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Dear Participants at CEEC-TAC6 & Medicta2021 Conference,

Let us express our great pleasurgviedcome you here in SplitCroatia, for attending the joint
6" Central and Eastern European Conference on Thermal Analysis and Calorimetry-{BEEBLand
15" Mediterranean Conference on Calorimetry and Thermal Analysis (Medicta2021) betweand20
24" of July 2021; we thank very much to all 180 of you for joining us! You were invited in Split, which
is the second largest city of Croatia. The city has rich tyis&s it was founded as the Greek colony of
Aspalathos in the'8or 2% century BC on the coast of the lllyrian Dalmatae, and later on was home to
Diocletian's Palace, built for the Roman emperor in AD 30&wdays, Split is a modern city, with a
vibrantcultural life.

The joint event CEEQAC6 & Medicta2021 gathers now 180 registered participants from
25 countries, presenting a total number of 176 scientific works. Of those, 4 are Plenary Lectures (PL),
10 are Invited Lectures (IL), 4 Parallel Sessioh®mal Presentations 64 contributions (OP) & 3
Sessions of Poster Presentatiori12 contributions (PS). Each session of oral presentations is
comprised of 16 works, while two poster presentations include 37 works and one includes 38 works.

At this editon, Awards will be offered to exceptional scientigjsProf. Herbert Danninger
from Austria (Honorary Member of CEETAC), ii), Prof. Thomas Maskow from Germany
(Distinguished TA&C Researcher in Central & Eastern EurapgDr. Nina Obradovic from Sbia
(Outstanding Young TA&C Researcher in Central & Eastern Europe);ithreei Andr z e | Ma
2021 Grants for Best Young Researcher from Central & Eastern Europe and from the Mediterranean
Area in the field of Thermal Analysis and Calorimetry; twoJ Ar os|l av Sestako 20
for Best Student from Central & Eastern Europe in the field of Thermal Analysis and Calorimetry.

We would like to express our thanks to the people who contributed and supported the
organization of this event, especially the members of the Honorary Committee, Scientific
Committee, International Organizing Committee, National Associations for Thermal Analysis and
Calorimetry from Central and Eastern European countries and those from the Mediterranean area,
Executive Orgaizing Committee, Central and Eastern European Committee for Thermal Analysis
and Calorimetry, Committee for Thermal Analysis & Calorimetry of the Croatian Society of
Chemical Engineers (HDKIT), University of Split (Sveuceliste u Splitu) and the Fac@tyarhistry
and Technology (KTF) of the University of Split, University of Craiova (UCv), and Institute of
Physical Chemistry Allie Murgulescuo of the R
of our Sponsors: TA Instruments (Diamond Sponsor), NEJZSGold Sponsor), Jasika d.o.o.
(Bronze Sponsor) and Labtim (Exclusive Sponsor). A special acknowledgement has to be addressed
to theJournal of Thermal Analysis and CalorimetG@eramics International, Surfaces and Interfgces
where one of their volumesill be dedicated to research papers of our conference, presented as oral
or poster contributions.

The 5day 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 CEREC6 & Medicta2021
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 gimewa 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 2023 for CEETAC7 and Medicta2023!

Matko Erceg &Andrei Rotaru
Chairmen of CEEGTACG6 & Medicta2021
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General Information

The j oi n"tCergral and tEastéré European Conference on Thermal Analysis and

Calorimetry (CEECTACS6) & 15" Mediterranean Conference on Calorimetry and Thermal Analysis
(Medi ct a20 2r&d)180 rdyiatered gaaticigamsfrom 25 countries presenting a total

number ofL76 scientific works Of those, 4 are Plenary Lectur@i {, 10 are Invited Lecturesl(),

4 Parallel Sessions of Oral Presentatiofg contributions@QP) & 3 Sessions of Ptexr Presentation

T 112 contributionsRS). Each session of oral presentations is comprised of 16 works, while two

poster presentations include 37 works and one includes 38 works.

Plenary Lectures

1

f
f
f

Daniele Cangialos{CSIC-Consejo Superior de Investiganes Cientificas, Spain)
Herbert Danninger(Vienna University of Technology, Austria)

Thomas Maskow(Helmholtz Centre for Environmental Research, Germany)
Nina Obradovic(Institute of Technical Sciences of SASA, Serbia)

Invited Lectures

=A =4 =4 =4 4 -4 -4 A -4 -4

Romana Cerc Korose(University of Ljubljana, Slovenia)

Jordi Farjas (University of Girona, Spain)

Loic Favergeon(Ecole des Mines de Saiktienne, France)

RodicaMariana lon (Valahia University of Targoviste, Romania)

Stanislav Kurajica(University of Zagreb, Croatia)

Birgit Maaten(Tallinn University of Technology, Estonia)

Timur MukhametzyanoyKazan Federal University, Russian Federation)

Maria das Dores M. C. Ribeiro da SilM@niversity of Porto, Portugal)

Roberta RisolutiSapienza University of Rome, Italy)

Ludmila N. Zelenina(Nikolaev Institute of Inorganic Chemistry, Russian Federation)

15



Short Summer School
on TA&C

CCTAC1

Lunch
CEEC-TAC6 & Medicta2021

Thomas Maskow,PL2

CCTAC1

Lunch
CEEC-TAC6 & Medicta2021

Nina Obradovic, PL4

Lunch
CEEC-TACY / Medicta2023

Ios  [TIEE0oTT

Lunch

Short SummeIrSchool
on TA&C

Daniele CangialosiPL3

Afternoon beak Afternoon break

Afternoon break

Opening Ceremony

%00 CEECTAC General Assembly

Herbert Danninger, PL1

Conference Dinner

Old-City Tour

7. Canteenat the Student Service P rog ram Of C E EC'TAC6 & M Ed | Cta202 1

1-7: Sveuciliste u Splitu, Kensko-Tehnoloski Fakultet, Rudera Boskovica 35, Split
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8: Spinutska 69, Split H :

9. Split City Centre i Diocletian Palace Sp“t, Croatla
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Thermoanalytical techniques for chaiacterizing sintering processes
in ferrous powder metallurgy

Herbert DANNINGER *!, Raquel DE ORO CALDERON!,

Stefan GEROLDINGER?, Christian GIERL -MAYER !

nstitute of Chemical Technologies and Analytics,
Technische Universit 2 t-1080iWeen, AGGtead r ei demar k

Abstract:

For powder metallurgy processing, the sintering stage, i.e. heat treatment of a powder compact
below the melting point at least of the major component, is decisive for establishing microstructure
and properties. Therefore atough studying of the chemical and metallurgical processes occurring
during sintering is essential for attaining optimal product properties, and sintering has therefore been
the focus of investigations for many decades (e.g. [1]). Here, thermoanalgtibalques, at best
combined with chemical analysis, enablesitu characterization of the sintering process from many
perspectives [2]. When using these techniques in powder metallurgy, equipments such as STA or
dilatometer can in fact be regarded as s1wedle sintering furnaces that enable continuous recording
of thermal and mass effects, in case of STA, or dimensional changes as in dilatometry [3].

Moreover, if combined with tools for chemical analysis such as mass spectrometry, also
chemical reactiombetween substrate and atmosphere can be elucidated [4]. Here it should further be
considered that the very large specific surface of a powder compact compared to a solid metallic body
results in much higher reactivity with the surrounding atmosphesatiimosphere being on one hand
the fiexternal 06 one, outside the body in the f
one within the pore network of the specimen.

Examples are shown for sintered alloy steels prepared through differgmgaliechniques,
and phase transformations, liquid phase formation and deoxidation and decarburization as well as
interstitial redistribution processes are described. Finally, the use of quench dilatometry for
developing steel grades with sinter harderagability is discussed.

[ 1] W. Schatt, -\Sarnlteeg,v oD¢gs?snegled o rViDI( 199 2)

[ 2] G. Leitner, W. Heinrich, K. GI° 1995] MRJF, Adyv
Princeton NJ (1995), Part 4, 259

[3] C. GierktMayer, H. Danninger, Powder MdltaProgress 15 (2015) no.1, 3.

[4] R. de Oro Calderon, C. Gieklayer, H. Danninger, Journal of Thermal Analysis and Calorimetry

127 (2017) No.1, 91.
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The potential of biological calorimetry from the perspective of
a bioengineer

Thomas MASKOW
HelmholtzCentre for Environmental Researick) F Z , PermoserstracCe 15,

Biotechnology promise solutions to the current challenges of the transition from a petroleum
based to a bivased economy through the elucidation, application and utilizaticecimical
processes of the biocatalytic mechanisms of action that have evolved over more than 4 billion years
of evolution. Thermoanalytical measurement methods and thermodynamic theories with their
inherent predictive power can make significant contrdngihere.

For instance, the metabolic heat production rate of only 100 myocardial cells or 100,000
aerobically growing bacteria or nanograms enzymatically converted material) is today measurable
and reflects both kinetic and stoichiometry in real time.delic heat can be monitored in reaction
vessels ranging from a few nanoliters up to many cubic meters. Calorimetry does not interfere with
the biological process under investigation and not require any labelling [1]. Although all these
advantages make loaimetry an interesting method for many applications (e.g. in medicine,
environmental sciences, ecology, biochemistry and biotechnology), the number of groups working
biocalorimetrically or biothermodynamically is very small.

The rather rare applicatieito metabolic processes have several reasons, of which only a few
will be mentioned in the following. First, it is very difficult to imagine that highly complex metabolic
networks can be described well by simple thermodynamic laws [2,3]. Second, tiseomaif other,
non-material forms of energy (light [4], electrical energy [5]) in biological balances is challenging.
Third, additional physical processes such as surface interactions complicate thermodynamic data
interpretation [5]. Fourth, calorimeter amufacturers optimize instruments for measurement
sensitivity and stability or ease of use, but rarely for the special requirements of biological systems.
On the basis of some selected examples, first approaches to solutions will be shown in order to be
ale to tap the full potential of calorimetry.

[1] O. Braissant, G. Bonkat, D. Wirz, A. Bachmamhgrmochim. Acteb55 @013 64-71.

[2] V. Vojinovic, U. von StockamBiotechnol. Bioeng 103(4) 2009 780-795.

[3] K.Vogel, T. Greinert, M. Reidrd, C. Held, H. Harm, T. Maskowt. J. Mol. Sci.21 2020 8341

[4] T.Maskow, A. Rothe, T. Jakob, S. Paufler, C. WilheBui, Rep 92019 9298.

[5] B. Korth, T. Ma s k o w, EhergyEmnvicon. &ai %2616 @5392%44. Har n |
[6] K. Vogel, L. Pfaff, D. Breite, H. AFathi, C. Ortmann, T. Estrelaopis, T. Venus, A. Schulze,

H. Harms, U.T. Bornscheuer, T. MaskdBgi. Total Environ.773@021) 145111.
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Non-equilibrium glass dynamics by advanced calorimetry

Daniele CANGIALOSI 1?2
ICentro de Fisica de Materiales (CSUPV/EHU), Paseo Manuel de Lardizabal 5,
20018 San Sebasti8n, Spain
Donostia International Physics Center, Paseo

The present contribution aims to unveil how advaruaddrimetric techniques, including new
generation fast scanning calorimetry, can convey information of utmost importance on the kinetics of
nortequilibrium in glassy materials. | will first give a glance on vestablished facets of the
transformation frmm a liquid into a glass, the salled vitrification or glass transition, and the
evolution of the glass thermodynamic state, generally addressed as physical aging. Subsequently, |
will show how recent activity on a variety of glasses revealed the pres#Enchfferent
molecular/atomic mechanisms triggering both vitrification and physical aging, thus questioning the
common view exclusively emphasizing the role of the primayyélaxation [12].

The presence of fast mechanisms of equilibration is higlelthfm view of their mild
activation energy, which implies smooth increase of the time to equilibrate with decreasing
temperature. This offers great potential to decrease the glass energy in time scales amenable to the
experimental practice. It will be shovthati in glasses exhibiting large amount of free interface,
where equilibration is accelerated with respect to bulk glassésej#rgies down to the ideal glass,
theorized long ago [4] and exhibiting entropy equal to that of the most stable ciastag achieved
in time scales shorter than several day§][5

[ 1] D. Cangialosi, APhysical Aging of Pol ymer
Wiley (2018)

[ 2] D. Cangial osi, fAGlI ass tr ans iestigadby calorinetiich y s i
techniqueso in Handbook of Ther mal-33nalysis an

[3] D. Cangialosi, A. Alegria, J. Colmenero, Prog. Pol. Sci. 54 (20181428

[4] J. H. Gibbs, E. A. Di Marzio, J. Chem. Phys. 28 (1958) 373

[ 5] V.M. Boucher, D. Cangialosi, A. Alegb® a, J
[6] X. Monnier, J. Colmenero, M. Wolf, D. Cangialosi, Phys. Rev. Lett. 126 (2021) 118004
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Influence of BaTiOs/FexOzaddition on crystallization and
polymorphism of PDVF polymer matrix followed by DSGTG

Ni na OBRADOSUWufana EI LI POVI L

Martin ROSENSCHON?, Ekkehar d> F| GLEI N
linstitute of Technical Sciences of SASA, Knez Mihailova 35/IV, 11000 Belgrade, Serbia
NETZSCHGer @2t ebau GmbH, Wittel sbacherstrabe

Ceramic/polymer dieledtr composites are widely used as components for electric devices,
mainly because of their high chemical stability, mechanical strength, and flexibility. In order to
increase dielectric permittivity, ceramic fillers with high dielectric constant have baealyu
incorporated in the polymer matrix in large amounts. With the aim to enhance dielectric properties of
matrix, 5wt.% of BaTiQ/FeOs core/shell composite was added into the PVDF matrix. Prior to
addition, five BaTiQ/FexOs powders were prepared biffdrent synthesis conditions. The changes
in crystal structure and lattice dynamics of the obtained ceramic/polymer composite were correlated
with changes in the phase composition and morphology of B&e®s core/shell filler. Thermal
analysis such adDTA/TG/DSC are useful methods to determine various parameters in
ceramic/polymer composites. We were able to corroborate that differences in phase composition and
morphology of BaTi@FeOs core/shell filler have influence on formation of various PVDF
allomorph modification, as well as a level of crystallinity.
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Innovative coupled approaches in thermal analysis investigations

Roberta RISOLUTI
Department of Chemistry, Sapienza University of Rome, Piazzale Aldo Moro 5, Italy

Thermal analysis may be involved for the investigation of several real and complex matrices
in different fields and leads to a signal resulting from a number of thermal processes.

Data collection task, whether in calorimetry, thermogravimetry or other te@witypically
involves many measurements made on many samples. Such multivariate data has traditionally been
analyzed using one or two variables at a time. However, this approach fails to discover the
relationships among all variables and samples effigiefib overcome this, chemometric analysis
process all of the data simultaneously for extracting information from multivariate chemical data
using tools of statistics and mathematics.

A novel coupled approach based on thermogravimetry and chemometriosemasecently
and effectively proposed to improve sensitivity of the measurements and to develop models of
prediction to be used in analytical chemistry. In particular the improvement of the
TGA/Chemometrics approach has been recently demonstrated effestsvin clinical and forensic
field. In this presentation, a mukcreening test based on the coupling of thermogravimetry and
chemometrics is presented for the differential diagnosis of hereditary hemolytic anemias. In addition,
application of this noveapproach in the forensic field is also reported for the determination of the
time since death.

[1] R. Risoluti, P. Caprari, G. Gullifa, S. Massimi, L. Maffei, F. Sorrentino, E. Carcassi, S. Materazzi.
Chemical Communications 7 (2020) 141, .

[2] R. Risduti, P. Caprari, G. Gullifa, F. Sorrentino, L. Maffei, S. Massimi, E. Carcassi, S. Materazzi,
S. 56 (2020) 7557560.

[3] R. Risoluti, S. Canepari, P. Frati, V. Fineschi, S. Materazzi.

"2n Analytical Platform” to Update Procedures in Thanatochemissymtion of Post Mortem
Interval in Vitreous Humor (2019) DOI: 10.1021/acs.analchem.9b01443
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Thermal analysis of thin filmsT an important aspect in preparation
of functional layers

Romana CERC KOROGEC
Faculty of Chemistry and Chemical Technology; Univsi ty of Ljubl jana,
SI-1000 Ljubljana, Slovenia

Thin films deposited as thin layers on top of a surface, change its chemical and physical
properties. Today, they are used in various applications: to protect surfaces (against corrosion,
alrasion, wear), as optically active layers (refractive, adsorptive) or with a specific chemical function
(sensors, catalysts) [1].

Various deposition methods are available for the preparation of thin films, which can be
divided into physical and chemicahyical vapor deposition and sputtering belong to the first class,
while chemical vapor deposition, spray pyrolysis and thegysbkynthesis process where the sol is
applied to the substrate by dip or spin coating, are classified as chemical ones [2].

Therole of thermal analysis in the preparation of two different types of functional coatings,
i.e. electrochromic nickel oxide thin films and photocatalytic titanium dioxide thin films, will be
presented. In both cases thermal treatment after the depgsibiogss is necessary to improve the
adhesion of thin films to the substrate and to ensure their structural stability. For the electrochromic
nickel oxide thin films, it is known that the degree of thermal treatment is the key factor affecting the
magnitudeof the optical modulation. Too high processing temperature significantly lowers the
electrochromic effect, on the other hand, for thermally untreated films, the optical modulation also
decreases soon after the beginning of the cycles. The aim of thézagithm procedure was to find
the temperature and duration of thermal treatment ejeladierived nickel oxide thin films prepared
from different precursors that lead to maximum optical modulation during potential switching for a
large number of cycles[3

For the photocatalytic titania thin films, formation of the photocatalytically active crystalline
phase can be followed using thermal techniques in combination witRaX Diffraction. At
temperatures higher than the crystallization temperature, tealitgs continue to grow, resulting
in a lower specific surface area and consequently a lower photocatalytic efficiency. In contrast, the
band gap becomes narrower with increasing particle size, which means that a shorter wavelength is
required for excation. Therefore, the optimal temperature and duration of thermal treatment should
be determined, leading to an optimal crystallite size. In this context the thermoanalytical method plays
an important role [4].

[ 1] U. Schubert, No r dHg rsii m gMa tAve 2Dl & ,i sWiolf e y n
[ 2] L. Niinist°, J. Therm. Anal. Calorim. 56
[ 3] R. Cerc Korogec, P. Bukovec, Acta Chim. S
[ 4] P.

Horvat, aAr e®eévédr G6ElaamiadmlQ07/8R097820:10089x.K 01 0 g €
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Non-standard kinetic analysis of polymer crystallization and liquid
evaporation

Jordi Farjas, J o an P-8&lmedo,RerefReuraGrabulosa
Universitat de Girona, Campus Montilivi, Edif. PIl, E17003 Girona, Catalonia, Spain

The kinetic analysis of two different physical transformations is addressed in this presentation.

First, we study the kinetics of a process thatsdoet obey an Arrhenius temperature
dependence, as it is usually the case when processes occur near the equilibrium temperature. In
particular, we analyze polymer crystallization, which is usually governed by the HoeEfauaitzen
(H-L) temperature dependee[l]. We have developed a method that allows us to obtain the H
kinetic parameters from a set of measurements done at constant heating and at constant cooling rates
Once, the kinetics has bedisclosed, we are able to predict the crystallization course for an arbitrary
thermal history. This method has been applied to the crystallization of PET and PAG, that has been
monitored by differential scanning calorimetry (DSC).

Second, we analyze tlewaporation kinetics of a liquid placed inside the tubular furnace of a
thermobalance. To this aim, we have developed a physical model that describes the evaporation
kinetics under the general conditions of thermogravimetric measurements; i.e. it tak&ascount
gas diffusion and convective gas transf@Jrt This model is used to determine the equilibrium vapour
pressure in a wide temperature range for triethanolamine and water. Also, the applicability of
isoconversional methods to the evaporation kinetics is reviewed.

1] J . Farj as S-Olneda P. RduraPModétee igoeanversional method applied to
polymer crystallization governed by the Hoffmhauritzen kinetics, Polymer. 120 (2017) 1118.

[2] I. Zghal, J. Farjas Silva, J. Camps, M. Dammak, P. Roura, Thermogravimetric measurement of
the equilibrium vapour pressure: Application to water and &rekamine, Thermochim. Acta. 665
(2018) 92101.
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Investigation of the influence of enedkemperature on the fast pyrolysis
process of oil shale and on the properties of its products

Birgit MAATEN 2 Andres SIIRDE?, Signe VAHUR!, Kal |l e KI RSI M
tUniversity of Tartu, Department of Geology, Ravila 14A, Tartu, Estonia
2Tallinn University of Technology, Department of Energy Technology, Ehitajate tee 5, Tallinn, Estonia

Although the world is moving towards renewable energy, fossil fuels are still beingdutilize
for power and oil production until cleaner technologies can be implemented. In Estonia, most power
plants are still fuelled by oil shale and although the material has been extensively studied, research
on the topic of wval orgisstltbéingoondaacted. fAigreend tech

Using thermogravimetric analysis to study the thermal behaviour of oil shale is nothing new.
Extensive research can be found on both the pyrolysis and combustion process of oil shale, also by
our group[1]i[3]. The use of a high heatjirate furnace (operating with a linear heating rate of up
to 1000 K/min) coupled with a mass spectrometer (HFFA-MS) enables investigating new areas
of interest and simulating industrial conditions more accurately. In this researchTBARMS was
usedto study the effect of temperature on the pyrolysis of oil shale (and imitate industrial conditions),
evaporating gases and on the composition of the produced solid residue. The samples were heated tc
different endgtemperatures with a heating rate of 500ni and held isothermally at the desired
temperature for 15 minutes. Theen®e mper at ur es wer e varied from
gases were simultaneously analysed and specific interest was given to the change in the evolution of
sulphurcontainng compounds. The obtained semicoke was analysed by attenuated total reflection
Fourier transformation infrared spectroscopy (AFRIR) and some samples also byra§
diffraction spectroscopy (XRD) to determine the main structural and compositional ch8agés
images were gathered to characterize the possible changes in the surfaces of the particles.

The results clearly showed the effect that the end temperature had on the ploneghe
mass loss from organic components can be controlled by temgerdRID showed transformation
of pyrite into pyrrhotite. The amount of-teldspar decreased with the increase in temperature,
whereas calcite followed an opposite trend. AFRR showed significant changes in the peaks
corresponding to organic matter andistural changes in thema shouldering of the main peak was
observed. These results offer an overview of the complex pyrolysis process and illustrate how several
analytical techniques complement each other.

[1] B. Maaten, O. J2&rvik, O. Pihl, A. Konist, ar
of s Wil $hale volo37, no. 1, pp. 569, 2020.
2] B. Maaten, L. Loo, A. Konist, and A. E&irde,

r i ¢ch o J.ThesnhAnal €alasimyvol. 131, no. 3, pp. 2082091, 2018.

[38] L. Loo, B. Maaten, A. Siirde, T. Pi hu, and
characteristics of Estonian oil shale in air and-bxy e | a t mileusl pProcegs.erechndivol.

134, pp. 317324, 2015.
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The role of water vapor pressure during thermal decomposition
of crystalline solids: its influence on both the reaction course
and its kinetics

Lopc FAVERGEON
Mines SaintEtienne, CNRS, UMR5307 LGEentre SPIN, SaiffEtienne, France

Thermal decompositions of crystalline solids are involved in many industrial processes.
Among the various features that can influence such a type ofdat®lreactions, the partial pressure
of the gaseous product the reaction atmosphere is an important parameter, and its impact is
probably less known than that of temperature, even if the influence of both parameters is often linked.

Indeed gaseous product partial pressure is one of the intensive parameteraliawido
describe a system in a particular state: initial state, final state, balance, or for a given conversion degree.
In this thermodynamic description, partial pressure gives information on the sense of evolution of a
system, and so participates to inediction whether a chemical reaction is possible or not.

From a kinetic point of view the role of tlgaseous product partial pressure has been often
observed. In consideration of the deviation from the thermodynamic equilibrium, an increase in the
patial pressure in the reaction atmosphere often reduces the overall reaction rate of the thermal
decomposition at a given temperature. However more unusual behaviours have also been observed
considering the effect of the partial pressure of gaseous praniud¢he kinetics of thermal
decomposition. For example the Smithpley effect [1], which corresponds to an initial decrease
followed by a subsequent increase then another dedretigerate constant with increasing p(j
for a given temperature, was @pged fo several thermal dehydration of inorganic hydrates.
Nevertheless the effect of the partial pressure on the reaction rate remains difficult to understand and
to predict due to the complexity of the phenomena and their mutual correlations.

In this lecture, various examples of thermal decomposition reaction are presented in order to
overview the role and the importance of water vapor pressure on both the thermodynamic and the
kinetic descriptions of thermal decomposition of crystalline solids. Theeraus difficulties linked
with the effect of water vapor pressure are addressed by means of several approaches including
reaction mechanism in elementary steps [2,3], surface nucleation and growth models, [2,4] universal
kinetic approach [#] and solid stution description [9].

[1] B. Topley, M.L. Smith, Nature 128 (1931) 302

[2] J. Preturlan, L. Vieille, S. Quiligotti, L. Favergeon, J. Phys. Chem. C 124 (2020) 26352

[3] L. Favergeon, M. Pijolat, C. Helbert, J. Mater. Sci 43 (2008) 4675

[4] L. FavergeonM. Pijolat, F. Valdivieso, C. Helbert, Phys. Chem. Chem. Phys. 7 (2005) 3723

[5] N. Koga, L. Favergeon, S. Kodani, Phys. Chem. Chem. Phys. 21 (2019) 11615

[6] M. Fukuda, L. Favergeon, N. Koga. J. Phys. Chem. C 123 (2019) 20903

[7] S. Kodani, S. lwasaki, LFavergeon, N. Koga. Phys. Chem. Chem. Phys. 22 (2020) 13637

[8] Y. Yamamoto, L. Favergeon, N. Koga, J. Phys. Chem. C 124 (2020) 11960

[9] L. Okhrimenko, L. Favergeon, K. Johannes, F. Kuznik, Thermochimica Acta 687 (2020) 178569.
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Thermodynamic study ofwater evaporation processes from
U, b- and a-cyclodextrin hydrates

Liudmila ZELENINA , Tamara CHUSOVA, Tatiana RODIONOVA,

Andrei MANAKOV

Nikolaev Institute of Inorganic Chemistry SB RAS,
Acad. Lavrentiev Ave., 3, 630090 Novosibirsk, Russia

Cyclic macromolecules consisting of 6, 7,8glucopyranose units, respectivelse a-, b-
anda-cyclodextrins (CDs)These units form hollow truncated cone cavity with hydrophilic exterior
and hydrophobic interior, which can include a wide range of guest molecules, thereby forming various
hostgues inclusion complexes. These inclusions may beneficially change of CD physicochemical
characteristics such as solubility, thermal stability, volatility, resistance to oxidation, visible and UV
light, etc.Because of these properties CDs are widely usadalytical chemistry, catalysand also
in pharmaceutical, foodnd cosmetic industrie§Vater plays an important role in formation of the
CDs inclusion complexes, since the process of complex formation is essentially a replacement
reaction of water moledes located in CD cavities by hydrophobic guest moleciesnwhile,
guantitative data on equilibria between CDs an@ Hre very scarce and contradictory, which makes
it difficult to produce higkguality materials.

The purpose of this work is a compeslsive study of thea-, b- and oCD hydrates
dehydration processes btatic method with glass membragauge manometers. The measurements
have been realized in the TWKJId® 5106¢r wpleersre ud t
760) and composition (CDH.0,2 . & O O)1 Ehe accuracy of measurements for used setup was
0.5 Torr, 0.5 K and 0.01 formula units in the values of pressure, temperature and solid phase
composition, accordingly [1].

As a result of this study thermal stability of investigated compounds was sstabli
temperature dependences of pressure diginydration processes were obtained (four types of
dehydrationprocesses were studied), enthalpies and entropidshyfdrationwere determined and
Gibbs energy changm the process of bindingvater with CDs was calculated. On the base of
information obtained the conclusions about the nature of the interactions between host (CDs) and guest
molecules (water) were drown. The main resultgayclodextrin hydrates are published ir3R

The accumulation of quatdtive information about the dehydration processeg-pb-, o
CDshydrateswill allow one to synthesize functional materials with desired properties in the future.

[1] L. Zelenina, T. Chusova, S. SapchenkdJEaintsevaD. Samsonenko, V. Fed#CT.67 (2013) 128.

[2] A. Manakov, T. Rodionova, L. Aladko, G. Villevald, J. Lipkowski, L. Zelenina, T. Chusova, T. Karpova,
JCT.101 (2016) 251.

[3] L. Zelenina, T. Chusova,. Isakov, T. Rodionova, G. Villevald, A. Manak@¢;T.158 (2021) 106424.
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Thermal evolution of gels prepared by modification ofluminum
secbutoxide with ethyl acetoacetatentended for use as ceria catalyst
carriers

Stanislav Kurajical, Katarina Mu ¢ itnal van? SViml k& Mandi I

University of Zagreb, Faculty of Chemical E
Zagreb, Croatia
Pliva Croatia Ltd., Prilaz baruna Fil |

A recent investigation of doped ceria catilgs well as advanced synthesis methods of ceria
catalyst support will be presented. First, a brief review of the contribution in the field of
nanocrystalline ceria synthesis [1] will be given, in which the synthesis and properties of ceria doped
with different transition metal ions [2] will be addressed, with a particular focus on copper and
manganese doped ceria [3]. Afterwards, thegeblsynthesis of gels prepared by chelation of
aluminum sedutoxide (Asb) with ethyl acetoacetate (Eaa) in varioususntsowill be described [4].

Finally, special attention will be payed to thermal evolution study of the obtained gels and assessment
of their suitability as ceria catalyst support. Samples were characterized by scanning electron
microscopy (SEM), low angléaser light scattering (LALLS), differential thermal and thermo
gravimetric analysis (DTA/TGA), Fouridransformed infraed spectroscopy (FTIR) and-rtdy
diffraction (XRD). It was established thaampleswith a low Eaa/Asb ratio are mainly amorphous,
whilst the samples with a greater Eaa/Asb ratio are predominantly chelate. The crystallization of
Al,Ostakes place between 600 and 10C i n t wo separate processes
On the other hand, a complete transitiot}4al,.Osat 12000 C occur s excl usively
high Eaa/Asb ratio, while it is only partial for samples with a low Eaa/Asb ratio. The obseagsd

loss is in concordance with the hypothesis that the overall gel content in the samples could be
represented by araplified formula Al(Eaa)Ozxy2, Wwhere x is the Eaa/Asb ratio. In addition to
thermal evolution, theetchelate duality of the samples is reflected in the morphology and patrticle
size distributionProper synthesis parameters, as well as thermal treatoaditions enable the
tailoring of alumina properties for ceria catalyst support.

[1]S. Kurajica, |, Minga, M. Gulig, V. Mandil,
[ 2] S. Kurajica, K. Mugi na, G. DMagiGlupa@] i Mat
Munda, Mater. Chem. Phys. 244 (2020) 12689.

[ 3] S. Kurajica, |. K. Munda, G. Dragil, V. M:
(2020) 29451.

[ 4] S. Kurajica, G. Mali, V. RwgsnChen. Solids148 (E02wnl i |
109783.
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When the two-state model of protein unfolding breaks?

Timur MUKHAMETZYANOV
Kazan Federal University, Kremlevskaya 18, Kazan, Russian Federation

Lysozyme is a small globular protein with applicationsthe food and pharmaceutical
industries. Due to its stability and availability, it is also a classic model protein. Lysozyme displays a
singeweldef i ned endot hermic effect upon heating.
unfolding are very clee, and the unfolding process is described as-&tate conversion from native
to unfolded states with no intermediates.

However, the apparent activation energy of unfolding of lysozyme in \RESO mixtures
is lower than the enthalpy of unfolding [f{hich does not fit the twstate model.

Also, the temperature dependence of the circular dichroism signal in the aromatic region
diverges from the temperature dependence of the degree of unfolding determined from calorimetric
data with the increasing comtiof the organic csolvent.

The unfolding of lysozyme in glycerol was studied using fast scanning calorimetry in a wide range
of heating rates. The apparent activation energy of the unfolding was determined using the Kissinger
method [2]. The determinegbparent activation energy value is again lower than the calorimetric enthalpy
of unfolding and is very similar to the value determined in wWAMEO mixtures.

The approach based on Tammannés nucl ei de:
refolding oflysozyme. A folding intermediate with faster folding and refolding kinetics was found;
however, this intermediate is formed only in an alternative folding pathway and does not contribute
to the unfolding of the native protein.

Thus, the question arises, attkind of folding/unfolding mechanism can explain the results
mentioned above?

This research was funded by the Ministry of Education and Science of Russian Federation (grant
14.Y26.31.0019).

[1] T. Magsumov, A. Fatkhutdinova, T. Mukhametzyanov, |. Se@wmolecules, 9 (2019) 547
[2] T. A. Mukhametzyanov, I. A. Sedov, B. N. Solomonov, C. Schick, Biochimica et Biophysica Acta
(BBA) - General Subjects, 1862(9) (2018) 202d@30.
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Chemical and thermal analysisfor architectural heritage materials

Rodica-Mariana ION %23
val ahia UnivéteitiMaber T@®Fgo¥hdgejRomanin.i ng Dep't
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Abstract. The characterization of historical matelimésssential for investigating the chemical
composition, microstructure and morphological characteristics of architectural monuments and
artifacts, from which information can be deduced about their condition, environmental influence and
natural aging or mnrmade degradation processes. Among the existing techniques, optical
microscopy (OM), atomic force microscopy (AFM), which can provide real {tlireensional
topographies showing the surface properties of the sample, scanning electron microscopy combined
with X-ray analysis of energy dispersion (SEWX), which allows acquisition of images of
materials, infrared and Raman, commonly used to characterize inorganic and organic compounds,
UV-visible spectroscopy (UWis) of great importance in architecturalritege, which can reveal
various physicechemical mechanisms that cause color. In additierayXtechnologies are applied,
such as Xray fluorescence (XRF) and-pay diffraction (XRD), fast and inexpensive techniques for
characterizing synthetic or artifal materials. Except for these techniques, thermal analysis can
quickly and accurately measure changes in crystal structure, dehydration and decomposition. These
techniques are thermogravimetry (TG), derived thermogravimetry (DTG), differential thermal
analysis (DTA), differential scanning calorimetry (DSC), DSC coupled thermogravimetrp8G
[1]. The thermal analysis provides useful information about the compositions of materials that belong
to our cultural heritage. In other cases, the results caaléied with data obtained by other well
established techniques, confirming the relevant complementary nature of thermal alalysis.
important aspect of these theranalytic techniques is that, although generally destructive, only a
few milligrams of eidence are usually requiredvhich is very important in the study of objects of
historical or cultural value. This review describes some classic applications of individual techniques
and provides scientific support to scientists and engineers to malsodscin the context of
architectural heritage. The criteria for determining the preservation treatment impose compatibility
as best as possible between the preserved object and the preservative and the minimally invasive
intervention [2]. Some exemplifitans will be done in this paper, by using the nanomaterials, as
magnesium and calcium hydroxides or hydroxyapatite, tested on some architectural surfaces.

Acknowledgements This work was supported by the projects: PNIII 51PCCDI/ 2018 and 567PED/2020

[1] R,M,lon, J. Therm. Anal. Calorim., 102, 156372 (2010)
[2] S.M. Doncea, R.M. lon, et al., Instrumentation Science & Techno883¥,96-106 (2008)
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I nsight on some recent energgtructure-stability studies of organic
compounds: a thermochemical appoach

Vera L.S. FREITAS, Ana L.R. SILVA, Maria D.M.C. RIBEIRO DA SILVA
Centro de I nvestiga-«o0o em Qu2mica, Facul t
Rua do Campo Alegre, S/N;4169007 Porto, Portugal

Our research group is being involved for a long time systematic experimental and theoretical
thermodynamic study over key organic compounds of different classes, since the results are important
contributions to clarify the reactivity of the molecules. Our main goal is to provide reliable values for the
standard molar enthalpy of formation in the-ghase, an essential thermodynamic property on the
establishment of molecular energetic and structural correlations, as well@assessment to the energy
associated to transformations in which the compeuare involvedln this context significant
experimental work has been developed with homocyclic and heterocyclic compounds (mainly five and
six membered rings) with oxygen, sulphur or nitrogen heteroatoms. Complementary, computational tools
have beensed to derive the values of identical parameters and the comparative analysis of the values
derived by the two approaches is usedupport strategies on thkstablishment of reliable prediction.

Other thermodynamic parameters have been alsomdetdl, ramely standard entropies and Gibbs
functions of formation of the compounds studied [1,2].

Currently we are involved in two main projects aiming (i) thergetic characterization of
compounds involved in biomass degradation processes ardki@minationof thermodynamic
properties of chemical fragrances: tools for environmental risk assessineeed, the
thermodynamic characterization of different chemical transformations of biateassd
compounds still remains a challenge due to the shortage ofaéedhermochemical data of the
molecules involved in those processes. On the other side, accurate thermodynamic data for chemicals
have major importance for the assessment of the feasibility of chemical processes, as well as for the
environmental fate athemicals.

This research addresses to fill the experimental data gaps, to validate predictive strategies,
expanding them in a in a wedupported way based in reliable key data.

[1] V. L. S. Freitas, M. D. M. C. Ribeiro da Silva, J. Therm. Anal. Caloti#i (2015) 1059.
[2] A. L. R. Silva, A. C. M. O. Lima, M. D. M. C. Ribeiro da Silva, J. Therm. Anal. Calorim. 134
(2018) 1267.

Acknowledgments: This work had the financial support of national funds, through FCT
Foundation for Science and TechnologyitBgal, within the scope of the R&D project with reference
UIDB/00081/2020.
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Model free kinetic studies of the curing behavior of bio-based epoxy
and acrylate resins

G¢enter WU AréniuhairRa] MAHENDRAN
Wood K Plus Competence Center for Wood Composites and Wood Chemistry,
Altenberger Strasse 69,4040 Linz, Austria

The curing behaviour of the blmased epoxy with dnydride hardeners (Nadic methyl
anhydrideNMA and Methyl tetrahydrophthalic anhydrid¢THPA) in the presence of imidazole
catalyst was studied using differential scanning calorimetry. Different model free kinetic methods
(Friedman[1] and Vyazovkin[2]) were used to predict the cure kinetics and they were compared
with each other. The complicated curing mechanism (due to etherification and esterification reaction)
was well predicted by the model free éiic methods and provided insight into the cure mechanism
of epoxidized vegetable oil with the anhydride hardener.
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Figure 1: (A) Activation energy vs conversion for the epoxidized vegetable oil with anhydride (NMA) curing agen
predicted using three isoconversional methed&(r i e d m\ayazpvkin)(B) U (-¢uives obtained from isothermal
DSC experimentsX-) at five isotherms (a) 40, (b) 4d&mves(c) 50,
predicted using Ea(U) from VA i mesureddbts Rredicted) e s ame i s

Another biebased resin system, maleinated acrylated vegetable oil was cured in the presence
of free radical peroxide catalyst and the cure mechanism was studied using Friedman and Vyazovkin
method. The MAVO resin mixture reachgde | at i on already i n @a<very
5%). This result confirmed the assumption that gelation was responsible for the change of the reaction
to diffusion-controlled process even at the very early stage of cure. The gelation was mesisigyed
the rheometer. Another effect that influenced the thermal cure at processing temperatures below 50
AC was due to vitricurcvaes owe.r el hceoumgsaaiseladedidmtUn t 0
isothermal DSC measurements (40, 45,50,55,and& C) Fi g 1 ( B) .

It was concluded that, model free kinetic studies helps to understand the complex curing
mechanism of the bibased resin system and in some instance these approaches proved superior to
modetbased predictions since quantitative knowledigehe reaction mechanism is not known. The
rheological properties assist in determining quantitatively the chemorheological behaviour like
gelation and vitrification.
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Thermal degradation kinetics of polyurethanes and their analysis by
model free kinetics and kinetic modelling

Prakhar POURANICK , Joost BRANCART, Robrecht VERHELLE?,

Guy Van ASSCHE
Physical Chemistry and Polymer Science, Department of Materials and Chemistry (MACH),
Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium

Polyurethane (PUR) foams find their commercial use as insulating material in buildings,
furniture, and in the automobile industry. As a high flammability and fast spread of flame in the
course of fire are highly undesirable in these applications, there imphasis on studying the
thermal and thermoxidative degradation of PUR in the absence and presence of flame retardants,
also including the study of the emission of volatile gases that fuel the combustion [1].

One of the main objectives of this researctoiget a thorough understanding of the thermal
degradation mechanisms of PUR and Pd#gved products, like foams, and their degradation
kinetics, focusing on making the relationship between the thermal degradation kinetics of PUR
networks and the polyolBnd isocyanates they are made of. Studying degradation mechanisms and
developing compositichased thermal degradation kinetic models will facilitate predicting the
degradation behaviour of PUR having different compositions under a range of conditions.

The degradation kinetics of PUR and its monomer polyols and the degradation products
formed, including residues or char and evolved gases, are studied in detail using TGA and
spectroscopic techniques. TGA analysis on polyether and polested PUR foamsnd their
constituting monomer polyols revealed relations between their degradation paths. These findings are
further supported by HRe sE TGA experi ment s, which <c¢cl earl"
TGA-MS is used for simultaneous evolved gas analysd BTIR spectroscopy is used for the
analysis of residues at different instances in the degradation process.

Thermal data, obtained in TGA under different atmospheres and for different temperature
programs, was kinetically analysed by using mdoks kiretics (MFK), providing information for
the development of a more comprehensive degradation kinetics model [2]. The relations between the
chemical composition and structure of the PUR and the resulting thermal degradation behaviour can
be employed to judiously finetune the polymer properties.

[1] S. Duquesne, M. Le Bras, S. Bourbigot, R. Delobel, G. Camino, B. Eling, C. Lindsay, and T.
Roles. Thermal degradation of polyurethane and polyurethane/expandable graphite coatings. J.
Polym. Degrad. Stab., 74(8001) 493499

[ 2] S. Vyazovkin, A. K. B u-Maghedan C. PdpescuMand NCr i a
Shirrazzuoli. ICTAC Kinetics Committee recommendations for performing kinetic computations on
thermal analysis data. J. Thermochim. Acta., 52)((2012) 1i 19.

46



Quastisothermal modulated DSC for characterizing sulphur
vulcanization systems

Ilgor SHLYAPNIKQOV 12
Material Characterization and Testing Laboratory, Labtim, d.o.o., Ziherlova ulica 6,
1000 Ljubljana, Slovenia
2TA Instruments, 159 Lukens Driydlew Castle, DE 19720, USA

DSC is a welaccepted technique for characterizing curing processes in polymer research and
corresponding branches of Industry. It plays important role during both R&D and QC stages of
production. In some vulcanization systeaisubber compounds, DSC thermograms, obtained with
classical approach do not reveal intense exothermal effect, enough for robust determination of the
enthalpy of the process.

In such cases, the temperature modulated DSC method with constant averagatteenpe
i.e., quasisothermal modulated DSC method, can be applied to follow changes in heat capacity of
the vulcanized rubber. The method includes si
0,5 K for each 60 seconds, while average heating dateng modulation is equal to 0 K/min.
Modulation was done for 15 minutes at each single temperature in the range betwaed 186\ C
with increment of & C .

Results clearly show start of the
samp eds heat capacity. Noticeabl vy,
temperatures are very important during optimization of the rubber production.
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Thermogravimetric and kinetic analysis of plastic food packaging
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Foodpackagingplasticsarea greatchallengefor the wasterecyclingindustry. The majority
of food packagingconsistsof two or moretypesof polymers.Suchmulti-layeredplasticpackaging
providesgood mechanicalpropertieswith barriersagainsthumidity, light and oxygento ensurea
longer shelf life of the products[1]. However,due to a variety in packagng composition,it is
challengingto performmechanicabr chemicalrecyclingof thesematerialswhich leadsto landfill
or incinerationplant.

Pyrolysishasbeenfound as an alternativethermochemicaénergyrecoverytechnologyfor
mixed plasticwasteandpolymermaterialsthatarechallengingfor materialrecovery2]. Therefore,
pyrolysisarisesasa promising,environmentallyfriendly methodof food packagingvastetreatment.
In comparisorto incineration,in pyrolysis,input materialis not usedfor directenergygeneration.
However,it is convertedinto oil, gasandchar,which canbe further usedto producefuels, energy
andchemicalg3].

To betterunderstandhe pyrolysis processof food packagingplastics,thermogravimetric
analysiswascarriedout to determinetheir thermochemidabehaviourandkinetic parametersA set
of representativéood packagingsampleswith known polymerratioswasselectedn this research.
Thermogravimetrieneasurementsereconductedn a nitrogenatmospherat heatingratesof 5, 10,
15 and 20 A C/ niri the temperaturerange4 0 T 6A0QXKinetic analysiswas done using the
isoconversionamnodelfree Friedmanmethodin combination with an advanced statistical approach.

This work has been fully supported by Croatian Science Foundation under the project
Neoplast (IRP20183200) and the project Career development of young researchersraining of
new Doctors of Science (DOR01809-6944). This support is gratefully acknowledged.

[1] Morris BA. The Sciencand Technology of Flexible Packaging: Multilayer Films from Resin and
Process to End Use. Sci Technol Flex Packag Multilayer Film from Resin Process to End Use.
2016;1 728.

[2] Ragaert K, Delva L, Van Geem K. Mechanical and chemical recycling of soktiglaaste.
Waste Manag. 2017;69:P48.

[3] Anuar Sharuddin SD, Abnisa F, Wan Daud WMA, Aroua MK. A review on pyrolysis of plastic
wastes. Energy Convers. Manag. 2016.
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Kinetic Analysis of Thermal Decompositioni A comparison of
Standard vs. MTGA modelson Marbles
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Since its introduction in the DSC technology by Reading [1], Modulated Temperature profiles
proved extremely useful in separating heatiatg-dependant phenomena from kinetic ones.

When applied to ThermGr avi metry this method brings to
can be applied to decomposition profiles in order to assess the value of the Activation Energy on a
continuos basis. If theedomposition can be described as a first order reaction, also the pre
exponential factor can be obtained as well.

However, classically the kinetic of a decomposition process is studied by testing the same
material under different Heating Rates (usuallythe range 1 K/miri 10 K/min), getting the
conversion plots for three or four of such rates and finally measuring the slope of the resulting curve
in an Arrhenius plot. This approach has at least two main disadvantages: it is extremely time
consuming, espéally at low Heating Rates, and it relies on the assumption that the reaction we are
observing is a first order one.

In this work we present a comparison of the two methods applied on the Calcite decomposition
of Carrara Marble showing a very good agreeme of MTGA data with fcl a
but in a definitely shorter time.

We also compare the results with a different kind of Marble (Rosso di Verona) to prove the
observed decomposition process to be exactly the same.

This assessment can betpaf a wider set of analysis [3] to determine the provenance of the
marble.

[1] M. Reading, B. K. Hahn and B. S. Crow, U.S. Patent 5, 224, 775 (1993)
[2] J. H. Flynn, Thermal Analysis, Vol. 2, Academic Press (1969) 1111
[3] T. Gattaet al, Chemistry Cetnal Journal, 8 (2014) 35
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Before technical mgress can begin, measurements, tests and analyses must be carried out.
Only then can complex substances and materials be created of functional products developed.

The Analyzing & Testing business unit of the NETZSCH Group develops and manufactures
a compete highprecision instrument line for thermal analysis and thermophysical properties
measurement, as well as offering world class commercial testing services in their laboratories.
NETZSCH instrumentation is employed for research and quality contrbkipdlymer sector, the
chemical industry, the areas of inorganic and building materials, and environmental analysis.
Instruments for controlling such as fom-situ cure monitoring complete NETZSCH product line.

[1] https://www.netzsctthermalanalyss.com/en/header/abenetzsch/
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Study of material quality using thermal analysis methods
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Aluminium casting alloys are frequently used in the automoindustry (in casting
applications). There are both: primary as well as secondary/recycled aluminium alloys on the market,
that vary in price and quality. In this research the influence of the alloy quality on solidification,
microstructure and mechanigaoperties was investigated.

The comparison of the mentioned properties took place in ibasastate and the hdeg¢ated
state. The influence of alloy quality on solidification was analysed by simple thermal analysis and
differential scanning calorigiry. The basic mechanical properties analysed were tensile strength,
yield strength, elongation, and hardness. Preliminary research determined that recycled alloys have
around 1015% lower strength properties due to higher share of iron, which is chatielogavoid
in secondary made alloys. It forms intermetallic phases that negatively affect the mechanical
properties. Microstructural differences were analysed using an optical microscope.

AISi10Mg and AISi12 alloys made from primary and secondary/remychluminium
(AISi10Mg (Fe) and AlSi12 (Fe)) were compared, which contain a higher proportion of iron, which,
as known, impairs mechanical properties. In the case of the AlSi10Mg alloy, the Mn:Fe ratio has been
shown to have a pronounced effect on the raewal properties, while magnesium hardens the
aluminium matrix during heat treatment, which significantly increases the mechanical properties.
However, the AISi12 alloy is not a precipitation hardening alloy, so the mechanical properties do not
improve sgnificantly after heat treatment.

Key words:alloy quality, casting alloys, solidification, microstructure, mechanical properties
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Effect of NaOH on cellulose pyrolysis kinetics
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Pyrolysis/carbonization of cellulosigfhocellulosebased materials in the presence of
inorganics significantly affects their transformation pathway, kinetics and carbon yield. Although of
the great industrial importance of this process (for activated carbon preparation) and a long history of
its utilization, the field still remains a challenge fordeep fundamental research. Thus, the aim of
this contribution is to explore the effect of NaOH on the kinetics of carbonization of two kinds of
cellulose: 1) commercial microcrystalline cellulo@dCC, containing mostly cellulose I) and 2)
cellulosic gel (CMG, prepared from MCC alkaline solution, formed by cellulose Il and amorphous
cellulose). The carbonization process was followed by TGA under inert atmosphere at different
heating rates: 2, 5, 18nd 20 Kmin* for the mixture of cellulose with NaOH (MCC/NaOH and
CMG/NaOH) and compared to the reference cellulose samples (MCC, CMG) behaviours.
Dependence of the apparent activation energy ¢Ethe carbonization step on conversion degree
was calcuhted by Starink method. Detailed calculations were performed byimear regression
with 271 4 parallel reaction steps.

Thermal degradation of samples with NaOH (CMG/NaOH and MCC/NaOH) starts at lower
temperature compared with MCC and CMG indicatingctitalytic effect of NaOH. This feature was
confirmed by the decrease of calculated/&ues (Fig. 1) in the presence of NaOH, especially in the
case of CMG. Calculations, according to Starink equation, led to fluctuatedlles at high
conversion factofabove 0.7 and even above 0.4 in the case of MCC/NaOH sample}linsan
regression calculations showed that carbonization of studied samples could be kinetically described
by 27 3 parallel reaction steps, except of MCC/NaOH for which using 4 steps lbedter results.
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Figure 1. Dependence of activation energy (Starink method) on conversion for cellulosic samples and
their mixtures with NaOH.
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Kinetics from one TG measurement with combined temperature
program

VE§cl av SLOVCK
University of Ostravak-aculty of Science, Department of Chemistry, 30. dubna 22, 702 00 Ostrava,
Czech Republic

In addition to common methods for determining the kinetic parameters of thermal reactions
from thermoanalytical data based mostly on the linearization of the kimgtc equation or
isoconversional approach, it is possible to solve the kinetics of thermal reactions using numerical
solution of the kinetic equation by nonlinear regression. This approach has some disadvantages,
especially of a numerical nature, om thther hand, it allows to use the same methodology to process
isothermal and nersothermal data including their combination. The aim of this contribution is to
show the possibilities (and problems) of nonlinear regression solution of the kineticsnoélther
reactions on the example of simple oxidation of graphite.

The graphite sample was heated in an oxidizing atmosphere at rates of 2, 10 and 20 K / min
up to 1000 A C, and further by a temperature
andisoh er mal steps at 650, 700 and 750 AC. Ki net
TG curves by the integral isoconversional Starink method or bylinear regression (from
individual measurements and from their combination).

The obtained resultshew that nonlinear regression generally leads to different results than
Starink's method, but provides a better agreement of the experimental data with the calculated theoretical
curves. In addition, nelinear regression processing of one TG curve witombined temperature
program (containing different heating rates and isothermal steps, Fig. 1) seems to allow to obtain kinetic
data comparable to the results obtained from several measurements with different heating rates.
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Fig. 1 Comparison of theoretal and experimental curves of graphite oxidation during combined
heating
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Jasika is a private company, established in 1997 with the central office in Zagreb, branch
office in Split and sister companies (autonomous) in Slovenia, Bosnidemdgovina and Serbia.

The sales organization is divided into Medical Products Department (consumables) 20%, IVD,
Medical Diagnostics Department 50%, Pharmaceutical Department (Medicines) 30% and before two
years it started with analytical department.

Jasika has around 40 employees and a 20 years of experience in sales, active promotion and
marketing activities in all territories good connections and loyal customers in target sites.

In analytical department Jasika has a famous global brands such a&Peekianalytical
division and life science), Berghof for microwave digestion, Evouga water purification systems, Spex
for sample preparation and SpexCertiPrep for standards.

Focus is a PerkinElmer product portfolio that is divided into several lins®lecular
Spectroscopy (UV/Vis Spectrophotometers, -\Uig-NIR Spectrophotometers, Infrared Spectroscopy
Devices (FTIR, NIR, FAR), IR Microscopes, Fluorimeters), Thermal and elemental analysis (DSC, TGA,
Simultaneous DSC / TGA with hypernation techniques, CldN&yzers), Chromatography (GC, GC
MS, HPLC, UPLC, LEGMS / MS) and inorganic part for heavy metal detection (AAS;GHS, ICP-

MS, ICRMS / MS). Each of the techniques represents an essential solution of laboratory needs and
applications.

Dynamic team o&xperts will introduce you to the world of the world's leading technologies
and innovations and suggest the best solution for your needs, and sales consultants with many years
of experience are at your disposal for all information related to the prodraeflinog instruments,
consumables and spare parts.
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Effect of Mn on the chemical driving force and bainite transformation
kinetics in medium-manganese alloys
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ISilesian University of Technology, Fdtuof Mechanical Engineering,
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3Silesian University of Technology, Faculty of Mectical Engineering, Department of Engineering
Materials and Biomaterials, 18a Konarskiego Street, @ Gliwice, Poland;

Growing requirements for high strength alloys in the automotive industry increase a need for
devdoping new improved steel grades €l$teels should compromise very good mechanical properties
with the cost of their production {2]. It is of primary importance to know the phase transformation
behaviour during heat treatment. This knowledge allows us to control cooling conditionsl of stee
products, which leads to formation of desirable microstructures. For the development of the heat
treatment for new steel grades, the theoretical knowledge of the influence of selected alloying elements
on chemical driving force of phase transitions iac@l. The theoretical approach helps in the
understanding of the importance of chemical composition strategy, and its effect on the phase
transformation behavior [3]. Manganese is a very important element in advanced high strength steels.
This element a#icts the chemical driving force and subsequent phase transformation kinetics [4].

The present work shows the use of advanced thermodynamic calculations for determination of
bainite transformation kinetics in advanced steels with different manganesds¢amtamge from 3 to
5wt.%). The analysis of the chemical driving force changes for different manganese contents is
conducted. According to it, manganese slows down the bainite transformation kinetics because it lowers
the chemical driving force of gamnaalpha transformation. The dilatometric analysis was carried out
to determine the real kinetics of bainite transformation in alloys containing 3.1, 3.6 and 4.7% of
manganese. The isother mal hol ding was hadmg r i ed
time was 15 min. For the steel with the highest Mn content additional holding for 180 min was also
needed. Light and scanning electron microscopy were used for detailed microstructural studies.

[1] M. Haupt, A. Dutta, D. Pong, S. Sandlobes, M.Idkden, G. Hirt, Procedia Engineering, 207,
(2017), 18031808

[2] H. Misra, A.K. Chandan, S. Kundu, Mat. Sci. Eng. A, 701, (2017);3IR

[3] M. Morawiec, V. RuizJimenez, C. Garcidateo, A. Grajcar, J Therm. Anal. Calorim., 142,
(2020), 17091719

[4] M. Morawiec, A. Grajcar, W. Zalecki, C. Gareidateo, M. Opiela, Materials, 13, 202015
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At an isothermal holding temperature, as the bainite transformation progresses, the remaining
augenite decreases in size and at the same time is enriched with carbon [1]. Carbon enrichment of
austenite under isothermal bainite transformation conditions is explained by Bhadeshia [2].
According to this theory, the bainite transformation takes plaaabtkle temperature TO, at which
austenite and ferrite with the same chemical composition have the same free energy value. If the
temperature TO is presented in the temperataaebon concentration system, the line TO is formed.

During isothermal holdingf steel in the bainite transformation range, initially the free energy
of thea phase is lower than the free energy of austenite, which is the driving force of diffusionless
bainite transformation. As the bainite transformation progresses, the cartlmnaoged from the
supersaturated bainitic ferrite and enriches the remaining austenite fraction. Due to the inhibitory
effect of silicon on the precipitation of cemeniitéor sufficiently long time of isothermal holding
the bainite transformation willdostopped when the carbon concentration in the austenite reaches the
TO line, allowing to obtain retained austenite [3].

The present research concerns dilatometric studies of bainitic transformation kinetics of-medium
Mn steel in single and double isothedrtreatments. The newly implemented heat treatment route consists
of holding the steel slightly above a critical temperature (martensitic start) to create a bainite fraction
needed for partial stabilization of austenite (decrease)oBubsequently, theothermal temperature is
reduced to the new critical temperature. The second step is implemented to refine the matrix and austenite
grain size and thus increase the retained austenite staffiléyaim of the research is to analyze and
compare the doublstep heat treatment kinetics with the conventionally usedtepetreatment. The
kinetics modeling was performed using JMatPro software-. &mktwostep physical simulations of heat
treatment were performed using a dilatometer. The size and morpholothe phases in the
microstructure were revealed using light and scanning electron microscopy. The research showed
significantly increased kinetics of the bainitic transformation with decreasing temperature from 400 to
300AC. The s ec cepidslowerduats 4 smallen eeainmgphase of austenite.

[1] B. Ehrhardt, T. Gerber. Steel Grips, 4 (2004)-255
[2] H.K.D.H. Bhadeshia. The Institute of Materials, The University Press, Cambridge (1992)
[3] A.K. Srivastava, G. Jha, N. Gope, S.B.@inMater. Charact., 57 (2006) 1235

56



Initial stage of gas and ionic clathrate hydrates formation:
Primary and secondary nucleation, formation of metastable phases
and their recrystallization
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A detailed study of the processes of nucleation and growth of gas and ionic clathrate hydrates
in watei hydrateformer and watéhydrocarbonhydrateformer systems was carried out. Both model
substances and real oils were used as hydrocarbons. Thenpexddressed by this study is to identify
the mechanism of the i1initial stage of hydrate
crucial for the development of hydrétased technologies. In our recent works, it has been shown that
the possibity of secondary nucleation of ice and methane hydrate via the relay mechanism strongly
depends on the composition of oil used as well as on the temperature and pressure conditions.

A curious feature of hydrate nucleation in such systems is the fornaftianmetastable
hydrate phases {2]. The formation of the metastable phases was observed at high cooling rates,
which suggests the possible quenching of the products of the initial crystallization stage. Data on the
effect of the cooling rate and the typedispersion medium on the phase composition of hydrate
being formed allows the mechanism/staging of the hydrate crystallization process to be established
(an amorphous phase metastable hydrdta stable hydrate). In addition, the effect of gas phase on
the mechanism of relay crystallization of ice in wateoil emulsions was studied. In the absence of
gas pressure, the secondary nucleation of ice in such systems is hindered, but the formation of the
crystalline phase proceeds independently in eagh dro

It should be noted that at present there are almost no established ideas about the stages of formation o
the crystalline phase in wateili gas flows as well as in pure wéigas systems. Meanwhile, this information
is crucial for understanding the pesses of gas hydrate inhibition and promotion.

The reported study was funded by RFBR, project numb8b-88013.

[1] .M. Schicks, M. LuzHelbing,J. Chem. Eng. Data, 6Q{15)269.

[2] A.S. Stoporev, A.G. Ogienko, A.A. Sizikov, A.P. Semenov, D.S.itsgp, V.A. Vinokurov, L.I.
Svarovskaya, L.K. Altunina, A.Y. Manakov, J. Nat. Gas Sci. Eng.2608)284.

[3] A.S. Stoporev, A.G. Kiiamov, M.A. Varfolomeev, T.V. Rodionova, A.Y. Manakov, Mendeleev
Commun., 31 (2021) 17.
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Kinetic parameters in the generdrate equation
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Condensed state processes 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 havereéifterates. To describe their kinetics, the
singlestep approximation mathematically expressed in the form of general rate equation are mostly
applied [1]:

2 -k(T)f ()

at (1)

Eq.(1) is called the general rate equation. Among the methods based on Eq.(1), the
isoconversional (or moddétee) ones are most popular, mainly in evaluation of the experimental
results obtained from measurements carried out under linear heating rate.

In papers published, it can be very often encountered that the experimental reseNt@ated
by several methods and the results are mutually compared.-WairOzawa [2,3] (FWO),
KissingerAkahiraSunose [4] (KAS) and Starink [5] methods belong to this group. All the methods
reside in the treatment of kinetic results by the relatign

ab o E - E

'”g*T_a 3 bRT ¢ Wb bﬁ anf ¢ (2
whereb is the heating ratd, is the isoconversional temperatuieis the activation energy aral b,
care constants. The values of constanks c depend on the approximation applied for the calculation
of temperature integral [1]. The activation energyligained from the slope of the dependence
In(b/T®) =f(1/T). If one takes into account the and b values for individual methods, by
differentiation of d(Inb)/dT can be obtained:

1.058.,, = Ee +2RT %.003E,_,, *&1 3)

From Eq.(3) it is seen that the actioat energies from FWO, KAS and Starink methods are
interrelated and it makes no sense to makedaching conclusions from their comparison. Moreover,
it is to bear in mind that all the three methods are integral and they can be mathematically incorrect
in the case of variable activation energy [6].

Acknowledgemerit This paper was supported by the Slovak Research and Developent Agency,
project No. APVV15-0124.
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Concentrated solar power plants (CSP) concentrate the solar irradiation using mirrors to drive
an engine that produces electricity. Thus, in principle, electricity can be produced only when there is
solar irradiation. Modern CSP plants have an energy gaggem that allows producing energy even
at night. The statef-the-art technology for energy storage in commercial CSP plants is based on molten
salts. This technology has several limitations, namely limited power cycle efficiency because of the
maximumworking temperature of the salt, a relevant energy consumption to maintain the salt in the
molten state to avoid solidification and corrosion and high price issues. A new alternative to such molten
salts is the use of thermochemical energy storageofttise most interest the system based on the
calcinationcarbonation reaction of CaG@aO, known as Calcium Looping (CaL process) [1]. This
CalL uses limestone, which is an abundant and cheap mineral, as raw material. Concentrated solar
energy is used torpmote the endothermic calcination of the limestone, producinga8@®CaO that
are stored in different containers. When energy is required, the stored reactants are mixed to perform
the exothermic carbonation reaction that produces Ga@@eleases thstored energy.

I n the frame of the SOCRATCES project, f ul
research and innovation programme under grant agreement No 727348 this technology is being
demonstrated in a pilot plant scale.

[1] C.Ortiz, J.M.Valverde, Chacartegui, LAPerdddlaqueda, P. Gi m®nez. Renew
Energy Reviews., 113 (2019) 109252
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I n the present investigation, a clay depos
studied. A characterization of several selected samples has been performed using a set of techniques
applied in previous studies. Mineralogical, byra¢ diffracdion (XRD), and chemical, by Xay
fluorescence (XRF), characterization of these samples is presented. Textural analysis, by particle size
determination (clay, lime and sand contents by sieving and sedimentation), liquid and plastic limits
(Atterberg), andnitrogen adsorptiocwlesorption isotherms (BET and Langmuir models) with
determination of pore sizes, has been also carried out. Thermal analysis methods, mainly
thermogravimetry (TG) and differential thermal analysis (DTA), have been applied to achmeve a
complete characterization of these samples. In a next step of this investigation, a selected sample has
been considered for a ceramic study by firing

According to XRD semiquantitative resulédl, the studied samples were constituted by quartz
(30-35 wt.%), layer silicates such as chloerpentine (120 wt. %) and illite/muscovite (180 wt.

%), calcite (1615 wt. %) and minor amounts of iron oxides and posible gypsum. Carbonate content,
asumed as calcite, was determined by calcimetry and an average value of 13 wt. % was found. This
value agrees with the above result. The raw clay presented a content of organic matter of 2.48 %. The
average cl ay (< 2 Om) c avithtliguid &and plestis linfitooti45.80 % i g h
and 30.90 %, respectively. The plasticity index was 14. 30 %. The specific surface area (according to
the BET model) of the raw clay samples were ~ gmalthough this value diminished after
grinding, reachingalues < 6 rflg. Possibly the grinding conditions influenced this behaviour.

Thermal analysis (T®TA) up to 1100 AC confirmed the
with thermal decomposition of the layer silicates by thermal dehydroxylation and calcite
decarbonation, with total mass losses in the rang&s1&t. %. The main ceramic properties of a
ground sample have been determined by firing at several temperatures, showing the evolution of
linear shrinkage, water absorption capacity, bulk density, appporosity and sintering features.

Porous ceramic bodies(300 %) have been obtained at t em
to the thermal decomposition of the layer silicates and mainly to the presence of calcite in the raw
samples. Calcite (CaGpPdecomposed with evolved carbon dioxide and forming calcium oxide
(Ca0). This oxide reacted with the amorphousSAproducts originated by fired clay minerals and
qguartz, forming highemperature silicates. They were identified by XRD, such as anortite
(CaAl>SiOg) and gehlenite (GAl2SikO7), besides hematite and unreacted quartz. The phase
composition provided by the phase equilibrium diagramy-3i30z-CaO in the presence of f&
was compared with these experimental results. The ceramic behaviougatitiifiand sintering of
this sample were discussed taking into account the formation and evolution of crystalline phases in
the fired clay and posible applications.

Acknowledgements:Clay samples were provided by Alhabia Company, which is acknowledged.
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Mechanochemical synthesis of manganese doped ceria nanoparticles

|l vana Katat i e al Gk deifgik &, Mamrdd d nal, Mat i j
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Ceria, CeQ, is an important rare earth oxide material with cubic fhedsrpe structure. Pure
ceria is an ftype semiconductor with two stabile oxidation states;} @ed C&*, making it suitable
for various applications. [1] Energy and catalyst applications are mostly based on great oxygen
storage capacity, redox propertesd ionic conductivity of ceria. Ceria is frequently used in solid
oxide fuel cells, catalysis, sensors and high temperature ceramics. [2]

Good catalytic properties and ionic conductivity depend on thermal stability which
nanomaterials lack. Doping witlarious metals, including transition metals such as manganese helps
to overcome pure ceria shortcomings. Manganese is known to have many oxidation states and because
of the synergistic effect between Mp@nd CeQ@ can modify oxygen storage capacity and ifigb

Mechanochemical synthesis is a method that can yield fine homogenous powders. Intensive
mechanical milling causes chemical reactions between precursors and results with products that
usually form at much higher than room temperatures. Negativerdsatd ball milling can be
agglomeration or heat generated while milling.

Nanoparticles of pure and Mn doped ceria were attained by mechanochemical synthesis from
chlorides. After synthesis,-pay diffraction (XRD) and differential thermal analysis (DTAgm
performed giving insight into acquired phases and their thermal decomposition. Scherrer equation
was used on 500AC for 2h annealed samples to
prepared samples was investigated on a scanning eledcmsoope (SEM), while Nadsorption
desorption isotherms gave insight into surface and pore features. Catalytic character of doped and
pure ceria samples was measui4e3d0AGC at & g eureanteu rc
All of the prepared sankgs show pure ceria phase after thermal treatment. DTA and XRD results
show that the incorporation of manganese in ceria enables easier ceria formation as well as generates
smaller crystallites.

[1]S. Kur aj i ca, I . K. Munda, F. Brlekovil, K: Mug
doped ceria nanoparticles grain growth kinetics, J Solid State Chem (2020) 291, 121600, 9p
[ 2] S. Kurajica, K. Mugina, G.Mamradigli,] ,M.G. Gujaa n

Munda, A comparative study of hydrothermally derived Mn, Fe, Co, Ni, Cu and Zn doped ceria
nanocatalysts, Mater Chem Phys (2020) 224, 122689, 9p
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Thermal stability study of hydrothermally -derived copperdoped
cerium (IV) oxide nanoparticles
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Cerium (IV) oxide (Ce®@ is known for its high oxygen storage capacity, low cost, good
mechanical properties and poisoning resistance. On that accounbasthnanocatalysts are widely
applied in vamus fields such as industry, environmental protection and energy generation. Most of the
chemical processes in question require elevated temperatures, where the problem of grain growth of
nanoparticles occurs. The increase in the particle size causedul&an of specific surface area and,
consequently, the decrease of catalytic activity. Doping of ceria with different transition metals is one
way of slowing down the growth process. [1, 2] Our previous research showed that the addition of 10
mol. % of pper increases the thermal stability [2], as well as the catalytic activity [3] of @hdh
is why Cu was chosen as a dopant for further research.

In this work, pure and copper doped cerium (IV) oxide nanoparticle€ €02, where x = 0,

0.1, 0.2, B and 0.4) were prepared by hydrothermal synthesis and characterized -usyngo¥vder
diffraction (XRD) and transmission electron microscopy (TEM). The crystallite sizes determined from
XRD patterns by wusing the SciB4&nm ahiléEEMamnlysst i on
showed spherical particles with sizes matching the calculated crystallite siz@epased samples

were thermally treated at different temperatures and processing times, after which an isothermal model
was applied in the studyf grain growth kinetics. It was established that the grain growth process can

be divided into two regions, lotemperature (308 50 AC) -tempediture GGFIO 0 AC) r egi
each with its own growth regime. While the grain growth is sluggish at |losvepdratures, it
accelerates at higher temperatures in all of the samples. However, the results show that the addition of
copper has a positive effect on the thermal stability of cerium (1V) oxide, and the grain growth decreases
with the increasing coppemeunt.

[ 1] S. Kurajica, | .K. Munda, F. Brl ekawdid K K.
State Chem., 291 (2020) 121600

[ 2] K. Mugina, A. Baj r dechndlogicaMctal3320p0a18l0i | , S. K
[ 3] S. Kura@Gichra®il Mugi ndatijagii, M. Dupl an]

Mater. Chem. Phys., 244 (2020) 122689
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N/TiO 2 nanocomposites: nitrogen effect on the material properties
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Passeig LIlu2zs Companys 23, 08010 Bar

TiO2 heterogeneous photocatalysis is actively studied as an alternative technology for the degradation
and/or removal of organic micropollutants (OMPSs) present in wat2}. However, photodivation

of TiO2 occurs only under UV light and the photogenerated charges that start oxidation processes
recombine quite fast, affecting the photocatalytic activity [3]. Therefore, this study focuses on the
synthesis of nitrogedoped TiQ for enhancingts photocatalytic activity under visible light, using

the nonconventional microwawvassisted method, and evaluating the amount of nitrogen on the
photocatalytic activity under different sources of radiation for the degradation of a model pollutant
antibiotic drug ciprofloxacin in agueous solution. Nitroggoped TiQ (N/TiO2) photocatalyst was
synthesized by the microwawessisted method, using urea as a nitrogen source. To evaluate the
effect of nitrogen in the photocatalytic and morphological progeril/TiQ were prepared varying

the amount of urea. The obtained materials were characterized by XRD, FTIR, Raman spectroscopy
and N\ adsorption isotherms. The only crystalline phase present in the Nfiét@rials was anatase.

The incorporation of ureasa nitrogen source does not affect the crystallinity either the crystal phase
of TiO2. Although the urea incorporation reduces the specific surface area, the obtained materials
have three times bigger surface area than commercial catalyst Degussa Qb méf€rials show
photoactivity under UV, Solar light simulator and visible light, while commercial photocatalyst
Degussa P25 Tishows activity only under UV light and Solar light simulator. Increasing the
amount of urea increases the photocatalytioviigtof the materials under the different radiation
sources for the degradation of ciprofloxacin. However, beyond a specific concentration, there is no
further improvement of the materials' photoactivity.

[1] R. Fagan, D.E. McCormack, D.D. Dionysiou, SElllai, Mater. Sci. Semicond. Process. 42
(2016) 2 14.

[2] M. Lizmii, D. Ljubas, L. Lurkovifi5g12.1. Gkor
[3] A. Truppi, F. Petronella, T. Placido, M. Striccoli, A. Agostiano, M.L. Curri, R. Comparelli,
Catalysts. 7 (2017) 100.
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Comparison of amine and sulphide layeiby-layer synthetic route for
preparing of the photovoltaic CdSe quantum dots thidfilms
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Quantum dots@Ds) are semiconducting nanoparticles interesting due to thedegpandent
optoelectronic properties. Cadmium selenide QDs are generally used in photovoltaic applications due
to their tuneable bandgap. Various physical and chemical methods can beruU38d foreparation
but chemical routes are more advantageous due to facile QDs shape and size control. However, when
preparing thiafilms from colloidal QDs, obtaining satisfactory geometry arises as the main obstacle
due to particle aggregation. The fomean can be prevented by applying surface modification agent
during the course of the synthesis.

Here we compare two methods for surface modification of colloidal CdSe QDs in the course
of the layerby-layer (LbL) deposition of thiiilms; (i) by ligand exchange and (ii) by silanization.

Also, the impact of the solution temperature was also considered.

Firstly, the prepared precursor solutions were injected into the growth solution. Longer
reaction time resulted in bigger CdSe QD with narrower bandgap&c8uas modified by: (i)
ligand exchange of trioctylphosphine (i) silanization with tetraethoxy silane. Then tH@rtisrof
CdSe QDs were created by LbL with varying several solution temperatures and number of layers.
The linking layers for silanizeaind exchanged ligands QDs wereafBinopropyl)triethoxysilane and
poly(diallyldimethylammonium chloride). Layers were connected via electrostatic assembly or
through hydrogen bonding and condensation reactions. Colloidal QDs solutions and derived thin
films were examined using dedicated structural analysis and combination of spectroscopic,
morphologic and microscopic techniques. The analyses confirmed successful silanization, i.e.
interconnecting of the QDs into thfiims. Testing confirms that morphologgurface roughness,
thin-film thickness and appropriate distribution of the QD domains remain due to careful ligand
exchange in solution stage, pointing out in thermally stable films without aggrebased
defunctionalisation.

[1] J. Li, J. Chen, Y. Sn, X. Peng, Nano Res., 11 (2018) 39@D4

[2] K. Surana, P.K. Singh, H.W. Rhee, B. Bhattacharya, J. Ind. Eng. Chem., 6 (2014) 1
[3] B.K. Pong, B.L. Trout, J.Y. Lee, Langmuir, 24 (2008) 55276

[4] X. Liu, J. Han, W. Wu, Q. Shi, W. Li, C. Li, Chem. tte 45 (2016) 1a12

This work has been supported by the projects-P@B302-1555 and UIP201904-2367 of the
Croatian Science Foundation.
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Tailoring TiO 2 properties by synthesis conditions and annealing
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Photocatalytic activity of Ti@depends on its properties significantly, among the most important
factors allotropic modification and particle size can be included. While there is ample literature on these
attributes and their impachghotocatalysis, very few papers describe direct approaches for preparation
of titania with precisely defined features. The aim of this study was to describe, hgwdpérties (ratio
between anatase and rutile phase and their crystallite size) caflueeced by using of various
precipitation agents (amines), annealing temperature and peroxide treatment. Peretiasaies and
their precursors were characterizedrbgitu high temperature XRD, simultaneous-D3 A with EGA,
microscopy techniques drelemental CHNS analysis.

Thermal degradation of amorphous materials progressed in two steps corresponding to
evolution of moisture and desorption or evaporation of organics in amnanates. In the case of
peroxide treated samples organic part wadip&d by evolved oxygen toJ®, CG and NQ, in case
of higher quantity of present organics even during additional third step. Although the anatase
crystallization was observable only in few samples by DTA, crystallization temperature agreed with
in situ HT-XRD results. While anatase crystallization temperature (32525 AC) was i n:
mainly by used amine, 4@, treatment affected its initial particle size-(80 nm). Higher formation
temperature of anatase increased initial anatase crystallitengm¥roxoamineitanates, while in
aminotitanates (without kD2 treatmentlecreased.

Extended thermal stability of anatase upto-8000 AC (at the point of
together with appropriate low (tens of nanometers) crystallite szief@grmine thus prepared Eit© be
a highly efficient photocatalysts [1]. Results achieved in this work offer a procedure how to gain titania
with required properties by set up of synthesis conditions and annealing.

[1] J. Gubrt, P. Puligovg, J. Boh8lek, P. Bez
Research Bulletin, 49 (2014) 4@3.2
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The effect of porosity and particle size on the kinetics of carbon
surface oxidation
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The effect of porosity and particle size on the kinetics of carbon surface oxidation was
investigated. Three carbon xerogels differing in payognicro-, micromese, and micremesao
macroporous materials) were prepared by method proposed by Bulavova [1]. Four different particle
size fractions obtained by crushing and sieving.@®b, 0.150.75, 0.751.25, 1.25200 mm) and
cubes with side lengthh 2. 2 mm from each carbon xerogel v
transmission electron microscopy and $orption at-1 96 AC wer e perfor med t
characteristics.

The kinetics of carbon surface oxidation was explored by thermogravinmetryidizing
atmosphere (50% £Or 50% Ar ) . | sot her mal experiments Wwe
(temperatures were chosen based on preliminarysathermal experiments).

From the isothermal thermogravimetry records, significant dependence ofi@xikiatetics
on particle size was observed in the case of purely microporous sample. Its oxidation is controlled by
diffusion due to only microporous character in combination with larger particle size. In the case of
micro-mesoporous sample, the dependesicexidation kinetics on particle size was observed too
but in considerably smaller extent due to presence of mesopores (and thus easier diffusion) in sample
structure. In the case of miemesemacroporous sample, no effect of particle size on the ksefi
surface oxidation was detected due to macroporosity of sample.

On the basis of the isothermal thermogravimetry data, apparent kinetic parameters for
oxidation of each sample were determined with assumption of three reactions (carbon burn off,
creation of oxygen surface groups and their decomposition) by calculation method suggested by
Hotova [2].

Analysis of obtained parameters proved that porosity and particle size of carbon have no
influence on the apparent kinetic parameters (including kinetic nofdiis surface oxidation. The
good agreement between theoretical and experimental data showed that applied kinetic model
describes oxidation of carbon xerogels very well (despite the fact that the oxidation of micro and
micro-mesoporous samples withd@r particle sizes is controlled by diffusion).

[ 1] P. Bulavova, J. Par me nt -templated ddrbon Sibnolithawith i F
hierarchical porosity for fast adsorption fro
(2018 272155165

[ 2] G. Hot ova, V. Sl ovak, AOptimization of 0X
kinetic analysis of isother mal ther#®gravi met
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Thermoporometry: the effect of the carbon surface chemistryn the
amount of nonfreezable water
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Thermoporometry method (TPM) is one of the promisattgrnatives to commonly used
techniques for the porosity characterization. The TPM method is based on the depression of
melting/freezing temperature of a liquid entrapped in pored.[Despite of its simplicity, it is not
very popular and is rarely us®&ecause of the problems connected with the conversion of DSC signal
to pore size distribution which is based on Giilh®mson equation together with the concept ofnon
freezable pore watet(. Thetivalue could affect the final PSD information from TPM measurement,
thus, its correct value is requested. Nowadays, it is known thatddpend on the temperature [3],
but the effect on the surface chemistry was not studied yet. It is belietetthé surface chemistry
(e.g. oxygen functional groups) will affect the amount of-fromen water and also tlie

Five carbonaceous materials with different surface oxidation degree were prepared to study
the effect of surface chemistry on the amoumatfreezable water. Each sample was tested on the
DSC instrument with different sample:water ratio. DSC experiments were performed in nitrogen
atmosphere (50 mImi from-90 AC to 25 AC with prefteezing

Based on the pfarmed experiments it was found out, that the studied carbonaceous materials
contain different amount of oxygen (determined by elemental analysis), concretely 15, 18, 21, 23 and
25%. Thus, it can be also concluded that with the higher amount of totalnpxiygénigher quantity
of oxygen groups will be present on carbon surface. From the obtained DSC signals, it was obvious
that all the studied samples contain 2 endothermic peaks of melting corresponding to ®ulkA C)
and pore (lower temperature) watea dquantify the notireezable water in individual samples, the
linear relationship between total mass of water and the total heat of water melting was plotted and the
absolute quantity of unfrozen water was given by the intercept of the line equatios cthinfiamed,
that the higher the amount of oxygen is (126%), the higher the amount of unfrozen water was
detected (0.18 0.33 g ¢). This finding also implies that also thidayer values will not be constant
for all carbonaceous materials, likestused to up nowi€0.8 nm for carbon) but it will vary and
will also depend on the carbon surface chemistry. The recommendation, which could be stated, is that
it is not approprivat emetoto baueée tlhe ofodc @amBititdésmte r «
necessary to determine thealue for the studied samples and count the effect of surface chemistry.

[1] M.J. van Bommel, C.W. den Engelsen, J.C. van Miltenburg, J. Porous Mater., 4 (1993pD143

[ 2] P. Vesel 8§, J-PLRihitlogne&n, ST.ovNiks s iThmed®. mo¥.hi m.
[3] H.R.N.B. Enninful, D. Schneider, R. Kohns, D. Enke, R. Vaiullin, Microporous Mesoporous
Mater., 309 (2020) 110534.
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Thermoporometry of carbons: Is a delta layer really constant?
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Thermoporometry is considered to be an alternative technique for the assessment of mesopores
(pore diameter 21 50 nm) and smaller macropores (pore diameter > 50 nm). The thermoporometry is
based on a DSC measurement of the depression of the melting/freezing temperature of a liquid entrapped
in pores (pore liquid) compared to the bulk liquid. Water is comma#dy as a probe liquid due to its
high heat of fusion enhancing the sensitivity of DSC measurement [1]. To obtain the pore size
distribution (PSD) of the measured sample, thealled GibbsThomson equation is applied to the
measured DSC record. The egoatcontains parameters describing the given experimental system, one
of them is called deltal). Thel can be understood as a thickness ofealed norfreezable layer and
is considered to be a constant for a given system (probe liquid/measuredisol@® nm is usually
adopted for carbof2]. However, it has been recently found that its value can change depending on the
surface chemistrgf the sample [3]. Following this finding, the aim of this contribution is to point out
(1) t-ben 3 nohtmedsitadlayer and (i) to show how it affects the calculated textural properties
of the samples.

To fulfill the aims, five carbons differing in the quantity of the surface oxygen has been
prepared [4] and DSC signal with the different sample:watgo r@as recorded in nitrogen
atmosphere (50 ml mi), heatingfrom9 0 AC t o 2f5r édeCziwnd hstpep ( heat
1. Surface oxygen was determined by elemental analysis and their porosity was obtained by the
independent M77K physisorptia.

Performed experiments proved that the studied carbons contain different amounts of oxygen
ranging from 15 to 25%, which we assume to be mostly a surface one. Based on our findings (see the
contribution of Zel enkov§ thdcarboh surfatenckemisty pnahreo me
amount of noffreezable water) it was found that carbon surface chemistry considerably influences
the quantity of notfreezable pore water. Using simple calculations (to be presented) that take into
account textural panaeters from the gas physisorption (like BET or mesopores surface area,
mi cropore volume), we found that that the 0 |
with increasing carbon surface oxidation degree. This brings us to the conclusioe thetahayer
is not constant. It is important to emphasize that especially small mesopores are strongly influenced
by the chosen value of the delta layer, so care should be taken to choose it correctly. It was also found
that thermoporometry and gas ptsgsption give similar mesopore volume (0.701, resp. 0.715 cm
g?) for less oxidized samples. For highly oxidized samples, the results may vary significantly.

[ 1] P. Vesel 8, J-P.RilLiekhotnoe,n,V.T.SINoivs8ski,n eRd9.e rMmoc hi
[2] T. Yamamoto, S.R. Mukai, K. Nitta, H. Tamon, A. Endo, T. Ohmori, M. Nakaiwa, Thermochim.
Acta, 439 (2005) 7i4r79.

[ 3] D. Maj da, M. Z i mdavek kBaD, NapruszeWsaa, A Mibhalikyl,.J. G- r a
Therm. Anal. Calorim., 127 (2017) 2Q220.

[ 4] G. Hot ov §, V. S| ov §k715. Anal . Chem. , 89 (20
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Thermoanalytic characterization of binder burnout and sintering of
lead-free piezoelectric KNNLT multilayer laminates with Ni
electrodes
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Piezoelectric multilayer actuators (MLA) are electronic devices which allow for
transformation of electric signals entlisplacements and are used for many applications, including
automotive injection or precision positioning systems. Since classic piezoelectric lead zirconate
titanate (PZT) materials are environmentally problematic and are subject to regular reviews of
exemptions to RoHS regulations, there is an urgent need fofreadnaterials for MLAS. Sodium
potassium niobate (KNMN)ased ceramics have been identified as potentialfteadalternative to
PZT and KNNbased multilayer actuators have been investig&edcompetitive actuator systems
it is required to include base metal electrodes (BMEs). However, thermal processing of such KNN
based multilayers with Nior Cu electrodes necessitates precise control of the oven atmosphere in
order to control the phas®mmposition and functional properties of the kb piezoceramics and
the base metal electrodes as well. Sintering of KddéNed MLAs with BMEs is performed at low
oxygen partial pressure followed by a reoxidation treatment at lower temperature ame direiér
po2in order to reduce the concentration of oxygen vacancies and provide a sufficient resistivity in the
KNN ceramics and, simultaneously, the BME must not be oxidized.

Ceramic KNN green tapes are starting materials for the multilayer procaessemble MLAs.

Green tapes are made by tape casting using a slurry consisting of a solvent, binders, plasticizers and
dispersion aids. After printing of electrodes and stacking, the thermal process of debindering is carried
out in order to remove all cagic materials from the green tapes as prerequisite for subsequent
sintering steps. Standard green tapes contain poly vinyl butyral (PVB) binders which are typically
burned out at 450AC in air. Use of BMEs, ho
atmosphere at high temperatures to avoid potential oxidation of the BME. Instead, green tapes with
printed BME electrodes require individual debindering schedules and smart sintering and reoxidation
protocols.

We report here on thermoanalytic investigas of the debindering behaviour of PAMBsed
KNNLT green tapes with Ni electrodes. The thermal decomposition of the binder was studied for
different oxygen partial pressures. Complementary studies of the debindering process in different
atmospheres werperformed in a tube furnace equipped witky pensors which allows 4situ
observations of oxygen uptake or release. We also report on phase composition, microstructure and
functional properties of the KNNL-based components which were sintered and rexeddunder
reduced po.
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Are the heat capacities of liquids calculated fronpVT equations of
state and speeds of sound reliable?
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Precision calorimeters commonly used for the determination of heat capacities are expensive
instruments, and the measurement itself is a ratfimuttiand timeconsuming task. Alternatively, the
heat capacity of a liquid can be calculated from its volume or density expressed as a function of
temperature and pressure, and from the speed of sound in the medium. The following thermodynamic
relation$ip applies to the specific heat capacity at constant preSsure

Cp=TARA Y(ori a9)'?,

whereT is the temperaturg,is the densityl}, is the isobaric thermal expansibility, asgandas are
the isothermal and isentropic compressibilities, respectively. The latter is related to the speed of sound
uand density bytre Lapl aceds for mul a:

as= 4 A2,

The reported study was aimed at a comparison of the heat capacities obtained calorimetrically
with those calculated in the described manner. All necessary data were taken from the literature. The
heat capacities of tiéen liquids at various temperatures were compared. In the majority of cases, the
agreement was very good, especially if all the experiments were performed in one laboratory. For
example, the relative differences between the heat capacitieshdbrbhexae, based on the data
reported in [1], and obtained in the two ways were (02130, and 0.04% for the temperatures
(25, 35, and 40)C, respectively.

It seems justified to conclude that the suggested indirect method of heat capacity
determination lads to reasonable results. The modern density and speed of sound meters are
sufficiently accurate for this application. The only caveat is that the method cannot be used for the
liquids with very lowl}, such a®.g.water at £C.

[1] M.F. Bolotnikov,Y.A. Neruchev, J. Chem. Eng. Data 49 (2004) 202
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Metal-organic sources of functional film materials: thermodynamics
and structure-property relationships
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Platinum group elemeiitased coatings are widely applied in various fields including catalysis,
aerospace and optical industries. Moreover, an excellent biocompatibility of these materials combined
with the high corrosion resistance and good eleb&mical characteristics is provoking constantly
rising interest from medicine [1]. Met@rganic Chemical Vapor Deposition (MOCVD) is the main
method to obtain such materials. Volatile metal compounds with organic ligands are used-as metal
containing souwres (precursors) to obtain the functional coatings and films by thghgas methods.

To optimize the deposition conditions for film materials, knowledge of the vapor pressure and
volatilization thermodynamics of the precursor used is required. Obvitheskxperimental conditions

for the volatilization of complexes with various ligands differ significantly, leading to the fact that, in
most cases, the technological conditions are selected intuitively. The report will describe in detail an
approach to acomprehensive study of the thermal and structural features of precursors using a
combination of various experimental methods and a quality control methodology for the obtained and
existing thermodynamic data, which make it possible to trace changestiretheal properties of
complexes during changes in the organic component and establish reasonable -ptamtune
relationship

Acknowledgments: The presentation includes data obtained during implementation of the
project financially supported by the §ian Science Foundation (N-28-00222).

[1] K. I. Karakovskaya, S. I. Dorovskikh, E. S. Vikulova, I. Y. llyin, K. V. Zherikova, T. V. Basova
and N. B. Morozova, Coatings, 11 (2021) 78.
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Thermochemical properties of Sulfurcontaining Compounds with
Influence on Atmospheric Chemistry
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We have computationally studied the thermochemical prope
of a varety of sulphuicontaining organic compounds (includin pme

radicals) with relevance on atmospheric chemical processes,

as the oxidation of dimethyulfide, the most abundant biologici 4 44 | 4
source of sulfur to the marine atmosphere [1]. A relia ‘ 4

estimationof the standard molar enthalpies of formationH °

(9), and the bond dissociation enthalpBBE, in the gas phase
at 298.15 K has been performed, by means of atomization [2 J

isodesmic reactions methods using (& = 3, 4) [3,4] andM05-2X (DFT) levels of theory. @
methodologies, particularly G4 have been shown be an accurate theoretical method to provide reliable
D, H?(g) andBDE values for a wide variety of organic compounds [5,6].

[1] P.R. Verest al PNAS 117(2020) 4505 4510
[2] A. Nicolaides, A. Rauk, MN Glukhovtsev, L. Radom. J. Chem. P18 (1996) 17460.

[3] L.A. Curtiss, K. Raghavachari, P.C. Redfern, V. Rassolov, J.A. Pople. J. Chem. Phys. 109 (1998)
7764.

[4] L.A. Curtiss, P.C. Redfern, K. Raghataci.J. Chem. Phy2007, 126, 084108.

[ 5] J. Z. D8val os, R. Not afLopez,Contp. TAeor. Chenk0®%a s , J.
(2017) 36.

[6] G. Perdomo, H. Flores, F. Ramos, R. Notario, V.L.S. Freitas, M.D.M.C. Ribeiro da Silva, E.A.
Camarillo, J.Z D 8§ WJ.&ChemsThermodyn. 122 (2018) 3.
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Optical and DSC methods for phase behaviour study of petroleum
paraffins. Features and advantages

Vladimir N. Kuryakov !, Dariya D. Ivanové?, Alexandra A. Kosobreevg
10il and Gas Research Institute oAR (OGRI RAS), Gubkina Str. 3, Moscow, 119333,
Russian Federation
2D.1. Mendeleev University of Chemical Technology of Russia, 9, Miusskaya Street, Moscow,
125047, Russian Federation

Developing the previously proposed optical method for determiningtigeratures of phase
transitions of malkanes (melting, crystallization, rotator phases) [1, 2], this work compares the
capabilites of the optical method and the method of differential scanning calorimetry (DSC) for
studying the phase behaviour of petuoieparaffins. Melting and crystallization temperatures were
determined for six samples of petroleum paraffins by DSC and optical methods. To carry out studies
by the optical method, using ultrasonic dispersion and without the addition of surfactantsisaqueo
dispersions of petroleum paraffins were prepared. The particle sizes in dispersion samples are
characterized by dynamic light scattering (DLS), nanoparticle tracking analysis (NTA) and scanning
electron microscopy (SEM). The characteristic particle gizbe dispersed phase in all samples is of
the order of 10200 nm. By measuring the temperature dependence of the scattered light intensity on
such dispersions, it is possible to determine the phase transition temperatures of the dispersed phase
(parafin particles). The phase transition of paraffin particles will be accompanied by a change in their
refractive index and lead to bright features in the temperature dependence of the scattered light intensity.
The temperatures of the phase transitions ofswitlied petroleum paraffins determined by two
experimental methods are in good agreement with each other. It is important to note that the optical
method makes it possible to determine the temperatures of phase transitions of the dispersed phase a
such bw particle concentrations (~ 1&Emnass%), at which the DSC sensitivity is no longer sufficient.

[1] V.N. Kuryakov, Yu. Zaripova, M.A. Varfolomeev, P.G. De Sanctis Lucentini, A.A. Novikov,
A.P. Semenov, A. Stoporev, P.A. Gushchin, E.V. Ivanov, J. Thenal. Calorim., 142 (2020) 2035
[2] V.N. Kuryakov, D.D. lvanova, A.P. Semenov, P.A. Gushchin, E.V. lvanov, A.A. Novikov, T.N.
Yusupova, D. Shchukin, Energy & Fuels 34 (2020) 5168
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Roman Danube limes mortars thermal characteristics and
identification of production technology

Snegana MWULHEI dna H,iJohg MilarbvVAN DER BERGH?,

Jonjaua RANOGAJEC!
University of Novi Sad, Faculty of Technology, Laboratory for Materials in Cultural Heritage,
Bulevar cara Lazara 1, 21000 Novi Sad, Serbia

Modernconservation science requires a holistic multidisciplinary research approach to reveal
traditional technologies used for production of historical building materials which are a prerequisite
for a practical sustainable conservation of the structures.e&3aarch contributes to understanding
of building materials and technology used in Roman times on the territory that is today Serbia.

The main research task was to design compatible mortars for future conservation works. In
order to achieve that first, tleortar samples were collected from different sites located on the Roman
Danube limes (period®44" century). Then the comprehensive laboratory investigation followed and
physical properties, thermal characterization, raw material compositions, mineabl@nd
microstructural properties were determined. Several different methods were used: chemical analysis,
XRF and XRD for identification of the major crystalline phases and binder/aggregate ratio; FTIR
analysis for detailed evaluation of the organic amdrganic components and TGA/DSC for
identification of CO2/H20 ratio and index of hydraulicity.

The results obtained indicate vast diversity among the examined mortar samples and their
properties considering density, binder/aggregate ratio, usagezuflaog and consequently index of
hydraulicity. These results assisted the research team to identify the traditional production
technologies of the examined Roman mortar samples and enable responsible conservation approach
to the selected objects. Moreovire information about mortar samples and production technologies
enhances scientific understanding of the local communities who lived on the Danube limes in
nowadays Serbia centuries ago, as well as their everyday lives and technological progress.

Key wards: Roman mortars, production technology, index of hydraulicity, conservation approach

Acknowledgement: The authors are grateful for the suppofthef Science Fundf the
Republic of Serbia, PROMIS project, MoDeCo02000 [project number: 6067004].
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The effect of hollow glass microspheres on oxidative degradation of
P o | -gaprélactone)

Anna VYKYDALD¥€nko GPI TCLSKY, MS8ri a

Martin DANKO, Dmi trij BONDAREYV, J «
Pol ymer I nstitute, Slovak Acade myslawfSlovalda e nc e

A large number of thermoplastics are available with fillers that are added mainly to optimize
material properties such as stiffness, fire resistance, thermooxidation stability, etc. Fillers in
thermooxidation may act either as ftegra@nts or stabilizers. Its effect is determined by the extent
of interaction of filler and polymer and by the filler load. Morphology of the polymer can influence
the sample mechanical response and also the resistance against the oxidation stressuf1]. Poly(
caprolactone) (PCL) is a biodegradable polymer that may be potentially used as a replacement for
synthetic polymers in biomedical applications and environmentally acceptable packaging and the
glass beads are preferred as fillers, especially when camposperties such as isotropy or low
melt viscosity are essential [2].

The aim of this work was to study the effect of hollow glass beads as a filler on the oxidative
degradation of PCL. The effect of glass beads on PCL has been studied by the thémmetgrav
(TG) and chemiluminescence (CL). To analyse theisothermal TG records we assumed that the
records are composed of three independent processes-ofdiestkinetics [3]. CL and TG records
confirm the superposition of both prodegradation antilstation effects of hollow glass beads.
Thermogravimetry measurements on PCL with loads 5 and 10 wt.% of hollow glass microspheres
confirm the stabilising effect while higher loads give a pronounced prodegradation effect. It is also
seen on the neisothermal chemiluminescence temperature ramps.
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The advanced study of thermal degradation of intumescent coatings
with TGA -IST16-GC/MS technique

Nataga LELAN KPRPR®DGIaN CERC KOROGEC
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Intumescent systems are used to protect combustible materials (wood, polymers, metals) from
the attack of heat and fire.

Intumescent coatings are mineral or orgargin based products that expand many times their
original thickness when exposed to flame, produce foams and forming a protective carbonaceous char
that acts as an insulating barrier between the fire and theatebs

However, this barrier is temperature labile; above a certain temperature it breaks down and
burns as a result of combustion. In this way, intumescent materials are considered as materials that
mainly prolong an early stage of fire development &g fare an important part of fire protection.

In previous studies and reports, we have used-MsAand DSC techniques in combination
with microscopy observations to explain the mechanism of action of the intumescent material,
efficiency and compatibility wh our substrate, wood. A very important part of the MS analysis
remained unanswered and relates to the toxicity of the smoke during combustion in terms of the
formation of gases with mass peak m/z = 78, which could be benzene.

Our Mettler Toledo TGAST16-GC/MS instrument provided insight into our sample with its
combination of a gas chromatograph (GC) and a MS. The GC separates the collected gases, so that
simultaneously collected substances can be better identified by the MS detector. A novel system
includes a heated storage interface (IST). This interface can store up to 16 gas fractions collected over
the course of a TG experiment at different temperatures. It allows the emission profile of selected
evolved compounds as a function of thermogravimegmomposition temperature [1].

In the lecture, we will extend the G@S insight into the temperatudependent evolution of
the intumescence barrier and explain the true chemical nature of the problematic mass peak m/z = 78.

[1] N. Fedelich, J. Therm. AhaCalorim., 127 (2017) 947
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Driven by the need to develapore sustainable materials, the biopolymer industry has been
growing rapidly in recent years. This can be mainly attributed to the increasing production capacity
of a variety of aliphatic bidased thermoplastic polymers, such as polylactic acid [1prtrast, the
development of bi@aromatic thermoplastics, rubbers, and thermosets from sustainable resources is
lagging behind. As a biogenic {product of the paper and pulp industry, lignin is a promising
aromatic resource that could provide for interegsproperties when integrated into polymers, resins,
or composites [2,3]. However, these materials are often limited in their recycling possibilities, which
restricts the development of highly sustainable materials.

This work aims at developing lignimase selthealing networks using the thermeversible
Diels-Alder reaction between furan and maleimide groups. To create highly crosslinked
thermoreversible networks, furamodified lignin and a furabearing Jeffamine (F5000) were
reacted with a bismaleiméd(DPBM). To gain insight in their structupeoperty relations, the
obtained networks were analysed using a broad range of thermal analysis and other characterization
techniques: modulated temperature differential scanning calorimetry, thermogravimatyisisa
dynamic mechanical analysis, dynamic rheometry, and tensile testing. The networks showed a
substantial increase in mechanical properties by introducing-furemionalized lignin: going from
a Young's modulus of 13 MPa for the reference netwptio 425 MPa for a 29 wt% lignicontaining
network. Moreover, their healing capacity and processing opportunities were repeatedly tested,
showing reproducibly promising results.

[ 1] P. Skoczinski, R. Chint hapal Ib, A Radchka,CJar us
Ra v e n st -bgseud Building Blacks and Polymérsslobal Capacities, Production and Trends

20191 2 0 2 4 0 5InstitubGmaH, (2020)

[2] P. Ortiz, R. Vendamme, W. Eevers, Molecules, 25 (2020) 1158, 11 p.

[3] R. Vendamme, J.B. de Buereh GraciaVitoria, F. Isnard, M.M. Mulunda, P. Ortiz, M. Wadekar, K.
Vanbroekhoven, C. Wegmann, R. Buser, F. Heroguel, J.S. Luterbacher, W. Eevers, Biomacromolecules,
21(10) 41354148
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In resin transfer moulding (RTM) a composite material is made by injecting a reactive resin
through a fibre bed. To mala polyurethane based composite, a reactive resin starts as a mixture of
two liquids, a polyisocyanate and a polyol and due to polymerization ends up as a polyurethane
network. As a result, rheological behaviour changes from viscous teelestic to edstic. To control
and predict this rheological behaviour, the kinetics of this reaction must be known and predicted. [1]

Using thermal analysis techniques, like differential scanning calorimetry (DSC) and micro
calorimetry, the heat flow generated duriragypnerization reaction can be measured as a function of
time and temperature. As the heat flow stands in direct correlation with reaction rate, the kinetics of
the polymerization can be measured. Here a combination of isothermal andoth@mmal
measurerants is used in combination with different mixing rations of the initial compounds, to have
a broad range of condition during which the reaction can take place. These calorimetric measurements
are then used to construct and evaluate a mechanistic modél.tM& approach the global
polyurethane reaction is subdivided in a set of (elementary) reaction and a heat flow can be simulated.
Using a least squares curve fitting algorithm on the experimental and the simulated heat flows, the
reaction rate parameteos$ the kinetic model can be determent. An advantage of this mechanistic
modelling approach is that the concentrations of the different functional groups, like primary and
secondary alcohol s, presence of etadndaoanbgusedu p s,
to study different compositions.[2]

When the all different conditions can be predicted at reasonable accuracy a robust model is
obtained. In a next step the mean molecular weight can be estimated using a statistical method, the
socal lineodutfi recursive analysiso developed by Ma
molecules is calculated based on the conversion of the materials, leading to molecular weight,
gelation, crosslink density and elasticity modulus calculations.

With the ug of dynamic rheometry, first the viscoelastic behaviour of fully reacted
polyurethane with different molar masses were measured, combined into a single curve using a timer
temperature superposition method. With a Grosslel the viscoelastic behaviourfasction of the
molar mass could be modelled. In a second step the evolution of the viscous behaviour of the reacting
polyurethane was measured. The obtained evolution could then be compared to predicted molar mass
evolution. A good correlation between thereasing molar mass and the viscosity could be observed.
This allows for the prediction of the viscous properties purely based on the kinetics, reaction
conditions and the selection of the monomers.

[1] Shojaei A., Ghaffarian S. R., Karimian S. M. Rglym. Composite, 2003, 24 (4), 5384.
[2] Ghoseishi R., Zhao Y., Suppes G. J., J. Appl. Polym Sci, 2014, 131 (12), 40388,
[3] Miller D. R., Enrigue Valles C. M., Polym. Eng. Sci. 1979, 19 (4),i282.

[4] Miller D. R., Sarmoria C.Polym. Eng. Sci1998, 38 (4), 535%57.
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Valsartan, an antagonist of angiotensin Il receptor, is a class 2 APl according to the
Biopharmaceutical Classification System (BCS) [1]. The synthesis of coamorphous systems was
selected to improve the physicochemical properties of valsartan. Coamorphous are defined as a single
phase amorphous solid system composed of low molecular weight binary ecomuttonents [2].

Three coformers were selected to synthesize (1:1) coamorglsigsns with valsartam:-proline,

4 |, -digyridyne, and trimethoprim. The systems were synthesized by neat grinding. A halo in the
PXR diffractograms showed that the amorphization was efficient. The FTIR of the pure components
and the coamorphous systenmergicompared showing thatproline interacts weakly with valsartan,

a slight shift is observed in the v aipwgidymet an ¢
forms hydrogen bonds with valsartan, giving rise to weak broad bands at 1930 aech243]) and
trimethoprim forms an ionic bond with valsartan, observed as the replacement of the valsartan
carboxylic acid stretching band (3 C=0) by ¢ttt
transition temperatures of pure valsartan anadnosphous systems were determined by DSC. Pure
val sartan has a glass transition at 77.9 UC.
48. 4 AGbi(pwyrdi:dii,te)pr @Bi 2e AC amdl 101.2 AC (val
preliminary study of coamorphous systems showed that the highest glass transition is observed in the
salt coamorphous system (val:trimethoprim). Further research is being made to identify how
stoichiometry, molecular mobility, and intermolecular interactiaffisct the glass transition of the
coamorphous systems.

[1] D.J. Shin, B.R. Chae et al, Pharmaceutics. 11 (2019).
[2] Q. Shi, S.M. Moinuddin, T. Cai, Acta Pharm. Sin. B. 9 (2019359
[3] A. Mukherjee, S. Tothadi et al, CrystEngComm. 15 (2013) #46881.
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In the present study, authors report about experimental investigations on thermal and
magnesium (M) 1 ion conductivity properties of polyethylenexide (PEO) and polyvinyl
pyrrolidone i iodine complex (PVR) polymers based blended electrolyte systems doped with
magnesium sulfate (MgSPsalt.

Towards the development of better rechargeable electrochemical energy storage systems
complementing to théthium 1 ion batteries, research on alternative active®™gons conducting
systems has gained significant interest. Magnesium is one of the lightest multivalent metals identified
for battery applications and magnesium is the most abundant elementineh 6 s cr ust , s
geographically prevalent than lithium [1].

Since the breakthrough in the discovery of the @l K - ions conductivity through the matrix
of the polymer membranes, solid polymer electrolytes (SPEs) came into the lighewrthte been
gaining substantial interest in both scientific and industrial sectors [2]. In SPESs, the polymer acts as a host
for the salt ions and at above the glass tre
dimensional spaceinthemat x 6 f or the benefit of augmentati

PEO/PVRI/MgSOs based polymer blend electrolyte membranes were fabricated by solution
cast technique and as prepared-Bw@mnding membranes were directionally stable provided with an
average thickess of 170 micros. The miscibility of the two polymer and variation of thermal
properties as a function of salt doping concentration such as meltih@uid@ glass transition {f
temperatures were investigated by means of differential scanning calgriid&c). The shift in
position of optical absorption edge towards higher wavelength as a result of increase in salt doping
concentration evidenced for the enhanced interaction between salt ion and polymer chains.
Electrochemical impedance spectroscopy JEifeasurements were performed in the temperatures
range 30C 7 70°C and investigated the variation in room temperaturei Ntgn conductivity and
dielectric properties as a function of salt doping concentration and temperature.

[1] B. Park and J. LSchaefer, J. Electrochem. Soc. 167 (2020) 070545.
[2] A. Du, H. Zhang, Z. Zhang, Adv. Mater.31 (2019) 1805930.
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Alkali -metal cation coordination to calix[4]arenes containing triazole
functionalities
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The medium effects on the complexation of alkaéital cationswith calix[4]arene derivatives
containing triazole subunits (compundls and 1) was systematically explored by means of
microcalorimetric and UWis spectrophotometric titrations in dimethylformamide, methanol water
and acetonitrile. First two solvents reechosen for the purpose of comparison of receptors binding
abilities as both ligands exhibit sufficient solubility required for complexation investigations in these
media. The cation hosting in MeCN was studied to compare the llgavith other tertiaryamide
calixarene derivatives. On the basis of ligand dissolution enthalpies, and the literature data, the
enthalpies of reactants and the product transfer among solvents were obtained. The studied
compounds binded alkathetal cation rather efficiently dnsimilarly in methanol and in
dimethylformamide, whereas the acetonitrile was the most favourable reaction medium fer alkali
metal cation reactions with receptorCompound proved to be a remarkable host for'Nawater.

The cation binding was enthadplly controlled. The complexation of Lwith ligandL in acetonitrile

was the only entropically favourable reaction. The paféikity of both compounds for Navas

noticed for all studied reactions. Th¢ NMR investigations revealed relatively low iaffy of the
calixarene sodium complex for the inclusion of solvent molecule in the calixarene hydrophobic
cavity, with the exception of acetonitrile. In many examined cases, the considerable solvent effect on
the complexation equilibria was proven to Ineirsteresting interplay between the transfer enthalpies
and entropies of the reactants and the products.
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Addressing of different synthetic and shaping approaches for
pr ep a rTCRlpsed sulstrates for biomineralisation of HAP
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Nowadays, calcium phosphate (CaP) ceramics are a tpatiamdard for bone grafting
materials in bone tissue engineering due to the structural similarity with the mineral part of the bone
[1]. CaP ceramics show bioactivity, osteoinductivity and osteoconductivity, all of which are processes
that highly dependromacremicroporosity of the ceramic mater[@]. U-a n dtriclcium phosphate
(Cag(PO4}), hydroxyapatite (HAPCaio(POs)s(OH)2) and biphasic calcium phosphates (BCP) which
are a mi xt u¥TEP, stand adtArRon@Gak syrithetic ceramic matBials this study,
we elucidated what we believe i t he mos't convenient JQGPnWéretic
precipitated calcium deficient hydroxyapatite (CDHA) from aqueous solutions of €aX@d and
(NH4)2HPQs under carefully controlled pH. We evaluated the benefits of slow vs. rapid CDHA
precipitd i on. Either way, a subsequenfiCPcal cinati or

The goal was t elCPeb®diea withisabktantmlly Idiffedent fnacro and
microstructures, for the purpose of evaluating the course of the HAP biomineralisations- The a
d e r i \MM@Pdpowalers were used for the preparing of the porous bodies using freeze casting, 3D
printing and sponge replication templating. TheXay di f fracti on €TGMfbri r me c
the sl ow precipitati on -@GPwaeobseraed forithe fast pregipitationw h i
after calcination. Critically, no presence of HAP was observed. Microstructural differences were
described in detail and compared using compressive strength, total porosity, adstagdiqrion
testsandelearn mi cr os c o p y-TCPIsynthetidamdsopgrorelb@dgornfing route are
fundamental for bone engineering application.

[1] A. EI-Ghannam, Bone reconstruction: from bioceramics to tissue engineering, Expert Rev. Med.
Dev. (2005) 87101

[2] P. HabibovicH. Yuan, C.M. van der Valk, G. Meijer, C.A. van Blitterswijk, K. de Groot, 3D
microenvironment as essential element for osteoinduction by biomaterials, Biomaterials 26 (2005)
35653575

[3] J.M. Bouler, P. Pilet, O. Gauthier, E. Verrd@iphasic calcium phosptea ceramics for bone
reconstruction: A review of biological response, Acta Biomaterialig2637)1-12
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The properties, occurrence, andr@xde effects of conventional microplastics are examined
worldwide. However only few studies have focused on biodegradable microplastics-(micro
bioplastics), whose abundance in environment is expected to grow continuously [1]. After the
entrance to soilhie micrebioplastics may interact with parts of soil organic matter (SOM) via weak
interactions and induce the structural changes in SOM. This affects primarily the properties of SOM
and secondarily also the properties of SOM water, which alters soilsteosfunctions [2].

In this study, selected abiotic soil indicators were determined for soil contaminated with
polyhydroxybutyrate (PHB) microbioplastics and PET microplastics to evaluate their effect on soil.
Peat was used as a model of soil organidenaiVater holding capacity of SOM, strength of water
binding (evaporation enthalpy of soil water), water molecule bridges stability (demonstrated as a
steep increase in heat capacity, WaMB) and content of soil aliphatic crystallites (via melting enthalpy)
were determined using Differential Scanning Calorimetry (DSC) in soils dried under three different
relative humidities.

We have found that both kinds of microplastics decreased the strength of water binding in soil
as well as the content of aliphatic stallites. In addition, WaMB stability and water holding capacity
of SOM were different for each microplastics and humidity. These results implicate that both
conventional microplastics and mieboplastics negatively affect soil water and structure, whic
may consequently have an adverse effect on soil functions. This observation applies mainly for initial
stages of introduction of microplastics into soil, when the microplastics interact with SOM parts and
changes its supramolecular structure. In the osaicro-bioplastics, in a relative short period, the
soil microorganisms start to biodegradation which assumingly leads to different effect comparing to
conventional microplastics. Bioplastics are considered as a promising alternative for conventional
plastics in agriculture, however more research in this area is required before any worldwide
application on agricultural soil.
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challenge of determining mictmioplastics in soil. Science of The Total Environment 745.
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emerging threat to terrestrial ecosystems. Global Change Biology 2412465

87



Resorcinotformaldehyde condensatiori DSC study
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Resorcinoiformaldehyde (RF) gels are important precursors of nanostructured carbons.
Porosity can be partly controlled in the course of RFgeblpolycondensation reaction. The aim of
this contribution is to denmstrate the possibility of DSC as a tool for characterisation of RF gels
during their synthesis.

RF condensation is twstep exothermic process (formation of hydroxymethyl derivatives of
resorcinol and formation of crosslinked thidienensional network gel). Its conversion degree can
be followed by heat evolution measurement under various heating rates which enables
isoconversional kinetics analysis. Nbmear modeffitting analysis was based on the Sestak
Berggren [1] reaction modél ( U )™ (120" Obtained kinetic equation allows to determine the
temperature program ( heat i sgherdmal step fol 4D miA,Geating 4 0
to 100 Ad leading ® selaratidn of both step which can be useful for irdiog the final
properties of gelsmainly porosity.

Products prepared at di fferent ti me at 4
especially by FTIR analysis and thermal decomposition, but they significantly differ in low
temperature transformatie investigated using DSC. The melting peaks were shifted to higher
temperature with progressive reaction time and consequently deformed by a new phase transition
during melting (possibly glass transition of formed polymer, Fig. 1).
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[1] S . Vyazovkin, A. K. B u r nMaqueda, CJRopéscu, O.rSbiaadzoagli, L .
Thermochim. Acta. 52(2011) 119
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Physical recychig of polymers is among the important strategies of circular economy. It is also
implemented into EU legislation, which aims to dictate the content of recycled polymers in new products.
PET (polyethylene terephthalate) is one the mostly used polymeeskmng industry. The
methods of its physical recycling are relatively simple, they include separation of waste plastics,
shredding (mostly bottles to flakes) and washing. The resulting PET pieces are then extruded and re

granulated. The key problem for sessful recycling and fgranulation is various types of PET
including already recycled PETSs, bottles with additives, preforms, regranulates or virgin PET. Each
of these types may have different properties that affect their suitability for recyclinggproces

In this study, we present DSC as a method for the identification of these different types of PET.
In principles, the method uses the simple parameters obtained from a DSC run such as temperatures anc
enthalpies of melting, crystallization and glassditeans of the first and second heating and cooling
cycles. We collected 79 samples of different types of PET, which included virgin PET, preforms,
regranulates, bottles with varying content of rPET (recycled PET) and so called bioPET, bottles with
additives, recycled products, PEI and controllably degraded samples at high temperatures.

The method is based on the assumption that thermal history, composition and degree of
recycling would affect the DSC parameters of the PET. Glass transition, crystailizatl melting
behavior of PET were used as primary parameters for advanced statistical analysis, which allowed to
distinguish the samples into groups according to their history and properties. In particular, principal
component analysis (PCA) showed possibility to distinguish several groups i) virgin PET (before,
but also after controlled degradation); ii) PET affected by high temperature or the addition of other
substances (degraded samples, bottles with additives and products from rPEPBTIiiDioPET and
PET-G; iv) preforms, bottles and PET flakes.

To sum it up, simple DSC run can be used to distinguish PET materials of different origins
and recycling degree based on the interrelationship between thermophysical properties.
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Access to safe and clean drinking water is a human right. Unfortunately, poor maintenance and
hygiene can compromise the quality and safety of drinking water. The types of contamination can be
diverseand pathogenic microorganisms pose an immediate threat to humans, as a single pathogen
can cause lifeghreatening disease within a few days [1]. Consequently, microbiological laboratories
are looking for rapid and reliable techniques to detect pathogensaier. At the moment,
conventional bacteriological detection methods are predominant. Briefly, a defined sample volume is
applied directly to the solid culture medium (agar; 0.5 to 1 mL) or-aptiehment step is performed

via membrane filtration (5®t100 mL) and the grown colonies are counted after a defined period of
time. However, despite the simplicity of the method, the main limiting factor is the speed of detection
for this analysis [2]. However, time is of essence if countermeasures areakebe t

In 2012, we were able to demonstrate that bacterial contamination in tap water can be detected
very quickly by [3]. Recently, Fricke et al. introduced this method to the detectibagidnella
pneumophila[4], a pathogen found in drinkingvater that regularly causes major outbreaks
worldwide. What is still missing, is a specially designed calorimeter that meets the criteria for
detecting bacterial contaminations in drinking water.

In our study, we constructed an isothermal midm@aetric test system that was special
designed for the microbiological analysis of drinking water and cooling tower samples. Our results
demonstrate that microcalorimetry can contribute as an early warning system in the context of
conventional, culturdased detection of waterborne pathogens in drinking water. Depending on the
degree of contamination, detection can be recognized within 24 h (compared to 5 to 10 days in the
case of conventional detectionlafpneumophila The greatest advantage of thikracalorimetric
approach is its compatibility with existing standards. Sample preparation and processing can be
performed according to existing standards. Even a quantitative evaluation in the form of CFU/mL is
possible thanks to the sample vessels ssdday us.

[1] U. Szewzyk, R. Szewzyk, W. Manz;K. Schleifer,Annu. Rev. Microbio).54 £020 81-127.
[2] FY. R a m2-Qastillo, A. LoeraMuro, M. Jacques, P. Garneau, etRéthogens 4 2015 30734.
[3] T. Maskow, K. Wolf, W. Kunze, S. Enders, Harms,Thermochim.Acta543 @012 273280.
[4] C. Fricke, J. Xu, L. Jiang, Y. Liu, H. Harms, T. Maskowlicrob. Biotechnal 13020 126272.
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Thermal methods for estimating the stabilization effect
of heterocycles in biopolymer matrix
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In recent years, there has been particular interest in the development of biodegradable and
biocompatible natural polymersatcould act as solid polymer electrolytes [1]. The advantages they
offer are high abundance, biocompatibility, biodegradability, andefésttiveness. However, the
conductivity of biopolymers is very low and technically they are not electric conduttamsefore,
different approaches have been proposed that have improved their ambient conductivity: for example
the blending of two polymers, using a variety of salts or the nitragataining heterocycles

Membrane technology requirements at present fonulree main aspects such as high proton
conductivity, long lifetime, and good thermal stabilill these aspects relate to the strength of the
bond between the cellulose matrix and the functionalizing molecule. On the one hand, a stronger
hydrogen bod improve the thermal resistance, on the other hand, it reduces the mobility of molecules,
which leads to a low value of electrical conductivity [2]. Thermal methods of analysis, including DSC
and TGA, are significant for estimating the stabilization ¢fééheterocycles in biopolymer matrix.
Moreover, the lifetime was determined using the KissiAdethiraSunose model and to verify the of
theoretical calculations, measurements as a function of time were carried out. [3]

The research focuses on the thal stability of the obtained composites based on
cellulose and heterocyclic dopant. The influence of stoichiometry of compounds and different types
of dopant (Imidazole, 1,2;Briazole) were investigated. The research was carried out in various
synthesigonditions: under vacuum and normal atmosphere. The obtained results were confirmed by
NMR and FTIR method.
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Strategies for implementing sustainable development principles for the preparation and
modification of polymer composites require the search for new and environmentally friendly
solutions. The aim of the scientific activity in line with the global trend in the production of
materials based on the use of renewable raw materials of biological origin and concerns the
knowledge, research and explanation of the effectiveness of different lignocellulosic biomass as a
source of ative functional compounds for modification of polymer composites.

Cereal straw represents interesting alternative for commercial fillers and could be successfully
applied as a loveost filler, which improved several properties of natural rubber compo3ites
work carried out included both the characteristics of pure and modifiddieis as well as elastomer
composites. The analysis of the chemical composition of the additives, depending on their type, was
performed using analytic methods. Moreovie particle size of the fillers used as well as the oil
absorption number (DBPA) were measured. The structural, morphological and dispersion properties
of both biomodifiers and new composite systems have been determined by spectroscopic (FTIR) and
scanningelectron microscopy (SEM) analysiBhe effectiveness of the modifications carried out
through the characteristics of intermolecular interactions at the-didstomer interface have been
examined using dynamic mechanical analysis (DMA). Moreover, tektspatial structure,
mechanical (hardness, tensile and tear strength), thermal (TGA, DSC) and rheometric properties of
composites have been performed. In addition, the resistance of materials to aging (temperature,
oxygen, UV radiation) has also beenatatined.

Application of lignocellulosic biomass in the form of cereal straw for natural rubber
composites, indicated high application level of those type of materials. Moreover significant
multifunctional properties of the materials can be reached bycagiph different modification
techniques. Additional ecological and economic benefits can be achieved while solving typical
agricultural problems with the usage and management of such plants.
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The interest in using an agricultursaste as a raw material for the production of polymer
composite materials has been steadily increasing in recent decades [1]. Agricultural residues, such as
straw and weed are inexpensive, renewable and easily accessible lignocellulose fiber soustes almo
worldwide. An important aspect of the use of natural fillers for polymer composites is their thermal
stability [2]. The research aims to gain new knowledge on the effectiveness of various methods of
plant waste modification to obtain active componeaotstliie production of elastomer composites.
Presented work includes andepth characterization of the plarased additives as well as its effect
on the properties of elastomer mixtures and vulcanizates. In the reseatfillersiare analyzed in
detailin terms of their chemical structure, thermal stability and surface morphology. Besides, their
compatibility and characteristics of interactions in the elastomeric medium are determined.

The detailed characteristic of the cereal straw containing thgrenainetric analysis (TGA) and
the analysis of their surface including measurements of contact angle (CA) and scanning electron
microscopy (SEM) was studied. The properties of biocomposites have been examined in terms of the
kinetics characteristics by t#fential scanning calorimetry (DSC) and rheometric properties of elastomer
mixtures. Analysis of the new composites included static mechanical and thermal properties were carried
out. Examinations of flammability using by conical calorimetry were perfbriidis work is the
innovative technological solution, which is designed to recognize the opportunity to create composites
with high application level, associated with a significant change in multifunctional properties. Moreover,
addition of the cheap féf into elastomer allows to reduce the manufacturing costs.

[1] S. N. Monteiro, V. Calado, R. J.S. Rodriguez, F. M. Margem, Journal of Materials Research and
Technology, 1 (2012) 11726,
[2] K. Sathasivam, M.R.H.M. Haris, J Therm Anal Calorim., 108 (2@127
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Owing to its excellent thermal stability, chemical resistance as well as environmental
benignity, hybrid pigments based on mineral fillers attracts great interest of many researchers. These
organicinorganic systems exhibiting thewahtages of both an organic dye and an inorganic host are
increasingly displacing dyes and pigments traditionally used in polymer technology [1]. To date,
although much attention has been paid to develop and apply new hybrid pigments in different
thermoplatic materials, the effect of these materials on the elastomer composites is rot well
described in the literature.

The objective of this study was to prepare and characterize the novel argaganic
pigment based on alizarin dye (dhydroxyanthraquione) and vermiculite mineral as well as to
explore its potential as multifunctional additive for acrylonitblgadiene rubber (NBR) composite.

The interactions between alizarin and vermiculite were inspected by secondary ion mass spectrometry
(To~SIMS) and Fourier transform infrared spectroscopy (FTIR). The morphology, color
characteristic and stability of the hybrid pigment were characterized-tay Xiffraction analysis

(XRD), thermogravimetric analysis (TGA), scanning electron microscopy (SEM) anvis)
spectroscopy. Afterwards, the fabricated orgamarganic pigment was incorporated into NBR
matrix cured with sulphubased crosslinking system via blending method. The curing behaviour,
mechanical and thermal combustion properties of the novelidol NBR composites were studied
respectively through rheometric measurements, crosslink density analysis, dynamic mechanical
analysis (DMA) and microscale combustion calorimeter (MCC).

The obtained results suggested that thprapared alizarin/vermidite hybrid pigment with
improved physicechemical properties could be simultaneously served as a promising colorant and
functional additive to be applied in polymer composites. The prepared NBR composites colored with
studied hybrid pigment exhibited ps€nsing activity and reduced flammability.

[1] Pardo, R. et alChemical Society Revie@f11, 40, 627687.
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Epoxy resins are versatile reactive compounds possessing excellent properties, gamth as
addition to different substrates, great resistance to corrosion, chemicals and abrasion, flexibility,
moderate toughness, etc. [1]. Due to their properties, epoxy resins are widely used in different
domains: engineering and construction, in circaoairds, aeronautics, construction etc. However,
epoxy resins show increased flammability and possess low thermal stability [2]. Hence, enhancing
their flame resistance together with maintaining their properties and with recycling and minimizing
environmeral impact is to this day an important challenge.

Three seniiinterpenetrating polymer networksi(BNs) were obtained from an epoxy resin
(DGEBA) cured with aromatic, cycloaliphatic and aliphatic hardeners and having as linear component an
aromatic oligophsphonate. The miscibility of the components in th#°Ss was studied via DSC and
morphological studies (SENEDX). The thermal stability of thei 8#Ns was assessed by TGA in both
inert and air atmospheres. The evolved gases analysis was studied throudgi TFGand PyGCi MS
coupled techniques. The flame retardant capacity of tHENS was demonstrated via pyrolysis
combustion flow calorimetry (PCFC). The residual char yields resulted from TGA were analyzed by
SEMi EDX. The obtained results demonstrated e¢hé friendly character of thei®Ns through the
absence of halogens and the low phosphorus content and volatiles evaolvemen

[1] R. Thomas, P. Vijayan, S. Thomas, fARecycl |
Network, (2011) 12229

[2]A.Tol dy, A. Szab-, Cs. Novs8§k, J. Madar8sz, A.
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Effect of thermal treatments on the performance of carbon xerogels in
an electrochemical capacitor
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Carbons with welbesigned prous structure and surface chemistry is a key for enhancing the
performance of electrochemical capacitor (EC). This contribution addresses the effect of carbonization
temperature and activation method on properties of carbon xerogels (CX) and themgecéofor use
in EC electrodes. The sgkl polycondensation reaction between resorcinol and formaldehyde was used
to obtain a crosBnked gel network, followed by ambient drying and carbonization at temperatures
from 5003 to 9003 . Further, the accesstneso and micropores was improved through either physical
(COy) or chemical (KOH) activation of CXs [1]. The physicochemical aspects of prepared CXs were
characterized using nitrogen adsorpta@sorption experiments, elemental CHNS analyses, Fourier
trarsform infrared spectroscopy, -xay diffraction, Raman spectroscopy, and scanning electron
microscope images. The cyclic voltammetry, chronopotentiometry, and impedance spectroscopy were
performed on xerogel electrodes, using KOH as electrolyte.

Dependingon the temperature of carbonization and activation, the obtained CX materials
significantly differ in porosity (micropore area in the range-3831 ntg™, mesopore area in the
range 35876 nfg?), total oxygen content {20 %) and surface chemistry-@, C=0, GOH, etc.).

The increase in surface area or volume of mmBsopores and the changes in oxygen content follow
expected trends with carbonization temperature and varied extent of both types of activation. The
results of electrochemical performanceasurements show that the hierarchical porous structure
obtained within CX enables better access for the electrolyte ions to form an electric double layer as
well as the oxygen functionalities introduce pseudpacitance. However, the electrochemical
performances do not exactly follow this trend, which is reviewed critically in this contribution.

[1] M. P. Chavhan, S. Ganguly, J. Solgel Sci. Technol., 88 (2018) 395

96



