ODH reactions. The Fe oxide species
were inactive in ODH reactions.
[1] E. V. Starokon et al.,Topics in catalysis, 2003, 23.1: 137-143.
[2] F. Chávez Rivas et al., Catalysts, 2019, 9.10: 866.
[3] A. Alamdari,R. Karimzadeh,S. Abbasizadeh, Reviews in Chemical Engineering, 2021, 37.4: 481-532.
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Miscanthus giganteus is able to grown on contaminated soils due to its low demands on soil
quality and its properties as well. Moreover, the plant structure allows to accumulate contaminants
in the roots. High yields with markable content of lignocellulose and diseases resistance make
Miscanthus an excellent feedstock for producing fibre-based materials. Fibrous and insulating
materials with the variability of densities and addition of other natural fibres in different ratio were
produced. To ensure a complete Miscanthus value chain, the fiberboards were utilized by pyrolysis
to alternative energy and biochar as a valuable source of nutrients used at the fields again. Biochar
can improve both the comparability and the ability to retain water in the soil. Fiberboards were
pyrolyzed at a temperature of 600 °C, heating rate of 10 °C per minute with a residence time of 2
hours. Each experiment was evaluated in terms of its mass balance and quality of resulted products.
Biochar yield ranged from 27 to 35 wt.%. The highest surface area was measured to be 349 m2/g
using 3Flex-Micromeritics.
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Exposure of plastics to certain natural conditions and influences such as mechanical
abrasion, exposure to light, or biological effect (e.g., krill exposure) can cause degradation and the
original plastic begins to form smaller particles, microplastics and also nanoplastics [1, 2].
Micro- and nanoplastics can subsequently contaminate and interact with all environmental
compartments. Furthermore, their ability to bioaccumulate in the food chain or affect soil health and
quality has been observed [3]. Some studies have shown that the size and shape of the particles
studied may have an important influence on the behaviour of micro- and nanoplastics in the
environment [2,4].
To study the negative environmental impacts of micro and nanoplastics, it is necessary to
find a method which will be able to produce PET particles of different shapes and sizes while not
inducing significant changes in particle properties. These particles will then be useful for studying
the effects of micro and nanoplastics in the environment [5].
The aim of this study was to test various commonly known or published in the literature
methods of physical and chemical preparation of micro and nanoplastics (such as dissolution and
subsequent precipitation, cryomilling or laser ablation). Subsequently, some of the properties of
these particles were tested and the suitability of the tested procedures for further use was assessed.
Acknowledgement: The work was supported by the project FCH-S-22-8001 of Ministry of
Education, Youth and Sports of the Czech Republic.
[1] M. C. Rillig, Environmental Science & Technology, 2012, 46(12), 6453-6454
[2] De Souza Machado, A. Abel, Ch. W. Lau, J. Till, W. Kloas, A. Lehmann, R. Becker, M. C. Rillig,
Environmental Science & Technology, 2018, 52(17), 9656–9665
[3] K. Vogel, R. Wei, L. Pfaff, D. Breite, H. Al-Fathl, Ch. Ortmann, I. Estrela-Lopis, T. Venus, A. Schulze,
H. Harms, U. T. Bornscheuer, T. Maskow, Science of The Total Environment, 2021, 773, 145111.
[4] De Souza Machado, A. Abel, Ch. W. Lau, W. Kloas, J. Bergmann, J. B. Bachelier, E. Faltin, R. Becker,
A. S. Görlich, M. C. Rillig, Environmental science & technology, 2019, 53(10), 6044–6052.
[5] A. G. Rodríguez-Hernández, J. A. Muñoz-Tabares, J. C. Aguilar-Guzmán, R. Vazquez-Duhalt, Environ
Science, 2019, 6(7), 2031—2036.
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In the Czech Republic, enormous amount of plastics ends up in landfills. Plastic waste is one of
the most promising resources in fuel production. Plastic waste can be converted into valuable source of
energy. Zeolites have proven to be successful catalysts in the degradation of polypropylene into light
hydrocarbons. ZSM-5 zeolite is one widely most used catalyst, given its strong acidity and shape
selectivity, which depends on the particular textural properties, structure and pore size of this catalyst.
ZSM-5 (type SM 27) was used for catalytic depolymerization. The effect of temperature and catalyst on
product distribution in PP pyrolysis was monitored. Thermal and catalytic depolymerization of PP was
carried out include the possibility of reusing of the catalyst, in the temperature range between 450 °C
and 550 °C, heating rate of 10 °C/min and residence time of 90 minutes were used for all experiments.
The catalytic pyrolysis created 60 wt% of condensate which was contained mainly by BTEX group. The
amount of gas composed of C1-C4 Alkanes. The results show that the regenerated catalyst had the same
efficiency as the original catalyst.
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Photocatalytic water splitting is a very attractive way to use and convert light energy into very pure
energy in the form of hydrogen. Many photocatalysts have been prepared and properly studied in
photocatalytic reactions, such as TiO2, ZnO, CdS, and C3N4. However, these single-component
photocatalysts have certain disadvantages, which limit their practical application e.g. (i) they do not
absorb visible light, (ii) show low quantum yield due to rapid recombination of electron/hole pairs,
(iii) have insufficient redox properties, etc [1].
It is very difficult to prepare a single-component photocatalyst that would absorb a wide range
of spectra and also exhibit strong redox capabilities, as the bandgap of the semiconductors must also
be reduced to extend the absorption range. However, the reduction of the absorption edge is
impossible with the simultaneous improvement of the redox capabilities of the material, because on
the contrary the band of the photocatalyst would be extended, and therefore a proposal for the
synthesis of the so-called heterostructured photocatalytic materials was created [2].
Our work deals with photocatalysts created by the combination of two different semiconductors
based on GaP-TiO2 and SiC-TiO2, which are attractive due to the possibility of heterojunction and
the formation of an internal electric field between the gap and TiO2, which can significantly
increase their photocatalytic hydrogen production. Photocatalysts were prepared with an emphasis
on common simple methods of synthesis and working with non-toxic precursors such as the sol-gel
method, coprecipitation, and impregnation using commercial precursors. Structural, texture, optical,
and electron properties were studied for prepared photocatalysts. Photocatalysts were tested in
photocatalytic decomposition of aqueous methanol solution, while after connecting a clean
photocatalyst with a clean TiO2, there was a significant increase in generated hydrogen.
The best results were achieved by photocatalysts prepared by the impregnation of commercial GaP
or SiC for TiO2 prepared using a sol-gel method in a reverse micellar environment, either in water
or in ethanol. Increased photocatalytic activity of these materials reflected the interaction of two
different semiconductors, which may be caused by creating a photocatalyst with heterojunction.
[1] O. Ola, M.M. Maroto-Valer, Journal of Photochemistry and Photobiology C: Photochemistry Reviews,
24 (2015) 16-42.
[2] H. Yang, Materials Research Bulletin, 142 (2021) 111406.
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Nanoparticles (NPs), defined as particles 1-100 nanometers in length, can be classified as
emerging pollutants. The impact of their presence on the environment is complex and of interest to
various scientific fields. NPs fate and transport in the environment depend on material properties
such as surface chemistry, particle size, and biological and abiotic processes in environmental
media. Platinum (Pt) is widely used in a variety of areas (catalysis, medicine, etc.) due to its
properties. Pt can therefore subsequently enter the environment, often in the form of nanoparticles.
This work is focused on investigate the influence of heat/cool amplitude on structural
changes of Dissolved Organic Matter (DOM) in the presence of platinum nanoparticles (Pt-NPs).
For this purpose, we measured simultaneously the density and ultrasonic velocity of solutions of
DOM, specifically six fulvic acids, with Pt-NPs. The measured values were used for the
determination of the adiabatic compressibility, which reflects state of DOM physical structure.
Recent studies have shown that heating and cooling cycles change the conformation of DOM.
The cycles are followed by a slow structural relaxation [1]. Our results show that the presence of Pt-NPs
prolongs the relaxation time, especially for fulvic acids with low aromaticity and higher aliphatic carbon
content. This fact supports the hypothesis that in the Pt-NPs presence, aliphatic chains contribute more
to the strength of the fulvic acids conformation than aromatic structures.
„Financial support of project FCH-S-22-8001 is acknowledged.“
[1] V. Řezáčová, P. Conte, R. Komendová, F. Novák, M. Repková, J. Kučerík, Ecotoxicol. Environ. Safety,
167 (2019) 422
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Behaviour of confined water in the presence of nanoparticles
Matěj ŠRAM, Veronika ŘEZÁČOVÁ, Jiří KUČERÍK

Brno University of Technology, Faculty of Chemistry, Institute of Chemistry and Technology
of Environmental Protection, Purkyňova 118, 612 00 Brno, Czech Republic
Water is a unique substance that differs from other compounds and elements by number of
anomalous properties. The origin of water anomalies is the tendency of water molecules to strongly
attract to each other via hydrogen bonds. In liquid phase, these bonds are constantly formed as
individual molecules pass by and disappear by the kinetic energy of the molecules from the thermal
energy contained in the system. The water present in the pores has unique properties and its
structure in these systems is not studied as much as the structure of bulk water. Water present in the
pores shows different properties when analyzed using Differential Scanning Calorimetry (DSC)
analysis. For example, a peak corresponding to the melting of bulk water and another peak for pore
water can be distinguished [1].
The aim of this study was to analyse properties of water in a hydrophilic porous system with
defined pore sizes and then to investigate the effect of nanoparticles present in solution on these
properties. Silica microparticles with a defined pore size (10 nm, 50 nm and 100 nm; SOLAS™
Porous Silica Particles) and platinum nanoparticles (Pt-NPs) with size of 3 nm were used in the
experiments. The properties of pure water and water with Pt-NPs in the pores were determined by
using DSC.
The results showed that the pore size influences the melting temperature and the whole
melting process of water, most of all at a ratio of 2:1 (water:silica) and for the smallest pore sizes.
In addition, the results for water with Pt-NPs showed a change in properties compared to pure
water. However, no significant trends were observed when Pt-NPs were used in the water – silica
system in the initial experiments.
„Financial support of project FCH-S-22-8001 is acknowledged.”
[1] M. Sliwinska-Bartkowiak, M. Jazdzewska, L. L. Huang, K. E. Gubbins, Phys. Chem. Chem. Phys.,

2008, 10, 4909-4919
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Books show on thermophysical research of materials in the Springer
series “Hot topic of thermal analysis”
1

Jaroslav ŠESTÁK1, Peter ŠIMON2

Department of Materials Engineering and Chemistry, Faculty of Civil Engineering,
Czech Technical University in Prague, Thákurova 7, CZ-16629 Prague 6, Czech Republic,
2
Institute of Physical Chemistry and Chemical Physics, Faculty of Chemical and Food Technology,
Slovak University of Technology, Radlinského 9, Bratislava SK-81237, Slovakia.
´Thermal Physics and Thermal Analysis: from Macro to Micro, Highlighting Thermodynamics,
Kinetics and Nanomaterials´ was printed by Springer 2017 (with 567 pages and 25 chapters - ISBN
978-3-319-45897-7): https://link.springer.com/book/10.1007/978-3-319-45899-1 as a final book
(Vol. 11) of the triptych published within the Springer series „Hot topics of thermal analysis“
(ISSN: 1571-3105) edited by Judit Simon since the first volume by E, Brown: ´Introduction to
thermal analysis´ 2001. Within two years, this book accredited as many as several thousand
downloads. The most approached chapters were Ch-6, J. Sestet et al: “Self-organized Periodic
Processes: From Macro-layers to Micro-world of Diffusion and Down to the Quantum Aspects“,
and Ch-5, J. Šesták: “Kinetic Phase Diagrams as Enforced Consequence of Rapid Changing
Temperature or Diminishing Particle Size: Thermodynamic Fundamentals and Limits”.
The other two books were a part of the triptych. Namely, Vol. 8:
"Glassy, Amorphous and Nano-Crystalline Materials: Thermal Physics, Analysis, Structure
and Properties" (2011, with 380 pages and 21 chapters - ISBN 978-90-481-2881-5) " see
https://link.springer.com/book/10.1007/978-90-481-2882-2, which received as many as 40 thousand
downloads with the most requested chapters: Ch14, J. Šesták: “Transport Constitutive Relations,
Quantum Diffusion and Periodic Reactions” and Ch-1, H. Suga: “Some Essential Attributes of
Glassines Regarding the Nature of Non-Crystalline Solids” and Ch-6, B. Wunderlich: “Phases of
Amorphous, Crystalline and Intermediate Order in Microphase and Nanophse Systems” and Vol. 9:
Thermal Analysis of Micro, Nano- and Non-Crystalline Materials: transformation,
crystallization, kinetics and thermodynamics" (2013, with 484 pages and 22 chapters - ISBN 97890-481-3149-5) viz: https://link.springer.com/book/10.1007/978-90-481-3150-1, which obtained as
many as 50 thousand downloads with most requested chapters: Ch-13, J.Šesták , E. Illeková:
“Crystallization of Metallic Micro-, Nano- and Non-crystalline alloys and Ch-3, J.Šesták et al:
“Transport Constitutive Relations, Quantum Diffusion and Periodic Reactions“ and Ch-12, P.
Šimon et al : „Fractals in Solid-State Processes”.
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Ecotoxicity of photocatalytic TiO2-based surfaces prepared by
different preparation methods and doped with Zr and Ce

1

Lenka MATĚJOVÁ1, Ivana TROPPOVÁ1, Hana SEZIMOVÁ2,
Zuzana JANKOVSKÁ1, Jan ENDRES3, Pavlína PEIKERTOVÁ4,
Monica GOMÉZ5

Institute of Environmental Technology, CEET, VSB-Technical University of Ostrava, 17.
listopadu 15/2172, 708 00 Ostrava, Czech Republic
2
Department of Biology and Ecology, Faculty of Science, University of Ostrava, Chittussiho 10,
710 00 Ostrava, Czech Republic
3
Department of Condensed Matter Physics, Faculty of Mathematics and Physics,
Charles University in Prague, Ke Karlovu 5, 121 16 Prague 2, Czech Republic
4
Nanotechnology Centre, CEET, VSB-Technical University of Ostrava, 17. listopadu 15/2172,
708 00 Ostrava, Czech Republic
5
Facultad de Ciencias, Universidad Nacional de Ingeniería, Av. Túpac Amaru 210, Lima 25, Peru
Ecotoxicological effects of four nanostructured TiO2, three cerium doped TiO2 and two
zirconium doped TiO2 prepared by different chemical methods were evaluated, since all oxides are
keenly investigated semiconductor photocatalysts for waste and drinking water and waste gas
purification in last three decades. Acute biological toxicity of synthesized photocatalysts was
evaluated using seed germination and aquatic plant growth as the endpoints in tests with Sinapis
alba (ISO 11269-1) and Lemna minor (ISO 20079), and was compared to commercially available
TiO2 Degussa P25.
Toxicity tests exhibited good sensitivity for monitoring of the toxicity of investigated
nanomaterials. Toxicity results of TiO2 documented that TiO2 prepared using titanylsulphate as a Ti
precursor were toxic to both plant species contrary to TiO2 prepared using titanium (IV)
isopropoxide. Cerium doped TiO2 was non-toxic and zirconium doped TiO2 even stimulated both
plant species growth. TiO2 Degussa P25 showed stimulation effect to Lemna minor and no toxicity
to Sinapis alba. The effect of crystallite-size was followed and it was revealed that only the small
crystallite-size is not the toxicity-determining factor. Factors such as the rate of nano-sized
crystallites aggregation and concentration, shape and surface properties of TiO2 nanoparticles affect
TiO2 toxicity to both plant species. In case of TiO2 prepared using titanylsulphate, the release of
SO42- ions stays the main cause of its toxicity.
Keywords
Titanium dioxide, Cerium, Zicronium, Different prepration methods, Acute biological toxicity, Lemna
minor, Sinapis alba
Acknowledgement: This work was supported by OP RDE within the project "COOPERATION"
(reg. No. CZ.02.1.01./0.0/0.0/17_049/0008419) and project "Institute of Environmental Technology –
Excellent Research" (project reg. No. CZ.02.1.01/0.0/0.0/16_019/0000853). Experimental results were
accomplished using Large Research Infrastructure ENREGAT supported by the Ministry of Education,
Youth and Sports of the Czech Republic (reg. No. LM2018098).
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Chemical interactions between gas-phase impurities contained in hydrogen, and
gadolinium hydride surfaces-DFT calculations and experimental study
Shmuel BARZILAI1, Orit MENDELSON1,
Michael AIZENSHTEIN1, Moshe H. MINTZ1,2
1

2

Nuclear Research Centre-Negev, Israel
Department of Materials Science, Ben-Gurion University of the Negev, Israel

The interactions of gaseous hydrogen with metallic compounds is a very important
scientific issue in many practical processes such as metal hydrides formation, energy storage
systems, and catalysis. In most cases, the initial steps of the hydrogenation take place by surface
hydrogen dissociation followed by atomic hydrogen penetration via the metallic native oxide
toward the metallic compound. In a recent study, it was shown that the presence of common
impurities (such as CO, CO2, O2) in the hydrogen stream suppresses the hydrogenation process but
does not block the initial hydrogenation. Even at relatively high impurity concentrations, small
spots “patches” of hydrides may appear. In certain cases, these “patches” are large to break the
coating oxide overlayer. Thus, along the hydrogenation process, the hydrogen may finally react
with two types of surfaces: the native oxide of the metallic compound and with the hydride
“patches” that were formed at the initial step of the hydrogenation.
In this study, the effect of gaseous impurities on the hydrogen-hydride surface interactions
was investigated experimentally and theoretically. DFT calculations were utilized to evaluate the
molecular adsorption energy and the interaction energy between the hydrogen and the impurities
over the hydride surface. Applying the Langmuir model, with the calculated adsorption energies and
various pressures and temperatures, indicates a full coverage of the impurities over the hydride
surface, even for very low impurities concentrations. Thus, when the hydrogen gaseous phase
contains such impurities, the necessary H2 dissociation step is expected to be suppressed over the
regular GdH2 surface. Moreover, if the dissociation step occurs (over surface defects or over the
oxide surface that co-exists near the hydride), in most cases, the penetration of the hydridic moiety
(H-ẟ) through the hydride is suppressed due to the capture of this moiety by the impurities, forming
new adsorbed molecules such as ·H2CO, ·HCO2, and ·OH.
The effect of the impurities (CO, CO2, O2) on the hydrogenation kinetics was
experimentally investigated by gravimetrically tracking the formation of GdH3 (form GdH2) under
the pressure of 5 bar at a temperature of 350oC, combined with XRD diffraction measurements to
determine the sequential degree of hydriding. The experimental results confirm the theoretical ones
and show that pure hydrogen gives the highest formation rate, where the presence of low impurities
concentration in the hydrogen stream suppresses and limited the hydrogenation process on the
surface of the dihydride. The discussed hydrogenation mechanisms on gadolinium hydride as a
function of the hydrogen purity provide insights for developing a new hydrogen storage materials
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Hybrid Prussian-blue-analog-based nanostructures demonstrate
highly efficient electrocatalytic oxygen evolution reaction
Poulami MUKHERJEE1, Krishnamoorthy SATHIYAN1,
Ronen BAR-ZIV2, Tomer ZIDKI1
1

Chemical Sciences Department and the Centers for Radical Reactions and Material Research,
Ariel University, Ariel, Israel.
2
Department of Chemistry, Nuclear Research Center-Negev, Beer-Sheva, Israel.

The oxygen evolution reaction (OER) is often regarded as the main bottleneck in
electrochemical water splitting due to its slow kinetics, which limits energy conversion efficiency.
Currently, state-of-the-art OER catalysts are IrO2 and RuO2, but their high cost and scarce reserves
hinder their large-scale sustainable applications. Therefore, designing an efficient nonprecious
metal-based OER catalyst is of major importance. Recent advances in the design techniques of
cubical Prussian blue analogs (PBAs), a type of metal-organic framework complex, are garnering
interest for water-splitting catalysis. This work highlights the significance of combining the etching
effect with growing tungsten disulfide (WS2) on the edges and the surfaces of the Co-Fe PBA. We
introduce DMF as an etchant to transform the solid PBA nanocubes into hollow nanocages. The
PBA (cage)-WS2 catalyst acts as an effective OER catalyst and reaches the current density of 10
mA cm-2 with an overpotential of only 290 mV, relatively low Tafel slope, and high
electrochemically active surface area (ECSA). The potent OER catalyst is endowed with open
porous architecture, an essential prerequisite for optimized exposure of active sites, promoting a
high specific surface area that favors electrolyte infiltration. Decorating these cages with defect-rich
WS2 nanoflowers increases the density of active edge sites and alters the electronic structure of the
active centers. The composite tailored architecture further promotes synergism that enhances the
electrochemical transport due to a well-defined nanostructure framework and high conductivity.
Thus, the current work improves the OER catalytic activity of Co-Fe PBA by tailoring the
morphology of the cubes, creating additional defect sites, and in particular, architecting the cubes'
surface via WS2 growth.
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Surfactant-mediated co-existence of Single-Walled Carbon Nanotubes
Networks and Cellulose Nanocrystals mesophases
David ATTIA1, Orit MENDELSON2, Evgenee YEKYMOV1,
Yael LEVI-KALISMAN3, Ronit BITTON1,4, Rachel YERUSHALMI-ROZEN1,4
1

Department of Chemical Engineering, Ben-Gurion University of the Negev,
84105 Beer-Sheva, Israel.
2
Department of Chemistry, Nuclear Research Center-Negev, Beer-Sheva 84190, Israel
3
The Center for Nanoscience and Nanotechnology, and The Institute of Life Sciences,
The Hebrew University of Jerusalem, Jerusalem 9190401, Israel
4
The Ilse Katz Institute for Nanoscience and Technology, Ben-Gurion University of the Negev,
84105 Beer-Sheva, Israel.

Hybrids comprising cellulose nanocrystals (CNCs) and percolated networks of single-walled
carbon nanotubes (SWNTs) may serve for casting of hybrid materials with improved optical,
mechanical, electrical, and thermal properties. However, CNCs-dispersed SWNTs are depleted
from the chiral nematic (N*) phase and enrich the isotropic phase [1]. Herein, we report that
SWNTs dispersed by non-ionic surfactant (BrijS20, Polyethylene glycol octadecyl ether) or triblock
copolymers (Polyethylenemoxide)‐poly(propylene oxide)‐poly(ethyleneoxide)) are incorporated
within the surfactant-mediated CNCs mesophases. While of a similar chemical composition, the
molecular assemblies formed by the three surface‐active molecules are of different dimensions,
enabling us to probe geometrical size‐related effects in the hybrid systems
Comprising CNC–surfactant/polymer–SWNT systems.
Small Angle X-ray measurements indicate that the nanostructure of the hybrid phases is
only slightly modified by the presence of the surfactants, and the chiral nature of the N* phase is
preserved. Cryo-TEM and Raman spectroscopy show that SWNTs networks with typical mesh size
from hundreds of nanometers to microns distribute equally between the two phases. We suggest that
the adsorption of the surfactants or polymers mediates the interfacial interaction between the CNCs
and SWNTs, enhancing the formation of co-existing meso-structures in the hybrids phases.
[1] O. Mendelson, G. Chu, E. Ziv, Y. Levi-Kalisman, G. Vasilyev, E. Zussman, and R. Yerushalmi-Rozen, ,
The Journal of Physical Chemistry B, 123 (16) (2019) 3535.
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Hydrogen Protection using CrN Coatings:
Experimental and Theoretical Study
Shachar FITE1, Ido ZUKERMAN2, Shmuel BARZILAI2
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Department of Chemistry, NRC-Negev, P.O. Box 9001, Beer-Sheva 84190, Israel

Preventing hydrogen damage is an important issue in materials design. CrN coatings are
very promising candidates for preventing such damage. In this work, the hydrogen protection using
magnetron sputtering coatings was tested both theoretically and experimentally.
DFT calculations on CrN surface revealed that the most stable surface orientations are (200) and
(111), were (111) orientation has two sub-surfaces: (a) top-N and (b) top-Cr. Computational analysis of
surface interaction potential for both surfaces with hydrogen molecule reviled that the (200) and (111a)
surfaces are inert to hydrogen (show a repulsive potential curve) and do not adsorb it, while the (111b)
does have adsorption. We note that the (111b) is less favourable energetically, compared to (111a).
Additionally, point defects on the surface were considered and seem to reject hydrogen adsorption.
From the theoretical results, hydrogen adsorption on the CrN surface is not favourable, ergo the are less
likely to cause hydrogen dissociation, solvation and penetration into the metal.
In order to test the theoretical results, CrN coatings were deposited on Gd substrate, as a
model system. The CrN coatings were deposited using pulsed-DC, reactive magnetron sputtering,
equipped with 3'' Cr target. The CrN coatings have thickness of 5 µm, dense columnar
microstructure and (111) preferred orientation. Coated and uncoated Gd substrates were exposed to
hydrogen gas, and later characterized using scanning electron microscopy (SEM), X-ray diffraction
and glow discharge spectroscopy (GDS). Experimental characterizations showed reduction in
hydrogen damage to the coated samples compared to the uncoated metal.
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Thermo-mechanical characterization of Metakaolin(MK)-based
geopolymers filled with Etna volcanic fly ash
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Doria 6, 95125 Catania, Italy *Corresponding author: e-mail: iblanco@unict.it
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Department of Engineering, University of Campania “Luigi Vanvitelli”, Via Roma 29, 81031
Aversa, Italy

Metakaolin-based geopolymers, prepared with 20 wt% of volcanic recycled fly ashes
derived from Etna’s eruptions, are synthesized aiming at reuse the huge quantity of ash erupted by
the Sicilian volcano in the last two years, which constitutes a disposal problem for the local
population (Figure 1).

Figure 1. Three different problems linked with the fly ashes derived from Etna volcano.

The synthesized samples were cured 1 day at 25 or 40°C, and characterized at different
ageing time up to 56 days. After their preparation the systems with different percentages in weight
of ash were characterized to evaluate its effect on the mechanical and thermal properties of these
new geopolymers. Fourier transform infrared spectroscopy (FTIR) has allowed us to verify the
bonds formation between the geopolymeric matrix and the ash, whilst scanning electron microscopy
(SEM) to speculate about their structures. Dynamic Mechanical Analysis (DMA), Differential
Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TGA) were performed in order to
evaluate the thermo-mechanical performance of this new geopolymer in comparison to its
counterpart pure geopolymer.
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Vera L. S. FREITAS1, Joaquim M. I. MENDES1, Paulo M. S. SOUSA1,
Maria D. M. C. RIBEIRO DA SILVA1

Research Center in Chemistry of University of Porto (CIQUP), Institute of Molecular Sciences
(IMS), Department of Chemistry and Biochemistry (DQB), Faculty of Sciences of University
of Porto (FCUP), Rua do Campo Alegre, P-4169-007 Porto, Portugal

The lack of reliable thermochemical data for polycyclic aromatic hydrocarbons and their
derivatives leads us, for the last decades, to the development a systematic study of thermodynamic
properties of several classes of those compounds with the main purpose of relating their energetic
and structural properties, as well as understanding their reactivity [1,2].
The present study reports the thermodynamic studies on two naphthalene diols derivatives, 1,7dihydroxynaphthalene and 2,7-dihydroxynaphthalene, yielding new experimental thermodynamic data
for these two compounds.
The work involves the measurement of the combustion energies by static bomb calorimetry,
the determination of phase transition enthalpies using differential scanning calorimetry and high
temperature Calvet microcalorimetry, as well as the measurement of vapor pressures at different
temperatures by the Knudsen effusion method.
The values obtained for the standard (pº = 0.1 MPa) molar enthalpies of formation of the
two compounds in the crystalline phase, at T = 298.15 K, as the corresponding enthalpies of fusion
and sublimation, at T = 298.15 K, are presented. The enthalpies of formation of the two compounds
in the gaseous phase, at T = 298.15 K, were also derived and discussed in terms of the energeticstructural relationships.
An additional theoretical study was also developed to evaluate the possible antioxidant
effect of these compounds.
[1] V.L.S. Freitas, M.D.M.C. Ribeiro da Silva, J. Therm. Anal. Calorim., 121 (2015) 1059
[2] V.L.S. Freitas, M.D.M.C. Ribeiro da Silva, Molecules 23 (2018) 2962
Acknowledgments: This work was supported by the Fundacão para a Ciência e Tecnologia (FCT) to
CIQUP, Faculty of Science, University of Porto (Project UIDB/00081/2020), IMS-Institute of Molecular
Sciences (LA/P/0056/2020)).
VLSF is financed by national funds through the FCT-I.P., in the framework of the execution of the program
contract provided in paragraphs 4, 5 and 6 of art. 23 of Law no. 57/2016 of 29 August, as amended by Law
no. 57/2017 of 19 July. PMSS also thanks ‘‘Sustained Advanced Materials’’ Project (NORTE-01-0145FEDER-000028), for the award of a MSc research grant.
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Lanthanum / manganese oxide-based composites with reduced Pt load
for oxygen reduction reaction
Marijana R. PANTOVIĆ PAVLOVIĆ1,2, Stefan V. PANIĆ1,
Katarina Đ. BOŽIĆ1,2, Miroslava M. VARNIČIĆ1, Marija D. MIHAILOVIĆ1,
Miroslav M. PAVLOVIĆ1,2
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Belgrade, Belgrade, Serbia,

Fuel cells, batteries, and supercapacitors are known as the most efficient and promising
technologies for electrochemical energy conversion and storage. The main constrain for their
production for practical use is primarily due to the high cost of materials: e.g. noble metals like
platinum, as well as rather poor operational stability in different climate environments. The longlasting challenge is to provide an advanced low-cost catalyst with performance as efficient as noble
metals or better. Therefore, the rational design of novel multicomponent materials of improved
catalytic properties can lead to alternatives that can compete with existing technologies.
The main objective of this research is a systematic development of advanced
micro/nanostructured materials based on most used metal-oxides for ORR and metal-oxide with
extremely low-loading of Pt for comparison. Hybrid composites that were compared are: MnO2,
La2O3, LMO and LMO-Pt. The influence of reduced amount of noble metal, as well as single oxide
activity toward ORR was analyzed. The complete electrochemical performances of the hybirde
materials have been done by means of CV, LSV and EIS. It was shown that all synthesized catalytic
materials were ORR-active with noticeable reduction currents in O2 saturated 0.1 M KOH. The
ORR behavior indicated that La2O3 electrode has different mechanism than the others tested
electrode materials (MnO2, LMO and LMO-Pt). The EIS results revealed that the ORR reaction is
of mixed character, being electrochemically and diffusion controlled. Even more, diffusion is of
mixed character due to transport of O2 molecule and chemical reaction of oxygen reduction. O2
diffusion is dominant process for MnO2, LMO and LMO-Pt electrolytic materials, while chemical
reaction is dominant process for La2O3 electrolytic material. This ORR reaction is of particular
interest because it occurs as cathodic reactions in the most of alternative energy devices.
[1] M. Varničić, M.M. Pavlović, S. Eraković Pantović, M. Mihailović, M.R. Pantović Pavlović, S. Stopić, B.
Friedrich, Met., 12 (2022).
[2] S. Eraković, M.M. Pavlović, S. Stopić, J. Stevanović, M. Mitrić, B. Friedrich, V. Panić, Electrochim.
Acta, 321 (2019) 134721.
[3] M.M. Pavlović, M.R. Pantović Pavlović, S.G. Eraković Pantović, J.S. Stevanović, S.R. Stopić, B.
Friedrich, V. Panić, J. Electroanal. Chem., 897 (2021) 115556.
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A novel strategy for the environmental health risk reduction against
alpha-radiation in the Autonomous Province of Vojvodina
Bojan MILJEVIC1, Snežana VUČETIĆ1, Nataša TODOROVIĆ2,
Andrej VRANIČAR2, Sanja BIJELOVIĆ3, Nataša DRAGIĆ3
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3
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The most significant mechanism of radon penetration into the residential buildings is
exhalation from soil and building materials, which is a function of radon emanation rate, textural
and microstructural characteristics of the material. For the purpose of assessing the harmful effect
of radon on human health, it is necessary to determine the emanation factor (the amount of radon
that is released through emanation), especially in cases where building materials contain increased
concentrations of radium.
In order to reduce the exposure of the population of AP Vojvodina to radon, it is necessary
that building materials have a low value of the emanation coefficient and a low radon permeability.
The presented results are based on statistical data on morbidity and mortality caused by lung
diseases in the selected most severely affected locations on the territory of the AP Vojvodina. The
methodology for monitoring the dependence of the porous structure of building materials and the
diffusion coefficient ("effective radium"), as well as the emanation factor is developed. The effect
of "radon retention" in selected materials is also be examined. Obtained results reveled the
connection between porosity, chemical composition, content and movement of moisture through the
structures of residential buildings with development of new materials with the lowest possible radon
permeability.
Acknowledgements: The authors are grateful for the support of the Provincial Secretariat for Higher
Education and Scientific Research, Autonomous Province of Vojvodina, Republic of Serbia, Grant
Agreement 142-451- 2381/2022 and Ministry of Education, Science and Technological Development,
Republic of Serbia, project No. 451-03-68/2022-14/200134
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Influence of geothermal water and increased temperature on early
and middle stages of hydration of multicomponent cement systems
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The work was focused on the investigation of early and middle stages of hydration in
multicomponent cement systems with possible applications in geothermal wells. Under the intended
conditions of use, cementitious materials are submitted not only to the combined chemical corrosion
due to the presence of geothermal water but also to high temperature-induced changes. Therefore,
the effect of temperature (25, 60, and 80 °C), hydration media (water and geothermal solution), and
initial composition (Portland cement Class G substituted by 30 mass% of silica fume (SF) and
metakaolin (MK), or SF and blast furnace slag (BFS) in the same mass ratio) was investigated by a
combination of isothermal calorimetry, FTIR, XRD, and TGA.
As expected, an increase in temperature promoted hydration regardless of the composition
and hydration media. Geothermal solution delayed main hydration, however, this effect became less
evident at higher temperatures. At 25 °C, a higher amount of hydration products with more
polymerized structures was formed in the samples hydrated in the geothermal solution. On the
contrary, at higher temperatures, a higher degree of hydration until the first 40 hours was reached in
the samples hydrated in water.
The acting of fine additives accelerated the depletion of gypsum. The formation of SO4AFm and CO3-AFm phases was confirmed during the deceleration period in the case of hydration in
water and geothermal solution, respectively. The partial substitution of cement by SF-MK
combination resulted in the highest degree of silica polymerization, whilst the lowest degree of
polymerization and the lowest amount of hydration products showed unblended cement pastes.
Acknowledgments: This work was supported by the courtesy of APVV-19-0490, APVV-15-0631,
Slovak Grant Agency VEGA No. 2/0032/21, and The Czech Science Foundation No. GA19-16646S.
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The present work focuses on the surface modification of limestone materials by an incipient
wetness impregnation procedure using saturated solutions of different metals such as Mg and La.
The additives provide structural stability to the CaO support allowing to minimize the decay in
activity as a consequence of the grain growth and loss of porosity at the high temperatures required
for chemical looping conditions compatible with the storage of concentrating solar energy [1].
Given the relevance of the particle size on the multicycle conversion, limestone particles with welldefined particle size (5, 45 and 150 µm) has been studied. The incipient wetness impregnation
method results in materials exhibiting well-dispersed MgO and La2O3 on the limestone support.
Consequently, improved multicyclic performance and sorbent stability are achieved.

[1] P.E. Sánchez Jiménez, L.A. Pérez Maqueda, J.M. Valverde. Appl. Energy., 118 (2014) 92-99
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Environmental stressors such as drought, soil fertility and extreme temperatures can reduce
grapevine yields and limit agricultural production. Organic fertilization plays an important role in
vineyards by improving soil qualities and nutrient availability.
In the last decade, new approaches have been proposed to improve the sustainability of
grapevine production. Natural organic substances are a tool for improving crop quality. Three plant
biostimulents with natural organic substances (Ascophyllum nodosum extract, protein hydrolysate),
secondary nutrients and microelements have been obtained at laboratory scale.
Ascophyllum nodosum extract and protein hydrolyzate were characterized by
thermogravimetric analysis and FTIR.
These new fertilizers, containing a complex of natural organic substances, were applied to
(Chasselas dore) in order to assess their biostimulating effect. By foliar application of the three
plant biostimulents, were obtained significant increases for almost all the indicators presented in
this paper (e.g. total sugar, total soluble solids, leaf nutrient content, weight of 100 berries). The
variant containing algae extract (Ascophyllum nodosum) and vegetable protein hydrolysate showed
the highest increase compared to the control for most of the determined parameters.
These
products could have a practical interest in conventional agriculture by reducing the use of mineral
fertilizers, as they can increase the efficiency of fertilizers and therefore reduce the impact of
agricultural production on the environment.
The aim of this study was to evaluate the yield and some compositional and biometric
characteristics of the vineyard subjected to foliar application of three plant biostimulents. The
vineyard cultivar was ‘Chasselas dore’ variety (Vitis vinifera L.). The study was conducted during
the crop season 2020-2021.
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In recent years, wound dressings designed to treat serious skin wounds have been
developed. An ideal wound care system must be able to deliver medicine for a long time while
maintaining high humidity at the wound site, be non-toxic, be removable without harming the
wound, allow for the exchange of gases and water vapor, be impermeable to bacteria, and be costeffective. In this regard, hydrogels are promising wound dressings due to their biocompatibility,
physical and chemical stability of the drug, and long-term controlled drug release. Hydrogels are
composed of natural and synthetic polymers and can be obtained by photo-crosslinking methods
using UV radiation and a photoinitiator. By using UV radiation, temporal and spatial control is
obtained, no chemicals are added, and simultaneous sterilization is reached.
Gelatin methacrylate, 10% w/v concentration, and Irgacure 2959, 0.05% w/v concentration,
were poured into molds and subjected to 0.25-1 mJ laser radiation for 1, 5, 15, 30, and 60 minutes. The
photo-crosslinking was obtained using the fourth harmonic of the Nd:YAG laser. The crosslink reaction
was monitored using laser-induced fluorescence and predicted using the photoinitiator's optical
characteristics. To investigate the properties of the solutions and the hydrogel, FTIR spectroscopy
(structural arrangements), SEM (surface topography and composition), swelling measurements
(capacity to hold the aqueous medicine), and UV-Vis absorption spectroscopy were used.
UV-Vis and FTIR spectra showed that irradiated Irgacure 2959 generates the benzoyl and
hydroxyalkyl radicals. The best hydrogel was created by irradiating 0.05 % Irgacure 2959 and 10%
GelMa for 1 minute at 0.75 mJ. Both unirradiated and irradiated CPZ-loaded hydrogel reduced
bacterial adhesion and biofilm development. Furthermore, the fluorescence and fluorescence
kinetics profiles can be used to monitor the attachment of radicals to polymer backbones as well as
the surrounding environment.
Acknowledgment: This research was funded by Romanian National Authority for Scientific Research and
Innovation, CNCS/CCCDI-UEFISCDI, project PN-III-P1-1.1-PD-2019-1117.
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Nature is the inspiration for many innovations and continues to serve as an invaluable
resource to solve technical challenges. The lotus leaf, the rice leaf, the butterfly wing and the waterstrider spider legs have surfaces that possess several uniquely beneficial properties, such as extreme
water repellency, self-healing, self-cleaning, anti-bacterial, anti-corrosion, enhanced heat transfer,
drag reduction and improved corrosion resistance. Recently, superhydrophobic surfaces, for which
water contact angle is higher than 150° and sliding angle less than 10°, have received attention due
to the many potential applications ranging from biological to industrial processes and usable/
applicable properties, not only scientific but even in daily life.
In this paper, an innovative, flexible and low-cost experimental set-up for producing
superhydrophobic metal surfaces that are modeled by nanosecond pulsed laser ablation is shown. One
of the goals of these patterned superhydrophobic metallic surfaces is to obtain a device to be used in
samples surface preparation of polymeric materials such as polydimethylsiloxane-PDMS, polyethylene
terephthalate-PET, synthetic latex polymers, polyvinyl chloride-PVC. The polymeric structures have the
same properties as those of the metal pattern used to generate them and are employed in a large number
of applications in biology, food industry, marine industry and textile industry.
Acknowledgement: This work was supported by a grant of the Ministry of Research, Innovation and
Digitization, CNCS - UEFISCDI, projects number PN-III-P1-1.1-TE-2021-0873, PN-III-P1-1.1-TE-20211546, PN-III-P1-1.1-TE-2021-0949, PN-III-P2-2.1-PED-2021-1939, within PNCDI III and -Nucleus
Programme LAPLAS VI /16N/ 2019.
References:
[1] Yang, Z.; Liu, X.; Tian, Y. Insights into the Wettability Transition of Nanosecond Laser Ablated Surface under
Ambient Air Exposure. J Colloid Interface Sci2019, 533, 268–277, doi:10.1016/j.jcis.2018.08.082.
[2] Ngo, C.-V.; Chun, D.-M. Control of Laser-Ablated Aluminum Surface Wettability to Superhydrophobic or
Superhydrophilic through Simple Heat Treatment or Water Boiling Post-Processing. Applied Surface Science2018, 435,
974–982, doi:10.1016/j.apsu+sc.2017.11.185.
[3] Latthe, S.S.; Terashima, C.; Nakata, K.; Sakai, M.; Fujishima, A. Development of Sol–Gel Processed Semi-Transparent and
Self-Cleaning Superhydrophobic Coatings. J. Mater. Chem. A2014, 2, 5548–5553, doi:10.1039/C3TA15017H.
[4] Bhushan, B.; Jung, Y.C.; Niemietz, A.; Koch, K. Lotus-like Biomimetic Hierarchical Structures Developed by the
Self-Assembly of Tubular Plant Waxes. Langmuir2009, 25, 1659–1666, doi:10.1021/la802491k.
[5] Feng, L.; Li, S.; Li, Y.; Li, H.; Zhang, L.; Zhai, J.; Song, Y.; Liu, B.; Jiang, L.; Zhu, D. Super-Hydrophobic
Surfaces: From Natural to Artificial. Advanced Materials2002, 14, 1857–1860, doi:10.1002/adma.200290020.
[6] Zheng, Y.; Gao, X.; Jiang, L. Directional Adhesion of Superhydrophobic Butterfly Wings. Soft Matter2007, 3, 178–182,
[7] Latthe, S.S.; Imai, H.; Ganesan, V.; Rao, A.V. Superhydrophobic Silica Films by Sol–Gel Co-Precursor Method.
Applied Surface Science2009, 256, 217–222, doi:10.1016/j.apsusc.2009.07.113.
[8] Fürstner, R.; Barthlott, W.; Neinhuis, C.; Walzel, P. Wetting and Self-Cleaning Properties of Artificial
Superhydrophobic Surfaces. Langmuir2005, 21, 956–961, doi:10.1021/la0401011.
[9] Ma, M.; Mao, Y.; Gupta, M.; Gleason, K.K.; Rutledge, G.C. Superhydrophobic Fabrics Produced by
Electrospinning and Chemical Vapor Deposition. Macromolecules2005, 38, 9742–9748, doi:10.1021/ma0511189.
[10] Zhang, X.; Guo, Y.; Zhang, P.; Wu, Z.; Zhang, Z. Superhydrophobic CuO@Cu2S Nanoplate Vertical Arrays on
Copper Surfaces. Materials Letters2010, 64, 1200–1203, doi:10.1016/j.matlet.2010.02.050.
[11] Zhenyu, S.; Zhanqiang, L.; Hao, S.; Xianzhi, Z. Prediction of Contact Angle for Hydrophobic Surface Fabricated
with Micro-Machining Based on Minimum Gibbs Free Energy. Applied Surface Science2016, 364, 597–603,
doi:10.1016/j.apsusc.2015.12.199.
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In this paper, we aim to evaluate chemically and optically, three types of hydrogels. Thus,
the phase transitions that take place during the water-polymer interaction, present in hydrogels by
thermal analysis techniques, namely differential dynamic calorimetry (DSC) will be studied. These
studies will be correlated with experimental results obtained by optical methods (spectroscopy in
the field of THz) and will lead to a better understanding of the specific properties of hydrogels for
medical applications.
In this collaboration on the study of hydrogels by optical and chemical methods, we aim to
deepen research in the field of development of new hydrogels with medical applications, obtained
by processing with ionizing radiation and understanding the structure-properties relationship of
these materials.
We thus determined the different types of phase transitions of the water absorbed in a
polymeric material; the experimental data obtained will lead to the understanding of the structural
properties that define a material in the form of a hydrogel; it will be possible to evaluate the
interaction mechanisms of water-polymer-active principles with a role in the accelerated healing of
some skin wounds. From an optical and spectroscopic point of view, hydrogels were studied in the
THz domain, by obtaining transmission spectra and refractive indices, in the 0.1-3THz frequency
range, using the THz-TDS spectroscopic kit (THz-time domain spectroscopy).
Acknowledgment: This work was supported by a grant of the Ministry of Research, Innovation and Digitization,
CNCS - UEFISCDI, project number PN-III-P1-1.1-TE-2021-0949, within PNCDI III, PN-III-P1-1.1-PD-20210552, Contract PD 20/1.04.2022, PN-III-P1-1.1-TE-2021-0873, PN-III-P2-2.1-PED-2021-1939
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The paper presents experimental research on the elaboration of W/Cu functional graded
materials (FGMs) which consists in three layers with the following compositions (% weight): first
layer 80W/20Cu, the second layer 75W/25Cu and the third layer 65W/35Cu, using mechanically
alloyed powders. In order to obtain W/Cu FGMs two types of processes were used, namely: Spark
Plasma Sintering (SPS) and Conventional Sintering (CS). The samples obtained after the SPS and
CS have been investigated by morphological (scanning electron microscopy-SEM) and
compositional (energy dispersive X-ray spectroscopy-EDX) points of views. The research
emphasize that, form morphological point of view, the SPS process is recommended for W/Cu FGMs having as raw materials fine graded powders against the CS process.
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Abstract: This paper research the behaviour corrosion process on the surface of shape
memory alloys and in corrosion products formed on the alloy surface. During the 6 and 12 months
of exposure, this article analyses three different shape memory alloys based on Ni-Ti and Cu-Al-Ni,
which were produced by different production techniques. Using the available measurements
database obtained after the 6 and 12 months of alloys' exposure in the three different seawater
environments, alloy samples were treated by the Focus Ion Beam method to analyse corrosion depth
expressed in nm. Corrosion product samples were analysed by semi-quantitative energy dispersive
X-ray analysis used to study chemical changes (such as percentages of oxygen) of corrosion
products. To obtain insights into alloys' behaviour in different seawater environments and to
observe corrosion process dependences on produced oxygen, statistical regression analysis was
performed on the formed empirical databases formed. Regression analysis provided an
understanding of the developed speed of alloy corrosion processes and its dependence on oxygen
per cent in the corrosion layer. Alloy behaviour was examined in three different marine
environments: air, tide, and sea. Different behaviours of alloys in marine environments were
detected concerning the resulting corrosion depth and the percentage of formed oxygen. In addition,
the environment's influence on slowing down the corrosive degradation of the alloys used in the
experiment was also observed
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A new synthetic protocol for the production of the carbon fibre precursor poly(acrilonitrile)
(PAN) and its bock copolymers with poly(ethylene glycol) (PEG), is here proposed. The constant
flux of radical species produced at low concentration during the oscillating Belousov-Zhabotinsky
(BZ) reaction was properly exploited to initiate the radical polymerization reaction. Compared with
conventional methods, this oscillating initiation decreases the probability of chain termination, thus
favouring the production of high molecular weight polymers, and does not require inert atmosphere
and high temperature to be produced. The solubility of the polymeric chains during the
polymerization reaction was improved by adding the anionic surfactant sodium dodecyl sulphate
(SDS), which also contribute to the increase of the molecular weight of the fibre’s precursors. The
synthesis was carried out by adding the monomer acrylonitrile (AN) to the unperturbed and PEGperturbed BZ system after the onset of the oscillations, in the absence and presence of increasing
amounts of the SDS surfactant. The potentiometric technique was utilized to detect the dynamics of
the oscillatory reaction. Preliminarily, the response of the BZ system to the monomer addition was
investigated. Additional information was provided from the study of the effect of the SDS and PEG
concentration on the dynamics of the BZ reaction during AN polymerization, thus obtaining a
deepening in the understanding of the BZ mechanism. The characterization of the obtained
polymers and copolymers were done by melting point measurements, molecular weight
determinations, FTIR, XRD analyses, and thermal treatments. The addition of the surfactant was
revealed as a good method to improve and/or properly tune the precursor molecular weight.
The proposed synthetic protocol represents a valuable alternative to conventional methods to
produce high-performant precursors of carbon fibres.
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The huge development, in recent years, of the car industry has led to a thorough research in
order to obtain composite materials that can be used in the automotive industry. The research aims
at improving the manufacturing technologies of classical composite materials as well as the
discovery of new composite materials with superior physical (thermal, mechanical, tribological,
etc.) and chemical properties [1,2].
In this idea, an alloy was designed and made with titanium as its main component, to which
elements such as manganese, aluminum, tin and zirconium were added in smaller percentages. The
aim was to make the alloy light and with a well-formed crystalline structure [3].
After mechanical alloying of the component metal powders, the mixture was subjected to
thermal analysis (TG, DTG, DTA and DSC) in argon, in order to choose sintering regimes by which
the alloy to obtain the best properties. Sintering was performed in argon, up to 1100 ℃, at different
times and temperatures of structure formation. Morphological, structural and roughness analyzes
(XRD, SEM, EDXS and tribological) determined the characteristics of the samples, allowing the
choice of the sintering regime in order to obtain the composite material with the best properties.
Here, we will give just one example. The figure on the left is an image of the sintered
sample surface at 1100 ℃ for 90 min. The figure on the right analyzes the roughness of the same
surface along randomly drawn directions on the surface.

[1] Veiga C, Davim J, Pand J, Loureiro AJR. Rev Adv Mater Sci. 2012;32:133-48.
[2] Qian M. Int J Powder Metall. 2010;46:29-44.
[3] Pascu CI, Gheorghe Ș, Rotaru A, Nicolicescu C, Cioateră N, Roșca AS, Sârbu D, Rotaru P. Ceram Int.
2020;46:29358−72.
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Novel simple kinetic spectrophotometric method for the determination of penicillamine (PEN)
has been developed and validated. Penicillamine, an organosulfur compound, is an amino acid that
contains an additional SH group. PEN has strong chelating effect, therefore is used to treat Wilson’s
disease by forming stable complex with copper and also for lead, mercury and arsenic poisoning.
The method is based on a fast one-step redox reaction wherein PEN reduces the Cu(II)bathocuproine complex to the yellow-orange Cu(I)-bathocuproine complex. The generated reduced,
stable coloured, complex exhibits absorption maximum at 483 nm. The parameters of the chemical
reaction have been optimized and the effect of interfering substances was also investigated.
Using kinetic spectrophotometric measurements, the initial rate and fixed time (at 1 min)
methods were utilized for constructing the calibration graphs. Initial reaction rates were determined
from the slopes of the absorbance-time curves. The logarithms of the reaction rates were plotted as
a function of logarithms of PEN concentrations. The graph was linear in concentration range from
6.0  107 to 4.0  105 mol L1 with the regression equation y = 1.0448 x + 3.2997 (R2 = 0.9986).
The slope of the calibration curve (1.0448) confirmed the first order reaction.
The graph of the fixed time method was linear in concentration range from 2.0  107 to 4.0
 105 mol L1 with the regression equation y = 12987 x - 0.0002 (R2 = 1.0000), and the limit of
detection 6.0  108 mol L1.
No interferences were observed from the excipients that are commonly present in the
pharmaceutical formulations. The proposed method is accurate (recovery in the range from 99.4%
to 101.5%) and is successfully applied for the determination of PEN in its commercial
pharmaceutical formulation, which is compared to the official potetiometric method.
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Glucosinolates are specialised metabolites that are involved in plant response to biotic stress
but can be significantly influenced by abiotic factors as well. They were found in over 16 plant
families, the most important among them being Brassicaceae family [1]. Garden cress (Lepidium
sativum L., Brassicaceae) is a fast growing annual herb, cultivated all over the world. To this date
over 500 plants species are known to hyperaccumulate metals, among which the largest number of
taxa belong to Brassicaceae family. According to the literary data, Cd-hyperaccumulators are plants
that accumulate >100 ppm of cadmium and Cd-accumulators are plants that accumulate >20 ppm of
cadmium without showing signs of phytotoxicity [2].
This study describes the cultivation of garden cress in the substrate and hydroponically. Two
different studies were performed using substrate (400 grams, Compo Sana, Compo GmbH,
Münster, Germany). In the first study, the garden cress was planted in the untreated substrate (3
grams of seeds in the substrate) and watered with 50 mL of five cadmium solutions (225, 450, 900,
1345 and 1800 ppm) during 30-day period, after the first germination was observed. In the second
study, the same amount of garden cress seeds was planted in the mixture of substrate with addition
of zeolite saturated with cadmium solutions of different concentration (225, 450, 900, 1345 and
1800 ppm) and watered exclusively with tap water. Additionally, cadmium solutions of different
concentrations from 1 to 50 ppm were used for hydroponic growth. Sprout development was
monitored for 7 days and it was observed that plant did not grow in the solution at 50 ppm Cd. All
plant samples were analysed for their glucosinolate content using UHPLC-DAD-MS/MS, as well as
their cadmium concentration using atomic absorption spectroscopy.
The major glucosinolate detected in all the samples was glucotropeolin, the content of which
was significantly higher in the sprouts (190.96 - 217.04 µmol g-1 of dried weight) than in the plants
grown in substrate with or without zeolite (0.36 - 0.51 µmol g-1 of dried weight). The plant grown in
pure substrate accumulated the highest concentration of cadmium ranging from 115.19 to 1576.64
ppm. When using zeolite-substrate mixture cadmium content ranged from 39.66 to 158.10 ppm.
Furthermore, the sprouts grown in different concentration of Cd-solutions accumulated from 52.35
to 240.57 ppm. Generally, plants exposed to different cadmium concentrations showed growth
reduction, while the glucosinolate content did not vary. However, based on the obtained results it
can be suggested that garden cress is a hyperaccumulator of cadmium.
[1] I. Blažević, S. Montaut, F. Burčul, C. E. Olsen, M. Burow, P. Rollin, N. Agerbirk, Phytochemistry 169
(2020) 112100
[2] R. S. Boyd, Plant Soil (2007) 293, 153–176.
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NIST Webbook is one of the most comprehensive databases of chemical information and
many chemists apply its data. However, many data are based only on a single scientific paper. In
that case, the vaporization enthalpy of 3,3-dimethyloctane have been determined by gas
chromatography.
The enthalpy of transfer of an analyte from the stationary phase of the column to the gas
phase Δsoln vapHm ,was evaluated from the temperature dependence of its residence time on the
column, ta. The residence time, ta, can be computed as ta = ti - ts, where ti refers to the retention time
of the analyte and ts, the retention time of the solvent recorded by the instrument.
A plot of ln(to/ta) as a function of (1/T) for each compound in the mixture yielded a straight
line. All plots were characterized by correlation coefficients (r2) greater than 0.99. The regression
equation for the plot of ΔsolnvapHm (correlation GC) against ΔvapHm (NIST literature values) for
alkane mixture. [1-3] The average calculated experimental value of the vaporization enthalpy of 3,3dimethyloctane in this study was 47.69±0.2 kJ/ mol, compared to the literature value of 48.50
kJ/mol. [4]
[1] L. L. Pashchenko, T. S. Kuznetsova, Russian Journal of Physical Chemistry A, 2007, Vol. 81, No. 11, pp.
1738-1742.
[2] G. Nichols et al. / Thermochimica Acta 346 (2000) 15-28
[3] K. Ruzicka, V. Majer, J. Phys. Chem. Ref. Data 23 (1994) 1-39.
[4] R. C. Reid, Handbook on vapor pressure and heats of vaporization of hydrocarbons and related compounds,
R. C. Wilhort and B. J. Zwolinski, Texas A Research Foundation. College Station, Texas (1971). 329 pages, 1972,
18, 6, 1278-1278.
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Determination of rheological properties of food is important for quality control of
ingredients and final products, development and evaluation of technological processes, planning
and selection of equipment, determination of optimal process parameters, explanation of structure
and relationship between structure and texture properties due to consumer acceptance [1]. The
different types of flow behaviour can be fitted using mathematical models that are widely used in
the rheological characterization of foods [2].
Since temperature has a strong influence on all components of dairy cream, the range of
influence should be clearly determined [3]. In this work, the influence of two important food
processing variables on the rheological behaviour of dairy creams is studied: composition and
sample temperature. The measurements were carried out with a Lamy viscometer RM 100 PLUS at
a temperature of 30 °C and 55 °C.
The results of investigation have shown that investigated creams are non-Newtonian and
exhibited pseudoplastic flow at shear rates of 30-200 at 30°C and of 100-950 at 55°C.
Acknowledgments: This work was supported by the project "Increasing the development of new products
and services arising from research and development activities - phase II\": Development of innovative
products to increase food quality \"- KK.01.2.1.02.0282.
[1] Z. Herceg Z., V. Hegedušić, S. Rimac “Influence of hydrocolloid addition on the rheological properties
of whey model solutions”, Acta Aliment 29 (2000) 89-103.
[2] H. Ranaweera,P. Krishnan,S. I. Martínez-Monteagudo “Rheological behavior of ice-cream mixes: Impact
of temperature and protein concentration”, J. Food Process Eng 45, 3 (2022) 13989.
[3] B. E. Meza, J. M. Peralta, S. E. Zorrilla, Effect of temperature and composition on rheological behaviour
and sagging capacity of glaze materials for foods, Food Hydrocoll, 117 (2021)106689.
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The powder of titanium dioxide (TiO2) composed of the nanosized particle is one of the
most researched materials. TiO2 can be synthesized in different structural form or mixture of them
as Anatase, Brookite and Rutile. Nanosized TiO2 is used in photocatalytic reaction, pigment, UV
filter etc. In the present work nanosized TiO2 was synthesized by sol–gel method [1] from
Titanium(IV) isopropoxide providing the preparation at the different temperature of hydrolysis i.e.
80, 82 and 85oC. The physical and structural properties of obtained product were investigated
before calcination and after calcination at 400 and 840oC. The particle dimensions and morphology
of the product were examined by transmission electron microscopy (TEM) and particle size
distribution (PSA) based on laser diffraction technology. The crystal structure was examined by Xray diffraction (XRD), High-temperature X-ray diffraction (HTXRD), Infrared spectroscopy
(FTIR). Examination of morphology and particle size indicates the presence of spherical particles
with average dimension of 80nm and the large agglomerates with dimensions up to 800nm. The
synthesized TiO2 before calcination indicates the structure of Anatase with impurities of Brookite
form. HTXRD indicates that the structure of Brookite disappears at 400oC and only the structural
form of Anatase existed at elevate temperature. At the higher calcination temperature the structural
form of Anatase begins to transform into the Rutile form at 599oC and complete transformation is
done at 840oC.
[1] M. A. Behnajady, H. Eskandarloo, N. Modirshahla, M. Shokri, “Investigation of the effect of sol-gel
synthesis variables on structural and photocatalytic properties of TiO2 nanoparticles”, Desalination, 278
(2011) 10–17
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A constant increase of antibiotic consumption in both human and veterinary medicine
indirectly leads to their presence in natural waters where they could have adverse effects on
aqueous organisms, and eventually on human health. Furthermore, conventional wastewater
treatment processes cannot remove these antibiotic compounds from water efficiently, so it is of
great importance to develop an acceptable alternative technologies for their removal [1].
Adsorption has found to be a promising method for inorganic and organic compounds
removal from aqueous media since it is simple, environmentally friendly and economically feasible
process with a wide range of available adsorbent materials [2]. Among them, natural zeoliteclinoptilolite (CLI) has been extensively investigated due to its unique structural properties,
adsorption ability, non-toxic nature and availability. Furthermore, the CLI propensity to be
modified without structural changes enables its easier functionalization. Thus, the coating of CLI
surface with magnetite (M) nanoparticles or graphene oxide (GO) layers increases its separation and
adsorption ability, respectively [2,3].
In this study, the magnetic clinoptilolite (M-CLI) composite was synthesized by
microwave–assisted method which is a simple, rapid and efficient method for the synthesis of
nanoparticles, while the coating with GO (GO-M-CLI) was performed by ultra-sonication method.
Detailed characterization of the synthesized composites was performed (PXRD, thermal analysis,
textural properties, Raman spectroscopy, zeta potential and magnetic measurements). The
composites were then used for the adsorption of antibiotic ciprofloxacin (CIP) from water media by
batch method. Adsorption tests were performed at different temperatures (10–25 °C) and pH (5–9)
for different initial CIP concentrations (15–50 mg dm–3). The central composite factorial (CCF)
design model was used to quantify the impact of the relations between five independent factors
(initial CIP concentration, pH, temperature, contact time and adsorbent) on adsorption ability, and
to obtain the optimal conditions for CIP removal onto CLI-based adsorbents. Further, the adsorption
isotherm and kinetics analysis were applied to describe the adsorption mechanism.
The results showed that impregnation of M and GO on natural CLI can enhance its
adsorption capacity for CIP molecules, as well as facilitate its separation from the water solution.
As it was expected, GO-M-CLI showed the highest adsorption capacity for CIP at all studied
temperatures, pH and for all CIP initial concentrations.
[1] S.A. Kraemer, A. Ramachandran, G.G. Perron, Microorganisms 7 (2019) 180
[2] C.-C. Lin, C.-Y. Lee, Mater. Chem. Phys. 240 (2020) 122049
[3] M.B. Baskan, S. Hadimlioglu, J. Environ. Sci. Health A 56 (2021) 537–548
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Memantine is a N-methyl-D-aspartate receptor antagonist used for the treatment of moderate
to severe confusion (dementia) related Alzheimer's disease, movement disorders [1]. It is initially
approved by FDA in 2013. In 2013, 44 million people worldwide were living with Alzheimer's
disease, and it is estimated that this number will double every 20 years [2]. Once in the organism,
memantine is poorly metabolised, and the most (57-82%) of the administered dose is excreted
unchanged in urine [3]. In view of this, it is reasonable to expect that memantine will end up in
wastewater, and without proper treatment, in environmental waters. However, only scare literature
reported on the detection of memantine in wastewater effluents [4] and the environment [5]. The
reason may be that most scientists have been focused on pharmaceuticals such as sulfonamides,
fluoroquinolones, macrolides, etc., whose occurrence in the environment is now well-studied.
The aim of this study was to evaluate photolytic and photocatalytic degradation of
memantine. Ultraviolet (UV) lamps with a peak wavelength of 254 nm and 365 nm were used as
source of light. TiO2 in a form of a nanostructured film deposited on borosilicate glass wall of the
reactor was used for photocatalytic experiments, and reactor without TiO2 film was used for
photolytic experiments. Process degradation efficiencies and evaluation of kinetic constants were
based on the results of HPLC-MS/MS analyses, which also enable identification and monitoring of
memantine degradation products. Photodegradation of memantine followed pseudo-first-order
kinetics. The half-life of photocatalytic degradation at 365 nm was much higher (43.6 min) than
half-life obtained at 254 nm (3.9 min). The chemical structures of five detected photodegradation
products were suggested based on mass spectra. The acute toxicity of the reaction mixture during
the degradation experiment was evaluated by monitoring the inhibition of the luminescence of
Vibrio fischeri bacteria. The results showed that memantine and its photodegradation products were
not toxic to Vibrio fischeri.
[1] J. Dong, M. Zhou, X. Wu, M. Du, X. Wang, J. Biomed. Res., 26(6) (2012) 439-447
[2] Policy Brief for Heads of Government The Global Impact of Dementia 2013–2050
[3] Approval Labeling Text NDA 21-487, FDA
[4] R. H. Lindberg, S. Namazkar, S. Lage, M. Ostman, Z. Gojkovic, C. Funk, F. G. Gentili, M. Tysklind,
Chemosphere 271 (2021) 129763
[5] T. Suzuki, Y. Kosugi, K. Watanabe, H. Iida, T. Nishimurab, Chem. Pharm. Bull. 69 (2021) 840–853
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The influence of zinc saturated zeolite addition (SZ) to cement on the kinetic parameters of
hydration was investigated. Measurements were performed to determine the heat of hydration with
a differential microcalorimeter (DMC), at a water/solid ratio (V/S) 0.5 and at a temperature of 20
°C. Cement samples were prepared with the addition of SZ with a mass fraction, w = 0-30 wt.%.
From the experimental data, the values of the hydration degree (α) of the cement composite and the
differential values (dα/dt) required for the calculation of kinetic parameters were calculated. Using
the MathCad program, the kinetic parameters for each SZ addition were calculated and the results
are shown in the table. Based on the conducted analysis, it can be seen that the addition of SZ does
not change the hydration mechanism but the value of heat of hydration and the speed of individual
processes, nucleation and growth, phase boundary reactions and diffusion.
[1] P. Dabić, R. Krstulović, D. Rušić, Cem. Concr. Res. 30 (2000) 1017-1021.
[2] D. Barbir, P. Dabić, A. Lisica, CABEQ, 30 (2016), 401-409.
[3] A. Lisica, P. Dabić, D. Barbir, Conference Proceedings: 5th International Conference-Mechanical
Technologies and Structural Materials / Jozić, Sonja ; Lela Branimir (ur.). Split: Croatian Society for Mechanical
Technologies, 2015. 107-112.
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Proton exchange membrane fuel cell is an eco-friendly power source that does not emit
carbon so many studies are being conducted. Among the various components constituting the fuel
cell, the bipolar plate occupies a large proportion in weight and volume [1]. Graphite used in
conventional fuel cell bipolar plate has low strength and disadvantages due to brittle behavior.
Therefore, the metal bipolar plates with high strength and excellent mass productivity are in the
spotlight. Metals that can be applied to the bipolar plates are mainly stainless steel and titanium.
Titanium has excellent mechanical performance at various temperatures, excellent corrosion
resistance, and high specific strength. So, light weight is possible when titanium is used as a bipolar
plate [2]. However, due to TiO2 passivation film formed on the titanium surface, corrosion resistance is
improved but electrical conductivity is lowered [3]. In this investigation, CrN was coated on a
titanium(Grade.1) using a PVD technology to increase corrosion resistance and electrical conductivity.
The 0.5M H2SO4 + 2ppm HF solution was used to simulate proton exchange membrane exchange fuel
cell environment. The simulated anode environment was -0.1V vs Ag/AgCl purged with H2 and the
simulated cathode environment was +0.6 V vs Ag/AgCl purged with O2. The various analysis(XRD,
EDS, SEM) and electrochemical characteristics(EIS, potentiodynamic polarization, potentiostatic
experiment) were evaluated to characterize the TiN-coated Ti.
[1] H. Wang, J. A. Turner, “Reviewing metallic PEMFC bipolar plates”, Fuel Cells, 10 (2010) 510-519
[2] H. Mochizuki, M. Yokota, H. Soyama, S. Hattori, “Cavitation erosion of pure titanium (TB340H) and
stainless steel (SUS316L) in seawater”, International Journal of Hydrogen Energy, 46 (2021) 11092-11103
[3] Y. Wang, D. O. Northwood, “An investigation on metallic bipolar plate corrosion in simulated anode and
cathode environments of PEM fuel cells using potential-pH diagrams”, International Journal of
ELECTROCHEMICAL SCIENCE, 1 (2006) 447-455
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A fuel cell generates electrical energy by electrochemically reacting fuel with an oxidizer.
The electrolytes of fuel cells include polymer, solid oxide and molten carbonate etc. A proton
exchange membrane fuel cell showed a higher current density and operating at a relatively low
temperature of less than 100°C compared to other types of fuel cells [1]. Such an proton exchange
membrane fuel cell is composed of a membrane-electrode assembly (MEA), gas diffusion layer
(GDL), and a bipolar plate(BP). Among them, the bipolar plates are core component constituting
the stack, which collect and transfer the generated current and supports components such as MEA
and GDL. Ideal bipolar plate should have excellent electrical conductivity, sealing properties,
corrosion resistance, rigidity and formability. Titanium has excellent mechanical performance at
various temperatures, excellent corrosion resistance, and high specific strength. So, light weight is
possible when titanium is used as a bipolar plate [2]. However, due to TiO2 passivation film formed
on the titanium surface, corrosion resistance is improved but electrical conductivity is lowered [3].
In this investigation, TiN was coated on a titanium(Grade.1) using a PVD technology(Cathodic arc
deposotion) to increase corrosion resistance and electrical conductivity. The 0.5M H2SO4 + 2ppm
HF solution was used to simulate proton exchange membrane exchange fuel cell environment. The
simulated anode environment was -0.1V vs Ag/AgCl purged with H2 and the simulated cathode
environment was +0.6 V vs Ag/AgCl purged with O2. The various analysis(XRD, EDS, SEM) and
electrochemical characteristics(EIS, potentiodynamic polarization, potentiostatic experiment) were
evaluated to characterize the TiN-coated Ti.
[1] C. Y. Chung, S. K. Chen, P. J. Chiu, M. H. Chang, T. T. Hung, T. H. Ko. “Carbon film-coated stainless
steel as PEMFC bipolar plate”, Journal of Power Sources, 176 (2008) 276-281
[2] H. Mochizuki, M. Yokota, H. Soyama, S. Hattori, “Cavitation erosion of pure titanium (TB340H) and
stainless steel (SUS316L) in seawater”, International Journal of Hydrogen Energy, 46 (2021) 11092-11103
[3] Y. Wang, D. O. Northwood, “An investigation on metallic bipolar plate corrosion in simulated anode and
cathode environments of PEM fuel cells using potential-pH diagrams”, International Journal of
ELECTROCHEMICAL SCIENCE, 1 (2006) 447-455
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With globalization, international trade has increased rapidly, and more than 90% of the
world's trade is done through ships. However, exhaust gas during ship navigation generated and it
contains nitrogen oxides (NOx) and sulphur oxides (SOx). This causes acid rain which is emerging
as a serious air pollutant worldwide. And it causes corrosion of various structures, as well as
acidification of soil and global warming. To respond to this as part of an effort to reduce sulphur
oxide emissions, the International Maritime Organization (IMO) significantly strengthened the
regulation on the upper limit of sulphur content from 3.5% to less than 0.5% from January 1, 2020.
Accordingly, the global shipping industry made compulsory to install a scrubber, a sulphur oxide
reduction device. Austenitic stainless steel is widely used as the material of the scrubber because it
has relatively superior mechanical properties and corrosion resistance compared to other metals.
According to recent industry trends, production efficiency has been significantly improved due to
mass production, but the quality of manufactured products and parts has sometimes deteriorated.
This is because the presence of fine burrs in areas that cannot be processed by mechanical
processing causes mechanical defects and reduced lifespan. Electropolishing, which overcomes
these shortcomings, is a non-contact polishing method that removes not only fine burrs but also
inclusions and fine particles. In particular, electoropolishing of stainless steel improves corrosion
resistance by forming a passivation oxide film and increases the lifespan. Nevertheless, since the
decrease in roughness (Ra) by electropolishing differs depending on the metal material, the
composition ratio of the electrolyte, applied current density, voltage and temperature, the various
investigations have been conducted to optimize this.
In this experiment, the optimal process conditions (electropolishing time, temperature, and
electrolyte) that minimize surface roughness for super austenitic stainless steel were derived using
the Taguchi technique. For the analysis method for the experimental results, ANOVA(analysis of
variance) and the smaller the better characteristics were applied. After electropolishing, surface
analysis was performed with a 3D microscope and SEM.
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Stainless steel has excellent corrosion resistance by forming a thin oxide film on the metal
surface in various environments. Due to these characteristics, it is being applied to various industrial
fields such as offshore plant industry, petrochemical industry and nuclear power plant. However,
structures of stainless steel have many problems due to local corrosion such as pitting and crevice
corrosion in seawater environments. In the 1960s, super austenitic stainless steel for increasing of
pitting resistance was developed by increasing the content of chromium, molybdenum and nitrogen.
With industrial development, precision processing technology is used for manufacturing in hightech industrial fields (semiconductor and optical parts, etc.), and polishing has become the most
important process with final process. Mechanical grinding was used for the initial polishing of
products. And the surface after processing became beautiful(smooth), but it caused defects due to
the generation of fine grooves and fine particles. It caused a local potential difference and
accelerated corrosion. In particular, corrosion was accelerated especially when a degenerative layer
occurred on the surface. Electropolishing was developed to compensate for these disadvantages of
mechanical polishing. Electropolishing improves surface roughness, surface cleanliness and
corrosion resistance by forming a metal oxide layer. However, since electropolishing has various
parameters, the surface of the object is not smooth during abnormal electropolishing. The roughness
may increase due to surface damage during excessive polishing. In addition, for processed products,
temperature is a important factor that affects the corrosion rate according to the stability of the
oxide film formed on the metal surface. As the temperature rises, hydrolysis of chlorine ions is
promoted. That result affects the life of the material.
Therefore, in this experiment, a potentiodynamic polarization experiment with seawater
temperature was performed for super austenitic stainless steel after electropolishing under optimal
conditions obtained by the Takuchi method. After the experiment, the electrochemical behavior and
the degree of damage were comparatively analyzed in each condition.
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Solid-state sinter bonding using high conductive metal particles, such as Ag, has been
studied as a next-generation die-attachment technique of semiconductor chips that operate at high
temperature or generate excessive heat [1]. However, the particles should be exchanged with Cu to
reduce the material cost and the sinter-bonding time should significantly decrease for enlarging in
industrial applications [2].
To achieve adequate bonding strength via sufficient sintering and densification for a short
period under specific compression pressure, adoption of small particle sizes is indispensable,
according to the Mackenzie-Shuttleworth model [3]. Thus, authors synthesized submicrometersized Cu particles through pyrolysis of Cu formate particles in solvent. Complexing Cu formate
using isopropanolamine (IPA) promoted the pyrolysis, resulting in effective synthesis of Cu
particles at 190 °C. The ratio of IPA to Cu formate finally affected the Cu particle size.
The synthesized Cu particles of 400 nm in average size were transformed into paste by mixing
with reducing formulation. Consequently, 5 MPa sinter bonding at 300 °C in air using the paste formed
a dense bondline of the sufficient shear strength exceeding 20 MPa only after 30 s bonding.
[1] L. Ma, T.F. Chen, K.S. Siow, J. Alloys Compd., 866 (2021) 158783
[2] M. I. Kim, J.-H. Lee, Trans. Nonferrous Met. Soc. China, 32 (2022) 629
[3] J. Mackenzie, R. Shuttleworth, Proc. Phys. Soc. B, 62 (1949) 833
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To reduce carbon emissions worldwide, there is a growing interest in using eco-friendly
fuels. Especially, research and developments on eco-friendly and high-efficiency polymer
electrolyte membrane fuel cell (PEMFC) are being conducted in the industry fields related to
transportation such as automobiles. For commercialization, it is essential to investigate the
durability of various components such as membrane electrode assembly (MEA), gas diffusion layer
(GDL) and bipolar plate. In particular, the bipolar plates occupy a large proportion in weight,
volume and cost. Therefore, when the weight, volume and cost of the bipolar plate are reduced, the
efficiency of PEMFC can be improved. Early the bipolar plate was made of graphite or carbon
composites. However, since it has major disadvantages in terms of low strength and manufacturing
cost, interest in metallic bipolar plates are increasing recently. Bipolar plate using metal has a
relatively small volume, excellent forming property, electrical conductivity and mechanical
properties. However, there is a problem of reduced efficiency and life span due to corrosion damage
on the surface of the metallic bipolar plate in a strong acid PEMFC operating condition. To solve
this problem, it is necessary to investigate the surface coating of metallic bipolar plate for PEMFC.
In this research, potentiodynamic experiments were carried out to estimate the
electrochemical characteristics of PVD (TiN, CrN) coated 316L stainless steel in the simulated
PEMFC operating condition. Accelerating solution of 0.5 M H2SO4 + 2 ppm HF was used to
simulate the cathode operating condition of PEMFC and oxygen was continuously supplied during
the experiments. To analyze the electrochemical characteristics, Tafel extrapolation method was
used. In addition, the surface was observed with a 3D microscope and a scanning electron
microscope to estimate the corrosion damage.
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Interest in hydrogen energy is increasing to reduce carbon emissions. A representative
power source using hydrogen is a fuel cell. Among the various fuel cell, the polymer electrolyte
membrane fuel cell (PEMFC) has advantages of low operating temperature and high power density.
PEMFC is composed of various parts. Among them, the bipolar plate performs various functions.
First, it must be conductive because the electrons generated by the electrode reaction move through
the bipolar plate. Second, it serves as a channel for supplying and discharging the reaction gas
participating in the electrode reaction. Third, from the viewpoint of stability, hydrogen gas should
not penetrate to the cathode. To smoothly perform these functions, the various researches on
materials has been carried out. Among them, the metallic bipolar plate has relatively excellent
mechanical performance and advantage of low cost in the manufacturing process. However,
corrosion damage is a problem due to acid ions such as SO42-, F- eluted from the electrolyte during
fuel cell operation. To solve this problem, investigation on improving corrosion resistance by metal
surface coating has been conducted. Among various surface coatings, DLC coating is considered as
a surface coating for PEMFC bipolar plate due to various advantages such as high hardness,
abrasion resistance, and chemical stability similar to diamond. However, DLC coating has a
relatively low adhesion due to the pores on the coating surface. In addition, it has the residual stress
between the base material and the coating layer. Therefore, it is necessary to investigate the optimal
DLC coating thickness for application to the PEMFC.
In this investigation, the electrochemical properties of DLC-coated 316L stainless steel with
three thickness parameters were studied for the application of PEMFC. Electrochemical
experiments were performed in accelerating solution containing 0.5 M H2SO4 + 2 ppm HF, for
simulating the operating environment of PEMFC. After the experiment, the surface was observed
with a 3D microscope and a scanning electron microscope to investigate the damage mechanism of
the DLC coating.
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We herein describe a novel method to identify protein-small molecule interactions (PSMIs)
based on the switching of DNA polymerase activity. This strategy employs a small molecule-linked
DNA probe (SP) which is designed to bind to and disrupt a DNA polymerase aptamer probe (AP).
In the absence of target protein, the SP is readily degraded by the applied exonuclease I (exo I) and
is not able to bind to the AP. The AP then freely inhibits the polymerase activity through its specific
binding. In the presence of the target protein, however, it binds to the small molecule and protects
the SP against the exo I-catalyzed degradation. The intact SP now binds to the AP and disrupts its
active aptameric structure, preventing the AP from inhibiting the polymerase activity.
Consequently, the active DNA polymerase catalyzes the primer extension reaction in conjugation
with the TaqMan probe, leading to a significantly enhanced fluorescence signal. Based on this
elaborate design principle, the two model PSMIs, streptavidin/biotin and antidigoxigenin/digoxigenin were successfully determined down to 4.01 nM and 6.72 nM, respectively,
with high selectivity. The practical applicability of this method was also successfully verified by
reliably determining streptavidin/biotin interaction in heterogeneous human serum.
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In recent years much efforts have been devoted to establish the structure-property
relationship of organic electroluminescent emitters [1,2]. The selection of building blocks plays a
key role in the evolution of emitters with desirable physical properties [3]. Therefore, systematic
investigation of the structure-property relationship of the deep-blue emitting molecular materials
deserves preferred consideration.
High interest in phenanthroimidazole derivatives as blue-emitting emitters is due to their
bipolar charge transport and excellent fluorescence efficiency [4]. An important advantage of these
compounds is the easy and very efficient imidazole ring formation reaction and wide possibilities of
structure modifications.
In this work, aiming to develop efficient fluorescent materials for optoelectronic
applications, we studied the structure-properties relationship of PI derivatives by attaching different
substituents at the different PI positions. The synthesized derivatives were characterized by 1H and
13
C NMR, IR, mass spectrometries.
Acknowledgements: This project has received funding from European Regional Development Fund (project
No. 01.2.2-LMT-K-718-03-0019) under the grant agreement with the Research Council of Lithuania
(LMTLT).
[1] T.-L Wu, H.-H. Chou, P.-Y. Huang, C.-H. Cheng, R.-S. Liu, J. Org. Chem., 79 (1) (2014) 267−274.
[2] S. Thiery, C. Declairieux, D. Tondelier, G. Seo, B. Geffroy, O. Jeannin, R. Métivier, J. Rault-Berthelot,
C. Poriel, Tetrahedron, 70 (36) (2014) 6337−6351.
[3] L. Chen, Y. Jiang, H. Nie, R. Hu, H.S. Kwok, F. Huang, A. Qin, Z. Zhao, B.Z. Tang, ACS Appl. Mater.
Interfaces, 6 (19) (2014) 17215−17225.
[4] J.-J. Zhu, W.-C. Chen, Y. Yuan, D. Luo, Q.-X. Tong, Dyes Pigm., 173 (2020) 107982.
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It is of fundamental importance and thus it should be highlighted that mayenite is a
constituent part of compounds in calcium aluminate and calcium sulfoaluminate cement clinkers [1,
2]. The mayenite hydration mechanism and products composition highly depended on the primary
mixture composition [3]. In a pure mayenite-water system, the typical hydration products are
different type calcium aluminum hydrates. Meanwhile, to the best of our knowledge, no data has
been published, and it is still completely unknown how structure properties on mayenite influences
them hydration rate and properties. For this reason, the aim of this work is to examine the effect of
calcination temperature on mayenite hydration properties.
The synthesis of compounds has been carried out in unstirred suspensions (CaO/Al2O3 =
2.8, w/s = 10) within 4 hours at 130 ºC. It was observed that synthetic precursor which was formed
after 4 hours remained stable only till 275 °C, and, at a higher temperature (350-900°C), it fully
decomposed to mayenite: katoite calcined for 1 h at 350 °C (CA1); katoite calcined for 1 h at 550
°C (CA2); katoite calcined for 1 h at 900 °C (CA3). The heat release kinetics of the samples was
investigated with an isothermal calorimeter at 25 °C for 60 h when the ratio of the primary
water/mayenite mixtures was equal to 0.5.
It was found that the all mayenite samples showed intense heat release at the early stage of
hydration (during the initial 0.4 h). The maximum heat evolution rate increased from 0.36 W/g (CA1) to
0.90 W/g (CA3). The highest amount of the total heat (after 0.4 h) was reached with the hydration of
sample CA3 (~350 J/g), while CA2 and CA1 showed lower values of the overall heat at about ~230 J/g
and ~236 J/g, respectively. It was observed that, in the CA3 samples with additives, the quantity of heat
released from 0 to 60 h duration of the process was 600 J/g, while, in the CA2 samples, it reached only
509 J/g. Meanwhile, in the CA1 curve, the values of the total heat within the same period of time were
only 416 J/g. In order to determine the mineralogical composition of hydration products, CA1, CA2 and
CA3 mixture was hydrated using ratio of water/cementitious mixtures 0.5 at 25 °C, which were
characterized by XRD, STA, and FT-IR analysis.
Acknowledgments: This research was funded by a grant (No. S-MIP-21-4) assigned by the Research
Council of Lithuania.
[1] F. Bullerjahn, M. Zajac, M. Ben Haha, K.L. Scrivener, Cem. Concr. Res. 116 (2019) 113–119.
[2] E. Qoku, T.A. Bier, T. Westphal, J. Build. Eng. 12 (2007) 37–50.
[3] Z. He, Y. Li, Materials, 11 (2018) 1958.

160

Poster Session 2

PS2.19

Derivatives of Bis(trifluoromethyl)biphenyl and Various Donor
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Biluminescence, or dual-state emission, refers to compounds which are able to exhibit both
fluorescence and phosphorescence simultaneously. [1] Dual-state emitters have attracted a great deal
of attention recently due to their wide potential application range including oxygen sensing in
biomedical applications, anticounterfeiting, delayed electroluminescence, etc. [2], For efficient dualstate emission, strong spin-orbit coupling is necessary to ensure proper intersystem crossing (ISC)
from singlet to triplet excited state as well as efficient room temperature phosphorescence (RTP).[3].
In order to favour the ISC process, specific design strategy of pure organic RTP molecules has to be
employed. It is usually based on incorporation of heavy atoms, such as Br, I, Cl; bulky moieties, such
as benzoyl group or the selection of highly symmetrical planar aromatic fragments. [4].
In this work, compounds containing dimethylacridan and phenothiazine donor moieties
exhibiting dual-state emission in blue-green region will be presented. Phenothiazinyl-disubstituted
bis(trifluoromethyl)biphenyl was found to be a highly sensitive and fast-responsive oxygen sensing
compound with the highest sensitivity to oxygen values among published organic sensing materials.
The experimental results will be supported by theoretical study of molecular design and electronic
transitions of dual-emissive materials.
Acknowledgment: This project has received funding from European Social Fund (project No 09.3.3-LMTK-712-19-0033) under grant agreement with the Research Council of Lithuania (LMTLT).
[1] M. Louis, H. Thomas, M. Gmelch, F. Fries, A. Haft, J. Lindenthal, S. Reineke, Adv. Opt. Mater 8 (2020)
2000427
[2] G.Zhang, G. M. Palmer, M. W. Dewhirst, C.L. Fraser, Nat 8 (2009) 747–751.
[3] D. Kim, J. Phys. Chem. C.119 (2015) 12690–12697
[4] Sh. Hirata, Adv. Opt. Mater 5 (2017) 1700116
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Synthesis and characterisation of calcium monosulfoaluminate
12-hydrate
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One of the most common AFm phases (aluminium-ferrite-mono-sulfate) in hydrated
Portland cement and calcium aluminate cement-based systems is calcium monosulfoaluminate 12hydrate (Ms12) [1]. Fundamentally, monosulfoaluminates belong to the layered double hydroxide
family (LDH-type), having positively charged main layers [Ca2(Al,Fe)(OH)6]+, which are
compensated by negatively charged interlayers [SO4·nH2O]2- [2]. Regarding this crystal structure, it
is known that the content of the interlayer water can vary (different hydration states of
monosulfoaluminate hydrates are observed) simply by changing humidity and temperature [3].
Therefore, researchers face many difficulties synthesising pure monosulfoaluminate phases and
assessing their properties. This work describes an alternative synthesis approach and the process
insights for calcium monosulfoaluminate 12-hydrate by applying hydrothermal treatment.
The monosulfoaluminate was produced from a mixture of commercial materials (CaO,
Al2O3, CaSO4·2H2O), referring to ye`elimite stoichiometry. The required material amounts were
weighed and processed by applying two methods. Based on the first one, the mixture was blended
using a homogeniser for 45 min at 34 rpm. Meanwhile, according to the second method, the mixture
was mechanochemically treated at a high-energy vibrating cup mill at 900 rpm with 3 on-off cycles
of 10 min. It was observed that the milling significantly impacts the mineralogical composition of
the initial mixture, i.e., dehydration of gypsum and formation of portlandite were identified.
Afterwards, both prepared mixtures were hydrothermally treated in an unstirred suspension
autoclave at 100 °C, 110 °C, 130 °C and 150 °C when the isothermal curing duration was 1 h, 4 h, 8
h, 12 h, 24 h and 48 h. After hydrothermal synthesis, samples were dried in an oven at 50 °C ± 5 for
24 h. The microstructural evolution and the phase assemblage during the synthesis have been
assessed by XRD, STA, FT-IR, and SEM analysis.
The results demonstrated that mechanochemical treatment is mandatory for the initial
mixture to prevent the formation of katoite in synthesis products. Meanwhile, the most conducive
synthesis conditions of Ms12 are when hydrothermal treatment is carried out at 110 °C for 8 h. In
these conditions, the initial materials react entirely, and Ms12 is the dominant phase in the synthesis
products. Meanwhile, the increase in temperature or duration impacts the stability of the presented
compound, yielding the formation of other phases (boehmite, katoite, etc.). Additionally, it was
observed that cooling down the suspension in the autoclave below 50 °C promotes ettringite
formation. The presented approach successfully allows to produce the Ms12 and reduces the
synthesis duration compared with the conventional methods.
[1] Matschei, T., Lothenbach, B. & Glasser, F. P. Cem. Concr. Res. 37 (2007) 118.
[2] Georget, F., et al. Cem. Concr. Res. 153 (2022) 106692.
[3] Baquerizo, L., et al. Cem. Concr. Res. 73 (2015) 143.
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Water-emulsion textured acrylic paints are an alternative to other types of paints due to a
small content of solvents and leading versatility, which can be defined by their direct application on
concrete, stone and plaster without treating, or coating of the surface with a primer [1]. Concerning
on the environmental issues, the paint industry is continuously trying to reduce its environmental
impact, especially if it is related with titanium dioxide. TiO2 is one of the most commonly used
materials in the production of white paint, but it makes the product more expensive [2].
Phosphogypsum (PG) is the main product of phosphoric acid and fertilizers production. The
worldwide PG production is estimated to be at 160 million tons per year and only 14% is recycled
and used as building material. In Lithuania, the company Lifosa produces almost 500 thousand tons
of phosphoric acid and four times the amount of PG, which is simply transported to landfills [3]. PG
is characterized by the presence of fluorine, and various water–soluble or insoluble oxides mixture,
which pollutes the environment and are harmful for living organisms.
This study was performed to determine the possibility of PG usage in the preparation of
water–emulsion acrylic white paint. Compositions of industrial water–emulsion acrylic paints with
known properties were used, in which all or at least part of the TiO2 was replaced by PG, and the
amounts of the other components remained the same. During the experiment, quality characteristics
of the paint such as degree of whiteness, gloss / maturity, resistance to wet scrubbing, coverage as
well as the pH of paint medium were established. Various modern research methods of instrumental
analysis (XRD, determination of the colour CIE L* a* b* coordinates, paint viscosity, and others)
had been used in the research.
Investigation on the effect of PG on the properties of paint had shown that this waste cannot
completely replace TiO2. However, as a filler PG can account up to 32 % of their total content.
Noteworthy, acidic impurities in the PG must be neutralized before use. The evaluation exhibited
PG is suitable as a filler, which reduces the TiO2 content and contributes to better paint properties,
i.e. higher whiteness index, better wet abrasion resistance, faster film formation in comparison with
widely applied industrial water–emulsion acrylic paint.
[1] Raheem, A. A., Olowu, O. A., Aladeloba A. E., Hungbo, A. A., Akinsanya A. Y., LAUTECH Journal of
Civil and Environmental Studies, 3 (2019) 98.
[2] Titanium dioxide for coatings. Product overview. The Chemours Company FC, LLC, 2019.
[3] GC(58)/3 – IAEA Annual Report, 2013
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Formation of katoite during hydrothermal synthesis in the mixtures
with CaO/Al2O3 molar ratio 2.8-3.2
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Department of Silicate Technology, Kaunas University of Technology, Radvilenu 19,
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Katoite (C3AH6) is the most stable hydration products of calcium aluminate cement [1]. The
published results of different authors do allow to claim, that the highest influence of calcium
aluminate cement samples have the formation of most stable hydration product – C3AH6 (katoite).
Synthetic katoite can be used in many fields: adsorbent for heavy metals ions [2], additive for
cement and precursor for the production of mayenite [3]. Thus, the data presented in the references
about the formation of C3AH6 compounds under hydrothermal conditions (in the pure system:
CaO–Al2O3–H2O) are not extensive and often controversial. For this reason, the aim of this work is
to examine the formation of katoite during hydrothermal synthesis in the mixtures with CaO/Al2O3
molar ratio 2.8-3.2.
The dry starting mixture, with a molar ratio of CaO/Al2O3 in the range of 2.8–3.2, was
mixed with water to give a water to solids ratio (W/S) of the suspension of 10.0. The hydrothermal
synthesis was carried out in unstirred suspensions, in 25 ml volume PTFE cells, which were placed
in “Parr instruments” (Germany) autoclave, under saturated steam pressure at 130 °C temperature
(the temperature was reached within 2 h). After hydrothermal treatment, the autoclave was cooled
to room temperature. The suspensions after synthesis were filtered, products rinsed with acetone to
prevent carbonization of materials, dried at 50 °C ± 5 temperature for 24 h. The obtained samples
were analysed by instrumental analysis methods: XRD, STA.
It was determined that, after 4 h of isothermal curing at 130 C temperature, a katoite and
traces of portlandite were formed in all samples. When the molar ratio of CaO/Al2O3 increased to
3.0-3.2, alongside mentioned compounds calcium monocarboaluminate was identifiend in XRD
patterns. It is worth noting that the intensity of diffraction maximums characteristic to portlandite
increased with increasing amount of CaO in the primary mixtures.
Moreover, when the duration of isothermal treatment was prolonged to 72 h, calcium
monocarboaluminate and katoite dominated in all samples. It was observed that, in the samples with
a lowest molar ratio (2.8), a traces of boehmite – was formed.
Acknowledgments: This research was funded by a grant (No. S-MIP-21-4) assigned by the Research Council
of Lithuania.
[1] E. Litwinek, D. Madej. J. Therm. Anal. Calorim. 2020;139(3):1693-706.
[2] L. Sha, Z. Zou, J. Q, X. Li, Y. Huan, Wu C, et al. Chemosphere. 2020;260:127555.
[3] A. Eisinas, T. Dambrauskas, K. Baltakys, K. Ruginyte. J. Therm. Anal. Calorim. 2019;138(3):2275-82.
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Novel copolymers of carbazole, quinoline, and coumarin
with Alq3 complexes.
Dariusz BOGDAL, Mateusz GALICA

Cracow University of Technology, Warszawska 24, 31-155 Cracow, Poland
Aluminum tris(8-hydroxychinolate) (Alq3) is a common element in the construction of
optoelectronic multilayer devices [1,2]. It owes its application to very stable and efficient
luminescence in the solid state, which is the effect of increased electron conductivity [3]. The
methods of producing thin Alq3 layers under vacuum conditions are not suitable for larger scale
applications because of the possibility of thermal degradation of chelates and difficulty in obtaining
repeatability of luminescent properties. An alternative, fast and less expensive technique for
producing elements of optoelectronic devices in academic and industrial laboratories are spin
coating, deep coating, ink-jet printing, printing from a coil to a coil [4]. The basic condition for use
is either good solubility or stability during the fabrication process, which for Alq3 are still challenge
at the stage of device fabrication.
The presented work relates to the synthesis of a group of novel terpolymers CEM-QM-MK
built from 2-(9-carbazolyl)ethylmethacrylate (CEM), 5-(2-methacryloylethyloxymethyl)-8quinolinol (QM) and 7-(diethylamine)coumarin-3-carboxylic acid 2-(methacryloyloxy)ethyl ester
(MK) units. A newly developed method for the synthesis of hybrid terpolymers CEM-QM-MK_(Q)
allows to obtain amorphous polymers, containing covalently attached to polymer chains complex
Alq3. The polymers were totally or partially soluble in THF or chloroform. The chemical structure
and composition of the polymers were characterized by FTIR, UV-VIS, 1HNMR, GPC, WAXS,
Elemental Analysis, XRF. The photophysical characteristics of the polymers were investigated in
solution and the solid state.

Figure 1. Scheme of synthesis of a novel terpolymer CEM-QM-MK
containing Alq3 complexes

Figure 2. Emission spectra of terpolymer
CEM-QM-MK containing Alq3.

[1] C.W. Tang, S. VanSlyke, C.H. Chen, J. Appl. Phys. 1989, 65, 3610.
[2] Tang, C. W.; VanSlyke, S. Appl. Phys.Lett 1987, 51, 913.
[3] Kulkarni, A. P.; Tonzola, C. J.; Babel, A.; Jenekhe, S. Chem. Mater. 2004, 16, 4556.
[4] Chen C.H. Shi, J, Coord. Chem. Rev. 1998, 171, 161.
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The utilisation of biochar derived from waste corn cobs and coconut
shells as fuels in solid oxide fuel cells involving perovskite oxides or
composite cermets – a comparative study
Magdalena DUDEK, Bartosz ADAMCZYK
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In recent years, special attention has been paid to direct carbon solid oxide fuel cells (DCSOFCs) technology. They are electrochemical devices that convert the chemical energy of
carbonaceous fuels directly into electricity and heat. In the classical conception of the DC-SOFCs,
carbon can be directly electrochemically oxidised to carbon dioxide via reaction (1): C +
2O2‒→CO2 + 4e‒ (1) as well as formed in a sequence of electrochemical reactions (2): C +
O2‒→CO + 2e‒ (2) and (3) CO + O2‒→CO2 + 2e‒ (3).The Boudouard reaction, C + CO2→CO (4),
with CO2 and C as reactants, can serve as an additional source of the CO consumed in
electrochemical reaction (3)
The aim of this work is to investigate the possibility of using waste biochars as solid fuels to
supply DC-SOFCs with improved performance. The special goal is to address the impact of catalysts
and created interface anodes or solid fuels on the obtained power output of DC-SOFC and their
stability. The comprehensive results on the physicochemical properties of biochar obtained from corn
cobs and coconut shells and their usage as solid fuels for the supply of solid oxide fuel cells are
described. The influence of preparation conditions on variation in the chemical composition, the
morphology of the biochar powders and the degree of graphitisation of carbonaceous materials was
analysed and presented. Based on structural investigations (X-ray diffraction analysis and Raman
spectroscopy), it was observed that disordered carbon particles developed during the application of
thermal treatments. The use of X-ray fluorescence enabled a comparative analysis of the chemical
composition of the inorganic matter in biocarbon-based samples.
The electrochemical investigations of the DC-SOFCs supplied with biochars obtained from
corn cobs as well as coconut shells were characterised by satisfactory values for current and power
density at the temperature range of 700–850°C. The special input was put on the selection of anode
materials from perovskite anodes, cermet anodes involving Ni-YSZ, Ni-Ru-YSZ or metal transition
carbides TiC, NbC or VC. The impact of the chemical composition as well as of their
microstructures of anode materials on the performance of the DC-SOFCs was also found. The
addition of transition metal carbides into interface anodes or directly into solid fuels led to
improved obtained power and current density values. Therefore, the impact of the Boudouard
reaction and the type of catalyst on the performance of DC-SOFCs was confirmed. The composite
fuels involving biochars obtained from waste biomass seem to be adequate for solid fuels for
utilisation in direct carbon solid oxide fuel cells. The power density Pmax varied between 80 and
170 mW/cm2 for the DC-SOFC investigated.
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A direct carbon solid oxide fuel cell stack constructed in a tubular
configuration design, construction and electrochemical performance
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In the past decade, there has been growing interest in applying carbon as a solid fuel for fuel
cell technology utilisation. Direct carbon solid oxide fuel cells (DC-SOFCs) are electrochemical
devices that directly convert carbon-based solid fuels’ chemical energy into electricity and heat. The
development of direct carbon fuel cells also reveals new opportunities for the electrochemical
conversion of various carbonaceous fuels into electricity.
This study aimed to investigate the potential of a short tubular direct carbon solid oxide fuel
cell stack composed of four tubular SOFC cells fuelled by solid waste biomass fuel. The design and
construction of a 4-cell stack of tubular SOFCs were elaborated on and investigated. The composite
ceramic electrolyte YSZ + Al2O3 composite materials were used for forming the ceramic tube. NiYSZ/NI-GDC cerametallic material was used as an anode in all manufactured cells. First, the
reference cell was manufactured using an Ag-Pt cathode deposited in the form of ink. The following
cells used cathodes based on [(La0.6Sr0.4)0.95Co0.2Fe0.8O3-x] perovskite material. All four cells were
connected with a series connection. This work used the biochar obtained from walnut, coconut and
pistachio shells as a solid fuel.
Voltage (U)–current (I) dependencies were measured and used to calculate the maximum
power output of a selected single DC-SOFCs and a 4-cell stack at temperatures between 700-900°C.
Electrochemical impedance spectroscopy was also used to determine the polarisation resistance of
the analysed DC-SOFC stack and selected single cells.
The analysis of current (I)–power (P) curves enabled the attainment of a Pmax value close to
250mW cm−2 at 850°C for a single DC-SOFC and ca. 940mW cm−2 at 850°C for a 4-cell SOFC
stack supplied with carbonised pistachio shells. Open circuit voltage (OCV) values were close to
1.1V for single tubular SOFCs and 4.0V for 4-cell SOFC stacks at 850°C. The discussion about the
construction of tubular DC-SOFC single cells and the short stack is presented. The obtained results
for this preliminary investigation are promising and allow for optimisation of the fuel cell
manufacturing process and material selection to enhance the performance of DC-DSOFC stacks.
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Additive manufacturing (AM) is a broad term for the advanced technology of production of
parts with the desired geometry, in which an object is produced “by adding material layer upon
layer”. Compared with conventional subtractive manufacturing technologies, AM can easily and
rapidly fabricate prototypes or functional components with complex geometries and, therefore,
significantly improve the design and manufacturing process. Selective laser sintering (SLS) is one
of the rapid prototyping (RP) technologies that is used in various fields and applications. This is
because SLS makes it possible to produce very complex parts with high accuracy, surface quality
and good mechanical properties. SLS converts thermoplastic powders, e.g. polyamide 12 (PA 12)
and polystyrene, into end-use parts, using a laser to melt and fuse the particles. This technique uses
the powder as both the raw material and the mould. Therefore, the unsintered powder can be
recovered, sieved and recycled in subsequent builds, which decreases manufacturing costs.
However, one problem obstructing SLS from wider use is the limited variety of applicable
polymers. Whilst traditional polymer processing techniques, e.g. injection moulding or extrusion,
have access to thousands of different formulas composed of several dozen basic polymers, for SLS
treatment, only a few dozen different formulations are currently available. PA 12 is the most
commonly used and almost always the best option. Either pure PA 12 or PA 12 compounds are used
in almost all commercial systems. However, compared to other AM technologies, SLS uses fewer
materials. This is due to the thermal and mechanical properties of the raw materials used in SLS.
The aim of this paper is to determine the impact of the thermal properties of selected
polymers, as well as of composite materials consisting of a polymer matrix. The analysed results of
DTA/TG and DSC/TG investigations were compared with the mechanical and geometrical
properties of printed shapes. The correlation between the parameters of thermal properties of the
starting powders used in 3D printing and the quality of the obtained products is analysed and
discussed. The results can be used in practical applications to assist SLS users in improving the
sintering process and producing higher-quality surface printed materials.
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Thermal behaviour of grain modified ultralight Mg-Li-Al alloys
Mariusz KRÓL
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The grain refinement is one of the most effective strengthening mechanisms, improving
mechanical properties without loss in ductility. It is well known, however, that proper prediction of
mechanical properties of fine-grained materials is much more complicated because of different
deformation and strengthening mechanisms operating in these materials.
The work is focused on the effect of grain refinement on transition temperatures, the amount
of different phases and latent heat of newly developed ultralight Mg-Li-Al alloys. Metallographic
and mechanical testing techniques have been used to examine the micro and macrostructure
changes with the addition of a grain-refining agent. Furthermore, the influence of grain refinement
on thermal behaviour has been described based on Computer Aided Cooling Curve Analysis (CACCA) such as Thermal-Derivative analysis (TDA).
It was found that the microstructure and mechanical properties were improved by the
addition of TiBor and AlSr. It was noted that the grain size reduced, compressive strength and
hardness have been improved for the addition of 0.2 wt.% grain refinement to ultralight Mg-li
alloys. The thermal analysis provided information on the crystallisation process of Mg–Li–Al
alloys. The addition of grain refinements to the analysed alloys causes a reduction in nucleation
temperature, slightly Mg growth temperature and solidus temperature, and an increase in the
crystallisation range.
[1] A. Białobrzeski, J. Pezda, Registration of Melting and Crystallization Process of Ultra-light Weight
MgLi12,5 Alloy with Use of ATND Method, Archives of Foundry Engineering, 12/2 2012, 143-146
[2] M. Król, Magnesium–lithium alloys with TiB and Sr additions, Journal of Thermal Analysis and
Calorimetry, 138, 2019, 4237-4245
[3] A. Rudajevová, S. Kúdela, M. Staněk & P. Lukáč Thermal properties of Mg–Li and Mg–Li–Al alloys,
Materials Science and Technology, 19:8, 2003, 1097-1100
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Steel as a basic construction material is enjoying unflagging popularity in industrial
environments. It also provides the potential for research to improve its performance properties. In
addition, chromium-nickel-manganese steel type 316L is often referred to as surgical steel or
medical steel due to its applications in biomedical engineering. It is used for medical instruments
and short-term implants, among other things. Surface treatment of steel includes the production of
coatings by gas-phase deposition methods [1,2]. The present study aimed to determine the effect of
ALD layer deposition conditions on the structure and performance properties of a TiN/ZnO hybrid
coating obtained by a method combining the PVD physical vapor deposition technique with the
ALD atomic layer deposition method. For the ALD process, the number of cycles was changed to
500, 1000, and 1500, respectively. In this work, structure studies were performed using scanning
electron microscope SEM, chemical composition analysis using EDS spectrometer, morphology
studies using atomic force microscope (AFM). In addition, mechanical properties including,
adhesion, abrasive wear resistance, and roughness were also investigated. Corrosion tests were
conducted in Ringer's solution simulating human body fluids. Anodic polarization curves were
recorded during the tests. The electrochemical properties of the surface were evaluated by
electrochemical impedance spectroscopy. It was proved that TiN/ZnO hybrid coating produced by
PVD and ALD processes caused a significant increase in corrosion resistance of the samples made
of 316L stainless steel. Based on the performed investigations, it was concluded that the presence of
TiN/ZnO hybrid coating on 316L steel contributed to obtaining significantly better functional
properties of the material in comparison with uncoated steel or the case of application of a single
TiN coating. The number of cycles of ZnO coating application, however, contributed to changes in
adhesion and corrosion resistance of the substrate..
[1] Marcin Basiaga, Witold Walke, Marcin Staszuk, Wojciech Kajzer, Anita Kajzer, Katarzyna Nowińska,
Influence of ALD process parameters on the physical and chemical properties of the surface of vascular
stents, Archives of Civil and Mechanical Engineering, 17 (2017) 32-42
[2] Marcin Staszuk, Daniel Pakuła, Łukasz Reimann, Anna Kloc-Ptaszna, Mirosława Pawlyta, Antonín Kříž,
Structure and Properties of TiO2/nanoTiO2 Bimodal Coatings Obtained by a Hybrid PVD/ALD Method on
316L Steel Substrate, Materials 2021, 14, 4369
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New γ-γ′ Co-based superalloys are an answer for limitations of commercially used Ni-based
superalloys, which no longer give possibility to improve the operating temperature of components
utilized in aircraft and power industries. However, oxidation resistance of these alloys needs to be
increased [1-2].
The improvement of oxidation resistance may be obtained by modifying the chemical
composition, most often with Cr or Si. However, these elements destabilize the γ-γ′ microstructure
and decrease the creep resistance. The potential efficient solution of previously mentioned problems
may be found in group 3 of the periodic table. The elements such as Y, Zr and Hf are known in the
surface engineering to be elements improving the adhesion of scale and decreasing the oxidation
rate of alloys based on Fe, Ni and Co, as well as enhancing oxidation performance of Ni- and Cobased coatings [3]. The work presents influence of doping with reactive elements (RE) on oxidation
and corrosion resistance of Co-Al-W alloys.
In this work, reactive elements (Y, Zr, Hf) were introduced to Co-Al-W alloy; nominal
content of each element was 0.1 at.%. Selected alloys were prepared by induction vacuum melting
using furnace VSG 02 Balzers and gravity casting. The alloys were heat treated to obtain the γ-γ′
microstructure. Afterwards, the alloys were cyclically oxidized at 800 and 900 °C. The duration of
thermal exposure was 1 h for short cycle test, and 25 h for long-term cyclic oxidation. The oxide
scales were evaluated by Scanning Electrony Microscopy (SEM) and Energy Dispersive
Spectroscopy (EDS). Furthermore, electrochemical behaviour of RE-doped Co-base superalloys
was studied in 1 M Na2SO4, 0.1 M NaOH, and 0.5 M NaCl aqueous solutions.
The addition of Y improved cyclic oxidation resistance of alloys. However, no improvement
was observed in the case of Hf and Zr. The reactive elements do not affect electrochemical
corrosion behavior of the alloys.
Acknowledgement: This work was supported by National Science Centre (Project 2018/29/N/ST8/02062).
[1] K. Tanaka et al., Philos. Mag. 92 (2012) 4011-4027
[2] D. Migas et al., Corr. Sci. 192 (2021) 109787
[3] S. Zhenxue et al., J. Rare Earths 31 (2013) 795
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Influence of lignocellulose filler on flammability and optical smoke
density of natural rubber composites.
Toxicity gaseous products including PCDD/F and PAH created
during thermal decomposition of NR composites
Przemysław RYBIŃSKI, Arkadiusz GŁOWACKI, Adam GAWLIK,
Jakub ZAMACHOWSKI

Jan Kochanowski University, Institute Chemistry, Uniwersytecka 7, 25-406 Kielce, Poland,
Biofibre reinforced polymer composite materials largely have appealing properties. They are
renewable, recyclable (partially or completely), relatively cheap, biodegradable and thus
environmentally friendly. However, there are some inherent disadvantages such as their hydrophilic
nature and first of all poor fire resistance.
In order to improve resistance biocomposites to the fire action, flame retardants are added to
the polymer matrix. The flame retardants usually decrease fire hazards of composites, but on the
other hand can also increase toxicity of emitted gases during thermal decomposition of composites.
During combustion of polymeric composites, also bio-composites, many danger, harmful for
human health compounds are emitted. In thermal decomposition products of polymeric materials
can be found such compounds as: non-organic gases e.g. HCN, HCl, SO2, NO, NO2, CO, CO2,
and absorbed on smoke particles, organic compounds such as polychlorinated dibenzodioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs) or polycyclic aromatic hydrocarbons.
Short-term exposure of humans to high levels of dioxin results skin lesions as well as altered
liver functions. Long term exposure is linked to impairment of the immune system, the developing
nervous system, the endocrine system and reproductive functions
PAHs show mutagenic and and carcinogenic effects.
The main purpose of this presentation is to demonstrate that the natural filler, also in the
synergic system with non-halogen flame retardants can decrease fire hazard (flammability, optical
smoke density and toxicity of gaseous thermal decomposition products) of polymer composites (NR
composites).
In the presentation presented also that the natural filler can improve mechanical properties
of natural rubber composites.
Acknowledgement: The work was founded by the National Centre for Research and Development POIR
04.01.04-00-0131/19.
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Fire protected doors. The role of inside filler in fire protection of door
Przemysław RYBIŃSKI, Arkadiusz GŁOWACKI, Adam GAWLIK,
Jakub ZAMACHOWSKI

Jan Kochanowski University, Institute Chemistry, Uniwersytecka 7, 25-406 Kielce, Poland,
The main parameter which characterize the fire protected doors is fire resistant. Fire resistance
defines the ability of a material to impede the spread of fire and retain mechanical integrity. In other
words, fire resistance describes the ability of a construction to prevent a fire from one room to
neighbouring rooms. Fire resistance also describes the ability of a construction to retain structural
integrity in a fire. The main fire resistant properties are heat insulation, burn-through resistance and
structural integrity. Heat insulation is simply the resistive property that describes the rate of heat
conduction through a material when exposed to fire. Obviously, materials that are good heat insulators
are best suited for slowing the spread of fire from room-to-room. Burn-through resistance is the time
taken for a flame to penetrate a material and emerge from the opposite side. Mechanical integrity
defines the ability of a material to retain mechanical properties such as stiffness, creep resistance and
strength when exposed to fire and after the fire has been extinguished [1].
The most important part of the fire protected doors is an internal fire protected plate which
inhibits spread of fire and has required value of burn-through parameter.
The main purpose of this presentation is indicate that the internal plate of fire door may be
done from perlite, gypsum and water glass. Obtained internal plate has required mechanical and
thermal properties and does not emit any toxic gases and smoke during action of fire. The mass of
obtained internal plate is much lower in comparison with plates present on the market.
Acknowledgement: The work was founded by the National Centre for Research and Development POIR
01.01.01-00-0238/21.
[1] A.P. Mouritz, A.G. Gibson, “Fire Properties of Polymer Composite Materials” Springer 2006.
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ul. Radzikowskiego 152, 31-342 Krakow, Poland

Black glasses have a structure of amorphous silica in which there was a substitution of two
O ions with one C4- anion. Such a substitution, due to the local increase in bond density, leads to a
significant strengthening of the network. All the basic properties of the glass are expected to
improve as the amount of carbon incorporated into the glass structure increases. However, the
structure of silica glass can only accept a limited amount of carbon ions. Therefore, black glasses
usually also contain so-called free carbon, which is responsible for their black color. The relations
between the amount of carbon ions incorporated into the structure (anionic substitutions) and the
amount of free carbon (separation) determine the properties of the black glasses. In the work, on the
basis of spectroscopic studies (FT-IR, Raman, MAS NMR), we showed that the control over the
amount of introduced carbon is ensured by the use of well-defined ladder polysilsesquioxanes
obtained by the sol-gel method.
We decided improved the already identified bioactivity and biocompatibility of black
glasses [1] by cationic substitution, i.e. partial introduction boron ions in place of silicon ions.
Ladder-like silsesquioxanes along with a boron alkoxide derivative were used as precursors.
Materials with different Si/B ratios were obtained. On the basis of detailed spectroscopic studies
(FT-IR, Raman, MAS NMR) we have shown that the proposed procedures allow to obtain black
glasses with defined boron content. It has also been shown (SEM, BET) that the introduction of
boron ions also allows to obtain black glasses with a defined porosity, which is extremely beneficial
from the point of view of bioactivity and biocompatibility.
To assess the bioactivity of received black glasses so called the Kokubo test in Simulated
Body Fluid (SBF), was performed. The conducted tests (XRD, FTIR Raman, SEM + EDX) showed
that the obtained materials were characterized by a high level of bioactivity.
2-

Acknowledgment: This project was supported by National Science Center grant number 2019/35/B/ST5/00338
“New biocompatible coatings on metallic substrates based on materials from the Si-O-C system”
[1] M. Gawęda, P. Jeleń, E. Długoń, A. Wajda, M. Leśniak, W. Simka, M. Sowa, R. Detsch, A. R. Boccaccini, M.
Sitarz, Journal of the American Ceramic Society, 101 (2019) 590-561.
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Analysis of the microstructure of a welded joint made of P91 steel
after 3000 hours of ageing at 600 and 650 °C
1

Marek SROKA1, Karol SÓWKA2, Adam ZIELIŃSKI3

Silesian University of Technology, Department of Engineering Materials and Biomaterials,
S. Konarskiego 18A, 44-100 Gliwice, Poland
2
ZRE, 13 Gen. Jankego Str., 40-615 Katowice, Poland
3
Łukasiewicz Research Network Institute for Ferrous Metallurgy, K. Miarki 12-14, 44-100 Gliwice,
Poland
The construction of boilers for supercritical and ultra-supersupercritical steam parameters
makes it necessary to conduct tests to determine the strength of individual pressure elements. This
applies to the greatest extent to pressure elements with the highest operating parameters, such as
pipelines and steam collectors. The dominant factor causing material degradation for pipelines and
collective collectors is creep [1].
Welded joints of pressure elements of steam boilers are potentially the weakest places in
assessing their service life. They are, therefore, a place where, during long-term service, loss of
material continuity may occur within the joint, usually in the heat-affected zone. Therefore, material
tests of welded joints concerning the parent material contribute to understanding the degradation
processes [2].
P91 (X10CrMoVNb9-1), martensitic heat-resistant steel from the steel group with 9%
chromium content, is used for high-pressure parts of nowadays power units for supercritical boiler
steam parameters. Compared to the standard X20CrMoV11-1 steel, the chemical composition was
modified by adding vanadium and micro-additives of niobium, boron and nitrogen and reducing the
carbon content (to approx. 0.1%) and molybdenum. As a result, steel is characterized by good
strength, corrosion and creep resistance properties at elevated temperatures [2-3].
The paper presents microstructure and hardness testing of P91 similar welded joint after
3000h of ageing at 600 and 650°C. The hardness of the material was compared to the
microstructure images in the initial state and after ageing. A scanning electron microscope carried
out the microstructure tests.
[1] A. Zieliński, G. Golański, M. Sroka, Mat. Sci. Eng. A-Struct. 796 (2020) 139944
[2] A. Zieliński, M. Miczka, B. Boryczko, M. Sroka, Arch. Civ. Mech. Eng., 4, 2016, 813-824
[3] A. Hernas, J. Dobrzański, J. Pasternak, S. Fudali, Characteristics of the new generation of materials for
the energy sector. Publishing house of the Silesian University of Technology (2015)

175

PS2.34

Poster Session 2

Microstructure and mechanical properties of Super 304H welded joint
after 3000 hours of ageing at 700 and 750 °C
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The operation of new power units for supercritical steam parameters and the modernization of
worn-out steam boilers contributes to the systematic testing of materials operating in creep conditions.
They include several basic mechanical properties, creep and corrosion tests, and the development of
research methodologies that enable the estimation determination of service life [1-3].
A series of long-term studies must precede the introduction of a new steel grade to the
power industry [1]. This requires basic research in the laboratory and industrial conditions. For
example, one of the main criteria determining the suitability of the material for the components of
the pressure parts of the boiler is the stability of its microstructure and mechanical properties at the
assumed operating temperature [2].
One of the modern grades of this group of materials is Super 304H steel (X10CrNiCuNb189-3), which was developed as a result of modification of the classic 304 austenitic steel (X8CrNi188) [2]. It is an austenitic chrome-nickel steel with the addition of copper, with an average chromium
content of approx. 18%, nickel 9% and copper 2%, resistant to corrosion [3]. The steel has a high
creep resistance compared to other high-alloy steels, 68 MPa at 700°C for 100,000 h [2].
The paper presents results of microstructure and mechanical properties of Super 304H
similar welded joint after 3000 h of ageing at 700 and 750°C. In addition, the test results of the base
material and the welded joint was compared to the initial state and after ageing.
[1] A. Hernas, J. Dobrzański, J. Pasternak, S. Fudali, Characteristics of the new generation of materials for
the energy sector. Publishing house of the Silesian University of Technology (2015)
[2] A. Zieliński, Service life of heat-resistant austenitic steel. Published by ŁUKASIEWICZ Research
Network Stanisław Staszic Institute for Ferrous Metallurgy (2021)
[3] A. Zieliński, R. Wersta, M. Sroka, Arch. Civ. Mech. Eng., 22 (2022) 89
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Preliminary study of κ-carrageenan based membranes
for antiinflammatory drug delivery
Dorinel OKOLIŠAN, Titus VLASE, Gabriela VLASE

Research Centre for Thermal Analysis in Environmental Problems, West University of Timisoara,
Pestalozzi Street 16, 300115 Timisoara, Romania
The main objective of this study was to obtain κ-carrageenan membranes in which four
types of anti-inflammatory drugs were incorporated.
In recent decades, extensive studies on biodegradable films made from various biopolymers
based on proteins, polysaccharides, and lipids have been conducted. κ-carrageenan (consists of a
linear chain of sulfated galactans and extracted from red sea algaes) is one of the most interesting
biopolymers because it has a high potential for the development of a drug delivery system as it can
be used as raw material for biodegradable films[1,2]. Biopolymer-based drug delivery systems can
improve the pharmacokinetics of drugs, improve therapeutic indices, and reduce side effects to
increase the overall system's effectiveness[3]. Regardless of their chemical structures, all anti
inflamatory drugs have the same therapeutic qualities. They relieve inflammation's swelling,
redness, and discomfort, as well as a general temperature and a headache The antithrombotic effect
is a very interesting side effect, which is now acknowledged as a therapeutic activity [4].
Two types of κ-carrageenan membranes were obtained (exemple of type A & type B
membranes in Fig. 1) and different anti-inflammatory drugs were incorporated. Due to the different
mass ratios between biopolymer and plasticizer, membranes have different aspects. The first type of
membranes have an elasticity similar to that of cellophane and although they are thin they are not
brittle. The second type of membranes are like a stretch film which have a higher elasticity than
type A membranes and in addition, due to the higher amount of glycerin, this membranes cand
adhere very well to the skin which could be an advantage if they were intended for transdermal drug
delivery. It should be noted that both types of membranes were obtained as a very thin film.

Figure 1. appearence of both type of membranes with same anti-inflammatory drug
(Dexketoprofen trometamol (25mg / mL) comercialized as Tador™ by MENARINI I.)

In order to test the influence of glycerin content on type B membranes appearance we
prepared three sets of membranes in which glycerin concentration has been variated. All spectra are
almost identical and the only difference that can be observed is the band intensity from approx.
2400 cm-1. Therefore, this band corresponds to hydrogen bond formation between a lone pair of
electrons at O atom from sulfate group (in κ-carrageenan) and H atom found in hydroxylic group
from glycerin molecule. In conclusion, this increase in the intensity is directly proportional to the
amount of glycerin used in the preparation of membranes.
[1] S. Shojaee-Aliabadi et al., Int. J. Biol. Macromol., vol. 69, pp. 282–289, 2014, doi: 10.1016/j.ijbiomac.2014.05.015.
[2] M. R. El-aassar, G. F. El Fawal, E. A. Kamoun, and M. M. G. Fouda, Int. J. Biol. Macromol., vol. 77, pp. 322–329,
2015, doi: 10.1016/j.ijbiomac.2015.03.055.
[3] C. Saikia and P. Gogoi, J. Mol. Genet. Med., vol. s4, no. July, 2015, doi: 10.4172/1747-0862.s4-006.
[4] J. R. Vane and R. M. Botting, “Anti-inflammatory drugs and their mechanism of action,” vol. 2, pp. 78–87, 1998.
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Biopolymer membranes as drug release system for local anesthetics
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Pestalotzzi Street 16, 300115
Over the last decades, the development of controlled and sustained release drug delivery
systems has represented a hardly discussed subject in plenty of studies. The ideal biocompatible and
biodegradable carrier should ensure that the right dose of the drug is released at the site of action,
and at the appropriate time [1].
Among the numerous biopolymers systems that have been proposed for being used as drug
delivery, membranes satisfy the conditions for this scop. By all of the polymers proposed for
membrane synthesis, alginate (AG) is the one under discussion.
Local anesthetics are used for anesthesia and pain management during surgery or after
surgery. Local anesthetics directly block the transmission of pain from nociceptors [2]. The
anesthetics used in this study are: articaine (Art), an amidic anesthetic, mepivacaine (Mepi), also an
amidic anesthetic, ropivacaine (Ropi), amidic anesthetic, bupivacaine (Bupi).
The purpose of this study is to analyze the structure of drugs, and any changes in the active
substances encapsulated in biopolymer-based patches. To this end, this paper describes the
synthesis of biopolymer-based membranes using sodium alginate (AG), polyvinyl alcohol (PVA),
and polyvinylpyrrolidone (PVP). The analysis methods used in this study were FTIR-UATR
spectroscopy, thermogravimetric analysis and SEM.

Fig. 2 Heat-flow curve of Bupi dissolved and
AG-Bupi patche

Fig. 1 IR Spectrum of AG-Gly-Bupi patches,
AG-Gly patche and Bupi dissolved

[1] Kumar Giri, T., Thakur, D., Ajazuddin, Badwaik, H., & Krishna Tripathi, D. (2012). Alginate based
Hydrogel as a Potential Biopolymeric Carrier for Drug Delivery and Cell Delivery Systems: Present Status
and Applications. Current Drug Delivery, 9(6), 539–555. doi:10.2174/156720112803529800
[2] Shipton, E. A. (2012). New Formulations of Local Anaesthetics—Part I. Anesthesiology Research and
Practice, 2012, 1–11. doi:10.1155/2012/546409
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Pottery and clay: analysis of late Neolithic pottery and clay samples
from the Ronaț-Triaj site (Timișoara, Timis County, Romania) using
hyphenated techniques
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The study aims to analyze prehistoric ceramics consisting of pottery samples from the
archaeological site Ronaț-Triaj (Timișoara, Timiș county, Romania), a late Neolithic site (47504500 cal BC), also inhabited during the Late Antiquity.
The analyzed samples come from 7 pottery sherds, belonging to the Foeni cultural group
(dated to cca. 4920/4675-4580/4460 cal BC, the equivalent of the phase C-phase D Vinča culture).
The samples cover the main categories of the Foeni cultural group (black, orange, red, including
painted ware) and types (fine, semifine, coarse). To determine whether the wares were locally
produced, clay samples from the site were also studied. [1-4].
The analysis was conducted using complementary techniques TG (Fig.1), FT-IR, XRD,
SEM, XRF and LIBS, in order to determine details regarding production technology and origin of
the raw materials [1, 5, 6].

Fig.1. Comparative thermogravimetric data of ceramics samples
[1] Vlase D., Rogozea O., Moșoiu C., Vlase G., Lazău R., Vlase T. J Therm Anal Calorim 2019; DOI:
10.1007/s10973-019-08767-8
[2] Lazaraovici G. Acta Musei Porolissensis, 2012; 34: 55-71.
[3] Drașovean, F., Die Petreşti-Kultur im Banat. Praehistorische Zeischrift, 1997; 72: 54-80.
[4] Drașovean, F., Transylvania and the Banat in the Late Neolithic. The Origins of the Petreşti Culture. Antaeus, 2004;
27: 27-36.
[5] Shoval S, Beck P. J of Therm Anal Calorim, 2005; 82: 609–616. DOI: 10.1007/s10973-005-0941-x
[6] Ouahabi M. El, Daoudi L, Hatert F, Fagel N. Clays and Clay Minerals, 2015; 63(5):404–413. DOI:
10.1346/CCMN.2015.0630506
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An explosion resulting from a methane gas leak occurred in a civil building, in November
2016, and resulted with human injuries and significant material damages [1]. The incident
investigation included physical experiments and CFD simulations of natural gas diffusion and airnatural gas explosion starting from the identified destructive effects [2-4] .
This paper will focus on the steps required to identify the critical conditions that led to the
dynamic effects of almost 9 building including the epicenter one. Based on the physical
experiments calculations, hypothesis and CFD simulations the explosion ignition and propagation
mechanism was elaborated strongly related to the on site observations and criminal file issued by
the state authorities.
[1] INCD INSEMEX Colective, Tehnical Expertise regarding the event occurred in 04.11.2016, at no. 51
building from Braila County
[2] X. Yamg, Y. Li, Y. Chen, Y. Li, L. Dai, R. Feng, Y. Duh., Journal of Loss Prevention in the Process
industry, 67 (2020), 1-9
[3] S. Sivaraman, S. Varadharajan, Journal of Loss prevention in the Process Industries, 69 (2021), 1-10
[4] A. Reza, E. Christiansen, Chemical Engineering Transactions, 31 (2013), 463-468
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Coherent laser irradiation of HID plasma: optical and electrical
effects. Thermal analysis of tungsten electrode covered with emissive
mixture
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Changes in optical emission spectrum of a HID lamp (operated at different powers from
11.8 to 188.3 W), under irradiation with a coherent argon ion laser beam of 476.5 nm wavelength
(Innova 308 C type), are discussed. Intensities of majority optical emission lines remain unchanged
when a focused laser beam hits plasma in points far from electrodes. The exception is Hg-546.08
nm line intensity, where its small raise is due to photo-excitation of Ar+ ions followed by excitation
transfers through collision processes from excited (Ar+)* ions to Ar atoms, then from excited (Ar)*
to Hg atoms. The amount of electrons involved in collisions with atoms and ions from the plasma
column, increases when the laser beam hits the electrode tip (photoelectric effect). This leads to all
characteristic emission spectral line intensifying. Polynomial dependence for calculated electron
temperature, Te, versus effective lamp AC voltage and a linear behaviour for the electron
concentration over effective AC current, respectively, are obtained.
Thermal analysis of tungsten electrode, covered with emissive material (barium calcium
tungstanate, as well as barium yttrium tungstanate), were carried out both in dynamic air and argon
atmosphere (150 cm3min-1), under a non-isothermal linear regime by using a horizontal
‘‘Diamond’’ Differential/Thermogravimetric Analyzer from PerkinElmer. Completely different
thermal behaviours depending on gas atmosphere were recorded. Thus if heating is made in
dynamic air atmosphere, the compound is stable from 155 to 536 °C but afterwards, until 910 °C,
the TG curve shows a mass increase of 17.292 wt.%. Exothermal processes with two peaks on DSC
curve were observed at 813.67 °C, and at 885 °C, due to some decomposition reactions. The first
stage of weight increase is due to the oxidation process of the wolfram electrode, ending with the
yellow-colour WO3 formation. Some endothermic processes on DSC curve were detected in 10001300 °C temperature range, attributed to the chemical reactions between BaO and W or WO3,
resulting Ba3WO5 and Ba. A fall in mass of 6.757 wt. % begins at about 1330 °C because of WO3
sublimation.
In argon atmosphere the electrode covered with emissive material is much more stable than
in air atmosphere. A gas desorption (a fall in mass of 0.773 wt.% on TG curve) is taking place from
86 to 173°C. Then, probably due to Ar gas adsorption process, a mass growth of only 0.151 wt.%
from 173 to 573 °C and of 1.896 wt.% from 573 to 1323 °C, is observed. The DSC curve does not
show any important thermal effects from room temperature to 1330 °C, proving the stability of the
emissive material covering the tungsten electrode.
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Thermogravimetric (TG) analysis of Ag2O doped YBCO 123 composite was made during
the whole cycle: heating (with a rate of 10 K/min, to 1100 °C) in dynamic air atmosphere, followed
by a cooling program down to room temperature, intercalating 13 isothermal processes: at 960, 800,
750, 700, 650, 600, 550, 500, 450, 400, 350, 300 and 250 °C respectively.
The results were also analysed in terms of oxygen diffusion-controlled kinetics. From
various methods proposed for the thermo kinetic (TK) analysis we used TG data [1-3]. Thus, a
dimensionless quantity called as the fraction of the sample decomposed (α), is employed. The
characteristic mathematical form, g(α), used in a (D2) diffusion model [1] is given by Eq. (1).
g      -  ln -   t 
TK analysis of TG-data of pure YBCO-123 (0 wt.% Ag) sample demonstrated that the
strongest oxygen accumulations occurred during two of the isotherms (at 750 °C, and at 450 °C)
due to D2 oxygen diffusion taking place through normal crystal lattice of the YBCO-123 phase or
along the crystal surfaces and channels or fissures of imperfect product crystals.
In the framework of Horowitz–Metzger [2] reasonable approximations we represented ln(g(α)) over
θ=T-Ts (T is temperature under consideration, and Ts is the inflection temperature).
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Selecting for g(α) the expression (1), we obtained for pure YBCO-123 (on dynamic air
cooling, in the 761.77-503 °C temperature range) a linear fit for the plots giving ln(g(α)) versus θ in
conformity with the Eq.(2). The inflection temperature, Ts=961.19 °C, was that corresponding to the
point from TG curve, when the mass begins to increase on cooling process.
Within the Horowitz–Metzger approximations [2], we calculated a value of 1.068 eV for the
activation energy in a non-isothermal oxygen diffusion (761.77-503 °C temperature range), which
is in good agreement with Gallagher results. [3].
At 5 wt.% Ag doping, the (D2) diffusion model was applied well for all isotherms fixed at
temperatures under 750 °C but, for the inflection temperature in the non-isothermal oxygen
diffusion, a value of 814.53 °C was chosen.
[1] M.D Vázquez-Navarro, A thermogravimetric study of oxygen diffusion in YBa2Cu3O7-δ, thesis University of
Cambridge (1998)
[2] H.H. Horowitz, G. Metzger, Anal. Chem., 35 (1963) 1464
[3] P.K. Gallagher, Adv. Cer. Mat., 2(38) (1987) 632
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Chitosan stabilized suspensions of iron oxide nanoparticles
synthesized by laser pyrolysis - the optimization of oxygen flow ratio
in reactive mixture
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Lavinia GAVRILA1, Iulia LUNGU1, Vlad SOCOLIUC2,3, Gabriel PRODAN4
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Iron oxides nanoparticles were synthesized by laser pyrolysis using iron pentacarbonyl
vapours, ethylene and an oxidative mixture of Ar and O2 at different proportion (from 20 to 66
vol.%). The as synthesized nanoparticles were morpho-structural analysed by XRD, EDS, XPS and
TEM. TEM analysis revealed nanoparticles with a quasi-spherical morphology, with an average
diameter of 4–9 nm and organised in chain-like agglomeration of hundreds of individuals.
In this study, more or less well-dispersed aqueous suspensions of iron oxide nanoparticles using
chitosan as stabilizer were prepared. The resulting suspension has basically the same nanoparticles
concentration: 0.5 g/l and two concentrations of chitosan: 0.25 and 0.5 g/l. The suspension preparation
starts with a solution containing 5 g/l chitosan and 0.5 g/l acetic acid in water and the initial water
dispersion were treated in Ultrasonic bath for 30 min and the at ultrasonic horn for 5 min trying to
maintain the initial temperature (25º C) using cooling systems in both cases.
The resulting magnetic suspensions were characterized by dynamic light scattering (DLS),
zeta-potential measurement and vibrating sample magnetometry (VSM).
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Innovative process for obtaining space formations such as fullerenes
and carbon nanotubes by pulsed electric discharges using pyrolytic
graphite cathode
Laurentiu MARIN

National Institute for Research and Development in Chemistry and Petrochemistry, Bucharest,
Splaiul Independentei, no.202 sector 6, Romania
The research works that led to this communication were carried out within the doctoral
thesis with the title: “Research on omission of adhesion effects between metallic and non-metallic
surfaces by means of graphite films” CZU:621.7.012(043.21) performed by Eng. Laurentiu MARIN
at the Technical University of Moldova – Chisinau sustained in 27.05 2022. Following a treatment
of electric discharges application in an electrical system consisting of a pyrolytic graphite rod-type
cathode and a metal plate anode electrode, a thin film of graphite of 4-6 microns was deposited on
the surface of anode [1]. Technological parameters of the graphite film application procedure were
the following: Discharge capacitor capacity 600 microfarads, capacitor battery charging voltage 250
V, and cathode / anode gap 1.5 mm. Following the analyzes performed on the graphite microfilm–
TGA a phenomenon of mass addition was found and following the SEM electron microscopy
analysis a series of globular formations it was found on the surface of the graphite microfilm
deposited by pulsed electric discharges. Their presence corroborated with the known property of
carbonaceous formations to incorporate small molecules into their molecular structure [2],
demonstrated using TGA, when a mass addition was found led to the conclusion that spatial
formations are fullerene type [3].

spatial formations identified by SEM

Thermogravimetric diagram of the sample collected from the
metal anode

[1] TOPALĂ, Pavel, BEŞLIU, Vitalie, MARIN, Laurentiu. NANOSTRUCTURS AND THIN FILMS FOR
MULTIFUNCTIONAL APPLICATIONS - Springer International Publishing AG Switzerland, Chapter 3,
Graphite Films Deposited on Metal Surface by Pulsed Electrical Dischage Machining, ISSN 1434-4904,
ISBN 978-3-319-30197-6, ISBN 978-3-319-30196-3, (eBook), ISSN 2197-7127 (electronic), DOI
10.1007/978-3-319-30198-3 pag 85-114
[2] HOWARD, Jack B., MCKINNON, J. Thomas, MAKAROVSKY, Yakov, LAFLEUR, Arthur L.,
JOHNSON, M. Elaine (1991). "Fullerenes C60 and C70 în flames". Nature 352 (6331): 139–41.
[3] MARIN, Laurentiu, TOPALA, Pavel. Obtaining of Spatial Formations Fullerene Type Made up of
carbon Atoms by Applying Discharges Pulsed Electric Process DEI over Metallic Surfaces With Graphyte
Cathode, The 21th ICSI Conference PROGRESS IN CRIOGENIC AND ISOTOPES SEPARATION,
ISBN:978-606-8840-00-0, pag. 58
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Comparison of two waste emulsions using thermal analysis
Marko BABIĆ, Petra AČKAR, Elvira VIDOVIĆ, Ante JUKIĆ

Faculty of Chemical Engineering and Technology, University of Zagreb, Marulić Square 19,
10000 Zagreb, Croatia
Due to the increasing production of goods and materials and the increase in technological
processes that generate various types of waste, its amounts and variety are constantly increasing.
Among others, these materials may contain various oils. These include industrial oils, such as those
used in the steel industry, and other types of oils, such as motor oils. It is very important to reduce
the amount and accumulation of these waste materials if we want to protect the environment and
nature. One of the most effective ways of reducing of such waste would be its recycling. The goal is
to convert the waste produced into a raw material for a new product. For example, petroleum waste
can be used as insulation material or as emulsions to bind asphalt layers in road construction.
In this work, two waste emulsions (1 OTEMU and 2 OTEMU) were compared using
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). TGA analysis was
used to compare the thermal stability of the waste emulsions, while DSC analysis was used to
determine the water content in each emulsion. These two techniques are significant because they
provide an initial check of the waste emulsions (the more thermally stable waste emulsion (1
OTEMU) was found to be better in terms of substrate adhesion and homogeneity).
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Temperature effect on copper(II) ions sorption on zeolite NaX
Anita BAŠIĆ, Petra FILIPOVIĆ, Renato STIPIŠIĆ, Sandra SVILOVIĆ

Faculty of Chemistry and Technology, University of Split, Ruđera Boškovića 35 Split, Croatia
The temperature impact on the copper(II) ions sorption kinetics on zeolite NaX was
investigated. The experiments were conducted in a baffled glass batch reactor of nonstandard
configuration (D/dT = 0.57, C/H = 0.10) at minimum impeller speed for complete suspension (NJS)
by the straight blade turbine impeller. Several kinetic models were used to test the experimental rate
data and to examine the controlling mechanism of the sorption process. The Ritchie model [1] and
Mixed surface reaction and diffusion-controlled sorption kinetic model [2] were used to analyze the
obtained experimental kinetic data.
The sorption capacity of copper(II) ions increases with the temperature. The kinetic analysis
results showed that, with temperature increase, the copper(II) ions sorption rate on zeolite NaX
increases too. The reaction investigated is second order reaction, and the process of copper(II) ions
sorption on zeolite NaX, according to  and RMSE values at all conditions investigated, takes place
in the kinetic domain.
1. G. Ritchie, Alternative to the Elovich equation for the kinetics of adsorption of gases on solids, J. Chem.
Soc., Faraday Trans. 1 73 (1977) 1650–1653. https://doi.org/10.tera1039/F19777301650.
2. M. Haerifar, S. Azizian, Mixed Surface Reaction and Diffusion-Controlled Kinetic Model for Adsorption
at the Solid/Solution Interface, J. Phys. Chem. C 117 (2013) 8310–8317. https://doi.org/10.1021/jp401571m.

188

Poster Session 3

PS3.03

Comparison of potentiometric and refractometric methods for borax
concentration measurement during batch cooling crystallization
Marija ĆOSIĆ, Anita BAŠIĆ, Antonija ČELAN, Nenad KUZMANIĆ

University of Split, Faculty of Chemistry and Technology, Ruđera Boškovića 35, 21 000 Split,
Croatia
In order to define the kinetics of nucleation and crystal growth, supersaturation as a driving force
of crystallization needs to be determined over process time. Before selecting of an appropriate analytical
method for bulk supersaturation measurement, it is necessary to examine its sensitivity [1].
In this work, application of ion-selective electrode (ISE) and refractometer during batch
cooling crystallization was analysed. Their calibration, unlike as is commonly done at a constant
temperature, was performed here under crystallization process conditions in terms of cooling rate.
The refractive index, n, and electrode potential, E, (Na-ISE - Ag/AgCl) of borax solutions of known
concentrations, c, cooled at a rate of 6 °C h-1, were measured at certain temperatures, T, in the range
from 30 °C to 5 °C. The parameters of the calibration equation for the refractometric (n = K1·ca·Tb)
and the potentiometric method (E = K2·cd·Tg) for examined temperatures and solution
concentrations were derived. For the blind probe concentration measurement, refractometry was
found to be more accurate while potentiometry showed greater precision. However, when deciding
on a particular method, it should be borne in mind that the refractometer is calibrated only once,
while ISE calibration is required frequently [2,3].
[1] M. Barrett, M. McNamaraa, H. X. Hao, P. Barrett, B. Glennon, Chem. Eng. Res. Des. 88 (2010) 1108-1119.
[2] A. Čelan, I. Milanović, M. Ćosić, N. Kuzmanić, Chem. Eng. Technol. 44 (2021) 11.
[3] M. Ćosić, A. Čelan, I. Pehnec, N. Kuzmanić, Chem. Eng. Comm. (207) 6 (2019) 847-860.
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Immobilization of titanium dioxide on rubber tiles made with
secondary raw materials for passive air protection by solar
photocatalysis
Paula BENJAK1, Marija TOMAŠ1, Benjamin RADETIĆ1, Ivana GRČIĆ1,
Ivan BRNARDIĆ2
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University of Zagreb, Faculty of Geotechnical Engineering, Hallerova aleja 7, Varaždin, Croatia
2
University of Zagreb, Faculty of Metallurgy, Aleja narodnih heroja 3, Sisak, Croatia

Special emphasis in this paper is placed on recycled rubber tiles that line children's
playgrounds, sports and recreational grounds and rehabilitation centers. The main idea of this paper
was to achieve the synergistic action between immobilized photocatalyst on recycled rubber tiles
and solar radiation (hereafter: photocatalytic rubber tiles, PRT). The synergistic action of solar
radiation and photocatalysts triggers redox reactions on the photocatalysts surface to degrade
ammonia, volatile organic compounds, sulfur dioxide, nitrogen oxides, unpleasant odors, etc. [1].
The advantage of photocatalysis is that it is an eco-friendly, sustainable, and inexpensive
technology that obtains a complete or partial decomposition of pollutants. For instance, one of the
most researched photocatalysts, titanium dioxide, TiO2, irradiated with UV light, can decompose
many organic compounds to water, carbon dioxide, and mineral acids or their salts [2].
Therefore, this paper presents the experimental results of immobilization of commercially
available TiO2 P25 on rubber tiles by a few different methods. The initial method of immobilization
is the modified sol-gel method. Several such immobilizations were made to compare and select the
best ratio and find a way to make a process more environmentally friendly. The second method is to
mix the photocatalyst directly into the reference compound of the rubber tiles, and the last method
is sieving titanium dioxide powder on reference rubber tiles before compressing the mixture.
Immobilization was validated by SEM-EDS and FTIR analysis. The stability and
environmental impact of PRT were investigated by leaching test and AAS and TOC analyses. The
results of the leaching test are compared with the Ordinance on the methods and conditions for the
landfill of waste, categories, and operational requirements for landfills [3], and the Toxicity
Characteristic Leaching Procedure (TCLP) [4]. Photocatalytic tests were done in a simulated
polluted atmosphere to confirm the PRT activity as new photocatalytic material. The sol-gel
immobilization with the lowest proportion of photocatalysts proved to be the most effective.

[1] J. Fermoso, B. Sánchez, and S. Suarez, “Air purification applications using photocatalysis,”
Nanostructured Photocatal., no.2, pp. 99–128, 2020, DOI: 10.1016/b978-0-12-817836-2.00005-3.
[2] I. Grčić, S. Papić, and I. Brnardić, “Photocatalytic Activity of TiO2 Thin Films: Kinetic and Efficiency
Study,” Int. J. Chem. React. Eng., vol. 16, no. 1, 2018, doi: 10.1515/ijcre-2016-0153.
[3] O.S. Za, Š.T. Vrstama, Ministarstvo zaštite okoliša i prirode 3086, 2013 (2018).
[4] USEPA-Method:1311, Toxicity Characteristic Leaching Procedure (TCLP), Hong Kong Accredit. LOR.
(2011).
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Impact of TiO2 particle size and content on the non-isothermal
degradation mechanism of the poly(ɛ-caprolactone)
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Miće JAKIĆ1, Vesna OCELIĆ BULATOVIĆ2, Dajana KUČIĆ GRGIĆ2,
Jelena JAKIĆ1

University of Split, Faculty of Chemistry and Technology, Ruđera Boškovića 35, Split, Croatia
2
University of Zagreb, Faculty of Chemical Engineering and Technology, Savska cesta 16/II,
Zagreb, Croatia

Poly(ɛ-caprolactone) (PCL) is the most promising biopolymer produced from renewable
resources, which due to its flexibility and biodegradability has been used for food packaging, tissue
engineering, wound dressings, and drug delivery [1,2]. However, some shortcomings such as high
cost, low melting temperature and low mechanical properties limit the industrial use of PCL [2]. A
possible solution could be inorganic particles, such as titanium dioxide (TiO2), or simply the
combination of incorporated inorganic nanoparticles and a polymer matrix. Polymer
(nano)composites are materials that generally have better properties than pure polymer in terms of
mechanical properties, thermal and dimensional stability, ﬁre and chemical resistance, and optical
and electrical properties [3].
In this work the effect of TiO2 particle size and content on degradation mechanism of the
biodegradable poly(ɛ-caprolactone) was estimated. Kinetic analysis of the non-isothermal
degradation of prepared composites was performed using Friedman method in combination with the
multivariate non-linear regression method incorporated into Netzsch Thermokinetic 3.1 software.
The kinetic parameters (activation energy, pre-exponential factor and kinetic model) were
calculated and compared. The results indicated three-stage degradation mechanism for PCL
composites with TiO2 microparticles. However, the PCL composites with TiO2 nanoparticles
revealed four-stage degradation mechanism. This difference can be attributed to the interaction
between the TiO2 nanoparticles and the volatile degradation products of PCL, which delays their
diffusion from the molten nanocomposite. The diffusion is the result of the observed agglomeration
of TiO2 nanoparticles in the PCL matrix.
[1] S. Guan, X. Liu, Y. Zhang, Y. Liu, L. Wang, Y. Liu, Materials, 12 (2019) 2273.
[2] E. Govorčin Bajsić, V. Ocelić Bulatović, M. Slouf, A. Šitum, World Academy of Science, Engineering and
Technology. International Journal of Chemical, Molecular, Nuclear, Materials and Metallurgical Engineering 8
(2014) 611.
[3] C. Cazan, A. Enesca, L. Andronic, Polymers, 13 (2021) 2017.
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nanocomposite polymer electrolytes
Irena KREŠIĆ, Nataša STIPANELOV VRANDEČIĆ, Matko ERCEG,
Zoran GRUBAČ, Rubina KAPIĆ

University of Split, Faculty of Chemistry and Technology, Ruđera Boškovića 35, 21 000 Split,
Croatia
Novel nanocomposite polymer electrolytes based on poly(ethylene oxide) (PEO)/polyethylene
glycol functionalized polyhedral oligomeric silsesquioxane (PEG-POSS) complexed with lithium
bis(oxalato)borate (LiBOB) were successfully prepared using hot-melt extrusion. The amount of
LiBOB was fixed at the EO/Li = 8 based on the amount of ethylene oxide in the PEO while the
relative amount of PEG-POSS to PEO was added up to 15 wt %. Structural, thermal, and
electrochemical studies were performed to evaluate the potential of this system for application in
rechargeable lithium-ion batteries.
Fourier transform infrared spectroscopy (FTIR) confirmed the interaction between PEO,
PEG-POSS and LiBOB. Differential scanning calorimetry (DSC) analysis showed that the addition
of LiBOB and PEG-POSS causes the disappearance of the crystallinity of PEO. Its crystalline
nature is known as the main drawback that causes low ionic conductivity of polymer electrolytes
based on PEO at room temperature. Furthermore, the Li+ coordination with PEO reduces the chain
segmental motion of PEO which is evident from the increase of the glass transition temperatures.
Electrochemical impedance spectroscopy (EIS) revealed that the combined effect of the PEG-POSS
and LiBOB increases the ionic conductivity of PEO at room temperature. The results also showed
that the ionic conductivity of the analysed samples is governed by the amount of PEG-POSS as a
nanofiller. Finally, these results confirm the potential of this system to be used as the solid
electrolyte for lithium-ion batteries.
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Coordination polymers have attracted a lot of interest due to their various functional
properties and many possible applications e. g. in catalysis, gas and energy storage, gas separation,
magnetism, luminescence, molecular sensing, biomedical imaging [1]. Their electrochemical
sensing ability is influenced by the type of the employed metal ions and organic ligands. Cobalt(II)
coordination polymers are promising candidates for electrochemical sensing of various analytes e.g.
cations, anions, organic molecules because of their great electrochemical performance [2].
We have prepared three similar cobalt(II) coordination polymers with the mixed ligands –
halonicotinates (6-chloronicotinate (6-Clnic) or 6-bromonicotinate (6-Brnic)) and bispyridyl
derivatives (1,2-bis(4-pyridyl)ethane (1,2-bpan) or 1,2-bis(4-pyridyl)ethene (1,2-bpen)), [Co(6Brnic)2(1,2-bpan)]n (1), [Co(6-Brnic)2(1,2-bpen)]n (2) and [Co(6-Clnic)2(1,2-bpen)]n·xH2O (3).
These compounds were obtained by reactions of cobalt(II) nitrate hexahydrate, a respective
halonicotinate and a respective bispyridyl derivative in DMF solutions. The cobalt(II) ion is
octahedrally coordinated with two O,O’-bidentate bridging halonicotinates and with a single O,O’bidentate chelate halonicotinate ligand in the equatorial plane, whilst two bridging bispyridyl
derivative ligands are placed in the axial positions (Fig. 1a), resulting with the formation of an
infinite double polymeric chain. The adjacent cobalt(II) ions are also bridged by two O,O’-bidentate
halonicotinate ligands within the chain (Fig. 1b). There are solvent accessible voids in the crystal
structure of 3, occupied by disordered lattice water molecules.

(a)
(b)
Figure 1. The octahedral cobalt (II) coordination environment in 1 (a);
the infinite double polymeric chain of 1 (b).
[1] A. Winter, U. S. Schubert, Chem. Soc. Rev., 45 (2016) 5311
[2] Y. Wang, J.-X. Ma, Y. Zhang, N. Xu, X.-L. Wang, Cryst. Growth Des., 21 (2021) 4390
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Humus is the dark organic matter in soil formed by the decomposition of plant material and
animals. It is rich in nutrients and moisture retains in the soil.
Considering that most of the heavy metal`s contaminated wastewaters unfortunately end up
in the environment the main idea of this work was to test the humus ability to sorb the heavy metals
from aqueous solutions, more precisely, the copper(II) and cobalt(II) ions from single solutions, as
well as their mixtures.
The sorption process was investigated by mixing suspensions of copper(II) ions, cobalt(II)
ions or their mixture with certain quantity of humus, depending on different initial concentrations of
copper(II) and cobalt(II) ions solutions at a constant temperature of 27°C, and stirring speed of 200
rpm for 96 h.
The results have shown that the amount of copper(II) ions sorbed on humus and
consequently the sorption efficiency of copper(II) ions is higher than the one corresponding to the
cobalt(II) ions regardless of whether the sorption process was carried out in a binary or single ion
solution. For better understanding of the sorption process, the results were tested by using various
isotherm models.
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Structural and thermal characterisation of PEO/LiAlg blends
prepared by solution casting and extrusion
Sanja PERINOVIĆ JOZIĆ, Antonia TALIJANČIĆ, Sara MARGARETIĆ,
Dražan JOZIĆ
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The years of intensive research led to the fact that poly(ethylene oxide) (PEO) became a
distinctive polymer choice for the preparation of polymer electrolytes for Li-ion batteries (LIB). Its
main advantages lie in the broad range of complexation with different salts and electron-rich ether
groups facilitating the salt dissociation [1]. On the other hand, it has lower ionic conductivity at room
temperature, which can be improved by blending PEO with other polymers. Furthermore, reducing
the crystalline phase favours faster ion transport through the amorphous phase, which results in higher
conductivity [2]. Lithium alginate (LiAlg) is a polyelectrolyte with an excellent predisposition to form
hydrogen bonds between its hydroxyl groups and ether oxygen in PEO. The previous investigation of
PEO blends with sodium alginate (NaAlg) showed excellent film-forming ability and good thermal
properties [3]. Therefore, altering the cation in alginate can potentially prepare a better polymer
matrix for incorporating lithium salt and ion transport through the polymer matrix.
This investigation focuses on different processing methods of PEO/LiAlg blends and their
influence on the blend structure and thermal properties. The solution casting method enables the
preparation of the blends with the higher content of LiAlg, unlike the extrusion. The polymer
blends' structural and morphological features have been investigated using X-ray diffraction (XRD)
and Fourier transform infrared spectroscopy (FTIR). Investigation revealed changes in the structure
by incorporating LiAlg in PEO, which are more pronounced with the increment of LiAlg content
but with no significant difference between the processing methods. In addition, thermal properties
and thermal stability were investigated by using differential scanning calorimetry (DSC) and
thermogravimetry (TG). The addition of LiAlg has a complex effect on the thermal phase
transitions of PEO, with the most pronounced influence on the crystallisation from the melt. LiAlg
postpones it, and as the content of LiAlg increases, it is more pronounced, especially for extrusion
processing. However, the degree of crystallinity remained high and almost unchanged. PEO/LiAlg
degrades in three degradation stages whit a slight shift of PEO degradation stage to a higher
temperature than pure PEO. There is no significant difference between the results obtained with
different processing methods. LiAlg increases the degradation rate of PEO with the content of
LiAlg up to 10 wt% while reducing it with the increase of LiAlg content in PEO.
[1] A. Arya, A. L. Sharma, Macromolecular Research, 27 (2019) 334
[2] A. Arya, A. L. Sharma, Ionics, 23 (2017) 497
[3] S. Perinović Jozić, A. Sesar, Z. Grubač, B. Andričić, Kemija u industriji, 69 (2020) 503
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Dipeptidyl peptides III (DPP III) is a dual-domain zinc exopeptidase that hydrolyzes
dipeptides from the unsubstituted N-terminus of peptides of different size and composition, with
tetrapeptides to octapeptides being the best substrates [1]. There have been several attempts to
explain DPP III broad substrate specificity [2-4] and to rationalize why some of the peptides are
good substrates while the others are slow with high inhibition potency. We have approached this
problem computationally and using different methods we have derived possible explanations.
Complexes between human DPP III and neuropeptides experimentally identified as its
ligands, either substrates or slow substrates, were subjected to micro second-long molecular
dynamic (MD) simulations and their stability and sub-molecular interactions were investigated. To
elucidate the differences in binding energies and to identify the protein residues critical for ligand
binding, molecular mechanics Poisson-Boltzmann (generalized Born) surface area (MM/P(G)BSA)
calculations were performed. In addition, MM/GBSA calculations allowed us to investigate the
stability of each amino acid residue of the peptide ligand in the enzyme binding site and therefore
pinpoint specificity for each protein subsite.
Using quantum molecular mechanics (QMMM) calculations followed by various MD
techniques, we provided theoretical insight into the inhibitory mechanism of tynorphin (VVYPW), a
slow substrate of DPP III. We compared enzymatic cycles derived for the DPP III catalysed
hydrolysis of tynorphin and of Leu-enkephalin (YGGFL), a good substrate of DPP III and found that
tynorphin is cleaved by the same reaction mechanism determined for Leu-enkephalin [5]. More
importantly, we showed that the product stabilization and regeneration of the enzyme, but not the
nucleophilic attack of the catalytic water molecule and inversion at the nitrogen atom of the cleavable
peptide bond, correspond to the rate-determining steps of the overall catalytic cycle of the enzyme.
Results of computational studies were compared with the results of calorimetric
measurements: binding constants (KD) and the kinetic, Km and kcat values.
[1] J. M. Chen, A. J. Barrett, “Handbook of Proteolytic Enzymes”, Academic Press, (2004) 809-812
[2] M. Abramić, M. Zubanović, L. Vitale, Biol. Chem. Hoppe. Seyler., 369 (1988) 29-38
[3] M. Baršun, N. Jajčanin, B. Vukelić, J. Špoljarić, M. Abramić, Biol. Chem., 388 (2007) 343-348
[4] A. Tomić, S. Tomić, Dalt. Trans., 43 (2014) 15503-15514
[5] A. Tomić, S. Tomić, Int. J. Mol. Sci., 23 (2022) 1858
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Complexation of selected dyes by calix[4]arene phenantridine
derivatives
Marina TRANFIĆ BAKIĆ, Mila RADAN
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Calixarenes, which are among the most widely used host molecules in supramolecular
chemistry, are macrocyclic oligomers consisting of phenolic residues linked by methylene bridges
in the ortho position. [1] Many calixarene derivatives are known to be very efficient and selective
receptors of ions and neutral molecules, [2] so it is not surprising that over the past decades they
found application in biosensing, bioimaging, theranostics, and drug/gene-delivery. [3] Nevertheless,
more multidisciplinary explorations of their physico-chemical properties and biomedical functions
are needed to pave the path towards their potential clinical use.
Here we present a thermodynamic study of the binding of three selected dyes (rhodamine B,
auramine O, and fluorescein) by phenanthridine-based calix[4]arene derivatives 1 – 3. [4]

Unlike calixarene derivatives used for bioimaging previously, ligands 1 – 3 comprise
aromatic phenantridine subunits which are expected to contribute to stabilization of their complexes
with the dyes. All three ligands were shown to be good receptors for the selected dyes, making them
very interesting candidates for biomedical applications.
[1] C. D. Gutsche, “Calixarenes: An Introduction”, 2nd ed., The Royal Society of Chemistry (2008)
[2] V. Böhmer, Angew.Chem.Int. Ed.34 (1995) 713
[3] Y.-C. Pan, X.-Y. Hu, D.-S. Guo, Angew.Chem.Int. Ed., 60 (2021) 2768
[4] M. Tranfić Bakić, D. Jadreško, T. Hrenar, G. Horvat, J. Požar, N. Galić, V. Sokol, R. Tomaš, S.
Alihodžić, M. Žinić, L. Frkanec, V. Tomišić, RSC Adv., 5 (2015) 23900
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Hybrid organic-inorganic compounds based on polyoxomolybdate and
dioxomolybdenum(VI) complexes
Mirna MANDARIĆ, Mirta RUBČIĆ, Višnja VRDOLJAK

University of Zagreb, Faculty of Science, Department of Chemistry, Horvatovac 102a,
10000 Zagreb, Croatia
Hybrid organic-inorganic materials based on polyoxometalates (POMs) have attracted
increasing interest due to their aesthetic structures and great diversity with respect to their size,
intriguing topologies, and potential applications in various fields. In such compounds, transition-metal
complex cations can provide charge compensation for an anionic POM cluster [1] or can be coordinated
by a terminal oxo group of a polyoxometalate, thus forming either discrete units or high-dimensional
structures [2]. Such functionalization of POMs via covalent linking of organic or transition-metal
complexes to cluster anions is very important since it offers fine-tuning of their properties [3].
In this work [4], organic-inorganic hybrids have been synthesized by hydrolysis of
[MoO2(acac)2] in the presence of aroylhydrazone ligands in weak donor solvents, acetonitrile or
acetone, containing traces of moisture. The compounds [MoO2(HL)(D)]2Mo6O19 and
[{MoO2(HL)}2{Mo6O19}], where D = CH3COCH3 or H2O, were characterised by the single crystal
and powder X-ray diffraction methods, elemental analysis, IR spectroscopy. In all investigated
compounds formed upon chelation and hydrolysis, the ligands were coordinated to the cis-MoO22+
core via the phenolic-oxygen, azomethine-nitrogen, and enolic-oxygen atoms.
The thermal stability of the hybrid materials was also investigated. The first weight loss was
related to the release of the non-coordinated and coordinated solvent molecules. Crystals of each
[MoO2(HL)(D)]2Mo6O19 compound were heated for 1 hour at 225 °C to explore the structural
transformation. The thermally induced reaction resulted initially in an intermediate having a vacant
coordination site and then in [{MoO2(HL)}2Mo6O19]. These processes were also monitored by
differential scanning calorimetry (DSC) measurements. The powder X-ray diffraction (PXRD)
patterns of the products were recorded and compared to those obtained by solution-based method.
[1] Y. Zhang, J. R. D. de DeBord, C. J. O'Connor; R. C. Haushalter, A. Clearfield, J. Zubieta, Angew. Chem.

Int. Ed. Engl., 35 (1996) 989.
[2] J. Sha, J. Peng, A. Tian, H. Liu, J. Chen, P. Zhang, Z. Su, Cryst. Growth Des., 7 (2007) 2535.
[3] A. Proust, R. Thouvenot, P. Gouzerth, Chem. Commun., (2008) 1837.
[4] The work of doctoral student M. Mandarić has been supported by the “Young researchers' career
development project – training of doctoral students” of the Croatian Science Foundation funded by the
European Union from the European Social Fund”.
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The electrochemical behaviour of CuAlMn alloy in 0.5 mol dm-3 NaCl solution and in the
presence of 0.1, 0.3 and 0.5 mol dm-3 Na2SO4 at T = 20 oC and pH = 7 was investigated.
Conventional electrochemical techniques were used including open circuit potential, linear and
potentiodynamic polarization measurements. The electrochemical measurements showed that the
presence of sulphate ions in the chloride solution leads to a decrease in corrosion current density
values and to an increase in polarization resistance values for the SO42- ion concentrations of 0.1
and 0.3 mol dm-3. At the highest concentration of sulfate, corrosion current density increases again,
and the value of the polarization resistance decreases, probably due to the dissolution of the surface
layer of corrosion products.
The effect of electrolyte exposure time on 0.5 mol dm-3 NaCl and 0.5 mol dm-3 NaCl + 0.5
mol dm-3 Na2SO4 was examined by measuring with linear polarization method over a period of 24
hours, with the polarization resistance values increasing with time in both NaCl and NaCl + Na2SO4
solution, and these values being significantly higher in the solution with sulfate ions. After
electrochemical measurements, the corroded electrode surfaces were examined with an optical and
scanning electron microscope.
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Electrocoagulation treatment of compost leachate using the waste
of aluminium alloy, steel and zinc anode
Nediljka Vukojević Medvidović, Ladislav VRSALOVIĆ, Sandra SVILOVIĆ,
Josipa ŠARIĆ
Faculty of Chemistry and Technology in Split, Ruđera Boškovića 35, 21000 Split, Croatia

The type of electrode material determines the chemical reactions that take place during
electrocoagulation, as it influence on the type and the concentration of the coagulant dissolved “in
situ” into solution. As each material exhibits different rate of dissolution, it will influence the
different energy consumption in the system too. In this paper, aluminium alloys, steel and zinc
anode were used for the treatment of compost leachate at different initial pH values, stirring speed
and contact times. After the implementation of the electrocoagulation process, the settling test and
wastewater physico-chemical indicators (pH, electrical conductivity, temperature, turbidity) were
determined in the supernatant. Electrode costs were evaluated from Faraday law and by measuring
of electrode consumption before and after electrocoagulation. In addition, the operation cost of
electrocoagulation process with different waste materials was compared.
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2

Due to their large active surface, nano- and microparticulate materials attract notable attention
in many areas of human activity [1]. In general, the practical advantage of particulate carbon materials
prepared by carbonisation of natural precursors is availability and low price of the raw materials and a
feasible preparation. This study deals with analysis of microstructure and water sorption
characteristics of several microporous particulate carbon materials prepared from saccharose. For this
analysis a combination of thermoanalytical and microstructural methods was employed [2]. The
study is a part of more comprehensive investigation of the structure and properties of carbon-based
particulate porous materials prepared by pyrolysis of natural precursors [2-3].
Microporous particulate carbon material was prepared by carbonisation of saccharose.
Scanning electron microscopy revealed revealed that the structure consisted of fine faceted grains of
relatively uniform size at the level ~100μm. A portion of the material was treated with a hydrogen
purge to remove hydroxyls from the pore walls. The material was analyzed in the prepared as well
as modified state. Dried carbon particles were filled by water using water vapour saturated
desiccator. Amount of adsorbed water was precisely determined by thermogravimetric analysis
(TGA). The thermal analysis of adsorbed water was performed by differential scanning calorimetry
(DSC) using power-compensation calorimeter with automatic intracooler (200 K). Encapsulated
samples and dynamic nitrogen atmosphere were used. The free volume cavity sizes of pure carbon
particles as well as free volume filled by water were estimated from the positron annihilation
lifetime spectra (PALS) at room temperature..
Correlations between results regarding sorption ability obtained by TGA and PALS
techniques were identified. In addition, lifetime measurements show a different ways of pores
filling by water molecules for distinct samples of carbon particles in agreement with DSC analysis.
Calorimetric measurements revealed, besides effects related to the melting or freezing point
depression of a confined liquid, presence of certain transitions at lower temperatures, which could
be detected only for cooling regime. An attempt of their interpretation on basis of free volumes
characterisation was done.
[1] R. Paull, J. Wolfe, P. Hébert, M. Sinkula, Nat Biotechnol 21 (2020) 1134
[2] I. Maťko, O. Šauša, K. Čechová, I. Novák, H. Švajdlenková, D. Berek, J Therm Anal Calorim, 138 (2019) 1997
[3] I. Novák, O. Šauša, I. Maťko, E. Simsek Bilgin, D. Berek, Chemical Papers, 74 (2020) 1359
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illite/smectite – limestone mixtures
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Traditional ceramic products are still widely used even though there has been recently an
extensive progress in the field of advanced ceramic materials. The progress in the production
technology of these materials can bring about considerable financial savings for producers as well as
for consumers. Advances in this area can be achieved, for example, by a modification of the
composition of raw ceramic mixtures or by the use of waste materials. Nowadays, many studies deal
with the production of ceramic materials with additions of various waste materials, which are
characterized by a high content of calcium oxide (CaO). The most frequently used waste materials are
fly ash [1, 2] or waste limestone [3–5]. The addition of waste materials with high content of CaO into
clays is often connected with a formation of anorthite (CaO·Al2O3·2SiO2), which, evidently, accounts
for an improvement of the material properties. From the technological point of view, this mineral is
interesting because it increases mechanical strength [6]. Because of these properties, it can be suitable
for the production of tiles, paves, and porcelain [7]. The production of ceramic materials based on
illitic clays is not specifically focused to support crystallization of anorthite. However, an increase of
anorthite content improves the final properties of ceramic materials.
The aim of this paper is to study the crystallization of new phases in a system of
illite/smectite and laboratory CaCO3 and illite/smectite and limestone mixtures. To investigate these
effects, differential scanning calorimetry (DSC), thermogravimetry (TG), termodilatometry (TDA),
and X-ray diffraction analysis (XRD) is used. The temperature and the enthalpy of crystallization of
new phases is determined by the DSC method. The amount of new phase (e.g. anorthite, gehlenite)
is estimated from the measured enthalpy of the reaction.
[1] R. Sokolář and L. Vodová, Ceram. Int. 37 (2011) 2879–2885.
[2] T. Húlan, A. Trník, T. Kaljuvee, M. Uibu, I. Štubňa, U. Kallavus, and R. Traksmaa, J. Therm. Anal. Calorim.
127 (2017) 79–89.
[3] L. Vodová, R. Sokolář, and J. Hroudová, Int. J. Civil, Environ. Struct. Constr. Archit. Eng. 8 (2014) 717–720.
[4] R. Sokolář, L. Vodová, S. Grygarová, I. Štubňa, and P. Šín, Ceram. Int. 38 (2012) 6607–6612.
[5] I. Štubňa, A. Trník, R. Podoba, R. Sokolář, and P. Bačík, J. Ceram. Soc. Japan 120, (2012) 351–354.
[6] S. N. Monteiro, L. A. Peçanha, and C. M. F. Vieira, J. Eur. Ceram. Soc. 24 (2004) 2349–2356.
[7] S. Kurama and E. Ozel, Ceram. Int. 35 (2009) 827–830.
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Corrosion Behaviour and Bonding Strength of Thermally Sprayed
Nickel Alloy Coatings for Use as Bond and Top Coatings
Aradchaporn SRICHEN, Chaiyasit BANJONGPRASERT

Department of Physics and Materials Science, Faculty of Science, Chiang Mai University,
THAILAND
This study focuses on the corrosion behaviour and bonding strength of thermally sprayed nickel
alloy coatings for use as bond and top coatings. The raw materials are Nickel alloys: Ni-20wt.% Cr
and Hastelloy C276. Arc spraying (AS) and High Velocity Oxygen Fuel (HVOF) techniques were
used to create bond and top coatings on a 304 stainless steel substrate. Scanning electron
microscopy (SEM) and energy dispersive spectroscopy (EDS) techniques were used to investigate
the microstructure of the coated layers, including splats, oxides, and porosities. The corrosion
resistance of the coatings was assessed by Potentiostat in a 20 vol% sulfuric acid solution. A
combination of AS Ni-20wt.% Cr as bond coat and HVOF Hastelloy C276 as top coatings offered
superior corrosion resistance than those sprayed by arc spraying for both bond and top coatings. A
lower %porosity and less oxides in HVOF coatings led to a less severe corrosion for the bond
coating, regardless to the alloy types. The bond strength of the coatings was examined by adhesion
test, following ASTM standard. The results will be discussed in detail.
[1] L. Pawlowski, The Science and Engineering of Thermal Spray Coatings, 2nd Edition., (2008)
[2] A. Srichen, C. Banjongprasert, Surf. Coat. Technol., (2022) 128325
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Perphenazine (Per) (4-[3-(2-chlorophenothiazin-10-yl)propyl]-1-piperazineethanol) is a
phenothiazine and tricyclic antidepressant combination used in the treatment of schizophrenia and
other mental disorders [1].
The main disadvantage of solid oral dosage forms is the difficulty of swallowing [2].
Therefore, another solid preparation, oral medicated jelly, was developed to overcome this problem.
The aim of the present study was to formulate and characterize medicated jellies with Per. The
oral jellies were prepared using the following gelling agents: Sodium alginate (Alg), gelatine (Gel) and
pectin (Pec). In addition to gelling agents, components such as benzoic acid (BenzAc), citric acid
(CitAc), sodium citrate (NaCit), sorbitol (Sorb) and xylitol (Xyl) were also used. The compatibility
between the active ingredient and each component used in the jelly bases was investigated on a moist
1:1 binary mixture using FTIR spectroscopy and TG/DTG/HF thermal analysis.
Our study presents the results of thermal and spectroscopic analysis of Per, moist binary
mixtures and pharmaceutical formulations. The presence of the active ingredient in these
formulations was also confirmed by UV-Vis analysis.
Thermal analysis of medicated jellies containing Per revealed that the Alg-based jelly was
the only jelly in which the contribution of the active ingredient was visible. By combining the
results of FTIR and UV-Vis analysis with thermogravimetric analysis, it was possible to obtain
reasonable confirmations of the presence of Per in medicated jellies studied.
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[1] Z. Ramezani, M. Shekarriz, A. Behfar, J. Braz. Chem. Soc., 28 (2017) 2172-2179
[2] Z. Mahdi, American J. of Political Science, 20 (2020) 95-105
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Thermal stability of sartan class drugs
Bianca-Denisa CERNUȘCĂ, Gabriela VLASE, Titus VLASE

Research Centre for Thermal Analysis in Environmental Problems, West University of Timisoara,
Pestalozzi Street 16, 300115 Timisoara, Romania
The purpose of this study is to compare the thermal stability of the studied active
substances (Irbesartan, Valsartan and Telmisartan) according to their molecular structure, in order
to synthesize new materials that will be used for the controlled release of the active principles.
Sartans (angiotensin receptor blockers - ARBs) are a group of antihypertensive drugs that
functions by blocking the effects of the hormone angiotensin II (Ang II) in the body, thus lowering
the blood pressure. These are a class of compounds derived from 2- (1-benzyl-1H-imidazol-5-yl)
acetic acid, though the class firstly consisted of an imidazole core, which was substituted
differently at certain positions of the heterocyclic nucleus.
In order to compare the stability of the analyzed substances, all compounds were analyzed
at temperatures in a range from 25 up to 400°C, with a heating rate of 10°C/min in a synthetic air
atmosphere environment. All samples were analyzed on a Perkin-Elmer Diamond thermo-balance
in open aluminum crucibles.
According to a thermogravimetric study (Figure 1), the variation of the stability of the
analyzed compounds can be established in the following pattern: Valsartan<Irbesartan<
Azilsartan<Telmisartan.

Figure 1. TG/DTG/HF curves for obtained in the range of 25-400° C for the active substance
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Divalent metal phosphonates are highly studied hybrid materials which exhibit a wideranging field of application [1]. The rich chemistry of the phosphonate linkers allows the formation
of materials with various dimensionalities, evolving from layered assemblies to porous frameworks,
integrating numerous functionalities through the choice of the building blocks [2,3].
In addition, metal phosphonates give a fascinating opportunity for design of the
multifunctional materials. In this respect, a series of divalent metal phenylphosphonates (M2+=Co,
Cd, Zn) with the formula M2+(PhPO3)(H2O), have been synthesized by hydrothermal procedures
and characterized using FT-IR, X-ray diffraction and thermogravimetric analysis [2,4].
The FT-IR confirmed the formation of metal phenylphosphonates by the absence of PO-H
vibration at 2800-2400 cm-1 for all the compounds, pointed out the complete deprotonation of
phenylphosphonic acid.
The X-ray diffraction revealed the formation of semi-crystalline materials. Aiming to select
the materials for various applications, an extensive study based on the thermal stability of
synthesized divalent metal phenylphosphonates was performed.
Thermal stability is presented in Fig.2.

Fig. 1. FT-IR spectra

Fig.2. TG and Normalized Heat Flow

[1] M. Wilke, S. Bach, T.E. Gorelik, U.Kolb, W. Tremel, F. Emmerling, Z. fur Krist. - Cryst. Mater. 232 (2017) 209
[2] T.O. Salami, X. Fan, P.Y. Zavalij, S.R.J. Oliver, Dalton Trans. (2006) 1574.
[3] C. Livingston, G.J. Blanchard, Langmuir, 37 (2021) 7573.
[4] B. Maranescu, L. Lupa, A. Visa, Appl. Surface Sci. 481 (2019) 83.
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Photo-oxidative degradation of styrene-methyl vinyl ketone
copolymers investigated by Thermal Analysis and FTIR Spectroscopy
Cristian-Andi NICOLAE, Augusta Raluca GABOR, Valentin RĂDIŢOIU,
Florentina Monica RADULY, Zina VULUGA, Adriana Nicoleta FRONE
ICECHIM - Bucureşti, 202 Splaiul Independenţei, Sector 6, 060021 - Bucureşti, România

Plastics are obviously one of the great inventions of the chemical industry of all time. It is
impossible to list all the ways in which plastics are used in everyday life. In addition to their many
advantages, plastics also create some serious environmental problems. More than a third of all
plastics currently produced are used for short-term purposes. These plastics are used once, for a
short time, and then discarded. Because most plastics do not degrade naturally, they will continue to
be part of the world's solid waste problem for decades.
An alternative to solving the problem of municipal waste is recycling or reuse. Reuse refers
to the direct application of the object intact for initial use without additional operations, except for
washing. Recycling is defined as the reprocessing of materials for use in the same or other
applications. The plastics packaging industry recycles much of its waste, but the main problem of
recycling comes after these materials have fulfilled their primary function. In some cases it is
possible to collect used plastic and recycle it. In most cases, however, it is not easy to separate
materials from waste and even if this can be done satisfactorily it is not always possible to find uses
for these materials. The technical, economic and social factors have so far limited the success of this
approach and only a small part of all discarded plastics is recycled.
Another solution is to manufacture plastics in such a way that they degrade. The special
interest given in recent years worldwide to degradable plastics is due to the concerns related to
solving the problems of hard-to-collect household waste and solid household waste stored in special
pits and is stimulated by the effect of adopting regulations and laws in favor of their use in the
manufacture of packaging (USA, EU).
Polymers of vinyl monomers such as styrene, α-methyl styrene, etc. they are not
photodegradable. A common method of increasing the photodegradability of these polymers is to
introduce ketone groups into the macromolecule from the synthesis stage. This is done by
copolymerization with unsaturated ketones.
This paper presents the results of photooxidative degradation in natural and artificial
conditions (xenon-arc weatherometer) of styrene copolymers with methyl vinyl ketone. The tested
materials were synthesized by the copolymerization, in suspension, of styrene with different
concentrations of methyl vinyl ketone: 2, 5 and 10%. Several analytical methods were used to
evaluate the photo-oxidative degradation such as thermogravimetry (TGA), differential scanning
calorimetry (DSC), determination of molecular masses by viscometric methods and measurement of
mechanical properties (tensile strength) and dynamic mechanic properties (DMA).
This work was supported by a grant of the Romanian Ministry of Research, Innovation and
Digitization, CNCS/CCCDI – UEFISCDI, Program 1 - Development of the national researchdevelopment system, Subprogram 1.2-Institutional performance- Projects to finance excellence in
RDI, Contract no. 15PFE/2021.
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In this work, we studied natural photo-oxidative degradation of the biocomposites based on
agricultural by-products and biodegradable polymers exploring the use of waste from the processing
of agricultural products (hulls, husks, pods, nuts shells) with biodegradable polymers derived from
renewable resources, based on poly(lactic acid) (PLA). These biocomposites, environment friendly
products due to the total capacity of biodegradation, can replace polymeric materials of
petrochemical origin. PLA based polymers are suitable to applications in food packaging area, the
lack of toxicity (rated as GRAS - Generally Recognized As Safe) and are fully compostable in
commercial composting facilities. At the end of life cycle a product made from PLA can be reduced
to so small entities will remember nothing of the original product.
Despite these qualities PLA has an important weakness: it is expensive, about double that of
polyolefin, polystyrene and polyethylene terephthalate. Our project is focused on this issue by
proposing a solution without affecting the main quality of PLA – biodegradability: reducing cost by
using very cheap fillers such as plant fibres from agriculture waste. They are excellent reinforcing
materials for polymers because are durable and flexible, have low density, are not abrasive for
processing machines, not harmful to human health and have a low environmental impact because
are fully biodegradable.
Natural photo-oxidative degradation was performed in accordance with STAS 9554-87
(Methods of Exposure to Natural Aging of Plastics) and ASTM D5272-08 (Standard Practice for
Outdoor Exposure Testing of Photodegradable Plastics). The samples selected for the evaluation of
the photodegradation during the aging of the exposure to natural environmental conditions were
exhibited on a stand made of wire mesh, facing south and forming an angle of 45° to the horizontal.
Exposure time was 1, 2, 12 and 24 months.
In this work, we analyzed natural photo-oxidative degradation of the biocomposites based
on PLA/PBAT with agricultural by-products (wheat straw, rapeseed straw, corn cobs and walnut
shells) using thermogravimetry (TGA), differential scanning calorimetery (DSC) and FT-IR
Spectroscopy.
This work was supported by a grant of the Romanian Ministry of Research, Innovation and
Digitization, CNCS/CCCDI – UEFISCDI, Program 1 - Development of the national researchdevelopment system, Subprogram 1.2-Institutional performance- Projects to finance excellence in
RDI, Contract no. 15PFE/2021 and a grant of the Romanian Ministry of Research and Innovation,
CHEM-ERGENT, Contract No. 23N/2019 (PN.19.23.02.01.13) within Program NUCLEU.
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In the last decade, environmental pollution, especially water contamination, has become the
focus of world attention. Today, due to the growing of population and excessive use of toxic dyes
and pharmaceutical products, water is one of the most important and scarcest resources.
Unfortunately discharged of these contaminants into aquatic environment leads to hazardous
mixture inducing health problems.
One of the most promising solution for these problems, semiconductor photocatalysis has
been attracted much attention, since it is a “green” technology for decomposing organic pollutants.
Among semiconductor materials used as photocatalysts TiO2, ZnO, FeOx, MgO are the most
widely investigated[1,2]. The main drawback of semiconductor materials is high recombination rate
of the photogenerated electron-holes pairs. In order to suppress the recombination of
photogenerated carries we mixed semiconductor materials with carbon-based nanomaterials as
graphene- like reduced graphene oxide (rGO) [3] and carbon nanotubes (CNT) [4]. Reduced
graphene oxide is a good conductive material and improve the life time of the photogenerated pairs
and improve photocatalytic efficiency of hybrid layers.
Hybrid layers consisting of transition metal oxide (TMO) semiconductor and carbon based
materials were synthesised and deposited onto solid substrate by a laser technique. The technique,
called matrix assisted pulsed laser evaporation (MAPLE), consists in the irradiation of dispersion
containing the initial materials, which are previously cooled down until solidification.
The morphology, structure and chemical composition of the synthesised layers were
investigated and correlated with their functional properties.
[1] V. Velmurugan and A. Nirmala Grace, “Role of nanomaterials in water treatment applications: A
review,” Elsevier, (2016)
[2] U. Shanker, M. Rani, and V. Jassal, “Degradation of hazardous organic dyes in water by nanomaterials,”
Environmental Chemistry Letters, vol. 15, no. 4. Springer Verlag (2017) 623–642
[3] A. del Pino, E. György, C. Logofatu, J. P.-L.- Carbon, and undefined 2015, “Laser-induced chemical
transformation of graphene oxide–iron oxide nanoparticles composites deposited on polymer substrates,”
Elsevier,(2009)
[4] E. György, Á. Pérez del Pino, J. Roqueta, B. Ballesteros, L. Cabana, and G. Tobias, “Effect of laser
radiation on multi-wall carbon nanotubes: study of shell structure and immobilization process,” J.
Nanoparticle Res., 8 (2013).
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We propose a variant of Kelvin Probe force microscopy (KPFM) in which the feedback for
topoography is based on scanning polarization force microscopy (SPFM), i.e. on controlling the tipsample electric interaction. The SPFM and the KPFM signals are separated by using different
detection frequencies. We tested several combinations, in which either the SPFM or the KPFM
detection was done at the main resonance frequency of the cantilever. Results of these preliminary
tests are presented and discussed.
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PLD grown ceria nanopyramids for testing AFM tip morphology
Antoniu MOLDOVAN, Mihaela FILIPESCU, Iulian BOERASU,
Anca MARINESCU, Alina RADU, Maria DINESCU
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Magurele 077125, Ilfov county, Romania
We report about the use of ceria nanopyramids, grown by pulsed laser deposition, for
checking the quality of AFM tips. Morphological analysis, by SEM and AFM, shows a relatively
uniform distribution of the ceria nanostructures across the deposited surface. The pyramids have
sharp edges and a sharp apex, which make these structures ideal for checking the quality of AFM
tips by reverse imaging. We scanned the nanopyramids with AFM tips having various degrees of
contamination and wear, and compared the results with SEM images of the same tips.
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polyphenols influence on Bovine Serum Albumin thermal stability
Aurica PRECUPAS, Anca Ruxandra LEONTIES, Romică SANDU,
Vlad Tudor POPA
“Ilie Murgulescu” Institute of Physical Chemistry of the Romanian Academy,
Splaiul Independentei 202, Bucharest, 060021, Romania.

The interactions between biological macromolecules and small molecules (ligands) have
attracted increasing research interest, but the complex influence of various ligands binding on the
proteins unfolding is far from being elucidated. Protein thermal denaturation is a key factor in
biotechnological processes and pharmaceutical applications. Bovine serum albumin (BSA), a
globular protein with a predominantly α-helix structure, has many physiological functions.
Polyphenols are natural compounds with one or more hydroxyl groups attached to the benzene ring,
with reported antioxidant, anti-inflammatory, anticancer and antimicrobial actions [1]. The effect of
different concentrations of two polyphenols (gallic acid and morin) on BSA thermal stability was
investigated by spectroscopic (circular dichroism (CD)) and calorimetric (isothermal titration
calorimetry (ITC), differential scanning calorimetry (DSC)) methods, and the results were
correlated with theoretical computational methods (molecular docking and molecular dynamics
simulation) in order to provide insights at the molecular level into the albumin - ligand interaction.
The inhibiting potential of polyphenols for protein aggregation plays a significant role in
identifying new compounds with important applications in the fields of chemistry, life science and
clinical medicine.
[1] A. Precupas, V.T. Popa, “Microcalorimetric investigation of ligand binding to BSA and its influence on
the protein stability”, Nova Science Publisher, (2020) 157–197.
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Addressing electrocatalytic activity of metal-substituted lanthanum
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Lanthanum manganite is an inorganic compound which crystallizes in perovskite structure.
These perovskites are a new class of metal oxides with excellent thermal stabilities, exceptional
electronic structures, and outstanding ionic conductivities [1]. The motivation behind the
electrochemical experiments has to do with the fact that the energy sector is characterized by a
massive global energy demand, estimated to continue to increase in the foreseeable future [2], and
using environmentally hazardous and rapidly depleting fossil fuels, which make it imperative to
identify efficient and eco-friendly alternative energy sources [3].
A comparative study between unsubstituted LaMnO3 (LMO) and Ca(LMO-Ca) or Pd
(LMO-Pd) substituted LaMnO3, synthesized by the sol-gel method, followed by thermal treatment
at low temperature was performed. The obtained materials were studied morpho-structural by X-ray
diffraction (XRD), Fourier-transform infrared spectroscopy (FT-IR), specific surface (BET),
transmission electron microscopy (TEM) and semi-quantitative analysis (EDX), and the
electrochemical performance was investigated. X-ray diffraction analysis revealed the formation of
single-phase compounds with the average crystals size between 18-20 nm (calculated from Scherrer
equation), crystallized in the cubic structure with Pm-3m space group. The perovskite materials
were studied in terms of their electrocatalytic activity for the hydrogen evolution reaction in
alkaline medium. Out of the electrodes manufactured using compositions containing the
perovskites, the most catalytically active was the one modified from a suspension obtained by
adding 2 mg LMO-Pd, 1 mg Carbon Black and 10 µL Nafion solution in 0.5 mL ethanol, and it
displayed an overpotential value of 0.49 V at i= -10 mA/cm2 and a Tafel slope value of 161
mV/dec. The analysis performed in this research work reveals that the most significant results were
obtained for the Pd-modified materials.
[1] P.Sfirloaga, G. Vlase, T. Vlase, I. Malaescu, C. N. Marin, P. Vlazan, J. Therm. Anal. Calorim.
doi.org/10.1007/s10973-020-10095-1
[2] A. Chapman, K. Itaoka, K. Hirose, F.T. Davidson, K. Nagasawa, A.C. Lloyd, M.E. Webber, Z. Kurban,
S. Managi, T. Tamaki, M.C. Lewis, R.E. Hebner, Y. Fujii, Int. J. Hydrog. Energy 44 (2019) 6371-6382
[3] P.P. Patel, O.I. Velikokhatnyi, S.D. Ghadge, P.J. Hanumantha, M.K. Datta, R. Kuruba, B. Gattu, P.M.
Shanthi, P.N. Kumta, Int. J. Hydrog. Energy 43 (2018) 7855-7871
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Lanthanum manganese’s crystallized into perovskite structure and is known for its
interesting electric, magnetic and structural properties [1-3]. Moreover, the doped LaMnO3 have
attracted considerable attention due to their improved properties required for different applications
domains. These materials have also been known as a suitable cathode material for fuel cells because
of its good electrical conductivity, or chemical stability at high temperature. In this work, we report
a series of undoped and 1% Ga or Y doped lanthanum manganite compounds which have been
synthesized via sol-gel technique. The XRD results confirmed a good crystallinity for all the studied
samples and a change in the crystal structure of Ga or Y doped lanthanum manganite (Pm-3m space
group) is observed compared to pristine sample (R-3c space group). Thermal analysis showed
similar thermal behaviour for Ga or Y doped perovskite materials, whereas for the undoped material
the mass loss is lower.
Quantitative analysis by EDX and the map of the elements for Ga or Y doped perovskite
materials indicate that both spectra show only the peaks of La, Mn, O and Ga or Y, demonstrating
that the samples are with the expected/determined elemental composition. The stoichiometry of the
obtained samples was confirmed by the elemental atomic ratio La:Mn:O (1:1:3) as the
quantification of the elements showed. Furthermore, the map corresponding to the elemental
distributions in the doped perovskites evidence a homogeneous distribution of the corresponding of
La, Mn, O, Ga/Y in the synthesized samples.
Moreover, for these materials, it is shown for the first time that the static electrical
conductivity, σDC of Ga or Y doped LaMnO3 increases compared to the σDC pristine sample, and the
thermal activation energy of the conduction EA, cond, increases linearly with the temperature, for all
three studied sample.
[1] P.Sfirloaga, G. Vlase, T. Vlase, I. Malaescu, C. N. Marin, P. Vlazan, J. Therm. Anal. Calorim.
doi.org/10.1007/s10973-020-10095-1
[2] P. Sfirloaga, M. Poienar, I. Malaescu, A. Lungu, C.V. Mihali, P. Vlazan, Ceram. Int. 44 5823 (2018)
[3] T. H. Tran, T. C. Bach, N. H. Pham, Q. H. Nguyen, C. D. Sai, H. N. Nguyen, V. T. Nguyen, T. T.
Nguyen, K. H. Ho, Q. K. Doan, Mat. Sci. Semicon. Proc. 89 121 (2019)
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Tremella fuciformis, called silver ear or white jelly fungus, is currently a very popular
mushroom in Taiwan. It has low calories and lipids, and is rich in polysaccharides and dietary fiber.
T. fuciformis powder (TFC) with micronized particle size has water retention capacity and
solubility, and is suitable for making foods that require increased consistency or nutrition. The
fillings made from natural fruit puree are rich in dietary fiber (mainly pectin and cellulose) and
biologically active compounds (vitamins, polyphenols and trace elements, etc.). The fruit filling
made of polysaccharide powder has better thermal stability, no syneresis or separation of sugar and
water. Therefore, this study will focus on the TFC as a thickener to replace or compare the
commercially available food additives such as gum or carrageenan. During fruit filling storage,
using differential scanning calorimetry (DSC) thermal analyses to evaluate the thermal transition
phenomenon of fruit fillings at different temperatures. Based on the experimental results of this
project, we can understand the thermal properties of the pineapple fruit filling with T. fuciformis
powder or gum. The results clearly demonstrated that thermal behavior of pineapple fillings highly
depends on their compositions resulted from different amounts of added TFC and sugar ratio, being
directly correlated with their heat-stable properties. Thermal properties of pineapple fillings in
relation to their formulations allows further to predict their possible state transitions during freezer
storage, handling and processing (baking in the oven), which will be a very helpful information for
bakery manufacturers.
[1] SY Tsai, JH Yang, YH Tseng, CE Lee, JL Mau. J. Food Process. Preserv., 34 (2010): 649
[2] MH Cha, JY Heo, C Lee, YM Lo, B Moon. 2014. J. Food Process. Preserv., 38 (2014) 2014
[3] SY Tsai, FK Huang, HW Juan, CP Lin. J. Therm. Anal. Calorim., 134 (2018) 857
[4] J Cropotova, U Tylewicz, N Dellarosa, L Laghi, S Romani, M Dalla Rosa., Food chem. 195 (2016) 71
[5] A Agudelo, P Varela, S Fiszman, LWT - Food Sci. Technol. 61(2015) 564
[6] A Agudelo, P Varela, T Sanz, SM Fiszman, Food Hydrocoll. 35 (2014) 297
[7] J Cropotova. U Tylewicz, P Rocculi, S Popel, M Dalla Rosa, Food Struct. 14 (2017) 85
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Ionic liquids (ILs) were pretreated towards downstream processing by lowering lignin
content and achieving high sugar yields. ILs are used as degeneration treatments for fermentation of
lignin into ethanol because of their good applicability. Kluyveromyces marxianus (K. marxianus), a
thermotolerant yeast, can grow well at temperatures over 45°C, has remarkable thermotolerance and
capacity to utilize various agricultural residues to produce bioethanol. However, the residual ILs may
be toxic to the yeast K. marxianus. Microcalorimetry is an accurate, highly sensitive, real-time,
continuous detection method to apply in chemical composition effect and response for the microbial
growth to reveal its scientific connotation. This study focused on the K. marxianus fermentation
process using various [AMIM]Cl (1-allyl-3-methylimidazolium chloride) ionic liquid (IL)
concentrations for ethanol fermentation; the isothermal calorimeter (TAM Air) to determine the
effects of adjusting the [AMIM]Cl concentration, growth temperature, and growth time for K.
marxianus culture condition. We compared the effects of growth temperature temperatures 35, 40 and
45 °C, various [AMIM]Cl concentrations, 0.01, 0.1 and 1 g/L for K. marxianus growth and ethanol
metabolism conditions. Based on the concept of circular economy, this study carried out a technical
evaluation of how ionic liquids affect the production of biorefinery ethanol by K. marxianus.
[1] SY Tsai, JW Su, JT Tong, CP Lin. J. Therm. Anal. Calorim., 144(2) (2021) 403
[2] CP Lin, YC Wu, ZW Lin, SY Tsai. J. Therm. Anal. Calorim., 144(2) (2021) 493
[3] SY Tsai, YC Hsu, CM Shu, KH Lin, CP Lin. J. Therm. Anal. Calorim., 142 (2) (2020) 829
[4] L V Leonel, PV Arruda, AK Chandel, MG A Felipe, L Sene. Crit. Rev. Biotechnol. 41(8) (2021) 1131
[5] D Tinôco, HLA Genier, WB da Silveira. Renew. Energy. 173 (2021) 188
[6] L Chu, X Kang, D Li, X Song, X Zhao. Chemosphere. 286 (2022) 131578
[7] N Nasirpour, O Ravanshad, SM Mousavi. Biomass Convers. Biorefin. (2022). https://doi.org/10.1007/
s13399-021-02274-31
[8] SS de Jesus, MF Rubens, 2022. Renew. Sustain. Energy Rev. 157 (2022) 112039
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of fluorite
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Fluorite, a mineral form of calcium fluoride (CaF2), is semi-soluble in water, which makes it
an interesting material for simultaneous studying both interfacial properties and kinetics of crystal
growth and dissolution. Fluorite has a well-defined crystal structure. The most common
crystallographic planes of fluorite are (111), (110), and (100), each of them having well-defined
crystal sites and their surface coordination and concentration. However, the (111) fluorite surface is
by far the most prominent because it is the most stable one out of these three fluorite planes [1].
Although the dissolution process of fluorite has been studied by different experimental techniques
[2,3], the mechanisms and especially the pH-dependence of the dissolution are not entirely clarified.
The dissolution of the fluorite (100, 111 and 001) crystallographic planes and fluorite colloidal
particles was studied as a function of pH, pCa and pF. The process was examined by measuring the
concentration of released fluoride ions by ion-selective electrode. The size of the particle during
dissolution was monitored by static light scattering (SLS). Additionally, the electrokinetic and the
inner surface potentials were measured by means of electrophoresis and fluorite single crystal
electrode, respectively. The fluorite crystal surface was scanned by atomic force microscopy
(AFM), immediately after cleavage and after dissolution.
These complementary methods indicated that the mechanism of fluorite dissolution includes
a series of elementary steps: the reaction of surface groups with H+ ions, the formation of F−
vacancies, the dissociation of surface groups, the release of calcium and fluoride ions into the
interfacial region as well as the diffusion of ions from the interfacial region to the bulk of solution
[4]. The proposed reaction mechanism indicates that the H+ ions perform an important role in the
fluorite dissolution, a concept not possible to confirm by looking at the overall equation of fluorite
dissolution.
[1] M. J. Janicki, J. Drzymala, P. B. Kowalczuk Physicochem. Probl. Miner. Process 52 (2016) 451.
[2] J. Lützenkirchen, T. Scharnweber, T. Ho, A. Striolo, M. Sulpizi, A. Abdelmonem J. Colloid and Interface
Sci. 529 (2018) 294.
[3] A. Garand A, A. Mucci A. Marine Chemistry 91 (2004) 27.
[4] T. Klačić, M. Tomić, D. Namjesnik, B. Pielić, T. Begović, Environ. Chem. 16 (2019) 529.
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Polyelectrolyte multilayers (PEMs) are surface coatings formed by alternating deposition of
positively and negatively charged polyelectrolytes (polycations and polyanions) on a solid surface. PEM
build-up strongly depends on applied experimental conditions (e.g. ionic strength, supporting electrolyte
type, pH and concentration). In recent years we have developed new successful PEM strategies for
designing soft nano materials whose properties can be finely adjusted according to application
requirements. We explored the possibility of PEM biomedical application, with the emphasis on
prevention of bacterial adhesion to various surfaces. Influence of polyelectrolyte multilayer properties
on bacterial adhesion capacity [1], as well as bacterial adhesion capacity of protein-terminating
polyelectrolyte multilayers [2] were investigated. We applied this PEM strategy to study bacterial
adhesion capacity of uropathogenic Escherichia coli to polyelectrolyte multilayer coated urinary
catheter surface [3]. In this case it was shown that on non-treated PVC surfaces, biofilm was formed
which was not the case for multilayer coated surfaces. Polyanion-terminated multilayer shows the
lowest bacterial adhesion and could be helpful in prevention of biofilm formation.
Acknowledgements: This research was supported by the Croatian Science Foundation under the
bilateral Slovenian-Croatian APPLPEMS project (IPS-2020-01-6126).
[1] D. Kovačević, R. Pratnekar, K. Godič Torkar, J. Salopek, G. Dražić, A. Abram, K. Bohinc, Polymers 8
(2016) 345:1 – 345:12.
[2] K. Bohinc, J. Bajuk, J. Jukić, A. Abram, M. Oder, K. Godič Torkar, P. Raspor, D. Kovačević, Int. J.
Adhes. Adhes. 103 (2020) 102687.
[3] K. Bohinc, L. Kukić, R. Štukelj, AM. Zore, A. Abram, T. Klačić, D. Kovačević, Coatings 11 (2021) 630.
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The conversion from fossil derived polymer materials to biomass derived ones remains a
great challenge worldwide [1]. Thus, the design of bio-based polymers from biomass chemicals
represents a sustainable alternative to conventional petroleum-based polymers and is of great
importance for both academia and industry. Polylactic acid (PLA) is the most successful bio-based
polymer with great potential market but it has several shortcomings like inherent brittleness, low
heat-resistant temperature and poor toughness [2]. Blending PLA with bio-based low molecular
weight polyesters (BP) can tailor PLA’s properties in order to meet high-performance demands.
The motivation of this work is to develop new BP based on bio-based diacids and dialcohols
by condensation polymerization and to use them as modifiers for PLA. The PLA/BP blends were
prepared through an eco-friendly processing method, namely melt compounding. The number
average (Mn) and weight average (Mw) molecular weights of the resulted BP were measured by gel
permeation chromatography (GPC) while Fourier transform infrared spectroscopy (FTIR) and
thermogravimetric analysis (TGA) were used to assess their structural features and thermal stability.
The effect of various concentrations (0-20 wt%) of the synthesized BP in the PLA matrix was
determined by TGA, differential scanning calorimetry, tensile tests and dynamic mechanical
analysis (DMA). The TGA results showed that the thermal stability of PLA slightly decreased with
increasing BP concentration. No significant changes were seen in the PLA’s melting temperature,
only the crystallization and glass transition parameters were affected by the addition of BP. The
DMA results showed an increase in the E’40°C at low concentrations of BP (up to 10 wt%) and a
decrease in the glass transition temperature. In addition, the incorporation of BP led to a
monotonous reduction of the tensile strength in the PLA matrix, along with an enhancement in
elongation at break. The synthesized BP showed good potential for enhancing PLA’s processability
as well as its ductility.
[1] X. Hu, H. Kang, Y.Li, M. Li, R. Wang, R. Xu, H. Qiao, L. Zhang, Polym. Chem., 6 (2015), 8112
[2] R. Wang, J. Zhang, H. Kang, L. Zhang, Compos. Sci. Technol., 133 (2016) 136
Acknowledgment:
This work was supported by a grant of the Romanian Ministry of Research, Innovation and Digitization,
CNCS/CCCDI – UEFISCDI, project number 67TE/2020, within PNCDI III.
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Cellulose is the most abundant biopolymer on Earth. Nanocellulose which can be extracted
from various sources of cellulose such as plants, agriculture and food industry waste, fungi, and
bacteria has extraordinary intrinsic mechanical properties [1]. However, its strong hydrophilic
character raises compatibility issues when it is incorporated in polymers, especially in highly
hydrophobic ones. Thus, extensive research studies have been conducted for the surface treatment
of nanocellulose in order to overcome these problems [1]. An important class of thermosetting
polymers with large functional and structural applications are represented by epoxy resins [2,3].
Cured epoxy resins are known to display increased brittleness and low impact resistance due to their
highly cross-linked structure. An easy path to overcome their inherent brittleness and to increase
their bio-based character is the utilization of functionalized vegetable oils. Still, in order to maintain
a balance between the mechanical properties of the epoxy resins derived from epoxidized vegetable
oils and their bio-based character the addition of natural nanofillers was considered.
This work describes the functionalization of cellulose nanocrystals (NC) in order to be
further used for the production of bio-based epoxy nanocomposites. Vanillin (V) and γaminopropyltriethoxysilane (APTS) were used as functionalizing agents for the NC’s surface and a
TEMPO- mediated oxidation process for NC modification. Fourier transform infrared spectroscopy
revealed the efficiency of the applied treatments which was also confirmed by the increased thermal
stability of modified NCs. Thermogravimetric analysis of the resulted bio-based epoxy/NC
nanocomposites showed that the kinetics of the degradation reaction did not change regardless of
the NC treatment. An increased residue was observed with the increase in the concentration of NC
modified with APTS and V in the nanocomposites showing an efficient crosslinking. The storage
modulus of bio-based epoxy/NC nanocomposites in the glassy state was in the range of 4000-9000
MPa, the highest values being obtained for the nanocomposites reinforced with APTS modified NC,
in accordance with the calculated crosslinking density.
[1] C.D. Usurelu, S. Badila, A.N. Frone, D.M. Panaitescu, Polymers, 14 (2022), 1974
[2] N. Hameed, J. Bavishi, J. Parameswaranpillai, N.V. Salim, J. Joseph, G. Madras, B.L. Fox, RSC Adv., 5 (2015), 52832
[3] A.Todorovic, Y.Bloßl, G. Oreski, K. Resch-Fauster, Composites: Part A, 152 (2022) 106666
Acknowledgment: This work was supported by a grant of the Ministry of Research, Innovation and
Digitization, CNCS/CCCDI – UEFISCDI, project number PN-III-P2-2.1-PED-2019-5002, no. 530/PED –
EPOCEL, within PNCDI III.
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Materials industry in responding to climate neutrality and circular economy [1,2] policies
are facing new challenges in find materials with improved thermal performance and/or low
embodied carbon. The phase change materials (PCM) appeared in the early of 80’s, out of the need
to increase heat storage capacity [3] of materials and buildings thermal inertia. During the phase
change process, the heat is absorbed, stored, and released [3,4] into the buildings delayed in time
ensuring the thermal comfort by preventing the overheating and reducing the energy demand for
cooling. Due to low thermal conductivity, most of the PCM have a long charging-discharging
periods [4] which has been improved by adding different additives (aluminum, metal foam,
expanded graphite, carbon fiber) having as consequences the weight and system cost increasing.
Weight increasing may represent a drawback especially in case of multistorey buildings located in
seismic areas. For this purpose, each parameter must be analyzed in a broader context and the
improvement decision to be correlated with all the requirements.
The paper presents the investigations performed on a new composite phase change material
(PCM-AASC), made of paraffin and recycled aluminum allow (series 5754) sawing chips. The
waste material was used to sustain the waste circularity and to increase the thermal conductivity and
consequently the latent heat storage capacity of PCM-AASC. Experimental study consists in
morphology, thermal characterization of PCM-AASC and analysis of clays brick in which the
PCM-AASC has been incorporated in cavities.
Acknowledgments
This work was partially supported by a grant of the Romanian National Authority for Scientific Research and
Innovation, CNCS/CCCDI – UEFISCDI, project number PN-III-P2-2.1-BG-2016-0203, within PNCDI III.
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In this study, the effect of different Ag/Mn ratio on the thermodynamic properties,
martensitic structure and changes in phase transformation temperatures of Cu-Al-Mn-Ag alloys was
investigated. Cu-Al-Mn-Ag specimens were prepared by melting in the electric-arc furnace and
casted in the cylindrical moulds with =6mm. Alloys were homogenised at 900°C for 30 minutes
and quenched in the water. Thermodynamic modelling of ternary alloy was performed by software
Thermo-Calc [1-3]. Phases in the as-cast and quenched state of Cu-Al-Mn-Ag alloys were
determined by XRD analysis, while microstructure was followed by Optical Microscopy and
Scanning Electron Microscopy. The influence of alloy content on the transformation temperatures
was carried out by Differential Scanning Calorimetry. The results showed formation of martensitic
structure in the as-cast state even with addition of 3 %wt. Ag. Heat-treated alloys have shown
formation of different martensitic phases, mainly β3` and γ`. Addition of silver to Cu-Al-Mn SMA
alloys shifted martensitic start temperatures (Ms) to higher values.
[1] D. Manasijevic, T.H. Grguric, L. Balanovic, U. Stamenkovic, M. Gorgievski, M. Gojic, Kovove
Materialy-metallic materials, 58 (2020) 4, 293-299.
[2] Hyeon-Seok Do, Jongun Moon, Hyoung Seop Kim, Byeong-Joo Lee, CALPHAD, 71 (2020) 101995
[3] H. Wang, H.Y. Huang, Y.J. Su,, J. Alloys and Comp., 828 (2020) 154265
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Polylactic acid (PLA)/silk fibroin-based materials have shown promising materials for
biomedical, textile and food packaging applications because of their biodegradability,
biocompatibility and nontoxicity [1,2]. Silk fibroin (SF) is attractive biomaterial widely used as
biomedical material because it possesses good biocompatibility, excellent breathability, and
controllable biodegradability [3]. One of the most promising bioplastics nowadays is Poly(lactic
acid) (PLA) with good mechanical and biological properties. In this work, PLA/ SF scaffolds were
prepared with different weight content of SF via electrospinning. The electrospun PLA/SF scaffolds
were characterized using scanning electron microscopy (SEM) for observing morphology, the
chemical composition was confirmed by attenuated total reflectance—Fourier transforms infrared
spectrometry (ATR-FTIR), thermal properties were investigated by differential scanning
calorimetry (DSC) and thermogravimetric analysis (TGA), respectively. Experimentally, it was
found that the weight content of silk powder is key parameter that would substantially influence the
properties of the scaffolds. The results from the FTIR, DSC and TG analysis proved that the
conducive oxygen atom in the PLA molecular chain forms an intermolecular hydrogen bond with
the -NH in the silk fibroin peptide. All PLA/ SF scaffolds have better theremal stability than pure
PLA scaffold as evidenced by thermogravimetric analysis. As a result, it was found that the use of
SF can be a good candidate, as reinforcements for the development of polymeric scaffolds for tissue
engineering applications.
[1] F. Wang , Y. Li, C. R. Gough , Q. Liu, X. Hu., Int. J. Mol. Sci., 22 (2021) 1871, 1-16
[2] Y. Liu, L. Yang, C. Ma, Thermal analysis and kinetic study of native silks, J. Therm. Anal. Calorim. 139
(2020) 1, 589–595
[3] B. Aaliya, K. V. Sunooj, M. Lackner, International journal of biobased plastics, 3 (2021), 1, 40-84

223

PS3.38

Poster Session 3
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Thermal kinetics is fundamental for the theoretical investigation and industrial application
of pyrolysis process. However, it is difficult to determine an accurate reaction mechanism for most
polymeric materials due to the complicated multi-step decomposition processes. In this study,
polystyrene (PS) sample with five different micron particle size containing 5, 10, 15, 50, and 100
m was selected to conduct thermogravimetric analysis experiments with four different heating
rates in nitrogen and air atmosphere.
The apparent activation energy was obtained by employing five different isoconversional
methods. Pyrolysis kinetic parameters were calculated through commonly-used reaction models by
Coats-Redfern methods. The experimental kinetic function was then found based on the basic
kinetic equation, which verified the inadequacy of Model-fitting method. The reconstructed kinetic
function was solved after selection of the alternative theoretical kinetic functions, and a good
prediction of the best reconstructed kinetic function was achieved. The effect of particle size under
two different atmospheres on the reconstructed reaction function was analyzed, a numerical
relationship concerning the particle size and parameters in the reaction function was obtained.
Moreover, distributed activation energy model (DAEM) was introduced to developed to
decouple the thermal degradation of PS by simultaneously fitting the experimental data of TG and
DTG, which assumes that a group of first-order or nth-order reactions occurs sharing the same preexponential factor and having a continuous activation energy conforming to various distribution
modes in a specific kinetic process. The optimal parameters of DAEM under different distribution
modes and reaction orders are solved and compared. Then the best model was validated by the
Vyazvokin method and sensitivity analysis of the DAEM parameters was estimated. The DAEM
parameters under different particle size were analyzed and the numerical relationship was fitted.
The results of this study have implications concerning kinetic triplet determination method,
reaction models modification, the effect of particle size on the thermal degradation, especially
guiding to waste polymers pyrolysis kinetics and combustion model construction.
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Combustion of solid fuel has been an important subject in the field of fire safety
engineering. When heated sufficiently, the surface and inner temperature of fuel rises resulted from
the heat transfer, leading to pyrolyzing, release of combustible gas and finally combustion while the
critical conditions for ignition are achieved. Therefore, the combustion of solids is a complicated
process concerning multi-physics field coupling heat and mass transfer. In this study, the
combustion of three kinds of wood sample was experimentally and theoretically studied.
The thermogravimetric analysis experiments for three kinds of wood sample (cypress, pine,
and fir) with four different heating rates in air atmosphere were conducted, the kinetic triplets were
calculated based on the thermal kinetic methods. Moreover, the thermophysical parameters
containing the thermal conductivity, density, and the specific heat transfer were measured.
By introducing the assumptions and simplifying the complicated process, a one-dimension
numerical model was developed in this study to investigate numerically the absorption effect,
including surface and in-depth absorption, on thermal degradation process that occurs in wood
combustion. The kinetic triplets were introduced to describe the combustion process, and the heat
transfer of the flame was simplified in the theoretical model. Then the bench-scale combustion
experiments under different heat fluxes were conducted using the cone calorimeter. Based on the
thermophysical parameters and the developed theoretical model, the theoretical mass loss data was
calculated, and a good prediction performance compared with the experimental data was achieved.
The analytical approach proposed in this work can be quickly calculated, so it has better
engineering application value. The results of this study have implications concerning combustion
prediction of solid fuels.
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Degradation behavior of combustible fuel is the core factor in determining combustion
characteristic. In the process of promoting the development of polymer, study of thermal
decomposition behaviors has become an important tool. In order to investigate the contribution of
purge gas to the thermal properties of POM, thermal degradation kinetics and mechanisms of POM
are studied by thermogravimetry and Fourier Transform infrared spectroscopy (TG-FTIR).
In this work, the activation energy, reaction model, and estimated lifetime of the pyrolysis of
POM under different kinds of purging gas have been estimated from different kinetic results. The
activation energy values obtained by Friedman, Flynn-Wall-Ozawa, and Kissinger-Akahira-Sunose
isoconversional methods, are 151.0-156.6 kJ mol-1 in nitrogen, and 80.9-127.3 kJ mol-1 in air. Then,
based on the Coats–Redfern and Criado analysis, the pyrolysis reaction models of POM in nitrogen are
found to be mastered by the “n+m=2; n=1.5” model, whereas the ‘‘A3” model in air. The optimum
processing temperature for POM are estimated, with the range from 250 to 300 oC in nitrogen and from
200 to 250 oC in air. IR analysis reveals that the significant difference of POM decomposition between
N2 and O2 atmosphere is the formation of isocyanate group or carbon dioxide.
The redox reaction happened in the presence of oxygen not only brings forward the reaction
process to ~200 oC, but also increases the reaction intensity tempestuously. The outcomes of this
study will contribute to the design, storage, and transportation of polyformaldehyde.
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Pyrolysis behaviour of 5AT with multiple particle sizes in
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As a kind of new-emerging high nitrogen energetic compounds, 5-Amino-1H-Tetrazole
(5AT) has attracted more and more attention due to its high energy density and low sensitivity, as
well as its environmental friendliness. It is mostly used as a filler for automobile airbags and fire
extinguishing equipment. It is also used in the synthesis of medicines and high-energy organic
compounds in the pharmaceutical and chemical industry. Therefore, it is particularly important to
study its thermal decomposition mechanism and kinetics. However, the current understanding of the
pyrolysis mechanism and kinetics of 5AT is relatively limited. In order to further understand the
pyrolysis behavior of 5AT, this article prepares five 5AT samples with multi-stage particle sizes
and performs thermogravimetric and infrared analysis on them in an air atmosphere. In order to
explore the difference in pyrolysis behavior of 5AT with multi-stage particle size in air atmosphere.
Through thermogravimetric analysis, it is found that the pyrolysis behavior of 5AT starts at about
200°C and ends at about 300°C, and the weight loss rate is 40% to 50%. The activation energy of
each sample is calculated by the FWO method and the advanced Vyazovkin method.
In general, the activation energy change of 5AT conforms to the rule that the smaller the
particle size, the smaller the activation energy. But the particle size is in the range of 150-180μm,
and the activation energy change does not conform to this law. It is guessed that this range may be
the particle size range where 5AT can react with oxygen. The activation energy within this range is
greatly reduced, indicating that the thermal stability is deteriorated; At the same time, the CR
method is used to predict the 5AT pyrolysis reaction model, and it is found that the pyrolysis model
of 5AT is not affected by the difference in particle size, and they are all F3 decomposition models.
According to the results of infrared analysis, the most likely decomposition path and mechanism of
5AT are explored. It is speculated that 5AT starts to decompose in the form of amino structure, and
the pyrolysis process of 5AT is mainly divided into three steps. This study can provide a reference
for discussing the pyrolysis behavior of tetrazole materials in air atmosphere.
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Humans' affinity for colour goes back almost to the prehistoric times, yet it is not actually
until the modern era that the full range of spectrum of colours has become accessible to the majority
of people to be used for their clothes, other textiles or surrounding objects. The current standards in
textile chromatics, cosmetics, construction/real-estate industry and nevertheless in our favourite
foods & beverages, are so high that they provoked in the recent years an increasing quest for
investigating and producing dyes. Such chemical compounds are playing important roles in our
everyday time; among these, the “Azo dyes” are the most diverse group of synthetic dyes,
compounds containing two aromatic fragments connected by a double N=N bond. Unfortunately,
problems concerning adhesion, stability and toxicity are many times forgotten by the research
community, in contrast to the overabundance of strategies that were proposed to facilitate the
synthesis of novel synthetic organic dyes. Indeed, some of them are harmless, but many other can
produce serious damage directly upon human- & wild-life, in the same time to the environment and
to its entire constituents.
In this study we have concentrated our efforts to investigate systematically five commercial
azo dyes (Azorubine, Tartrazine, Red Ponceau, Sunset Yellow, Brown HT) for their stability and
biophysical properties; the solubility study has confirmed that all of them are highly soluble in
water, developing nice & bright colours for the obtained solutions. The most likely conformations
of the azoi dyes structures were optimized in Gaussian03 software using the Density Functional
Theory (DFT). The thermal stability study of the compounds was performed by means of
thermogravimetry (TG) and differential scanning calorimetry (DSC), by heating the solid samples
in a vertical setup from R.T. to 1000 °C under inert atmosphere (argon flow). In order to probe the
biophysical properties, the interaction (molecular docking) between the five azoic compounds and
the bovine serum albumin (BSA) was studied with the Autodock Vina software, while the analysis
and visualization of the three-dimensional structure of the protein - ligand complex was performed
with Python Molecular Viewer of Auto Dock Tools v 1.5.6 and BIOVIA Discovery studio 2019.
All these studies were compared when possible to the data available in the literature.
Further work to explain better the results obtained up to now and to provide a
comprehensive understanding of their properties, will include the investigation by means of
differential scanning microcalorimetry (μDSC) and isothermal titration calorimetry (ITC).
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