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Dear Participants at CEEC-TAC6 & Medicta2021 Conference, 
 

Let us express our great pleasure to welcome you here in Split - Croatia, for attending the joint 

6th Central and Eastern European Conference on Thermal Analysis and Calorimetry (CEEC-TAC6) and 

15th Mediterranean Conference on Calorimetry and Thermal Analysis (Medicta2021) between 20th and 

24th 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 history, as it was founded as the Greek colony of 

Aspalathos in the 3rd or 2nd century BC on the coast of the Illyrian Dalmatae, and later on was home to 

Diocletian's Palace, built for the Roman emperor in AD 305. Nowdays, Split is a modern city, with a 

vibrant cultural life. 

The joint event CEEC-TAC6 & 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 Sessions of Oral Presentations ï 64 contributions (OP) & 3 

Sessions of Poster Presentation ï 112 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 edition, Awards will be offered to exceptional scientists: i) Prof. Herbert Danninger 

from Austria (Honorary Member of CEEC-TAC), ii ), Prof. Thomas Maskow from Germany 

(Distinguished TA&C Researcher in Central & Eastern Europe); iii ) Dr. Nina Obradovic from Serbia 

(Outstanding Young TA&C Researcher in Central & Eastern Europe); three iv) ñAndrzej Maleckiò 

2021 Grants for Best Young Researcher from Central & Eastern Europe and from the Mediterranean 

Area in the field of Thermal Analysis and Calorimetry; two v) ñJaroslav Sestakò 2021 Travel Grant 

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 to 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 Organizing 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 Faculty of Chemistry 

and Technology (KTF) of the University of Split, University of Craiova (UCv), and Institute of 

Physical Chemistry ñIlie Murgulescuò of the Romanian Academy. We acknowledge the great support 

of our Sponsors: TA Instruments (Diamond Sponsor), NETZSCH (Gold Sponsor), Jasika d.o.o. 

(Bronze Sponsor) and Labtim (Exclusive Sponsor). A special acknowledgement has to be addressed 

to the Journal of Thermal Analysis and Calorimetry, Ceramics International, Surfaces and Interfaces, 

where one of their volumes will be dedicated to research papers of our conference, presented as oral 

or poster contributions. 

The 5-day meeting is hosted at the Faculty of Chemistry and Technology of the University of 

Split. The official language of the conference is English. 

We hope that you will enjoy the city during your stay at the CEEC-TAC6 & 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 give you novel scientific and 

practical knowledge, and enrich you with a variety of new contacts. 

Looking forward to seeing you at forthcoming thermal analysis and calorimetry conferences, 

and hopefully in 2023 for CEEC-TAC7 and Medicta2023! 
 

       Matko Erceg & Andrei Rotaru   

                      Chairmen of CEEC-TAC6 & Medicta2021 
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General Information 
 

 

 The joint event ñ6th Central and Eastern European Conference on Thermal Analysis and 

Calorimetry (CEEC-TAC6) & 15th Mediterranean Conference on Calorimetry and Thermal Analysis 

(Medicta2021)ò has gathered 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 Sessions of Oral Presentations ï 64 contributions (OP) & 3 Sessions of Poster Presentation 

ï 112 contributions (PS). Each session of oral presentations is comprised of 16 works, while two 

poster presentations include 37 works and one includes 38 works.  

   

Plenary Lectures 
¶ Daniele Cangialosi (CSIC-Consejo Superior de Investigaciones 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 
¶ Romana Cerc Korosec (University of Ljubljana, Slovenia) 

¶ Jordi Farjas (University of Girona, Spain) 

¶ Loic Favergeon (Ecole des Mines de Saint-Etienne, France) 

¶ Rodica-Mariana Ion (Valahia University of Targoviste, Romania) 

¶ Stanislav Kurajica (University of Zagreb, Croatia) 

¶ Birgit Maaten (Tallinn University of Technology, Estonia) 

¶ Timur Mukhametzyanov (Kazan Federal University, Russian Federation) 

¶ Maria das Dores M. C. Ribeiro da Silva (University of Porto, Portugal) 

¶ Roberta Risoluti (Sapienza University of Rome, Italy) 

¶ Ludmila N. Zelenina (Nikolaev Institute of Inorganic Chemistry, Russian Federation) 
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Tuesday, 20th of July Wednesday, 21st of July Thursday, 22nd of July Friday, 23rd of July 

830-1330 
Short Summer School  

on TA&C 

900-930 IL01 IL02 900-930 IL05 IL06 900-930 IL07 IL08 

930-1120 
Poster session 1 

Coffee break 
930-1120 

Poster session 2 

Coffee break 
930-1120 

Poster session 3 

Coffee break 

1120-1140 OP1.01 OP2.01 OP3.01 OP4.01 1120-1140 OP1.09 OP2.09 OP3.09 OP4.09 1120-1140 OP1.13 OP2.13 OP3.13 OP4.13 

1140-1200 OP1.02 OP2.02 OP3.02 OP4.02 1140-1200 OP1.10 OP2.10 OP3.10 OP4.10 1140-1200 OP1.14 OP2.14 OP3.14 OP4.14 

1200-1220 OP1.03 OP2.03 OP3.03 OP4.03 1200-1220 OP1.11 OP2.11 OP3.11 OP4.11 1200-1220 OP1.15 OP2.15 OP3.15 OP4.15 

1220-1240 OP1.04 OP2.04 OP3.04 OP4.04 1220-1240 OP1.12 OP2.12 OP3.12 OP4.12 1220-1240 OP1.16 OP2.16 OP3.16 OP4.16 

1240-1310 CCTAC1 1240-1310 CCTAC1 1250-1330 Nina Obradovic, PL4 

1330-1430 Lunch 1310-1430 Lunch 1310-1430 Lunch 1330-1440 Lunch 

1430-1630 
Short Summer School  

on TA&C 

1430-1440 CEEC-TAC6 & Medicta2021 1430-1440 CEEC-TAC6 & Medicta2021 1440-1450 CEEC-TAC7 / Medicta2023 

1440-1520 Thomas Maskow, PL2 1440-1520 Daniele Cangialosi, PL3 
1500-1530 IL09 IL10 

1530-1800 Afternoon break 

1530-1600 IL03 IL04 

1520-2000 Afternoon break 

1330-1630 

Registration of  

participants at  

CEEC-TAC6 & Medicta2021 

1610-1630 OP1.05 OP2.05 OP3.05 OP4.05 
1630-1650 OP1.06 OP2.06 OP3.06 OP4.06 
1650-1710 OP1.07 OP2.07 OP3.07 OP4.07 

1630-1830 Afternoon break 1710-1730 OP1.08 OP2.08 OP3.08 OP4.08 

1830-1920 Opening Ceremony 
1730-1750 Coffee break 
1750-1900 CEEC-TAC General Assembly 

1920-2000 Herbert Danninger, PL1 
1750-1900 Medicta General Assembly 

 Free evening  
2000-2230 Welcome Cocktail 

2000-2400 Conference Dinner 1800-2000 Old-City Tour 
1. Room A at KTF (A0-2, Level 0) 

 Saturday, 24th of July 
2. Room B at KTF (A0-1, Level 0) 

3. Room C at KTF (A0-3, Level 0) 900-1030 KTF Tour 
4. Room D at KTF (A1-2, Level 1) 

1030 Closing Ceremony 
5. Room E at FESB, next to KTF (main amphitheatre) 

6. Coffee Break and Poster Session area at KTF 

Program of CEEC-TAC6 & Medicta2021 
20-24 July 2021 

Split, Croatia 

7. Canteen at the Student Service 

1-7: Sveuciliste u Splitu, Kemijsko-Tehnoloski Fakultet, Rudera Boskovica 35, Split 

8. Gusar Restaurant (Restoran Gusar) 

8: Spinutska 69, Split 

9. Split City Centre ï Diocletian Palace 
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Thermoanalytical techniques for characterizing sintering processes  

in ferrous powder metallurgy 
 

Herbert DANNINGER 1, Raquel DE ORO CALDERON1,  

Stefan GEROLDINGER1, Christian GIERL -MAYER 1 
1Institute of Chemical Technologies and Analytics,  

Technische Universitªt Wien Getreidemarkt 9/164, A-1060 Wien, Austria 

 

 
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, thorough 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, thermoanalytical techniques, at best 

combined with chemical analysis, enable in-situ 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 small-scale 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 reactions between 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 atmosphere, this atmosphere being on one hand 

the ñexternalò one, outside the body in the free space of the furnace, on the other hand the ñinternalò 

one within the pore network of the specimen. 

Examples are shown for sintered alloy steels prepared through different alloying techniques, 

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 hardening capability is discussed. 

 

 

[1] W. Schatt, Sintervorgªnge, VDI-Verlag, D¿sseldorf (1992) 

[2] G. Leitner, W. Heinrich, K. Gºrting. Adv. Powder Metall & Partic. Mater. ï 1995, MPIF, 

Princeton NJ (1995), Part 4, 259 

[3] C. Gierl-Mayer, H. Danninger, Powder Metall. Progress 15 (2015) no.1, 3. 

[4] R. de Oro Calderon, C. Gierl-Mayer, 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 

Helmholtz Centre for Environmental Research ï UFZ, PermoserstraÇe 15, 04318, Germany 
 

 

Biotechnology promise solutions to the current challenges of the transition from a petroleum-

based to a bio-based economy through the elucidation, application and utilization in technical 

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 contributions here. 

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. Metabolic 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 calorimetry 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 applications to 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, the inclusion of 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 manufacturers 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 

able to tap the full potential of calorimetry.    

 

 

[1]  O. Braissant, G. Bonkat, D. Wirz, A. Bachmann, Thermochim. Acta, 555 (2013)  64-71. 

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

[3]  K. Vogel, T. Greinert, M. Reichard, C. Held, H. Harm, T. Maskow, Int. J. Mol. Sci., 21 (2020) 8341. 

[4]  T. Maskow, A. Rothe, T. Jakob, S. Paufler, C. Wilhelm, Sci. Rep., 9(2019) 9298. 

[5]  B. Korth, T. Maskow, C. Picioreanu, F. Harnisch Ë, Energy Environ. Sci., 9(2016) 2539-2544. 

[6]  K. Vogel, L. Pfaff, D. Breite, H. Al-Fathi, C. Ortmann, T. Estrela-Lopis, T. Venus, A. Schulze, 

H. Harms, U.T. Bornscheuer,  T. Maskow, Sci. Total Environ., 773(2021) 145111.
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Non-equilibrium glass dynamics by advanced calorimetry 
 

Daniele CANGIALOSI 1,2 
1Centro de Fisica de Materiales (CSIC-UPV/EHU), Paseo Manuel de Lardizabal 5,  

20018 San Sebasti§n, Spain 
2Donostia International Physics Center, Paseo Manuel de Lardizabal 4, 20018 San Sebasti§n, Spain 

 
The present contribution aims to unveil how advanced calorimetric techniques, including new 

generation fast scanning calorimetry, can convey information of utmost importance on the kinetics of 

non-equilibrium in glassy materials. I will first give a glance on well-established facets of the 

transformation from a liquid into a glass, the so-called vitrification or glass transition, and the 

evolution of the glass thermodynamic state, generally addressed as physical aging. Subsequently, I 

will show how recent activity on a variety of glasses revealed the presence of different 

molecular/atomic mechanisms triggering both vitrification and physical aging, thus questioning the 

common view exclusively emphasizing the role of the primary (a) relaxation [1-2]. 

The presence of fast mechanisms of equilibration is highlighted in 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 shown that ï in glasses exhibiting large amount of free interface, 

where equilibration is accelerated with respect to bulk glasses [3] ï energies down to the ideal glass, 

theorized long ago [4] and exhibiting entropy equal to that of the most stable crystal, can be achieved 

in time scales shorter than several days [5-6].  

 

 

[1] D. Cangialosi, ñPhysical Aging of Polymerò in Encyclopedia of Polymer Science and Technology, 

Wiley (2018) 

[2] D. Cangialosi, ñGlass transition and physical aging of confined polymers investigated by calorimetric 

techniquesò in Handbook of Thermal Analysis and Calorimetry, Elsevier 6 (2018) 301-337 
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Influence of BaTiO3/Fe2O3 addition on crystallization and 

polymorphism of PDVF polymer matrix followed by DSC-TG 

 
Nina OBRADOVIĹ1, Suzana FILIPOVIĹ1,  

Martin ROSENSCHON2, Ekkehard F¦GLEIN2 
1Institute of Technical Sciences of SASA, Knez Mihailova 35/IV, 11000 Belgrade, Serbia 

2NETZSCH-Gerªtebau GmbH, Wittelsbacherstraɓe 42, 95100 Selb, Germany 

 

Ceramic/polymer dielectric 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 been usually 

incorporated in the polymer matrix in large amounts. With the aim to enhance dielectric properties of 

matrix, 5 wt.% of BaTiO3/Fe2O3 core/shell composite was added into the PVDF matrix. Prior to 

addition, five BaTiO3/Fe2O3 powders were prepared by different 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 BaTiO3/Fe2O3 core/shell filler. Thermal 

analysis such as DTA/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 BaTiO3/Fe2O3 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 techniques, typically 

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 efficiently. To 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 chemometrics has been recently 

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 effectiveness in clinical and forensic 

field. In this presentation, a multi-screening test based on the coupling of thermogravimetry and 

chemometrics is presented for the differential diagnosis of hereditary hemolytic anemias. In addition, 

application of this novel approach 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. Risoluti, P. Caprari, G. Gullifa, F. Sorrentino, L. Maffei, S.  Massimi, E. Carcassi, S. Materazzi, 

S. 56 (2020) 7557-7560.  

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

"2n Analytical Platform" to Update Procedures in Thanatochemistry: Estimation of Post Mortem 

Interval in Vitreous Humor (2019) DOI: 10.1021/acs.analchem.9b01443.
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Thermal analysis of thin films ï an important aspect in preparation  

of functional layers 
 

Romana CERC KOROĠEC 
Faculty of Chemistry and Chemical Technology; University of Ljubljana, Veļna pot 113,  

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, 

abrasion, 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 chemical. Physical vapor deposition and sputtering belong to the first class, 

while chemical vapor deposition, spray pyrolysis and the sol-gel synthesis process where the sol is 

applied to the substrate by dip or spin coating, are classified as chemical ones [2]. 

The role 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 deposition process 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 

magnitude of 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 the optimization procedure was to find 

the temperature and duration of thermal treatment of sol-gel derived 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 with X- Ray Diffraction. At 

temperatures higher than the crystallization temperature, the crystallites 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 excitation. 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, N. H¿sing, ñSynthesis of Inorganic Materialsò, Wiley-VCH, (2012) 

[2] L. Niinistº, J. Therm. Anal. Calorim. 56 (1999) 7 

[3] R. Cerc Koroġec, P. Bukovec, Acta Chim. Slov. 53 (2006) 136 

[4] P. Horvat, A. Sever Ġkapin, U. Lavrenļiļ Ġtangar, R. Cerc Koroġec, 10.1007/s10973-020-10099-x.
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Non-standard kinetic analysis of polymer crystallization and liquid 

evaporation 
 

Jordi Farjas, Joan Pere L·pez-Olmedo, Pere Roura-Grabulosa 
Universitat de Girona, Campus Montilivi, Edif. PII, 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 that does not 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 Hoffman-Lauritzen 

(H-L) temperature dependence [1]. We have developed a method that allows us to obtain the H-L 

kinetic parameters from a set of measurements done at constant heating and at constant cooling rates. 

Once, the kinetics has been disclosed, we are able to predict the crystallization course for an arbitrary 

thermal history. This method has been applied to the crystallization of PET and PA6, that has been 

monitored by differential scanning calorimetry (DSC).  

Second, we analyze the evaporation 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 takes into account 

gas diffusion and convective gas transport [2]. 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. Farjas Silva, J.P. L·pez-Olmedo, P. Roura, Model-free isoconversional method applied to 

polymer crystallization governed by the Hoffman-Lauritzen kinetics, Polymer. 120 (2017) 111ï118.  

[2] I. Zghal, J. Farjas Silva, J. Camps, M. Dammak, P. Roura, Thermogravimetric measurement of 

the equilibrium vapour pressure: Application to water and triethanolamine, Thermochim. Acta. 665 

(2018) 92ï101. 
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Investigation of the influence of end-temperature on the fast pyrolysis 

process of oil shale and on the properties of its products 
 

Birgit MAATEN 1,2, Andres SIIRDE2, Signe VAHUR1, Kalle KIRSIM E1 
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Although the world is moving towards renewable energy, fossil fuels are still being utilized 

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 valorisation and ñgreenò technologies is still being conducted.   

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]ï[3]. The use of a high heating rate furnace (operating with a linear heating rate of up 

to 1000 K/min) coupled with a mass spectrometer (HHR-TGA-MS) enables investigating new areas 

of interest and simulating industrial conditions more accurately. In this research, HHR-TGA-MS was 

used to 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 to 

different end-temperatures with a heating rate of 500 K/min and held isothermally at the desired 

temperature for 15 minutes. The end-temperatures were varied from 300 to 825 ÁC. The evaporating 

gases were simultaneously analysed and specific interest was given to the change in the evolution of 

sulphur-containing compounds. The obtained semicoke was analysed by attenuated total reflection 

Fourier transformation infrared spectroscopy (ATR-FTIR) and some samples also by X-ray 

diffraction spectroscopy (XRD) to determine the main structural and compositional changes. SEM 

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 process ï how the 

mass loss from organic components can be controlled by temperature. XRD showed transformation 

of pyrite into pyrrhotite. The amount of K-feldspar decreased with the increase in temperature, 

whereas calcite followed an opposite trend. ATR-FTIR showed significant changes in the peaks 

corresponding to organic matter and structural changes in them ï a 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. Jªrvik, O. Pihl, A. Konist, and A. Siirde, ñOil shale pyrolysis products and the fate 

of sulfur,ò Oil Shale, vol. 37, no. 1, pp. 51ï69, 2020. 

[2] B. Maaten, L. Loo, A. Konist, and A. Siirde, ñMineral matter effect on the decomposition of Ca-

rich oil shale,ò J. Therm. Anal. Calorim., vol. 131, no. 3, pp. 2087ï2091, 2018. 

[3] L. Loo, B. Maaten, A. Siirde, T. Pihu, and A. Konist, ñExperimental analysis of the combustion 

characteristics of Estonian oil shale in air and oxy-fuel atmospheres,ò Fuel Process. Technol., vol. 

134, pp. 317ï324, 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 
 

Loµc FAVERGEON 
Mines Saint-Etienne, CNRS, UMR5307 LGF, Centre SPIN, Saint-Etienne, France 

 

Thermal decompositions of crystalline solids are involved in many industrial processes. 

Among the various features that can influence such a type of solid-state reactions, the partial pressure 

of the gaseous product in 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 parameters which allow to 

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 the prediction whether a chemical reaction is possible or not.  

From a kinetic point of view the role of the gaseous product partial pressure has been often 

observed. In consideration of the deviation from the thermodynamic equilibrium, an increase in the 

partial 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 product on the kinetics of thermal 

decomposition. For example the Smith-Topley effect [1], which corresponds to an initial decrease 

followed by a subsequent increase then another decrease in the rate constant with increasing p(H2O) 

for a given temperature, was observed for 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. The numerous 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 [5-8] and solid solution 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. Favergeon, M. 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. Iwasaki, L. Favergeon, 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.



38 

 

Thermodynamic study of water evaporation processes from  

Ŭ-, ɓ- and ɔ-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, or 8 glucopyranose units, respectively are a-, ɓ- 

and ɔ-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 

host-guest 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 used in analytical chemistry, catalysis and also 

in pharmaceutical, food and cosmetic industries. Water plays an important role in formation of the 

CDs inclusion complexes, since the process of complex formation is essentially a replacement 

reaction of water molecules located in CD cavities by hydrophobic guest molecules. Meanwhile, 

quantitative data on equilibria between CDs and H2O are very scarce and contradictory, which makes 

it difficult to produce high-quality materials.  

The purpose of this work is a comprehensive study of the a-, ɓ- and ɔ-CD hydrates 

dehydration processes by static method with glass membrane-gauge manometers. The measurements 

have been realized in the wide intervals of temperature (313 Ò T/K Ò 506), pressure (1 Ò ʨ/Torr Ò 

760) and composition (CD*xH2O, 2.6 Ò x Ò 15). The 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 established, 

temperature dependences of pressure for dehydration processes were obtained (four types of 

dehydration processes were studied), enthalpies and entropies of dehydration were determined and 

Gibbs energy change in the process of binding water 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 results on a-cyclodextrin hydrates are published in [2-3]. 

The accumulation of quantitative information about the dehydration processes of a-, ɓ-, ɔ-

CDs hydrates will allow one to synthesize functional materials with desired properties in the future. 
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A recent investigation of doped ceria catalyst, as 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, the sol-gel synthesis of gels prepared by chelation of 

aluminum sec-butoxide (Asb) with ethyl acetoacetate (Eaa) in various amounts will 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 angle laser light scattering (LALLS), differential thermal and thermo-

gravimetric analysis (DTA/TGA), Fourier-transformed infra-red spectroscopy (FTIR) and X-ray 

diffraction (XRD). It was established that samples with a low Eaa/Asb ratio are mainly amorphous, 

whilst the samples with a greater Eaa/Asb ratio are predominantly chelate. The crystallization of ɔ-

Al 2O3 takes place between 600 and 1000 ÁC in two separate processes for all investigated samples. 

On the other hand, a complete transition to Ŭ-Al 2O3 at 1200 ÁC occurs exclusively in samples with a 

high Eaa/Asb ratio, while it is only partial for samples with a low Eaa/Asb ratio. The observed mass 

loss is in concordance with the hypothesis that the overall gel content in the samples could be 

represented by a simplified formula Al(Eaa)xO(3-x)/2, where x is the Eaa/Asb ratio. In addition to 

thermal evolution, the gel-chelate duality of the samples is reflected in the morphology and particle 

size distribution. Proper synthesis parameters, as well as thermal treatment conditions enable the 

tailoring of alumina properties for ceria catalyst support. 
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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 applications in the food and pharmaceutical 

industries. Due to its stability and availability, it is also a classic model protein. Lysozyme displays a 

single well-defined endothermic effect upon heating. The calorimetric and Vanôt Hoff enthalpies of 

unfolding are very close, and the unfolding process is described as a two-state conversion from native 

to unfolded states with no intermediates. 

However, the apparent activation energy of unfolding of lysozyme in water-DMSO mixtures 

is lower than the enthalpy of unfolding [1], which does not fit the two-state 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 content of the organic co-solvent. 

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 determined apparent activation energy value is again lower than the calorimetric enthalpy 

of unfolding and is very similar to the value determined in water-DMSO mixtures. 

The approach based on Tammannôs nuclei development method was applied to study the 

refolding of lysozyme. 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, what kind 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). 
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Abstract. The characterization of historical materials is essential 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 man-made degradation processes. Among the existing techniques, optical 

microscopy (OM), atomic force microscopy (AFM), which can provide real three-dimensional 

topographies showing the surface properties of the sample, scanning electron microscopy combined 

with X-ray analysis of energy dispersion (SEM-EDX), which allows acquisition of images of 

materials, infrared and Raman, commonly used to characterize inorganic and organic compounds, 

UV-visible spectroscopy (UV-vis) of great importance in architectural heritage, which can reveal 

various physico-chemical mechanisms that cause color. In addition, X-ray technologies are applied, 

such as X-ray fluorescence (XRF) and X-ray diffraction (XRD), fast and inexpensive techniques for 

characterizing synthetic or artificial 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 thermogravimetry (TG-DSC) 

[1]. The thermal analysis provides useful information about the compositions of materials that belong 

to our cultural heritage. In other cases, the results can be related with data obtained by other well-

established techniques, confirming the relevant complementary nature of thermal analysis. An 

important aspect of these thermo-analytic techniques is that, although generally destructive, only a 

few milligrams of evidence are usually required - which 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 make decisions in 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 exemplifications will be done in this paper, by using the nanomaterials, as 

magnesium and calcium hydroxides or hydroxyapatite, tested on some architectural surfaces. 
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Our research group is being involved for a long time in a 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 gas-phase, an essential thermodynamic property on the 

establishment of molecular energetic and structural correlations, as well as in the assessment to the energy 

associated to transformations in which the compounds are involved. In 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 been used to derive the values of identical parameters and the comparative analysis of the values 

derived by the two approaches is used to support strategies on the establishment of reliable prediction. 

Other thermodynamic parameters have been also determined, namely standard entropies and Gibbs 

functions of formation of the compounds studied [1,2]. 

Currently we are involved in two main projects aiming (i) the energetic characterization of 

compounds involved in biomass degradation processes and (ii) determination of thermodynamic 

properties of chemical fragrances: tools for environmental risk assessment. Indeed, the 

thermodynamic characterization of different chemical transformations of biomass-derived 

compounds still remains a challenge due to the shortage of accurate thermochemical 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 of chemicals. 

This research addresses to fill the experimental data gaps, to validate predictive strategies, 

expanding them in a in a well-supported way based in reliable key data. 
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The curing behaviour of the bio-based epoxy with anhydride hardeners (Nadic methyl 

anhydride-NMA and Methyl tetrahydrophthalic anhydride-MTHPA) 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 kinetic methods and provided insight into the cure mechanism 

of epoxidized vegetable oil with the anhydride hardener.  

 

 
Figure 1: (A) Activation energy vs conversion for the epoxidized vegetable oil with anhydride (NMA) curing agent 

predicted using three isoconversional methods (ƶ-Friedman,  ƴ- Vyazovkin) (B) Ŭ(t)-curves obtained from isothermal 

DSC experiments (-X-) at five isotherms (a) 40, (b) 45, (c) 50, (d) 55, and (e) 60 ÁC compared with Ŭ(t)-curves 

predicted using Ea(Ŭ) from VA method at the same isotherms (solid line ï measured; dots ï Predicted) 

 

Another bio-based 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 reached gelation already in a very early phase of curing (Ŭgel < 

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 measured using 

the rheometer. Another effect that influenced the thermal cure at processing temperatures below 50 

ÁC was due to vitrification. The measured Ŭ(t)-curves were compared with Ŭ(t)-curves calculated from 

isothermal DSC measurements (40, 45, 50, 55, and 60 ÁC) Fig 1 (B).  

It was concluded that, model free kinetic studies helps to understand the complex curing 

mechanism of the bio-based resin system and in some instance these approaches proved superior to 

model-based predictions since quantitative knowledge on the reaction mechanism is not known. The 

rheological properties assist in determining quantitatively the chemorheological behaviour like 

gelation and vitrification.  
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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 is an emphasis on studying the 

thermal and thermo-oxidative 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 research is to get a thorough understanding of the thermal 

degradation mechanisms of PUR and PUR-derived products, like foams, and their degradation 

kinetics, focusing on making the relationship between the thermal degradation kinetics of PUR 

networks and the polyols and isocyanates they are made of. Studying degradation mechanisms and 

developing composition-based 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 polyester-based PUR foams and their 

constituting monomer polyols revealed relations between their degradation paths. These findings are 

further supported by Hi-ResÊ TGA experiments, which clearly separated the degradation steps. 

TGA-MS is used for simultaneous evolved gas analysis and FTIR 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 model-free kinetics (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 judiciously fine-tune 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(3) (2001) 493ï499 

[2] S. Vyazovkin, A. K. Burnham, J. M. Criado, L. A. P®rez-Maqueda, C. Popescu, and N. 

Sbirrazzuoli. ICTAC Kinetics Committee recommendations for performing kinetic computations on 

thermal analysis data. J. Thermochim. Acta., 520(1-2) (2011) 1ï19.
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DSC is a well-accepted 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 systems of rubber 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 average temperature, 

i.e., quasi-isothermal modulated DSC method, can be applied to follow changes in heat capacity of 

the vulcanized rubber. The method includes sinusoidal modulation of temperature with amplitude Ñ 

0,5 K for each 60 seconds, while average heating rate during modulation is equal to 0 K/min. 

Modulation was done for 15 minutes at each single temperature in the range between 100 and 180ÁC 

with increment of 5ÁC. 

Results clearly show start of the vulcanization at 145 ÁC, following with decrease of the 

sampleôs heat capacity. Noticeably, different rates of heat capacity changing at lower and at higher 

temperatures are very important during optimization of the rubber production.  
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Food packaging plastics are a great challenge for the waste recycling industry. The majority 

of food packaging consists of two or more types of polymers. Such multi-layered plastic packaging 

provides good mechanical properties with barriers against humidity, light and oxygen to ensure a 

longer shelf life of the products [1]. However, due to a variety in packaging composition, it is 

challenging to perform mechanical or chemical recycling of these materials, which leads to landfill 

or incineration plant.  

Pyrolysis has been found as an alternative thermochemical energy recovery technology for 

mixed plastic waste and polymer materials that are challenging for material recovery [2]. Therefore, 

pyrolysis arises as a promising, environmentally friendly method of food packaging waste treatment. 

In comparison to incineration, in pyrolysis, input material is not used for direct energy generation. 

However, it is converted into oil, gas and char, which can be further used to produce fuels, energy 

and chemicals [3].  

To better understand the pyrolysis process of food packaging plastics, thermogravimetric 

analysis was carried out to determine their thermochemical behaviour and kinetic parameters. A set 

of representative food packaging samples with known polymer ratios was selected in this research. 

Thermogravimetric measurements were conducted in a nitrogen atmosphere at heating rates of 5, 10, 

15 and 20 ÁC/min in the temperature range 40ī600 ÁC. Kinetic analysis was done using the 

isoconversional model-free Friedman method in combination with an advanced statistical approach.  

 

This work has been fully supported by Croatian Science Foundation under the project 

Neoplast (IP-2018-3200) and the project Career development of young researchers - the training of 

new Doctors of Science (DOK-2018-09-6944). This support is gratefully acknowledged.  

 

 

[1] Morris BA. The Science and 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;1ï728.  

[2] Ragaert K, Delva L, Van Geem K. Mechanical and chemical recycling of solid plastic waste. 

Waste Manag. 2017;69:24ï58.  

[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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Since its introduction in the DSC technology by Reading [1], Modulated Temperature profiles 

proved extremely useful in separating heating-rate-dependant phenomena from kinetic ones. 

When applied to Thermo-Gravimetry this method brings to a ñModel Freeò equation [2] that 

can be applied to decomposition profiles in order to assess the value of the Activation Energy on a 

continuos basis. If the decomposition 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 (usually in the range 1 K/min ï 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, especially 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 agreement of MTGA data with ñclassicò kinetics analysis, 

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 be part of 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. Gatta et al., Chemistry Central Journal, 8 (2014) 35
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Before technical progress 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 complete high-precision 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 control in the polymer sector, the 

chemical industry, the areas of inorganic and building materials, and environmental analysis. 

Instruments for controlling ï such as for in-situ cure monitoring ï complete NETZSCH product line. 

 

 

[1] https://www.netzsch-thermal-analysis.com/en/header/about-netzsch/
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Aluminium casting alloys are frequently used in the automotive industry (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 mechanical properties was investigated. 

The comparison of the mentioned properties took place in the as-cast state and the heat-treated 

state. The influence of alloy quality on solidification was analysed by simple thermal analysis and 

differential scanning calorimetry. The basic mechanical properties analysed were tensile strength, 

yield strength, elongation, and hardness. Preliminary research determined that recycled alloys have 

around 10ï15% lower strength properties due to higher share of iron, which is challenging to avoid 

in secondary made alloys. It forms intermetallic phases that negatively affect the mechanical 

properties. Microstructural differences were analysed using an optical microscope. 

AlSi10Mg and AlSi12 alloys made from primary and secondary/recycling aluminium 

(AlSi10Mg (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 mechanical properties, while magnesium hardens the 

aluminium matrix during heat treatment, which significantly increases the mechanical properties. 

However, the AlSi12 alloy is not a precipitation hardening alloy, so the mechanical properties do not 

improve significantly after heat treatment. 

Key words: alloy quality, casting alloys, solidification, microstructure, mechanical properties.
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Pyrolysis/carbonization of cellulose/lignocellulose-based 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 for in-deep 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 cellulose (MCC, containing mostly cellulose I) and 2) 

cellulosic gel (CMG, prepared from MCC alkaline solution, formed by cellulose II and amorphous 

cellulose). The carbonization process was followed by TGA under inert atmosphere at different 

heating rates: 2, 5, 10 and 20 Kmin-1 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 (Ea) of the carbonization step on conversion degree 

was calculated by Starink method. Detailed calculations were performed by non-linear regression 

with 2 ï 4 parallel reaction steps. 

Thermal degradation of samples with NaOH (CMG/NaOH and MCC/NaOH) starts at lower 

temperature compared with MCC and CMG indicating the catalytic effect of NaOH. This feature was 

confirmed by the decrease of calculated Ea values (Fig. 1) in the presence of NaOH, especially in the 

case of CMG. Calculations, according to Starink equation, led to fluctuated Ea values at high 

conversion factor (above 0.7 and even above 0.4 in the case of MCC/NaOH sample).  Non-linear 

regression calculations showed that carbonization of studied samples could be kinetically described 

by 2 ï 3 parallel reaction steps, except of MCC/NaOH for which using 4 steps led to better results.  

 

 
Figure 1. Dependence of activation energy (Starink method) on conversion for cellulosic samples and  

their mixtures with NaOH.
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In addition to common methods for determining the kinetic parameters of thermal reactions 

from thermoanalytical data based mostly on the linearization of the basic kinetic 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, on the other hand, it allows to use the same methodology to process 

isothermal and non-isothermal data including their combination. The aim of this contribution is to 

show the possibilities (and problems) of nonlinear regression solution of the kinetics of thermal 

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 Á C, and further by a temperature program combined from heating (20 and 10 K / min) 

and isothermal steps at 650, 700 and 750 ÁC. Kinetic parameters were calculated from the obtained 

TG curves by the integral isoconversional Starink method or by non-linear regression (from 

individual measurements and from their combination). 

The obtained results show 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, non-linear regression processing of one TG curve with a combined 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. 

 

 
Fig. 1 Comparison of theoretical 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, Bosnia and Herzegovina 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 as PerkinElmer (analytical 

division and life science), Berghof for microwave digestion, Evouqa water purification systems, Spex 

for sample preparation and SpexCertiPrep for standards. 

Focus is a PerkinElmer product portfolio that is divided into several lines - Molecular 

Spectroscopy (UV/Vis Spectrophotometers, UV-Vis-NIR Spectrophotometers, Infrared Spectroscopy 

Devices (FTIR, NIR, FAR), IR Microscopes, Fluorimeters), Thermal and elemental analysis (DSC, TGA, 

Simultaneous DSC / TGA with hypernation techniques, CHNS analyzers), Chromatography (GC, GC-

MS, HPLC, UPLC, LC-MS / MS) and inorganic part for heavy metal detection (AAS, ICP-OES, ICP -

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

applications. 

Dynamic team of experts 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 program of selling instruments, 

consumables and spare parts.
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Growing requirements for high strength alloys in the automotive industry increase a need for 

developing new improved steel grades. The steels should compromise very good mechanical properties 

with the cost of their production [1-2]. It is of primary importance to know the phase transformation 

behaviour during heat treatment. This knowledge allows us to control cooling conditions of steel 

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 is crucial. 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 affects 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 manganese contents (a range 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 gamma to alpha 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 isothermal holding was carried out at 400ÁC for each steel. The isothermal holding 

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. Nellessen, G. Hirt, Procedia Engineering, 207, 

(2017), 1803-1808 

[2] H. Misra, A.K. Chandan, S. Kundu, Mat. Sci. Eng. A, 701, (2017), 319-327 

[3] M. Morawiec, V. Ruiz-Jimenez, C. Garcia-Mateo, A. Grajcar, J Therm. Anal. Calorim., 142, 

(2020), 1709-1719 

[4] M. Morawiec, A. Grajcar, W. Zalecki, C. Garcia-Mateo, M. Opiela, Materials, 13, 2020, 1-15
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At an isothermal holding temperature, as the bainite transformation progresses, the remaining 

austenite 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 place below the temperature T0, at which 

austenite and ferrite with the same chemical composition have the same free energy value. If the 

temperature T0 is presented in the temperature - carbon concentration system, the line T0 is formed.  

During isothermal holding of steel in the bainite transformation range, initially the free energy 

of the a phase is lower than the free energy of austenite, which is the driving force of diffusionless 

bainite transformation. As the bainite transformation progresses, the carbon is removed from the 

supersaturated bainitic ferrite and enriches the remaining austenite fraction. Due to the inhibitory 

effect of silicon on the precipitation of cementite ï for sufficiently long time of isothermal holding - 

the bainite transformation will be stopped when the carbon concentration in the austenite reaches the 

T0 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 isothermal treatments. 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 of Ms). Subsequently, the isothermal 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 stability. The aim of the research is to analyze and 

compare the double-step heat treatment kinetics with the conventionally used one-step treatment. The 

kinetics modeling was performed using JMatPro software. One- and two-step physical simulations of heat 

treatment were performed using a dilatometer. The size and morphology of the 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 

300ÁC. The second transformation step is slower due to a smaller remaining phase of austenite. 

 

 

[1] B. Ehrhardt, T. Gerber. Steel Grips, 4 (2004) 247-255 

[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. Singh. Mater. Charact., 57 (2006) 127-135
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A detailed study of the processes of nucleation and growth of gas and ionic clathrate hydrates 

in waterïhydrate former and waterïhydrocarbonïhydrate former systems was carried out. Both model 

substances and real oils were used as hydrocarbons. The problem addressed by this study is to identify 

the mechanism of the initial stage of hydrate phase formation at temperatures below 0ÁC, which is 

crucial for the development of hydrate-based technologies. In our recent works, it has been shown that 

the possibility 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 formation of a metastable 

hydrate phases [1-3]. 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 type of dispersion medium on the phase composition of hydrate 

being formed allows the mechanism/staging of the hydrate crystallization process to be established 

(an amorphous phaseïa metastable hydrateïa stable hydrate). In addition, the effect of gas phase on 

the mechanism of relay crystallization of ice in water-in-oil 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 each drop. 

It should be noted that at present there are almost no established ideas about the stages of formation of 

the crystalline phase in waterïoilïgas flows as well as in pure waterïgas systems. Meanwhile, this information 

is crucial for understanding the processes of gas hydrate inhibition and promotion. 

 

The reported study was funded by RFBR, project number 19-35-60013. 
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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 have different rates. To describe their kinetics, the 

single-step approximation mathematically expressed in the form of general rate equation are mostly 

applied [1]:   
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Eq.(1) is called the general rate equation. Among the methods based on Eq.(1), the 

isoconversional (or model-free) 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 results are evaluated 

by several methods and the results are mutually compared. Flynn-Wall-Ozawa [2,3] (FWO), 

Kissinger-Akahira-Sunose [4] (KAS) and Starink [5] methods belong to this group. All the methods 

reside in the treatment of kinetic results by the relationship 
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        (2) 

where ɓ is the heating rate, T is the isoconversional temperature, E is the activation energy and a, b, 

c are constants. The values of constants a, b, c depend on the approximation applied for the calculation 

of temperature integral [1]. The activation energy is obtained from the slope of the dependence 

ln(ɓ/Ta) = f(1/T). If one takes into account the a and b values for individual methods, by 

differentiation of d(ln ɓ)/dT can be obtained: 

FWO KAS Starink1.058 2 1.0037 1.8E E RT E RT= + = +       (3) 

From Eq.(3) it is seen that the activation energies from FWO, KAS and Starink methods are 

interrelated and it makes no sense to make far-reaching 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]. 

 

Acknowledgement ï This paper was supported by the Slovak Research and Developent Agency, 

project No. APVV-15-0124.  

 

 

1.  Ġimon P.: J.Therm.Anal.Calorim. 82 (2005) 651-7. 

2. Ozawa T.: Bull.Chem.Soc.Jpn., 38 (1965) 1881-6. 

3. Flynn J.H., Wall L.A.: Polym.Lett. 4 (1966) 323-8. 

4. Akahira T., Sunose T.: Trans. Joint Convention of Four Electrical Institutes 1969, paper No. 246. 

5.  Starink M.J.: Thermichim.Acta 288 (1996) 97-104. 

6. Ġimon P., Thomas P., Dubaj T., Cibulkov§ Z., Peller A., Veverka M: J. Therm. Anal. Calorim. 

115 (2014)  853-9



59 

 

High temperature thermochemical energy storage (TES) for 

concentrated solar power plants (CSP) 

 
Luis A PEREZ-MAQUEDA 1, Pedro E. SANCHEZ-JIMENEZ 1,2,  

Antonio PEREJON1,2, Nabil AMGH AR1, Virginia MORENO 1,  

Juan ARCENEGUI-TROYA, Jos® M. VALVERDE3, Carlos ORTIZ4,  

Ricardo CHACARTEGUI 5 

 
1Instituto de Ciencia de Materiales de Sevilla (C.S.I.C.- Universidad Sevilla),  

C. Americo Vespucio, 49, Sevilla 41092 Spain  
2Departamento de Qu²mica Inorg§nica, Facultad de Qu²mica,  

41012 Universidad de Sevilla, Sevilla, Spain 
3Departamento de Electr·nica y Electromagnetismo, Facultad de F²sica,  

Universidad de Sevilla, Avenida Reina Mercedes s/n, Sevilla, 41012, Spain  
4Materials and Sustainability Group, Department of Engineering, Universidad Loyola Andaluc²a, 

Avda. De las Universidades s/n, 41704 Dos Hermanas, Seville, Spain 
5Departamento de Ingenier²a Energ®tica, Escuela T®cnica Superior de Ingenier²a,  

Universidad de Sevilla, Sevilla, 41092, Spain 

 
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 storage system that allows producing energy even 

at night. The state-of-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 

maximum working 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 storage. It is of the most interest the system based on the 

calcination-carbonation reaction of CaCO3/CaO, known as Calcium Looping (CaL process) [1]. This 

CaL uses limestone, which is an abundant and cheap mineral, as raw material. Concentrated solar 

energy is used to promote the endothermic calcination of the limestone, producing CO2 and CaO that 

are stored in different containers. When energy is required, the stored reactants are mixed to perform 

the exothermic carbonation reaction that produces CaCO3 and releases the stored energy. 

In the frame of the SOCRATCES project, funded by the European Unionôs Horizon 2020 

research and innovation programme under grant agreement No 727348 this technology is being 

demonstrated in a pilot plant scale. 
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In the present investigation, a clay deposit from Alhabia (Almer²a, southwest Spain) has been 

studied. A characterization of several selected samples has been performed using a set of techniques 

applied in previous studies. Mineralogical, by X-ray diffraction (XRD), and chemical, by X-ray 

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), and nitrogen adsorption-desorption 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 achieve a more 

complete characterization of these samples. In a next step of this investigation, a selected sample has 

been considered for a ceramic study by firing pressed bodies up to 1300 ÁC under laboratory conditions.  

According to XRD semiquantitative results, all the studied samples were constituted by quartz 

(30-35 wt.%), layer silicates such as chlorite-serpentine (15-20 wt. %) and illite/muscovite (15-20 wt. 

%), calcite (10-15 wt. %) and minor amounts of iron oxides and posible gypsum. Carbonate content, 

assumed 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 clay  (< 2 Õm) content was found higher than 70 %, with liquid and plastic limits of 45.20 % 

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 ~ 19 m2/g, although this value diminished after 

grinding, reaching values < 6 m2/g. Possibly the grinding conditions influenced this behaviour.  

Thermal analysis (TG-DTA) up to 1100 ÁC confirmed the mineralogy of these clay samples, 

with thermal decomposition of the layer silicates by thermal dehydroxylation and calcite  

decarbonation, with total mass losses in the range 12-15 wt. %. 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, apparent porosity and sintering features.  

Porous ceramic bodies (20-30 %) have been obtained at temperatures lower than 1100 ÁC due 

to the thermal decomposition of the layer silicates and mainly to the presence of calcite in the raw 

samples. Calcite (CaCO3) decomposed with evolved carbon dioxide and forming calcium oxide 

(CaO). This oxide reacted with the amorphous Al-Si products originated by fired clay minerals and 

quartz, forming high-temperature silicates. They were identified by XRD, such as anortite 

(Ca2Al2SiO8) and gehlenite (Ca2Al 2Si2O7), besides hematite and unreacted quartz. The phase 

composition provided by the phase equilibrium diagram SiO2-Al 2O3-CaO in the presence of Fe2O3 

was compared with these experimental results. The ceramic behaviour, vitrification and sintering of 

this sample were discussed taking into account the formation and evolution of crystalline phases in 

the fired clay and posible applications. 
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Ceria, CeO2, is an important rare earth oxide material with cubic fluorite type structure. Pure 

ceria is an n-type semiconductor with two stabile oxidation states, Ce3+ and Ce4+, making it suitable 

for various applications. [1] Energy and catalyst applications are mostly based on great oxygen 

storage capacity, redox properties and 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 with various 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 MnOx and CeO2 can modify oxygen storage capacity and mobility.  

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. Negative features of 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, x-ray diffraction (XRD) and differential thermal analysis (DTA) were 

performed giving insight into acquired phases and their thermal decomposition. Scherrer equation 

was used on 500ÁC for 2h annealed samples to calculate ceria crystallite size. Morphology of the 

prepared samples was investigated on a scanning electron microscope (SEM), while N2 adsorption-

desorption isotherms gave insight into surface and pore features. Catalytic character of doped and 

pure ceria samples was measured via toluene conversion in a 150ÁC ï 450ÁC temperature interval. 

All of the prepared samples 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.Kurajica, I.K. Munda, F. Brlekoviĺ, K. Muģina, G. Draģiĺ, J. Ġipuġiĺ, M. Mihaljeviĺ, Manganese-
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Cerium (IV) oxide (CeO2) is known for its high oxygen storage capacity, low cost, good 

mechanical properties and poisoning resistance. On that account, ceria-based nanocatalysts are widely 

applied in various 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 causes the reduction 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 copper increases the thermal stability [2], as well as the catalytic activity [3] of CeO2, which 

is why Cu was chosen as a dopant for further research. 

In this work, pure and copper doped cerium (IV) oxide nanoparticles (CuxCe1-xO2, where x = 0, 

0.1, 0.2, 0.3 and 0.4) were prepared by hydrothermal synthesis and characterized using X-ray powder 

diffraction (XRD) and transmission electron microscopy (TEM). The crystallite sizes determined from 

XRD patterns by using the Scherrerôs equation were between 3.7 and 3.1 nm, while TEM analysis 

showed spherical particles with sizes matching the calculated crystallite sizes. As-prepared samples 

were thermally treated at different temperatures and processing times, after which an isothermal model 

was applied in the study of grain growth kinetics. It was established that the grain growth process can 

be divided into two regions, low-temperature (300-450 ÁC) and high-temperature (500-700ÁC) region, 

each with its own growth regime. While the grain growth is sluggish at lower temperatures, 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 (IV) oxide, and the grain growth decreases 

with the increasing copper amount. 
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TiO2 heterogeneous photocatalysis is actively studied as an alternative technology for the degradation 

and/or removal of organic micropollutants (OMPs) present in water [1-2]. However, photoactivation 

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 nitrogen-doped TiO2 for enhancing its photocatalytic activity under visible light, using 

the non-conventional microwave-assisted method, and evaluating the amount of nitrogen on the 

photocatalytic activity under different sources of radiation for the degradation of a model pollutant ï 

antibiotic drug ciprofloxacin in aqueous solution. Nitrogen-doped TiO2 (N/TiO2) photocatalyst was 

synthesized by the microwave-assisted method, using urea as a nitrogen source.  To evaluate the 

effect of nitrogen in the photocatalytic and morphological properties, N/TiO2 were prepared varying 

the amount of urea. The obtained materials were characterized by XRD, FTIR, Raman spectroscopy 

and N2 adsorption isotherms. The only crystalline phase present in the N/TiO2 materials was anatase. 

The incorporation of urea as a 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 P25. N/TiO2 materials show 

photoactivity under UV, Solar light simulator and visible light, while commercial photocatalyst 

Degussa P25 TiO2 shows activity only under UV light and Solar light simulator. Increasing the 

amount of urea increases the photocatalytic activity of 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. 
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Quantum dots (QDs) are semiconducting nanoparticles interesting due to their size-dependent 

optoelectronic properties. Cadmium selenide QDs are generally used in photovoltaic applications due 

to their tuneable bandgap. Various physical and chemical methods can be used for QDs preparation 

but chemical routes are more advantageous due to facile QDs shape and size control. However, when 

preparing thin-films from colloidal QDs, obtaining satisfactory geometry arises as the main obstacle 

due to particle aggregation. The former can 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 layer-by-layer (LbL) deposition of thin-films; (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 bandgaps. Surface was modified by: (i) 

ligand exchange of trioctylphosphine (i) silanization with tetraethoxy silane. Then the thin-films of 

CdSe QDs were created by LbL with varying several solution temperatures and number of layers. 

The linking layers for silanized and exchanged ligands QDs were (3-aminopropyl)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 thin-films. Testing confirms that morphology, surface 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 aggregation-based 

defunctionalisation. 
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Photocatalytic activity of TiO2 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 impact on photocatalysis, very few papers describe direct approaches for preparation 

of titania with precisely defined features. The aim of this study was to describe, how TiO2 properties (ratio 

between anatase and rutile phase and their crystallite size) can be influenced by using of various 

precipitation agents (amines), annealing temperature and peroxide treatment. Peroxoamino-titanates and 

their precursors were characterized by in situ high temperature XRD, simultaneous TG-DTA with EGA, 

microscopy techniques and elemental CHNS analysis.  

 Thermal degradation of amorphous materials progressed in two steps corresponding to 

evolution of moisture and desorption or evaporation of organics in amino-titanates. In the case of 

peroxide treated samples organic part was oxidized by evolved oxygen to H2O, CO2 and NOx, 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 (325 ï 425 ÁC) was influenced 

mainly by used amine, H2O2 treatment affected its initial particle size (5 - 40 nm). Higher formation 

temperature of anatase increased initial anatase crystallite size in peroxoamino-titanates, while in 

amino-titanates (without H2O2 treatment) decreased. 

 Extended thermal stability of anatase up to 800-900 ÁC (at the point of transformation to rutile) 

together with appropriate low (tens of nanometers) crystallite size predetermine thus prepared TiO2 to 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.  
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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 porosity (micro-, micro-meso-, and micro-meso-

macroporous materials) were prepared by method proposed by Bulavova [1]. Four different particle 

size fractions obtained by crushing and sieving (0-0.15, 0.15-0.75, 0.75-1.25, 1.25-200 mm) and 

cubes with side length Ñ 2.2 mm from each carbon xerogel were used as samples. Scanning and 

transmission electron microscopy and N2 sorption at -196ÁC were performed to check their pore 

characteristics.  

The kinetics of carbon surface oxidation was explored by thermogravimetry in oxidizing 

atmosphere (50% O2 + 50% Ar). Isothermal experiments were conducted at 240, 270 and 290ÁC 

(temperatures were chosen based on preliminary non-isothermal experiments). 

From the isothermal thermogravimetry records, significant dependence of oxidation kinetics 

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 dependence of oxidation 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 micro-meso-macroporous sample, no effect of particle size on the kinetics of 

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 model) of its 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 with larger particle sizes is controlled by diffusion).  
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Thermoporometry method (TPM) is one of the promising alternatives 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 pores [1-2]. Despite of its simplicity, it is not 

very popular and is rarely used because of the problems connected with the conversion of DSC signal 

to pore size distribution which is based on Gibbs-Thomson equation together with the concept of non-

freezable pore water (ŭ). The ŭ value could affect the final PSD information from TPM measurement, 

thus, its correct value is requested. Nowadays, it is known that the ŭ depend on the temperature [3], 

but the effect on the surface chemistry was not studied yet. It is believed that the surface chemistry 

(e.g. oxygen functional groups) will affect the amount of non-frozen water and also the ŭ. 

Five carbonaceous materials with different surface oxidation degree were prepared to study 

the effect of surface chemistry on the amount of non-freezable water. Each sample was tested on the 

DSC instrument with different sample:water ratio. DSC experiments were performed in nitrogen 

atmosphere (50 ml min-1) from -90 ÁC to 25 ÁC with prefreezing step (heating rate 1 ÁC min-1). 

Based on the performed 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 total oxygen, the higher 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 bulk (0 ÁC) 

and pore (lower temperature) water. To quantify the non-freezable 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 equation. It was confirmed, 

that the higher the amount of oxygen is (15 - 25%), the higher the amount of unfrozen water was 

detected (0.18 ï 0.33 g g-1). This finding also implies that also the ŭ layer values will not be constant 

for all carbonaceous materials, like it is used to up now (ŭ=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 appropriate to use the ñconstant ŭ valueò, but to obtain the reliable results from TPM, it is 

necessary to determine the ŭ value for the studied samples and count the effect of surface chemistry. 
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Thermoporometry is considered to be an alternative technique for the assessment of mesopores 

(pore diameter = 2 ï 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 commonly used 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, the so-called Gibbs-Thomson equation is applied to the 

measured DSC record. The equation contains parameters describing the given experimental system, one 

of them is called delta (ŭ). The ŭ can be understood as a thickness of a so-called non-freezable layer and 

is considered to be a constant for a given system (probe liquid/measured solid); ŭ = 0.8 nm is usually 

adopted for carbon [2]. However, it has been recently found that its value can change depending on the 

surface chemistry of the sample [3]. Following this finding, the aim of this contribution is to point out 

(i) the ñnon-constancyò of the delta layer and (ii) 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:water ratio was recorded in nitrogen 

atmosphere (50 ml min-1), heating from -90 ÁC to 25 ÁC with pre-freezing step (heating rate 1 ÁC min-

1). Surface oxygen was determined by elemental analysis and their porosity was obtained by the 

independent N2/77K physisorption. 

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 Zelenkov§ et al. Thermoporometry: the effect of the carbon surface chemistry on the 

amount of non-freezable water) it was found that carbon surface chemistry considerably influences 

the quantity of non-freezable pore water. Using simple calculations (to be presented) that take into 

account textural parameters from the gas physisorption (like BET or mesopores surface area, 

micropore volume), we found that that the ŭ layer may vary for our samples from 0.46 to 2.72 nm 

with increasing carbon surface oxidation degree. This brings us to the conclusion that the delta layer 

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 physisorption give similar mesopore volume (0.701, resp. 0.715 cm3 

g-1) for less oxidized samples. For highly oxidized samples, the results may vary significantly. 
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Piezoelectric multilayer actuators (MLA) are electronic devices which allow for 

transformation of electric signals into displacements 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 for lead-free materials for MLAs. Sodium-

potassium niobate (KNN)-based ceramics have been identified as potential lead-free alternative to 

PZT and KNN-based multilayer actuators have been investigated. For competitive actuator systems 

it is required to include base metal electrodes (BMEs). However, thermal processing of such KNN-

based multilayers with Ni- or Cu electrodes necessitates precise control of the oven atmosphere in 

order to control the phase composition and functional properties of the lead-free piezoceramics and 

the base metal electrodes as well. Sintering of KNN-based MLAs with BMEs is performed at low 

oxygen partial pressure followed by a reoxidation treatment at lower temperature and intermediate 

pO2 in 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 process to assemble 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 organic 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 450ÁC in air. Use of BMEs, however, does not allow for binder burnout in air 

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 investigations of the debindering behaviour of PVB-based 

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 were performed in a tube furnace equipped with pO2 sensors which allows in-situ 

observations of oxygen uptake or release. We also report on phase composition, microstructure and 

functional properties of the KNNLT-based components which were sintered and reoxidized under 

reduced pO2. 
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Precision calorimeters commonly used for the determination of heat capacities are expensive 

instruments, and the measurement itself is a rather difficult and time-consuming 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 

relationship applies to the specific heat capacity at constant pressure Cp:  

 

Cp = TĀŬp
2Āɟï1(əT ï əS)

ï1, 

 

where T is the temperature, ɟ is the density, Ŭp is the isobaric thermal expansibility, and əT and əS are 

the isothermal and isentropic compressibilities, respectively. The latter is related to the speed of sound 

u and density ɟ by the Laplaceôs formula: 

 

əS = ɟï1Āuï2. 

 

 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 fifteen 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 capacities of 1-chlorohexane, based on the data 

reported in [1], and obtained in the two ways were (0.21,  ï0.30, and 0.04) % for the temperatures 

(25, 35, and 40) oC, respectively. 

 It seems justified to conclude that the suggested indirect method of heat capacity 

determination leads 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 low Ŭp, such as e.g. water at 4 oC.  
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Platinum group element-based 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 electrochemical characteristics is provoking constantly 

rising interest from medicine [1]. Metal-Organic Chemical Vapor Deposition (MOCVD) is the main 

method to obtain such materials. Volatile metal compounds with organic ligands are used as metal-

containing sources (precursors) to obtain the functional coatings and films by the gas-phase methods. 

To optimize the deposition conditions for film materials, knowledge of the vapor pressure and 

volatilization thermodynamics of the precursor used is required. Obviously, the experimental 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 a comprehensive 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 changes in the thermal properties of 

complexes during changes in the organic component and establish reasonable structure-property 

relationship  
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We have computationally studied the thermochemical properties 

of a variety of sulphur-containing organic compounds (including 

radicals) with relevance on atmospheric chemical processes, such 

as the oxidation of dimethyl-sulfide, the most abundant biological 

source of sulfur to the marine atmosphere [1]. A reliable 

estimation of the standard molar enthalpies of formation, 0

mf
HD

(g), and the bond dissociation enthalpies, BDE, in the gas phase 

at 298.15 K has been performed, by means of atomization [2] and 

isodesmic reactions methods using Gn (n = 3, 4) [3,4] and M05-2X (DFT) levels of theory. Gn 

methodologies, particularly G4 have been shown be an accurate theoretical method to provide reliable 
0

mf
HD (g) and BDE values for a wide variety of organic compounds [5,6].  
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Developing the previously proposed optical method for determining the temperatures of phase 

transitions of n-alkanes (melting, crystallization, rotator phases) [1, 2], this work compares the 

capabilities of the optical method and the method of differential scanning calorimetry (DSC) for 

studying the phase behaviour of petroleum paraffins. 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 surfactants, aqueous 

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 size of the dispersed phase in all samples is of 

the order of 100-200 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 

(paraffin 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 of all studied 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 at 

such low particle concentrations (~ 10E-5 mass%), at which the DSC sensitivity is no longer sufficient. 
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Modern conservation 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. Our research 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, the mortar samples were collected from different sites located on the Roman 

Danube limes (period 1st-4th century). Then the comprehensive laboratory investigation followed and 

physical properties, thermal characterization, raw material compositions, mineralogical and 

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 and inorganic components and TGA/DSC for 

identification of CO2/H2O ratio and index of hydraulicity.   

The results obtained indicate vast diversity among the examined mortar samples and their 

properties considering density, binder/aggregate ratio, usage of pozzolans 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. Moreover, the 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 words: Roman mortars, production technology, index of hydraulicity, conservation approach 
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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 pro-degradants 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 stress [1]. Poly(ὑ-

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 composite properties 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 thermogravimetry 

(TG) and chemiluminescence (CL). To analyse the non-isothermal TG records we assumed that the 

records are composed of three independent processes of first-order kinetics [3]. CL and TG records 

confirm the superposition of both prodegradation and stabilization 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 non-isothermal chemiluminescence temperature ramps. 
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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 organic-resin 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 the substrate.  

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 and thus are an important part of fire protection. 

In previous studies and reports, we have used TGA-MS and DSC techniques in combination 

with microscopy observations to explain the mechanism of action of the intumescent material, 

efficiency and compatibility with 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 TGA-IST16-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 thermogravimetric decomposition temperature [1]. 

In the lecture, we will extend the GC-MS insight into the temperature-dependent evolution of 

the intumescence barrier and explain the true chemical nature of the problematic mass peak m/z = 78. 
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Driven by the need to develop more 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 bio-based thermoplastic polymers, such as polylactic acid [1]. In contrast, the 

development of bio-aromatic thermoplastics, rubbers, and thermosets from sustainable resources is 

lagging behind. As a biogenic by-product of the paper and pulp industry, lignin is a promising 

aromatic resource that could provide for interesting properties 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 lignin-based self-healing networks using the thermo-reversible 

Diels-Alder reaction between furan and maleimide groups. To create highly crosslinked 

thermoreversible networks, furan-modified lignin and a furan-bearing Jeffamine (F5000) were 

reacted with a bismaleimide (DPBM). To gain insight in their structure-property relations, the 

obtained networks were analysed using a broad range of thermal analysis and other characterization 

techniques: modulated temperature differential scanning calorimetry, thermogravimetric analysis, 

dynamic mechanical analysis, dynamic rheometry, and tensile testing. The networks showed a 

substantial increase in mechanical properties by introducing furan-functionalized lignin: going from 

a Young's modulus of 13 MPa for the reference network up to 425 MPa for a 29 wt% lignin-containing 

network. Moreover, their healing capacity and processing opportunities were repeatedly tested, 

showing reproducibly promising results. 
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In resin transfer moulding (RTM) a composite material is made by injecting a reactive resin 

through a fibre bed. To make a 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 to visco-elastic to elastic. 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 during polymerization 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 and non-isothermal 

measurements 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 model. With this 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 parameters of 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 alcohols, presence of ether groups, catalysts, é are explicitly calculated and can be used 

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 

so-called ñin-out recursive analysisò developed by Macosko and Miller [3,4]. The growth of the 

molecules is calculated based on the conversion of the materials, leading to molecular weight, 

gelation, crosslink density and elasticity modulus calculations.  

With the use 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 Cross-model the viscoelastic behaviour as function 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 the increasing 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. 
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Valsartan, an antagonist of angiotensin II receptor, is a class 2 API 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 or multi-components [2]. 

Three coformers were selected to synthesize (1:1) coamorphous systems with valsartan: L-proline, 

4,4ô-bipyridyne, 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 systems were compared showing that: L-proline interacts weakly with valsartan, 

a slight shift is observed in the valsartan carboxylic acid stretching band (ɜ C=O); 4,4ô-bipyridyne 

forms hydrogen bonds with valsartan, giving rise to weak broad bands at 1930 and 2470 cm-1 [3]; and 

trimethoprim forms an ionic bond with valsartan, observed as the replacement of the valsartan 

carboxylic acid stretching band (ɜ C=O) by the corresponding carboxylate ones. Finally, the glass 

transition temperatures of pure valsartan and coamorphous systems were determined by DSC. Pure 

valsartan has a glass transition at 77.9 ÜC. For the binary systems the glass transition was observed at 

48.4 ÁC (val:4,4-bipyridine), 73.2 ÁC (val:L-proline), and 101.2 ÁC (val:trimethoprim). Therefore, the 

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 interactions affect 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 (2019) 19ï35. 
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In the present study, authors report about experimental investigations on thermal and 

magnesium (Mg+2) ï ion conductivity properties of polyethylene oxide (PEO) and polyvinyl 

pyrrolidone ï iodine complex (PVP-I) polymers based blended electrolyte systems doped with 

magnesium sulfate (MgSO4) salt.   

Towards the development of better rechargeable electrochemical energy storage systems 

complementing to the lithium ï ion batteries, research on alternative active Mg+2 - ions conducting 

systems has gained significant interest. Magnesium is one of the lightest multivalent metals identified 

for battery applications and magnesium is the most abundant element in earthôs crust, sea water and 

geographically prevalent than lithium [1].    

Since the breakthrough in the discovery of the Na+ and K+ - ions conductivity through the matrix 

of the polymer membranes, solid polymer electrolytes (SPEs) came into the light and they have been 

gaining substantial interest in both scientific and industrial sectors [2].  In SPEs, the polymer acts as a host 

for the salt ions and at above the glass transition temperature, polymer facilitates the ófree three 

dimensional space in the matrixô for the benefit of augmentation in the mobility ions. 

PEO/PVP-I/MgSO4 based polymer blend electrolyte membranes were fabricated by solution 

cast technique and as prepared free-standing membranes were directionally stable provided with an 

average thickness of 170 micros. The miscibility of the two polymer and variation of thermal 

properties as a function of salt doping concentration such as melting (Tm) and glass transition (Tg) 

temperatures were investigated by means of differential scanning calorimetry (DSC). 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 (EIS) measurements were performed in the temperatures 

range 30oC ï 70oC and investigated the variation in room temperature Mg ï ion conductivity and 

dielectric properties as a function of salt doping concentration and temperature.       

 

 

[1] B. Park and J. L. Schaefer, J. Electrochem. Soc.  167 (2020) 070545. 
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The medium effects on the complexation of alkali-metal cations with calix[4]arene derivatives 

containing triazole subunits (compunds L  and l)  was systematically explored by means of 

microcalorimetric and UV-Vis spectrophotometric titrations in dimethylformamide, methanol water 

and acetonitrile. First two solvents were chosen 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 ligand L  with other tertiary amide 

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 alkali-metal cation rather efficiently and similarly in methanol and in 

dimethylformamide, whereas the acetonitrile was the most favourable reaction medium for alkali-

metal cation reactions with receptor L . Compound l proved to be a remarkable host for Na+ in water. 

The cation binding was enthalpically controlled. The complexation of Li+ with ligand L  in acetonitrile 

was the only entropically favourable reaction. The peak-affinity of both compounds for Na+ was 

noticed for all studied reactions. The 1H NMR investigations revealed relatively low affinity 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 be an interesting interplay between the transfer enthalpies 

and entropies of the reactants and the products. 

 

         
Structures of compound L and gylcocalixarene l 
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Nowadays, calcium phosphate (CaP) ceramics are a leading standard 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 depend on macro-microporosity of the ceramic material [2]. Ŭ- and ɓ-tricalcium phosphate 

(Ca3(PO4)2), hydroxyapatite (HAP, Ca10(PO4)6(OH)2) and biphasic calcium phosphates (BCP) which 

are a mixture of HAP and ɓ-TCP, stand out among CaP synthetic ceramic materials [3]. In this study, 

we elucidated what we believe is the most convenient synthetic route for preparing ɓ-TCP. We 

precipitated calcium deficient hydroxyapatite (CDHA) from aqueous solutions of CaNO3Ĭ4H2O and 

(NH4)2HPO4 under carefully controlled pH. We evaluated the benefits of slow vs. rapid CDHA 

precipitation. Either way, a subsequent calcination was necessary to obtain the ɓ-TCP.  

The goal was to establish solid ɓ-TCP bodies with substantially different macro and 

microstructures, for the purpose of evaluating the course of the HAP biomineralisation. The as-

derived ɓ-TCP powders were used for the preparing of the porous bodies using freeze casting, 3D 

printing and sponge replication templating. The X-ray diffraction confirmed monophasic ɓ-TCP for 

the slow precipitation after calcination, while traces of ɓ-CPP were observed for the fast precipitation 

after calcination. Critically, no presence of HAP was observed. Microstructural differences were 

described in detail and compared using compressive strength, total porosity, adsorption-desorption 

tests and electron microscopy. The described ɓ-TCP synthetic and open-pore body-forming route are 

fundamental for bone engineering application.  

 

 

[1] A. El-Ghannam, Bone reconstruction: from bioceramics to tissue engineering, Expert Rev. Med. 
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The properties, occurrence, and adverse 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 soil, the micro-bioplastics 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 soil ecosystem functions [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 organic matter. Water 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 crystallites. 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 micro-bioplastics negatively affect soil water and structure, which 

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 case of micro-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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Resorcinol-formaldehyde (RF) gels are important precursors of nanostructured carbons. 

Porosity can be partly controlled in the course of RF sol-gel polycondensation reaction. The aim of 

this contribution is to demonstrate the possibility of DSC as a tool for characterisation of RF gels 

during their synthesis.  

RF condensation is two-step exothermic process (formation of hydroxymethyl derivatives of 

resorcinol and formation of crosslinked three-dimensional network - gel). Its conversion degree can 

be followed by heat evolution measurement under various heating rates which enables 

isoconversional kinetics analysis. Non-linear model-fitting analysis was based on the Sestak-

Berggren [1] reaction model f(Ŭ) = Ŭm (1-Ŭ)n. Obtained kinetic equation allows to determine the 

temperature program (heating from 10 ÁC to 40 ÁC at 3 K minī1, isothermal step for 40 min, heating 

to 100 ÁC at 3 K minī1) leading to separation of both step which can be useful for influencing the final 

properties of gels - mainly porosity. 

Products prepared at different time at 40 ÁC show very similar properties, confirmed 

especially by FTIR analysis and thermal decomposition, but they significantly differ in low 

temperature transformations 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).  

 

 
 Fig. 1 DSC curves of melting of RF mixtures with different times of condensation (at 40 ÁC) 
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Physical recycling 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 polymers in packing 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 successful recycling and re-granulation is various types of PET 

including already recycled PETs, bottles with additives, preforms, regranulates or virgin PET. Each 

of these types may have different properties that affect their suitability for recycling process. 

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 and 

enthalpies of melting, crystallization and glass transitions 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, PET-G 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, crystallization and 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 the 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 rPET); iii) rPET, bioPET 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 

diverse and pathogenic microorganisms pose an immediate threat to humans, as a single pathogen 

can cause life-threatening disease within a few days [1]. Consequently, microbiological laboratories 

are looking for rapid and reliable techniques to detect pathogens in water. 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 a pre-enrichment step is performed 

via membrane filtration (50 to 100 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 are to be taken. 

          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 detection of Legionella 

pneumophila [4], a pathogen found in drinking water 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 microcalorimetric 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, culture-based 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 detection of L. pneumophila). The greatest advantage of this microcalorimetric 

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 selected by us. 
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In recent years, there has been particular interest in the development of biodegradable and 

biocompatible natural polymers that could act as solid polymer electrolytes [1]. The advantages they 

offer are high abundance, biocompatibility, biodegradability, and cost-effectiveness. However, the 

conductivity of biopolymers is very low and technically they are not electric conductors. Therefore, 

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 nitrogen-containing heterocycles. 

Membrane technology requirements at present focus on three main aspects such as high proton 

conductivity, long lifetime, and good thermal stability. All these aspects relate to the strength of the 

bond between the cellulose matrix and the functionalizing molecule. On the one hand, a stronger 

hydrogen bond 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 effect of heterocycles in biopolymer matrix. 

Moreover, the lifetime was determined using the Kissinger-Akahira-Sunose model and to verify the of 

theoretical calculations, measurements as a function of time were carried out. [3] 

 The research focuses on the thermal stability of the obtained composites based on 

cellulose and heterocyclic dopant. The influence of stoichiometry of compounds and different types 

of dopant (Imidazole, 1,2,3-Triazole) were investigated. The research was carried out in various 

synthesis conditions: 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 is 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 active functional compounds for modification of polymer composites. 

Cereal straw represents interesting alternative for commercial fillers and could be successfully 

applied as a low-cost filler, which improved several properties of natural rubber composites. The 

work carried out included both the characteristics of pure and modified bio-fillers as well as elastomer 

composites. The analysis of the chemical composition of the additives, depending on their type, was 

performed using analytic methods. Moreover, the 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 

scanning electron microscopy (SEM) analysis. The effectiveness of the modifications carried out 

through the characteristics of intermolecular interactions at the filler-elastomer interface have been 

examined using dynamic mechanical analysis (DMA). Moreover, tests of spatial 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 been determined. 

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 by application 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 agricultural waste 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 sources almost 

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 components for the production of elastomer composites. 

Presented work includes an in-depth characterization of the plant-based additives as well as its effect 

on the properties of elastomer mixtures and vulcanizates. In the research, bio-fillers are analyzed in 

detail in 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 thermal gravimetric 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 differential 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 performed. This 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 filler into elastomer allows to reduce the manufacturing costs. 
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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 

organic-inorganic systems exhibiting the advantages 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 

thermoplastic materials, the effect of these materials on the elastomer composites is not well-

described in the literature. 

The objective of this study was to prepare and characterize the novel organic-inorganic 

pigment based on alizarin dye (1,2-dihydroxyanthraquinone) and vermiculite mineral as well as to 

explore its potential as multifunctional additive for acrylonitrile-butadiene rubber (NBR) composite. 

The interactions between alizarin and vermiculite were inspected by secondary ion mass spectrometry 

(ToF-SIMS) and Fourier transform infrared spectroscopy (FTIR). The morphology, color 

characteristic and stability of the hybrid pigment were characterized by X-ray diffraction analysis 

(XRD), thermogravimetric analysis (TGA), scanning electron microscopy (SEM) and UV-Vis 

spectroscopy. Afterwards, the fabricated organic-inorganic pigment was incorporated into NBR 

matrix cured with sulphur-based crosslinking system via blending method. The curing behaviour, 

mechanical and thermal combustion properties of the novel, colourful 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 the as-prepared alizarin/vermiculite hybrid pigment with 

improved physico-chemical 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 pH-sensing activity and reduced flammability. 
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Epoxy resins are versatile reactive compounds possessing excellent properties, such as: good 

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 circuit boards, 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 

environmental impact is to this day an important challenge. 

Three semiïinterpenetrating polymer networks (SïIPNs) were obtained from an epoxy resin 

(DGEBA) cured with aromatic, cycloaliphatic and aliphatic hardeners and having as linear component an 

aromatic oligophosphonate. The miscibility of the components in the SïIPNs was studied via DSC and 

morphological studies (SEMïEDX). The thermal stability of the SïIPNs was assessed by TGA in both 

inert and air atmospheres. The evolved gases analysis was studied through TGAïFTIR and PyïGCïMS 

coupled techniques. The flame retardant capacity of the SïIPNs was demonstrated via pyrolysis 

combustion flow calorimetry (PCFC). The residual char yields resulted from TGA were analyzed by 

SEMïEDX. The obtained results demonstrated the ecoïfriendly character of the SïIPNs through the 

absence of halogens and the low phosphorus content and volatiles evolvement. 
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Carbons with well-designed porous 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 their performance for use 

in EC electrodes. The sol-gel polycondensation reaction between resorcinol and formaldehyde was used 

to obtain a cross-linked gel network, followed by ambient drying and carbonization at temperatures 

from 500 ᴈ to 900 ᴈ. Further, the access to meso and micropores was improved through either physical 

(CO2) or chemical (KOH) activation of CXs [1]. The physicochemical aspects of prepared CXs were 

characterized using nitrogen adsorption-desorption experiments, elemental CHNS analyses, Fourier-

transform infra-red spectroscopy, X-ray diffraction, Raman spectroscopy, and scanning electron 

microscope images. The cyclic voltammetry, chronopotentiometry, and impedance spectroscopy were 

performed on xerogel electrodes, using KOH as electrolyte. 

Depending on the temperature of carbonization and activation, the obtained CX materials 

significantly differ in porosity (micropore area in the range 361-1331 m2g-1, mesopore area in the 

range 358-576 m2g-1), total oxygen content (4-20 %) and surface chemistry (C-O, C=O, C-OH, etc.). 

The increase in surface area or volume of micro-mesopores and the changes in oxygen content follow 

expected trends with carbonization temperature and varied extent of both types of activation. The 

results of electrochemical performance measurements 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 pseudo-capacitance. However, the electrochemical 

performances do not exactly follow this trend, which is reviewed critically in this contribution.  
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