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Dear Participants at CEEC-TAC5 & Medicta2019 Conference,

Let us express our great pleasure to welcome you here in Roma - Italy, for attending the joint
5t Central and Eastern European Conference on Thermal Analysis and Calorimetry (CEEC-TACS5) and
14™ Mediterranean Conference on Calorimetry and Thermal Analysis (Medicta2019) between 27" and
30™ of August 2019; we thank very much to all 371 of you for joining us! Since “All Roads Lead to
Roma”, it was somehow natural to meet here this time! Roma is the largest city of Italy and also its
capital. It is an impressive cosmopolitan city with an artistic, architectural and cultural history that
has influenced the whole world and dates back to almost 3000 years ago.

Now, the joint event CEEC-TAC5 & Medicta gathers 371 registered participants from 38
countries and of 6 continents, presenting a total number of 449 scientific works. Of those, 4 are
Plenary Lectures (PL), 3 are Award Plenary Lectures (APL), 16 are Invited Lectures (IL), 4 Parallel
Sessions of Oral Presentations — 108 contributions (OP) & 3 Sessions of Poster Presentation — 318
contributions (PS). An important task of CEEC-TAC5 & Medicta2019 is the continuation of 2
distinctive directions the conference follows, with 2 Workshops (WS) introducing the subjects:

1) Advanced Functional Materials; 2) Kinetics & Lifetime Prediction of Materials (KLTPM).

At this edition, Awards will be offered to exceptional scientists: i) Prof. Janos Kristof from
Hungary (Honorary Member of CEEC-TAC), ii), Prof. Vahur Oja from Estonia (Distinguished
TA&C Researcher in Central & Eastern Europe); iii) Prof. Kestutis Baltakys from Lithuania
(Outstanding Young TA&C Researcher in Central & Eastern Europe); three iv) “Andrzej Malecki”
2019 Grants for Best Young Researcher from Central & Eastern Europe in the field of Thermal
Analysis and Calorimetry; four v) “Jaroslav Sestak” 2019 Travel Grant for Best Student from
Central & Eastern Europe and from Mediterranean Area 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, Italian Association for Calorimetry and Thermal Analysis (AICAT),
Interdivisional Group of Calorimetry and Thermal Analysis (GICAT) of the Italian Chemical
Society, Sapienza University of Rome (SUR) and the Department of Basic and Applied Sciences for
Engineering of SUR, University of Craiova, INFLPR-National Institute for Laser, Plasma and
Radiation Physics, and Institute of Physical Chemistry “Ilie Murgulescu” of the Romanian
Academy. We acknowledge the great support of our Sponsors: MPstrumenti & LINSEIS,
METTLER TOLEDO, RIGAKU, HITACHI, DSC CONSUMABLES (Gold Sponsors), NETZSCH
(Bronze Sponsor) and our Partners: ECO Ricerche, Thorn Scientific Services Ltd. A special
acknowledgement has to be addressed to the Journal of Thermal Analysis and Calorimetry,
Ceramics International, Applied Clay Science, Journal of Mining and Metallurgy, Section B:
Metallurgy, where one of their volumes will be dedicated to research papers of our conference,
presented as oral or poster contributions.

The 4-day meeting is hosted at the Rectorate Building of the Sapienza University of Rome,
which is located close to the historic centre. The official language of the conference is English.

We hope that you will enjoy the city during your stay at the CEEC-TAC5 & Medicta2019
conference, and that you will leave Roma 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 2021 for CEEC-TACG6 and Medicta2021!

Stefano Vecchio Ciprioti & Andrei Rotaru
Chairmen of CEEC-TAC5 & Medicta2019
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General Information

The joint event “5" Central and Eastern European Conference on Thermal Analysis and
Calorimetry (CEEC-TAC5) & 14" Mediterranean Conference on Calorimetry and Thermal Analysis
(Medicta2019)” has gathered 371 registered participants from 38 countries and of 6 continents,
presenting a total number of 449 scientific works. Of those, 4 are Plenary Lectures (PL), 3 are
Award Plenary Lectures (APL), 16 are Invited Lectures (IL), 4 Parallel Sessions of Oral
Presentations — 108 contributions (OP) & 3 Sessions of Poster Presentation — 318 contributions
(PS). Each session of oral presentations is comprised of 27 works, while each session of poster
presentations includes 106 works.

An important task of CEEC-TAC5 & Medicta2019 is the continuation of 2 distinctive
directions that the first conference follows, with 2 Workshops (WS) introducing the subjects:
1) Advanced Functional Materials;
2) Kinetics and Lifetime Prediction of Materials (KLTPM).

Plenary Lectures

Kestutis Baltakys (Kaunas Univerity of Technology, Lithuania)
Dimitrios N. Bikiaris (Aristotle University of Thessaloniki, Greece)
Nobuyoshi Koga (Hiroshima University, Japan)

Janos Kristof (University of Pannonia, Hungary)

Vahur Oja (Tallinn University of Technology, Estonia)

Crisan Popescu (KAO European Research Laboratory, Germany)
Henrik Rudolph (Applied Surface Science, Elsevier, the Netherlands)

Invited Lectures

Arnon Chaipanich (Chiang Mai University, Thailand)

Svetlana Danilova-Tretiak (A.V. Luikov Heat&Mass Transfer Institute, Belarus)
Ahmed EI-Sabbagh (Ain Shams University, Egypt)

Nathanael Guigo (University of Cote d'Azur, France)

Tiit Kaljuvee (Tallinn University of Technology, Estonia)

Dana Luca Motoc (Transilvania University of Brasov, Romania)

Cheila G. Mothe (Federal University of Rio de Janeiro, Brazil)

Wojciech Marczak (Jan Dlugosz University in Czestochowa, Poland)

Jonjaua Ranogajec (University of Novi Sad, Serbia)

lulian Riposan (University Politehnica of Bucharest, Romania)

Adriana Saccone (University of Genoa, Italy)

Pablo Taboada (University of Santiago de Compostela, Spain)

Paul S. Thomas (University of Technology Sydney, Australia)

Ranjit K. Verma (Patna University, India)

Anna Vykydalova (Slovak University of Technology in Bratislava, Slovakia)
Kseniya Zherikova (Nikolaev Institute of Inorganic Chemistry, Russian Federation)
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Plenary Lectures PL1

“Beauty” and the “Thermal Analysis”

Crisan POPESCU
KAO Germany GmbH, Pfungstaedterstr. 98-100, Darmstadt, Germany

The talk aims at showing how the use of thermal analysis concepts and methods helps the
development of beauty industry, particularly of hair care.

Fibrous proteins, particularly keratin fibres, were among the first systems undergoing the
explorations with thermal analysis means, when first instruments became commercially available. The
investigations focused initially on discerning structural details and evaluating thermodynamic quantities.
After decades of revealing incrementally the keratins intricate structure, the thermal analysis methods
begin being increasingly used to substantiate product claims, to assist the development of hair care
treatments and to assess the damage incurred by the action of various treatments.

Surveying various examples, the talk points out to hurdles in applying TA methods and
underlines some of the problems of data interpretation, which may hinder the meaningful
exploitation of the results.
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Plenary Lectures PL2

Ethics in Scientific Publishing

Henrik RUDOLPH

Editor in Chief, Applied Surface Science, Elsevier, The Netherlands

National laws are often considered to be a subset of the common ethical rules and rules of
proper behaviour. Since national laws can differ greatly from country to country, so can ethical rules
and rules of proper conduct. When we are talking about ethics in science, we are trying to apply
"universally" valid scientific values, which are globally accepted in the scientific community. The
presentation will start out with a small discussion of what ethics in science entails. It is obviously
impossible to discuss all aspects of ethics in science in a 30-minute presentation. I will therefore focus
mostly on ethics in publishing. This covers the role of authors (and co-authors) as well of that of the
reviewers. | will also briefly touch on the role of funding agencies (departments) as well as the
publishers (editors), but the main emphasis will be on the role of authors and reviewers.
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Plenary Lectures PL3

Kinetic approach to complex reactions in solid—gas systems:
A continuous challenge

Nobuyoshi KOGA
Hiroshima University, 1-1-1 Kagamiyama, Higashi-Hiroshima 739-8524, Japan

Kinetic approach to the complex solid-state reactions involving those in solid—gas systems is
a challenging task, because simple probabilistic logic is not necessarily applicable due to significant
physico-geometric constraints [1,2]. The kinetic behaviors of each or specific reaction step in the
physico-geometrical multistep reaction are required to reveal for establishing the rigid theoretical
basis for the formal kinetic description of the overall process using thermal analysis. The other
possible cause of the complexities of the kinetic behavior is apparently owing to the impact of a gas
in the reaction atmosphere and that evolved by the reaction on the apparent kinetic behavior.
Because of a wide variety of the apparent changes in kinetic behaviors of the reactions with these
gases, a unified theory of explaining the impact of gases on the kinetics is still missing. The further
complexity may be caused by the mutual correlation between the physico-geometrical reaction
mechanism and the impact of the gases.

In this lecture, we overview the current status of the kinetic understanding of complex
reactions in solid—gas systems, and subsequently address each difficult problem in the following
stepwise manner by referencing our recent achievements.

(1) Apparent features of the multistep reactions [1,2]

(2) Kinetic approach to multistep reactions [3-6]

(3) Multistep reactions comprising opposite thermoanalytical signals [7-11]

(3) Apparent features of the impact of atmospheric gas [11-13]

(4) Universal kinetic description over different atmospheric conditions [13]

(5) Mutual correlation between physico-geometrical reaction mechanism and impact of
atmospheric gas [13]

[1] N. Koga, Netsu Sokutei, 42 (2015) 2

[2] N. Koga, “Handbook of thermal analysis and calorimetry. Vol. 6 (2nd ed.)”, S. Vyazovkin, N.
Koga, C. Schick (Eds.), Elsevier, (2018) 213-251

[3] N. Koga, Y. Goshi, S. S. Yamada, L.A. Perez-Maqueda, J. Therm. Anal. Calorim., 111 (2013) 1463

[4] H. Ogasawara, N. Koga, J. Phys. Chem. A, 118 (2014) 2401

[5] M. Fukuda, N. Koga, J. Phys. Chem. C, 122 (2018) 12869

[6] N. Koga, et al., Phys. Chem. Chem. Phys., 20 (2018) 12557

[7] Y. Noda, N. Koga, J. Phys. Chem. C, 118 (2014) 5424

[8] S. Kitabayashi, N. Koga, J. Phys. Chem. C, 119 (2015) 16188

[9] M. Nakano, T. Wada, N. Koga, J. Phys. Chem. A, 119 (2015) 9769

[10] M.V. Muravyev, N. Koga, D.B. Meerov, N. Pivkina, Phys. Chem. Chem. Phys., 19 (2017) 3254

[11] N. Koga, S. Kodani, Phys. Chem. Chem. Phys., 20 (2018) 26173

[12] M. Nakano, T. Fujiwara, N. Koga, J. Phys. Chem. C, 120 (2016) 8841

[13] N. Koga, L. Favergeon, S. Kodani, Phys. Chem. Chem. Phys., (2019) doi: 10.1039/c9¢cp01327j
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Thermal characteristics and decomposition mechanism of
furanoate polyesters, a new class of biobased polymers

Dimitrios BIKIARIS

Laboratory of Polymer Chemistry and Technology, Department of Chemistry, Aristotle

In recent years, the potential replacement of fossil fuels for the production of appropriate monomers
by inexpensive and renewable starting materials such as cellulose, starch, lignin, proteins and
vegetable oils is increasingly being explored with the aim to develop a more sustainable bio-based
economy. Polymers based on 2,5-furandicarboxylic acid (2,5-FDCA), which is a new biobased
monomer, consist a new class of alipharomatic polyesters that can be prepared from monomers
derived straight from renewable resources like furfural and hydroxymethylfurfural (HMF) [1]. The
study for the production of such polyesters has now been extended and almost the whole series of
poly(2,5-furan dicarboxylate)s have been prepared using aliphatic diols, sugar diols like isosorbide,
benzylic structures like 1,4-bishydroxymethyl benzene, and bisphenols like hydroquinone, etc.

The macroscopic properties of these materials depend heavily on their microstructure and
structural characteristics, which in turn are affected from the crystallization conditions and their
thermal history. The thermal characteristics such as the crystallization and melting temperature
determine their processing conditions and the potential uses in various applications. For this reason,
the crystallization and melting temperatures of 2,5-FCDA-based polyesters have been extensively
studied from our group.

[1] G. Papageorgiou, V. Tsanaktsis, D. Papageorgiou. S. Exarhopoulos, M. Papageorgiou, D.. Bikiaris
Polymer, 55 (2014) 3846
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Thermal analysis at surfaces and interfaces: studies on thin films and
intercalation complexes

Janos KRISTOF
Institute of Chemistry
University, of Pannonia, Egyetem 10, H-8200 Veszprém, Hungary

Mixed oxide thin films are widely used in industrial electrochemistry (chlorine production,
waste water treatment, galvanics, organic electrosyntheses, etc.) as well as in sensor development.
Among the common preparation techniques (e.g. spin-coating, immersion, spraying) the sol-gel
method is preferred when the composition of the film should be strictly controlled.

The evolution of the films on metal support via heat treatment of the precursor salts (mostly
chlorides) from alcoholic or aqueous solutions can be followed by TG-MS and emission FTIR
techniques. The formation and decomposition of intermediates (carbonyls, carboxylates, carbonates)
can significantly affect the morphology of the surface. With the continuous monitoring of the
evolution of both the solid and the gas phases the mechanism of film formation can be revealed.

With cascade intercalation the layers of the kaolinite mineral can be completely exfoliated.
The nanolayers have photochemical activity that can be further enhanced with the deposition of
silver nanoparticles onto the surface. The most critical part of the exfoliation procedure is the
formation and structure elucidation of the kaolinite organo-complexes with different reagents
(potassium-acetate, hydrazine, dimethyl-sulfoxide, etc.). The use of thermoanalytical techniques
such as high temperature XRD, high and low temperature Raman microspectroscopy, controlled-
rate thermogravimetry (CRTA) is indispensible in the discovery of the structure of the
nanocomplexes. Mechanochemical activation of the clay is another way to induce active (defect)
sites in the mineral structure contributing to photochemical activity.
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Application of thermal analysis to study vaporization parameters of
narrow boiling range oil fractions

Vahur OJA

Department of Energy Technology, Tallinn University of Technology, Ehitajate tee 5, 19086
Tallinn, Estonia

One of the important group of thermodynamic parameters both for thermodynamic
calculations and for assessment of chemical processes, also for transportation, storing or
environmental impact assessment, are the parameters describing the volatility of the material.
Unlike pure substances or their well-defined mixtures, oils consist of many organic compounds with
different chemical structure and size. In terms of process design and environmental engineering
calculations one way to simplify the calculations is to divide the oil into fractions with narrow
boiling ranges (or pseudo-components), which can be described by mean characteristics. Thus,
depending on the application, it would be desirable to describe the vaporization ability of the
fractions with narrow boiling ranges either by the vaporization parameters (boiling point, vapour
pressure, enthalpy) corresponding to the actual boiling point, or by the vaporization parameters (the
average boiling point, its pressure dependence and the related conditional enthalpy of vaporization)
corresponding to the average boiling point (vaporization parameters of the pseudo-component).

The goal of the presentation is to provide an experience-based overview of the application of
thermal analysis, specifically based on the principle of ASTM D1782, for measuring vaporization
parameters, both corresponding to the actual boiling point and the average boiling point, of oil
fractions with narrow boiling ranges. The ASTM D1782 “Standard test method for determining
vapour pressure by thermal analysis” is a pure compound vapour pressure measurement technique,
where the vapour pressure curve is established by determining via separate experiments boiling
points at different pressures. The each boiling point is determined from the onset of the thermogram
corresponding to the sample evaporation through the pinhole from a hermetically sealed crucible,
when the sample is heated at a constant rate to temperatures higher than the boiling point for the
given pressure. For fractions with narrow boiling ranges, although the principle of ASTM D1782 is
relatively directly applicable for measuring the vapour pressures corresponding to the actual boiling
points (by finding the onset from thermogram), a prior experimental experience would be necessary
for obtaining a thermogram with suitable height and shape (sharpness) in order to achieve good
results. The thermogram should correspond to a left-scewed curve (corresponding to a left-scewed
curve rather than a Gaussian curve). Application of the principle of ASTM D1782 for calculating
the vapour pressures corresponding to the average boiling points of the fractions with narrow
boiling range (pseudo-components) through converting the vaporization curve to the condensing
curve and calculating the average boiling point, needs prior optimization of the experimental
conditions (heating rate, amount of material), so that the vaporization from the capsule through the
micro-opening could take place in conditions close to vapour-liquid equilibrium. The thermogram
itself could correspond to a Gauss curve or a right-skewed curve.
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Eco-friendly calcium silicates: preparation techniques,
thermal properties and application

Kestutis BALTAKYS, Tadas DAMBRAUSKAS
Department of Silicate Technology,
Kaunas University of Technology,
Radvilenu 19, LT-50270 Kaunas, Lithuania

The main feature of environmentally friendly cementitious materials (“Celitement”, “Solidia
cement”, “Calcium sulfoaluminate cement”, “Magnesia-based cements,” etc.) is that the energy
consumption and the CO> emissions associated with cement production can be reduced within the
range of 30-70 % [1, 2]. One of the most attractive ways to obtain mentioned materials are the
production in a three-step process: 1) hydrothermal synthesis of higher basicity calcium silicate
hydrate or calcium silicate (CaO/Si0O; ratio from 1.25 to 2.0); 2) mechanochemical or thermal
treatment of hydrothermal products together with siliceous raw materials such as sand, blast-furnace
slag, glass, etc. or silica (usually 1:1); 3) cement curing in the water or CO> atmosphere [3-4]. It is
known that the properties of environmentally friendly cementitious materials depend on the mineral
composition of products obtained during hydrothermal treatment. For these reasons, the synthesis,
structure and chemistry of the above mentioned compounds have been studied by many scientists,
yet their opinions seem to differ.

Thus, this work aims to investigating an preparation technique for the production of
environmentally friendly cementitious materials which combines the hydrothermal synthesis of
precursors and their solid-state sintering at a low temperature. The preparation technique of the
above mentioned materials requires a 600—1000 °C lower calcination temperature as well as a lower
quantity of calcium carbonate, which leads to lower CO2 emissions. The obtained results were
confirmed by XRD, STA, FT-IR, SEM, TEM and BET analysis.

[1] Olivier, J.G.J. et.al. Trends in Global CO; and Total Greenhouse Gas Emissions: 2017 Report.
PBL Netherlands Environmental Assessment Agency, 2017.

[2]. Maddalena, R., et. al. J. Clean. Prod. 2018;186: 933-42.

[3] Gartner, E. and Hirao, H. A. Cem. Concr. Res. 2015;78:126-42.

[4] Link, T. et. al. Cem. Concr. Res. 2015;67:131-7.
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In a search for advanced materials produced by MOCVD:
thermodynamics, kinetics, functional properties, relationships

Kseniya V. ZHERIKOVA, Igor K. IGUMENOQV, Inga G. VASILYEVA,
Evgeniia S. VIKULOVA

Nikolaev Institute of Inorganic Chemistry, Siberian Branch of Russian Academy of Science,
Lavrentiev ave. 3, 630090 Novosibirsk, Russia

Nowadays MOCVD (Metal Organic Chemical Vapor Deposition) has become well-
established material production technology and it is firmly associated with semiconductors.
However, the potential of the method is far from being exhausted and it is being actively studied for
the replacement of existing technologies to produce functional coatings with improved properties.

In focus of this lecture, there are two types of advanced composite materials obtained by
Metal Organic Chemical Vapor Deposition (MOCVD): Thermal Barrier Coatings (TBC) and
Secondary Electron Emission (SEE) systems.

Manufacturing the TBCs operating under extreme
conditions is a challenging but vitally important task for
various areas of industry due to their application as coating
parts of gas turbines. Further performance improving their
efficiency by the significant increasing in operating
temperatures and pressures within the turbine section

SEM cross-section image of YSZ
deposited in 15 min
on gas turbine blade

requires both novel high-strength and refractory materials
and new highly effective manufacturing methods. The
thermodynamics and kinetics factors effecting MOCVD of
thermal insulated composite thick coatings on gas turbine blade are going to be highlighted.
High-emission materials are in demand in a wide
_____ field of practical application: from photomultipliers, electron
" multipliers, which are important elements of high-precision
e Mg(Co), devices (mass spectrometers, night vision devices, thermal
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imagers, etc.) to plasma displays. Gas-phase processes are
very promising for obtaining effective emitters which are
multicomponent in most cases. Obviously, the well-
developed and well-reproduced processes for obtaining such
thin materials could be realized only on the base of study of
the relationship between emission characteristics and the

actual state of the deposited layers. The main factors
responsible for the emission properties will be discussed.

Acknowledgements The study on emission materials was funded by RFBR according to the

research project Ne 18-08-01105 A.
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Characterization of anticorrosive bio coating in the plasma cure
process by TG / DTG, DSC and AFM techniques

Cheila Goncalves MOTHE
School of Chemistry, Federal University of Rio de Janeiro, 21941-909, Rio de Janeiro — RJ, Brazil.
e-mail: cheila@eq.uftj.br

The need for substitution or reduction of petrochemical derivatives in industrial production
has generated the search for components from renewable sources. The synthesis of polymers from
renewable resources has attracted the attention of scientists around the world and has shown a
promising path to the sustainable development of new products. Therefore, an alternative process of
coating or protection preparation minimizing the use of petrochemical derivatives has been strongly
desired and studied. This fact motivated the development of anticorrosive phenolic bio coating
(coating greem) for application on metal surface of 1020 carbon steel based on by-product of
cashew industry, cashew nut shell liquid (CNSL). An innovative form of plasma curing was
performed and its performance was compared to the conventional curing method, the use of
Hexamethylenetetramine (HMTA). The bio coating samples produced were characterized by
Thermal Analysis by TG / DTG and DSC techniques. Among all the samples characterized by
Thermogravimetry, the CNSL-based resin cured with 1% w / w HMTA presented higher thermal
stability, with a decomposition stage around 250 ° C. Followed by plasma-cured CNSL resin for 15
minutes with initial decomposition temperature at 200 ° C. The DSC analyzes of some samples
cured with HMTA and plasma exhibited changes in the baseline, that is, changes in the values of
the glass transition temperature (Tg), while other samples with different formulations presented an
exothermic event, suggesting an incomplete cure process. The analysis of Atomic Force
Microscopy (AFM) of the analyzed samples showed lower values of adhesion (7.6 nN) for plasma
cured bio coating, suggesting a better cure performance. Corrosion tests showed that the plasma
cured coating remained unchanged, with no point of corrosion during the initial cycle of the
corrosion tests, while the other specimens showed corrosion points during the tests.
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Application of thermal analysis techniques for studying the possibilities of
utilization of oil shale ashes formed at electricity production in Estonia
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A circular economy became an object of an actual discussion as a sustainable alternative to
current linear economy system. This is also new strategic interest in Estonia, especially in the
context of electricity production. Approximately 70% of the electricity production in Estonia is
based on the combustion of Estonian oil shale (OS), which contains approximately 30-35% of
organic matter and inorganic matter contains mostly carbonates and sandy-clay minerals. The sulfur
content is around 1.5%. Last year ~10 million tons of OS were used in electricity production and ~6
million tons of OS ashes were formed in Estonia. Only ~2% of the total amount of OS ashes are
utilized in different areas (e.g., cement production, stabilization of road layers, agricultural purposes
etc.) and the other part is left unused and landfilled.

A number of changes have occurred in Estonia’s OS based energy sector. On the one hand
the implementation of circulating fluidized bed (CFB) boilers has improved fuel efficiency and
lowered the greenhouse gas emissions. On the other hand, the changes in process conditions, in
particular, the lowering of the temperature from 1200-1400°C (used in pulverized firing (PF)) to
750-800°C (used in CFB boilers) have negatively affected the physical and chemical characteristics
of the OS ashes. In principle, the inorganic part of the OS undergoes a number of chemical
transformations during the combustion process, including decomposition of carbonates with the
formation of calcium and magnesium oxides. These oxides partially remain in the form of free
oxides causing the alkalinity and partially take part in the formation of secondary minerals—mainly
silicates with varying compositions.

One of the promising operations for the large-scale utilization of alkaline OS ashes is the
liming of acidic soils. There are 350 000 ha of agricultural land that need to be permanently lime
fertilized in Estonia. The granulation of OS ashes can be part of this solution by making better use
of these wastes and the possible environmental contamination during the liming of soils can be
eliminated. The granulation of OS ashes with accelerated carbonation technology can also be
considered for the production of light-weight aggregates in the applications of construction
materials. Above mentioned applications require determination of the physico-mechanical and
physico-chemical characteristics of the end products and in order to investigate the relationships
between these characteristics, thermal analysis (TA) methods were applied to granulated products.

The idea to replace expensive sorbents with OS ash has been raised and the cyclone ash
which contains 20-25% free CaO has a proven ability to bind acidic gases. Today, commercial lime
in addition to OS ash is used as a binding agent in the semi-dry DeSOx system of the Eesti Power
Plant. Therefore, comparative investigation of the efficiency of activated ashes and the commercial
lime used in the DeSOx system was carried out with TA methods. Analogical investigations for
studying the possibilities of CO, mineralization was also carried and OS ashes and clinker dust
(CD) as sorbents in CO; mineralization process were investigated at different operating
temperatures and quantification study of the effects of pre-treatment (e.g. hydration and fineness via
grinding) on CO: uptake was carried out. The clay based ceramics is also another application area
of the utilization of OS ashes. OS ashes and CD were used by the clay replacement in different
blends and TA coupled with evolved gas analyzer (MS or FTIR) was an excellent tool for the
determination of the relationships between physical-mechanical and physical-chemical
characteristics and the thermal behavior of the blends studied.
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The (r)evolution of biobased polymers and sustainable materials by
thermo-analytical means

Nathanael GUIGO
Université Cote d'Azur, Institut de Chimie de Nice, CNRS, UMR 7272, 06108, Nice, France

The transition to greener and more sustainable products is an important societal challenge. A
worldwide global task force has been implemented by the United Nations between local and regional
governments to define sustainable development goals (SDG) for 2030. The use of biomass feedstocks as
carbon source for fabrication of chemicals and polymers has substantially grown in the past decades.
Biorefinery processes have recently emerged to generate chemical building blocks from lignocellulosic
biomass that can be further transformed into functional polymers. More precisely the roadmap to ensure
the transition from fossil based polymers to biobased polymers implies to unlock numerous gateways.
The thermal and mechanical behavior of these polymers is probably one of the most important issues
since it drives their processing, their life as well as their end of life [1].

This lecture aims at highlighting how thermal analysis can give important informations both
on the general knowledge of the biobased polymer and on the design of new properties. A special
emphasis will be made on furanic polymers which are obtained from various constitutive sugars of
vegetable biomass. Both thermoplastics and thermosets, can be prepared from furanic monomers.
This is the case of Polyfurfuryl Alcohol (PFA) which is one of the rare available biobased
thermosets. PFA represents an excellent eco-friendly solution for several material applications such
as adhesives, corrosion protection, thermally-resistant nanocomposites [2-3] or in combination with
natural fibers or wood pieces. The aromatic character of the furan ring is generally put forward to
underline the good thermomechanical performances and/or chemical resistance of furanic polymers
that can thus compete with other well implemented aromatic polymers (Terephthalate polyesters,
phenolic resins etc.). To offer new or modified properties in PFA for instance, the already explored
solutions consisted in adding co-monomers or nano-fillers. [2-3]

The biorefinery processes also produce side-stream products such as humins. The
biorefinery humins have a polyfuranic structure and they need to find pathways of valorization.
Here again, combination of various advanced thermo-analytical techniques helped to draw clear
conclusions on how thermally induced cross-links are developing within the humins thus modifying
the chains mobility and the visco-elastic properties. [4]

[1] N. Guigo, N. Sbirrazzuoli, “Thermal Analysis of biobased polymers and composites, in
Handbook of Thermal Analysis and Calorimetry, volume 5”, Elsevier (2018).

[2] N. Bosq, N. Guigo, L. Vincent, N. Sbirrazzuoli. Polym. Degrad. Stab., 118 (2015) 137

[3] N. Bosq, N. Guigo, G. Falco, J. Persello, N. Sbirrazzuoli, J. Phys. Chem C, 121 (2017) 7485

[4] A. Sangregorio, N. Guigo, J. C. Van der Waal, N. Sbirrazzuoli, ChemSusChem, 11 (2018) 4246
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Application of Thermal Methods to the Characterisation of
the States of Water in Precious Opal

Paul THOMAS
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Precious opal is a hydrous silica (SiO2.nH>O) that is formed through a dissolution-
precipitation process forming hydrated silicas with variable water content [1]. The gemmological
value of precious opal is defined by its microstructure where the prized play-of-colour (POC)
observed is a result of the diffraction of visible light from an ordered arrays of silica spheres. The
monodispersed colloid of silica spheres are formed through an Ostwald type ripening process. Once
the colloidal particles have grown to a suitable size for Bragg diffraction of visible light (ca. 200 to
400 nm in diameter; i.e. A = 2dnsin® where n is the refractive index of opal), aggregation occurs
most likely through a homogeneous colloidal crystallisation process which results in the ordered
array. Subsequently the array is solidified through precipitation of a second generation of silica
which cements the array onto a solid coherent mineral specimen. The microstructure of the array
can then be observed through the hydrofluoric etching of fresh fracture surfaces which reveal the
ordered arrays of the monodispersed spherical particles.

As the process of opal formation occurs in solution, a hydrous silica is formed. The silica
network itself can be of an amorphous nature (opal-A) or is paracrystalline (opal-CT; cristobalite
containing tridymite stacking faults) and contains water in the form of molecular and silanol
(bound) water. The molecular water is trapped in cages, capillary pores and interstitial voids while
the silanol water is present at the surface, internal interfaces (e.g. at capillary or void surfaces) and
in the silica network as isolated broken bridges. The type and amount of each of these species of
water is dependent on the environment in which opal formation occurs (e.g. temperature and pH)
and hence water may be used as a probe to characterise the morphology structure of opal.

Both thermal and spectroscopic methods have been used to successfully characterise the types
of water present in opal and given the range of types of water, multiple characterisation techniques are
required. This paper will outline the application of both thermal and spectroscopy methods in the
characterisation of opal. TG data are presented to identify the total water content (molecular and
silanol), low temperature DSC data is used to characterise the proportion of crystallisable water
present in opal and thermoporosity based on DSC is used to determine the characteristic pore size of
water filled pores. The silanol water content is determined from the 'H-CP-?°Si MAS NMR while the
distribution of molecular and silanol water is also gleaned using FT-NIR. The total water content is
not indicative of the origin and formation environment of opal, however, the distribution of the
different types of water present in these hydrous silicas is strongly dependent on the formation
environment. The distribution of species type coupled with a knowledge of the origin of the opal
allows the development of a fundamental model for opal genesis.

[1] “Water in Opal — What Can It Tell Us?”, Paul Thomas, Laurie Aldrich and Anthony
Smallwood, InColor Magazine, 41, Winter, 62-69, 2019.
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Notes about the flow behaviour of cellulosic fiber thermoplastic
composites
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Understanding the flow behaviour of the cellulosic fiber thermoplastics composites, CFTC,
is necessary for simulating high shear processes like injection moulding and extrusion [1]. Building
a simulation model requires, besides to the process parameters, full characterization of CFTC
namely the properties of density, thermal expansion, viscosity, Pressure-Volume-Temperature,
pvT., thermal conductivity, thermal degradation, polymer structure, specific heat and dynamic
mechanical properties. In comparison to the synthetic fiber thermoplastic composites,
characterization of CFTC suffers from the non-reproducible quality and the irregular geometry of
the cellulosic fibres [2]. Modeling of fibers during flow is difficult because cellulosic fibers show
complex behavior of splicing, fragmentation and mass change due to the thermal decomposition.
Therefore, a comprehensive study considering a wide scope of fibers is necessary to simulate the
flow behavior and hence the end-product properties. This work investigates different fiber types
namely bast, leaf and regenerated celluloses. Fibers are then extracted to investigate the effect of
fiber type and processing parameters on the change in fiber dimensions. A spiral mold is used in the
injection molding experiments to test the simulation process on a one-dimensional model [3]. The
effects of the following parameters are considered such as fiber type (regenerated cellulose, sisal,
hemp, wood fiber, wheat straw and kenaf), fiber content (10 and 30 wt.-%) and fiber length (0.5 and
1.5 mm for regenerated cellulose). The rheological behaviour of the CFTC is correlated with both
the fiber type and the fiber size. The work discusses other auxiliary phenomena concerning the
constancy of fibre content along the injected products and the pore formation due to the inevitable
gas evolution from the cellulosic fibres.

[1] J. Schemenauer, T. Osswald, A. Sanadi, D. Caulfield, F. Daniel, SPE-ANTEC Tech. Papers 2
(2000) 2206

[2] A. Elsabbagh, L. Steuernagel, G. Ziegmann, Polym. Compos. 30 (2009), 510

[3] N. Barkoula, S. Garkhail, T. Peijs, J. Reinf. Plast. Compos. 29 (2010) 1366
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Thermal behaviour of cement bypass dust revalorization
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Cement bypass dust (CBPD) is a by-product of Portland clinker manufacturing. It consists
of calcite, free lime and other compounds such as Si02, AL203, MgO and Fe203, but due to
increased substation of fossil fuels with alternatives (waste materials), it may contain also
compounds with relatively high chloride content, as well as SO3, K20, what presents a high
environmental risk. Therefore, cement bypass dust is considered as a solid waste unsuitable for
direct return into feedstock. Evidently, the increased waste production contributes to a highly
negative environmental impact of the cement industry.

There are different approaches to revalorize CBPD [1-2], but some of them are timely
consuming or too expensive. This paper presents a promising technology of lightweight ceramic
aggregate production with CBPD as a raw material component. CBPD can reach up to 30 mass %
of the raw material composition for the lightweight ceramic aggregate production, depending on its
chemical and mineralogical characteristics [3]. Formation of new phases during the thermal
treatment was followed by mass spectroscopy (TG-MS) up to 800°C, which temperature was
identified as a frontier parameter considering the retention of CI2 inside the designed systems. The
influence of thermal treatment, ranging from room temperature to 800°C, on the final products
characteristics was evaluated, including: thermal expansion, weight loss, porosity, compressive
strength, changes of morphology and colour.

[1] D. Sadek, M. El-Attar, A. Ali, “Physico-mechanical and durability characteristics of concrete
paving blocks incorporating cement kiln dust”, Construction and Building Materials 157 (2017)
300-312

[2] K. Najim, Z. Mahmod, A.K. Atea, “Experimental investigation on using Cement Kiln Dust
(CKD) as a cement replacement material in producing modified cement mortar”, Construction and
Building Materials 55 (2014) 5-12

[3] D. Kubatova, A. Rybova, A. Zezulova, J. Svec, “Thermal behaviour of inorganic aluminosilicate
polymer based on cement kiln dust”, IOP Conference Series: Materials Science and Engineering,
379 (2018) 012008

51



1L0S8 Invited Lectures

Hydrogen-bonded complexes in binary mixtures of pyridine and
its methyl derivatives with water

Wojciech MARCZAK
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Molecular order in aqueous solutions of nonelectrolytes and weak electrolytes with
molecules having non-polar moieties is commonly discussed in terms of hydrophobic and
hydrophilic interactions. Although general agreement has been achieved that this approach is
adequate, various experimental methods and theoretical considerations may lead to different,
sometimes inconsistent, conclusions. A reliable assessment of molecular arrangement in liquid
phase requires somewhat eclectic approach rather than strict reasoning based on one method, even
if very elegant.

Aqueous solutions of pyridine, 2-, 3-, and 4-methylpyridine, and 2,6-dimethylpyridine has
been a subject of such investigations. Empirical studies included thermodynamic quantities: the
enthalpies of mixing, molar volumes, and compressibilities, determination of solid-liquid equilibria
by DSC and visual methods, small-angle neutron scattering, and the attenuation of ultrasounds.
These were complemented by quantum chemical calculations of stabilization energies of hydrogen-
bonded complexes. The results were compared with those for cyclic rather than aromatic amines:
piperidine, pyrrolidine and its N-methyl substituted derivatives.

The observed phenomena, such as the formation of microheterogeneities in liquid phase and
congruent or incongruent melting of solid hydrates, led to an idea of water as an active solvent that
makes aggregation possible due to hydrogen bonds that join water-amine complexes together:
RN...HO(H)...HOH...NR, rather than because of London dispersion forces between non-polar parts
of the amine molecules. In more detailed analysis, a quasi-chemical reactions model was applied,
which related experimental enthalpies of dilution and the stabilization energies of the water-amine
complexes calculated theoretically.
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DSC insights into thermooxidative phenomena: from ferrites
to mustard oil

Ranjit K. VERMA!2
"University Department of Chemistry, Magadh University, Bodh Gaya-824234, India
’Munger University, Munger-811201, India
profrkverma@gmail.com

DSC throws light on all phenomena involving heat changes and this brings versatility in its
applications. Crystallization, polymeric conversion, curing, decomposition (oxidative or otherwise),
annealing and, phase changes (solid-liquid-gas, glass transition, denaturation etc.) are all integral
parts of preparations, processing and applications in our lives. Two fields shall be covered in the
presentation. Amongst the multifunctional materials, the cases of ferrites (magnesium, barium,
cobalt and samarium) are taken up to explain how for low temperature syntheses of nanoparticles of
ferrites for their unique and useful magnetic, electrical and optical properties (recording, data
storage, sensor, photoluminescence etc applications), studies of thermooxidative phenomena using
DSC could make things easy. The properties of such materials (hence their applications) as well as
their particle size have been found to be greatly depending upon the method of preparation and the
annealing/ sintering temperature.

Similarly, the thermooxidative decomposition in edible oils is of concern. While being used
for frying during food preparation, many changes (oxidation, isomerisation, polymerization,
hydrolysis etc.) may take place in the cooking oil. The formation of volatile and non-volatile
compounds does also influence the fried food quality and the nutritional parameters. Autooxidation
(since exposed to air during storage and oil processing for extraction, food production etc) is a big
problem. Susceptibility to oxidation (photo oxidation, enzymatic oxidation, auto oxidation do affect
the flavour and the nutritive value of fried food) affect the stability of oils. As a case study, mustard
oil which is an important ingredient of Indian foods has been taken which is also used as a frying
medium during food preparation. This exposes it to thermooxidative decomposition. The studies
have been extended to turmeric doped mustard oil. Turmeric has been used for doping the mustard
oil since it is the most commonly used Indian spice which is used along with mustard oil during
cooking. Thermal stability of pure and doped sample was studied using oxidation induction period
method [1] presuming that any sort of chemical change will follow the same equation. Plots were
obtained for stability of the sample in air and oxygen atmosphere under different isothermal
temperatures. It has been found that stability of the oil increases with decreasing partial pressure of
oxygen in the reaction atmosphere at lower temperatures. In air atmosphere, the stability is
approximately 3 times higher than in Oz. At higher temperature, the stability is practically
independent of the partial pressure of oxygen. With a rise in temperature the shelf- life of mustard
oil lowers exponentially as has been calculated by the present method, it comes down from 145
days at 0°C to 0 day at 100° C, thus the packaging of mustard oil in oxygen free container/vessel
should be made essential. The Ton remains the most important and primary parameter for assessing
oxidation in edible oil which may also effect other valuable kinetic parameters. In the presence of
turmeric, the stability of mustard oil gets disturbed, apparently, on account of reactions involving
curcumin and different fatty acids. Stability of the doped samples was found to be independent of
partial pressure of O, at higher temperature. This may be because of reactions involving curcumin
and different fatty acids

[1]P. Simon, L. Kolman, J. Therm. Anal. Calorim., 64(2001)813
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Thermal analysis techniques applied to rare earth alloys investigation

Adriana SACCONE

University of Genova, Department of Chemistry and Industrial Chemistry
Via Dodecaneso 31, 16146 Genova, Italy

Thanks to the ample spectrum of their unique properties, rare earth metals have become a
basic component for a vast array of alloys and compounds that are essential in many applications, as
nowadays several technologies, including hybrid electric vehicles, generators in wind power plants,
low energy light bulbs, etc. depend on them to achieve higher efficiency and lighter weight.

This talk will highlight the role of thermal analysis techniques on the experimental
investigation of phase equilibria, phase transformations, thermodynamics of formation of rare earth
alloys, which are the basic tools for understanding properties that are fundamental for their
technological applications [1].

The experimental determination of equilibrium diagrams is frequently a matter of some
difficulty, often requiring a combination of several techniques (among them thermal analysis and
calorimetry playing a central role) always essential for the unambiguous definition of the
equilibrium relationships. The number of phases, their stoichiometry and structural identification,
the equilibria in which they partake, the temperature and composition along the boundary lines or
surfaces are key information that can be attained.

In general, the investigation of alloy phase diagrams meets with a number of difficulties that are
especially remarkable with rare earth alloys [2-5]. These are in particular: the high reactivity of rare
earth metals with oxygen, crucible materials, etc, requiring special handling precautions and a protective
atmosphere; the high sensitivity of the constitutional properties of their alloys for even small quantities
of the most common impurities, and therefore the need for really pure rare earth metals; the high
melting temperatures of several rare earth metals and alloys (particularly those with noble metals and
semimetals); the high vapour pressure and volatility of several of them; the existence, for several rare
earth metals, of different allotropic transformations and their complex interactions with other metals.
These difficulties, several of which are common to other groups of metals such as alkaline earths and
actinides, often having analogous behaviour and reactivity, will be particularly considered with
reference to the systems investigated by the University of Genova research group, with particular
empbhasis on differential thermal analysis and calorimetric measurements.

[1] A.R.Jha, “Rare Earth Materials. Properties and applications”, CRC Press, Taylor and Francis Group,
Boca Raton, USA, (2014)

[2] M.E.Brown, P.K.Gallagher, Eds., “Handbook of Thermal Analysis and Calorimetry. Recent Advances,
Techniques and Applications”, Vol. 5, Elsevier, (2008).

[3] J.-C Zhao (Ed.) “Methods for Phase Diagram Determination”, Elsevier, Oxford, UK, (2007).

[4] D.R.F.West, N.Saunders “Ternary Phase Diagrams in Materials Science”, 3™ Ed. CRC Press, Taylor and
Francis Group, Boca Raton, USA, (2017).

[S] R.Ferro, A.Saccone, “Intermetallic Chemistry”, Pergamon Materials Series, R.W.Cahn Ed., Elsevier, (2008).
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Compressive strength and phase characterizations of Portland
limestone calcined clay cements

Arnon CHAIPANICH, Nalintip SANSUTHUM, Phakin CHOMYEN

Advanced Cement-Based Materials Research Laboratory, Department of Physics and Materials
Science, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand

Today production of Portland cement exceeds 4,000 Mt/y. For every 1 t of Portland cement
produced, approximately 1t of CO; is emitted. Therefore, the research to find other sustainable
materials to replace Portland cement is of great interest. In term of abundant and sustainability,
limestone and calcined clay are seen as possible materials to be used to replace Portland cement in
the long term. In this investigation not only the compressive strength was looked into but also the
phase characterizations to understand the reactions of each material and also when used together.
Calcined clay and limestone were used to replace Portland cement up to 50% by weight.
Thermogravimetric analysis (TGA) of the mixes was carried out at 7 and 28 days to determine the
hydration and pozzolanic reaction occurred during these ages. X-ray diffraction and scanning
electron micrograph was also used in combination with TGA for phase characterizations. It was
found that while calcium carbonate was detected in all the mixes with limestone, calcium
aluminosilicate hydrate (C2ASHg) was found to increase with calcined clay which corresponds with
a decrease in calcium hydroxide. Moreover, interestingly monocarboaluminate phase was found and
became clearer when there was a combination of calcined clay and limestone in the mix.
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UV-cured di/tri(methoxy) vinyl silane modified urethane acrylate
blends for optical coatings: thermal and optical properties

Dana LUCA MOTOC!, Christian DREYER?, Mathias KOHLER?,
Leonid GOLDENBERG?

ITransilvania University of Brasov, 29 Eroilor Av., Romania
2Fraunhofer-Institute for Applied Polymer Research, Kantstrasse 55, Germany

The increase interest on developing controlled optical properties of the acrylic resins to
address a wide range of applications, including gradient-index optics, holographic data-storage,
optical coatings, etc. urge for consistent studies on their material properties (1-3) for different UV
exposure conditions.

The lecture aims to present consistent insights into several di/tri(methoxy) modified PFPE —
urethane acrylate blends as were analysed by infrared spectroscopy, refractometry and DMA. Each
combination was photopolymerized in the presence of 4.8 wt.% Omnirad 2100 photo-initiator with
a 705 mW-cm™ UV-LED light intensity and 390 nm emission, keeping a constant value of 12 mm
for the sample-lamp distance and different curing times under controlled nitrogen atmosphere.

The polymerization progress was monitored on each side of the 300 um films by real time
infrared spectroscopy using a Nicolet 5700 FTIR spectrometer (Thermo Fisher). The refractive
index evolution and thermo-optic coefficient was retrieved by aid of a refractometer at 633 nm. The
films were measured within the prism without any high refractive index interfacial contact agent.

Dynamic mechanical analysis (DMA, TA Instruments) was employed within -40 up to 250
°C in tensile mode at a 1 Hz frequency and a 1 °C/min heating rate. The mechanical transition
temperature was measured at the maximum of the tan & whereas the storage and loss moduli were
investigated.

The results are viewed as indispensable both for the targeted application and for establishing
a route for the photopolymerization process applied to different blends.

[1] Chattopadhyay DK, Panda SS, Raju KVSN. Progress in Organic Coatings, (2005) 54 10.
[2] Esposito Corcione C, Striani R, Frigione M. Progress in Organic Coatings, 2013 76(9) 1236.
[3] Yu AZ, Sahouani JM, Webster DC.. Progress in Organic Coatings, (2018) 122 219
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Thermal and thermophysical analysis of SiC influence on different
polymer matrices

Svetlana DANILOVA-TRETIAK, Kristina NIKOLAEVA,

Liudmila EVSEEVA,
A.V. Luikov Heat&Mass Transfer Institute (HMTI) of the National Academy of Sciences
of Belarus; P.Brovki str., 15, Minsk 220037, Belarus
e-mail: dts@hmti.ac.by

A characteristic trend of many material-intensive industries is to reduce the weight and size
characteristics of products, one of the ways to achieve this is to replace expensive and heavy metal
materials with polymeric ones. It is actual for aerospace industry, microelectronics and a number of
industrial applications. The problem is preservation of the functional quality of materials, such as
mechanical, electrophysical properties. In some cases, thermal stability and thermophysical
properties are equally important. One of the ways to change the thermal properties of polymers is
the introduction of highly heat-conductive fillers.

Silicon carbide, due to its high strength, high thermal conductivity, thermal oxidative
resistance and chemical inertness, is widely used in various areas of solid-phase materials science:
as an abrasive, in creating heating elements in high-temperature furnaces, in sensors etc. Therefore,
investigations aimed at the development of new polymer composite materials filled by silicon
carbide are relevant. The thermal conductivity of crystalline silicon carbide is from 210 to 490
W/(m-K) depending on the polytype. There are papers in which the effect of different
concentrations of silicon carbide on the thermal conductivity of some polymers has been studied
and its increase has been established [1 —4].

In the present lecture more general analysis is presented — the effect of dispersion and
concentration of silicon carbide on the thermal behavior (TG-DSC) and thermophysical properties
(mainly thermal conductivity) (of various polymers: polar and non-polar thermoplastics (polyamide
and low-density polyethylene) and reactoplastics (epoxy resin). The industrial silicon carbide was
used as well as silicon carbide obtained in HMTI by the method of carbothermic reduction of silica
in electrothermal fluidized bed.

Comparison of polymer composites based on different polymer matrices with the same
content of silicon carbide (60 wt.%) showed a different effect of the same filler on the thermal
properties of the composite, which is due to the difference in the nature of the interaction of a
particular polymer with silicon carbide particles and their influence on structure and crystallization
of the polymer matrix.

[1] T. Zhou, X. Wang, M. Gu [et. al.], Polym. J., 41, 1 (2009) 51

[2] W. Zhou, D. Yu, C. Min [et. al.], J. of Applied Polymer Science, 112 (2009) 1695

[3] T. Zhou, X. Wang, X. Liu, D. Xiong, Carbon., 48 (2010) 1171

[4] D. Schen, Z. Zhan, Z. Liu [et. al], Scientific Reports, 7;2606 (2017) doi: 10.1038/s41598-017-
02929-0
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Study of the thermooxidative stability of aged beeswax using
differential scanning calorimetry

Anna VYKYDALOVA, Zuzana CIBULKOVA, Tibor DUBAJ, Peter SIMON
Department of Physical Chemistry, Slovak University of Technology, Bratislava, Slovakia,

e-mail: anna.vykydalova@stuba.sk

Beeswax represents one of the important materials used in the cultural heritage.
Thermooxidative degradation has a bad influence on beeswax stability. Factors affecting the
thermooxidative stability are temperature and oxygen. These factors lead to significant changes in
chemical structures of materials and to the loss of their physico-mechanical properties. Thermooxidation
occurs in two steps: induction period (IP) and oxidation itself. The IP is considered as a measure of
material stability and at the end of the IP sudden changes occur in their properties [1].

The subject of the study was to explore the thermooxidative stability of several types of
beeswax. The first type was beeswax taken from various parts of leg from Saint Ursula statue from
19th century. Trying to assess the degree of statue degradation we compared the results with the
thermooxidative stability of unaged commercial beeswax and samples of beeswax after accelerated
ageing: changing of temperature, three types of constant temperature and in the atmosphere
containing NOx. The thermooxidative stability of all samples was studied using non-isothermal
DSC measurements. Kinetic parameters of the IPs were obtained from the experimental data by
isoconversional method using Arrhenius temperature function and non-Arrhenian Berthelot-Hood
temperature function [1, 2]. These parameters enabled to predict the thermooxidative stability of the
materials. The use of Arrhenius equation gives unrealistically long IPs at room temperature while
the Berthelot-Hood equation provides better results. As expected, the lowest stability had the
sample taken from the surface of the statue, while the other samples from the inner part of the statue
were approximately three times more stable. In addition, the thermooxidative stability of
accelerated aged samples of the beeswax is comparable to that from the inner part of the statue.

Acknowledgement
Financial support from the Slovak Research and Development Agency (APVV-15-0124) is
gratefully acknowledged.
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[1] Simon P, Hynek D, Malikova M, Cibulkovéd Z. Extrapolation of accelerated thermooxidative
tests to lower temperatures applying non-Arrhenius temperature functions (2008) 93: 817-821.

[2] Simon P. Material stability predictions applying a new non-Arrhenian temperature function
(2009) 97: 391-396.
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Chill sensitiveness and thermal analysis parameters relationship in
hypo-eutectic, Ca and Ca-La inoculated commercial grey irons

Eduard STEFAN, Mihai CHISAMERA, lulian RIPOSAN
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Previous experiments shown a specific distribution of Al, La and Ca on the section of
complex (Mn,X)S compounds, found as major nucleation sites for graphite flakes in low-S cast
irons (< 0.03%S), and a possible contribution of La to improve their capacity to nucleate graphite,
avoiding carbides formation. [1] For general application, La,Ca,Al-FeSi alloy has a high efficiency
in low S and Al and higher carbon equivalent grey cast irons, electrically melting, without any other
active elements contribution. For specific applications, more complex La-bearing alloys are
recommended, such as for higher dendritic austenite amount promotion [LaBaZrTi —FeSi alloy] or
for lower eutectic recalescence [LaBaZr —FeSi alloy]. [2]

Thermal [cooling curves] investigations [2 — 7] were undertaken to explore Ca and La-Ca
bearing FeSi alloys inoculation effects [0.25wt.% addition] on solidification parameters, in 3.7 — 3.8%
carbon equivalent and optimum S and Mn relationship in electrically melted iron [0.046 — 0.056%S,
(%Mn) x (%S) = 0.024 — 0.029]. Standard thermal analysis was applied to un - and inoculated cast irons
[10 measurements for each inoculation system]. Representative temperatures on the cooling curves and
under-cooling degrees referring to the meta-stable eutectic temperatures were determined and correlated
with the chill [carbides/graphite formation sensitiveness], in different castings solidification conditions
[1 —4 mm cooling modulus, wedge shape castings, resin sand mould].

It appears that for optimum S and Mn relationship supplementary addition of La to Ca-
bearing inoculants has specific benefits, such as lower eutectic recalescence and of the maximum
recalescence rate, higher GRF; and lower GRF» graphitizing factors and lower value of the first
derivative at the end of solidification, as premise for lower shrinkage formation; lower chill
(carbides) sensitiveness, especially at the highest cooling rate (thin wall castings).

[1] I. Riposan, M. Chisamera, S. Stan, E. Stefan, C. Hartung. 9" Int. Symp. Sci. Proc. Cast Iron
(SPCI-9), 2010, Luxor, Egypt. Key Eng. Mater. 457 (2011) 19

[2] E. Stefan, I. Riposan, M. Chisamera. Proc. 12" European Symposium on Thermal Analysis and
Calorimetry (ESTAC12), Brasov, Romania, August 2018, Paper PS1-158.

[3] S. Stan, M. Chisamera, 1. Riposan, M. Barstow. J. Therm. Anal. Cal. 110 (2012) 1185

[4] L. Riposan, M. Chisamera, S. Stan. J. Therm. Anal. Cal. 132 (2018) 1017

[5] R.V. Sillen RV. Novacast Technologies. 2006. www.novacast.se

[6] D.M. Stefanescu. In J Metalcasting. 9(1) (2015) 7

[7] D. Sparkman, C.A. Bhaskaram. AFS Trans. 104 (1996) 969

KEYWORDS: solidification, thermal analysis, cooling curve analysis, grey cast iron, cooling
modulus, inoculation, ceramic cup, carbides formation sensitiveness
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Modulation of nanoparticle activity and associated complex biological
responses by the nanobiointerface
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When designing a nanovehicle for a specific biomedical application such as diagnostic imaging or
therapy it is necessary to bear in mind that these nanoplatforms will surely interact with the different
components of biological fluids and, in particular, with proteins which will coat the particle surfaces
forming the so-called protein biocorona [1]. In order to account and decipher the nature and complexity of
protein-nanovehicle interactions isothermal titration calorimetry appears, in particular, as a very interesting
experimental tool, which can help to put light in the events taking place [2,3].

On the other hand, these ensembles (nanovechicle + protein corona) will constitute what cells
“see”, and will determine the mutual cell-nanovehicle interactions, their cellular uptake and intracellular
trafficking, thus, conditioning both of their biodistribution and therapeutic response in vivo [4].

Hence, in this talk, we will present several examples on how the modulation of nanovehicle’s
physical properties such as size, shape, surface roughness, or surface functionalization can drastically
influence the interactions and physical-chemical bioactivity of the synthesized nanoplatforms as well as
the induced biological responses.

[1] O. Vilanova, J. J. Mittag, P. M. Kelly, S. Milani, K. A. Dawson, J. O. Radler, G. Franzese. ACS
Nano, 10 (2016) 10842.

[2] R. Huang, B. L. T. Lau Biochim. Biophys. Acta, 1860 (2016) 945.

[3] M. Fernandez-Villamarin, A. Sousa-Herves, J. Correa, E. M. Munoz, P. Taboada, R. Riguera, E.
Fernandez-Megia ChemNanoMat, 2 (2016) 437.

[4] E. Polo, M. collado, B. Pelaz, P. del Pino. ACS Nano 11 (2017) 2397.
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Doubts on popular Kissinger’s method of kinetic evaluation showing
essential misfits such as the difference between the maximum
of reaction rate and extreme of DTA peak

Jaroslav SESTAK
New Technologies - Research Centre of the Westbohemian Region, University of West Bohemia
(NTC-ZCU), Universitni 8, CZ-301 14 Plzen, Czech Republic
Email: sestak@fzu.cz

The famous Kissinger’s kinetic evaluation method (Anal Chem 1957) is examined with
respect to the feasible impact of the individual quantities and assumptions involved, namely the
model of reaction mechanism, f(a) (with the iso- and noniso-thermal degrees of conversion, o and
L) the rate constant, k(T) (and associated activation energy, E), heating B and particularly when
applied under cooling rate, which needs supplementing an additional thermodynamic term for the
melt undercooling, AT, e.g., (3B)/[T?%m (AT)’] = dfia)/do. (A/B) exp {-B/T m (AT)}. Most of all,
the association of the characteristic temperatures with the DTA peak apex adjusted with as cased T
and corrected T peaks. It is shown that the Kissinger’s equation, is disparate to the results of Vold
(Anal Chem 1949) while omitting the term of heat inertia arising from the true balance of heat
fluxes, e.g.,d’o/dt?= (K/H) (d@/dt), (where 0, is the difference in temperature of the centres of the
two samples) explicitly showing the misfit between T, and broadly implemented value of T,. The
absence of this term skews the evaluated values of activation energies. Despite a long lasting history
of kinetic evaluation it is clear that such an important part of DTA peak analysis has been
overlooked at everyday applications despite exhibiting as many as 6000 cutations. It is possibly
caused by the obvious methods simplicity, which provides easy publishable values of activation
energies. It is surprising that anybody who evolved various alternatives of the Kissinger method did
not find any reasons for its criticism.

[1] Kissinger HE. Reaction kinetics in differential thermal analysis. Anal. Chem. 29 (1957) 1702

[2] Vold MI. Differential Thermal Analysis. Anal. Chem. 21 (1949) 683-8.

[3] Budrugeac P, Segal E Applicability of the Kissinger equation in thermal analysis. J Therm Anal
Calorim 88 (2007) 703-7.

[4] Vyazovkin S. Is the Kissinger equation applicable to the processes that occur on cooling?
Macromol Rapid Commun 23 (2002) 771-775

[5] Holba P., Sestdk J. Sedmidubsky D. Heat transfer and phase transition at DTA experiments.
Chapter 5 in book Thermal analysis of Micro-, nano- and non-crystalline materials (J. Sesték, P.
Simon. Editors), Springer Berlin 2013, pp. 99-134. (ISBN 978-90-481-3149-5)

[6] J. Sestak, P. Holba.. Heat inertia and temperature gradient in the treatment of DTA peaks. J
Therm Anal Calorim, 113 (2013) 1633-1643

[7] Holba P, Sestak J. Imperfections of Kissinger evaluation method and crystallization kinetics.
Glass Physics and Chemistry. 40 (2014) 486—495

[8] Sestak J, Is the original Kissinger equation obsolete today - not obsolete the entire non-
isothermal kinetics while ignoring heat inertia? J Thermal Anal Calorim, 117 (2014) 1173-7
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Effect of delayed nucleation on crystallization kinetics
of chalcogenide glasses

Jana SHANELOVA!, Pavla HONCOVAZY, Jifi MALEK!
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Studentska 573, Pardubice, Czech Republic
2 Department of Inorganic Technology, Faculty of Chemical Technology, University of Pardubice,
Doubravice 41, Pardubice, Czech Republic

Chalcogenide glasses are very interesting materials used for their optical and opto-electrical
properties. These materials are used as optical fibres, lenses, sensors and phase change materials.
The knowledge of crystallization process is important for their preparation and utilization. The
crystallization process contains two steps, a creation of nuclei and their subsequent growth.
Whereas the process of nucleation is almost undetectable due to a small size of nuclei, in order a
few crystals. The subsequent crystal growth can be observed using differential scanning calorimetry
(DSC) or differential thermal analysis (DTA). Nevertheless the character of nucleation process has
a significant impact on resulting shape and position of crystallization DSC/DTA peak. Despite this
fact, the nucleation process is rarely studied.

In this contribution the effect of nucleation on resulting DSC curves is analysed for chosen
chalcogenide glasses Se-Te and Sb-Se [1-3]. The analysis is focused on effect of time delayed
nucleation on observed crystallization kinetics studied by isothermal and non-isothermal DSC
method. Also the impact of nucleation behaviour on apparent activation energy is discussed. The
densities of nuclei and crystal growth rates are calculated on the base of model of filling space
introduced in previous work [3] and compared with data obtained by direct microscopy
experiments. Determined values are in a good agreement with direct observation by microscopy.

[1] R. Svoboda, J. Malek, Thermochim. Acta, 610 (2015) 47

[2] P. Honcov4, P. Pilny, R. Svoboda, J. Shan€lova, P. Kostal, J. Bartak, J. Malek, J. Therm. Anal.
Calorim., 116 (2014) 613

[3] P. Honcova, J. Shané€lova, J. Bartdk, J. Malek, P. Kostal, S. Stehlik, Crystal Growth & Design,
16 (2016) 2904
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Characterization of non-isothermal and isothermal vulcanization
kinetics of natural rubber by fast scanning calorimetry

Rui ZHANG!?, Songhan WAN?, Shuwei, CAIY, Bin YANG?,
Amir, ABDELAZIZ?, Xianru HEY", Evgeny, ZHURAVLEV?,
Christoph, SCHICK?™
ICollege of Materials Science and Engineering, Southwest Petroleum University, 610500, Chengdu,
People’s Republic China
’Institution of Physics & Competence Centre CALOR, University of Rostock, Albert-Einstein Str.
23-24 & 25, 18051, Rostock, Germany

Abstract: The wvulcanization kinetics was studied by means of fast scanning chip-
calorimeter (FSC) under non-isothermal and isothermal conditions. By fast temperature controlling,
FSC enable to study non-isothermal vulcanization kinetics up to 9 orders in combination with
differential scanning calorimetry (DSC). Fast heating rates can delay the decomposition process and
lead it shift to higher temperatures. Then the vulcanization behavior even above decomposition
temperature can be measured, which allows to obtain non-isothermal kinetics with broad range of
heating rates. Meanwhile, the FSC chip sensor can largely reduce the heat capacity of holders
comparing with DSC. This enables to quickly achieve equilibrium state when the sample is heated
to isothermal temperatures. Then some thermal parameters can be precisely measured, i.e. induction
time. In this study, natural rubber was used as a suitable sample and some first results will be shown
for illustrating the method as well as validity.
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Thermal degradation of Poly(N,N-dimethylaminoethyl methacrylate).
Kinetics and mechanism

Dawid STAWSKI
Department of Material and Commodity Sciences and Textile Metrology,
L6dz, 90-924, Zeromskiego 116, Poland

Poly(N,N-dimethylaminoethyl methacrylate) (PDMAEMA) is intersting, relatively new
polymer with large amount of important properties. It is a polycation containing tertiary amine
groups and possessing bioactive properties. PDMAEMA is a weak polybase that has interesting
temperature dependent solubility - it has a lower critical solution temperature (LCST), when the
solid polymer is separated from the solution, because of hydrogen bond decomposition
(thermosensitive properties). The LCST of PDMAEMA, which in aqueous solution at neutral pH is
about 50°C, is higher than the human body temperature but could possibly be changed by its
copolymerization with other co-monomers. PDMAEMA has been used in large numebr of different
application including thermoactive.

In that presentation the thermooxidation and pyrolisis process of PDMAEMA was
investigated. The relationship between average moclecular weight and thermal stability was
analysed. The infrared analysis was performed to obtain information on the structure of the solid
residue. The thermal degradation process has a multi step character. The limit temperature for all
decomposition steps were measured. The order of disintegration of the macromolecules was
determined. Activation energy values for each step in both processes have been calculated. The
mechanism of thermooxidation and pyrolis was proposed.
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Thermodynamic analysis and isothermal bainitic transformation
kinetics in lean medium-Mn steels

M. Morawiec?, V. Ruiz-Jimenez?, C. Garcia-Mateo?, A. Grajcar!
ISilesian University of Technology, Institute of Engineering Materials and Biomaterials,
18a Konarskiego Street, Gliwice, Poland
2National Center for Metallurgical Research, Av. de Gregorio del Amo, 8, 28040 Madrid, Spain

High requirements for high strength steels in the automotive industry increase a need for
developing new steel grades. The steels should compromise very good mechanical properties with
the cost of their production [1-2]. This situation put steel making industry with a lot of new
problems concerning a chemical composition and a proper heat treatment of new generation steels.
These problems require the upgraded knowledge of the influence of different heat treatments on a
phase transformation kinetics of the advanced steels [3-4]. These problems need the use of thermal
analysis methods and thermodynamic approaches to determine the effect of thermal profiles on final
microstructure and mechanical properties. One way for this is the use of dilatometric analysis,
which can determine the critical transition temperatures, its rate and various effects undergoing
during the heat treatment [5-6].

The present work shows the use of advanced thermodynamic calculations for determination
of continuous-cooling-transformation diagrams (CCT) for the process of projecting heat treatment
routes for lean medium-Mn steels. The dilatometric analysis was carried out for the experimental
analysis of phase transformation kinetics of 3Mn-1.5Al steel subjected to different isothermal
holding conditions at a bainitic transformation range. The isothermal holding was carried out at
different temperatures (between 350 and 450°C) and different isothermal holding times. Light and
scanning electron microscopy were used for a detailed microstructure analysis.

[1] M. Haupt, A. Dutta, D. Pong, S. Sandlobes, M. Nellessen, G. Hirt, Procedia Engineering, 207,
(2017), 1803-1808

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

[3] Y. Bai, Y. Matsui, A. Shibata, N. Tsuji, Mat. Sci. Eng. A, 743, (2019), 57-66

[4]Y. Zou, Y.B. Xu, Z.P. Hu, S.Q. Chen, D.T. Han, R.D.K. Misra, G.Z. Wang, Mat. Sci. Eng. A,
707, (2017), 270-279

[5] B. Sun, F. Fazeli, C. Scott, B. Guo, C. Aranas Jr., X. Chu, M. Jahazi, S. Yue, Mat. Sci. Eng. A,
729, (2018), 496-507

[6] J. Zhu, R. Ding, J. He, Z. Yang, C. Zhang, H. Chen, Scr. Mat., 136, (2017), 6-10
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The kinetics of water freezing from inorganic salt solution confined
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Marcin KONIORCZYK, Dalia BEDNARSKA
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Pore-confined cyclic water freezing is widely recognized a one of the major phenomena
responsible for the deterioration of natural (stones) and man-made (concrete, brick) materials.
Water solidification is accompanying with the volume expansion, which is the main force driving
additional strain in the skeleton of porous material. The deeper insight into the physical phenomena
related to water phase change allows for the development of the more efficient means and systems
for the protection against the frost-induced degradation of materials.

The Gibbs-Thomson equation [1,2] gives the relation between the depression of water triple
point and diameter of pore confining water. The high accuracy of that equation was verified in
many experimental research, during which the existence of non-freezeable water film was also
reported. The calorimetric technique are recognized as one of the most efficient to investigate the
phase change of the material.

In our study we extended the Gibbs-Thomson equation with the case when the pore liquid is
not the pure water but inorganic salt solution. The entropy equations for various phases of water:
water vapour, liquid water in salt solution, ice were proposed. Combining the Laplace equation,
which gives the mechanical equilibrium at the interface, we finally derived the equation describing
the depression of water triple point assuming that the pore system is occupied with the inorganic
salt solution. Pore system is hardly ever filled with pure water as usually many salt or other
contamination are present. Therefore the equation developed by us more reliable responds to the
real system. Further, using solution of sodium chloride in water, we made the series of experimental
research proving the correctness of the proposed relation.

[1] L. Prigogine, R. Defay, “Chemical Thermodynamics” Longmans, 1952.
[2] L. Dufour, R. Defay, “Thermodynamics of Clouds”, Academic Press, 1963.
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Kinetic study of liquid sodium- calcium hydroxide reaction for safety
assessment of sodium cooled fast reactor
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In an accidental condition postulated for sodium-cooled fast reactor (SFR), sodium—concrete
reaction (SCR) may probably occur when liquid sodium from cooling system spilled into the floor
may lead to fail the steel liner as protector of the structural concretes [1]. The structural concretes of
SFR comprise siliceous concreate as main body of reactor structure and perlite concrete placed
between the steel liner and the siliceous concrete serving as a protector and an insulator. Therefore,
the reaction behaviour between the perlite concrete and liquid sodium in an early stage of SCR
should be focused for obtaining the fundamental information of safety assessment on SCR. The
perlite concrete includes portlandite (Ca(OH)2) and calcite (CaCO3) as in Portland cement.

In this study, thermal behaviour of liquid sodium—calcium hydroxide was investigated using a
differential scanning calorimetry (DSC) equipped with videoscope and placed in a glove box
substituted with argon. The DSC exothermic peak for the Na—Ca(OH); reaction systematically shifted
to higher temperatures with increasing heating rate. Apparent activation energy and pre-exponential
factor for the Na—Ca(OH), reaction were estimated using Kissinger method [2]. Though there is no
kinetic information of Na—Ca(OH), reaction in the legacy database on sodium-limestone concrete
reaction [3], the kinetic parameters for Na—Ca(OH) reaction estimated in this study were comparable
to those of Na—CaCOs reaction. For the Na—Ca(OH), reaction, calcium oxide (CaO) and sodium
hydroxide (NaOH) were detected as major solid products from XRD analysis, which was in good
agreement with the phase diagram of Na—Ca(OH); binary system calculated using FactSage [4].
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Magnesium aluminate and other alumina-based spinels are refractory ceramics with
excellent properties, such as high hardness, high mechanical strength, and low dielectric constant,
applicable in many modern industries. MgAl,O4 was produced by solid state reaction between MgO
and a-AlO3 powders. Mechanical activation represents a very efficient method for increasing the
reactivity of powders, accelerating chemical reactions and decreasing the sintering temperatures.
Mechanical activation of mixed powders was performed in a high-energy planetary ball mill in air
for 60 minutes. Sintering was performed in air at temperatures ranging from 1200°C to 1600 °C
with a 2 h dwell time. Initial powders and sintered samples were characterized using X-ray
diffraction and scanning electron microscopy.

Differential thermal analysis (DTA) and thermal gravimetry (TG) were used to determine the
temperatures for synthesis reactions and phase transformations. Based on the DTA results, several
different processes occured during heating, including evaporation of physisorbed water, decomposition
of Mg(OH),, and spinel formation. With mechanical activation, all characteristic temperatures shifted to
lower values, and peaks were more pronounced. Raman spectra were used to characterize the degree of
inversion as a function of sintering temperature for all of the sintered specimens.
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Temperature functions and induction periods
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Thermoanalytical methods, such as DSC, DTA, TG and chemiluminescence are highly
suitable for the determination of thermal and thermooxidative stability of materials [1]. The stability
can be assessed from the length of induction period (IP) which is a stage where seemingly no
reaction is observed by the technique applied. At the end (or close to the end) of IP, sudden change
of material properties takes place, mostly deterioration, so that the IP is often considered a measure
of material stability [1].

The processes studied by thermoanalytical methods are accelerated by temperature. It should
be an ambition to predict the material stability under application conditions from these accelerated
tests. The predictions severely depend on the temperature function applied. The Arrhenius equation
is known to overestimate the material stability [2] so that it is not suitable for the extrapolation of
accelerated tests to application conditions at ambient temperatures. The Berthelot-Hood function
and our new temperature function [3] appear to be most suitable. After the IP, the predictions are
practically the same obviously due to the equivalence of the temperature functions in the
temperature range of measurements [4]. The stability of material in the solid phase is higher than
that in the liquid phase. Hence, if a phase transition (melting) precedes the main degradation stage,
the assessment of material stability represents the lowest limit.

In accelerated tests, sometimes the IPs are not observed. However, when extrapolating the
results to ambient temperature, it appears that the process exhibits an induction period [5]. This indicates
that the induction period is a stage generally occurring in the processes in condensed phase.
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Several linear and nonlinear isoconversional methods have been applied for following non-
isothermal thermoanalytical data performed under constant heating rates: crystallization of
(GeS2)0.3(Sb2S3)0.7 (4 heating rates), decomposition of ammonium perchlorate (6 heating rates) and
decomposition of poly(vinyl chloride) (PVC) (5 heating rates) and simulated data for two
consecutive first order reactions (12 heating rates). It has been considered some pairs “linear
isoconversional method + nonlinear isoconversional method”. Each “integral pair” corresponds to a
certain approximation of the temperature integral. The values of activation energy (E), error of E
obtained by linear method (ALE) and Fischer confidence interval obtained by nonlinear method
(ArE) applying the procedure suggested by Vyazovkin and Wight [1] have been determined for
each pair of methods, several conversion degrees, and the confidence level of 95%. It has been
obtained that, for a certain pair of methods, (a) ArE values are substantially greater than ALE values,
and (b) the values of E determined by linear method are identical with those determined by the
nonlinear method. The statement (a) is explained by the procedure for ArE evaluation in which it is
assumed that ArE correspond to maximum value of Fischer distribution function. According
statement (b) it is expected that is a relationship between ALE and ArE. Both statements suggest that
the error in E determined by a nonlinear isoconversional method (AE) is equal with ALE. It has been
obtained the following correlation between ALE and ArE valid for all pairs of isoconversional
methods and all considered processes:

AE = ALE = 0.2447(+0.0005)xArE + 0.00037(:0.00001)x(AE)?

This relationship has been verified also for the following sets of thermoanalytical data
performed under arbitrary temperature programs: simulated sinusoidal modulated data,
experimental TG data obtained in investigating thermal decomposition of HDPE under quasi-
isothermal conditions and experimental TG data obtained in investigating thermal decomposition of
LDPE under arbitrary temperature programs.

For thermoanalytical data performed under any temperature programs, the procedure for
evaluation the error of activation energy determinate by a nonlinear isoconversional method
consisting in the following two successive steps: the determination of ArE for confidence level of
95%, and the evaluation of AE by using the above relationship between AE and ArE.
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In-situ visual observation thermal analysis:
STA and DSC equipped with optical microscope
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Thermal analysis, STA or DSC has a wide range of applications to understand thermo-
physical and chemical changes at a "macro-molecular level". The research focuses on the thermo-
analytical methodology based on "In-situ visualization" with thermal analysers to approach the
various material fields.

In-situ visual observation analysis that integrates the optical microscope with the thermal
analysers to observe the change in the materials during thermal process does not only reveal the
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The STA result of inorganic powdered glass material obtained by Rigaku ThermoplusEVO2
TG-DTAS8122 equipped with a sample observation attachment is shown in Fig.1. With the
temperature range of RT~1000°C at a heating rate of 10°Cmin, we can roughly see the DTA
baseline shift due to the glass transition is observed around 565°C followed by the exothermic
crystallization peak around 746°C, without any mass losses during the heating. On the other hand,
the changing complex baselines at 624°C and 650°C on the DTA are observed between the glass
transition and the crystallization. By introducing in-situ sample observation function, it was visually
revealed that the shape changes of volumetric shrinkage take place greatly in this temperature
region. To demonstrate the effectiveness of the developed unique in-situ visual sample observation
function equipped with STA and DSC, the results of the application to several materials will be
presented and discussed.

[1] D. Miyazaki, Y. Mitsui, K. Abematsu, K. Takahashi, K. Watanabe, S. Uda, K. Koyama, Physics

Procedia, 75 (2015) 1324-1331.
[2] T. Arii, Book of Abstracts, ESTAC12, (2018) 65.
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Thermal analysis of the RFX-mod2 operating conditions for
the design of the temperature measurement system
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Important modifications are under implementation in the RFX-mod fusion machine
regarding the magnetic front-end, the vacuum confinement barrier, and the first wall [1]. The
arrangement of the machine components changed by the removal of the former vacuum vessel,
replaced by the larger toroidal support structure vacuum sealed, and by the containment in the
vacuum environment of the shell for passive magnetic stabilisation of the plasma. The material of
the first wall changed to high thermal conductivity polycrystalline graphite in order to reduce the
surface temperature of tiles during plasma pulses; moreover, the first wall conditioning technique
changed to pulse discharge cleaning with pulse frequency for heating within 0.2-0.5 Hz. The active
control capabilities of the plasma improved by increasing the number of magnetic pick-up coils and
electrostatic-magnetic field sensors [1]. All these modifications will allow to investigate new
experimental scenarios in RFX-mod2 with different temperature field in the in-vacuum components
to be monitored and controlled during plasma pulses and first wall conditioning.

Tree-dimensional non-linear transient finite element analyses shown attenuation and delay
of the heat flux through the machine parts, and identified the passive stabilising shell as the
instrumentable component closest to the plasma boundary able to follow the thermal behaviour by
the detection of a temperature variation of 10 °C during a plasma pulse with a response time of
about 200 s. The simulation of a full experimental day with 24 plasma pulses produced the thermal
profiles with local values of the maximum temperatures achieved by the components, so verifying
the compatibility with allowable limits of materials, in particular at the shell supporting rings made
of polyamide-imide and at the vacuum sealing elements made of fluoroelastomer and acrylic foam
[2]. Simulations of the pulse discharge cleaning demonstrated the capability of the system to
provide the required power for first wall conditioning (18 MW) and the need to realise a duty cycle
(1 hour on /3 hours off) limiting the average heat flux and the maximum temperature (60 °C) at the
vacuum vessel sealing elements in order to minimise differential thermal deformations.

Some layouts with different spatial resolutions of the temperature sensors have been
proposed and all of them are able to detect the maximum temperatures expected during operation;
the final layout has been selected considering cabling technology and the design of the signal
feedthroughs i.e. the number of available electrical contacts shared with mechanical and
electrostatic-magnetic field sensors [3]. Cable routing and fixing technique of thermocouples have
been tested on a mock-up of the modified machine so validating sensor realisation and installation.

[1] L. Marrelli et al, Upgrades of the RFX-mod Reversed Field Pinch and expected scenario
improvements, accepted manuscript, Nuclear Fusion, 2019, https://doi.org/10.1088/1741-
4326/ablcba

[2] S. Peruzzo et al, Technological challenges for the design of the RFX-mod2 experiment, in press
corrected proof, Fus Eng Des, 2019, https://doi.org/10.1016/j.fusengdes.2019.01.057

[3] M. Dalla Palma et al, Design and R&D of Thermal Sensors for ITER Neutral Beam Injectors,
IEEE Transactions on Plasma Science, vol 42, number 3, pp 610-615, 2014
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adsorption of water in porous coordination polymers
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Quasi-equilibrated thermodesorption (or QE-TPDA — quasi-equilibrated temperature
programmed desorption and adsorption) was developed by W. Makowski as an experimental
technique dedicated for characterization of micro- and mesoporous materials. QE-TPDA of n-
alkanes has been successfully applied in studies of zeolites [1] and mesoporous silicas [2]. QE-
TPDA measurements are performed by cyclic heating and cooling of a tube containing the sample,
through which the carrier gas (helium containing a small admixture of the adsorptive) flows. The
QE-TPDA profiles contain desorption maxima observed during heating the sample and adsorption
minima recorded while its cooling (Fig. 1).

Liquids showing limited volatility (e.g. water) may be used in the QE-TPDA experiments at
saturation partial pressure corresponding to the lower temperature limit. In effect the QE-TPDA
profiles cover the whole range of the pores and may exhibit features related to emptying and filling
of the mesopores.

In a case study on STAM-1 completely different QE-TPDA profiles of polar and nonpolar
molecules were observed (Fig. 1a and 1b), revealing differences in their adsorption mechanisms.
Partially overlapping profiles of water recorded at different heating/cooling rates were attributed to
a phase transition of the adsorbent/adsorbate system, resulting in the gate-opening effect [3]. Its
experimental temperature was well reproduced in the GCMC molecular simulations (Fig. 1c).
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Fig. 1. The QE-TPDA profiles of water (a) and hexane (b) on STAM-1 represented as plots of the
specific sorption rate (ssr). (¢) Experimental adsorption isobars of water (2700 Pa) obtained from
the QE-TPDA data, compared with the ones calculated in of GCMC simulations [3].

[1] W. Makowski, Thermochim. Acta, 454 (2007) 26

[2] W. Makowski, L. Chmielarz, P. Kustrowski, Micropor. Mesopor. Mater., 120 (2009) 257

[3] A. Stawek, J. M. Vicent-Luna, B. Marszatek, B. Gil, R. E. Morris, W. Makowski, S. Calero,
Chem. Mater., 30 (2018) 5116
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Knowledge of the conditions that must be met to predict the occurrence of thermal runaway
is pertinent for a large number of applications [1]. The occurrence of thermal runaway is controlled
by two competing phenomena: the exothermic reaction that tends to increase the local temperature,
and heat dissipation that lowers the temperature through heat conduction [1]. Any thermal runaway
must be initiated by a so-called “ignition” event. Two different igniting modes are considered [2].
In the “self-propagating high temperature” mode, ignition is created locally by an external and
localized energy source [3]. In the “thermal explosion” mode, the reactants are heated to a
temperature where the reaction becomes unstable [4].

Recently, a critical condition has been derived that takes into account reactant consumption,
realistic geometries and constant heating conditions [5,6]. Therefore, the occurrence of thermal
explosion can be predicted provided that the system parameters are known: mass, container
geometry, activation energy, thermal conductivity, heat capacity, heat of reaction and density.

In this communication we will show that thermal analysis (TA) allows to determine the
parameters related to heat generation and dissipation. In addition, TA allows to detect the
occurrence of a thermal runaway during different temperature programs and sample masses. In
particular, we will apply TA to analyse thermal explosion in a Ce triethanolamine complex.

[1] A.G. Merzhanov, B.I. Khaikin, Theory of combustion waves in homogeneous media, Prog.
Energy Combust. Sci. 14 (1988) 1-98.

[2] A. Varma, A.S. Rogachev, A.S. Mukasyan, S. Hwang, Combustion Synthesis of Advanced
Materials: Principles and Applications, Adv. Chem. Eng. 24 (1998) 79-226.

[3] C.-L. Yeh, Combustion Synthesis: Principles and Applications, in: K.H.J. Buschow, R.W.
Cahn, M.C. Flemings, B. Ilschner, E.J. Kramer, S. Mahajan, P. Veyssiere (Eds.), Encycl. Mater.
Sci. Technol., 2nd ed., Elsevier, Oxford, 2010: pp. 1-8.

[4] L. Thiers, A.S. Mukasyan, A. Varma, Thermal explosion in Ni-Al system: influence of reaction
medium microstructure, Combust. Flame. 131 (2002) 198-209.

[5] D. Sanchez-Rodriguez, J. Farjas, P. Roura, The Critical Condition for Thermal Explosion in an
Isoperibolic System, AIChE J. (2017). doi:10.1002/aic.15727.

[6] D. Sanchez-Rodriguez, J. Farjas, P. Roura, The critical conditions for thermal explosion in a
system heated at a constant rate, Combust. Flame. 186 (2017) 211-219.
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Polymer glasses confined at the nanometer scale may, in some conditions, show decoupling
between non-equilibrium dynamics and molecular mobility [1]. This marks a difference with bulk
glassy polymer, for which such decoupling is not observed and, instead, both aspects of the glass
dynamics are fully related [2]. At the same time, recent works on various bulk glasses have reported
another intriguing aspect of glass dynamics with the existence of different mechanisms of
equilibration [3-4]. The observation of these mechanisms generally requires extremely long
annealing times, whereas in confinement the annealing time scales are substantially reduced [5].
The existence of intermediate metastable states contrasts with the single decay toward equilibrium
observed when physical aging is performed close to the glass transition [6].

In such context, we employed Fast Scanning Calorimetry (FSC) to investigate 1) vitrification
kinetics over a wide range of cooling rates and ii) molecular mobility of poly(4-tert-butylstyrene)
(PtBS) confined at the micrometer scale. This polymer is known to show the largest glass transition
temperature (T¢) depression under nano-confinement [7]. In this study [8], typical characteristic
length were ranging from 6 down to 2 um. Vitrification kinetics was characterized assessing the
thermodynamic state achieved after a cooling rate ranging from 0.1 K.s! to 1000 K.s! through the
limiting fictive temperature (Tr) [9]. The molecular mobility was analyzed using the complex
specific heat obtained through the step response analysis [10].

Our results show an exceptional drop of Tr. This can be as large as 80 K for the smallest
sample. Such depression is associated to a fast mechanism of (de)vitrification — well separated from
the “standard” a process - which can show up 100 K below the glass transition region. In contrast,
the molecular mobility is observed to behave bulk-like regardless of the sample size. The latter
outcome highlights a marked decoupling between vitrification kinetics and molecular mobility.

[1] D. Cangialosi, A. Alegria, J. Colmenero, Progr. Pol. Sci. 54, 128-147 (2016)

[2] J. E. K. Schawe, J. Chem. Phys. 141, 184905 (2014)

[3] D Cangialosi, VM Boucher, A Alegria, J Colmenero Phys. Rev. Lett. 111, 095701 (2013)

[4] L. Pradipkanti et al. Phys. Chem. Chem. Phys. 19 (2017) 29263-29270

[5] V. M. Boucher, D Cangialosi, A Alegria, J] Colmenero J. Chem. Phys. 146, 203312 (2017)

[6] E. Lopez, S. L. Simon, Macromolecules 49, 2365-2374 (2016)

[7] C. J. Ellison, M. K. Mundra, and J. M. Torkelson, Macromolecules 38, 1767-1778 (2005)

[8] X. Monnier, D. Cangialosi, Phys. Rev. Lett. 121, 137801 (2018)
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In order to clarify the fundamental properties of periodates, which are promising alternatives
to perchlorates widely used as energetic materials, the thermal decomposition behaviour of KIO4
and its mixture with lactose was investigated using differential thermal analysis (DTA; open
system) and IR and Raman spectroscopy. In addition, their physical hazard was screened by sealed
cell-differential scanning calorimetry (SC-DSC).

In KIO4/lactose mixed at the stoichiometric composition of 81/19 by mass, three exothermic
peaks at approximately 190, 340, and 450 °C were observed (Fig. 1b). Referring to the DTA result
of KIO4 alone (Fig. 1a) and the change in spectrum with heating temperature, the three peaks are
considered to be attributed to oxidation of melted lactose (KIO4 + lactose = KIO3 + products) for
the first peak, decomposition of unreacted KIO4 (KIO4 = KIO3 + 1/2 O») for the second peak, and
oxidation of decomposition residue of lactose by KIO;3 for the third peak. On the other hand, in a
lactose-rich composition, the second and third peaks were hardly observed (Fig. 1¢). The value of
AT1/AT», which is the ratio of maximum AT of the first peak to that of the second peak, became a
maximum at 60/40 (Fig. 2a), suggesting that an ample amount of lactose can consume a majority of
KIO4 at comparatively low temperature (around 190 °C) in gas phase reaction. Also, when the
predicted shock sensitivity (SS’) was calculated based on Yoshida’s method!!! using SC-DSC
results, the samples having a mass ratio of 60/40—80/20 indicated positive SS’ values (Fig. 2b),
meaning that the shock sensitivity may be higher than that of the standard material, m-
dinitrobenzene. The SS’ value was the highest in a lactose-rich composition rather than
stoichiometric composition.
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Fig. 1 DTA results of KIO4/lactose Fig. 2 Reactivity between KIO4 and
mixture having various mass ratios. lactose and estimated shock sensitivity

for various mixture mass ratios.

[1] T. Yoshida, F. Yoshizawa, M. Ito, T. Matsunaga, M. Watanabe, M. Tamura, Sci. Technol.
Energ. Mater., 48(5) (1987) 311.
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Energetic ionic liquids (EILs), ionic liquids with high energetic materials, are promising
new liquid rocket propellants as alternative of hydrazine due to their high energy content and low
volatility [1]. We have been developing energetic ionic liquid propellants (EILPs) for small
satellites based on ammonium dinitramide (ADN) which is one of the high energetic materials. Our
past study [2] showed that some ratio of mixture of ADN (melting point = 93 °C), methylamine
nitrate (MMAN) (melting point = 110 °C), urea (melting point = 133 °C) forms high energy and
combustible EILs even below room temperature.

This study focused on exothermic reaction in condensed phase of the ADN-based EILs. It is
known that CuO promotes the thermal decomposition of ADN [3]. In this study, the influences of
copper compounds on condensed phase reaction were investigated by analyses of thermal behaviour
and evolved gas. When the ADN-based EILs heated at 5 K min' under helium flow with
thermogravimetry-thermal analysis-mass spectrometry (TG-DTA-MS), one exothermic peak with
mass loss was observed at 140-230°C. Basic copper nitrate (BCN) dissolved in the ADN-based
EILPs up to approximately 2 wt%. In the results of the ADN-based EILs with BCN, although the
onset temperature of the exothermic reaction was almost same as the ADN-based EILs without
BCN, a new exothermic peak which is thought to be from the decomposition of copper ammine
nitrate was observed at around 180°C. In the case of presence of copper wool, the onset temperature
was markedly lowered due to generation and decomposition of highly reactive compound, copper
dinitramide. Since the EILs combusts using heat and evolved gas from the condensed phase
reaction, these results contribute to the developing ignition system of rocket engine.

This work was supported by The Foundation for the Promotion of the Industrial Explosives
Technology and funds (No. 177106) from the Central Research Institute of Fukuoka University.
[1] Q. Zhang, J. M. Shreeve, Chem. Rev., 114 (2014) 10527

[2] H. Matsunaga, H. Habu, A. Miyake, Sci. Tech. Energetic Materials, 78 (2017) 65
[3] H. Matsunaga, Y. Izato, H. Habu, A. Miyake, J. Therm. Anal. Calorim., 121 (2015) 319
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Ammonium nitrate (AN) is widely used as a fertilizer ingredient because it is relatively
inexpensive. Unfortunately, tragic accidental explosions involving AN have occurred in the past
[1,2], including an incident at a West Fertilizer Company storage facility in Texas in 2013 that
killed 14 and injured 260 [2]. Following this accident and others, the use and storage of AN have
been strictly regulated. This background emphasizes the need to improve our ability to prevent
accidental AN explosions. AN is also used as an oxidizer in industrial explosives because it releases
almost 100% gaseous products upon reaction and has a positive oxygen balance (+20.0 g g'!). In
addition, AN has been considered as an alternative to ammonium perchlorate as a solid rocket
propellant oxidizer. However, the poor combustion properties of AN, including low ignitability and
sluggish burning rates under low pressure conditions, have prevented the application of AN-based
propellants to date. As a result, there have been many studies aimed at improving the combustion
characteristics of AN in combination with various catalysts or fuels Despite this prior work, the
combustion properties of AN-based propellants still require improvement.

Fully understanding of reaction mechanism of AN is an essential factor at both views of safe
and effective use. To this end, we examined decomposition mechanism of ammonium nitrate based on
both theoretical and practical approaches. We developed and improved a detailed kinetic model based
on quantum chemistry calculations with various level of theory, and then we simulated the AN
decomposition to investigate the thermal decomposition behaviors. We then validated the model by
comparison with results obtained from experimental thermal analysis (DSC) and evolved gas analysis
(TG-DTA-MS), and proposed a theoretical mechanism for the decomposition of aqueous AN.

[1] Oxley JC, Smith JL, Wang W. Compatibility of ammonium nitrate with monomolecular
explosives. Part II nitroarenes. J Phys Chem. 1994;98:3901-7.

[2] Dechy N, Bourdeaux T, Ayrault A, Kordek M, Coze JL. First lessons of the Toulouse ammonium
nitrate disaster, 21st September 2001, AZF plant, France. J Hazard Mater. 2004; 11:131-8.
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Due to the ever rising demand for energy, the fossil fuel consumption has not decreased.
Although aims are set towards new and sustainable energy sources, change of that scale takes time.
Therefore, oil shale is still widely used and solid residues like ash are still produced in large
quantities. As a result, new ways of utilizing the produced ash are being investigated. The properties
of the different ash flows are well characterized and it is known, that oil shale ash contains high
levels of Ca [1,2]. Different uses like recovery of metals and landfilling as well as cement
production have been proposed.

The most important requirements for a thermochemical energy storage material are its
ability to store heat through endothermic reactions and the possibility of an exothermic reaction
between with a gaseous component. As shown by Jahromy et al., due to the rich composition of oil
shale ash, it is believed that ash could be used as a potential thermochemical energy storage
material [3].

In this paper, we investigated the possibility and potential of utilizing Estonian oil shale ash,
rich in CaO, as a thermochemical energy storage material. The investigated samples included the
sources of main ash flow — furnace and electrostatic precipitator ash from two power plants utilizing
circulating fluidized bed technology. Also the ash from the economizer was analyzed. The samples
were characterized through elemental and chemical analysis and XRF, and subjected to thermal
analysis in either mixtures or pure environments of N2, CO2 and H>O.

The potential for TCES is analyzed mostly through calorimetry. The results indicate the
existence of two endothermal peaks. As expected, mass loss steps for dehydration of minerals or
some small traces of organics and the decomposition of carbonate minerals were noticed. The
extent of decomposition of carbonate minerals is different due to the differences in the technologies
— mainly the used temperatures. These results indicate that there is potential for utilizing Estonian
energy industry waste as thermochemical energy storage materials.

[1] Pihu T, Konist A, Puura E, Liira M, Kirsimde K. Properties and environmental impact of oil
shale ash landfills. Oil Shale. 2019;36:257-70.

[2] Leben K, Mdétlep R, Paaver P, Konist A, Pihu T, Paiste P, et al. Long-term mineral
transformation of Ca-rich oil shale ash waste. Sci Total Environ. 2019;658:1404—15.

[3] Setoodeh Jahromy S, Jordan C, Harasek M, Wermer A, Winter F, Azam M. Fly ash from municipal
solid waste incineration as a potential thermochemical energy storage. Energy & Fuels. 2019;
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Compared to heavier fossil fuels, which lead to emit large amounts of greenhouse gases into the
atmosphere and accelerate the global warming, natural gas is considered as a much cleaner energy
source. There are several procedures for the storage and transportation of natural gas, including
adsorbed natural gas (ANG) compressed natural gas (CNG), solidified natural gas (SNG) and liquefied
natural gas (LNG). Among these procedures, SNG technology is the most promising alternative to store
and transport natural gas in the form of hydrates, which is based on hydrate formation and dissociation
cycles. The SNG technology provide several great advantages, including: the hydrate formation is
environmentally friendly due to the use of water and a small amount of additives, the molecular form of
gas will be maintained in the hydrate form, 1 m® of hydrate will store ~160 m* of gas at STP condition
and gas hydrates can be stored at ~-25 °C and atmospheric pressure. Finally, the gas hydrate-storage
strategy will provide a safer technology due to non-explosive nature of the gas hydrate. However, the
most important limitation that hinders this technology for large-scale applications is the low rate of
hydrate formation, which results in low final gas absorption. One of the ways to overcome this
constraint is using some additives to enhance gas hydrate formation kinetics. In this work, ethylene
diamine tetraacetamide (EDTAM) was developed as a new promoting agent for methane storage. The
effect of EDTAM on methane hydrate formation parameters was evaluated by high-pressure micro
differential scanning calorimeter (HP-DSC) and high-pressure autoclave cell at 2 °C and 8.0 MPa as the
static and dynamic conditions, respectively. The results demonstrated that the onset temperature of
methane hydrate formation was increased from —14 °C in the pure water system to —3 °C by adding 0.5
wt % EDTAM. The average conversion of water to hydrate was multiplied by a factor of 20.0 (from 3.2
wt % in pure water to 64.0 wt % in EDTAM solution) due to the presence of 0.5 wt % of EDTAM.
Moreover, the EDTAM reduced induction time of methane hydrate formation by a factor of 4 in
comparison with pure water in both static (DSC experiments) and dynamic (autoclave experiments)
conditions. Also, EDTAM increased considerably the amount of consumed mole of methane, especially
during the first stage of hydrate growth. Unlike surfactants, the addition of EDTAM does not induce
formation of large amount of foam in the hydrate formation/dissociation process. All obtained results
confirmed that the EDTAM is an efficient and prospective promoter for methane hydrate formation.

This work was supported by the Russian Foundation for Basic Research Project No. 18-05-70121.

[1] M. Varfolomeev, A. Farhadian, Z. Abdelhay, D. Emelianov, A. Delaunay, D. Dalmazzone. Ind.
Eng. Chem. Res. 2019, 58, 7752—7760
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Gas hydrates are known as one of the major flow assurance issues [1]. The multistage of
nucleation process can be due to various causes. The simplest event is the two-stage process of
hydrates formation from gas mixtures, which can be explained by the sequential formation of two
hydrates with different structures [2]. The interpretation of this process can be complicated if
several events of primary and / or secondary nucleation can be present in the system. In water-in-oil
emulsions it can be observed when each drop or an ensemble of drops acts as an individual
microreactor. It can results in several exothermic effects on a thermal curve. Latent crystallization is
also possible here, it will correspond to individual nucleation events on different drops, but without
any detectable thermal effects [3]. If the process of secondary nucleation is possible in the sample,
multiple exothermic effects can also be observed on the thermal curve [4]. In this case, the nature of
the observed phenomenon will be completely different, namely crystallization on the newly formed
nucleation centers (seeds), which are the crystals of hydrates. This behavior can be caused by: a) the
germination of crystals from drop to drop; b) the entry into the reaction zone of unreacted water, for
example, covered with a hydrate crust (it can be observed in water-in-oil emulsions when hydrate
particles collide with each other). Other alternative to explain the multistage nucleation process can
be the formation of supercritical nuclei on various surfaces, which are present in the system, or
phase transitions in nuclei [5]. The identification of main stages of the process of gas hydrates
nucleation in petroleum media allows determining the rate-limiting stages of this process and
methods to influence them.

This research was performed with financial support from the Russian Science Foundation (grant /e 17-17-
01085).

[1] E. D. Sloan, C. A. Koh, “Clathrate Hydrates of Natural Gases”, CRC Press (Taylor and Francis
Group): Boca Raton, FL, (2008)

[2] T. Uchida, M. Moriwaki, S. Takeya, 1. Y. lkeda, R. Ohmura, J. Nagao, H. Minagawa, T.
Ebinuma, H. Narita, K. Gohara, S. Mae, AIChE J., 50 (2004), 518

[3] D. Clausse, E. Y. Wardhono, J. L. Lanoiselle, Colloids Surf. A, 460 (2014) 519

[4] M. E. Semenov, A. Yu. Manakov, E. Yu. Shitz, A. S. Stoporev, L. K. Altunina, L. A. Strelets,
S. Ya. Misyura, V. E. Nakoryakov, J. Therm. Anal. Calorim., 119 (2015) 757

[5] A.S. Stoporev, A.P. Semenov, V.I. Medvedev, B.I. Kidyarov, A.Yu. Manakov, V. A.
Vinokurov, J. Therm. Anal. Calorim., 134 (2018) 783

83



OP1.22 Oral Presentations 1

Synthesis and catalytic activity of cyanophenoxy- substituted
phthalocyaninates of d- and f- metals

Dmitry ERZUNQV, Tatiana TIKHOMIROVA, Arthur VASHURIN

Ivanovo State University of Chemistry and Technology, Ivanovo, Sheremetevsky ave., 7, 153000,
Russia

Phthalocyanines and their derivatives are used in such areas as catalysis, optics, electrical
engineering, medicine. Highly effective catalysts, sensitizers, dyes and pigments, PDT applications,
all of the above are not a complete list of specific examples of using materials based on compounds
of this class. It is the structure of the phthalocyanine macro ring that causes the described structures
to have promising spectral, fluorescent, catalytic, and many other properties. The study of these
properties and the identification of the relation between them and the nature of peripheral
substituents is a key factor opening the possibility of correct usage of materials based on
phthalocyanine-type structures.

The work involved presents synthesis of cyanophenoxy- substituted phthalocyaninates of d-
and f- elements of various structure as well as the study of their catalytic properties in the reactions
of organic substrates degradation.

The synthesis of macrocycles was carried out by means of template fusion in the case of d-
elements and under milder conditions in a high-boiling solvent, for complexes of f-metals. The
complexes were purified by column and gel-permeation chromatography. The structure was
confirmed using MALDI-TOF mass spectrometry, NMR, IR and electron absorption spectroscopy.
Further, the spectral characteristics of the compounds in DMF, DMSO, pyridine, chloroform and
acetone were studied. In a weakly coordinating solvent (chloroform), thermodynamics of the extra-
coordination processes of small organic ligands was studied by the example of interaction with
pyridine, pyrazine and DABCO. It was determined the complexes with the phthalocyanine : ligand
=1 : 1 ratio correspond to the most stable structure. The highest values of fluorescence quantum
yields as a result of studies have shown zinc complexes. As a result of studying the catalytic
properties using the example of a model reaction of sodium diethyldithiacarbamate degradation, it
was found the values of catalytic activity decrease in the series Co > Cu > Zn > Ni. The study of the
thermal stability of these catalysts has shown the possibility of their use in real systems.

This work was supported by the Russian Science Foundation, the project 17-73-20017.
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Tetramethylthiuram disulfide (TMDT) exhibit valuable properties in terms of synthetic or
biological processes. They are used as fungicides, components of a drugs needed for healing alcohol
addiction and human immunodeficiency. It is also known to use ADAMIO enhancers in the
diagnosis of Alzheimer's disease. TMDT has an application of accelerator of vulcanization of
rubber compounds on the basis of natural and synthetic rubbers of diene type and medicines against
drug addiction. Synthesis of TMTD is easily performed via liquid-phase oxidation of N,N-
diethylcarbamodithiolate (DTC) within alkali medium in presence of catalyst, although there are
difficulties regarding oxidation process control.

Transition metal complexes with substituted phthalocyanines are known to be promising
catalysts for the conversion of DTC to TMTD. The usage of metal phthalocyanine catalysts makes
it possible to selectively oxidize DTC to TMTD under mild conditions. Giving solubility to metal
phthalocyanines in aqueous solution is achieved by introducing sulfo- groups into peripheral
substituents. However, a significant drawback of water-soluble metal phthalocyanines is a strong
aggregation in solution, which leads to a decrease in their catalytic properties when conducting the
reaction in a homogeneous liquid-phase medium.

Immobilization of metal phthalocyanines on the surface of solid phase carriers allows one to
obtain hybrid materials for heterogeneous catalysis. In the present work, a series of hybrid materials
was obtained by immobilizing a series of cobalt phthalocyanates on the surface of modified silica.

The resulting materials were tested as heterogeneous catalysts for the liquid phase oxidation
of DTC to TMTD. It was found an increase in the size of the peripheral substituent in the
phthalocyanine macrocycle and its removal from the surface of the silica leads to a decrease in the
aggregation of the catalyst. The efficiency of catalytic action for materials reaches up to 90%.

The study of materials involved thermal stability using the DSC and TG methods showed
the destruction proceeds in several stages. At the first stage, the adsorbed water is removed. The
next stage for all compounds is in the temperature range of 300-500 °C and is due to the rupture of
the bond between the active component of the catalyst and the solid phase carrier. In the range of
600-700 °C, the catalyst itself is completely destroyed. Thus, the resulting materials can be used in
the process of obtaining TMTD, which flows up to 200 °C.

This work was supported by the Russian Science Foundation, the project 17-73-20017.
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Topic of porous metal-organic frameworks (MOFs), has been one of the fastest growing
fields in chemistry during the past decade. The driving force behind are superior characteristics and
properties of porous MOFs compared to traditional inorganic porous materials as well as their
applications in gas storage', catalysis?, drug delivery® or other fields.

However, to prepare MOF with superior textural characteristics (large surface area, open
and accessible porosity), the optimal conditions for sample activation have to be find. In our
contribution we will show, how the methods of thermal analysis (TG/DTA-MS), can be used to
optimise the textural properties of the MOFs. Thermal properties of novel MOFs were studied by
simultaneous thermal analysis (TG-DTA) using Netzsch 409 PC apparatus, coupled with Aé&olos
Quadrupole Mass Spectrometer and powder XRD during in-situ heating.

In our contribution we will show, how the above-mentioned techniques were used to find
optimal activation properties for MOFs, which touch the energy sector. The areas of our interest
with MOFs and energetic applications concerned the magnetocaloric effect (MCE) and cryogenic
magnetorefrigeration, where we studied three solvent (X) exchanged samples
[GA(BTC)(H20)]-X} . Another area, where MOFs touch the energy sector is gas adsorption and
separation. From this point of view we will present the use of thermoanalytical methods in
activation of  several porous MOF, eg  {[Pbs(MTB)(H20)4]-:5DMF-H,0}, or
[Ln(BTC)(H20)]-DMF}, (Ln = Ho(IlI), Tm(III)), Ce(I1), Lu(III)).
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[1] M. Almasi, V. Zelendk et al., Inorg. Chem., 57 (2018) 1774
[2] M. Almasi, V. Zelendk et al., Cat. Today, 243 (2015) 184
[3] M. Almasi, V. Zelendk et al., Inorg. Chem. Commun., 93 (2018) 115

86



Oral Presentations 1 OP1.25

Characterization and kinetics of coal combustion:
Effect of particle size

Mustafa Versan KOK?!, Betul YILDIRIM?
'0rta Dogu Teknik Universitesi, Universiteler Mah., Dumlupinar Blv, No. 1,
06800, Cankaya / Ankara, Turkey
’Department of Earth Science and Engineering, Imperial College,
London SW7,2AZ, UK

In this research, the effect different mesh size on the combustion of Saray (Thrace region-
Turkey) coal sample is studied by thermogravimetry (TG-DTG) at different heating rates. TG-DTG
curves revealed two main reaction regions known as evaporation of moisture and carbonization at
each heating rate studied.

Two main reaction regions were identified in coal sample of different particle size known as
evaporation of moisture and carbonization at each heating rate studied. Depending on the different
particle size it was observed that reaction intervals and corresponding peak and burn-out
temperatures are increased as the heating rate is increased.

Kinetic analysis of the Saray coal sample of different mesh sizes are determined using
model fitting methods (Arrhenius and Coats & Redfern) and iso-conversional methods (Ozawa -
Flynn - Wall and Kissinger - Akahira - Sunose). The results are discussed from the point view of
heating rate and particle size. In general, there was no general trend in the activation energy values
from the point of heating rate.

[1] M.V. Kok, J. Therm. Anal. Calorim., 79-1 (2005) 175
[2] M.V. Kok, J. Therm. Anal. Calorim., 64-3 (2001) 1319
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The removal of pollutant molecules from industrial effluents has been receiving increasing
attention, as legislation surrounding the release of contaminated effluents has become more
stringent. Among numerous abatement techniques, Advanced Oxidation Process techniques (AOP)
are gaining ground, as they are able to attack even the most recalcitrant compounds [1]. In the
literature, a large number of these methods have recently appeared. Many of them use ultraviolet
radiation (UV), either on its own or in combination with photocatalyzers, Fenton reactions and other
similar methods [2].

Moreover, it is well documented that the simultaneous application of microwave (MW)
power and UV light leads to better results in photochemical processes [3].

In this work an innovative photochemical reactor for simultaneous MW/UV delivery, with
or without H>O», is presented and results for photodegradation of some molecular pollutants are
reported (Acid Orange 7, Atrazine, Rhodamine B).

In particular, kinetic analysis of the degradation process has been carried out, demonstrating
that an indirect reaction of atrazine with an OH radical is dominant at low concentrations of H20»
and a direct reaction of atrazine with H20O is dominant when the concentration of H>O> is more than
200 mg/L.

The innovative configuration of the reactor allowed us to determine the activation energy of
the Rhodamine B degradation process, even in the presence of microwave radiation.

[1] S. Vilhunen and M. Sillanpaa, Reviews in Environmental Science and Biotechnology, 9 (2010) 323.
[2] R. Mohammadi, B. Massoumi, and M. Rabani, International Journal of Photoenergy, Article ID
514856 (2012).

[3] N. Ta,J. Hong, T.F. Liu, C. Sun, Journal of Hazardous Materials, 138 (2006) 187—194.
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Deep eutectic solvents (DESs) are an emerging class of green solvents, which are considered
complementary to ionic liquids (ILs) [1]. Differently to these latter, DESs are not fully composed
by ionic species; nevertheless they show physicochemical properties similar to imidazolium-based
ILs [2].

DESs are usually high viscous liquids with a melting point lower than that of each
individual component. The main peculiarity of DESs regards the capability of forming homogenous
eutectic mixtures thanks to the formation of intermolecular hydrogen bonds between their
components [1,2]. DESs belong to the green solvent family as a result of very attractive features
such as their very simple preparation, low cost, high yields and the fact that further purification
steps after their preparation are not needed. Some important current applications of DESs cover the
following research fields: carbohydrates treatment like isolation, chemical transformation or
modification of biomass, synthesis and fabrication of materials (polymers, metal processing and
nanomaterials), novel extraction processes of bioactive compounds, and biotechnological and
biological applications [1-4]. Particular attention must be paid to the combined use of DESs and
microwaves (MWs); MW-assisted processes using DESs as solvent media can offer several
advantages as for instance low energy consumption, fast processing times and high dissolving
properties in a sustainable and green way.

In this work, a family of DESs based on choline chloride as hydrogen bond acceptor and
two different kinds of hydrogen bond donors (polyols and acids) were prepared and their
intermolecular arrangement was fully characterized by NMR (!3C, 'H) and FTIR spectroscopy. The
microwave interaction of all the DESs prepared and of their single components was evaluated by
the experimental determination of the temperature profiles of the solvents under a constant MW
power applied during a fixed time interval. The thermal behavior and the analysis of the evolved
gas during the DESs thermal decomposition, which are not well described yet in the literature, were
also assessed by TG-FTIR analysis, providing a further insight into the life cycle of DESs.

[1] E.L. Smith, A. P. Abbott and K. S. Ryder, Chem. Rev., 2014, 114, 11060-11082.

[2] Q. Zhang, K. De Oliveira Vigier, S. Royer and F. Jérome, Chem. Soc. Rev., 2012, 41, 7108—
7146.

[3] S. C. Cunha and J. Fernandes, Trends Anal. Chem., 2018, 105, 225-239.

[4] M. Zdanowicz, K. Wilpiszewska and T. Spychaj, Carbohydr. Polym., 2018, 200, 361-380.
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In Organic photovoltaics (OPV), the active layer is constituted of a donor and an acceptor
material. The phase structure and the interface between these two materials will strongly influence
the performance. To improve the efficiency, the bulk heterojunction concept was developed, in
which the active layer has a co-continuous nanoscale morphology. The phase behaviour of the
components is therefore of high importance. During the synthesis of the molecules involved, side
reactions, such as homocoupling defects, may occur. This can lead to a decrease in the final device
efficiency [1]. It is therefore important to devise a way to detect and quantify them in the material.

Rapid Heat-Cool DSC (RHC) can be used as a dedicated technique for the construction of
state diagrams of systems used in OPV active layers [2]. RHC allows for a relatively wide range of
heating and cooling rates, thanks to its unique infrared furnace design and small sample size (ca.
250 pg). Using this technique, a state diagram was constructed for mixtures of p-DTS(FBTThz).
and its homocoupled side product, displaying a clear eutectic behaviour of the mixtures. This state
diagram shows that even small amounts of these defects will have a significant effect on the thermal
behaviour of the material. RHC proved to be a very useful technique for understanding the
influence of the impurity on the processing of its OPV blends.

[1] Vangerven T, Verstappen P, Patil N, D’Haen J, Cardinaletti I, Benduhn J, Van den Brande N,
Defour M, Lemaur V, Beljonne D, Lazzaroni R, Champagne B, Vandewal K, Andreasen JW,
Adriaensens P, Breiby DW, Van Mele B, Vanderzande D, Maes W, Manca J, Chem. Mater., 28
(2016) 9088-9098

[2] Demir F, Van Den Brande N, Van Mele B, Bertho S, Vanderzande D, Manca J, Van Assche G,
J. Therm. Anal. Calorim. 105 (3) (2011) 845-849

[3] Zhao J, Swinnen A, Van Assche G, Manca J, Vanderzande D, Van Mele B, J. Phys. Chem. B,
113(6) (2009) 1587-1591
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We found that probenecid (PRO), an uricosuric drug [1], and the coformer benzamide form
a cocrystal [2] that enhances the pharmaceutical properties (solubility and dissolution rate) of the
pure drug. The study of this binary system gives an excellent example of the power and the limits of
thermal analysis applied to the investigations of compounds of pharmaceutical interest.

The DSC curves obtained for the drug:coformer physical mixtures show a challenging
pattern of endo/exothermal peaks heavily dependent on system composition and heating rate.
Thermograms are so complicated that, at a first glance, their interpretation appears nearly
impossible. We developed a thermodynamic model that addresses all the single processes which
could take place during heating and should appear in the DSC curves if enough time was left to
their occurrence and if they didn’t hidden reciprocally for kinetics reasons: melting of the
metastable eutectic mixture formed by probenecid and benzamide (EU1) with composition xpro =
0.2; crystallization of the cocrystal (CC) with composition xpro = 0.5 and of the excess component
with respect to the cocrystal composition; melting of the eutectic mixture formed by the cocrystal
and benzamide (EU2) with composition xcc = 0.4; melting of the cocrystal. The model has two
variants: in the first one, the cococrystal can form only by crystallization from EUI melt, while, in
the second one, it is hypothesized that the cocrystal can form also by a liquid/solid reaction between
EUT1 and the solid component in excess respect to EU1 composition. The model here proposed well
agrees with the enthalpy values measured for the physical mixtures of different composition.

[1] S.E. Sattui SE, A.L. Gaffo, Ther Adv Musculoskel Dis, 8 (2016) 145

[2] G. Bruni, L. Maggi, P. Mustarelli, M. Sakaj, V. Friuli, C. Ferrara, V. Berbenni, A. Girella, C.
Milanese, A. Marini, J. Pharm. Sci., 108 (2019) 1529
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Molecular capsules/compartments have gained considerable interest over the past decades as
effective tools for selective molecular recognition and catalysis; the most widely studied are self-
assembled architectures that use metal atoms to template the desired molecular environment [1-2].
One class of metallamacrocycles that has seen applications in guest recognition, molecular
magnetism and luminescent spectroscopy is metallacrowns (MCs), which can be prepared with
varying sizes but also can change the composition of metal and ligand and total charge. In
particular, 15-MC-5 can be prepared as 3D structures with transition metals such as Cu(Il) in the
metallacrown ring position and lanthanides in the captured central position [3]. Most interesting are
those complexes prepared with chiral ligands, such as phenylalanine hydroxamic acid, which lead
to the formation of face differentiated metallacrowns that place five ligand side chains on the same
face. These systems associate in the solid state forming chiral compartments when the proper guest
is captured within these hydrophobic cavities; however, there is limited information on whether
such dimeric structures exist in solution and are able to sequester guests into the generated
molecular capsule.

To this end we have examined the binding features of a series of Ln(III)[15-MCcunNpheHA-
5*" (Ln(Ill) = La, Nd, Sm, Eu, Gd, Dy, Ho) hosts with different dicarboxylate guest molecules
having variable length, size and different degrees of unsaturation. We have explored to what extent
Ln(IIT)MC:s are still capable to form dimeric complexes in neutral aqueous solution through nano-
ITC experiments [4]. The determination of the enthalpic and entropic contributions to the free
Gibbs energy allowed us to unveil the driving forces of the molecular recognition processes in
solution. We demonstrated that Ln(III) ionic radii trend as well as the chain length of the guests are
the most important criteria for efficient recognition. Our results resolve the long-standing question
as to whether these MC-based complexes exist in solution and show that their formation is a
consequence of the host/guest interaction.

[1] C.J. Brown, F. D. Toste, R. G. Bergman, K. N. Raymond, Chem. Rev., 115 (2015) 3012

[2] C. Sgarlata, J. S. Mugridge, M. D. Pluth, V. Zito, G. Arena, K. N. Raymond, Chem. Eur. J., 23
(2017) 16813

[3] G. Mezei, C. M. Zaleski, V. L. Pecoraro, Chem. Rev., 107 (2007) 4933

[4] C. Sgarlata, A. Giuffrida, E. R. Trivedi, V. L. Pecoraro, G. Arena, Inorg. Chem., 56 (2017) 4771
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Thermogravimetric Analysis (TGA) is a standard method to measure the thermal stability of
polymeric materials. This technique is not sensible for degradation steps which are not related with
mass loss. However, such reactions can significantly influence the mechanical behavior of material.

Here, the technique of stability estimation by crystallization analysis (SECA) and pseudo
TGA which uses differential scanning calorimetry is shown. SECA measures the influence of
decomposition on crystallization kinetics. This technique is very sensitive to decomposition. Using
fast scanning calorimetry, SECA determines the short time thermal stability of semi-crystalline
polymers. This property is essential for fast polymer processing like laser sintering or welding.
Investigations are carried out on different materials developed for selective laser sintering like
polyamides, thermoplastic elastomers and poly (ether etherketone).
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Fig. 1: SECA: Stability Estimation by Crystallization Analysis (left) and SECA of Polyamide 12 (right)

[1] J.E.K. Schawe, S. Ziegelmeier, Thermochimica Acta, 623 (2015) 80
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The development of self-healing or remendable polymers has grown strongly over the past
two decades. Our research in this field focuses on thermoreversible polymer networks based on the
thermoreversible Diels-Alder reaction between furan (diene) and maleimide (dienophile) groups. To
develop these materials and their processing for applications in self-healing (SH) soft robotic
actuators, detailed knowledge about the reversible reaction kinetics and the connected
chemorheological changes is required [1-3].

At high temperatures, the Diels-Alder/retro Diels-Alder reaction equilibrium shifts to a less
connected state, while at low temperatures, the cycloadducts link the network together. Two
stereoisomeric cycloadducts exist: a more thermodynamically stable exo-isomer, and a kinetically
faster endo-isomer [4]. Detailed insight in the thermoreversible reaction kinetics is needed for
optimizing temperature programs used during processing or healing. Combining this kinetic
information with the conversion and temperature dependent visco-elastic behaviour facilitates the
tuning of the material behaviour during processing and healing.

A comprehensive study of the thermoreversible reaction kinetics and the chemorheological
changes, using DSC, microcalorimetry, FTIR and NMR spectroscopy, and dynamic rheometry.
Combining kinetic information and chemorheology facilitates the careful selection of building
blocks and aids development of filament extrusion and filament deposition modelling of these
thermoreversible polymer networks [3,5].

[1] Brancart J, Scheltjens G, Muselle T, Van Mele B, Terryn H, Van Assche G, Journal of
Intelligent Material Systems and Structures 25 (2014) 40-46

[2] Diaz MM, Brancart J, Van Assche G, Van Mele B, Polymer 153, (2018) 453-463

[3] Terryn S, Brancart J, Lefeber D, Van Assche G, Vanderborght B, Science Robotics 2(9) (2017)
eaan4268

[4] Cuvellier A, Verhelle R, Brancart J, Vanderborght B, Van Assche G, Hubert Rahier, Polymer
Chemistry, 10(4) (2019) 473-485.

[5] Terryn S, Brancart J, Lefeber D, Van Assche G, Vanderborght B, IEEE Robotics and
Automation Letters 3(1) (2018) 16-21
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Different approaches may be investigated to use nanoporous materials for mechanical

energy conversion. In the 1990s, Eroshenko first introduced the concept of using the mechanically
forced intrusion of non-wetting fluids into mesoporous materials to transform the mechanical
energy used in interfacial energy. Different mechanical behaviours have thus been obtained
depending on the nature and texture of the material. In the case of specific hydrophobic zeolites in
the presence of water a completely reversible behaviour for the intrusion and the extrusion could be
observed and opens the door to molecular-spring type applications. In the case of hydrophobic
mesoporous silica, most often the behaviour evidenced is a total or partial energy dissipation and
leads to consider applications as bumper or damper.
More recently, studies have been conducted on hybrid materials as MOF (Metal Organic
Framework) which possess a large variety of structures. The microporous materials: ZIFs or
Zeolitic Imidazolate Frameworks are interesting candidates for water intrusion-extrusion since some
possess a strongly hydrophobic character. [1]

The study presented here focuses on the energy involved during the intrusion-extrusion
phenomenon of non-wetting fluid. A comparison is made between the results obtained with
different fluids and in particular between mercury and water.

In addition, an experimental device based on the combination of a mechanical pump and a
Tian-Calvet microcalorimeter makes possible to measure the complete energy balance during the
intrusion-extrusion cycles. This assessment is essential before considering applications as dampers
for example, since the heating of the system can degrade the mechanical performance.

Finally, the energy balances obtained by this system made of non-wetting fluid introduction
in the porosity are compared with those obtained by a different approach. Indeed, recently flexible
microporous MOFs have also been subjected to compression-decompression cycles in the presence
of fluids that cannot penetrate the porosity and they have also shown their potential for the
transformation of the applied mechanical energy. Most often an energy partially dissipative
behaviour has been observed and the energy involved appears to be in the same order of magnitude
as that of the previous systems.

[1] I.Beurroies. Ma, Z. Chen, POROMECHANICS VI: proceedings of the sixth Biot Conference on
Poromechanics (2017) 395
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We announce the introduction of a miniaturized differential scanning calorimeter (Chip-DSC,
Fig. 1a) with integrated oven in a ceramic sensor. Despite its small size of only 11 mm x 39 mm x 1.5
mm, all functions of a conventional DSC apparatus are integrated in this novel DSC sensor (Fig. 1b and
¢). In the sensor head the crucible, sample and reference temperature sensors, heater and reference are
vertically integrated (Fig. 1b). Due to its small thermal mass, extremely high heating and cooling rates
can be achieved (heating up to 1000 K/min; cooling down to room temperature in 4 minutes). The DSC
chip is manufactured utilising in Low Temperature Co-firing Ceramics (LTCC) Technology to ensure
high temperature stability allowing for DSC analysis up to 600 °C.

Due to the design, the time constant and sensitivity of the Chip-DSC are better or
comparable to conventional instruments. We present unique rapid calibration procedure measuring
4 melting peaks in only one crucible allow a rapid calibration in approx. 15 minutes (Fig. 1d).
Measured enthalpies are independent of the heating rate.
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Fig. 1: a) Chip-DSC 1 device, b) vertical arrangement of functional elements in the sensor head, ©c)
Chip-DSC 1 sensor, d) calibration by simultaneous measurement of 4 melting peaks

Following the introduction described above the talk will focus on experimental capacities of the
device and on applications.
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Our aim was to tune the photocatalytic and gas sensing properties of various carbon
nanostructures by coating them with atomic layer deposition (ALD) grown oxide nanofilms and
nanoparticles. As substrates, OH functionalized fullerene (Cs-OH), OH functionalized carbon
nanotubes, graphene oxide (GO) synthesized with the improved Hummers method, carbon
nanospheres obtained hydrothermally as well as carbon aerogels were used. Onto them, TiO2, ZnO
and Al>Os3 thin films and nanoparticles were deposited by ALD.

The preparation and functionalization reactions of carbon nanomaterials were thoroughly
monitored by thermal analysis (TG/DTA-MS). In addition, the thermal stability of the as-prepared
carbon nanostructures in inert atmosphere was checked to determine what the maximum possible
temperature was for the ALD reactions. The annealing in air was studied to determine what heating
conditions are needed to remove the carbon cores to obtain hollow oxide nanomaterials. Besides
thermal analysis, the nanomaterials were analyzed by XRD, SEM-EDX, TEM-ED, FTIR, Raman,
XPS, UV-Vis.

Based on these studied we found that the Ce0-T1O2 composite was the first example of ALD
prepared single molecule fullerene/oxide composite. The other depositions also meant the extension
of the use of the ALD onto these important substrates. The photocatalytic and gas sensing of the as-
obtained nanocomposites was investigated. Unexpectedly, amorphous TiO, grown by ALD had
photocatalytic activity on these substrates - usually TiO: is considered to have photocatalytic
activity only in crystalline state. The gas sensing of the substrates was considerably modified by the
deposited oxide layers and multilayers.
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Paints are products which color and protect the wood surface. It must resist over time and
exhibit the same properties as the original layers applied even for months or years. There are very
few studies analysing the influence of environmental factors on the quality of paint coat [1] as not
deposited on wood, but other types of surfaces: metallic, ceramic etc. Most of the studies refer to
testing the quality of paint layers exposed in laboratory conditions [2] or subjected to artificial aging
[3-4]. In this study was considered three commercially types of paints: an alkydic paint which
contains Teflon (SLT), an alkydic paint which contain an urethane component (LYP), and a paint
which have an alkydic and also an acrylic component (ECM). Lacquers and paints are frequently
used in ordinary life and this paper offers information on the influence of composition and
environmental factors on thermal stability.

The study was realized for the fresh dry paint, for the paint subjected at laboratory
conditions for six months, for the paint subjected at natural weather conditions for six months, and
for the paints after one year of exposure at four different climate conditions. These coatings were
thinly applied on dried fir tree wood pieces.

Thermogravimetric analysis was performed using a Mettler Toledo TGA-SDTA851°¢
derivatograph. The paint was removed from the wood surface with a scalpel and was supposed at
temperatures between 25°C and 800°C at a 20 ml/min flow of synthetic air. The results was
centralized and plotted to observe the changes resulting after exposure at natural weather
conditions. The results obtained emphasized the influence of both composition and environmental
factors on thermal stability. The best thermal stability was noted in the case of the SLT sample,
which contains besides alkyd resin, Teflon. The thermal stability decreases once with the increase
of the exposure time, especially in the case of samples exposed in Constanta and Nijmegen. The
resistance over time of pinewood treated with the three types of paint to the action of environmental
factors was also analysed by using attenuated total reflectance Fourier transform infrared
spectroscopy (ATR-FTIR) and by measuring the contact angle. All the applied techniques showed
that a paint containing an alkyd and an acrylic component (ECM) is the most resilient to the action
of environmental factors.

[1] K. Elert, A. Herrera, C. Cardell, Dyes and Pigm., 148 (2018) 236

[2] F.C. Izzo, E. Zendri, G. Biscontin, E. Balliana, J] Therm Anal Calorim., 104 (2011) 541

[3] M. Anghelone, D. Jembrih-Simbiirger, M. Schreiner, Polym. Degrad. Stabil., 134 (2016) 157
[4] G.B. Nagarajappa, K.K. Pandey, J. Photoch. Photobio. B., 55 (2016) 20
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The talk will focus on a 100% biobased thermoplastic that can be produced from lignocellulosic
biomass, the poly(ethylene 2,5-furandicarboxylate) (PEF), which presents a huge potential as a bio-
based packaging material. PEF is often compared to polyethylene terephthalate (PET) due to some
similarities in chemical structure and in their production. Indeed, PEF can be produced from 100% bio-
based 2,5-furandicarboxylic acid (FDCA) in a chemically analogous way to PET.

PEF has gained increasing interest due to its intrinsically higher barrier properties, glass transition
temperature and modulus. Furan based molecules are a very promising category of biobased platform
molecules that can be obtained from non-food competitive carbohydrates. They have been referred to as
“Sleeping Giants” because of their enormous market potential and their position in the US Department
of Energy top 10 of high-potential biobased products [1,2]. FDCA is the bio-based building block for
the synthesis of PEF [3]. PEF is then produced through direct esterification and polycondensation of
2,5-furandicarboxylic acid (FDCA) and mono ethylene glycol (MEG).

Crystallization of PEF from the melt and from the solid state, glass transition and mobility
of amorphous PEF and influence of crystallites on the cooperative a-relaxation will be presented.
Amorphous PEF presents a higher AC, at the glass transition and a broader relaxation spectrum
attributed to a higher free volume. The higher T of PEF is then purely related to segmental mobility
and specific interactions in PEF. The creation of the rigid amorphous fraction (RAF) with
crystallinity is lower in PEF than in PET. The difference in free volume also explains the lower
coupling between the crystalline phase and the amorphous phase in PEF. Finally, nanocomposites
based on PEF and organically modified Montmorillonite (Cloisite 11) obtained by solvent casting
and extrusion method show interesting properties [4-10].

[1]7J.J. Bozell, G. R. Petersen, Green Chem., 12 (2010) 539.

[2] E. de Jong, M. A. Dam, L. Sipos, G.-J. M. Gruter, ACS Symposium Series, 1105 (2012) 1.

[3] https://www.avantium.com/ visited 01/15/2019.

[4] J. G. van Berkel, N. Guigo, J. J. Kolstad, L. Sipos, B. Wang, M. A. Dam, N. Sbirrazzuoli,
Macromol. Mater. Eng., 300 (2015) 466.

[5] A. Codou, N. Guigo, J. van Berkel, E. de Jong, N. Sbirrazzuoli, Macromol. Chem. Phys., 21
(2014) 2065.

[6] N. Guigo, J. van Berkel, E. de Jong, N. Sbirrazzuoli, Thermochim. Acta, 650 (2017) 66.

[7] L. Martino, N. Guigo, J. van Berkel, J. Kolstad, N. Sbirrazzuoli, Macromol. Mat. Eng., 301
(2016) 586.

[8] A. Codou, M. Moncel, J. G. van Berkel, N. Guigo, N. Sbirrazzuoli, Phys. Chem. Chem. Phys.
18 (2016) 16647.

[9] L. Martino, V. Niknam, N. Guigo, J. G. van Berkel, N. Sbirrazzuoli, RSC Advances 6 (2016) 59800.
[10] L. Martino, N. Guigo, J. G. van Berkel, N. Sbirrazzuoli, Composites Part B, 110 (2017) 96
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The determination of vapor pressure and corresponding enthalpy of sublimation lay within focus
of many scientific fields and industrial applications. These values directly connected to the
intermolecular forces in crystal state, provides the lattice energy and change in ordering by going from
crystal to gas phase. In the present study, the fast scanning calorimetry was successfully applied for
determination of vapor pressure and enthalpies of sublimation of low volatile organic substances.

In many cases, investigation of thermally labile systems e.g. biomolecules are accomplished
with low thermal stability of them and application of classic techniques often fails by determining
the decomposition rate of the system. Our technique is based on the determination of the mass loss
rate of the sample from the experimental total heat capacity and preliminary determined specific
heat capacity of the compound under study. Sublimation of the sample is carried out during
repeated isotherms of pre-defined duration and at selected temperatures. Sample is heated to needed
temperatures using high heating rates accessible by this technique, which allows reaching the
sublimation temperatures without any mass loss during the heating time. From the other side in the
proposed technique, the surface to volume ratio of the sample is so high, that sublimation mass loss
rate is incomparably higher that decomposition rate. Thus, the sample of a few nano-grams
sublimes without any thermal degradation.
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Organic/inorganic nanocomposites combine the advantages of the inorganic constituent (i.e.
mechanical strength, electrical/magnetic properties and thermal stability) and those of organic
polymers (i.e. flexibility, dielectric, ductility and processibility). Nanocomposites based on ferrite-
polymer mixtures constitute a wide active area of research, owing to their applications in
electromagnetic interference shielding (EMI), drug delivery and targeting and as contrasting agents
in magnetic resonance imaging (MRI) [1,2]. Magnetic nanoparticles possess unique physical and
chemical properties compared to their bulk counter parts due to their nanodimension [3-5].

In the present study, YFe>Os/epoxy composite nanodielectrics were fabricated and studied.
Specimens’ morphology was assessed via Scanning Electron Microscopy (SEM). The
thermomechanical properties were investigated by means of Thermogravimetric Analysis (TGA),
Differential Scanning Calorimetry (DSC) and Dynamic Mechanical Analysis (DMA). The dielectric
response was examined via Broadband Dielectric Spectroscopy (BDS). Magnetic characterization
was conducted by means of a Superconducting Quantum Interference Device (SQUID).

The addition of the nanoparticles improves the dielectric and thermomechanical properties of
the nanocomposites. Experimental data revealed increasing values of storage modulus with the
addition of filler due to the enhancement of the materials’ stiffness. Relaxation phenomena arising
in polymer composites are related to the polymer matrix and the presence of nano-filler. Three
different relaxation mechanisms were recorded for all nanocomposites: Interfacial polarization,
glass to rubber transition of the polymer matrix and re-orientation of polar side groups.

[1] L.S. Schadler, L.C. Brinson, W.G. Sawyer, Jom., 59 (2007) 53—-60.

[2] T. Hanemann, D.V. Szabo, Materials., 3 (2010) 3468-3517.

[3] A. Sanida, S.G. Stavropoulos, T. Speliotis, G.C. Psarras, Polymer., 120 (2017) 73-81.
[4] G.C. Psarras, Express Polym. Lett. 5 (2011) 1027-1027.

[5] A. Sanida, S.G. Stavropoulos, T. Speliotis, G.C. Materials., 11 (2018) 2551.
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The continuous demand for high-performing materials in the 20" century has led to the
development of polymer composites. Polypropylene (PP) and High-Density Polyethylene (HDPE)
are the most widely used thermoplastic polymers. Various fillers have already been incorporated in
PP and HDPE matrices in an attempt to improve even more their properties. Graphene nanoplatelets
(GNPs) and Glass fibres (GF) are two of these fillers since they can reinforce quite efficiently most
polymeric matrices even at a small filler’s content [1].

The thermal degradation of PP and HDPE polymers has been studied quite extensively using
thermogravimetric measurements. For the kinetic description, most of the times single rate heating data
and model-fitting methods have been used. Since the thermal degradation of the polymers is a very
complex reaction, the choice of a reliable model or a combination of kinetic models is very important.

In this work, the thermal degradation kinetics of iPP-GF-GNP hybrid composites were
studied wusing thermogravimetric analysis (TGA) and Analytical Pyrolysis Gas
Chromatography/Mass Spectrometry (py-GC/MS). Conventional PP composites containing GNPs
and GF were also studied for comparative reasons. The effect of GNPs size on the kinetics
mechanism of HDPE was evaluated too. A detailed study has been performed for the calculation of
the effective activation energy of polymers using the isoconversional differential method of
Friedman. Finally, the kinetic model and the kinetic parameters of the thermal decomposition
process were determined by a multivariate non-linear regression method.

It was found that the Isoconversional and model fitting methods were successfully employed
for the study of the decomposition of PP and HDPE composites. The kinetic analysis results showed
that the presence of GNPs altered the decomposition mechanism of the composites, while the
mechanism of the PP-GF composite was identical to the one applied in the matrix.

[1] D.G. Papageorgiou, M. Liu, Z. Li, C. Valles, R.J. Young, I.A. Kinloch, Compos. Sci. Technol.,
175 (2019) 60.
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Organic dyes are used in a wide range of products, including textiles, printing inks, plastics,
rubbers and enamels. However, their applications are limited due to their tendency to migrate, low
melting points and poor affinity to certain matrices. In some cases, these disadvantages can be
overcome by the transformation of the dyes into pigments. There is currently great interest in
organic-inorganic pigments, which can combine the advantages of both organic materials (such as
versatility of color) and inorganic materials (high resistance to chemicals and light) [1-2].

The present study proposes a new precipitation method for preparing hybrid pigments based on
organic dyes (with azo and anthraquinone chromophore) and aluminum-magnesium hydroxycarbonate
(LH). The secondary ion mass spectrometry (TOF-SIMS) and X-ray photoelectron spectroscopy (XPS)
were used to examine the interaction between LH and organic dyes. Dyes, LH and dye modified LH
were also characterized via thermogravimetric analysis (TGA), X-ray diffraction (XRD), scanning
electronic microscopy (SEM) and UV-VIS spectroscopy.

The application of LH modified with azo dye as colorants for ethylene-norbornene
copolymer (EN) also contributed to higher resistance of EN copolymer to unfavorable aging
conditions. Adding 2 phr of the multifunctional organic-inorganic pigments to EN copolymer
significantly enhanced the aging resistance of the resulting composites. The durability of EN
copolymer was increased more than 4 times after replacement of the LH matrix in polymer with
organic-inorganic pigments. These results offer a new way towards the facile preparation of
multifunctional additives which may be beneficial for the development of the new colored polymer
materials with improved UV resistance.

[1] F. Fournier, L. Viguerie, S. Balme, J.-M. Janot, P. Walter, M. Jaber, Appl. Clay Sci.13 (2016) 12.
[2] A. R. Kennedy, H. Stewart, K. Eremin, J. Stenger, Chem. Eur. J. 18 (2012) 3064.
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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. The polyurethane has
higher order kinetics. Meaning that in isothermal conditions a high reaction rate at the start of the
reaction which quickly slows down and is followed by a long tail. To accurately measure the initial
reaction, DSC which as fast stabilization time is used. The disadvantage of using DSC that no
absolute baseline is measured. Because of the long tail the difficult to assess if the urethane
formation has stopped and the baseline can be recorded. Measuring the urethane formation in
micro-calorimetry, the initial first hour of reaction cannot be measured due to stabilization, but from
then onward the reaction is measured with a near absolute baseline. By combining the initial heat
flow measured in DSC with the heat flow measured in micro-calorimetry, by doing a time and heat
flow-shift, accurate measurements of reaction heat from the urethane formation are done. These
measurement can then be used for modelling. Using a mechanistic model, where the global
polyurethane reaction is subdivided in a set of (elementary) reaction, 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, ... are explicitly calculated and can be used
to study different compositions.[1]

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 “in-out recursive analysis” developed by Macosko and Miller [2,3]. 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.

[1] Ghoseishi R., Zhao Y., Suppes G. J., J. Appl. Polym Sci, 2014, 131 (12), 40388,

[2] Miller D. R., Enrigue Valles C. M., Polym. Eng. Sci. 1979, 19 (4), 272-284.
[3] Miller D. R., Sarmoria C., Polym. Eng. Sci. 1998, 38 (4), 535-557.
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Kinetic evaluation of crystallization is an evergreen topic of thermal analysis because kinetic
models can provide valuable information about the mechanism and other characteristics of the studied
processes. There are numerous methods for evaluation of crystallization kinetics under isothermal or
non-isothermal conditions in the literature. These models result in characteristic constants like Avrami
exponent, overall rate constant, apparent activation energy of crystallization, as well as the pre-
exponential factor. These quantities can be efficiently used for comparing the process in different
samples. The main drawback of the conventional kinetic evaluation is that they cannot provide any
information about the supermolecular structure forms during the crystallization process. Since the
properties of the polymers depend strongly on their crystalline structure, detailed knowledge is essential
for understanding their behaviour. Usually, microscopic techniques are applied to study the
morphology, but these techniques mostly provide local information only and the experimental
conditions arefar from the practical conditions used in the real processing practice. Accordingly, the
prediction of crystalline structure from calorimetric curve is useful, because a modern calorimeter can
study the crystallization process under more realistic conditions then a microscope.

This work reports a novel method, which can simulate a morphological structure of
semicrystalline polymers from the crystallization curve recorded by calorimetry. Nucleus density
(N) 1s one of the morphological structure parameter of our calculation. There are several techniques
in the literature for obtaining the nucleus density from calorimetric curves, but all of these
techniques are difficult to use [1-4]. The main drawback of these models that only average N can be
obtained using these methods, but the average size and size distributions of supermolecular units are
still not known, which is essential for example from the point of view of optical properties of the
polymers. In this recent work, we developed a program code which can simulate morphological
structure including nucleus density and also the average size and size distriubution of
supermolecular units based on the crystallization curve recorded by calorimetry. The results
indicated good agreement between the simulated morphology and the crystalline structure formed in
the microscope under the same conditions.

[1] G. Lamberti, Polym. Bull. 52. (2004) 443-449

[2] Z. Ma, R. J. A. Steenbakkers, J. Giboz, G. W. M. Peters, Rheol. Acta 50. (2011) 909-915
[3] F. Santis, R. Pantani, J Therm Anal Calorim 112. (2013) 1481-1488

[4] A. Menyhard, M. Bredacs, G. Simon, Z. Horvath, Macromolecules 48. (2015) 2561-2569
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Thermal Barrier Coating (TBC) materials are gaining much attention recently, mostly
because of prospects of their application in modern energy production plants and turbo-jet engines.
Currently, new materials based on yttria-stabilized zirconia (YSZ) and other oxide materials with
improved properties are being actively designed [1]. Rare-earth tantalates (RETaOs) and hafnates
(RE2Hf,07) considered now as the promising candidates for TBC application.

Specimens of RE tantalates and hafnates for calorimetric and X-ray studies were synthesized
by a reverse co-precipitation from aqueous-alcohol solutions followed by calcination at 1700 K for
a few hours. Identification of obtained substances was carried out by X-ray powder diffraction, ICP-
MS, X-ray fluorescence analysis and SEM. It was found that RE tantalates were obtained in
monoclinic M’ and M structures, while RE hafnates have structure of pyrochlore (for Ce-subgroup
lanthanides) and fluorite (for Y-subgroup lanthanides). Studies of thermal behaviour of RETaO4 and
RE;Hf,07 were conducted using a Netzsch STA 409F1 Jupiter simultaneous thermal analyzer in the
region 330-1500 K. Heat capacity measurements were carried out using a BKT-3 adiabatic
calorimeter in the range 10-340 K and using a Netzsch STA 409F1 Jupiter thermal analyzer in the
range 330-1273 K.

DSC studies show the absence of any endothermic and exothermic effects in the studied
temperature range. Heat capacity curves in the low and high-temperature regions were fitted jointly
to calculate smoothed thermodynamic values (heat capacity, entropy, enthalpy change and derived
Gibbs energy).

High-temperature X-ray studies of RETaOs, and RE;Hf;O; were carried out on a
SHIMADZU XRD-6000 diffractometer (CuKq radiation) in the 20 range from 10° to 60° using an
HA-1001 Shimadzu attachment. Based on the data obtained temperature dependences of lattice
parameters and coefficients of thermal expansion in the region 298-1173 K were determined.
Results of X-ray studies demonstrate satisfactorily agreement with the available literature data.

Acknowledgments. This study was supported by the Russian Science Foundation (grant
#18-13-00025).

[1]1J.W. Fergus, Metallurgical and Mater. Trans. E. 2014. V. 1. P. 118-131.
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Of critical importance for the miniaturization of functional materials are molecular and
molecule-based materials that can be switched between distinguishable electronic states by
application of an external stimulus. Systems that can be switched in this way include spin crossover
complexes, heterometallic complexes that exhibit electron transfer coupled spin transitions, and
valence tautomeric complexes. The phenomenon of the reversible metal-to-ligand electron transfer
(redox-isomerism or valent tautomerism) in crystals of 0-semiquinonato complexes was firstly
discovered in the early 1990s. It was shown that the external excitation such as temperature,
pressure, and magnetic field causes a shift of the equilibrium of interconversion of isomers that
differ in the structure, valence and spin states of metal and ligands. Redox-isomeric transformation
is accompanied by the phase transition. Thus, change in the electronic structure of molecules leads
to changes in the physical properties of solid phases (e.g., magnetic susceptibility, absorption
spectra etc.). The particular and unique physical properties associated with different valence
tautomeric systems will undoubtedly see them making an important contribution to the future
progress in this scientific field [1, 2].

In this work, the temperature dependences of the heat capacities of (TEMPO-Im-Py)Co(3,6-
DBSQ):, (I), cocrystallized (Phen)Co(3,6-DBSQ), (II) and (Dipyridyl)bis(3,6-DBSQ). (I11)
complexes were determined by precise adiabatic calorimetry and differential scanning calorimetry in
a wide temperature range. The low-temperature heat capacities of compounds were analyzed on the
base of the multifractal model, and the structure topologies of the studied complexes were established.
The experimental results were used for calculating the standard thermodynamic functions, namely the
heat capacity, the enthalpy, the entropy and the Gibbs energy of complexes I-11l. The standard
thermodynamic properties of the studied compounds were compared with the previously reported data
for different metal complexes. Some conclusions on the influence of nature of the central atom and
ligands on physico-chemical properties of bistable metal complexes were made.

This work was performed with the financial support of the Russian Foundation for Basic
Research (Project No. 18-03-01090).

[1] T. Tezgerevska, K.G. Alley, C. Boskovic, Coord. Chem. Rev., 268 (2014) 23.
[2] A. Dei, L. Sorace, Appl. Magn. Reson., 38 (2010) 139.
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Enthalpy of solvation is an important parameter for chemical equilibrium and chemical
reactions in the solvent. Prediction of thermodynamic properties of organic compounds by using
additive scheme is a standard procedure for chemical engineering. The main idea of such scheme is
the assumption that property of molecules can be calculated as a sum of structure fragments or
atoms [1-3]. Thereby, in order to develop an additive calculation scheme, it is necessary to have a
reliable set of experimental values and to propose a reasonable approach for dividing the property
of a molecule into structural fragments.

The present study is aimed at developing and testing a unified additive scheme of estimation
of solvation enthalpy of saturated and unsaturated aliphatic hydrocarbons, alcohols, ketones,
aldehydes and nitriles in n-heptane. Structural fragments for hydrocarbons group contributions and
functional groups are independent of nature of neighbouring atoms. In most cases, observed
deviations of literature and calculated data do not exceed of 1-2 kJ-mol™.

The second objective of our work is to extend the range of thermochemical properties which
can be estimated with the solution calorimetry. Recently, we have shown that the combination of
the solution calorimetry and high level ab initio calculations (DLPNO-CCSDC(T)) can be used for
evaluation of the solid or liquid phase enthalpy of formation for cyano-substituted benzenes [4].
Using additive scheme of estimation of solvation enthalpy and the experimental values of solution
enthalpies, the formation enthalpies in the condensed state for some classes of organic compounds
were determined. The gas phase enthalpies of formation were computed at DLPNO-CCSD(T)/def2-
QZVP level of theory. All experimental and calculated values were in good agreement with the
most reliable literature data.

This work has been performed according to Grant No. 14.Y26.31.0019 from Ministry of Education
and Science of Russian Federation.

[1] S. Cabani, P. Gianni, V. Mollica, L. Lepori, J. Sol. Chem. 10 (1981) 563

[2] A.N. Kinchin, A.M. Kolker, Rus. J. Phys. Chem. A, 78 (2004) 569.

[3] S.W. Benson, Thermochemical Kinetics, Wiley, New York, 1976.

[4] R.N. Nagrimanov, A.A. Samatov, A.V. Buzyurov, A.G. Kurshev, M.A. Ziganshin, Dz.H.
Zaitsau, B.N. Solomonov, Thermochim. Acta 668 (2018) 152
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On the basis of the values contained in the literature published in 1900—2016, we have
developed an experimental database including sublimation Gibbs energies, enthalpies, and melting
temperatures of 1515 compounds. We have also suggested an algorithm of database fragmentation
which includes groups/clusters with structurally similar compounds. For this aim we used Tanimoto
similarity coefficients. Clusterization was carried out for each substance of the test set. All the points
within a cluster were smoothed by a linear function in the coordinates of Gibbs energy vs melting
temperature. Using the training and test sets, it has been shown that the algorithm suggested by us
describes experimental data well (rms = 3.89 kJ-mol-1). We have developed quantitative
structure—property relationship models based on HYBOT physicochemical descriptors and melting
points in order to predict sublimation Gibbs energies and enthalpies of molecular crystals. The
developed approach was applied to determine cocrystal formation thermodynamics. Twenty nine out of
30 seven cocrystals selected in the literature have been predicted correctly (78% of the correct matches).

Acknowledgment:
This work was supported by the Russian Scientific Foundation (Ne19-13-00017).
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Modern scientific and technological progress is largely determined by advances in physics,
chemistry and technology of nanostructures. In recent years, special attention has been paid to the
synthesis and study of properties of a new class of polymers — dendrimers, which are spherical
macromolecules, characterized by regular and highly branched three-dimensional tree-like architecture,
monodispersity and functionality of the surface layer. The most promising carbosilane dendrimers are
thermodynamically stable macromolecules, which possess low characteristic viscosity, exceptional
solubility, high flexibility and low glass transition temperatures. As a result of their unique properties,
dendrimers are suitable for a wide range of biomedical and industrial applications.

Nanogels are nanosized hydrogel particles with three-dimensional networks formed by
chemically or physically cross-linked polymer chains. In contrast to monodisperse dendrimers, nanogels
are polydisperse systems both in terms of their molecular mass characteristics and branching factors.
They possess high thermal stability, adjustable mechanical properties and biocompatibility. These
advantageous properties make nanogels ideal carriers for their applications in biomedicine as targeted
drug delivery systems, regenerative pharmacology and tissue engineering.

The fundamental thermodynamic study of dendrimers and nanogels is an actual direction in
the field of chemistry of nanostructures. In the present work, the heat capacities of seven
carbosilane dendrimers of the first (G1), third (G3) and sixth (G6) generations with different
functional terminal groups, as well as two polysiloxane nanogels were determined in the
temperature range from 6 to 520 K by precise adiabatic calorimetry and differential scanning
calorimetry (DSC). The low-temperature structural anomalies were revealed for Gl and G3
dendrimers as well as nanogels; the high-temperature relaxation transition («nanosized effect») was
detected for G6 dendrimers; the glass transition was observed for all studied compounds. The nature
of these transformations was investigated, and its thermodynamic characteristics were determined
and analyzed. The obtained experimental results were used for determining the standard
thermodynamic functions, as well as the qualitative and quantitative dependences "thermodynamic
property — structure" for the studied dendrimers and nanogels.

This work was performed with the financial support of the Russian Foundation for Basic Research
(Project Nos. 18-33-00905, 19-03-00248).
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Hybrid perovskite-type methylammonium lead halides have received great attention in
recent years due to high conversion efficiency obtained in solar cells based on such materials. Since
the time of the first demonstration photovoltaic devices based on the hybrid perovskites
CH3NH3PbX3 (X = Cl, Br, I) have showed huge progress in increase of conversion efficiency
reaching currently 20.1%. However, despite very promising achievements fundamental chemistry
and physics of hybrid organic-inorganic (HOIP) perovskites is far from being completely
understood. In particular it is true for thermodynamic properties of HOIP perovskite-type halides
ABX3 and A»BX4(A=CH;3NHj3, formamidinium, Cs, Rb, etc; B=Sn, Pb, 3d-element; X = Cl, Br, I).
Moreover, reported results of DFT calculations aiming at estimating the stability of these materials
often give controversial results. In addition, some of the HOIP perovskites (for example,
CH3NH;3PbX3 (X = Cl, Br, I)) are known to be entropy-stabilized phases. Therefore experimental
verification of the stability trends in HOIP perovskite-type halide systems is strongly required. This
is especially important for assessment of the stability of these materials under particular working
conditions. Therefore, the main aim of this work was to study the thermodynamics of formation of
HOIP perovskite-type halides ABX3 and A2BX4 (A=CH3NH3, formamidinium, Cs, Rb, etc; B=Sn,
Pb, 3d-element; X = CI, Br, I). Their standard formation enthalpy at 298 K was measured by
solution calorimetry. Heat capacity was measured in the temperature range 2-298 K using PPMS
system. Standard entropy was obtained by integration of the Cp/T vs T curve. Standard Gibbs free
energy of ABX3 and A;BX4 (A=CH3NHj3, formamidinium, Cs, Rb, etc; B=Sn, Pb, 3d-element; X =
Cl, Br, I) was evaluated using measured formation enthalpy and entropy. Trends in variation of the
thermodynamic functions with chemical composition and crystal structure of HOIP perovskite-type
halides were analyzed and compared with available results of DFT calculations.

This work was supported by the Russian Science Foundation (grant No. 18-73-10059).

114



Oral Presentations 2 OP2.23

Decomposition of metal-organic compounds: films versus powder

Silvia Rasi'?, Jordi Farjas!, D. Sanchez-Rodriguez!, Pere Roura-Grabulosal
University of Girona, Campus Montilivi, Edif. PII, E17003 Girona, Catalonia, Spain
’Institut de Ciéncia de Materials de Barcelona, CSIC, Bellaterra, Catalonia, Spain

Chemical solution deposition (CSD) is a versatile and low cost technique that has been
extensively used to synthetize functional oxide films [1]. CSD involves several steps: 1) preparation
of precursors, ii) deposition of the precursor solution, iii) film drying, iv) pyrolysis to remove the
organic ligands and v) film crystallization at high temperature.

Thermal analysis (TA) is especially suited to monitor and to disclose the processes that take
place during pyrolysis. However, despite the fact that CSD is used to synthetize films, TA is
customary performed on precursors in the form of powder. We have analysed experimentally,
theoretically and numerically heat and gas transport in films and powders. In this communication
we will show that, to know what occurs during film pyrolysis, the behaviour of films cannot be
extrapolated from experiments done on powder [2,3].

We will present several cases showing that the thermal behaviour of a compound in the form
of powder may differ greatly from that of the same compound in the form of a film. Since thermal
decomposition of a metal-organic precursors is usually a solid-gas reaction, the transport of gaseous
reactants or volatile by-products plays a crucial role on its kinetics [4] and decomposition
mechanism [4]. Given that gas transport is easier in films, precursor pyrolysis is faster in films (the
decomposition temperature is lower) and that may trigger different decomposition paths.
Additionally, the good thermal contact of films with the substrate ensures sample thermalisation. In
the case of a highly exothermic decomposition, the precursors in the form of powder may undergo a
thermal runaway when placed inside a crucible, while combustion is prevented when the same
precursors are analysed in the form of films.

To sum up, our contribution wants to emphasize that TA of samples in the form of films
enables the in-situ monitoring of the processes that take place during CSD film pyrolysis and that
TA of films is a necessary condition to disclose the mechanisms that take place during film

pyrolysis.

[1] R.W. Schwartz, T. Schneller, R. Waser, Chemical solution deposition of electronic oxide films,
Comptes Rendus Chim. 7 (2004) 433-461.

[2] D. Sanchez-Rodriguez, J. Farjas, P. Roura, S. Ricart, N. Mestres, X. Obradors, T. Puig,
Thermal Analysis for Low Temperature Synthesis of Oxide Thin Films from Chemical Solutions, J.
Phys. Chem. C. 117 (2013) 20133-20138.

[3] S. Rasi, S. Ricart, X. Obradors, T. Puig, P. Roura, J. Farjas, Thermal decomposition of yttrium
propionate: film and powder, J. Anal. Appl. Pyrolysis. (2018).

[4] J. Farjas, A. Pinyol, C. Rath, P. Roura, E. Bertran, Kinetic study of the oxide-assisted catalyst-
free synthesis of silicon nitride nanowires, Phys. Status Solidi. 203 (2006) 1307-1312.

115



OP2.24 Oral Presentations 2

Application of isothermal and isoperibolic calorimetry to assess
the effect of zinc on hydration of cement blended with fly ash

Pavel SILER?, Iva KOLARQVA% Radoslav NQVOTNYl, Jifi MASILKO!,
Martin JANCAL, Jiri SVEC!, Jan KOPLIK?, Jan HAJZLER?,
Luka$¥ MATEJKAL Tom4§ OPRAVIL!

"Brno University of Technology, Faculty of Chemistry, Materials Research Centre, Purkyiiova 118,
CZ-61200 Brno, Czech Republic

The amount of zinc in the clinker or in the secondary raw materials has been increasing in
last years. Zinc can get to Portland cement from solid waste or tires which are widely used as a fuel
for burning in a rotary kiln. Zinc can be introduced to cement also by using of secondary raw
materials.

The aim of this work was to determine the effect of zinc on hydration of Portland cement
blended with fly ash (FA). This effect was studied by isothermal and isoperibol calorimetry. Zinc
was added to the cement in the form of two-soluble salts of Zn(NO3)2, ZnCl> and a poorly soluble
compound ZnO. The concentration of zinc added was chosen as 0.05, 0.1, 0.5, and 1wt. percent.
The amount of FA replacement is 15 % of cement dosage. The newly formed compounds during
hydration were identified by X-ray diffraction method (XRD) and Differential thermal analysis
method (DTA).
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Characterization of nitrogen groups on carbon surface by TG-MS

Gabriela Hotova, Vaclav Slovak
Department of Chemistry, University of Ostrava, 30. dubna 22, Ostrava, Czech Republic

The recently published quantitative TG-MS method [1] derived for the determination of
oxygen containing groups on the surface of carbonaceous samples was applied and expanded for the
characterization of nitrogen containing groups. The method is based on the linear relation between
the amount of evolved gases and the MS peak area via proportionality constant (K) which gain the
similar values for all evolved gases. These fundamentals were tested on the compounds which
evolves the nitrogen groups during their thermal decomposition, concretely (NH4)>COs; and
NH4NOs3. The TG-MS measurements of the studied compounds were performed under an argon
atmosphere (flow rate 40 ml min™') with heating rate 10°C min'. The monitored MS signals were
selected according to the expected gaseous products evolved during the thermal decomposition of
the individual compound.

The results for (NH4)2CO3 confirmed validity of this method. The values of the K for the
evolved gases gain similar values (3.78x107 for H,0, 4.24x10” for NH3 and 3.82x107 for COz) and
it confirmed the suitableness of the TG-MS method also for the nitrogen containing groups. During
the thermal decomposition of this compound, the nitrogen groups are evolved as ammonia and the
overall decomposition process is quite simple, which results in very good agreement (Table 1)
between the theoretical and experimentally determined elemental composition of all evolved gases.
In the case of NH4NOs, the quality of the gaseous products evolved during the decomposition
differs from the theoretical expectations (decomposition only to N>O and H»O) and plenty of the
other nitrogen compounds were detected. The decomposition process is more difficult and the
disagreements presented in the Table 1 implies that some other decomposition products not
included in the calculations has to be present. However, it can be concluded that this method seems
to be valid and suitable for the determination of nitrogen species. Finally, this method will be
applied on some real carbonaceous samples modified by nitrogen and oxygen groups.

Table 1. The theoretical and the experimental composition (mol.%) of studied compounds.

sample evolved qases /2 composition of gaseous products (mol.%)
P g theoretical experimental

H 57.1 56.1 0.2

18, 17, N 14.3 13.6 £ 0.1

(NH4)2.COs3 H,O, NH3, CO2 44 C 71 75401

@) 21.4 22.84+0.2

18,17, H 44 4 50.7+1.1

NH4NO3 HzO’I\II\(I)H“I\INg NO, 28, 30, N 222 213+023

2 2 44 0 33.3 28.0+0.9

[1] G. Hotova, V. Slovak, Anal. Chem., 89 (2017) 1710

117




OP2.26 Oral Presentations 2
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Dimitrios FESSAS?
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The drying of an oil paint is due to the polyunsaturations of the oil in the binder.
Polyunsaturated oils dry trough an autoxidation process in which the double bonds of linolenic and
linoleic acids naturally react with the oxygen present in the atmosphere. The gradual conversion of
the liquid oil through a soft gel to a rubbery solid occurs as a result of a multistep free radical chain
reaction. During the propagation step, hydroperoxides are formed.[1] A method frequently used to
follow the oil curing is the DSC monitoring of the peroxide decomposition peak during time. [2, 3,
4]. Since the oil polymerization affects its crystallinity, we propose here an alternative method to
asses the oil curing. The melting peak of linseed oil samples is measured at different times of curing
and compared with the profile of the peroxide decomposition peak over time. The comparison
shows that the two phenomena are strongly correlated and that, when the maximum of the peroxide
content is reached, the melting peak disappears. The study of the DSC melting peak is therefore
proposed as a valid alternative tool to monitor the curing of an oil paint.

[1] M. Lazzari, O. Chiantore. Pol. Degrad. Stab., 65 (1999) 303-313

[2] D. Tamburini, D. Sardi, A. Spepi, C. Duce, M.R. Tin¢, M.P. Colombini, et al. Pol. Degrad.
Stab., 134 (2016) 251-264

[3] C. Duce, L. Bernazzani, E. Bramanti, A. Spepi, M.P. Colombini, M.R. Tiné Pol. Degrad. Stab.,
105, (2014), 48-58

[4] M.R. Tiné, C. Duce Calorimetric and thermoanalytical techniques in Cultural Heritage

In G. Lazzara, R.Fakhrullin (Eds.), Nanotechnologies and nanomaterials for Diagnostic,
Conservation and Restoration of Cultural Heritage, Elsevier (2018) 79-109.
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ISG-like membrane thermodynamics: a stepwise calorimetric
investigation

Francesca SAITTA, Marco SIGNORELLI, Dimitrios FESSAS
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Milano, Via Celoria 2, 20133, Milan, Italy

Cells and vesicles functionalities, as well as membrane proteins’ one, are strictly correlated
to membrane lipid composition because of its influence on membrane thermodynamic stability [1-
2]. Despite the numerous studies on model membranes carried out through calorimetric,
spectroscopic and imaging techniques, model systems were considered with simple composition
which does not keep into consideration the complexity and the asymmetry of the real bilayers [3]
and the lipid thermodynamic reorganization [4-5].

In this frame, simulating the composition of real cell membranes might be a key point for
the correct interpretation of membrane-based mechanisms in cells since each lipid modification
might produce modifications of the molecular structure of such systems, which in turn might lead to
variations of their physicochemical properties [6].

In this work we selected Insulin Secretory Granules (ISGs), vesicles located in the pancreatic
Langerhans B-cells and which are responsible for insulin and amylin storage and secretion in response to
nutrients intake, as reference system and we dissected the influence of several factors that may influence
the physicochemical behaviour of real cell membranes, as membrane curvature, phospholipid tails’
length and unsaturation, phospholipid headgroup, etc. We performed a thermodynamic study of
different vesicles at physiological pH by using the micro-DSC technique. An ISG-like membrane was
therefore obtained by mixing fourteen different lipids, achieving a composition which represents the
80% of the headgroups and an average of 80% of the tails in real ISGs [7]. The influence of cholesterol
and different FFAs (stearic acid, oleic acid and elaidic acid) was investigated highlighting the magnitude
of the effects on such a detailed membrane.

[1] W. Zhang et al., J Biol Chem, 278.50 (2003) 50128

[2] O.H.S. Ollila et al., J Struct Biol, 159.2 (2007) 311

[3] D.L. Daleke, J Lipid Res, 44.2 (2003) 233

[4] P.L. Yeagle, J.E. Young, J Biol Chem, 261.18 (1986) 8175

[5] K. Boesze-Battaglia, R. Schimmel, J Exp Biol, 200.23 (1997) 2927
[6] F. Saitta et al., Colloids Surf B Biointerfaces, 176 (2019) 167

[7] M.J. MacDonald et al., J Biol Chem, 290.17 (2015) 11075
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The use of thermo-mechanical technique to support the development
of novel materials for additive manufacturing
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95125 Catania, Italy

Additive manufacturing (AM) has been increasingly accepted in industry [1]. The filament-based
technology known as Fused Deposition Modeling (FDM) is one of the widely used, mostly for
functional parts [2]. In Fused Deposition Modeling, thermoplastic filaments for both model and
support are fed into the heated extrusion print head, enabling three-dimensional (3D) dispensing of
the resulting polymer melts on a platform, which is lowered step-by-step once each object’s layer is
completed. Layer by layer, the object is then printed. Knowledge of the impact of material
properties and the mechanical properties of printed parts is of paramount importance to further
expand the use of FDM. The FDM process is controlled by many parameters, which range from
material filament type to machine setting such as: nozzle diameter and temperature, printing speed,
feed rate, bed temperature, raster angle and width, etc. A completely different widespread 3D
printing technique is Digital Light Processing (DLP) that relies on the use of photocurable resins
[3]. DLP builds each layer by projecting each ones on a vat filled with resins. For both this two
techniques there is the need for a detailed analysis about the rheological behavior of polymer melts
to rationalize the effect of melt behavior on printing quality. Moreover a thermo-mechanical
characterization of the blends is important in order to optimize the printing process.

In the present work, three different commercial polylactide (PLA) filaments were selected and
printed with a commercial FDM printer, selecting a challenging 3D geometry with overhang
printing. The filaments were thoroughly characterized by rheological, microscopic, and thermal
techniques to explain the differences in the printing and tensile properties observed.

Moreover we present the use of polymer blends based on the use of epoxy resins thermally cured to
enhance the thermal and mechanical properties of daylight curable resins suitable for DLP printing.

[1] Gardan, J. Additive manufacturing technologies: State of the art and trends. Int. J. Prod. Res.
2016, 54,3118-3132.

[2] Turner, B.N.; Strong, R.; Gold, S.A. A review of melt extrusion additive manufacturing
processes: I.Process design and modeling. Rapid. Prototyp. J. 2014, 20, 192-204.

[3] Jeffrey W. Stansbury, Mike J. Idacavage 3D printing with polymers: Challenges among expanding
options and opportunities Dental Materials, Volume 32, Issue 1, January 2016, Pages 54-64
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During the ballistic atmospheric re-entry a space vehicle has to withstand huge thermo-
mechanical solicitations because of its high velocity and the friction with the atmosphere.
According to the kind of the re-entry trajectory, the heat fluxes can be very high ( > 10 MW/m?)
thus an adequate thermal protection system is mandatory in order to preserve the structure of the
vehicle, the payload and, for manned mission, the crew. [1]

Ablative thermal shields have been used since the first Apollo mission and, after 50 years,
they still represent the best choice to permit the ballistic atmospheric re-entry. Among ablative
materials the Light-weight Ceramic Ablators (LCA) have been selected for several missions
because of their low density and high efficiency. In particular carbon phenolic ablators are
composite materials consisting of a phenolic resin matrix and a carbon felt as reinforcing phase. An
example is represented by PICA, the carbon-phenolic ablator manufactured by NASA, and
ASTERM, the European counterpart which is still in a developing phase. [2]

The carbon phenolic ablator decomposes at high temperature in absence of oxygen with an
endothermic pyrolysis reaction: the solid reaction product is a carbonaceous residue with good
mechanical strength and the gaseous products can flow throughout the porous material and hinder
the convective exchange (blockage effect). Although this satisfying performance, the use of the
phenolic resin presents environmental drawbacks and by new European rules its employment will
be forbidden in the next years. For this reason a more environmental friendly solution was
conceived and an high performance thermoplastic material, polybenzimidazole, was employed
instead of phenolic resin. [1, 2]

Polybenzimidazole (PBI) was selected because of its good performance at high temperature
and its high char yield: some PBI-ablative material samples were manufactured with and without
the addition of nano-ZrO: and tested with oxyacetylene flame exposure showing promising
performance in terms of recession rate and thermal insulation.

In order to understand the polybenzimidazole behaviour during the exposure at high
temperature in a reducing atmosphere thermogravimetric analysis were conducted at different
heating rates. [3]

[1] G. Pulci, L. Paglia, V. Genova, C. Bartuli, T. Valente, F. Marra, Compos. Part A, vol. 109, 130-
137, 2018.

[2] M. Natali, J. M. Kenny, L. Torre, Prog. Mater. Sci., vol. 84, 192-275, 2016.

[3]S. Vyazovkin, A. K. Burnham, J. M. Criado, L. A. Pérez-Maqueda, C. Popescu, N. Sbirrazzuoli,
Thermoch. Acta 520 (2011) 1-19
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The present work is focused on the characterization study of ancient pottery shreds
excavated recently from Corvins’Castle from Romania. The archaeometric study of some samples
from the New Gate Tower, the main gateway to the Corvins’Castle, Romania, is presented in this
paper, in order to identify the provenance of the raw materials, the manufacturing and weathering /
deterioration processes of this tower.

Modern and performant analytical techniques, as Fourier-Transform Infrared Spectroscopy
(FTIR), and Raman spectroscopy, X-Ray Fluorescence (XRF), X-ray diffraction (XRD), optical
microscopy (OM), Scanning electron microscopy (SEM-EDS), petrographic analysis, Induced
Coupled plasma with mass spectrometry (ICP-MS), colorimetry and ion-chromatography are used
and the results are discussed, too. All these results are correlated with thermal analysis techniques:
Thermogravimetry (TG), Derivative Thermogravimetry (DTG) and Differential Scanning
Calorimetry (DSC) with applicationa in the field of art and archaeology. The results obtained in this
work by TG and DSC have been related with Fourier Transform Infrared Spectroscopy (FTIR), a
well-established technique, confirming the relevant complementary nature of thermal analysis.
Thermogravimetry (TG) allows for quantitative analysis of thermally stable volatile additives, and
weight-difference curves offer a novel means for assessing oxidative stability. Also, the other used
techniques that have been used for structure, composition and morphology evaluation, revealed the
presence of quartz, dolomite and feldspar and plagioclase with varied size, as albite and microcline
minerals. For the first time in the literature, for this monument the species hydroxyapatite has been
identified and could be explain the consolidated resistance structure inside of the tower, identified at
the tower bottom and at the pre-historic layer.

Acknowledgments: The authors are grateful to the financial support of the projects:
51PCCDI/2018, 31PFE/2018 and PN.19.23.02.01.03 from UEFISCDI-MECI, Romania.

[1] R.M. Ion, et al., J. Therm. Anal. Calorim., 121(30 (2015) 1247-1253
[2] R.M.Ion, et al., J. Therm. Anal. Calorim., 104 (2), (2011) 487-493.
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Mortar can be defined as a composite material composed of crystalline and amorphous
phases containing inert as well as reactive aggregates in a calcitic binder. Its composition and
characteristics can deeply change depending on construction period, location and function. Roman
mortars, for their extraordinary durability, have attracted several researchers interested in
developing the most effective way to restore ancient monuments [1]. Currently, the use of materials
similar in composition and properties to the original ones for the restoration of masonry structures is
strongly recommended. The purpose of this study was to evaluate mineralogical, elemental and
thermal differences among Roman and modern mortars to find the critical aspects which facilitated
the degradation.

A multianalytical approach, based on TGA/DTG, XRF and petrographic analysis, was used
to analyse 33 bedding mortars, 31 plaster mortars and 30 joint mortars, collected from various
houses at Herculaneum.

By triangulating the results of the three analytical techniques some correlations could be
observed within each class of mortars.

Bedding mortars: foot traffic of visitors and the conservation conditions/location induce
decay on mortar-based. All the samples collected from floors placed under shelters which let
rainwater penetrate and pool showed peaks relative to sulphurous and chlorine compounds which
increase degradation processes [1].

Plaster mortar: The sampled plasters could be sorted into two groups, based on their
aggregate composition. However, a similar aggregate composition did not induce superimposable
thermal behaviour, underlining the different ageing processes of the samples, with consequent
changes in the ratios of components due to the conservation conditions [2].

Joint mortars: Original Roman and modern restoration mortars showed several common
aspects in terms of mineralogical composition. However, Roman mortars and restoration mortars
differ in terms of aggregate grain size distribution, binder/aggregate ratio even if similar raw
inorganic materials were used (different Ca:Si ratio but identical Si:Al ratio). The use of
incompatible restoration mortars have induced degradation processes as indicated by significant
different amount of some elements, such as chlorine, sulphur and phosphorus [3].

All these differences affect mortar durability favoring the contamination agents attack and
inducing crumbling.

[1] Leone et al. Thermochimica Acta 624 (2016) 86

[2] Leone et al. Archaecometry 59 (2017) 747
[3] Leone et al. (submitted)
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Recently, it has been reported that by applying a modest electrical field, typically ~100 V
cm™!, across a sample while heating it into a furnace, produces a sharp increase in conductivity and
electroluminescence accompanied of sudden sintering at low furnace temperatures [1]. This
method is known as flash sintering and has become a hot topic in materials processing. Here, we
show that even unstable compounds, such as BiFeO3, which is a quite interesting mutiferroic
ceramic for novel devices such as sensors or memories, could be prepared as a dense pure ceramic
by flash sintering starting from BiFeO3; nanopowders [2]. It should be taken into consideration that
at temperatures required for preparation and processing of BiFeOs this material is unstable and
decomposes into secondary phases that deteriorate it properties. Moreover, it is shown that
nanostructured, pure and electrically homogeneous BiFeOs ceramic pellets are obtained by reactive
flash sintering from a stoichiometric mixture of Bi,O3; and Fe>Os applying a small electric field
within seconds and at furnace temperature 200 °C lower than that required in conventional solid-
state reaction [3].

[1] K. Naik, S. K. Jha and R. Raj, Scripta Materialia, 118 (2016) 1-4.

[2] L.A. Perez-Maqueda, E. Gil-Gonzalez, A. Perejon, J.M. Lebrun, P.E. Sanchez-Jimenez, R. Raj,
Journal of the American Ceramic Society 100(8) (2017) 3365-3369.

[3] E. Gil-Gonzélez, A. Perejon, P.E. Sanchez-Jiménez, M.J. Sayagués, R. Raj, L.A. Pérez-
Magqueda, Journal of Materials Chemistry A 6(13) (2018) 5356-5366.
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At the Libiola mine site, an abandoned Cu-Fe sulphide mine located near Sestri Levante (Genova-
Italy), the formation of Cu-rich precipitates immobilise not negligible amounts of rare earth
elements (REEEs). These compounds are in equilibrium with neutral mine drainage (6,6<pH<7,8
and Eh=230,5 mV), formed by the sulphides oxidation to generate acidic and metal-rich solutions,
then buffered by surrounding (basic) rocks and/or diluted by alkaline stream water. The precipitates
are mainly constituted by two different minerals: allophane, Al>O3(S102)132:2.5-3H20, and
woodwardite, (Cui-xAlx)(OH)2(SO4)x2'nH,0O which belongs to the LDHs (Layered Double
Hydroxides). The crystal structure of LDH minerals consists of brucite-type layers in which a
trivalent cation partially substitutes a divalent cation, both occupying the octahedral sheets. Due to
their properties, such as their ability to easily exchange interlayer anions, these compounds are
promising materials for different applications as carriers or scavengers of potential toxic anions [1];
just for this purpose, the study of the relationships between REEs and woodwardite is fundamental
to allow the use of these minerals as REEs getter for both georemediation and georecovery
exploitation.

In this work we report the results obtained in the synthesis, at different pH values, and the
characterisation of Cu-Al-SO4 LDHs doped with both light (La, Ce, and Nd) and heavy (Y and Gd)
REEs. The aim is to determine the seizure mechanism of REEs, discriminating between structural
incorporation/co-precipitation and absorption. The interesting compounds have been synthesised via
co-precipitation route (direct method) [2] obtaining nanoscopic crystallites with a partially
disordered (turbostratic) structure. The compounds carachterization has been performed by means
of the following techniques: thermo gravimetric analysis (TG), X-ray analysis on powders (XRPD),
scanning electron microscope analysis (SEM), infrared spectroscopy (IR), ICP chemical analysis.
The concentration of REEs in the solid fraction was in the range of 3.5-8 wt %. The only REEs not
incorporated in the LDH was La, which formed co-precipitated segregated phases. Heavy REEs
showed a higher affinity than the light REEs, probably because of their lower ionic radius.
Increasing the pH in the synthesis routine lead to an increase of REEs incorporated by the LDH,
especially heavy REEs, but caused the oxidation of Ce (from 3+ to 4+) with the consequent
formation of ceria. The REE-doped Cu-Al LDHs could be used as a precursor in the production of
Cu- and REE-containing oxides through thermal decomposition. Due to its ion-exchange properties,
the REE-activated synthetic LDH was also a promising material for Li batteries.

[1] Geetanjali Mishraa,b, Barsha Dasha,b, Sony Pandeya,b, Applied Clay Science 153 (2018) 172—186.

[2] Sirio Consani, Tonci Bali¢-Zuni¢, Anna Maria Cardinale, Walter Sgroi, Gabriele Giuli and Cristina
Carbone, Materials 2018, 11(1), 130.
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Inorganic perovskites are considered as emergent materials, both as nanopowders and thin
films, in several research fields, ranging from photovoltaic applications [1], ferroelectric ceramics
[2], piezoelectric devices for energy harvesting and sensing [3].

Among inorganic compounds displaying perovskitic structure, barium- and lead-containing
materials are currently employed for their electronic performances. Two main drawbacks
characterize these materials, namely the required high temperature annealing in order to develop the
perovskitic structure, especially for multicomponent oxides, and the presence of toxic elements that
have a significant impact on both production and disposal of materials.

For these reasons, the research turned to the development of lead-free perovskites, obtained
from low-temperature synthesis methods, like sol-gel or hydrothermal routes [4].

In this work, lead-free titanium-based nanopowders are obtained by sol-gel synthesis
performed in reverse micelle, together with a hydrothermal process. In particular, sodium and
potassium bismuth titanates are investigated in terms of thermal evolution of the starting powders;
at the same time, nanopowders based on Cerium and titanium oxides are produced and studied. In
both cases, annealing temperatures lower than 600 °C allow the development of the desired
perovskitic structures. A comparison between the powders obtained with and without the
hydrothermal step is also presented, together with the preliminary evaluation of the electrical
properties of the final powders.

[1] D. Liu, C. Yang, M. Bates, R.R. Lunt, iScience, 6 (2018) 272

[2] Y.-D. Hou, L. Hou, J.-L. Zhao, M.-K. Zhu, H. Yan, J. Electroceram., 26 (2011) 37

[3] C. Dagdeviren, P. Joe, O. L. Tuzman, K.-I. Park, K. J. Lee, Y. Shi, Y. Huang, J. A. Rogers,
Extr. Mech. Letters, 9 (2016) 269

[4] Y.-D. Hou, L. Hou, S.-Y. Huang, M.-K. Zhu, H. Wang, H. Yan, Solid State Comm., 137 (2006) 658
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This work was carried out as a part of a project aimed at the design and characterization of
tailor-made geopolymers and their application and validation in the structural strengthening of
architectural heritages. Geopolymers are ceramic-like inorganic polymers, consisting mainly of
aluminosilicates, obtained from natural as well artificial materials (such as industrial wastes). These
formulations are able to withstand aging, thermal stress (up to 1200 °C) and mechanical stress. The
design of the geopolymer formulations include the selection of raw materials as well of industrial
and/or natural wastes; the possible suitability of the following materials was therefore verified:
clayey sediments, volcanic ashes from Etna Mount (currently considered as natural wastes),
palagonitized tuffs, sediments used in various historical periods, non-dangerous industrial wastes.

The selected raw materials were characterized with a multi-analytical approach using,
thermogravimetric analysis (TG), TG coupled with both evolved gas analysis by Fourier transform
infrared spectroscopy (TG-FTIR) and differential scanning calorimetry (TG-DSC), and gas-
volumetric measurements of the loss of CO2 content.Thermogravimetric curves were recorded in a
variety of experimental conditions. A TA Instruments thermobalance model Q5000IR equipped
with an FTIR Agilent Technologies spectrophotometer model Cary 640 for evolved gas analysis
(EGA) was employed. TG measurements were performed from 30 to 950 °C under air or nitrogen.
TG-FTIR measurements were performed at a rate of 20 °C/min in the same temperature range under
nitrogen flow from 600 to 4000 cm™'. TG-DSC analysis on selected samples representative of each
group of materials was performed from 30 to 950 °C by using a Netzsch STA 449 Jupiter
instrument under nitrogen flow (25 mL/min). In general, natural clayey materials exhibit three or
four different step of weight loss at about 60 °C, 250 °C, 500 °C and 700 °C. The first
decomposition step is due to hygroscopic water. The other decomposition steps are related,
respectively, to the structurally bonded water and decarbonation phenomena. In combination with
gas—volumetric measurements of the loss of CO», a precise determination of bonded water was also
possible. The data obtained were used to evaluate the specific features of possible raw materials and
select the most suitable ones to use in formulations. The thermal stability properties and the
physical chemical properties of geopolymer formulates based on metakaolin were then analyzed
through thermogravimetry, DSC, and X ray micro-tomography.

The thermogravimetric profile of these samples shows a weight loss at about 60 °C caused
by the evaporation of free water which is absorbed and trapped in small pores. The continuous
weight loss from 200 to 800 °C was attributed by the condensation of hydroxyl group. Micro
computed tomography analysis was performed by using a Bruker SkyScan 1174v2 and the results
are under evaluation.

Acknowledgments

Financial support of “AGM for CuHe (Advanced Green Materials for Cultural Heritage -
PNR 2015-2020 - Cultural Heritage) is acknowledged.

130



Oral Presentations 3 OP3.09

Phase relations in the Al203-TiO2-SiO2 system
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Rutile (TiO2) coatings deposited on corundum (Al>O3) are supposed to actively filter the
MgAl>,O4-spinel phase from Al-based molten alloy. Al melt can then react with TiO», reducing it
into sub-oxides and metallic titanium. In Si-containing Al alloy, Tis(Si,Al)3, Ti(Al,Si)3, and ternary
phases can form. Therefore, to model chemical reactions at the interface between ceramic filter and
Al melt, thermodynamic database of the Al-Mg-Ti-Si-O system is necessary. As a part, the
thermodynamic description of the Al,03-Ti0,-S10; system is needed to model oxide melts.

The binary Al,O3-TiOz, TiO2-SiOz, and AlO3-SiO; systems were repeatedly studied
experimentally, and their thermodynamic databases are available. The Al2O3-Ti02-Si02 system was
poorly investigated [1,2]. For the vertical Al>TiOs-SiO; section [1], there are contradictions to the
phase rules. The system was also assessed thermodynamically, including the modelling of liquid
miscibility along the TiO>-SiO; side [3,4]. Thus, the present work is aimed at an experimental study
of the phase relations in the AlO3-TiO2-SiO2 and AlTiOs-SiOz systems to verify the
inconsistencies, and their thermodynamic modelling using new experimental data as well as
literature data on thermodynamic functions.

Samples were prepared by the controlled co-hydrolysis [5]. To investigate phase equilibria,
samples were annealed and air-quenched followed by XRD examination. The microstructure
characterization was carried out using SEM/EDX. Solid phase transformations and melting
behaviour of the samples were studied by DTA.

Isothermal sections of the Al,03-Ti02-Si02 system at 1250 and 1400°C and its Al TiOs-
Si0O2 section were constructed based on the obtained results. On liquidus of the ternary system, the
temperatures of invariant reaction were detected. To model the system using the CALPHAD
approach, CEF was used to describe the solid solutions and a two-sublattice partially ionic model
was used for liquid.

The study was financially supported by the German Research Foundation within the scope
of the Collaborative Research Centre CRC920 (subproject A03).
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Currently the most thermodynamically efficient power conversion technology; integrated
gasification combined cycle (IGCC), reposes on turning conventional cheap carbon based fuels into
syngas. Syngas can be stripped from impurities (primarily sulphide based) to achieve process
efficiency and turbine protection in the high temperature desulfurization process (HTGD). Zincite
was already shown as proven constitute of major regenerable HTGD sorbents.

Here we investigate Aluminium-Titanium-Zinc mixed-metal-oxide system as a candidate for
HTGD sorbent material. We expand composition to alumina and titania to facilitate mechanical
durability and thermochemical stability, respectively.

Sol-gel samples were prepared in wide compositional range from gahnite to Zn-titanate
spinel; i.e. gahnite was Ti-doped on the account of Al (0-100%). We monitored the thermal and
structural evolution, to observe different mechanisms of phase formation, as a function of doping
and temperature conditions.

The significance of this work is the precise identification of the stability ranges of observed
solid-solutions, whereas gahnite spinel and zinc-titanate spinels can interchange cations only in
limited amounts, depending on the conditions, as confirmed from the structure refinement. It was
observed that at high-temperatures solid-solutions exhibit quite different stability. More important,
observed partial phase-separation at low-temperatures (which occur on behalf of different
hygroscopy of the (Al Ti)-Zn gels) significantly precludes the mechanisms of phase development at
high-temperatures. Thereof, intermediate Zn-based phase was found to be responsible for the
facilitated early zincite crystallisation. Microstructure and texture were commented accordingly.
Performed characterisations allowed discussion what are the best compositions and conditions for
the preparation of the ultimate sorbent.
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Photocatalysts with layered type of structure are known as materials for hydrogen
production by water splitting using sunlight energy. Interactions of crystalline oxides with different
water solutions lead to processes which can influence the properties of oxides: intercalation of water
and other molecules into the interlayer space and ion exchange of alkali cations to protons typically
affect the photocatalytic activity.

The way to increase the photocatalytic activity of layered oxides is to use composites as
organic-inorganic hybrids. They present a promising class of materials for electronics, chemical
technology, environment due to the combination of organic and inorganic properties within the
molecular scale. Recent developments in the preparation of inorganic—organic hybrid materials
from layered compounds focus on the intercalation and grafting reactions.

Thermal analysis is an effective way to investigate composite materials. Thermochemical
investigation is powerful not only from point of view of thermal stability but to determine the
composition of samples and in case of intercalates to reveal the nature of bonding of inserted
molecules with crystal structure as well.

Herein it will be reported results of the study on thermal stability and determination of
composition of protonated, hydrated and hybrid organic-inorganic materials based on perovskite
type layered titanates belonging to Ruddlesden-Popper phases with different thickness of perovskite
blocks. As hybrids it will be considered crystalline complex oxides intercalated by methylamine,
butylamine, methanol, ethanolamine etc.

Simultaneous thermal analysis (TG+DSC) coupled with mass-spectrometry (QMS) for gas
evolution, FTIR-spectroscopy, powder XRD, SEM were used for the characterization of
synthesized hybrids and investigation of their thermodegradation. Advantages of TG coupled with
MS for the quantitative analysis of the composition of new hybrid organic-inorganic perovskite type
compounds will be considered in comparison with ICP and CHN-analysis.

The basic for the discussion will be the content of organic and water molecules intercalated

in the interlayer space of layered structure, the evolution of cell parameters and distances between
perovskite blocks accompanied the formation of hybrids, possibility of grafting with formation of
covalent binding, the relative thermal stability of organic-inorganic compounds depending on the
type of structure, the nature of rare-earth atoms, the type and size of the organic intercalate. Results
of the investigation of photocatalytic hydrogen evolution from different solutions and significant
increasing in photocatalytic efficiency of hybrids will be presented.
Research was performed at the Research Park of St.Petersburg State University: Center for Thermal
Analysis and Calorimetry, Center for X-ray Diffraction Studies, Center for Chemical Analysis and
Materials Research, Chemistry Educational Center. This work was supported by the Russian
Science Foundation (grants Ne 19-13-00184).
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Organic-inorganic perovskite type compounds present the promising class of materials for
electronics, chemical technology, environment due to the combination of organic and inorganic
properties within the molecular scale. Recent developments in the preparation of inorganic—organic
hybrid materials from layered compounds focus on the grafting reactions and preparation of two-
dimensional hybrids and monolayers through exfoliation. Using of these compounds in different
areas of application depends on their thermal and chemical stability.

It will be reported results of thermal stability of organic-inorganic materials based on
protonated forms of perovskite type layered titanates HLaTiOs4 and HzLa>Ti3O10 (Ln=La, Nd)
belonging to Ruddlesden-Popper phases with different thickness of perovskite blocks. Objects
under investigation are crystalline complex oxides intercalated by methylamine, butylamine,
methanol and ethanolamine.

Thermal analysis (TG+DSC) coupled with mass-spectrometry (MS) for gas evolution,
FTIR-spectroscopy, powder XRD, SEM were used for the characterization of synthesized oxides
and investigation of process of their thermodegradation. Advantages of TG coupled with MS for the
quantitative analysis of the content of new hybrid organic-inorganic perovskite type compounds
will be considered in comparison with XPS and CHN-analysis.

It will be discussed the content of organic and water molecule intercalated in the
interlayered space of layered structure, the evolution of cell parameters and distances between
perovskite blocks accompanied the formation of hybrids, possibility of grafting with formation of
covalent binding, the relative thermal stability of organic — inorganic compounds depending on the
type of structure, the nature of rare-earth atoms, the type and size of the organic intercalate.

Scientific research were performed at the Research Park of St.Petersburg State University:
Center for Thermal Analysis and Calorimetry, Center for X-ray Diffraction Studies, Center for
Chemical Analysis and Materials Research, Magnetic Resonance Research Centre, Center for
Optical and Laser Research and Interdisciplinary Center for Nanotechnology

This work was supported by Russian Foundation for Basic Research (grant 18-03-00915)
and Russian Science Foundation (grants Ne 19-13-00184).
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Considering the high resistivity, permeability, surface area, Curie temperature, mechanical
hardness and chemical stability and low dielectric loss in high-frequency devices, mixed nickel-zinc
spinel ferrite has attracted wide interest, showing a high potential in applications such as catalytic
degradation of organic/inorganic pollutants, magnetic resonance imaging, hyperthermia treatment,
drug delivery systems, magnetic heads, electric transformers, high-frequency data transfer, charge
particle deflection yoke [1,2,3,4].

NixZnixFe204/Si02 nanocomposites were synthetized using a modified sol-gel method. The
thermal analysis revealed the formation of Ni-, Zn- and Fe-succinate precursors at 130-200 °C and
their decomposition to ferrites at 220—400 °C. Fourier transformed infrared spectroscopy confirmed
the formation of succinates and their decomposition into ferrites. The transmission electron
microscopy images revealed spherical shape nanoparticles with size increasing with annealing
temperature. The magnetic properties such as saturation magnetization (M), remanent
magnetization (M), coercivity (H¢) and anisotropy (K) depended on the Ni content and annealing
temperature. The shape of hysteresis loops revealed the dependence of superparamagnetic
behaviour on the structure, and a strong correlation between the ferrite-based pigment colour and
annealing temperature.

[1]7J. Jadhav, S. Biswas, A.K. Yadav, S.N. Jha, D. Bhattacharyya, J Alloys Compd. 696 (2017) 28-41.
[2] G. Padmapriya, A. Manikandan, V. Krishnasamy, S.K. Jaganathan, S. Arul Antony, J. Mol.
Struct. 1119 (2016) 39-47.

[3] W. Weselowski, A. Kartuj, F. Laam, J. Therm. Anal. Calorim. 81 (2008) 1237

H. Bakhshi, N. Vahdati, Arman Sedghi, Yurij Mozharivskyj, J. Magn. Magn. Mater. 474 (2019) 56-62.
[4] A. Abu El-Fadl, A.M. Hassan, M.H. Mahmoud, Tetiana Tatarchuk, I.P. Yaremiy, A.M.
Gismelssed, M.A. Ahmed, J. Magn. Magn. Mater. 471 (2019) 192-199.
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Spotting the difference of the thermal behaviour of structurally-
related mono- and dicationic ionic liquids
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Ionic liquids (ILs) are salts composed of an organic cation and an organic or an inorganic
anion which are liquid at or near room temperature. ILs have attracted a great deal of interest in the
last 20 years due to some unique physicochemical properties such as the large electrochemical
window, the chemical and thermal stability, and the negligible volatility, to mention a few [1].
Dicationic ionic liquids (DILs), a subset of the ionic liquid (IL) family, have attracted growing
interest in recent years, and the range of applications within which they are investigated is
constantly expanding. These ILs seem to differ from the traditional monocationic ones in many
ways offering a growing portfolio of possible applications [2, 3].
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Figure 1. Synthesized mono- and dicationic ionic liquids.

Herein the thermal behavior of 24 ILs, belonging to two structurally-related families with
either bromide or TH2N as counteranion, was analysed (Figure 1). For bromide mono- and dicationic
ionic liquids (DILs), thermal gravimetric analysis showed similar decomposition events, while all
THN DILs displayed higher stabilities than the corresponding monocations. Differential scanning
calorimetry analyses of most of the (D)ILs only showed glass transition temperatures, a behavior in
agreement with the broad liquid range of ILs. The impact of the cationic structure and/or of the type
of anion on the above-mentioned transition temperatures has been studied.

[1] Welton, T. Ionic liquid: a brief history. Biophys. Rev., 10 (2018), 691-706.

[2] Patil, R.A., Talebi, M, Xu, C, Bhawal, S.S., Armstrong, D.W.. Chem. Mater. 28 (2016), 4315-4323.
[3] Chiappe C, Guglielmero L, Mezzetta A, Guazzelli L, Pomelli CS, D'Andrea F.. Front. Chem. 6
(2018), 612.
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Cementitious materials degree of hydration is a key measure for quantifying the properties
of concrete and mortar, including compressive strength and durability. Experimental studies of
Portland cement hydration with and without supplementary cementitious materials (SCMs) using
Calorimetry and thermogravimetric analysis (TGA) have been reported in the scientific literature.
Furthermore, statistical and phenomenological models have been postulated to estimate the
cementitious materials degree of hydration based on binder composition, chemical/physical
properties, water to binder ratio, curing condition and age. The aim of this study is two folds; firstly
to experimentally measure the effects of SCMs on the hydration of Portland-limestone cement, and
secondly to evaluate the accuracy of cement hydration models, specifically the models developed
by Riding et al. [1], Schindler and Folliard [2], and Wang [3] referred to in this study as Models A,
B and C, respectively.

Four mortar mixes containing Portland-limestone (CSA type GUL) cement with and without
8% silica fume (SF) and/or 30% ground granulated blast-furnace slag (GGBFS) were studied. The
binder hydration was quantified using Calorimetry and TGA methods up to 220 hours. Calorimetry
and TGA experimental results were found to be consistent. Models A and B results at all ages were
found to consistently underestimate GUL cement hydration degree up to 220h. The exception was
Model B’s good estimates of the mix containing GUL+SF+GGBFS. Model C results were found to
overestimate the GUL cement hydration degree up to 50h and to have good estimates thereafter to
220h. Closer examinations reveal that all 3 models fail to capture the peak of the heat flow at early
ages. Model A was then modified to analogously follow Model C accounts for limestone in
cementing materials by considering the extra water available for cement particles (dilution effect)
and the extra surface area provided by limestone for hydration products to grow. Comparing the
results of Model A and modified Model A, referred to as Model D, a significant improvement in the
estimates is observed. Model A and D peak of heat flow for GUL, GUL+GGBFS, GUL+SF, and
GUL+SF+GGBFS percent errors decreased from 44%, 37%, 40%, and 28% to 4%, 1%, 8%, and
9%, respectively. The percent errors of Model A and Model D estimates of the binder hydration
degree at 220h for GUL, GUL+GGBFS, GUL+SF, and GUL+SF+GGBFS decreased from 14%,
12%, 10% and 0% to 6%, 4%, 3% and 6%, respectively. The experimental results revealed that
cement hydration model with specific account for limestone, such as Model D, is required to
estimate hydration of mixes containing GUL cement.

[1] K. A. Riding, J. L. Poole, K. J. Folliard, M. C. G. Juenger, A. K. Schindler, ACI Materials
Journal, 109 (2012), 225-234

[2] A. K. Schindler, K. J. Folliard, ACI Materials Journal, 102 (2005), 24-33

[3] X.-Y. Wang, Advances in Materials Science and Engineering, 2017 (2017), 1-11
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With the increasing use of secondary raw materials and alternative fuels in the cement
production industry, the amount of present trash elements rapidly increases. Most of these
problematic elements affect the quality of produced clinker or blended cement. This study focuses
on zinc and his influence on the hydration process and the formation of new products. Zinc was
added in the form of Zn(NOs)2, ZnCl, and ZnO) in higher concentration (1 - 20 % weight) for
modelling of the formation or modification of newly formed products. These new phases were
precisely characterized via simultaneous thermogravimetric (TG) and differential thermal analysis
(DTA). Infrared spectroscopy (FT-IR) and X-ray diffraction method (XRD) with a high-
temperature chamber was used for complementary analyses and more accurate analysis of newly
created phases and compounds during the whole period of hydration.
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Zirconia/hydroxyapatite composites were synthesized by means of the sol-gel method. The
aim of this work is to identify the temperature able to induce specific degradation phenomena or
structural reorganizations, which are essential information to explain the relationship between the
different biological responses recorded after exposure to the materials to the temperatures of the
applied post-synthesis heat treatments.

The zirconia matrix and pure Hap were synthesized using Zirconium propoxide solution and
calcium nitrate tetrahydrate and phosphorus pentoxide as precursors. Finally, the composites were
obtained by adding different amounts of zirconia sol to the HAp one. The thermal behavior of all
the materials was studied. The TG/DTG curves of all the samples, before thermal treatment and
after 120° heating, suggest that the thermal treatment at relatively low temperature does not modify
the thermal behavior of these composites. The results of the FTIR spectra of the gaseous mixture
evolved during the TG experiments of fresh samples and their composites at different temperatures
show that in all the samples the heating up to about 600 ° C allows the complete degradation of the
organic substance and of the nitrate ions. SEM microscopy suggests that all samples, regardless of
the thermal treatment, are homogeneous composites. Furthermore, the XRD spectra of the
composite materials treated at 120°C revealed that they are amorphous, while at 600 and 1000°C,
their crystallinity decreases with increasing the content of zirconia; the presence of HAp favours the
crystallization of the zirconia matrix in the tetragonal phase [1].

The effects of the HAp content and heating on the biological performances of ZrO, were
evaluated using NIH-3T3 cells. The biological results suggest that the materials heated to 100 °C
improves the cellular vitality compared to those treated to 600°C [2]. Probably these effects are due
to the modification of the materials’ structure induced by heating.

In conclusion, the results of the study of thermal behavior and biological characterization
allow to identify the best temperatures able to improve cell proliferation and vitality.

[1] M. Catauro, F. Bollino, E. Tranquillo, R. Tuffi, A. Dell’Era, S. Vecchio Ciprioti. Ceram. Int. 45

(2019) 2835-45
[2] F. Bollino, E. Armenia E. Tranquillo Materials 10 (2017) 757
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This work presents a study of the early stages of the hydration of composites formed by iron
ore tailings and a high initial strength Type V Portland cement. Initially analyses by Non-
Conventional Differential Thermal Analysis (NCDTA) [1-3] were compared with those performed
by using a conventional isothermal calorimetric instrument, made by Calmetrix model ICAL2000.
Two types of iron ore tailings (IOT) from a large Brazilian Iron Ore Unit Beneficiation were
evaluated: RF and RL, respectively, from flotation and hydrocyclone steps. For both methods, the
composite hydration reaction was analyzed on real time at 27°C, during the first 24 hours of
hydration. The cement mass substitution degrees by the tailings were: 0% (cement paste), 5%, 15%
and 30%. Despite the operating differences between the methods, the results showed good
similarity and, as a good data correlation factor was found in between, NCDTA data were
transformed to Non-Conventional DSC (NCDSC) data.

The different cement substitution degrees by tailing do not cause significant changes on
respective pre-induction, induction and acceleration times, being perceptive only a little time
increment on the accelerating period for one case (30% RF). However, this generates 50-60% more
heat, when compared to the reference case, on same calorific capacity basis. Effects of RF and RL
were very similar, but the latter seem to be more important, probably due to their finer grain sizes.
A perfect linear correlation (R2 > 0.99) was found between the substitution degree and the energy
generated during hydration for all cases, with good prediction for other IOT’s contents, which
indicates that the tailing components react during the early stages of hydration. The demand for
sustainable applications of these tailings is huge, and this study brings important contributions for
its practical application.

Keywords: Iron ore tailing-cement composites, Hydration, Isothermal Calorimetry, NCDTA, NCDSC

[1]J. Dweck, P. F. Ferreira da Silva, R. Silva Aderne, P. M. Biichler, and F. K. Cartledge, J Therm
Anal Calorim 71 (2003) 821
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140



Oral Presentations 3 OP3.19

Early hydration stages of iron ore tailings and high initial strength
Portland cement composites: a study by thermogravimetry

Karla Peitl MILLER?!?, Jo DWECK?, Romildo Dias TOLEDO FILHO?
! Civil Engineering Program, COPPE/NUMATS-Federal University of Rio de Janeiro, R Hor4cio
de Macedo, Cidade Universitaria, Rio de Janeiro-RJ, Brazil CEP: 21.941-450
2VALE S.A., Tubardo Port Unit, Av. Dante Micheline, 5500, Ponta Tubardo, Vitoria-ES, Brazil,
CEP: 29.090-900
3School of Chemistry, Inorganic Process Department, Federal University of Rio de Janeiro, R.
Horacio de Macedo, Cidade Universitaria, Rio de Janeiro-RJ, Brazil, CEP:21.941-450

Thermogravimetry (TG) and derivative thermogravimetry (DTG) were used to analyze the
early stages of hydration of Iron Ore tailings and High Initial Strength Portland Cement Composites
within the first 24 h of setting. This paper complements a previous calorimetric performed study of
the same stages. Two types of iron ore tailings (IOT) from a large Brazilian Iron Ore Unit
Beneficiation were evaluated: RF and RL, respectively, from flotation and hydrocyclone steps.
The cement mass substitution degrees by the tailings were: 0% (cement paste), 15% and 30%.
Thermal analysis was performed by using a SDT Q600 from TA Instruments, with and initial
isothermal step at 35°C to release free water, followed by a 10 °C.min"! constant heating rate step,
up to 1000°C, at the ages of 1h (only reference paste), 8 h and 24h. A discussion of original cement
analysis and that of 1h hydration cement paste allows interesting observations and original gypsum
content calculation [1].

For an appropriate comparative analysis between composites and the reference, the original
thermal analysis curves were converted from the initial sample mass basis to their initial cement
mass basis [2-3]. Converted curves showed good similarity for onset and offset times and peak
positions, and furthermore, the observations and conclusions are in line and corroborate with the
previous calorimetric study. The use of the tailings caused an acceleration of the first hydration
reactions, especially for the aluminates, which leaded to the formation of calcium mono
carboaluminate. For 30% of cement substitution, the measured water loss percentage of RL and RF
pastes, due to ettringuite, tobermorite and other alluminated hydrated phase dehydration, was more
than 180% higher of that of the reference. It was noted a higher effect for RL type tailings, probably
due to their finer grain sizes. The results corroborate the importance of understanding the tailings
effects on cement-based materials hydration.

[1]J. Dweck, R. S. Leonardo, F. K. Cartledge, O. A. M. Reales, R. D. Toledo Filho. J Therm Anal
Calorim (2016) 123:1053—-1062.

[2] J. Dweck, M. B. M. Melchert, M. M. Viana, F. K. Cartledge, P. M. Buchler. ] Therm Anal
Calorim (2013) 113:1481-1490.

[3]J. Dweck, M. B. M. Melchert, F. K. Cartledge, R. S. Leonardo, R. D. Toledo Filho. J Therm

Anal Calorim (2017) 128:1335-1342

141



OP3.20 Oral Presentations 3

Thermal debinding of multicomponent binder used for powder
injection moulding of Al.Os powder

Grzegorz MATULA, Blazej TOMICZEK
Institute of Engineering Materials and Biomaterials, Faculty of Mechanical Engineering, Silesian
University of Technology, Konarskiego 18a, Gliwice, Poland

The aim of this research was to produce biomaterials by injection moulding and powder
sintering. This technology requires the use of a precisely selected binder which not only plays an
important role in injection moulding process but also can not cause contamination resulting from
the binder removal process, which would lower the functional properties. In this work, the binder
plays two different roles. One as a conventional binder used for PIM and second as pore-forming
material. For that reason, the multicomponent binder system based on thermoplastic polymers (PP,
HDPE and EVA), paraffin wax (PW) and stearic acid (SA) were used. The moulded green samples
were subjected to solvent and thermal debinding. After binder removal, the brown samples were
sintered at five different temperatures in the range of 1200-1600°C using heating rates, which
provides a large open porosity and relatively high strength and low shrinkage. DSC studies have
shown that HDPE/PP, EVA/PP and HDPE/EVA/PP blends have quite stable melting points of
individual components. The melting point of HDPE or PP used in the blend drops only by about 1
°C relative to the pure polymer. Only the addition of paraffin has a stronger effect on the
plasticisation of the main ingredient of the blends.

The thermogravimetric test results show a narrow range of homopolymer degradation, and the
use of HDPE/PP blends does not change much. The use of the EVA copolymer tends to be more
interesting due to the wide temperature range thermal degradation, which depends also on the
atmosphere used. Torque measurement during mixing and rheological behaviour of feedstock has been
analysed. Results of rheological behaviour confirm that the increase of SA causes the lowering of
polymer-powder slurry viscosity. The optimum stearic acid content of 6% was selected based on the
torque curves of the various mixtures. The tested polymer-powder slurry is undoubtedly characterised
by good rheological properties, and the performed DSC and TGA tests enable the selection of
conditions for the homogenization of mixtures and degradation of the binder, respectively.

[1] G. Matula, J. Krzysteczko, J. Achiev. Mater. Manuf. Eng. 71/1 (2015) 14-21.

[2] M.E. Sotomayor, I. Krupa, A. Varez, B. Levenfeald, Renew Energy 68 (2014) 140-145.
[3] P. Thomas-Vielma, A. Cervera, B. Levenfeld, A. Varez, J. Eur. Ceram. Soc. 28 (2008) 763—771.
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Aluminum alloys are widely applied in automotive, aircraft, food and building industries.
Multicomponent AISi9MgMn alloy intended for high pressure die casting (HPDC) has not been
classified in international norm, neither EN nor AA, only briefly described in manufacturer norm
[1]. Addition of particular alloying elements such as magnesium as well as manganese and iron can
improve mechanical and technological properties of casting in dependence from solidification
behaviour. Therefore, it is necessary to understand the influence of low cooling rates on
characteristic transition and precipitation temperatures in relation to microstructure development.

Thermodynamic calculation and thermal analyses revealed solidification sequence with
corresponded temperatures in correlation to microstructure investigation as follows: development of
primary dendrite network, precipitation of high temperature Al;s(Mn,Fe);Si2 phase, main eutectic
reaction, intermetallic iron-magnesium phase precipitation AlsMgsFeSis and secondary eutectic
phase aal + Mg Si as a final solidifying phase [2].

Solidification behaviour was investigated in situ through establishing the characteristic
temperatures of phase transition and precipitation at low cooling rates started with the lowest 0,17
K/s till highest 19,49 K/s compared with those obtained by numerical simulation for HPDC at 63
K/s. Increase of cooling rate lower the characteristic temperatures and narrow the solidification
interval of AlISi9MgMn alloy. It also changes the solidification manner and morphology of
microconstituents. Higher cooling rate influences on refining of microconstituents in particularly
primary dendrite network in particularly secondary dendrite arm spacing (SDAS). Correlation of
microstructure features investigation and cooling rate reveals significant morphology change of
intermetallic Alis(Mn,Fe)3Si> phase from irregular coarse morphology at lowest cooling rate,
Chinese script morphology at medium one and globular morphology at highest cooling rate [3].

Correlation of characteristic temperatures during solidification process and obtained
microstructure of multicomponent AISi19MgMn alloy in low cooling rate conditions comprehends to
evaluation of applicability of this material for thick-walled safety critical parts and sets in
automotive industry.

[1] RHEINFELDEN, catalogue: SILAFONT 36 - AlISi9MgMn

[2] Z. Zovko Brodarac, D. Stani¢, F. Unki¢, “Investigation of AISi9MgMn Alloy Solidification by
Thermal Analysis” Livarski vestnik, 60 (2013) 4; 201-215

[3] Z. Zovko Brodarac, D. Stani¢, “Effect of the cooling rate on distribution of transition elements

in the intermetallic Al-Mn-Fe-Si phase in A1Si9MgMn alloy”, 71% World Foundry Congress:

Advanced Sustainable Foundry, World Foundry Organization Ltd, Bilbao, Spain, (2014) 1223-1227
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Medium manganese steels are a new grade of automotive sheet steels, which usually contain
from 3 to 12% of manganese [1]. The manganese content should increase the amount of thermally
stable retained austenite at room temperature [2]. Retained austenite is an important structural
constituent of this group of steels because it is responsible for the transformation induced plasticity
effect (TRIP effect) enhancing the steel ductility [3]. That’s why it is important to know how
different heat treatment schedules influence the stability of retained austenite. For this kind of
analysis the dilatometric study is a very good way to determine a phase transformation kinetics and
its effect on the amount and thermal stability of retained austenite [4].

The present work aims at using dilatometric tests for the analysis of phase transformation
kinetics of the steel with untypical 4% manganese content. The steel was subjected to isothermal
holding treatments at temperatures of 400 and 350°C for different holding times, from 15 min to 1
hour. The obtained results showed the influence of temperature on a rate and time of bainitic
transformation, which directly affect the thermal stability of retained austenite. The microstructure
analysis was performed by means of light and scanning electron microscopy. The microstructure
analysis and advanced XRD studies allowed to determine the phase composition and other
morphological features of the multiphase microstructures.

[11Y. Xu, W. Li, X. Zuo, Y. Li, C. Zhang, N. Min, H. Chen, X. Jin, Scr. Mat., 162, (2019), 391-396

[2] Z.C. Li, X.T. Zhang, Y.J. Mou, R.D.K. Misra, L.F. He, H.P. Li, Mat. Sci. Eng. A, 746, (2019),
363-371

[3]1Y. Zou, Y.B. Xu, Z.P. Hu, S.Q. Chen, D.T. Han, R.D.K. Misra, G.Z. Wang, Mat. Sci. Eng. A,
707, (2017), 270-279

[4] Y. Xu, Z. Hu, Y. Zou, X. Tan, D. Han, S. Chen, D. Ma, R.D.K. Misra, Mat. Sci. Eng. A, 688,
(2017), 40-55
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The mechanical properties of aluminum (Al) — magnesium (Mg) — lithium (Li) alloy are the
result of microstructural constituent’s development during solidification [1, 2]. During
solidification, development of microstructural constituents’ is influenced by chemical composition,
thermodynamic parameters and processing parameters.

This research was conducted in order to assess the influence of thermodynamic parameters
on solidification of Al based alloy containing 2,2 mass.% Mg and 2,1 mass.% Li. Solidification
under equilibrium and non-equilibrium conditions were comprehended, respectively. Equilibrium
considerations were obtained using Computer Aided Thermodynamic Diagram Calculation
(CALPHAD), while microstructural analysis under more realistic conditions required combination
of Differential Scanning Calorimetry (DSC) and X-ray Diffraction (XRD). The equilibrium
solidification calculations obtained using CALPHAD are given in Table 1.

Table 1. Equilibrium solidification sequence of Al-2,2Mg-2,1Li alloy

Reaction No. Reaction Temperature,
1 L — aal 640
2 aar— oar+AILi (3) 380
3 aa’+8 — aa’”’+ ALLiMg (T) 290
4 aa’’+6 — oa’’+ AlsMgs (B) 89

Equilibrium solidification begins with transformation of aa1 dendritic network at 640°C
followed by precipitation of stabile 6 phase at 380°C. Precipitation of 6 phase is a result of reduced
solubility of Li in aa; and high Li/Mg ratio (0,95). The ternary T phase precipitates at 290°C from
balked aar’” matrix reach in Mg. The solidification ends with precipitation of secondary eutectic f3
phase at 89°C.

However, microstructural analysis under more realistic conditions indicated precipitation of
metastable Al3Li (8°) phase that was not covered by the predications. Metastable 6’ phase
precipitates after transformation of aar matrix as a result of reduced solubility of Li due to the Mg
influence. The &’ phase presents a main strengthening precipitate in Al-Mg-Li alloys.

[1] N. A. Belov, D. G. Eskin, A. A. Aksenov, Multicomponent phase diagrams: Application for
commercial aluminum alloys, Elsevier Science, 2005.

[2] A. A. Csontos, E. A. Starke, The effect of inhomogeneous plastic deformation on the ductility
and fracture behavior of age hardenable aluminum alloys, International Journal of Plasticity,
21(2005)6, 1097-1118.
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Industrial production of products, such as foil and aluminium alloy strips, begins with the
production of semi-finished products in the form of bars. These are produced by the continuous
casting process, which is quick and does not allow equilibrium conditions of solidification. Non-
homogeneity, such as micro and macro segregation, non-equilibrium phases and microstructural
constituents, as well as stresses arising during non-equilibrium solidification, are eliminated by
means of homogenization annealing. In this way a number of technological difficulties in the
further processing of semi-finished products can be avoided.

The aim of the study was optimization of the homogenization annealing of the EN AW 8006 alloy.
With the Thermo-Calc software, a thermodynamic simulation of the equilibrium and non-
equilibrium solidification was performed and the equilibrium phase diagram was calculated.
Differential scanning calorimetry (DSC) was made on selected samples in as-cast state and after
various regimes of homogenization annealing and also used for simulation of homogenization
annealing. Using the light microscope (OM) and the scanning electron microscope (SEM) the
microstructure of the samples was examined, whereas the microstructural components were
analysed using the energy dispersion spectrometer (EDS). On the basis of all the results was
concluded that the homogenization annealing has already been carried out after 8 hours at 580 ° C
to the extent that the material is suitable for further processing.
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The aim of the study is to determine the crystallization behavior of y—y" Co-9AI-9W (at.%)
superalloy by thermal analysis methods. For description of casting solidification and crystallization
process the thermal derivative analysis (TDA) was utilized.

The alloy with composition Co-9A1-9W (at.%) was produced via induction vacuum melting
using furnace VSG 02 Balzers. In order to differ the crystallization conditions, different types of
molds were examined. First casting was made using cold graphite mold. For further casting
processes aided by TDA analysis, sand molds with different temperature (respectively room
temperature and 500 °C) were used. The solidification process was recorded by a Crystaldigraph
PC-8T apparatus. During crystallization of sand castings, the temperature was recorded by S type
thermocouple mounted in the mold. Each casting was further evaluated in view of primary
microstructure by optical microscopy (OM), scanning electron microscopy (SEM) and X-ray
diffraction analysis (XRD). Moreover, in order to investigate the thermal behavior of obtained casts
and verify the solidus temperature obtained via TDA method, the differential thermal analysis
(DTA) was performed up to 1500 °C using NETZSCH STA 449 F3 Jupiter thermal analyzer. The
measurements were carried out under Ar. atmosphere with heating rate 20 °C s™.

The analysis of TDA curves allowed to determine liquidus and solidus temperatures under
different cooling rates. In each case, the liquidus temperature was ca. 1450 °C, whereas solidus was
approximately 1380 °C. The results obtained via TDA method were in accordance with DTA
cooling curves, which showed similar values of solidus temperature. Moreover, TDA analysis
revealed some slight thermal effect at temperature above 900 °C. At similar temperature, DTA
analysis revealed occurrence of effect corresponding to y'-precipitation.

This work is financed from the budgetary funds for science for the years 2018-2022, as a research
project within the Diamond Grant programme (0069/DIA/2018/47).

[1]J. Sato, T. Omori, K. Oikawa, I. Ohnuma, R. Kainuma, K. Ishida, Cobalt-base high-temperature
alloys., Sci., 312 (2006) 90.

[2] A. Tomaszewska, G. Moskal, D. Migas, M. Mikuskiewicz, T. Maciag, Thermal parameters
determination of Co—Al-W as-cast alloy homogenization by DTA analysis, J. Therm. Anal.
Calorim., 134 (2018) 157-164.
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Recently, low-density Fe—-Mn—AI-C steels have attracted attention, as they have low density
with excellent combinations of strength and ductility. They can be classified into three categories:
ferritic steels, duplex steels and austenitic steels, depending on the microstructure. Solidification of
two duplex low-density steels was investigated. Two steels Fe—15Mn—10A1-0.8C and Fe—15Mn—
10A1-5Ni—0.8C steel were produced in vacuum induction furnace under Ar atmosphere and re-
melted in a simultaneous thermal analyser. The influence of Ni on the solidification process was
analysed with thermodynamic calculations and differential thermal analysis. The samples were
analysed with light optical and scanning electron microscopy. The distribution of elements between
the ferrite and austenite phase were determined. Thermodynamic modelling was done by Thermo-
Calc using the CALPHAD method. Good correlations were found between the theoretical values
and the experimental results.
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Homogenization is the first heat treatment that is performed for most aluminium alloys prior
to any deformation process. Homogenization is performed to counter microsegregations, which are
the result of non-equilibrium solidification caused by diffusion rate differences between solid and
liquid state during solidification. For the purpose of this paper, a hypoeutectic Al-Fe alloy
containing 1.1 wt.% Fe was homogenized at 600 °C for up to 12 h in an electric furnace. After the
homogenization heat treatment differential scanning calorimetry (DSC) was performed and the
homogenized samples were compared with the as-cast state. The results were compared with
thermodynamic calculations using Thermo-Calc software in order to determine the differences
between the microstructure in equilibrium and non-equilibrium state. All samples were analysed
using optical and electron microscopy, where intermetallic phases were qualitatively assessed with
both methods. Furthermore, energy dispersive spectroscopy (EDS) was required to determine the
type of phases present in all samples and a difference between the as-cast and homogenized state
was apparent. The presence of metastable phases in the as-cast state and the transformation of such
phases during the process of homogenization was confirmed. A homogenization process, lasting 12
h at 600 °C was also performed with a DSC instrument. The experiment confirmed a larger heat
transfer at the beginning of homogenization which is in agreement with all previous analysis. All
results have shown that after 6 h of homogenization, the effects of non-equilibrium solidification in
this alloy have been sufficiently countered.
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Fragments of plastics (microplastics) are currently considered as contaminants harmful
for various environmental compartments and biota. In soil, their analysis is hampered by soil
matrix complexity and certain chemical and physical similarities between some plastics and
soil organic matter. For this reason, the methods for identification are time consuming and
laborious due to the need to separate the microplastics from soil matrix, and therefore,
approaches for direct microplastics analysis are of importance.

Recently, we have reported several approaches for direct analysis of microplastics in
soils including analysis of gases evolved from thermally degraded plastics (evolved gas
analysis) [1] and comparison of mass losses obtained by thermo-oxidative degradation
(thermogravimetry, TG) [2]. The latter includes two approaches, the first one uses non-
contaminated soil, while its TG record is subtracted from the TG record of soil containing
microplastics. In the second approach, the uncontaminated soil is replaced by a combination of
equations, which reflect the mutual relationship between various soil compartments derived
from natural soils and represent a soil universal model.

In this work, we describe the development and validation of the TG approaches for
detection of a wide range of microplastics including PET, PE, PVC, PS and PHB. In particular,
we show the development and testing of all possible scenarios and discuss the weaknesses and
positives of the developed approaches.

[1] David J, Steinmetz Z, Kucerik J, Schaumann GE. Anal Chem. 90 (2018) 8793.

[2] David J, Weissmannova HD, Steinmetz Z, Kabelikova L, Demyan MS, Simec¢kova J, et al.
Chemosphere, 225 (2019) 810.
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The detection of bacterial contamination is one of the most important and incessant
aspects of quality control in pharmaceuticals [1], water [2] and food [3]. Standardized
techniques rely on the optical alteration of samples in the way of so-called colony forming
units (CFUs) that grow on selective culture media. The colony-forming units to be counted
with the eye thus allow conclusions to be drawn about the initial bacterial concentration of the
samples. The basic assumption is that one colony is formed per bacterium in the sample.

A temporal advantage would be the detection of a physical quantity that behaves
additive and already dependent on the initial number of bacteria of the respective
contamination. This kind of physical quantity would be, for example, the metabolic heat
produced by every living bacterial cell. A suitable detector would be a thermocouple that could
track the heat flow generated during the growth of bacteria in real time. These considerations
find practical application in a high-performance isothermal microcalorimeter (IMC) which can
detect the smallest traces of microbial contamination [4].

In our study, we investigated the practicability of classical cultivation techniques in the
context of IMC measurements using Lactobacillus plantarum and Pseudomonas putida as
model bacteria for an anaerobic and aerobic system, respectively. For this reason, we have
monitored bacterial growth on and in solid and liquid culture (SC and LC) media using IMC.
Our results demonstrate that IMC monitoring provides a reduced detection time in both SC and
LC. In addition, the use of classical enrichment methods such as membrane filtration offers
another possibility to detect bacterial contamination even earlier. By using a simple physical
model, we were able to confirm that the initial bacterial concentration (determination via
CFUs) allows a linear correlation with the detection time regardless of the cultivation
technique used. The latter enables the quantitative determination of specific bacterial
contaminations on the basis of classical cultivation conditions within the framework of
microcalorimetric monitoring.

1] G. Buckton, S. J. Russell, A.E. Beezer, J. Therm. Anal. Calorim., 193 (1991) 195-214.
2] T. Maskow, K. Wolf, W. Kunze, S. Enders, H. Harms, Thermochim.Acta, 543 (2012), 273-280.
] L. Wadso, F. G. Galindo, Food Control, 20 (2009) 956-961.

[
[
[3

[4] E. A. Boling, G. C. Blanchard, W. J. Russell, Nature, 241 (1973) 472-473.
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Microbial driven biological conversions are used to synthesize industrial relevant
products from readily available feeding materials. Anaerobic bioconversions are particularly
favourable because a large proportion of the energy of the feeding material is found in the final
products. This makes anaerobic bacteria for example interesting for the production of gaseous
and liquid biofuels. Real time monitoring tools are essential to effectively control such
industrial applications to increase productivity, product quality, and process stability. Given
that metabolic heat flux measurements reflect changes in stoichiometry and kinetic of
bioconversion processes immediately, calorimetry has the potential to be a great tool for
monitoring such processes [1, 2]. However, the higher energy content, lower level of
oxidation, of the products of anaerobic bioconversions also means that less energy is dissipated
as heat throughout the conversion process. These tiny heat production rates are challenging the
calorimetric monitoring and difficulties may arise to apply enthalpy balances for data
interpretation. Particularly in the development of thermokinetic models, the combination of
metabolic heat signals with metabolic reaction sequences from traditional reactor sampling and
monitoring could prove to be intricate.

For exploring the information content of calorimetric signals of anaerobic bioprocesses
and their suitability for bioprocess control the production rates of metabolic heat, protons and
gas of Clostridium acetobutylicum was monitored using a high resolution reaction calorimeter.
The on-line measures were analysed and related to conventionally derived kinetics of
microbial growth and product formation during the different metabolic phases of the acetone-
butanol-ethanol (ABE) fermentation.

Changes between different metabolic phases can easily be retraced by the production
rates of heat and gas and partially from the evolution of pH. However, the quantitative heat data
interpretation based on advanced kinetic models combined with enthalpy balances proofed to be
very challenging. Small errors in chemical analysis of intermediates and products lead to huge
differences in predicted enthalpies easily changing the whole conclusion of a model. This means
that the calorimetric measurement provides much more accurate process information than the
chemical reference analysis (on- and off-line). However, the combination of heat and exhaust
gas signals allows the real-time quantification of the main metabolic fluxes and thus provides
proof of a future bioprocess control strategy. Simple mathematical heat flow models reveals that
the strategy should be transferable to the technical scale.

[1] von Stockar, U. et al. Biochim. Biophys. Acta 1183 (1993), 221-240
[2] Maskow, T. & Paufler, S. Methods 76 (2015), 3-10
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Polyneuropathy is defined as a simultaneous malfunction of several peripheral nerves,
which could be a side effect of cancer therapy as well. Well-known, that polyneuropathy is
caused by chemotherapeutic drugs in patients with malignant tumour. Many kinds of drugs
supposedly cyclophosphamide also can induce a disease classified as toxic polyneuropathy.

Cyclophosphamide is a widely used cytotoxic drug, it can cause polyneuropathy as one
of its wide side effect spectrum. Cyclophosphamide importance is shown by the appearance on
the most important drugs list published by WHO.

In present study we analyse this side effect on skeletal muscle (m. gastrocnemius) by
DSC (differential scanning calorimetry), as an established thermoanalitical method, to follow
the possible consequence of drug treatment. We used cyclophosphamide treated in vitro
animal model (Guinea pig) with a comparable dosage and time handling of human protocol to
show evidences of this drug-induced effects.

According to our results, we could show a dose-dependent difference between thermal
parameters (denaturation temperature and calorimetric enthalpy) of untreated and treated
samples in their contractile proteins (actin and myosin), which can be detected by DSC. It
proved that we can create new possibilities in the detection and prognosis of expected and
unwanted side effects of cyclophoshamide such as polyneuropathy.
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Bathing in the sauna or cryostimulation are often used as a part of training plan of elite
athletes. In this work we present comparison of thermal mapping results obtained from the
same athletes, after different wellness treatment (sauna and cryostimulation) in two training
cycles far away from each other in time.

The group of 10 students from Katowice Physical Education Academy who are also
part of the Polish national team of ski-runners was selected to our experiment. We collect
thermograms of participants performing experimental training using camera Flir System E60.
The skiers thermograms were registered, before, immediately after and 10 minutes after
endurance training including one hour running on the treadmill, on a threshold load. Thermal
mapping was analysed four times: before the treatments in the sauna and after 10 visits there,
and before visit in cryochamber, and after 10 visits in a remote time. Blood samples were
drawn from the antecubital vein into test tubes anticoagulated with heparin at rest and
immediately following the run to assay biochemical parameters.

It was obtained that in upper part of body changes of temperature were similar for
applicate both wellness treatments. Nevertheless temperature drops immediately after training
as well as 10 minutes after training were a little bigger after visit in cryogenic chamber than
after sauna. Temperature changes of muscles of lower body were more complicated.
Immediately after training changes were generally positive and higher after cryostimulation
(except vastus lateralis, tibialis anterior), but these changes do not show statistical significance.
However, 10 minutes after training drop of temperature was observed for all muscles zones.
Temperature effect of stay in cryogenic chamber lasts longer than bathing in sauna.

Some differences were also observed in physiological and biochemical parameters due
to using different wellness. The work rate (WR) after sauna treatment was definitely higher
than after cryotherapy. An increase in uric acid (UA) immediately after exercise in regards to
before exercise is a little bigger after cryostimulation compared to bathing the sauna. However
haemoglobin (Hb) is slightly lower after cryostimulation than sauna treatment. The changes in
lactate dehydrogenase (ALDH) and creatine kinase (ACK) due to training are markedly lower
after the cryostimulation than sauna bathing. These results may suggest that cryotherapy is
more desirable than the sauna because of lower changes of LDH and CK, which are known as
markers of microdamage of muscle.
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Sauna is a physical treatment, originating from Scandinavian countries such as Finland,
and now widely used throughout the world [1-2]. This treatment is used in sports medicine,
recreation and rehabilitation, mainly for the regeneration of tired muscles, hygiene and
cosmetology, cleansing the body of toxins or relaxation [1-3]. The aim of the conducted
research was to compare changes in athlete's blood serum during two exercise sessions: before
and after ten sauna treatments.

Serum samples were collected from the blood of 9 athletes (3 women and 6 men) well
trained in cross-country skiing in four stages in both exercise sessions: at rest, after exercise
and after 1h and 24h rest and additionally only at rest after the first sauna treatment.
Differential scanning calorimetry (DSC) measurements of aqueous serum solutions were made
in the temperature range 20 - 100 °C with a heating rate of 1 °C min™! and a pressure of about
1.8 atm using the VP-DSC microcalorimeter (MicroCal Co, Northampton, MA).

The results obtained by DSC allowed to register characteristic post-exercise changes in
thermal transitions of serum denaturation, similar in nature, regardless of the use of sauna
treatments. Comparison of DSC curves of athletes’ sera demonstrates a stronger reaction to the
effort in the exercise session after the sauna treatments. It was revealed especially in the part of
serum denaturation transition at higher temperature range. The post-exercise changes in the
low-temperature transition region were similar. Another observation from our study was quite
a significant variation in the recovery process after the exercise among the athletes.

[1] M.L. Hannuksela, S. Ellahham, “Benefits and Risks of Sauna Bathing”, Am. J. Med., 110
(2001) 118-126

[2] T. Prystupa, A. Wotynska, JI. Slezynski, “The Effects of Finish Sauna on Hemodynamics
of the Circulatory System in Men and Women”, J Hum Kinet, 22 (2009) 61-68

[3] W. Pilch, I. Pokora, Z. Szyguta, T. Palka, P. Pilch, T. Cison, L. Malik, S. Wiecha, ” Effect
of a Single Finnish Sauna Session on White Blood Cell Profile and Cortisol Levels in Athletes
and Non-Athletes”, ] Hum Kinet, 39 (2013) 127-135
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One of the most investigated biochemical pathways is the glycolysis. Surprisingly, some
publications studied the thermodynamics of the glycolysis and postulated that this pathway is
not thermodynamically feasible [1, 2]. Strongly positive Gibbs energy changes for the
combination of reaction 5 and 6 as well as for some single reactions taking the recent
knowledge about metabolite concentrations, activity coefficients and equilibrium are the
reasons. In order to identify the causes, equilibrium data, activity coefficient concepts and
models of irreversible thermodynamics are newly determined or developed.

In this contribution a reversible reaction of glycolysis was exemplarily calorimetrically
monitored, thermokinetically interpreted under cell mimicking instead of standard conditions.
In addition a new thermokinetic approach using irreversible thermodynamics was suggested
overcoming the weakness of the conventional Michaelis-Menten kinetics. This weakness is the
neglect of the backward reaction from the product to enzyme-substrate-complex. Obviously,
there are already some models overcoming this weakness (e.g. the Hoh and Cord-Ruwisch
approach [3] or the reversible Michaelis-Menten mechanism [4]) however our suggestion
needs less parameter and reflects the natural cell conditions better. The influence of different
cell mimicking conditions (e.g. temperature, pH-value, ionic strength, concentration of
magnesium and biopolymers [crowding agents] on thermodynamic and kinetic parameters was
determined and will be discussed.

In the further course of the study, we want to apply the determined calorimetric data to
a new thermodynamic feasibility analysis model to explore the predictive potential of
thermodynamics for systems biology.

[1] V. Vojinovic, U. von Stockar, Biotechnology and Bioengineering, 103 (2009) 780

[2] T. Maskow, U. von Stockar, Biotechnology and Bioengineering, 92 (2005) 223

[3] C.Y. Hoh, R.CordRuwisch, Biotechnology and Bioengineering, 51 (1996) 597

[4] W.G. Miller, R.A. Alberty, Journal of the American Chemical Society, 80 (1958) 5146
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Thermal analysis (TA) is one of the group of techniques, which is used in a broad
spectrum of scientific disciplines. At present, it is one of the mainly utilized methods in the
characterization of polymeric materials to give information, which are often unavailable via
using other techniques [1].

Elastomeric composites are widely used in various industries, such as the defense,
aerospace and automotive industries. They are applied in manufacturing of tires, tubes, seals,
coatings, dampers and many other products. Therefore, thermal analysis is a perfect and
versatile tool for characterizing such materials in a wide temperature range.

In the rubber industry, different components have been used for years, which can be
employed as fillers, coagents, plasticizers or can modify the physical properties of elastomeric
composites [2]. The analysis of the latest literature reports indicates that ionic liquids (ILs) are
increasingly being used as a new class additives for various applications in elastomers. ILs are
organic salts with a melting temperature lower than 100 °C. Due to good thermal stability,
negligible vapour pressure and non-flammability in the temperature range for the processing of
elastomeric composites, they can be effectively used in the field of elastomer technology [3].

This work presents current applications of thermoanalytical methods for testing
elastomeric composites of acrylonitrile-butadiene rubber (NBR). Thermogravimetry (TG),
differential scanning calorimetry (DSC) and dynamic-mechanical analysis (DMA) were used
to characterize the influence of ILs and fillers on the curing characteristics of rubber
compounds, as well as the thermal and dynamic-mechanical properties of vulcanizates. NBR
composites were filled with carbon black or nanosized silica. ILs, such as tetrafluoroborates
with pyrrolidinium, pyridinium and piperidinium cations, were used to improve the dispersion
of filler particles in the elastomer matrix and to increase the efficiency of NBR vulcanization.

[1] Y. Saruyama, S.Tatsumi, H. Yao, Polym. Int., 66 (2016) 207

[2] S. Koltzenburg, M. Maskos, O. Nuyken, “Elastomers”, Polymer Chemistry, (2017) 477-491

[3] M. Maciejewska, A. Sowinska, J. Therm. Anal. Calorim., (2019). DOI:10.1007/s10973-
019-08187-8
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Differential Scanning Calorimetry (DSC) is a very commonly used analytical technique
to quickly characterize polymers, blends and mixtures. Inspection of incoming goods,
production and quality control as well as research and material development are typical
application areas for DSC. To cope with the challenge of automated routine analysis
procedures on one hand and highest flexibility in usability and evaluation on the other, an
advanced software was introduced recently [1, 2].

Comparing analysis results with reference data is an established procedure in research
and materials characterization. Spectroscopic techniques such as infrared spectroscopy (FT-IR)
or mass spectrometry (MS) allow those comparisons via the software for decades. Numerous
spectra libraries are available to compare measurement results with reference data. With the
new evaluation tool of the NETZSCH Proteus® software, this capability is now also available
for thermoanalytical data. Along with reference data, this thermoanalytical library allows for
visual comparison of measured data with reference data. Recent works could demonstrate the
use of this library functionality for different polymers, polymer mixtures and even for recycled
polymers [3, 4]. The measurement results obtained with DSC, of course, strongly depend on
the compatibility of the mixture. In case the single components do not form mixed phases,
mixtures will present DSC signals of each single component according to its quantity. This
work presents examples for the characterization of polymer samples and mixtures by means of
DSC results and subsequent comparison of these results with library data.

References:

[1] A. Schindler, C. Strasser, S. Schmoelzer, M. Bodek, R. Senuita, X. Wang, J] Therm Anal
Calorim, 123 (2016) 2405 (doi.org/10.1007/s10973-015-5026-x)

[2] A. Schindler, M. Doeth, S. Gezgin, M. Menzel, S. Schmoelzer, J] Therm Anal Calorim, 129
(2017) 833 (DOI: 10.1007/s10973-017-6208-5)A. Ionescu, V. Alecu, “Thermal properties
of solids”, Expert PublishingHouse, (2008) 1356-1364

[3] E. Fueglein, E. Kaisersberger, J Therm Anal Calorim, 120 (2015) 23 (DOL:
10.1007/s10973-014-4381-3)

[4] E. Fueglein, J Therm Anal Calorim, 121 (2015) 1353 (DOI: 10.1007/s10973-015-4583-3)
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In case of the conventional thermal analyzer, the specimen is installed in a closed
furnace during the measurement. Therefore it is difficult to directly observe the specimen
behaviour, such as change in color, expand/shrinkage, melt flow, decomposition, etc., with
temperature change and/or time lapse.

We developed TG-DSC system having a furnace of the structure that was available
for the specimen observation and the image recording during measurement. The availability
of this system was published last year [1].

The polymer materials degrade by heating and/or UV irradiation over time. As such,
the color and the shape will change with progress of this degradation.

In this study, the influence of the heating and the time lapse on the degradation
behavior of the polymethylmethacrylate (PMMA) was examined by imaging analysis using
sample observation TG-DSC system.
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Fig. 1 TG. DSC and temperature curves. and images for PMMA
by Sample Observation TG-DSC System

[1] H. Takahashi, E. Shimoda, Y. Nishiyama, M. Muraoka, D. P. Semiono, The 12th European
Symposium on Thermal Analysis and Calorimetry, (2018)
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Metoprolol tartrate (MT) and metoprolol succinate (MS) are widely used to treat
cardio-related medical conditions, there is a paucity of data in the scientific literature relating
to the existence of other polymorphic forms. Paoli et al. [1] reported an anisotropic lattice
expansion/contraction for MS and isotropic for MT effect of temperature on the lattice
parameters of the salts. Upon cooling, both salts recrystallized to the original form. However,
MT took 6 days to fully recrystallize to the starting form. Zhou et al. [2] synthesized a second
crystal form of MS using solvent evaporation method. Data obtained from thermal analysis
revealed that the new form has lower melting temperature (~ 126 °C) and that it transforms
eventually to the first (original) crystal form.

The aim of the present work is to better understand the thermal behaviour/
thermostability of metoprolol succinate and tartrate and to report any solid-state changes and
possible polymorphic forms of the salts.

Differential Scanning Calorimetry (DSC) was method of choice for this investigation.
Serval experimental procedures involving varying heating and cooling rates were applied to
assess stability of different crystalline forms, creation of an amorphous form as well as
recording existence of various polymorphs.

Metoprolol tartrate presented a relatively simple thermograms, melting on 1% heating
cycle and glass transition (Tg ~ -5°C) on the second heating cycle. Formed amorphous phase
was stable and material didn’t undergo cold crystallisation.

On the other hand, MS presented complex and very much heating rate (heating
treatment) dependent behaviour. Several recrystallisation processes were observed along with
several melting points suggesting potential formation of up to three unstable polymorphic
forms (Tc ~ 85°C, 113°C, 125°C) and an amorphous phase (Tg ~ -5°C) which is usually crated
upon cooling of a molten MS.

[1] P. Paoli, P. Rossi, E. Macedi, A. lenco, L. Chelazzi, G.L. Bartolucci, B. Bruni, Crystal
Growth & Design, 16(2) (2016) 789-799

[2] M. Zhou, J. Ao, S. Liu, C. Wu, A. Lai, H. Gao, G. Zhang, Pharmaceutical development
and technology, 22(1) (2017) 58-62
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Isotactic polypropelene (iPP) is a semi-crystalline polymer used in various application
fields. The properties of iPP depend mainly on its crystalline structure, which can be
manipulated by the application of nucleating agents. Since iPP is a polymorphic polymer,
these additives can enhance the formation of either one polymorphic modification of iPP or
both (a- and B-iPP) of them. A well-known and commercially available example for dual
nucleating agents is N,N’-dicyclohexyl-2,6-naphthalenedicarboxamide (sold under the trade
name of NJ Star NU 100), which is an efficient additive in the preparation of iPP samples rich
in the B-modification. However, it was shown that it is not selective for the B-iPP, since it also
the a-iPP forms in its presence [1].

The aim of this work is to describe two other examples for dual nucleating agents of
iPP, namely N,N’-dicyclohexyl-terephthalamide [2] and dibenzoyl-terephthalic acid
dihydrazide, which were synthesized in our laboratory. In our research we used simultaneous
thermal analysis to determine the melting temperature and the decomposition temperature of
the compounds, since these characteristics are crucial from the viewpoint of applicability of a
material as a nucleating agent. Then we introduced the additives in iPP in a wide concentration
range, and investigated the thermal properties of the as prepared samples, by using differential
scanning calorimetry. We proved that these compounds possess a dual nucleating ability in
PP, since they enhance the formation of both of the two polymorphic modifications already
mentioned. Polarized light microscopy was also used to follow the crystallization process and
to observe the presence of the iPP modifications.

Since the crystallization conditions (thermal conditions, presence of additives, etc.)
influence the crystalline structure and consequently also the properties of the polymer, targeted
manipulation of the structure by adding nucleating agents creates an opportunity to tune the
properties of the polymer so that they fit our standards.

[1]J. Varga, A. Menyhard, Macromolecules, 40 (2007) 2422
[2] F. Horvath, T. Gombar, J. Varga, A. Menyhard., J. Therm. Anal. Calorim., 128 (2017) 925
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Thermal methods of analysis, including differential scanning calorimetry (DSC),
as well as thermogravimetry (TGA), are significant for estimating the stabilization effect
of polyphenols in polymer matrix. The effectiveness of selected antioxidants of plant origin
incorporated into material can be proved, inter alia, by means of Oxidative Induction Time
(OIT) calculation on unaged samples [1]. Longer Oxidation Induction Time (OIT) of polymers
with antioxidants than of pure material confirms stabilization effect of natural antioxidants.
Moreover, many thermograms reveal a difference between oxidation temperature of pure
polymer and polymer with natural antioxidants, which also provides information about
selected natural substances as stabilizers for polymers. In many cases it can be proved that
materials with selected antioxidants have higher oxidation temperature than the pure ones,
which confirms that these substances protect polymers from oxidation process.

Naturally occurring antioxidants, including polyphenols, can be applied as pro-
ecological additives for aliphatic polyesters, which are bio-based and biodegradable polymers.
Incorporation of natural stabilizers into polymers, such as polylactide (PLA) or
polyhydrixybutyrate (PHB), leads to obtaining fully environmentally friendly materials which
can be used in packaging industry [2,3].

Table 1. Exemplary values of oxidation process temperature range for pure aliphatic
polyester and polyester with natural antioxidant.

Temperature range of oxidation process [°C]

. Poly(lactic acid) with flavone
Poly(lactic acid) PLA-+flavone
Onset Peak Endset Onset Peak Endset
226 252 260 279 303 305
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Wood is a raw, renewable and limited bioresource. Hence, the preservation of wood
products has become a major concern [1-3].

The study describes the obtaining of coatings from epoxy derivatives of both natural
and synthetic origins. The biocomposites were obtained by immersing wood or wood modified
with succinic anhydride in different formulations of glycidyl methacrylate, diglycidyl ether of
bisphenol A, epoxidized grapeseed oil and salicylic acid, as antifungal agent. The compounds
were then subjected to a complex UV and thermal crosslinking protocol. The coated wood
biocomposites were characterized in terms of their thermal behaviour.

Thermal decomposition behaviour and the identification of released gaseous entities were
studied on a TGA/FT-IR/MS system. Non—isothermal kinetic studies were also undertaken. The
biocomposite containing epoxidized grapeseed oil showed the highest thermal stability. The
samples thermally decomposed following complex mechanisms in two or three stages.

[1] H. T. Chang, S. T. Chang, Bioresour. Technol., 97 (2006) 1265
[2] H. Matsuda, Wood Sci. Technol., 21 (1987) 75
[3]Y.Li, X. Dong, Y. Liu,J. Li, F. Wang, Int. Biodeterior. Biodegrad., 65 (2011) 1087
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Protein folding is one of the key problems in molecular biology [1]. Due to the
relatively short duration of the folding process, experimental observation of folding is
complicated. Lysozyme is a small globular protein, which finds applications in the food and
medical industry. It was found that lysozyme folding proceeds via two parallel pathways with
a fast direct folding and a significant population of the misfolded intermediate, which slowly
folds into native protein [2].

We have used fast scanning calorimetry (FSC) and conventional differential scanning
calorimetry (DSC) to investigate the unfolding of lysozyme in glycerol at scanning rates up to
500,000 K/min [3]. The apparent activation energy of the unfolding process is close in both
cases: 261£13 kJ/mol (FSC) and 25149 kJ/mol (DSC) and is smaller than the enthalpy of
unfolding, indicating that the unfolding is not a single step two-state process. It was also found
that the thermal unfolding was irreversible in the short term. However, after thermostating the
sample at room temperature for several minutes, the unfolding peak reappeared in the heating
scan, indicating a slow refolding process.

To further investigate the refolding we have used a temperature program which
involves (a) fast heating and cooling of the protein, which probes the initial amount of the
native state and produces unfolded protein, (b) an isotherm at the temperature well below the
onset of the unfolding to initiate protein refolding in controlled conditions, and (c) a second
heating scan to probe the state of the refolded protein.

We have found that at the shortest isotherms (<5 s) no endotherm due to unfolding of
lysozyme is observed. At intermediate times (5 — 20 s) two endothermic peaks are observed.
At longer isotherm (>30 s) a single endotherm is present. The appearance of the second
endothermic peak is apparently due to the presence of a folding intermediate. The peak of the
intermediate appears at lower temperature and has a comparable enthalpy to the unfolding of
the native protein, which implies that the entropy of unfolding is greater than in the case of the
native state.

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

[1] C. M. Gomes, P. F. N. Faisca, “Protein Folding: An Introduction.” Current Topics in
Microbiology and Immunology, (2019) 1-63

[2] A. N. Muttathukattil, P. C. Singh, G. Reddy, The Journal of Physical Chemistry B, 123
(2019) 3232-3241

[3] T. A. Mukhametzyanov, I. A. Sedov, B. N. Solomonov, C. Schick, Biochimica et
Biophysica Acta (BBA) - General Subjects, 1862(9) (2018) 2024—-2030.
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Digital Light Processing (DLP) technology and Additive Manufacturing (AM) [1,2] have been
widely adopted in the rapid prototyping and tooling areas for the creation of initial models by
3D printers. One of the possibilities of using 3D printing is the production of molds for casting
manufacturing process. Owing to the unique layer-wise production method, many studies are
focused on additive manufacturing of materials that often require superior properties. A variety
of polymeric materials properties allows use of liquid resins for the additive manufacturing
process. The efficient casting process requires intense and complete destruction of molds
during combustion at the lowest possible temperature.

For this purpose, four polymeric materials were synthesized. In order to evaluate the
characteristic properties of these samples thermogravimetric (TG) and infrared spectroscopy
(FTIR) analyses were performed. During decomposition of samples, it was observed that all
polymer samples were destroyed at temperatures of 300 - 460° C. The released volatile
compounds were investigated using FTIR spectroscopy with TGA-IR module. The analysis
showed that the main chemical compounds were: ethane, methane, carbon dioxide,
methylacrylate. It was established that the material, which was synthesized with urethane
methyl acrylate monomer, is being decomposed most intense at lowest decomposition
temperature. The low ash content and decomposition temperature of the sample indicate that
the materials synthesized from urethane acrylates have the appropriate thermal properties for
the casting process technology.

[1] Zhaorui Yan, Weiwei Liu, Zijue Tang, Xuyang Liu, Nan Zhang, Mingzheng Li, Hongchao Zhang,
Review on thermal analysis in laser-based additive manufacturing, Optics & Laser Technology,
Volume 106, 2018, Pages 427-441, ISSN 0030-3992.

[2] Yiran Yang, Lin Li, Jing Zhao, Mechanical property modeling of photosensitive liquid resin in
stereolithography additive manufacturing: Bridging degree of cure with tensile strength and hardness,
Materials & Design, Volume 162, 2019, Pages 418-428, ISSN 0264-1275
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Flavonoids and their soluble in water glycosides have perspective biological activity.
Receiving glycosides quercetin polyphenol interaction with carbohydrate glucose in solution is
labor-consuming and expensive owing to multistage character. Earlier the possibility of
glycosides synthesis by mechanochemical activation (MA) was shown for receiving the
specific product which is not demanding high purity. At the same time the natural components
containing quercetin such as buckwheat peel were used.

In [1] formation of glycoside bond of quercetin with glucose under MA is shown. One
of preferable products of this interaction is isoquercitrin (quercetin-3--D-glucopyranoside). It
exists as natural substance too. Reaction proceeds in mechanochemical reactor — drum of
planetary mill in the conditions of controlled heating. There is a question of thermal stability of
the reacting and formed components in the conditions representing mechanochemical
interaction (temperature and the atmosphere).

The aim of the work is to research the thermal decomposition of substances used in
reaction of receiving glycosides in the conditions of mechanochemical activation

For comparison and as initial substances commercial reactants are chosen: glucose,
quercetin. MA of powders mixture of glucose and quercetin is in the AGO-2 mill-activator,
regime of 1 W/g, air atmosphere. Conditions and the choice of gas carrier when carrying out
the thermal analysis were chosen brought closer to conditions of mechanochemical synthesis.

Thermogravimetric curves of reagents of quercetin and glucose show multistage
decomposition. In the interesting temperature range 373-723K stages at 409, 637K and 508,
602K are noted, respectively (speed of heating 10K/mines). Values of activation energy of
decomposition stages of reagents in the called conditions are defined. Comparison with literary
data for these substances are satisfactory. Temperature range of existence of a target product is
defined. For stages of its thermolysis energy of activation is also demonstrated.

IR-spectra of formed glycoside were simulated quantum chemically in Gaussian (B3LYP/6-
31G*) and measured experimentally on the Tensor 27 (Bruker) spectrometer, in potassium
bromide. Glycoside-type bonds formation according to IR-spectroscopic data under
mechanochemical activation of quercetin and glucose was presented. It is shown that addition
of alkali catalysts entered into reaction mix intensifies process of thermolysis.

The conclusion is made that in the conditions of carrying out mechanochemical
synthesis thermal stability of reaction mixture is limited to value 420-450K. On the basis of
results of work some needs of restriction of temperature when carrying out mechanochemical
synthesis are defined.

This work was supported by the Russian Science Foundation under grant 16-13-10200.

[1] S. Mamylov, D. Orlov, Chemistry for Sustainable Development, 26 (2018) 525-529
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Thermal stability of hen egg-white lysozyme in agueous-organic
mixtures

Timur MAGSUMOV, Igor SEDOV

Institute of Chemistry, Kazan Federal University, Kremlyovskaya 18, 420008 Kazan,
Russian Federation

Aqueous-organic solvents have several advantages in comparison with water as media
for enzyme-catalyzed reactions. However, it is necessary to keep the enzyme in the native state
during the reaction. Therefore, it is important to know how the nature and concentration of the
cosolvent affects the stability of proteins.

In the work, we have studied the thermal stability of hen egg-white lysozyme in the
mixtures of water with common organic solvents (acetone, acetonitrile, dimethyl formamide,
dimethyl sulfoxide, 1,4-dioxane, tetrahydrofuran, methanol, isopropanol, tert-butanol) using
capillary differential scanning calorimetry (DSC). The protein concentration in the
experiments was 1 mg/ml, the scan rate varied in the range 0.5 — 2 K/min. Additionally, the
circular dichroism (CD) signal of lysozyme at 290 nm was followed in the temperature range
10-90 °C at the heating rate 0.5 K/min.

In all the studied systems, addition of the organic cosolvent leads to a decrease in the
denaturation temperature of lysozyme. For the mixtures with the same mole fraction of
cosolvent, the denaturation temperature decreases in the following order: dimethylsulfoxide
(weakest denaturant) > methanol > acetonitrile, dimethylformamide > acetone > isopropanol,
1,4-dioxane > tert-butanol > tetrahydrofuran (strongest denaturant). This series qualitatively
coincides with the ability of solvents to suppress the hydrophobic effect [1].

In the presence of organic cosolvents, the temperature of disruption of the tertiary
structure of lysozyme determined from the near-UV CD experiments is lower than its
temperature of denaturation in DSC experiments. It can be suggested that increasing
concentration of the organic cosolvent favors formation of a partially unfolded state with
disrupted tertiary structure and mostly preserved secondary structure.

The work was supported by the Ministry of Education and Science of the Russian Federation,
grant 14.Y26.31.0019.

[1] L.A. Sedov, T.I. Magsumov, B.N. Solomonov, J. Mol. Liq. 224 (2016) 1205-1209
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Characterization of thermal properties of fat extracted from ruby
chocolate by using DSC, PDSC and TGA methods

Karolina DOLATOWSKA-ZEBROWSKA, Rita GLOWACKA,
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Ewa OSTROWSKA-LIGEZA

Department of Chemistry, Faculty of Food Sciences, Warsaw University of Life Sciences
(WULS — SGGW), Nowoursynowska st. 166, 02-787 Warsaw, Poland

Ruby chocolate is a new type of chocolate, made from the Ruby bean with a strictly
secret procedure developed by the world’s leading manufacturer of high-quality chocolate and
cocoa products. The discovery of the fourth type of chocolate is modern breakthrough. The
taste of chocolate is described as a mixture of sweetness, smoothness and fruitiness. Currently,
there is no literature data on composition and thermal properties of ruby chocolate.

The purpose of the study was to analyze ruby chocolate fat using differential scanning
calorimetry (DSC), pressure differential scanning calorimetry (PDSC) and thermogravimetry
(TGA).

DSC measurement of melting characteristic and kinetics parameters of fat were carried
out with a TA DSC Q200. Samples of 3—4 mg were placed into aluminium pans with a lid and
were hermetically-sealed. An empty sealed aluminium pan was used as a reference and the
experiments were performed under a nitrogen atmosphere at normal pressure. The melting
profiles were obtained by heating the samples from -80°C to 80°C at a heating rate of
10°C/min. Fat samples of 3—4 mg were placed in aluminium pans and were heated at rates of
2.5,4, 6,75, 10 and 12.5°C/min. Experiments were performed in an atmosphere of oxygen.
For each programmed heating rate (B,°C/min), at least triplicate determinations were carried
out. When the run was completed, the onset and the maximum oxidation temperature (ton, tmax)
was determined. PDSC experiments were carried out using a DSC Q20 TA Instruments,
coupled with a high-pressure cell. The sample was placed in aluminium pan, under oxygen
atmosphere, being pressurized in isobaric module (1400 kPa). The isothermal temperature
(from 100 to 140°C), used for the data collection. The oxidative induction time was obtained
from the PDSC curves [1]. Measurements were made under nitrogen and oxygen at a flow rate
of 25 ml/min. Samples were placed in platinum containers. Measurements were made at a
temperature range of 50-700° C with a heating rate of 10° C/min. TGA curves were obtained
for temperature dependence on mass loss, first derivative (DTG) was calculated [2].

The presence of polymorphic forms in melting characteristics of ruby chocolate fat was
indicated. Value of activation energy for maximum temperature was lower than for onset
temperature. The same correctness for pre — exponential factor was observed. The profiles of
the TGA and DTG curves in oxygen showed stages of decomposition for ruby chocolate fat.

[1] M. Wirkowska, E. Ostrowska-Ligeza, A. Goérska, P. Koczon, J. Therm. Anal. Calorim.,
110 (2012) 137

[2] S. Materazzi, S. De Angelis Curtis, S. Vecchio Ciprioti, R. Risoluti, J. Finamore, J. Therm.
Anal. Calorim., 116 (2014) 93
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On the investigation of co-crystals of 2,4-diaminopyrimidine based
dihydrofolate reductase inhibitors

Jodao A. BAPTISTA! Ricardo A.E. CASTRO!?, Mario T.S. ROSADO!,
Teresa M.R. MARIA!, Manuela R. SILVA3, Joao CANOTILHO'?,

M. Ermelinda S. EUSEBIO®
ICQC, Department of Chemistry, University of Coimbra, 3004-535 Coimbra, Portugal
2 Faculty of Pharmacy, University of Coimbra, 3000-548 Coimbra, Portugal
3 Department of Physics, University of Coimbra, Coimbra, Portugal

Pharmaceutical co-crystals have emerged in recent years as alternative solid forms of
active pharmaceutical ingredients, APIs, for enhancement of desirable physicochemical
properties and/or biopharmaceutical performance [1,2]. They are multicomponent solids made
up of an API and of one or more co-formers, all solid when pure at ambient conditions, joined
together in a stoichiometric ratio in a new crystalline structure [1,3]. The supramolecular
synthons responsible for supramolecular association involve, in most of the cases, hydrogen
bond interactions, although other kind of (weaker) interactions may also play a role [1,2].
Therefore, besides the potential practical application, research on co-crystals can also give
valuable contributions for fundamental understanding of supramolecular interactions and
molecular recognition.

Dihydrofolate reductase (DHFR) inhibitors, such as pyrimethamine, Figure 1.a,
trimethoprim, iclaprim, metoprine, share a common 2,4-diaminopyrimide (24DAPM) core
structure, Figure 1.b [4]. In a co-crystallization experiment, although the same type of
supramolecular H-bonded synthons are expected for DHFR inhibitors and 24DAMP, the
molecular complexity of the former may also play a role in the co-crystallization trial outcome.

As part of an ongoing project aiming to get insight on these effects, in this work results
are presented and discussed for the investigation of co-crystallization of pyrimethamine and of
the core fragment 24DAPM with two closely related co-formers, theophylline and caffeine,
Figure 1. As an highlight, thermal analysis was crucial in discovering polymorphs of both (1:1)
pyrimethamine:caffeine and pyrimethamine:theophylline co-crystals.
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Figure 1. Molecular structures: a) pyrimethamine, b) 2,4-diaminopyrimidine, c) theophylline,
d) caffeine

[1] N.Duggirala, M.L. Perry, O Almarsson, M. J. Zaworotko, Chem. Commun., 52 (2016) 640
[2] A.O.L. Evora, R.A.E. Castro, T.M.R. Maria, M.R. Silva, J.H. ter Horst, J. Canotilho,
M.E.S. Eusébio, Int. J. Pharm., 466 (2014) 68

[3] E. Grothe, H. Meekes, E. Vlieg, J.H. ter Horst, R.X. de Gelder, Cryst. Growth Des., 16
(2016) 3237

[4] .G. Nelson, A. Rosoesky, Antimicrobial Agents and Chemotherapy 45 (2001) 3293
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Evaluation of stabilizing effect of potential antioxidants in
polymers by DSC

Zuzana Cibulkova!, Peter Simon®, Anna Vykydalova!
'Faculty of Chemical and Food Technology, Slovak University of Technology, Radlinského 9,
812 37 Bratislava, Slovakia

Thermal oxidation of polymers exhibits an induction period (IP), i.e. the stage where
seemingly no chemical reaction takes place. The length of IP is often taken as a measure of the
material stability [1]. In our previous paper [2] an integral isoconversional method based on
non-Arrhenian temperature function was proposed for obtaining the kinetic parametres of IP
from the onset temperatures of nonisothermal DSC runs with linear increase of temperature.

Antioxidants are commonly incorporated into the materials to prevent the deterioration
of properties, resulting from the thermooxidation process [3]. To characterize the stabilizing
effect of individual antioxidants in rubber compounds, the protection factors, PFs, can be used.
The protection factor is defined as the ratio of the lengths of induction period of stabilized and
unstabilized material [4]:

o (stab.) (1)
~ t,(unstab)

From Eq.(1) it is obvious that if the value of PF is greater than 1, the additive exhibits a
stabilizing effect on the studied material. The greater the value of PF, the higher is the
antioxidant effectiveness of the additive. Based on the obtained values of PFs, it is possible to
calculate another criterion characterizing the stabilizing effect of the additive — antioxidant
effectiveness AEX [4]:

AEX =$ (2)
where X is the concentration of the additive expressed in parts per hundred parts of rubber
(phr). Physical meaning of AEX is that it expresses the additional stability brought about by
a stabilizer, normalized per a mass unit of the stabilizer.

Acknowledgements: Financial support from the Slovak Research and Development Agency (APVV-15-
0124) is gratefully acknowledged. The financial support from the Structural Funds of EU, OP R&D
by implementation of the project “University Science Park of STU Bratislava” (ITMS
26240220084) is also acknowledged.

[1] J. Pospisil, J. Hordk, J. Pilaf, N.C. Billingham, H. Zweifel, S. Nespurek, Polym. Degrad.
Stab. 82 (2003) 145

[2] P. Simon, I. Kolman, J. Therm. Anal. Calorim. 64 (2001) 813

[3] J. Pospisil, P.P. Klemchuk, Oxidation inhibition in organic materials. CRC Press, Boca
Raton, 1990.

[4] Z. Cibulkova, P. Simon, P. Lehocky, J. Balko, Polym. Degrad. Stab. 87 (2005) 479.
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Glassy dynamics of polymer and other materials by fast scanning
calorimetry

Daniele CANGIALOSI?, Xavier MONNIER?

!Centro de Fisica de Materiales (CFM/ CSIC-UPV/EHU), Paseo M. Lardizabal 5, 20018 San
Sebastian, Spain
2Donostia International Physics Center (DIPC), Paseo M. Lardizabal 5, 20018 San Sebastian,
Spain

In the present contribution, we show how new generation fast scanning calorimetry (FSC) [1],
allowing cooling/heating rates as large as several thousand K/s, can deliver simultaneous
information on the molecular mobility and the vitrification kinetics of glass-forming systems.
Regarding the former aspect, FSC allows accessing frequencies from the sub-Hz region to
more than 100 Hz. Within this context, we will first show how these aspects can be applied to
study the glassy dynamics of geometrically confined polymers, that is, polymer nanospheres
[2]. Measurements of the molecular mobility indicate that the molecular mobility of these
systems is essentially bulk-like. In contrast, the study of vitrification kinetics in these systems
shows suppressed glass transition temperature in comparison to the bulk. Such depression is
larger for nanospheres with smaller diameter. Hence, these results provide compelling
arguments on the decoupling between molecular mobility and vitrification kinetics.
Interestingly such outcome is also found in a gold based metallic glass, which shows cooling
rate dependent glass transition deviating from the temperature dependence of the molecular
mobility. The main consequence of these results is that the paradigmatic view on the
connection between these two aspects of glassy dynamics must be revisited.

[1] Schick, C.; Mathot, V., Fast Scanning Calorimetry. Springer, 2016.

[2] Perez-De Eulate, N.G.; Di Lisio, V.; Cangialosi, D., ACS Macrolett., 2017, 6, 859.
[3] Monnier, X; Cangialosi, D.; Ruta, B.; Busch, R.; Gallino, I, submitted for publication.
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The effect of pressure during cure on the thermal conductivity
of epoxy composites filled with boron nitride

Sasan MORADI, John M HUTCHINSON, Frida ROMAN,
Yolanda CALVENTUS

Departament de Maquines i Motors Teérmics, ESEIAAT, Universitat Politécnica de Catalunya,
Terrassa, Spain

There are many parameters which affect the thermal conductivity of composites of
epoxy and boron nitride (BN), including BN content, BN particle size and shape, cross-linking
system, and surface treatments [1]. In earlier work [2-3], we have demonstrated that the
thermal conductivity of epoxy-BN composites can be enhanced in several ways: increasing BN
content, including using hybrids; increasing particle size; using agglomerates rather than
platelets; using thiol as a cross-linking agent rather than an amine, to improve the matrix-filler
interaction. Here we investigate the effect of pressure during cure as a further possibility for
increasing the thermal conductivity of epoxy-BN composites.

Epoxy-BN composites were prepared for stoichiometric epoxy-thiol and epoxy-amine
systems. The BN filler (platelets) of size 2, 30 and 180 um was added in a controlled
proportion to give volume percentages of 37.3 and 42.2 for the epoxy-amine system and of
34.2 and 44.7 for the epoxy-thiol system. The components of each sample were mixed by
hand, and a cylindrical mould of diameter 15 mm was filled with about 6 g of the mixture. A
pressure of 175 kPa was applied by placing a weight on top of the piston, and the mixture was
cured isothermally under pressure in an oven at 70 °C for 3 hours. The density of the cured
cylindrical samples was determined by Archimedes principle, and the thermal conductivity
was measured by the Transient Hot Bridge method.

The results show a number of interesting aspects. First, for all the epoxy-BN
composites prepared without the application of pressure, the thermal conductivity increases
with increasing density, while the thermal conductivity of the composites with the larger
particles (30 um and 180 um) is higher than that for the composites with the 2 pm particles.
Second, for a given BN particle size and vol%, the thermal conductivity of the epoxy-thiol
composites is always greater than that for the epoxy-amine composites. Third, and most
importantly in the present context, the thermal conductivity and the density both increase for
the samples cured under pressure, whether epoxy-amine or epoxy-thiol; in fact, the greatest
increase when cured under pressure occurs for the epoxy-amine system. This establishes
clearly the relationship between thermal conductivity and density. The increase in thermal
conductivity results from the densification of the sample, and the consequent improved
interface between matrix and filler. The greater effect of pressure observed for the epoxy-
amine composites is because the epoxy-thiol composites already have a better interface
resulting from the Lewis acid-base interaction between the boron and sulphur.

This work was supported by MEC grant reference MAT2017-82849-C2-2-R.

[1] H. Chen, V.V. Ginzburg, J. Yang, Y. Yang, W. Liu, Y. Huang, L. Du, B. Chen, Prog.
Polym. Sci., 59 (2016) 41

[2] J.M. Hutchinson, F. Roméan, P. Cortés, Y. Calventus, Polimery, 62 (2017) 560

[3] J.M. Hutchinson, F. Roman, A. Folch, Polymers, 10 (2018) 340
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Calorimetric study of host-guest complex formations of crown
ethers and cyclodextrins with biologically important molecules

Tatyana USACHEVA

Ivanovo State University of Chemistry and Technology, Sheremetevski str. 7,
153000 Ivanovo, Russian Federation

Studies on the complexing properties of synthetic macrocycles such as crown ethers and
cyclodextrins are of considerable importance for applications and make it possible to simulate
molecular recognition processes occurring in biological systems. Low solubility and low
bioavailability of some biological molecules make their application difficult. In order to increase
the solubility of poorly soluble compounds in water, a complex formation with cyclodextrins and
crown ethers can be applied. It is assumed that targeted selection of the solvent will allow creating
optimal conditions for selective complexation and solubilization by macrocycles.

Our finding on the effect of H2O-EtOH, H2O-DMSO and H,0-Me>CO solvents on the
enthalpy and entropy of molecular complexations of 18-crown-6 with glycine, D,L-alanine, L-
phenylalanine and glycyl-glycyl—glycine on the stability of the resulting complexes and the
literature data for related systems were analyzed. The ratios between the thermodynamic
parameters of complex formation reactions and the reactant solvation were applied to reveal
the key factors that are crucial for the increasing stability of the complexes and the increasing
exothermicity of the processes under study in water- organic solvents.

Unlike molecular complexes of crown-ethers with amino acids and peptides, the additions
of ethanol to water up to X (EtOH) = 0.20 mol. fr., leads to an decrease in the stability of the
molecular complexes between quercetin (QCT) and hydroxypropyl-p-cyclodextrin (HPB-CD), and
benzoic acid (BA) with B-cyclodextrin (B-CD). For the [QCT HPB-CD] and [BA B-CD] complex
formation reactions there are an increase in the exothermicity and a decrease in the entropic
contribution to the reaction’s Gibbs energy changes.

However, the changes in the Gibbs energy of molecular complexes formed by the
“host’s” molecules 18C6 and BCD are due to the resolvation of “guest” molecules. In the cases
of complexes with 18C6 the desolvation of “guests” is observed and in the [BABCD]
complexes the increase of BA solvation takes place.

Furthermore, the increase of exothermisity of both types of complex formation
reactions in H>O-EtOH mixed solvents is observed. An increase in the concentration of ethanol
leads to an increase in the entropy contribution of [BABCD] complex formation reaction which
decreases the stability of [BABCD].

The calorimetric measurements reported in this work were carried out at the Institute of
Thermodynamics and Kinetics of Chemical Processes of the Ivanovo State University of Chemistry
and Technology (ISUCT) using the equipment of the Centre for Collective Use of ISUCT.

Funding: This work was funded by Russian Foundation for Basic Research (RFBR) and
VAST according to the research project Ne19-53-54004
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pipe applications
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Geothermal energy is a cost-effective and environmentally friendly energy source
which can be exploited in domestic heating/cooling systems by geothermal heat pumps [1].
The main goal of these systems is to achieve high efficiency combined with low cost. For
geothermal heat pump systems, this can be accomplished with piping materials with high
thermal conductivity and low-cost maintenance. Crosslinked polyethylene (PEX) is a widely
used piping material with increased molecular weight, elastic modulus and impact resistance
[2]. However, its low thermal conductivity is the main problem to be solved. It is well known
that the addition of carbon filler materials in a polymeric matrix leads to higher thermal and
electrical conductivity and improved mechanical properties [3]. In this work, PEX/graphite
composites were prepared by the melt mixing process. A commercial graphite powder
GraphTHERM® (by Luh GMBH) with 23pum in diameter was used as a filler in various
concentration (0,5-5 wt. %). The thermal stability of PEX and composites was studied by
using Thermogravimetric Analysis (TGA) while the degradation products were identified by
Analytical Pyrolysis Gas Chromatography/Mass Spectrometry (py-GC/MS). The degree of
polymers’ crystallinity was calculated by Differential Scanning Calorimetry (DSC). The
thermal diffusivity of the samples was measured by Laser Flash Analysis (LFA). Finally, the
mechanical properties testing was performed to determine Young’s modulus, tensile strength
at yield, tensile strength at break and elongation at break. PEX composites were found to
present higher thermal stability and conductivity compared to neat PEX.

ACKNOWLEDGEMENTS:

The author wishes to acknowledge co-funding of this research by European Union-European
Regional Development Fund and Greek Ministry of Education, Research and Religions/EYDE-
ETAK through program EPANEK 2014-2020/Action “EREVNO-DIMIOURGO-KAINOTOMO”
(project TIEAK-02611).

[1] E. Barbier, Renew. Sust. Energ. Rev., 6 (2002) 3-65

[2] E. Roumeli, K. M. Paraskevopoulos, D. Bikiaris, K. Chrissafis, J. Mater. Sci., 48 (2013)
6753-6761

[3] R. Sengupta, M. Bhattacharya, S. Bandyopadhyay, A. K. Bhowmick, Prog. Polym. Sci., 36
(2011) 638-670
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Investigating noncanonical DNA structures by calorimetry
and spectroscopic techniques
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Naples, Italy

Aside from the well-known double helix, DNA can adopt a large variety of different
conformations, which delineate its function. Based on sequence composition and
environmental conditions, DNA can form alternative structures like parallel/antiparallel
duplexes, hairpins, triplexes, tetraplexes, and branched architectures. These so-called non-B
DNA structures have been demonstrated to participate in a number of cellular processes, and
their formation has also been associated with several human diseases [1-2].

Beside the biological significance of non-B DNA structures, their unique nanoscale
geometry, biocompatibility, biodegradability, and molecular recognition capacity have made
non-B  DNA motifs promising candidates for the construction of novel functional
nanomaterials and nanodevices [3].

Undoubtedly, most of the attention in non-B DNA-forming sequences is currently paid
to G-rich motifs with potential to form unprecedented structural arrangements like G-
quadruplex, G-triplex, and G-hairpin, as well as to their C-rich counterparts, which are able to
form the so-called i-motif structures.

Understanding of the energetic aspects concerning the structure and stability of such
DNA arrangements is extremely important in view of biomedical and nanotechnological
applications. In this context, we investigated, by combining calorimetric and spectroscopic
methods, noncanonical DNA structures and their interaction with some molecules of
therapeutic interest [4-6]. In particular, the thermodynamic characterization of a G-triplex, a G-
hairpin, a number of G-quadruplex—duplex hybrids, as well as the preliminary results on the
characterization of an i-motif structure will be discussed.

[1] A. Bacolla, R.D. Wells, Mol. Carcinog., 48 (2009) 273

[2] N. Maizels, EMBO Rep., 16 (2015) 910

[3] L.A. Yatsunyk, O. Mendoza, J.L. Mergny, Acc. Chem. Res., 47 (2014) 1836

[4] L. Fotticchia, J. Amato, B. Pagano, E. Novellino, L. Petraccone, C. Giancola, J. Therm.
Anal. Calorim., 121 (2015) 1121

[5]J. Amato, A. Pagano, S. Cosconati, G. Amendola, I. Fotticchia, N. laccarino, J. Marinello,
A. De Magis, G. Capranico, E. Novellino, B. Pagano, A. Randazzo, Biochim. Biophys. Acta
Gen. Subj., 1861 (2017) 1271

[6] M. Gajarsky, M.L. Zivkovi¢, P. Stadlbauer, B. Pagano, R. Fiala, J. Amato, L. Toméaska, J.
Sponer, J. Plavec, L. Trantirek, J. Am. Chem. Soc., 139 (2017) 3591
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Because of its importance, the definition of polymer thermal properties is one of main issue in
overall material characterization. This encourages fundamental and applied researches to the
development of innovative instrumental techniques and interpretive models. As far as the
thermal analysis, in 1993 a new experimental apparatus, called Modulated Temperature
Differential Scanning Calorimetry (MTDSC) has been proposed [1]. By applying a modulated
temperature program comprising of a periodic temperature variation superimposed to a linear
heating or cooling ramp, MTDSC offers the great advantage of the identification of the
equilibrium and out-of-equilibrium processes involved in materials’ thermal transitions.
However, modulated temperature protocols could be profitably combined with other
investigation techniques in order to characterize the thermal behaviour of materials in greater
detail. Infrared spectroscopy, as an example, is sensitive to inter- or intra-molecular
interactions, conformation or structure changes occurring during sample transformation.
Therefore, the investigation of intensity variations of different absorption bands as a function
of temperature can be adopted to explore the sample thermal transitions at molecular level. The
present contribution aims to introduce a new technique, called Modulated Temperature FT-IR
(MTFTIR) [2,3], able to improve the description of the thermal behaviour of polymers. It is
based on the sequential acquisition of sample spectra during a modulated temperature
program. By processing selected bands, the total signal variation as well as its reversing and
non-reversing components as a function of the mean temperature are obtained. The reversing
component is related to the sample transformation that can be reversed by temperature
modulation while, the non-reversing component, to the spontaneous processes that, once
started, can’t be reversed. In this way we explored the complex conformational and structural
transformations involved in some transitions of polymers, such as the glass transition of
poly(L-lactide) [2] and poly(ethylene terephthalate) as well as the crystallization of isotactic
poly(propylene) [3]. The obtained results evidenced that MTFTIR is able to give new insights
on polymer transformations otherwise not accessible by other conventional thermal analyses.

[1] P. S. Gill, S. R. Sauerbrunn, , M. Reading, J. Therm. Anal., 40 (1993) 931

[2] V. Di Lisio, E. Sturabotti, I. Francolini, A. Piozzi, A. Martinelli, J. Polym. Sci. B Polym.
Phys., 57 (2019) 174

[3] V. Di Lisio, E. Sturabotti, I. Francolini, A. Piozzi, A. Martinelli, . Polym. Sci. B Polym.

Phys., in press.

179






Poster Session 1






Poster Session 1 PS1.001

Thermodynamic properties of binary mixtures of
cyclohexanone + polychloroalkane
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In this paper, we report excess molar enthalpies, HE, and molar excess Gibbs energies , GE,
for Binary mixture of cyclohexanone + 1,2 - dichloroethane, 1,1,1 - trichloroetrhane, 1,1,2,2-
tetrachloroethane, these measurements were performed in order to complement the data on VLE
and excess molar properties of mixtures containing polychloroethane [1,4]

Binary systems of alkanones (Ketones) with chloroalkanes are often characterized by
negative deviations from ideality due to the presence of specific interactions between the carbonyl
group of the alkanone and the chlorine atoms of the chloroalkane , H-bond type interactions are
also present between the carbonyl group and the hydrogen atoms of the partially chlorinated
methyl. The excess molar Gibbs énergies GF (as derived from vapor liquid equillibrium
measurements ) are known to give conclusive evidence concerning the interactions between the
components of binary liquid mixture.

The vapor pressure of the pure compounds and the binary mixture were measured by means of a
static apparatus [ 5], at temperatures between 263,15K and 343,15K.From these data, isothermal molar
excess Gibbs energies, G, were calculated. The excess molar enthalpies of the binary mixtures have
been measured at 303,15K and atmospheric pressure, using a C80 Setaram Calorimeter.

The data on excess molar enthalpies and Gibbs energies have been examined on the basis of
the UNIFAC Model.

[1] O.Igoudjilene, A. Ait-Kaci, M. Rogalski Int. Electron J. Phys. Chem Data, 5(1999)173-177
[2] O.Igoudjilene, A. Ait-Kaci, J.Jose Int. Electron. Phys. Chem Data, 5(1999)135-142

[3] O.Igoudjilene, A. Ait-Kaci, J.Jose. Int. Electron J. Phys. Chem Data, 5 (1999)165-171

[4] O.Igoudjilene, A. Ait-Kaci, M. Rogalski.J. Therm . Analy. and calorim., 68 (2002) 887-892
[5] B.Tellouk , H.Loiseleur , A. Barreau , J. Jose , Fluid Phase Equilib.110 (1995)315-339
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The purpose of this work is the extracting aromatic compounds, present in a very low
concentration , from an aliphatic stream of the oil industry. Ionic liquids have raised special interest
in the last years with a number of papers supporting their potential for this separation[1]

However, due to the large number of ionic liquids feasable to be synthesized, the selection
of the most suitable candidates for the proposed work must be hampered by group contribution
methods, correlations or equations of state.

COSMO-RS, a novel quantum chemical approach to describe the chemical potential in the
liquid phase, has become a frequently used alternative to force field-based molecular simulation
methods or group contribution methods [2,3]

The COSMO-RS model is the most progressive kind of a dielectric model where molecules
are placed in a conductor as the reference state. Through its unique combination of a quantum
chemical treatment of solutes and solvents, with an efficient statistical thermodynamics procedure
for the molecular surface interactions, a efficient calculation of phase equilibrium and other
thermodynamic properties are achievable. Thus, to screen the most suitable ionic liquid, COSMO-
RS was used to predict the IL/aromatic/aliphatic system partition coefficient and selectivity.

The set of ionic liquids were further evaluated. We assessed Kp(partition coefficient) for
each ternary system ( toluene-heptane-ionic liquid.

The Experimental results obtained allowed to confirm the qualitative capability of the
COSMO-RS and thus, to be confident and certain on the development of further experimental
essays , using ionic liquids identified with the highest potential.

[1] G. W Meindersma,A. B.de Haan , American Chemical Society: Washington, DC, (2009) 255-272.
[2] A. Klamt, F. Eckert .. Fluid Phase Equilib. 172 (2000) 43—72.
[3] A. Klamt, Elsevier: Amsterdam, (2005) 205—-207.
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A range of standard accelerated test methods for the screening of aggregates for
susceptibility to the alkali-silica reaction (ASR) which causes deleterious cracking in concrete
structures are available worldwide and two standard test have been recently adopted in Australia
(AS 1141.60.1 (Accelerated mortar bar test (AMBT)) and AS 1141.60.2 (concrete prism test
(CPT))). These accelerated test methods are empirical and based on expansion measurement
correlated to field performance.

The mechanism of deleterious ASR resulting in cracking involves two processes; the chemical
processes involved in the formation of the expansive ASR gel and the mechanical action of the ASR gel
of the concrete in crack formation. Expansion tests, although empirical in nature are important as they
probe the mechanical potential of the reactivity of aggregates. The chemical processes involved in the
phase development are also important as they provide the gel responsible for cracking and
understanding these processes canlead to more effective methods of mitigation of ASR as well as
alternative methods for the screening of aggregates for reactivity to ASR. This paper focusses on
correlating reactivity of aggregates determined using the standard test methods with phase development
in paste tests using ground aggregate-cement pastes aged under accelerated conditions.

Two aggregates are investigated in this study, a micro-diorite (CPT non-reactive) and a
greywacke (CPT reactive) which have been selected because of their relative reactivity to standard
test methods. Both contain quartz as the phase potentially reactive to ASR. The aggregates were
initially fine ground in a ring mill in order to make paste specimens using a general purpose
Portland cement. Pastes specimens were prepared using a 3 to 1 aggregate to cement ratio with a
water to cement ratio of 0.7. Pastes were initially hardened for 24 before stripping from the moulds
and aging in alkali media (1 M NaOH) at elevated temperature (40, 60 and 80°C) for periods up to
84 days. Specimens were recovered, crushed and dried in a vacuum oven for 24 hours at 105°C
prior to grinding in the ring mill and characterising using XRD, TG and FTIR for phase analysis.

Phase development with age based on the calcium hydroxide OH stretch in the FTIR, the
decomposition step in the TG and the (101) peak in the XRD and the (101) quartz peak in the XRD
is reported. Characterisation for the full aging period will be reported at CEEC-TACS —
MMEDICTA 2019; however, results to date indicate that for these quartz containing aggregates, the
relative reactivity can be correlated to the quartz reactivity and the calcium hydroxide consumption.
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The influence of curing temperature on the microstructure and porosity of hardened cement

paste, specifically calcium-silicate-hydrate (C-S-H) mineral foam, is a topic of major interest and
strongly linked to the strength development of concrete and concrete structures [1].
In the past, mercury intrusion porosimetry (MIP) was extensively used to characterise the pore size
distribution of hardened cement paste, but criticized in the paper [2]. In addition to measuring
artefacts (bottle neck effect), the main disadvantage is the necessary drying previous to testing,
altering pore volume and pore sizes.

In this presentation we show that low-temperature differential scanning calorimetry (LT-DSC)
[3, 4], is a suitable method to analyse the influence of curing temperature on pore size distribution of C-
S-H mineral foam. For hardened cement paste (w/c = 0.6) several exothermic peaks are visible in the
cooling run (+5 °C to -60 °C) of the thermograms. These areas, when interpreted Jennings colloidal
model-II is the scopes of C-S-H [5], are assigned to water freezing in capillary pores (from 0 °C to -20
°C), large gel pores (-20 °C to -35 °C) and small gel pores (from -35 °C to -55 °C). The results show
that there is a significant increase in the capillary porosity when comparing cements cured at 20 °C, 40
°C and 60 °C. This can be linked to the decrease of the final compressive strength of concrete. The
results presented here closely match those using other methods [1, 6].

[1]  Ch. Pichler, M. Schmid, R. Traxl, R. Lackner. 2017. Influence of curing temperature dependent
microstructure on early-age concrete strength development. Cement and Concrete Research 102, 48-59.

[2] Diamond, Sidney (2000): Mercury porosimetry: An inappropriate method for the measurement of pore
size distributions in cement-based materials In: Cement and Concrete Research 30 (10), S. 1517-1525.
DOI: 10.1016/S0008-8846(00)00370-7.

[3] Ridi, F.; Luciani, P.; Fratini, E.; Balioni, P. 2009. Water Confined in Cement Pastes as a Probe of
Cement Microstructure Evolution. J. Phys. Chem. B 113, 3080 — 3087.

[4] Ridi, F.; Fratini, E.; Balioni, P. 2013. Fractal Structure Evolution during Cement Hydration by
Differential Scanning Calorimetry: Effect of Organic Additives. J. Phys. Chem. C 117, 25478 — 25487.

[5] H. M. Jennings, Refinements to colloid model of C-S-H in cement: CM-II, Cement and Concrete
Research 38 (2008) 275-289.

[6] Gallucci, E., Zhang, X., Scrivener, K. L. (2013): Effect of temperature on the microstructure of calcium
silicate hydrate (C-S-H). In: Cement and Concrete Research 53, S. 185-195. DOL
10.1016/j.cemconres.2013.06.008.
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An important place among natural polymers is occupied by chitosan (CS) due to its high
adsorption capacity, biodegradation, biocompatibility and low toxicity. However, CS is insoluble in
most of organic solvents as well as in aqueous solutions with physiological pH that limits its use
[1]. Grafting polyesters to CS contributes to the formation of new amphiphilic copolymers, which
consist of hydrophilic CS backbone and hydrophobic site chains of polyester. These copolymers are
completely biodegradable, and form micelles with a hydrophilic outer shell and a hydrophobic inner
core in an aqueous medium. Such copolymers are relevant as wound healing materials, implants and
targeted drug delivery systems [2].

A series of chitosan-graft-polycaprolactone copolymers have been synthesized by grafting
polycaprolactone (PCL) to hydroxyl groups of CS through ring-opening polymerization using
methanesulfonic acid as a solvent and catalyst. The thermal behaviour of the copolymers was
investigated by TG, DTG and DSC analysis (see table 1).

Table 1. Results of thermal analysis of graft copolymers of CS and CL.

o4
CSZCLI <Tfus>, oc2 s %3 . Tmax, C 5
CS - - 300
1:8,7 57 38 311 477
1:4,3 - - 223 315
1:13,0 49 30 256 409
PCL 60 79 414

"Molar ratio of CS and caprolactone used in synthesis. 2Average melting point calculated from DSC curves.
3Degree of crystallinity, calculated based on AgsH of PCL with a degree of crystallinity of 100% of 133 J / g.
“Temperature of the maximum decomposition rate in the first (1) and second (2) stages, calculated from the TG curves.

The presence of thermal decomposition steps of both CS and PCL on the thermogram of the
copolymer confirms the successful grafting of PCL to CS. According to the obtained values, the
degree of crystallinity of PCL in the copolymers is lower than in the homopolymer, which points to
the formation of the graft copolymer. Moreover, the formation of graft copolymers was confirmed
by IR spectroscopy. In this study, the dependence of the graft copolymers solubility in CH>Cl» on
the length of the PCL side chains was established.

Further research will be focused on the modification of the terminal hydroxyl groups in graft
copolymer for copolymerization with thermoresponsive vinyl monomers.

[1] F. Croisier, C. Jérome, Eur. Polym. J., 49 (2013) 780
[2] A. Georgopoulou, M. Kaliva, M. Vamvakaki, M. Chatzinikolaidou, Materials, 11 (2018) 490
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Shungites are unique natural polymineral raw materials containing carbon in their
composition which has an unusual structure. It is based on a graphene fragment <I nm, which
sequentially forms several structural levels: stackes, globules and 3D grids which are released in
various media determining the specific properties of shungite carbon (electrical conductivity,
permeability, strength, difility, etc.). Highly dispersed crystalline silicates are evenly distributed in
this amorphous carbon matrix. The presence of uniformly distributed carbon and mineral phases of
different polarity (nonpolar carbon, polar silicates, aluminosilicates, etc.) imparts the ability to be
combined with substances of inorganic and organic nature to shungite. Therefore, shungite is
proposed to be used as a filler in composite materials on various binding bases. A characteristic
feature of micron shungite powders is good compatibility with polar and non-polar polymers,
associated with the mosaic structure of the shungite surface including hydrophobic and hydrophilic
regions. This property of shungite allows obtaining on its basis the compositions with a high degree
of filling. At large fillings, the nucleating effect of shungite occurs that is evident through increase
in the crystallization temperature of the composite material, decrease in the size of spherulites and
an increase in the fraction of the crystalline phase.

This paper presents the results of thermal analysis of polymer composites based on
polyamide and polyethylene filled with shungite nanosized powder. The carbon content is 28-30
wt.%. The average particle size is ~ 100 nm, the specific surface area is ~ 100-120 m%/g.

The study of thermal behaviour (melting and crystallization) of polymer composite materials
was carried out on STA449F3 Jupiter (NETZSCH). The measurements were carried out in the
temperature range from 25 to 300 °C for samples based on polyamide and to 220 °C for
polyethylene composites in a nitrogen atmosphere in aluminium crucibles. The heating and cooling
rate is 5 K/min. Sample weights ranged from 30 to 35 mg.

A change in crystallization temperature in the presence of fillers reflects changes in the
nature of relaxation processes occurring in thin layers at the polymer-phase interface. The molecular
mobility of chains is changing. The magnitude of maximum crystallization temperature shift on
DSC-curve can serve as characteristic of such change. This shift is determined by the nature of the
polymer. The most marked change in regularity of the polymer component is detected in a polar
polyamide as a result of a stronger interaction with the filler and thermodynamic affinity.
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Recently, it has been found that ultrasonic vibrations can initiate the shape memory effect in
alloys with thermoelastic phase transitions [1]. It was shown that the shape memory effect and its
realization peculiarities depend on the parameters and conditions of ultrasonic influence [2].

The effect of ultrasonic treatment on phase transitions of the Ni — 50.7 at.% Ti shape
memory alloy was studied. It allowed formulating the mechanism of high-energy impact on shape
memory alloy properties. Shape memory phenomena were determined as a result of ultrasonic
influence on TiNi alloy in a pre-deformed state.

It was found that the ultrasonic vibrations have the greatest impact on TiNi alloy subjected
to annealing at a temperature of 800 °C with the subsequent aging at a temperature of 430 °C. The
martensitic transformations take place according to scheme B2 — R — B19’ when cooling alloy
and according to scheme B19" — R — B2 when heating. The ultrasonic vibrations increased the
value of the transformation temperatures B2 — R and decreased the value of the transformation
temperatures R — B19’. Enthalpy of transitions B2 — R values 3,8 J/g, enthalpy of transitions
R — B19' values 6,6 J/g. The ultrasonic treatment influence on the characteristics temperature and
they consist: Ms =-21 °C, Mr=-29 °C, Ay’ =34 °C, A, =35 °C, A, =41 °C, Ar=48 °C.

The results of the study showed that the ultrasonic vibrations might be successfully used for
the initiation of the shape memory effect in actuators and for the change of the functional properties
of the shape memory materials.

[1] V.V. Rubanik Jr., V.V. Rubanik, V.V. Klubovich, J. Mater. Sci. Eng. A. 481-482 (2008) 620.
[2] S.Belyaev, etc. Mater. Let. 214 (2018) 162.
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Research on molecules with pharmacological actions containing metal ions are widespread
in several areas of research, such as chemistry, biology and biochemistry. The use of rare earth
metals, are of great scientific importance, since these metals can be used in various types of
materials [1,2]. The objective of this work was to characterize thermally the aclofenac of
praseodymium and aceclofenac of neodymium. The TG-DSC analyses of the praseodymium
complex indicate that the first mass loss occurs in the temperature range of 50 - 115 °C, with an
endothermic peak at 110 °C. The anhydrous praseodymium compound is stable at 195 °C and
above this temperature the thermal decomposition occurs in two consecutive stages, with a
temperature range between 195- 300 °C and no thermal event in the second step, attributed to the
thermal decomposition and pyrolysis of the compounds, although the mass losses are still observed
up to 1000 ° C. The TG-DSC curves of the neodymium compound indicate that the first mass loss
occurs between 50 - 115 °C, with endothermic peaks at 95 °C and 110 °C. The anhydrous
compound presented thermal stability up to 195 °C and above this temperature the thermal
decomposition occurred in two consecutive stages, between 195-300 °C (fast process) and 300 - 950
°C (slow process), with losses of 45.77% and 36. 15%. It was concluded that the TG-DSC analysis
allowed to characterize the thermal behavior of the synthesized compound, as well as to establish its
stoichiometry. It has been determined that the praseodymium and neodymium compounds have 2.5
hydration waters, and three metal binders. Simultaneous TG-DSC curves provided information on
the thermal behavior of these compounds (dehydration, stability, thermal decomposition steps) and
show that the decomposition of the compounds occurs in four (Pr) and five (Nd) stages. The DSC
curves allowed to quantify the energies involved in the processes of dehydration, oxidation and
transformations of physical phenomena

References
[1] H. Holtkamp, C. G. Hartinger, Drug Discovery Today: Technologies, 16 (2015) 16-22.
[2] J. C. G. Bunzli, Journal of Luminescence, 170 (2016) 886-878.
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Non-Conventional Differential Thermal Analysis (NCDTA) [1-4] and Calorimetric studies of
hydration of cementitious and construction materials, such as cement and plaster of Paris, use pastes
and/or composites with different components, which specific heats (c,) must be known and considered,
to have more accurate and precise results. Therefore, the main objective of the present work is how to
obtain and to present the specific heats of usual raw materials used in these studies, as a function of
temperature, by Modulated Differential Scanning Calorimetry (MDSC) by using single runs.

The analyses were performed by using samples in sealed aluminum pans, in a TA
Instruments 2920 MDSC equipment, using the following method: cooling at 2°Cmin™! from ambient
temperature to —15°C, then heating at 4°C/min up to 60°C, with 0.5°C temperature modulation, and
a modulating period of 100 seconds.

Contributing to the disclosure of respective cp, data with NCDTA or calorimetric study
researchers, this work may save them time to design sample compositions with same initial heat
capacity in case of isothermal calorimetric studies, as will allow them to correctly obtain and to
consider their different heat capacity (C,) sample analysis data, when using NCDTA systems.

Specific heat linear correlations from 20 to 50°C were obtained for different materials,
which is the usual hydration study temperature range. These were directly obtained from MDSC cp
data for different types of cement, for hydrated and non-hydrated plaster of Paris, as well as for
some other materials used in authors research activities referring to cement and mortar hydration
studies, such as solid wastes, clays, sand, lime derived products and metakaolinite.

Keywords: Modulated DSC, specific heat, cement, construction materials

[1]J. Dweck, P. F. Ferreira da Silva, R. Silva Aderne, P. M. Biichler, and F. K. Cartledge, ] Therm
Anal Calorim 71 (2003) 821

[2] CA Pinto, J. Dweck, JJ Sansalone, FK Cartledge, M E Tittlebaum and PM Biichler. J Therm
Anal Calorim 80 (2005) 715

[3] ALC Cunha, JP Gongalves, PM Biichler and J. Dweck, J Therm Anal Calorim. 92 (2008) 1, 115

[4] M S Lemos, ALC da Cunha, * J Dweckl J Therm Anal Calorim 130 (2017) 573
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Biodiesel has been widely used as an alternative fuel in diesel engines. However, although
its physicochemical properties make it a substitute for traditional diesel fuel, biodiesel is more
susceptible to oxidation and degradation during storage than the former one [1]. The high content of
unsaturated fatty acid methyl (or ethyl) esters present in biodiesel causes its fast oxidative
degradation when in contact with precursor agents as oxygen [2]. The reaction products are highly
unstable, resulting in a mixture of different species, some of them of high molecular weight
producing sediments and undesirable polymer compounds [3].

In this study, a sample of commercial soybean biodiesel was aged at 50 °C, 110 °C, 150 °C
and 200 °C in a Rancimat equipment. This was performed bubbling air into the sample (10 L/h air
flow rate), for 5h. The original biodiesel samples and the aged samples were analyzed by
thermogravimetry (TG/DTG), under nitrogen atmosphere, and the data were compared with those
obtained from the analyses performed by size-exclusion chromatography (SEC). Infrared (IR)
spectroscopy analyses were also performed. The objective of this work was to evaluate the effect of
the aging temperature on the oxidation of biodiesel and on the degraded product composition, and
to quantify the gums and sediments formed.

The results show the formation of degradation products more volatile than biodiesel (light
fractions) and heavier ones (heavy fractions). As expected, an increase in the content of the
degradation products is observed with increasing temperature. The TG/DTG curves of samples aged
at 150 °C and 200 °C show higher formation of heavier products than biodiesel. These sediments
have higher thermal stability compared to those obtained in the lower temperature tests. The data
obtained by SEC analysis confirm the same trend observed in the TG/DTG results. Higher aging
temperature promote a higher sediment content and molecular weight. The IR spectra, specifically
the carbonyl stretch band, confirm the degradation of biodiesel into acids, ketones and other
compounds containing this functional group. The region corresponding to the fingerprint shows the
formation of heavy products (gums and sediments).

The results indicate that the composition of the degradation products formed in the aged
biodiesel is strongly dependent on the temperature employed in the aging process.

[1] I. M. Rizwanul Fattah et al., Renewable & Sustainable Energy Reviews, 30 (2014), 356-370.

[2] G. .Knothe, L. F. Razon, Progress in Energy and Combustion Science, 58(2017) 36-59.
[3] P.SINGER, J. RUHE, Fuel, 133(2014) 245-252.
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The hydration of Portland type V cement pastes containing lime sludge (waste from the pulp
and paper industry) and fly ash (thermoelectric waste) was investigated by thermal analysis. This
study aims to evaluate by thermal analysis the effects of lime mud and fly ash in the early stages (4,
12 and 24 hours) and at older ages (14, 28 and 90 days) of cement hydration. Portland Type V High
Initial Strength.

Different degrees of cement substitution were made with each aggregate to prepare the water /
cement ratio pastes, in mass of 0.5, which was the same ratio used to prepare the control pastes
having only type V cement and demineralized water. To follow the evolution of the hydration
reactions of the pastes, thermogravimetric analysis (TG) and derived thermogravimetry (DTG) were
performed. The quantification of the hydration phases of the cement was performed through the loss
of mass that these phases present during the analysis, they are the free water content and chemically
combined with the hydration products and the carbonic anhydride volatilization in the calcium
carbonate decomposition. Results were compared based on the initial cement mass of each sample.
The equipment used was a simultaneous TG / DSC model SQT 600 device from TA Instruments.
The tests were carried out in a 100 mL.min "' atmosphere of N», with a heating rate of 10 ° C.min"!
and a temperature ranging from 35 °C to 1000 °C. Prior to this heating, the samples are kept at 35
°C for one hour in the equipment itself to eliminate any remaining free water.

The results show that both aggregates favor the hydration of type V cement during the
analysis period and, apparently, lime mud has a higher action than fly ash. During the simultaneous
use of the two tailings in the hydration process, a synergistic effect was found, which also favored
the cement hydration process. It was observed that lime sludge contributed greatly to the calcium
carbonate content generated and it appears that their porosity encourages greater carbonation over
time, as the nucleation effect of lime sludge increased the production of calcium hydroxide that may
have been the cause of the highest carbonation.

1- Scrivener, K.L., Cabiron, J.L., Letourneux, R..“High-performance concretes from calcium
aluminate cements” (1999). Cement and Concrete Research, v. 29, pp: 1215-1223.

2- Dweck J., Melchert M.B.M., Viana M.M., Cartledge F.K. and Biichler P.M. (2013).Importance
of quantitative thermogravimetry on initial cement mass basis to evaluate the hydration of cement
pastes and mortars, J. Therm. Anal.Calorim. 111 (3), 1-10.
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Iron ore tailings derived from mining activities in Brazil have a huge and important demand
for their destination in other productive industries. Evaluation and indication of the best options of
application in civil construction, between others, begins with an accurate mineral characterization.

This work presents and discusses the results of an alternative method, used to characterize
qualitatively and quantitatively the chemical and mineral composition of the tailings by using
thermogravimetry (TG) coupled with X-ray fluorescence and X-ray diffraction data. The analyzed
samples are from a large Brazilian Iron Ore Unit Beneficiation, which are representative of tailings
generated after flotation and hydrocyclone steps.

In the present case, TG analysis allows a precise quantification of the water mass percentage
lost from the thermal decomposition of some mineral constituents [1], such as goethite and
kaolinite. Consequently, their content in the sample can be calculated directly from TG data, but
moreover, since the chemical and mineral composition are known, the mass percentage of other
minerals in the constitution of the sample can be found by solving a system of equations, which in
turn is obtained from stoichiometric correlations (even for constituents present in minor contents)
[2]. The results found were compared with those obtained by the Rietveld refinement technique and
a reasonable similarity was noted.

Rietveld Method is undoubted one of the most spread and reliable techniques for
quantitative crystalline mineral composition from XRD data. But it should be noted that this method
requires a highly specialized knowledge, whereas the proposed quantification, once a well-defined
pattern is established, can be more easily implemented. This means that, for the study in question —
characterization of ore tailings for applications in other production processes -, the presented
method represents an easier and helpful tool for engineering students and researchers.

Keywords: Iron ore tailing, Mining Industry, Mineral Characterization, Thermal Analysis

References
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A defect-free alumina presenting high density and low grain size shows improved properties
and reliability [1]. For example, fracture strength is significantly higher for fine-grained alumina
than for coarse-grained alumina [2]. The two-step sintering technique has been used successfully for
the refinement of ceramic grains, including alumina [3]. L6h et al. [4] applied this technique to
evaluate three commercial alumina powders of different purity (92, 96 and 99 wt% of Al20O3) and
particle size (between 0.73 and 2.16 um) by using optical dilatometry. Higher Dy values and lower
grain size of alumina were obtained with higher T2 and lower t2. The suppression of grain growth
was obtained for 99 wt% purity alumina sintered at T1 of 1550 °C for 5 min and T2 of 1500 °C for
4 h, showing higher densification (~96% relative density) and reduced grain size (0.94+0.15 pm).
However, the relationship between microstructure and mechanical properties must be evaluated.

Thus, this work aims to compare the mechanical behavior between alumina obtained by
two-step sintering and conventional sintering regarding to density and grain size. Different two-step
treatments were applied in a commercial alumina (99.7 wt.%-ALO3 content, 0.73 pum average
particle size) and compared with conventional sintering.

The powder was formed by uniaxial pressing (140 MPa specific pressure). The samples
were heat treated (10 °C/min heating rate and 50 °C/min cooling rate in the second step). The
microstructural analysis was performed in a scanning electron microscope. The mean grain size was
determined the intercept method [5]. Porosity was determined by relation between apparent density
of the sintered alumina and theoretical density. The bending strength test was performed based on
ASTM 1161-13. Fracture toughness was measured based on the notch method. The microhardness
test was performed by the Knoop technique.

Mechanical properties were significative improved, such as flexural strength (from 286 to
303 MPa), fracture toughness (from 4.09 to 4.35 MPa.m®%) and Knoop microhardness (from 17.5 to
17.6 GPa), in comparison to the conventional sintering, even with higher porosity, 2.36% in
samples obtained by two-step sintering and 1.80% in the conventional sintering. By means of
factorial analysis, relative density shows that temperature and holding time of second step
individually influence relative density, but temperature has a greater effect. On the other hand, the
temperature and holding time interaction of the second step presents the highest effect on the
average grain size.

[1]F.J. T. Lin, L. C. Jonghe, M. N. Rahaman, J. Am. Ceram. Soc., 80 (1997) 2269

[2] J. B. Wachtman, W. R. Cannon, M. J. Matthewson, “Mechanical properties of ceramics”, John
Wiley & Sons (2009).

[3] N. J. Loh, L. Simao, C. A. Faller, A. De Noni Jr., O. R. K. Montedo, Ceram. Int., 42 (2016)
12556

[4] N. J. Loh, L. Simao, J. Jiusti, A. De Noni Jr., O. R. K. Montedo, Ceram. Int., 43 (2017) 8269

[5] W. D. Callister Jr., D. G. Rethwisch, “Ciéncia e engenharia de materiais: uma introducao”, LTC
(2013) 817
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Endodontics calcium silicates-based cements are the mostly used materials in the root-end filling or
perforation. However, drawbacks the high cost highlights the need for improvements in their
manufacturing process by the development of alternative products. In this way, differential scanning
calorimetry (DSC) and high-temperature powder X-ray diffraction (HT-XRD) studies of C3S phase
are reported to identify and quantify important parameters of the hydration reactions, such as the
hydration degree. A Cs3S reference was prepared with pure chemical reagents for the development
of a novel biomaterial calcium silicate-based cements, which have been defined in order to keep the
positive properties and clinical applications typical of calcium silicates. The results indicated that
such material could be obtained by botton-up synthesis routes aiming at the proper balance between
the C3S phase and the use of other cementitious materials. DSC proved to be a very useful
technique to accompany this development.

196



Poster Session 1 PS1.015

Rosmarinic acid conjugated hemocyanins: synthesis and stability
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Hemocyanins (Hcs) are large copper-containing oxygen-transporting proteins that present in
the hemolymph of arthropods and molluscs [1]. Numerous studies reveal their potential as
immunostimulants, vaccine adjuvants and protein carriers [1]. In addition, various native and
chemically modified Hes exhibit cytotoxicity to some types of cancer.

Here, we report the preparation of conjugates of rosmarinic acid with Rapana thomasiana
Hc (RtH) and Helix lucorum He (HIH). Rosmarinic acid is a secondary plant metabolite that along
with other biological activities exhibit anticancer, antiangiogenic, antiinflammatory, antioxidant,
and antimicrobial activities [2]. The two He-rosmarinic acid conjugates were obtained in a two step
reaction and were purified by gel filtration using Sephadex G 25 column. Thermostability and
thermal denaturation of the RtH-rosmarinic acid and HIH-rosmarinic acid conjugates was studied
using a high-sensitivity differential scanning microcalorimeter DASM-4 (Biopribor, Pushchino,
Russia), with a sensitivity > 0.017 mJ K™' and a noise level < £0.05 pW. We observed that the
chemical modification did not affect significantly the thermal stability of the two Hcs. For the two
Hcs-rosmarinic acid conjugates, the obtained DSC curves show an asymmetrical peak, which
implies the existence of more than one structural unit in the analyzed samples. The DSC profiles of
the modified hemocyanins differ than those of the corresponding native Hc, which is an indication
for a structural rearrangement in the molecule. To assess the differences in the secondary structure
of the native and conjugated with rosmarinic acid Hcs was applied attenuated total reflectance-
Fourier transform infrared (ATR-FTIR) spectroscopy. Changes in the Amide I band (1700 cm '
1600 cm ') were monitored. The chemically modified Hc seems to be less prone to aggregation and
the side-chains of the amino acid residues are found to be buried inside the protein not so exposed
to the solvent. Tested in vitro at concentrations up to 1 mg/mL, the native and the rosmarinic acid
modified Hcs are not toxic to normal mice fibroblasts (3T3).

[1] C. J. Coates, J. Nairn, Dev. Comp. Immunol. 45 (2014) 43-55.

[2] M. K. Swamy, U. R. Sinniah, A. Ghasemzadeh, Appl. Microbiol. Biotechnol 102 (18) (2018)
7775-7793.
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Effect of ketoprofen-based ILs on secondary structure and thermal
stability of human serum albumin
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Ionic liquids (ILs) based on active pharmaceutical ingredients are of current interest for the
pharmaceutical industry. They have potential to overcome some classical problems of solid state
drugs e.g. polymorphism, low bioavailability that is attributed to low solubility of hydrophobic
drugs in aqueous media, IL is an approach to reduce the toxicity of the classical drugs and to offer
an alternative drug delivery [1]. A series of ILs comprised of amino-acid alkyl ester (AAE) cations
and a ketoprofen anion has been synthesized in three steps: 1) the corresponding amino AAE
hydrochlorides were prepared; 2) the free AAE were obtained; 3) the target ketoprofen amino alkyl
ester salts were syntheiszed. The ILs are characterized by FTIR, H!- and C'*NMR, TGA, etc In
vitro cytotoxicity assays show that the synthesized ketoprofen amino alkyl ester salts are less toxic
to mice macrophages than ketoprofen. Under physiological conditions, interactions between the ILs
and human serum albumin (HSA) were investigated using fluorescence and FTIR spectroscopies.

Thermostability and thermal denaturation of the HSA in presence of ketoprofen amino alkyl
ester salts was studied using a high-sensitivity differential scanning microcalorimeter DASM-4
(Biopribor, Pushchino, Russia), with a sensitivity > 0.017 mJ K™! and a noise level < +0.05 uW. Similar
DSC profiles were observed for all HSA-IL complexes. The obtained DSC curves have an asymmetric
shape with a main endothermic event cantered at 75°C and a shoulder centered at 50-52°C.

[1] W. Hough, R. Rogers, Bull. Chem. Soc. Jpn, 80 (12) (2007) 2262—-69
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Effect of sulphur-acid pre-treatment on the thermal properties of
mixtures of ash from the biomass and chicken litter
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Industrial methods applied in poultry define the generation of large amounts of waste to a
small production area. The situation in certain areas is complicated by the remoteness of farmland
and shortage of good techniques for treatment and recovery of waste. That raises animal hygiene
and environmental problems [1, 2].

In Bulgaria there are very few realized practices for using biowaste on poultry as a secondary
raw material or energy resource [2]. This problem has not found the best solution and globally.

This work is devoted to studying the possibilities to minimize waste generated by poultry
farms by developing and offering new approaches to converting them into useful products through
which to implement a closed life cycle [3, 4].

The proposed new solution is constructed on the basis of waste from poultry farms with
additional waste products from other industries and biomass. On the basis of this developed
compositions containing poultry excrement and ash from the biomass, which has been acid -treated
with sulphuric acid in various ratios. The aim is to do integrated recovery of several wastes. These
thermal investigations have attempted application of the solid phase poultry waste and identifying
the phases in it, in order to obtain organic products for agriculture.

It was found that the selected wastes and other raw materials have a structure and
composition, which defines them as carriers of essential micro-nutrients without excessive content
of heavy and toxic elements, which allows them to be classified as suitable components for
obtaining soil improvers

Acknowledgments: Authors gratefully acknowledge the financial support of the Department of Natural
Sciences, Laboratories of Chemistry and Gemology of New Bulgarian University.
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Hydroxyapatite is included in the group of biochemicals together with tetracalcium phosphate
(Ca4P209), amorphous calcium phosphate, alpha-tricalcium phosphate (Ca3(POas)2), beta-tricalcium
phosphate (Ca3(POa)2). These materials are often studied to modify and improve their properties for the
application in medicine.

In the present study, samples of nanoparticulate sintered biphasic calcium phosphates -
hydroxyapatite - Caio(PO4)s(OH)2 and B-tricalcium phosphate - Ca3z(POs)2 subjected to high energy
milling activation with a different duration from 5 hours to 100 hours activation on dry conditions.

The effect of high energy milling activation on the compositional and structural changes of
biphasic ceramic is studied by means of XRD, Fourier Transformed Infrared (FTIR) measurements
as well as thermal analyses (TG-DTG-DTA). The HEM activation was carried out in a planetary
mill (‘Pulverisette’6 Fritsch) at 600 rev min™' with Ahate milling balls (10 mm diameter) in standard
mass of 30 g of sample.

The study on activation effect shows that the mechanical activation impacts at the micro-level is
as following: (1) change the strength of chemical bond; (i1) deformation of polyhedrons; (ii1) smaller size
of crystallites with increased degree of structural defects leading to metastable phosphorite with
increased dispersity.

The obtained results show correlation in the behavior of the studied samples in regards of
the incorporated in the structure of OH-apatite carbonate ions. After HEM activation of the raw
sample, the A-, B- and A-B type carbonate-apatite are formed. The new isomorphic phases (A-and
A-B type carbonate-hydroxyapatite) are decarbonized at temperature of 650-1600 K.

Keywords: bioceramics, high energy milling activation, carbonate-apatite, thermal effects

Acknowledgments: Authors gratefully acknowledge the financial support of the Department of Natural Sciences,
Laboratories of Chemistry and Gemology of New Bulgarian University.
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Knowledge of the biophysical characteristics of red blood cells (RBC) during aging is of
particular interest since this complex physiological phenomenon is related to human health and
pathologies. In this work we apply differential scanning calorimetry to study the thermal stability of
hemoglobin and specific plasma membrane proteins of RBC during the course ageing. The cells are
derived either from women shortly after miscarriage or from healthy (pregnant and non-pregnant)
women.

The calorimetric profiles of freshly collected RBC derived from the studied patients do not
differ from those of healthy women, however in the course of ageing the temperature of hemoglobin
unfolding gradually decreases more rapidly and the transition assigned to the cytoplasmic domain
of band 3 protein disappeares at an earlier stage for women with miscarriage than for healthy ones.
Sequential heating (to 60 °C)-cooling cycles, causing denaturation of spectrin, led to hemoglobin
destabilization in the case of women with miscarriages, while to negligible effect on the
hemoglobin stability of healthy women.

Data strongly suggest that the ageing of RBC derived from women that underwent a
miscarriage proceeds faster than from healthy women as evidenced by the thermal destabilization of
hemoglobin and the structural band 3 protein.

Acknowledgement: This work is supported by grant KP-06-H21/4, Competition for financial
support for basic research projects — 2018, National Science Fund
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Many natural proteins act as a functional basis of biologic drugs. One of the first steps,
required to outline the design of the therapeutic properties of protein drugs, is their thermodynamic
characterization. Hemocyanins (Hcs) are oligomeric copper-containing glycoproteins that function
as oxygen carriers in the hemolymph of several molluscs and arthropods. Besides their important
biological function, a variety of medical applications of molluscan Hes emerged.

The thermal unfolding of hemocyanins, purified from garden snails Helix aspersa maxima
(gastropod) (HaH) and garden snails Helix lucorum (HIH), was investigated by differential
scanning calorimetry (DSC). Denaturation of these hemocyanins was found to be an irreversible
process. One transition, with an apparent transition temperature (Tm) at 79.8 °C and 82.7 °C,
respectivelly, was detected in the thermograms of HaH and HIH using scan rate of 1.0 °C min™.
The scan rate dependence of the thermograms indicated that the thermal unfolding of investigated
hemocyanins was kinetically controlled. The thermal denaturation of the Hcs was described by the
two-state irreversible model, and parameters of the Arrhenius equation were calculated.

The results of the present study of the Hcs, allow classifying these Hcs as thermostable
proteins (Tm ~80 °C). The high degree of oligomerization of hemocyanin molecules in general is
one of the reasons for their increased thermal stability. The obtained data will facilitate the further
investigation of therapeutic properties and medical applications of these dioxygen-binding proteins.

Acknowledgements: The authors gratefully acknowledge financial support from the National
Science Fund at the Ministry of Education and Science, Bulgaria — research grant DN 19/6.
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Hydration of mortar with EPS foam using Calorimetry & TGA
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Lightweight architectural and structural cementitious cladding elements are generally
manufactured using mortar mix with low water to cement ratio (w/c) and incorporate expanded
polystyrene (EPS) foam with a density of approximately 24 kg/m>. Although EPS is a closed-cell
foam, it is not waterproof. The removal of any water due to absorption has detrimental effects on
the mechanical and durability properties of low w/c mortar. This study employs two thermal
analysis techniques, isothermal calorimetry and thermogravimetric analysis (TGA), to investigate
the effects of adding EPS foam on the hydration of low w/c mortar mixes.

A self-consolidating mortar mix with a w/c of 0.30, fine aggregate to cement ratio of 1.1,
and cement content of 900 kg/m’® was investigated with and without EPS foam. The samples
consisted of 11.6+1.0 mm thick EPS foam sandwiched between two 15.942.5 mm thick layers of
mortar. [sothermal calorimetry tests were performed for 24h at 20.1°C. After 2h, 4h, 6h and 24h
from the start of the test, samples were removed from the calorimeter, ground to a powder form, and
tested using the TGA. The total heat of hydration and degree of hydration were used to assess the
effects of EPS foam on the mortar properties. The degree of hydration was calculated based on the
heat released [1, 2] and from chemically bound water [3]. The TGA values were adjusted to
compensate for the fine aggregate, with the ratio of fine aggregate to cement assumed constant [4].
The isothermal calorimetry results showed a 4.6% decrease in the peak heat flow and a 2.8%
decrease in the total heat of hydration at 24h when compared with the same mortar mix without
EPS foam. The TGA results showed that the EPS foam has no statistical effects on the cement
degree of hydration. The quantified cement degree of hydration of mortar with EPS foam was
45.842.9% compared to 45.6+3.5% without. In brief, the experimental results from the calorimetry
and TGA were consistent. Moreover, they revealed that the water absorption of EPS foam insert is
statistically negligible and therefore has no significant effects on the cement degree of hydration.

[1] A. K. Schindler, K. J. Folliard, ACI Mater. J., 102 (2005) 24-33

[2] K. Scrivener, R. Snelling, B. Lothenbach (Eds). "A Practical Guide to Microstructural Analysis
of Cementitious Materials". Crc Press, (2018)

[3] L. Pane, W. Hansen, Cem. Concr. Res., 35 (2005) 1155-1164

[4] A. Darquennes, B. Espion, S. Staquet, Constr. Build. Mater., 40 (2013) 1012-1020
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In this study, the reaction of liquid Na with CaCO3 was studied kinetically as one model
reaction of the liquid Na with structural concreate [1-3] by postulating a severe accident in a
sodium-cooled fast reactor (SFR). The reaction, 4Na + 3CaCO3 — 2NaxCOsz + 3CaO + C, that
occurred in the temperature range of 650-850 K was tracked by the exothermic DSC peak and
morphological observations for Na—CaCO3 powder and Na—CaCOs3 pellet samples. Details on the
kinetic and mechanistic features of the reactions are demonstrated in this presentation.

In the case of liquid Na—CaCOs; powder reaction, four exothermic peaks appeared by
overlapping partially. Changes in the distribution of CaCO3 powder in liquid Na and in the contact
area of the reactants as the reaction advances are possible reasons for the apparent multistep reaction.
From the overlapping reaction steps, the first reaction step was extracted using mathematical
deconvolution analysis [4], which is a statistical peak shape analysis. The first reaction step,
recognized as the reaction at the first contact area between liquid Na and the surfaces of CaCO3, was
characterized by the first-order rate law with (Ea,1, A1) = (117 = 8 kl/mol, (2.9 £0.1) x 10° 1/s)

For the liquid Na—CaCOs pellet reaction, a single DSC exothermic peak was observed as the
result of the one-dimensional regulation of the reaction geometry. The kinetic behavior was
described by a two-step physico-geometrical consecutive process comprising the initial and main
reaction steps. Through morphological observations, these two reaction steps were characterized as
the surface reaction and subsequent internal reaction, respectively. The kinetic deconvolution
analysis (KDA) [4] was applied to characterize the kinetics of each reaction step. A systematic
decrease in the contribution of the first reaction step with heating rate was expected from the results
of KDA. The first reaction step indicated a monotonous acceleration at a constant temperature with
(Ea1, A1) = (150 + 2 kJ/mol, (9.3 £ 0.3) x 107 1/s). During the second reaction step, the maximum
rate appeared midway through the reaction step, in which the deceleration during the second half of
the reaction step was interpreted as being caused by the consumption of liquid Na. The apparent
Arrhenius parameters for the second reaction step were estimated to be (Ea2, A2) = (66 = 1 kJ/mol,
(7.6 £0.5) x 10° 1/s).

Acknowledgments: This work was supported by a study of “Research and Development of Multi-
Level and Multi-Scenario Plant Simulation Systems for Innovative Sodium-Cooled Fast Reactor”
entrusted to “Japan Atomic Energy Agency (JAEA)” by the Ministry of Education, Culture, Sports,
Science and Technology of Japan (MEXT) and was performed under the contract between JAEA
and Hiroshima University.

[1]S. Kikuchi, et al, J. Therm. Anal. Calorim., 121 (2015) 45

[2] S. Kikuchi, et al, J. Nucl. Sci. Technol., 53 (2016) 682

[3] S. Kikuchi, N. Koga, J. Therm. Anal. Calorim., 131 (2018) 301
[4] N. Koga, et al, J. Therm. Anal. Calorim., 111 (2013) 1463

204



Poster Session 1 PS1.023

Thermal properties of some locally produced edible oils

Fabio FARAGUNA!, Matea LILIC', Lucija KONJEVIC? Dijana BLAZEK?,
Roko BLAZIC?, Elvira VIDOVIC?, Ante JUKIC?
Faculty of Chemical Engineering and Technology, University of Zagreb,
Marulicev trg 19, Croatia
2INA-Industrija nafte d.d., Lovin¢i¢eva 4, Croatia

The importance of vegetable oils as valuable commodities for human nutrition is well
recognized. Vegetable oils are usually used for frying, where they work as a heat transfer medium
and contribute to flavour and texture of food.

In this study thermal and oxidative stability of several locally produced edible oils were
tested: extra virgin olive oil, sunflower oil, pumpkin seed oil, hemp oil. During thermogravimetric
measurements in air atmosphere at heating rate 1°C min™' the highest mass increase due to oxidation
was notified in hemp oil while sunflower oil displayed second highest mass increase but both
samples displayed the mass increase maximum at similar temperature around 150 °C. When tested
in nitrogen atmosphere all oils showed very similar thermal stability. Accelerated oxidation tests
using the Rancimat method were performed at two temperatures 110 °C and 150 °C. Results are in
good agreement with TG measurements where the lowest oxidation stability displayed hemp oil (3
h at 110 °C) and sunflower oil (4.7 h at 110 °C). Also, DSC was used to study high and low
temperature properties of oils.
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Increase of mass caused by oxidation during heating (1°C min™') in air atmosphere.
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For centuries silk fibroin has been used as a textile fiber. Beyond textiles, silk fibroin has
also been used in biomedical applications as a surgical material for decades. Because of his good
mechanical properties, biocompatibility and biodegradability silk fibroin is being further developed
for various emerging applications. In this work, tissue engineering scaffolds composed of
polycaprolactone (PCL) and silk fibroin (SF) were prepared by electrospinning technique.
Morphology, chemical composition, thermal properties, thermal stability and hydrophobicity of the
PCL/SF scaffolds were characterized to evaluate the effect of SF by means of scanning electron
microscopy (SEM), Fourier transform infrared spectra (FTIR), differential scanning calorimetry
(DSC), thermogravimetric analysis (TGA) and water contact angle analysis. Electrospinning
resulted in uniform fibers morphology, with thinner fibers in case of the PCL/SF scaffolds and a
homogeneous SF distribution throughout the fibers. The FTIR results showed that the silk fibroin
was successfully introduced to the PCL scaffolds. The hydrophilicity of the PCL modified scaffolds
was enhanced. Results obtained with DSC analysis showed that with addition of the silk fibroin,
glass transition temperature of the PCL increases, while the melting temperature and degree of
crystallinity decreases, because of the less organized crystal structure with addition of silk fibroin.
The thermal stability of the PCL/SF scaffolds also decreased with the addition of the SF.
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Magnesium hydroxide (Mg(OH)2) is a very important inorganic compound with good
physical and chemical properties. It has wide application in many fields, such as flame retardant in
polymers, special ceramics, wastewater treatment, in the paper industry, as a catalyst, additive.
Magnesium hydroxide can be produced by different methods such as precipitation, solvothermal
and hydrothermal methods, microwave methods, electrochemical methods, the sol-gel method,
dehydratation and hydration of commercial forms of Mg(OH), and MgO, and the use of dolomite or
sea water[1-2]. The precipitation crystallization method is the most economic one for industrial
continuous production, having a simple process and low energy consumption [3]. In this paper
magnesium hydroxide has been obtained from seawater by a well-known industrial process [4]
which involves the chemical reaction between magnesium ions of seawater with dolomite lime to
produce the magnesium hydroxide precipitate.

Furthermore, the precipitate was modified by ultrasound of high intensity. The purpose was
to obtain magnesium hydroxide with high purity and reduced particle size without agglomeration.
The precipitated magnesium hydroxide is characterized by the particle size distribution determined
by the laser scattering method in the range of 20 nm to 200 mm, and by the SEM/EDS analysis.

Likewise, in order to investigate the effect of particle size on the thermal stability,
thermokinetic study of magnesium hydroxide samples was performed by non-isothermal
thermogravimetry in an inert atmosphere at different heating rates. The obtained data were used for
the kinetic analysis of the degradation process. Kinetic analysis was performed using the
isoconversional Friedman method in combination with the multivariate nonlinear regression method.
Kinetic analysis revealed the complexity of the thermal degradation process for both investigated
samples. Likewise, for each degradation stage of investigated samples, kinetic parameters (activation
energy, pre-exponential factor and kinetic model) were calculated and compared.

[1] J.L. Booster, A. van Sandwijk, M.A. Reuter, Miner. Eng. 16 (2003) 273

[2] Agnieszka A. Pilarska, Lukasz Klapiszewski, Teofil Jesionowski, Powder Technology. 319
(2017) 373-407

[3]J. Lv, L. Qiu, B. Qu, J. Cryst. Growth 267 (2004) 676—684.
[4] Shand M A 2006 The Chemistry and Technology of Magnesia. New York, Wiley: 39-60
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Alumina (Al,03) is critically important material in variety of applications such as catalysis,
due to chemical stability and mechanical durability over the wide temperature range. Furthermore,
gamma alumina powders having defect cubic spinel structure with nanocrystalline character can be
prepared using only moderate thermal treatment to facilitate catalyst support application. Reaching
out to advanced morphological features is becoming increasingly important, as the limits of the
nano-seized powders have been reached.

Here we bring about wet chemistry synthesis using aluminium nitrate nonahydrate (ANN)
precursor combined with different amino acid fuel. The amino acids; glycine (G), alanine (A) and
asparagine (N) have been specifically selected in order to show the role of gradual increase of their:
1) molar weight, 2) enthalpy of combustion, 3) amine groups content and 4) ratio to ANN, on the
derived morphologies. Namely, the conditions leading to development of different morphologies
from gels to powders were found to be heavily under the influence of fuel/oxygen ratio, i.e. on the
smouldering vs flaming mechanism of the combustion. Thereof, the thermal evolution of the
alumina precursors was monitored in details.

Higher content of nitrates (predominately from amino rich amino acids) strongly promoted
auto-combustion behaviour. As-derived alumina precursors have been thermally treated at various
temperatures (quenched and soaked), to monitor gamma and alpha alumina crystallisation, with
respect to the development of morphology.

It was shown that this combustion synthesis allows facile tailoring nanocrystalline gamma
alumina with different morphological features. Different textures types have been observed, such as
porous wormhole, porous particulate and porous flakes. Detailed structural (XRD, FTIR),
microstructural (SEM, EDS, BET N, A/D, PSD) and thermal (DTA, TGA) characterisations
confirm the nanocrystalline character, thermomechanical stability and were not diminished for
different porous morphologies in the course of this synthesis.
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Ceria (Ce0») is utilized as a catalyst in various environmental applications. Its catalytic
properties are mostly attributed to high oxygen storage capacity. Ceria has flourite structure in
which oxygen vacancies occur due to occurrence of cerium in two stable oxidation states, Ce*" and
Ce’". The easiness of shift between Ce®" and Ce*' enables the creation of oxygen vacancies, high
oxygen mobility and oxygen storage capacity within the lattice. [1]

Doping of cerium oxide improves its catalytic properties in relation to pure cerium oxide.
Manganese oxides are known for being capable of storing oxygen and forming many oxides with
various oxidation states. MnOx compounds are highly catalytically active and it is believed that
incorporation of Mn atoms in ceria crystal lattice will also improve its catalytic properties. Cerium
oxide both doped and pure can be prepared in many ways. The advantages of hydrothermal process
are one-pot synthesis, cost-effectiveness and eco-friendliness since it allows obtaining of
nanoparticles at low temperatures in just one step. [2]

Therefore, nano-ceria doped with manganese in various amounts was prepared via
hydrothermal synthesis and the obtained ceria samples were thermally treated at 500°C for 2h.
Both, as-prepared and thermally treated samples were investigated using X-ray diffraction (XRD).
It was determined that in the diffraction patterns of as-prepared doped samples, beside ceria,
birnessite (Nao.ssMn204x1.5H20) lines appear. In the course of thermal treatment birnessite
transforms to a-MnQO,. Ceria lattice constant and crystallite size, as well as birnessite share, were
obtained through whole powder pattern decomposition. It was established that the share of Mn
entering ceria lattice, or forming birnessite varies with nominal composition. However, introduction
of Mn in ceria is evident from the slight decrease of ceria lattice constant while crystallite size does
not change significantly. Decrease of ceria lattice constant with the increase of Mn share could also
be observed in thermally treated samples. Also, although thermal treatments yield with coarsening
of crystallites, the decrease of ceria crystallite size with increase of manganese share is evident.
Thermally induced changes were monitored via differential thermal analysis and thermo-
gravimetric analysis (DTA/TGA) giving insight into birnessite dehydration. Calculation of
birnessite share via TGA yield with similar values as obtained using XRD. The compliance of
samples composition with nominal was confirmed using energy dispersive X-ray spectroscopy
(EDS) while the scanning electron microscope (SEM) analysis revealed birnessite layered
formations surrounded with ceria nanoparticles.

[1] S. Kurajica, K. MuZina, G. Drazi¢, G. Matijasi¢, M. Duplan¢i¢, V. Mandié, M. Zupanéi¢, I. K.
Munda, A comparative study of various hydrothermally derived transition metals doped ceria
nanocatalysts, in review

[2] S. Kurajica, I, Minga, M. Guli$, V. Mandi¢, 1. Simc¢i¢, High surface area ceria nanoparticles via
hydrothermal synthesis experimental design, Journal of Nanomaterials, 2016, Aricle ID 7274949, 8 p
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Polylactic acid (PLA) has become interesting for research because of its possible use in various
application fields due to its biodegradability. PLA belongs to the polymers derived from the renewable
resources such as sugar cane corn. The application of this polymer, as well as other polymers, is often
limited by their flammability. This problem can be solved by adding flame retardants.

Flame retardants should prevent the start of the combustion reaction or quickly stop the
reaction if it has already begun. Magnesium hydroxide (Mg(OH)z) is an environmentally friendly
metal hydroxide that is increasingly used as a functional inorganic filler and in this case as a flame
retardant for PLA. Mg(OH) is possible to produce by extraction from ores, such as magnesite,
dolomite, or serpentinite, and from brine/seawater [1]. Inorganic fillers are often surface modified
for better interaction with a polymer, i.e. better adhesion, and hence better polymer properties.

The aim of this study was to prepare PLA/modified Mg(OH), composites of the satisfactory
thermal properties and the thermal stability to extend the PLA application field. Mg(OH), was
obtained from seawater as an unlimited source of this material. Modification of Mg(OH), was
performed with 5 and 10% of stearic acid relative to the hydroxide. Using infrared spectroscopy
with Fourier transformation (FT-IR) successful chemisorption of stearic acid on the filler surface
was confirmed, after which two series of PLA/modified Mg(OH). composites were prepared using
a laboratory single-screw extruder. The amount of the modified Mg(OH), was up to 20 wt %.
Differential scanning calorimetry (DSC) was used to investigate the effect of the modified filler on
the thermal properties of PLA. Addition of the modified inorganic filler has a complex effect on the
PLA thermal properties, with a clear reduction in PLA crystallinity for both composite series. Thus,
modified Mg(OH). doesn’t act as a nucleation agent in the PLA composites. The amount of stearic
acid doesn’t make noticeable influence on the thermal characteristics of PLA. The thermal stability
of the composites was investigated using thermogravimetry (TG). PLA degrades in one degradation
stage and the both modified Mg(OH), in two. The both PLA/modified Mg(OH)> composite series
degrades up to four degradation stages. With the increase of the modified Mg(OH), content in both
composite series their decomposition becomes the more complex and the thermal stability of PLA is
getting worse. Different amounts of stearic acid used for filler modification didn’t produce any
influence on the thermal stability of PLA.

[1] M. Xanthos (Ed.), “Functional Fillers for plastic”, Wiley-VCH Verlang GmbH & Co KgaA,
(2005) 299
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Poly(ethylene oxide) (PEO) as a semi-crystalline, biocompatible, water-soluble polyether
finds considerable application in many different branches of industry. PEO based electrolytes are
among the most extensively studied polymer ionic conductors, but high crystallinity of PEO limits
ionic conductivity of these electrolytes at room temperatures. One of the possible ways to reduce
the crystallinity of PEO is the incorporation of nanoparticles such as polyhedral oligomeric
silsesquioxanes (POSSs) in the PEO matrix. The use of POSSs for making polymer composites has
grown exponentially since the last few years of the 20th century. In comparison with the other most
commonly used fillers, POSSs possess the advantage of being molecules. Thus, this allows us to
combine their nano-sized cage structures, which have dimensions that are similar to those of most
polymer segments and produce a particular and exclusive chemical composition. These
characteristics linked with their hybrid (inorganic—organic) nature allow researchers to modify
POSS according to particular needs or original ideas, before incorporating them into polymers [1].

In this work PEO nanocomposites with different hepta isobutyl polyhedral oligomeric
silsesquioxanes (hib-POSS) were prepared and the influence of hib-POSS on PEO melting was
investigated. It was observed that the glass transition temperature, melting temperature and
crystallinity of PEO decrease when hib-POSSs with methyl, fluorine or chlorine substituents on
phenyl group are present. Taking into account the mass ratio of the components, values of melting
enthalpies suggest decrease of PEO crystallinity in the composites, probably due to the formation of
POSS-POSS aggregates. Furthermore, hib-POSSs with methyl, fluoro and chloro substituents on
phenyl ring narrow the melting and crystallization regions of PEO.

[1] I. Blanco, The Rediscovery of POSS: A Molecule Rather than a Filler, Polymers 10 (2018) 904
[2] L. Blanco, L. Abate, F. A. Bottino, P. Bottino, J. Therm. Anal. Calorim. 108 (2012) 807-815
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In the present work the effect of hot deformation (300 °C/60 min) on mechanical, thermal
properties, microstructure and recrystallization behaviour of the commercial AIZnMgCu(ScZr) alloys
was investigated. Microhardness together with differential scanning calorimetry measurements was
compared to microstructure development that was observed by transmission and scanning electron
microscopy, electron backscatter diffraction and positron annihilation spectroscopy.

Microstructure observation proved eutectic phase at (sub)grain boundaries in the mould cast
and hot deformed alloys. The grain size was ~ 20 um in the mould cast A1ZnMgCuScZr and ~ 1000
pm in the mould cast AIZnMgCu alloy. Hot deformation has no influence on the grain size of the
alloys. Primary multilayer Als(Sc,Zr) particles precipitated during casting and subsequent cooling in
the alloy with Sc,Zr-addition. These particles were stable up to 450 °C.

Guinier-Preston zones and/or solute clusters were dissolved during the annealing up to ~
170 °C in the mould cast alloys. In the hot deformed alloys no thermal effects connected with the
dissolution of Guinier-Preston zones and/or solute clusters were observed. The hardening effect in
the Sc,Zr-containing alloys observed after annealing above 300 °C is caused by the precipitation of
the secondary Al3(Sc,Zr) particles. Deformation has no significant effect on the apparent activation
energy values of thermal processes. Sc,Zr-addition has a significant antirecrystallization. No
recrystallization was observed in the hot deformed AlZnMgCuScZr alloy neither after annealing at
350 °C/10 hours nor after annealing at 450 °C/10 hours. A partial recrystallization effect of the hot
deformed AlZnMgCu alloy is clearly registered after annealing at 350 °C/10 hours and occurs very
strongly after annealing at 450 °C/10 hours.
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The nanostructured TiO> with leaflet structure, prepared from peroxo-titanic acid using
ammonia shows unique photocatalytic abilities [1]. The use of various organic bases during
preparation can result in the presence of organic components in the peroxo-titanate system and
change the material’s properties. The aims of this study were to specify the influence of used
amines on thermal degradation of peroxo-titanates and the quantification of contained organic
species. Various types of amines (primary, secondary, tertiary, quaternary ammonium hydroxides,
tri- and tetramines) were used during synthesis. Samples were characterized with TG-DTA, high
temperature XRD and SEM microscopy.

All materials share a very similar two-step shape of TG curves when heated in argon
atmosphere to 1000 °C. Moisture, CO; adsorbed on surface and oxygen from peroxo groups are
released during the first endothermic step up to ~170 °C, with mass loss of 9-15 %. This is
followed by a second step, which is accompanied by exothermic reaction with peak maximum
around 220 °C and corresponds to decomposition of organic species. Second degradation step
continues until the temperature reaches a range of 400-470 °C.

Three different types of TG curves were observed in oxidizing atmosphere. Materials based
on secondary, tertiary amines and compounds with more amino groups show the same behaviour in
inert and oxidizing atmosphere. It suggests that organic species are removed by simple
decomposition to volatile products. Samples with primary amines used during synthesis have in
oxidizing atmosphere the third step occurring at 470-510 °C with mass loss of about 4-6 %. Similar
third exothermic step was recorded in the systems which were based on quaternary ammonium
hydroxides, but at lower temperature (450-480 °C) and with lower mass loss (1-2 %).

In some measurements crystallization of amorphous phase to anatase at temperatures 350-
400 °C was observed, but change to rutile could not recorded. High temperature XRD confirmed
this temperature range of crystallization to anatase, which then starts to pass to rutile in temperature
range between 800-900 °C.

Calculated content of present organic components in dry materials were similar for materials
from secondary and tertiary amine, 1.e. 16 % and 19 % respectively. Using polyamines lead to
higher content of organics, beetween 21-25 %. Amount of organics in samples prepared from
primary amines was 18 % and from quaternary ammonium hydroxides 13-15 %.

[1] J. Subrt, P. PuliSova, J. Bohagek, P. Bezdi¢ka, E. Plizingrova, L. Volfova, J. Kup&ik, Materials
Research Bulletin, 49 (2014) 405-412
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The cesium hafnium chloride (Cs;HfCl¢) is a ternary halide, which melts congruently at
temperature 826 °C. It is formed by cesium chloride (CsCl) and hafnium chloride (HfCls) mixed
together in stoichiometric ratio 2:1 and crystalizes in cubic structure (space group Fm-3m) with
lattice parameter a=10.42+0.01 A [1]. Due to high effective number Z = 58, high light yield
around 54,000 photons MeV™!, energy resolution of 3.3 % at 662 keV, high proportionality,
moderate density 3.86 g cm>, and low hygroscopicity, the CsoHfCls is considered as a suitable
candidate for cost-effective detectors of ionization radiation [2].

This paper reports on the investigation of the undoped CsoHfCls with stoichiometric and non-
stoichiometric composition by DSC-TG thermal analyses. Five set of Cs;HfCls samples were studied:
one stoichiometric with content of CsCl and HfCl4 2:1 and four non-stoichiometric with deficit (5 and
10 mol%) and excess (5 and 10 mol%) of HfCly, respectively. All five samples of Cs;HfClg material
were enclosed under vacuum in sealed quartz ampules and measured by the non-isothermal
simultaneous differential scanning calorimetry and thermogravimetry (DSC-TG) analysis.

The goal of this work is to investigate the behaviour of Cs;HfCls in enclosed system and evaluate
the influence of Cs;HfCls non-stoichiometry on its thermal properties, i.e. characteristic temperatures of
various phase transitions. This analysis contributes to the improvement and optimization of the conditions
for crystal growth of the Cs;HfClg from the melt by the Bridgman method.
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[1] S. Maniv. J. Appl. Crystallogr. 9(3) (1976) 245
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Pyrolysis of biomass based lignocelulosic materials is well established industrial process for
production of either liquid (biooils) or solid (biochars) products. In last period the importance of
biomass as precursor of special porous carbonaceous materials dramatically increased with increasing
application potential of porous carbons as active matter of supercapacitors, electrodes in fuel cells,
reservoirs for gas and energy storage and in many other applications. Thus, determination of conditions
for effective conversion of biomass based material to carbons has attracted significant attention.

Based on earlier published approach [1-2], our contribution aims to describe the
methodology of finding appropriate kinetic equation sufficiently describing pyrolysis of biomass
based materials.

For the basic adopted mechanism (direct carbonization combined with parallel two step
decomposition) kinetic equation was constructed with the use of Arrhenius equation for temperature
term and simplified Sestak—Berggren equation for dependence on conversion. The parameters of
kinetic equation were found by non-linear regression, comparing the theoretical TG curve with
experimental ones obtained under various heating rates (1-20 K/min) with residual sum of squares
used as the fitting criterion.

The kinetic equations were obtained for pure cellulose, wood powder and their derivatives
obtained by impregnation with K>COs solution. With their use, the pyrolysis could be theoretically
modeled including opposite dependence of carbon yield on heating rate for cellulose and wood
based samples.

We expect that presented methodology can be used for successful prediction of thermal
behavior of biomass during pyrolysis under various temperature programs including non-linear and
isothermal heating and consequently optimization of temperature program steps for obtaining
maximal carbon yield.

[1] G. Hotova, V. Slovak, Thermochim. Acta, 666 (2018) 82
[2] E. Kinnertova, V. Slovak, J. Therm. Anal. Calorim., 134 (2018) 1215
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The present work deals with the preparation of belite-based binders using a mixture of
sludge waste from mining and washing of limestone (source of CaCO; and SiO), and waste
material from acetylene gas cylinders filler containing hydrosilicates - tobermorite and xonotlite.
These wastes are of suitable oxide composition for the preparation of belite cements. The materials
were mixed together in different proportions and burned at temperatures from 800 to 1300 °C. K,O
was used as dopant to stabilize the reactive belite modification. The main interest was focused on
the process of belite formation related to its reactivity. During burning of waste material mixtures,
limestone is decomposed providing CaO, while tobermorite and xonotlite are transformed into
wollastonite. Then, belite is formed by reaction of SiO; and CaO, as it is typical in Portland clinker,
but also by reaction of wollastonite and CaO. The process of belite formation influences its
hydraulic properties to a great extent. Carbonation of calcium silicates was studied as well. Phase
composition of burned products was studied by X-ray powder diffraction. Isothermal calorimetry
was used to evaluate the hydraulic activity of belite binders. Hydration and carbonation products
were identified by differential thermal analysis.

H.M. Ludwig, W. Zhang, Cem. Concr. Res., 78 (2015) 24-37
N. Dutta, A. Chatterjee, Mater. Sci. Eng. 216 (2017)
E.T. Rodriguez, K. Garbev, D. Merz, L. Black, I.G. Richardson Cem. Concr. Res. 93 (2017) 45-56
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A high percentage of new and current active pharmaceutical ingredients (APIs) demonstrate
poor oral bioavailability. According to the Biopharmaceutics Classification System, these are Class
II/TV compounds which are exhibitive of high/low permeability and low solubility. The formulation
of so-called amorphous solid dispersions (ASDs), in which a hydrophobic drug substance is
integrated into a hydrophilic excipient matrix, is a promising technique for enhancing the API’s
solubility and dissolution. For both rational component selection, in terms of miscibility, and
prediction of their ASD’s long-term physical stability, knowledge of a temperature—composition
phase diagram (complete with liquid-liquid equilibria (LLE), solid-liquid equilibria (SLE) and
glass-transition temperature (Tg) curves) is imperative to reduce time-consuming and often
challenging experimental efforts.

Three procedures for predicting drug—polymer solubility at elevated temperatures using
differential scanning calorimetry (DSC) have been discussed in the literature: melting point
depression (MPD) [1], recrystallization [2] and melting enthalpy [3]. Likewise, three equations for
calculating the T, at different API concentrations, which are of interest in this study, have been
proposed: Couchman—Karasz (C-K) [4], Fox [5] and Gordon—Taylor [6].

In this work, the solubility of four Class II APIs (carbamazepine, ibuprofen, indomethacin
and naproxen) in a series of glycol-derived solvents (monomer, dimer, trimer, etc.) will be
determined using three DSC-based methods (MPD, recrystallization and melting enthalpy). In
addition, the heat capacity (Cp) value of each API will be obtained from micro-DSC measurements
and applied to the C—K equation for Ty modelling. Thus, the influence of chain length will be
realized and a comparison of the aforementioned thermal protocols and Ty models will be made.
Furthermore, the APIs will be subjected to an extensive set of temperature profiles using DSC to
probe for polymorphic forms, which could significantly alter their solid-state properties.

The authors acknowledge financial support from the Czech Science Foundation (GACR No. 19-
02889S) and MSMT No. 21-SVV/2019.
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Titanates have been used as adsorbents for heavy metals owing to their stability and fast
adsorption kinetics. Nevertheless, the synthesis of such materials requires extreme reaction
conditions. In this work, synthesis of titanates via fast, easy and cost effective way is described. The
obtained materials were tested for heavy metal sorption through kinetics and equilibrium batch tests
indicating that the prepared adsorbents can be considered as really promising for removal of heavy
metal ions from water.

A method of synthesis of advanced hydrated metatitanate pseudomorphs obtained via
extraction of sulfate ions from the crystals of titanyl sulfate dihydrate and their replacement with
hydroxyl groups of NaOH, LiOH and KOH solutions leaving the Ti-O framework untouched has
been proposed 2. It was observed that while material precipitated by KOH was thermally stable up
to 150 °C, the decomposition of LiOH and NaOH materials started right at the beginning of the
heating. With the increasing temperature, the amorphous materials started to crystallize into various
lithium, sodium and potassium titanates and furthermore the growth of larger crystals and
nanowhiskers on rods during the crystallization process was observed. The structural changes
(especially crystallization into anatase, resp. titanates) during heating up to 1000°C were studied
together with adsorption properties of prepared and annealed materials towards heavy metals
(Pb(IT), Cu(Il) and Cd(IT)).

' The influence of annealing temperature of
prepared materials on sorption of Pb(II), Cu(Il)
and Cd(II) was tested with a result that prepared
samples seem to be highly efficient sorbents. The
maximum adsorbed amount for Pb(Il), as
calculated from the Langmuir adsorption model,
was 497.3 mg g for lithium materials, 469.4 mg
g! for sodium materials, and 476.6 mg g for
potassium materials. However, the higher the
annealing temperature the lower the adsorbed

& | amount of heavy metal ions. Based on the results
Figure 1. SEM comparison of non-annealed (al, bl.cl)and ~ of  adsorption experiments with  material
annealed materials at 1000 °C (a2, b2, ¢2) of TIG-LiOH (al.  characteristics leads to conclusion that (for studied
a2). TIG-NaOH (b1, b2) and TIG-KOH (c1, 2). titania based adsorbents) the heavy metal ions
adsorption efficiency increase with 1) increasing amount of present exchangeable cations and with
i1) decreasing degree of crystallinity.
1. Klementova, M. et al.Cryst. Growth Des. 2017, 17 (12), 6762-6769.
2. Motlochova, M. et.al.. Thermochimica Acta 2018, 670, 148-154.
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Crystal growth in SegsTes bulk samples and thin films

Diego Valdés, Jaroslav Bartak
University of Pardubice, Studentska 573, 532 10 Pardubice, Czech Republic

Chalcogenide based glassy materials are used in many materials for example: optical fiber,
materials with permeability in the infrared region and also in phase changing materials PCM (CD,
DVD). Between of the most significant processes that occur in these glassy materials is the
crystallization. [1].

The crystallization is a temperature dependent process that enables the growth of crystals. In
this work we have studied the different mechanisms of crystal growth and their dependence on the
thickness of the samples, and how all these parameters can affect the crystal growth rate.

The crystal growth rate is based on two different terms: the kinetic term and the
thermodynamical term. The kinetic term expresses how the structural units move trough the
interface between the undercooled melt and the glass. This term is often defined by the Stokes-
Einstein equation that dictates that exists a correlation between the diffusion coefficient and the
coefficient of viscosity. In the other hand the thermodynamic term defines the thermodynamic
barrier that the system must overcome in order the crystallization can occur. This barrier is
determined by the change of the free Gibbs energy.

Using the crystal growth rate temperature dependence allows to understand more about the
crystal growth mechanisms. These mechanisms are based on how the structural units are attached to
each other and then how the crystals grow. Between the different mechanisms that has been already
observed are:2D-nucleated surface, normal crystal growth and the screw dislocation
mechanism.[2,3,4]

As it has been mentioned above the crystal growth in SeosTes has been studied in bulk
samples and thin films. It should be mentioned that even though that the samples are based on the
same elements the crystallization mechanisms change. Studying the crystal growth in the bulk
samples it has been observed that the crystals start growing alongside the surface and then as long
as the surface is completely homogeneous then is starts to grow to the inner part of the sample. The
crystal growth in the thin films is affected by the dimension of the sample (1pm) and it can be
compared to the crystal growth at the surface of the bulk.

[1] J. Malek, J. Bartak J. Shanélova “Spherulitic crystal growth velocity in selenium supercooled
liquid” Crystal growth & Design (2016) 5811-5821

[2] J. Barték, et al. “Crystal growth kinetics and viscous behaviour in Ge2Sb>Ses undercooled melt.”
The journal of physical chemistry (2016) 7998-8006

[3] J. Bartak, et al “Crystal growth in (GeSe2)x(Sb2S3)1x thin films.“ Journal of Non-Crystalline
solids (2015) 7-13

[4] J. Malek, et al.“Crystal growth velocityin As»Ses supercooled liquids.” Crystal growth &
Design. (2017) 4990-4999
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Fermentation of non-dairy milks by commercial starter cultures:
microcalorimetric approach

Irina STULOVA!, Kaisa ORGUSAAR'?, Natalja PART?, Ene Viiard?,

Raivo VILU?
!Center of Food and Fermentation Technologies (CCFFT), Akadeemia tee 15A, 12618, Tallinn,
Estonia
2TalTech, Ehitajate tee 5, 19086, Tallinn, Estonia

The demand for vegetarian and vegan alternatives to dairy products is constantly and
significantly growing all over the world. Fermented plant based foods (yogurt and cheese analogues)
offer attractive prospects within the market of non-dairy products, since they can be valuable sources of
good quality fats, proteins, dietary fiber, and other phytochemicals important for human health. The
choice of lactic acid bacteria for fermentation of milk analogues is limited to strains that can ferment the
sugars typically found in the raw materials. The objective of the present study was to evaluate the
technological potential of cultures specially formulated for the plant-based fermented products.

Commercial starter cultures were grown in pasteurized retail non-dairy milk (soy, oat, coconut
and almond) and bacterial growth was studied using isothermal batch microcalorimeter TAMIV.
Maximal specific growth rates, heat produced during different growth stages and lag—phases duration
were determined by processing calorimetric curves. In parallel to calorimetric measurements the
changes of concentrations of carbohydrates and lactic acid were determined and pH measurements were
carried out in order to obtain additional information for the interpretation of calorimetric power-time
curves. The sensory characteristics of fermented plant-milk based yogurts were evaluated by a trained
panel of assessors using descriptive analysis for their sensory qualities including taste,
colour/appearance, odour, texture, and overall acceptability. Gas chromatography coupled with mass
spectrometry (GC-MS) were applied to describe the production of aroma compounds.

As a result of this study, suitable starter cultures were selected for the fermentation of each
non-dairy milk. It was found, that starter cultures can produce several undesired off-flavors and -
aromas, which indicates that dairy starters cannot be directly used for the fermentation of non-dairy
analogues. As a casein matrix is not formed during the fermentation of plant milks, the formation of
desired texture relies on the starters’ ability to produce polysaccharides or on the addition of
suitable thickening agents. Further studies are required to select suitable stabilizers for each non-
dairy yogurt.
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Isothermal microcalorimetry as an innovative in vitro approach for
assessing the effect of food fibres on human gut microbiome

Natalja Part!, Ene Viiard!, Madis Jaagura®?, Signe Adamberg?,
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!Center of Food and Fermentation Technologies, Akadeemia tee 15A Tallinn, Estonia
2Tallinn University of Technology, Ehitajate tee 5 Tallinn, Estonia

Sufficient fibre consumption is essential for normal gut microbiome function. However, the
amount of fibre is not the only factor to consider — diverse fibre profile is also needed to assure
diversity of the gut microbiome and to maintain the balance among microbial species. While the
benefits of fibre consumption have been widely shown [1, 2], the effect of different fibres on
individuals has not been thoroughly studied. Combination of isothermal microcalorimetry (IMC)
together with chemical analyses (utilization of fibres, production of metabolites), gas production
and pH measurements, and metagenomic sequencing of the bacterial communities gives a
comprehensive overview of the interactions between gut bacteria and food fibres.

In vitro evaluation of the effect of fibres on human gut microbiome was carried out by
inoculating fibres with bacteria from human faecal samples followed by fermentation at 37°C up to
48 h. Heat production patterns differed significantly among studied fibres and were dependent on
the microbial consortia used in the IMC experiments. Inulins (fructose polymers) were shown to
promote the growth of Bifidobacterium and Bacteroides species more compared to other fibres.
Also, the most prominent production of organic acids, compounds with reported health benefits,
was seen in the case of inulins. Polyols, which are commonly used as sugar substitutes, were shown
to enhance the growth of Enterobacteriaceae, which are correlated with poor gut health and can be
linked to health problems [3]. Gas production induced by the fibres was dependent on the
composition of the bacterial community of the tested gut microbiome samples. Hence, fibres
consumed with food can vary significantly in their influence on gut microbiome and thereby affect
the function of gastrointestinal tract.

Isothermal microcalorimetry combined with omics methods is an excellent platform for the
food industry to evaluate the effect of foods and ingredients on human gut health and select the
most suitable components for novel product development.

[1]R. E. Ley, P. J. Turnbaugh, S. Klein & J. I. Gordon (2006) Human gut microbes associated with
obesity. Nature 444, pp 1022-1023

[2] J. W. Anderson, P. Baird, R. H. Davis, S. Ferreri, M. Knudtson, A. Koraym, V. Waters, C. L.
Williams (2009) Health benefits of dietary fiber. Nutrition Reviews 67, pp 188-205

[3] E. Rinninella et al. (2019) What is the Healthy Gut Microbiota Composition? A Changing
Ecosystem across Age, Environment, Diet, and Diseases. Microorganisms 7(1), 14
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Monitoring Crystallization and Melting with Millisecond Time
Resolution: In-situ Combination of Micro-Focus X-ray Scattering and
Ultra-Fast Scanning Chip Calorimetry

Dimitri A. lvanov'?, Martin Rosenthal®, Alexey P. Melnikov?
Institut de Sciences des Matériaux de Mulhouse - IS2M, CNRS UMR7361, 68057 Mulhouse,
France
2Lomonosov Moscow State University, Faculty of Fundamental Physical and Chemical
Engineering, 119991 Moscow, Russian Federation
3European Synchrotron Radiation Facility (ESRF), 38043 Grenoble, France

A custom-made fast scanning chip calorimeter (FSC) was designed and made compatible with the
environment of the micro- and nano-focus X-ray beamlines such as the ID13 beamline at the ESRF
(Grenoble) [1-2]. The advent of fast single-photon-counting X-ray detectors enabled in-situ
coupling of the two techniques with a possibility of conducting continuous synchronous acquisition
of the thermal and 2D X-ray scattering data with time exposures on the order of one millisecond.
The designed setup was used to re-explore the early stages of crystallization of HDPE in order to
evaluate the morphology and exact supercooling at the crystal growth front. Also, the phenomenon
of multiple melting, which constitutes one of the long-standing issues in polymer science, was
revisited. In the present work, by using heating and cooling rates much higher than the rates of
recrystallization, the structural transformation corresponding to each of the observed thermal events
was extracted from X-ray data analyzed in detail [3-5].

References

[1] Rosenthal, M., et al. Journal of Synchrotron Radiation 21, 223 (2014).
[2] Riekel, C., et al. Langmuir 31 529 (2015).

[3] Melnikov, A.P., et al. European Polymer Journal 81 598 (2016).

[4] Rosenthal, M., et al. European Polymer Journal 94 517 (2017).

[5] Melnikov, A.P., et al. ACS Macro Letters 7 1426 (2018).
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High-Throughput screening of PCM with IR-Thermography

Ines DONATH, P. SCHMIDT

Brandenburg University of Technology Cottbus-Senftenberg, Chair of Inorganic Chemistry,
Universitétsplatz 1, 01968 Senftenberg, Germany

The storage of heat energy becomes more and more importance. The possible storage
materials must satisfy various criteria: e.g. the melting point should be in the required area of
application, the substances must be chemical stable and be available in large quantities to an
economical price [1]. Further properties like a reversible and congruent melting behavior or low
supercooling are of importance for long-term use.

With latent heat storage materials (PCM) high storage densities with low temperature
differences are achieved. For the determination of thermal properties with established standard
methods (e.g. DSC) a high experimental effort is necessary. For further optimization of latent heat
storage systems, a high throughput screening of PCM's has been aspired and could be realized by
infrared thermography. With this measurement procedure the heat radiation of a surface is detected.
The software converted image represented the surface-temperatures of the measuring field in
different colours or contrasts, fig. 1.

The constructed measuring setup is focused on a high sample throughput to measure the
melting and crystallization behaviour of PCMs and their mixtures in the temperature range —20 to
60 °C. IR-thermography measurements of mixtures from two fatty acids (e.g. palmitic acid and
capric acid) show a good agreement with the data from the DSC measurements, fig. 2, but the
agreement with the literature is modest [2]. There are some differences, but the general phase
diagram can be depicted.
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Fig. 1 image from the IR-thermography with all Fig. 2 resulting phase diagram of palmitic acid and capric
measurement points acid with data from different sources

[1] K. Ghaib, Chem. Ing. Tech., 89 (2017) 1
[2] M.A. Krédhenbiihl, et. al, Thermochim. Acta, Thermochim. Acta, 496 (2009) 30
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Thermodynamic assessment of crystal growth in the system Gd-Te
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Smart syntheses of binary gadolinium tellurides GdxTey necessitate an exact view of all
phase equilibria and the phases stability ranges in the system Gd-Te. With CalPhaD-method, thus
thermodynamic modelling, we pioneer efficient experimental planning and their optimization. By
steering clear of “trial-and-error-methods”, resource-saving syntheses and analyzes of inorganic
materials can be predicted and performed.

The basis of all calculations are formed by collected and optimized data sets. With some
previous described methods [1], we are enabled to enlarge commonly, appropriate tables, find and
correct inconsistencies.

Initial point for transport calculations is the ternary phase diagram with lodine. After
evaluating the equilibrium constant K yield that both endotherm and exothermal transports are
conceivable, fig. 1. Considering a possible condensation of Te; and GdIs and thus an equilibrium
breakdown, we select primarily exothermic vapor transports. In further steps we enlarge the system
to a quaternary one with sodium, fig. 2, and introduce Nal as transport agent. In this extended
system NaGdls and NaGdls exist as gas phase complexes. For inclusion in the calculations, the
thermodynamic properties must also be estimated - based on the results from [2].

The conditions for chemical vapor transport were calculated [3] for each known binary
phase in the system Gd-Te. The temperatures T; and T> as well as a possible starting composition
are indicated. Only for GdTe, no possible transport parameters could be determined.

The four phases GdTes, GdTe>, GdsTe7 and GdoTes were selected by way of example and
synthesized on the basis of the previous calculations: crystal growth by chemical vapor transport [4,
5]. The resulting products were analyzed by XRD and SEM - EDX.
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Fig. 1 equilibrium constant K of possible transport Fig. 2 quaternary phase diagram Gd-Te-Na-I
reactions

[1] H. Poddig, Z. Anorg. Allg. Chem., 644 (2018) 1886 [2] H. Oppermann, Z. Anorg. Allg. Chem., 631 (2005) 1309
[3] G. Krabbes, program package TRAGMIN v. 5.1 (2014), Dresden [4] M. Binnewies, Z. Anorg. Allg. Chem., 643 (2017) 1295 [5]
M. Binnewies, Z. Anorg. Allg. Chem., 639 (2013) 219
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Phase relations in the Al203-TiO2-SiO2 system

Mariia ILATOVSKAIA, Franz BARTHEL, Olga FABRICHNAYA

TU Bergakademie Freiberg, Institute of Materials Science, Gustav-Zeuner-Str. 5,
09599 Freiberg, Germany

Rutile (TiO2) coatings deposited on corundum (Al>O3) are supposed to actively filter the
MgAl>,O4-spinel phase from Al-based molten alloy. Al melt can then react with TiO», reducing it
into sub-oxides and metallic titanium. In Si-containing Al alloy, Tis(Si,Al)3, Ti(Al,Si)3, and ternary
phases can form. Therefore, to model chemical reactions at the interface between ceramic filter and
Al melt, thermodynamic database of the Al-Mg-Ti-Si-O system is necessary. As a part, the
thermodynamic description of the Al,03-Ti0,-S10; system is needed to model oxide melts.

The binary Al,O3-TiOz, Ti0O2-SiOz, and AlO3-SiO; systems were repeatedly studied
experimentally, and their thermodynamic databases are available. The Al2O3-Ti02-Si02 system was
poorly investigated [1,2]. For the vertical Al>TiOs-SiO; section [1], there are contradictions to the
phase rules. The system was also assessed thermodynamically, including the modelling of liquid
miscibility along the TiO>-SiO; side [3,4]. Thus, the present work is aimed at an experimental study
of the phase relations in the AlO3-TiO2-SiO2 and AlTiOs-SiO2 systems to verify the
inconsistencies, and their thermodynamic modelling using new experimental data as well as
literature data on thermodynamic functions.

Samples were prepared by the controlled co-hydrolysis [5]. To investigate phase equilibria,
samples were annealed and air-quenched followed by XRD examination. The microstructure
characterization was carried out using SEM/EDX. Solid phase transformations and melting
behaviour of the samples were studied by DTA.

Isothermal sections of the Al,03-Ti02-Si02 system at 1250 and 1400°C and its Al,TiOs-
Si0O2 section were constructed based on the obtained results. On liquidus of the ternary system, the
temperatures of invariant reaction were detected. To model the system using the CALPHAD
approach, CEF was used to describe the solid solutions and a two-sublattice partially ionic model
was used for liquid.

The study was financially supported by the German Research Foundation within the scope
of the Collaborative Research Centre CRC920 (subproject A03).

[1] Z.M. Agamawi, J. White, Trans. Brit. Ceram. Soc. 51/5 (1952) 293-325.

[2] F.Y. Galakhov, Izv. AN SSSR, OKhN. 5 (1958) 529-534.

[3] L. Kaufman, Physica B 150 (1988) 99-114.

[4] M. Kirschen, C. DeCapitani, F. Millot, J.-C. Rifflet, J.-P. Coutures, Eur. J. Miner. 11 (1999)
427-440.

[5] E.Fidancevska, V. Vassilev, J. Chem. Technol. Metall. 45/4 (2010) 421-430.
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Thermal analysis of materials showing thermochromism
(Chip-DSC)

Hans-W. Marx
Linseis Messgerdte GmbH, Vielitzer Str. 43, 95100 Selb, Germany

Thermal analysis is a very useful tool for the analysis of various compounds. Differential
Scanning Calorimetry (DSC) gives information about the energy change during phase transitions
and chemical reactions. Some phase changes and reactions are accompanied by color changes
which can’t be observed in most DSC instruments. In contrast, Chip-DSC 1 and Chip-DSC 10 with
their transparent cover are useful for observing the sample during measurements and thus gaining
further information during the heating, cooling or at isothermal segments.

Mercury(Il)iodide exists in at least two enantiotropic modifications, a red low temperature
modification and a yellow high temperature phase. This phenomenon (reversible phase transitions
with color change) is called « thermochromism ».

Figure 1 shows the DSC diagram and photos during the heating run. It can be clearly seen
that the endothermic event is a solid-solid phase transition with color change. Figure 2 shows the
Chip-DSC 1 device.

Heat flow (mwW)

150 160
Temperature (°C)

Experimental data:
19.8 mg of Hgl> were heated with 20 K/min in open aluminium pans under air in a Chip-DSC 1.
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Thermal analysis of cholesterol by a Peltier-cooled DSC instrument
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Thermal analysis is a very useful tool for the analysis of various compounds. Differential
Scanning Calorimetry (DSC) gives information about the energy change during phase transitions
and chemical reactions. Some phase changes occur at temperatures below room temperature and
require thus previous cooling of the sample. This is often done by cooling with liquid nitrogen or a
circulation cooler (« intracooler »). Both methods require additional equipment, high investment
and lab space.

Linseis unique Chip-DSC sensors integrates all essential parts of DSC (furnace, sensor and
reference) in a small chip wich can be cooled by Peltier effect. The advantage of this cooling is a
low invest, maintenance free operation and no requirement for extra lab space.

Figure 1 shows the DSC profile of 6,95 mg of dry cholesterol that was analyzed from 0 °C
up to 160 °C with a linear heating rate of 10 K/min using a Chip-DSC 100 with Peltier cooler. The
first effect that can be observed is the endothermic solid phase transition at 38 °C that occurs only if
the cholesterol sample is completely water free. Therefore, it can be used as an indicator of
substance purity.

The second effect is the endothermic melting peak at 149 °C. The melting enthalpy and
melting temperature can give additional information about substance purity in quality control and
can also be used as a tool to identify the substance in general of drug identification.

Figure 2 shows the Chip-DSC 100 with peltier cooler and autosampler.

Heat flow (mW)

...........
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A novel method for global access to photosynthetic energy conversion
efficiency based on calorespirometry
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Permoserstr. 15, 04318 Leipzig, Germany
University of Leipzig, Institute of Biology, Johannisallee 21-23, D-04103
Leipzig Germany

One key parameter for assessing the CO; fixation in aquatic ecosystems but also for the
productivity of photobioreactors is the global energy conversion efficiency (PE) by the
photosynthetic apparatus. PE strictly depends on a range of different fluctuating environmental
conditions and is therefore highly variable. PE is the result of complex metabolic control. At the
moment PE can only be determined indirectly. Furthermore, the currently available techniques
either capture only short time processes, thus reflecting only parts of the photosynthetic engine, or
quantify the total process but only with limited time resolution. To close this gap, we suggest for the
first time the direct measurement of the fixed energy combined with respirometry, called
photocalorespirometry (Photo-CR). The proof of the principle of Photo-CR was established with the
microalga Chlamydomonas reinhardtii. The simultaneous measurement of oxygen production and
energy fixation provides a calorespirometric ratio of (437.9 + 0.7) kJ mol! under low light
conditions. The elevated calorespirometric ratio under high light conditions an indication of photo-
protective mechanisms. The Photo-CR delivers the PE in real time, depending on the light intensity.
Energetic differences less than 0.14 % at radiation densities of up to 800 uE m? s can be
quantified. Other photosynthetic growth parameters (e.g. the specific growth rate of 0.071 h'!, the
cell specific energy conservation of 30.9+1.3 pW cell! at 150 uE m? s! and the number of photons
(86.8) required to fix one molecule of CO2) can easily be derived from the Photo-CR data.
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Evaluation for melting behaviour of polymer materials using sample
observation DSC system

Yoshikazu NISHI'YAMA, Nobuaki OKUBO, Eita SHIMODA,
Hidehiro TAKAHASHI, David Peter SEMIONO,

Masaaki MURAOKA
Hitachi High-Tech Science Corporation, Tokyo, Japan

Since a sample is put in the furnace generally, it’s too difficult to directly see the sample’s
condition visually during measurement. Therefore, we have suggested a thermal analyzer equipped
with camera function to easily understand the sample’s reaction recently[1].

Same polymer materials with different molecular weight were measured. A shapes of
melting peaks were different between low molecular and high molecular. The smaller a molecular
weight become, the lower a melting temperature shows in general.

Low molecular polypropylene (PP) showed a shape change around peak top, and it was
observed the sample flowed and spread in the sample pan. The high molecular weight PP also
changed its shape near the peak top, but it maintained its shape even after the end of the peak. It is
assumed that the smaller a molecular weight become, the easier a sample flowing (Fig. 1).

We also evaluated those fluid flow characteristic quantitatively by image analysis.
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Fig. 1 Measurement Results for PP by Sample Observation DSC System Molecular
weight: 25000 and 12000

[1] E. Shimoda, Y. Kasai, M. Iwasa, Y. Nishiyama, The 515t Japanese Conference on Calorimetry
and Thermal Analysis, The Japan Society of Calorimetry and Thermal Analysis, (2015) 139
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Influence of cell mimicking conditions on the results
of a thermodynamic feasibility analysis
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Systems biology is trying to construct mathematical models of the metabolic activities in
living cells for the investigation and prediction of metabolic pathways using the metabolic flux
analysis (MFA). The biggest disadvantage of this method is that often underdetermined equation
systems are obtained.

Thermodynamics might help with reducing the solution space by eliminating solutions that
fulfil mass balances but violate the second law of thermodynamics. In this work, an algorithm
called thermodynamic feasibility analysis (TFA) is applied to the glycolysis as an example for a
metabolic pathway. This pathway was chosen because it is well understood and therefore poses a
good model system for testing the method. TFA breaks up metabolic networks into individual
pathways and analyses the thermodynamic feasibility every single reaction and combinations of
reactions of the network [1].

An analysis of the feasibility of the glycolysis already exists but leads to the conclusion that,
using the available literature data of the reactions, the whole glycolysis pathway is not feasible
which is obviously wrong [2]. Reasons for this could be that the literature data was not determined
under the conditions present in the cell or that the activity coefficients were neglected in the
analysis. Therefore, new determinations and predictions of physical and thermochemical basis data
of pure metabolites, reaction equilibria of single reaction steps, kinetic data and reaction heats under
cell mimicking conditions (e.g. macromolecular crowding, ionic strength) are necessary. The
reaction heats and kinetics were identified using isothermal titration calorimetry. The new data
collection can be used to establish a TFA model which includes activity coefficients, protonation
and complexation of the metabolites, new ARg® values and new calculated ARg values.

In the further course of the study, we want to apply the determined calorimetric data to a
new thermodynamic feasibility analysis model to explore the predictive potential of
thermodynamics for systems biology.

[1] M.L. Mavrovouniotis, Proc Int Conf Intell Syst Mol Biol, 1 (1993) 275
[2] V. Vojinovic, U. von Stockar, Biotechnology and Bioengineering, 103 (2009) 780
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Isothermal and non-isothermal copolymerization kinetics of hydrogels
based on OEGMEMA or OEGMA and AAc

Triantafyllos K. MANIQOS, loannis S. TSAGKALIAS, Dimitris S. ACHILIAS

Laboratory of Polymer and Dyes Chemistry and Technology, Department of Chemistry, Aristotle
University of Thessaloniki, 54124 Thessaloniki, Greece, e-mail:axilias@chem.auth.gr

Monomers composed of a polymerizable methacrylate moiety connected to a short
poly(ethylene) glycol (PEG) chain are versatile building-blocks for the preparation of ‘‘smart’’
biorelevant materials [1]. Hydrogels based on these PEG methacrylates are a very important class of
biomaterials with several applications. The radical polymerization kinetics of two such oligomers,
namely oligo(ethylene glycol) methacrylate (OEGMA) and oligo(ethylene glycol) methyl ether
methacrylate (OEGMEMA) was investigated previously in our group [2]. Synthesis of novel
statistical copolymers based on oligo(ethylene glycol methacrylate), oligo(ethylene glycol methyl
ether methacrylate) and acrylic acid, is presented here. The in situ bulk radical polymerization
technique was used with various initial molar ratios of the monomers employed each time.

Experimental polymerization rate and monomer conversion data were measured using
Differential Scanning Calorimetry (DSC) operating under non-isothermal conditions, at several
constant heating rates, or isothermal, at different constant reaction temperatures. Isoconversional
techniques were employed to estimate the variation of the polymerization effective activation
energy as a function of the extent of reaction. It was found that, depending on the monomer
structure and particularly on the presence or not of hydroxyl groups, the copolymerization
mechanism and the activation energy is totally different. This is ascribed to side reactions taking
place during copolymerization. From thermogravimetric analysis, it was verified that the presence
of acrylic acid in poly(OEGMA-co-AAc) and poly(OEGMEMA-co-AAc) enhances the thermal
stability at certain initial monomer molar ratios. Additionally, the presence of PEGMA enhances
slightly the thermal stability of poly(OEGMA-co-OEGMEMA) in some initial monomer molar
ratios. The swelling ratio and gel fraction was determined gravimetrically and shown that the homo-
polymers, except P(AAc), exhibit high swelling properties, which decrease with increasing amounts
of AAc in the copolymers. Poly(OEGMA-co-OEGMEMA) copolymers show an intermediate gel
fraction yield and swelling ratio compared to their corresponding homo-polymers.

[1] J.-F. Lutz, J. Polym. Sci. A Polym. Chem., 46 (2008) 3459-3470.
[2] D.S. Achilias, 1. Tsagkalias, J. Therm. Anal. Calorim. 134 (2018) 1307-1315.
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It is widely known that one of the major challenges nowadays, concerning environmental
issues, is the proper handling of plastic wastes produced in large amounts by modern societies.
Among them, polymers used in plastic packaging are characterized by short life span and large
volumes in the waste stream. Thus, proper and environmentally friendly recycling approaches are
necessary to manage the situation. Thermochemical methods of treating polymers and pyrolysis in
particular, appear as a promising alternative, since complex organic macromolecules of different
compositions turn into useful products (usually monomer(s) and other secondary value-added
organic components) and enable energy recovery. Catalytic cracking is an alternative to recycling of
neat or mixed polymeric waste with a budge of chemical and energy advantages. The objective of
this work is the decomposition of widely-spread polymeric blends used in plastic packaging and
composed of PET, PS, PE and identification of the molecules or fragments yield when the materials
are subjected to various thermal degradation conditions.

The specimens studied included the widely-found polymer packaging materials which were
blended using the solution casting technique. Conventional or catalyrtic pyrolysis were performed
on a Frontier Laboratories Multi-shot Pyrolyzer (EGA/PY-3030D) with a carrier gas selector (CGS-
1050Ex) coupled with GC/MS QP-2010 Ultra Plus. The NIST 11 Search analysis library was used
to identify products. The Single Shot analysis conditions involved an Ultra Alloy 5% diphenyl-95%
dimethyl polysiloxane filled metal capillary column, flash pyrolysis lasted for 0.5 min, at
preselected temperatures, while column oven program varied. Depending on the polymer type
different compounds were detected ranging from various-structured hydrocarbons (when
polyolefins were employed) to monomers or oligomers in the case of polystyrene and to oxygenated
compounds such as benzoic acid or terephthalic acid when polyesters were pyrolized.
Decomposition happens through radical processes. The fragments are complicated when
degradation takes place at low temperatures, whereas they get simpler at high temperatures.

[1] E. C. Vouvoudi, A. T. Rousi, D. S. Achilias, Frontiers of Environmental Science & Engineering,
11(5) (2017) 9.

[2] M. N. Siddiqui, H. H. Redhwi, E. V. Antonakou, D. S. Achilias, Journal of Analytical and
Applied Pyrolysi, 132 (2018) 123-133x.
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Hydrous rhyolitic glass constitute and abundant material of aluminosilicate composition and
considerable amount of water in molecular and OH form that can reach up to 10 % wt. It is used as
source material for the production of expanded granules for various applications. Except to the chemical
and mineralogical composition, the water content of the glass affects its expansion potential.

In the current study, volcanic glass of different water content are prepared through
sophisticated dehydration of rhyolitic glass, and subsequently subjected to thermal treatment
towards the production of lightweight expanded microspheres using a Vertical Electric Furnace
prototype. Extended characterization analyses are implemented towards determination of the main
physical properties of the expanded material and their morphology/microstructure. It was found out
that the optimum water content of the volcanic glass range between 3 and 5.5% and coincides with
that of perlite. The expanded microspheres are characterised by closed-structure, limited porosity
and high sphericity.
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Bentonite and zeolite constitute abundant industrial minerals that are widely used as sorbents in
various industrial applications. Scoping to increase their performance as sorption media, different
types of activation are implemented, including simple heat treatment. Objective of the current study
constitutes the kinetic analysis of activation process of both natural Ca-bentonite and zeolite
through thermogravimetry under different heating rates and up to temperature of 1000 °C. The
analyses will be accompanied by thorough characterization of surface properties, sorption capacity
and porosity of samples that have been treated at different temperature levels.
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Unsaturated polyester resins (UPRs) consist a significant category of thermoset polymers in
industry, due to their easy processability, their low cost, their high chemical resistance and foremost
their exceptional mechanical properties, leading to their extensive utilization in different industrial
sectors such as in the automotive, marine, aerospace and construction industries [1-2]. However,
both the growing public awareness related to environmental issues and the demand of sustainable
alternatives to fossil based monomers, have led to the need of introducing bio-based UPRs.

In this study, bio-based UPRs were synthesized based on succinic acid, ethylene glycol and
maleic anhydride. The synthesis was conducted both via two-step and one-step polymerization. The
structure of the materials was studied by means of Fourier-transform infrared spectroscopy (FTIR),
nuclear magnetic resonance spectroscopy (\H NMR) and X-ray photoelectron spectroscopy (XPS).
Furthermore, thermal properties of the obtained materials were studied by means of differential
scanning calorimetry (DSC) and thermogravimetric analysis (TGA).

The materials which were synthesized by the two-step polymerization procedure were not
miscible with the reactive diluent. On the contrary, the materials which were synthesized by the
one-step polymerization procedure were miscible with the reactive diluent and they were
successfully cross-linked.

Acknowledgments
This research has been co-financed by the European Union and Greek national funds through the

Operational Program Competitiveness, Entrepreneurship and Innovation, under the call
RESEARCH — CREATE — INNOVATE (project code:TIEDK-01413).

[1] J. Fink, “Reactive polymers fundamentals and applications”, William Andrew Publishing, (2013) 1-48
[2] C. Costa, A. Fonseca, J. Moniz, M. Godinho, J. Coelho, A. Serra, Express Polym Lett, 11 (2017) 885
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Ceramics usually consist of a large number of minerals, including mixtures of different clay
minerals and clastic grains (temper and inclusions). They undergo physical and chemical alterations
during firing, which depend on the mineralogy of the raw materials, their grain size distribution,
maximum heating temperature, duration of firing and kiln redox atmosphere. The components of
ceramic artefacts include solid phases formed during firing. Therefore, the mineralogical
composition of the ceramic paste is one of the parameters that contribute to the characterization of a
certain production technology [1].

Clay minerals, as the main material for the production of ceramic artefacts, show some
characteristic reactions (dehydroxylation, decomposition, transformation) during heating and
several thermoanalytical criteria can be used for the reconstruction of manufacturing conditions.
Heating also affects the contact between the fine-sized clayey matrix and mineral clastic grtains, as
well as the microstructure of the clay minerals [2].

This work is focussed on the physical-chemical characterization of four ceramic objects
which belong to the Museum of Byzantine Culture of Thessaloniki in Greece, by combination of
supplementary analytical techniques, with the aim of deriving information about their main
components and production conditions (firing temperature and atmosphere). Two of them, a
fragment of a vessel that looks like a handle and an oil lamp, date back to the 6% century A.C.,
while the other two, an ottoman and a western type tobacco pipes, belong to the 17" century A.D.

Micro-morphological, elemental and mineralogical analyses were conducted with the help
of Optical Microscopy, Scanning Electron Microscopy — Energy Dispersive Spectroscopy (SEM-
EDS), X-Ray Diffraction (XRD), and Fourier Transform Infrared Spectroscopy (FTIR). The
information derived on composition and production conditions was validated by SEM observations
concerning the extent of vitrification. The minimum concentration of CaCOj3 in the original ceramic
paste and the highest firing temperature were estimated by TG/DTG-DTA.

As it was concluded, the examined ceramics are utilitarian objects that exhibit differences
both in the composition of the raw materials, and the firing process applied for their fabrication.

[1] M. J. Feliu, M. C. Edreira, J. Martin, Analytica Chimica Acta 502 (2004) 241-250
[2] A. Moropoulou, A. Bakolas, K. Bisbikou, Thermochimica Acta 2570 (1995) 743-753
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Polymethyl-methacrylate (PMMA) is widely used in dentistry due to its biocompatibility.
Moreover it is lightweight, colorless and has a good fracture toughness and low cost. However, it
exhibits low impact and tensile strength and therefore it is necessary to reinforce it with a filler
material. Variable methods have been used to enhance PMMA acrylic resin, such as the
incorporation of various types of fibers, metal oxides, noble metals, metallic elements, and carbon-
based fillers. B-pyrophosphate (f-Ca2P207, B-CPP) is biocompatible, non-toxic, stable at low PH,
has a low rate of degradation and offers hardness comparable to tooth enamel[1].

Interim restorations are essential in fixed prosthodontics as they provide temporary
protection of teeth before the permanent restoration. For their proper function, they must resist to
occlusal and abrasion forces without fracture, and their materials must be non-toxic without causing
allergenic reaction or irritations.

In the present study B-pyrophosphate was selected as reinforcing material for the PMMA
acrylic resin [2]. Three point bending test was performed to study flexural strength.
Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) experiments
were performed to study thermal properties. Fourier Transformation (FTIR) and X-Ray Diffraction
(XRD) experiments were performed to investigate the structure of the materials. Finally, for the
morphological study, Scanning Electron Microscopy (SEM) was applied. Composite specimens
were prepared according to ISO 10477:2004 (E) and the mixture of B-CPP with the PMMA powder
was performed on a ball milling device for 1 and 6 hours. A statistically significant increase in
flexural strength was found in almost all composite groups, relative to the control, with six-hour
specimens presenting the highest flexural strength values. The brittle fracture type was common to
all groups. An improvement in the thermal stability of the composite materials was also observed as
the B-pyrophosphate content was increasing.

[1] A.D Anastasiou, S. Strafford, O. Posada-Estefan, C.L. Thomson, S.A. Hussain, T.J. Edwards,
M. Malinowski, N. Hondow, N.K. Metzger, C.T.A. Brown, M.N. Routledge, Brown A.P, M.S.
Duggal, A. Jha, Mater Sci Eng C 75 (2017) 885-894

[2] M. Topouzi, E. Kontonasaki, D. Bikiaris, L. Papadopoulou, K.M. Paraskevopoulos, P. Koidis, J
Mech Behav Biomed Mater 69 (2017) 213-222
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of the B-pyrophosphate.
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Phenol formaldehyde (PF) resin-based materials have been widely used in many fields, due
to their high rigidity, good corrosion resistance, and less toxicity when burning. However, the
environmental stress caused by petroleum-based phenol obtained from fossil resources has limited
the application of PF. Therefore, industry efforts have been focused on identifying phenolics from
renewable resources [1].

In this work, proteins derived from the recycling of textile waste and wood were used as a
raw material in the synthesis of thermosetting polymers suitable to be used as adhesives for the
production of wood-based panels (particleboards). Both types of proteins were polymerized with
some eco-friendly aldehydes (glyoxal). For comparison, PF control resin was produced. The
thermal properties of the PF control and PF/textile waste and wood composites were determined
with Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TGA)
measurements. The chemistry of their structure was studied with Fourier Transform Infrared
Spectroscopy (FTIR) measurements. Lab-scale panels were produced with a process similar to that
of the industrial practice while Scanning Electron microscopy (SEM) technique was applied for the
study of the interaction wood-resin.

The PF resin composites were successfully prepared. The maximum curing temperature of the
PF/textile waste and wood composite shifted to higher values compared to the control PF. Moreover, the
PF resin composite reinforced by textile waste and wood loses mass with a lower rate, and thus, they are
more thermally stable than the PF control. The above results show that proteins can effectively replace
part of the petrochemical phenol in the synthesis of PF resins, increasing so the bio-content of these
resins and making them more friendly to people and the environment.

[1]Y. Wang, Y. Zhang, M. Polk, S. Kumar, J. Muzzy, “Plastics and the environment: A handbook”,
John Wiley & Sons (2003) 697-725.
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The Assumption of Virgin Mary is an 11" century Orthodox church, placed in the village of
Aetolofos, Thessaly, Central Greece. A unique gilded wood-carved iconostasis, made in the 17"
century, separates the sanctuary from the nave. The portable icon under study -placed on the
iconostasis- depicts Virgin Mary in half-length, embracing the infant Christ with her left arm.
Samples collected from the icon and the iconostasis were examined for the identification of
pigments, binders and related materials, as well as their state of preservation. The study aims to the
documentation of Northern and Central Greek ecclesiastical art [1,2].

The samples were examined by means of thermal analysis; thermogravimetry (TG-DTA)
and differential scanning calorimetry (DSC)- were applied, in order to give insights about the
synthesis and the state of preservation of the painting layers. Additionally, microscopic techniques
were applied, for the full microstratigraphic discrimination and characterization of the samples:
Optical microscopy, micro Fourier infrared spectroscopy (u-FTIR), scanning electron microscopy
with energy dispersive spectroscopy (SEM-EDS) and X-ray photoelectron spectroscopy (XPS). The
plaster layers of the icon consist of gypsum, anhydrite and basanite, with a small participation of
calcite and quartz, while animal glue was used as the binding medium. The identified pigments are
vermilion, red lead, green earth, lead white and hematite. The binding medium is identified as egg
yolk, indicating that egg tempera was the applied technique, while a gold and silver alloy was used
for the gilding of the icon. As a varnish layer, a resin of plant origin was used, probably sandarac or
mastic. Regarding the sample collected from the iconostasis, its stratigraphic analysis shows that the
gilding was applied on a white preparatory layer, consisting of anhydrite, gypsum, basanite and
animal glue. The leaves used for the gilding of the iconostasis also consist of a gold and silver alloy.

The present study shows that the applied materials, pigments and techniques indicate the use
of traditional and well-established methods in eastern orthodox ecclesiastical iconography, both for
the portable icon and the gilded wooden-curved iconostasis. This work -while focusing on the
documentation of the late post-Byzantine art of Central and Northern Greece religious art- shows
that the iconographer of Aetolofos retained the traditional materials and techniques of eastern
orthodox iconography.

[1] L. Malletzidou, E. Ougiarou, T.T. Zorba, V. Ganitis, A. Sofianidis, T.-G. Stamkopoulos, I.
Karapanagiotis, E. Pavlidou, K.M. Paraskevopoulos, in the “10" International Symposium on the
Conservation of Monuments in the Mediterranean Basin”, Springer (2018) 273-278

[2] E. Pavlidou, M. Arapi, T. Zorba, M. Anastasiou, N. Civici, F. Stamati, K.M. Paraskevopoulos,
Appl. Phys. A, 83 (2006) 709-717
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Unsaturated polyester resins (UPRs) are the most widely used thermoset resins, with more
than 1.5 million tonnes being consumed during 2018 globally, for the production of a wide variety
of products [1]. UPRs are obtained by radical polymerization of unsaturated polyesters with
unsaturated monomers which act as crosslinking agents. UPRs, also, contain initiators, accelerators
which promote the curing process, etc. Thus, the manufacturing process of unsaturated polyester
resins evolves different types of chemical reactions, leading to a plethora of industrial applications.

The cross-linking process is the most crucial stage of the UPRs manufacturing, since during
that procedure, a three-dimensional network structure is created, urging the resin to be transformed
into solid. Several types of initiator systems are used in order to induce cross-linking. The thermal
homolytic dissociation of initiators is the most widely used mode, with the most extensively
adapted initiator being benzoyl peroxides (BPO) which acts at elevated temperatures. There is, also,
another category of initiators, those which induce curing at room temperature, such as methyl ethyl
ketone peroxide (MEKP).

The purpose of this study is to deal with the effect of initiator systems (BPO and MEKP) on
the curing process of unsaturated polyester resins and on the thermal stability of the corresponding
cured materials. The resulting characteristics are revealed by Differential Scanning Calorimetry
(both in isothermal and dynamic mode) and Thermogravimetric Analysis.
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Over the last years, remarkable attention has been paid to eco-friendly, sustainable materials
for various applications. In this context, microcrystalline cellulose (MCC) with micron sized
diameters was used as reinforcing element in green polymer composites. MCC is characterized by
its abundance, renewability, low-price, low density and high strength to weight ratio [1-2].
Nonetheless, its polar surface arises issues concerning the interfacial adhesion state of matrix-MCC,
when it is introduced in non-polar matrices. Among other methods of removing the aforementioned
impediment, the incorporation of functionalized polyethylene into the composite has been found to
be quite effective.

In this study, linear low density polyethylene (LLDPE) composites containing MCC (filler
content 5-30 wt%) were prepared by the melt-mixing technique, where maleic anhydride grafted
polyethylene (PE-g-MA) was used as a compatibilizer. The dispersion of the filler was studied with
the assistance of micro Fourier-transform infrared spectroscopy (u-FTIR) mapping, structural
characteristics were determined by means of Fourier-transform infrared spectroscopy (FTIR) and
X-ray diffractometry (XRD) and thermal measurements were conducted by Differential Scanning
Calorimetry (DSC) and Thermogravimetric Analysis (TGA). Finally, both tensile and impact 1zod
tests were carried out, while Scanning Electron Microscopy (SEM) was employed for the study of
the fractured surfaces of the composites after mechanical testing.

[1] E. Roumeli, Z. Terzopoulou, E. Pavlidou, K. Chrissafis, E. Papadopoulou, E. Athanasiadou, K.
Triantafyllidis, D. Bikiaris, J. Therm. Anal. Calorim., 121 (2015) 93

[2] Z. Cao, Y. Lu, C. Zhang, Q. Zhang, A. Zhou, Y. Hu, D. Wu, G. Tao, F. Gong, W. Ma, C. Liu, J.
Appl. Polym. Sci., 134 (2017) 44895
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Polymer matrix composites form an important class of technologically important materials
mainly because of their thermomechanical and dynamic mechanical behavior. This advantage
makes them one of the most sought-after class of structural materials suitable for many industrial
applications [1]. In the present study, three series of composites were manufactured varying the
filler type and content. Epoxy resin was used as a matrix, while particles of Boron Carbide (B4C),
Titanium Carbide (TiC) and Graphite (C) were acting as filler. The morphological characterization
was conducted using Scanning Electron Microscopy (SEM). Subsequently, the dynamic mechanical
behavior of materials was studied by means of Dynamic Mechanical Analysis method (DMA),
while the thermal response was examined via Differential Scanning Calorimetry (DSC).

The results from thermomechanical measurements showed that the addition of the filler
enhances significantly the mechanical properties of the composite systems. Storage modulus, in all
cases, increases systematically with filler concentration due to the enhancement of the materials’
stiffness. However, the optimal performance varies not only with filler content but also with filler
type [2]. Specifically, composites with Boron Carbide, Graphite and Titanium Carbide show their
optimal performance at higher, intermediate and lower filler concentration, respectively. Relaxation
phenomena arising in polymer composites include contributions from both the polymer matrix and
the presence of filler and reflect the interactions between the matrix and the filler [3]. In all
reinforced systems, the transition from glassy to rubbery state, shifts to higher temperatures,
implying enhanced interactions between matrix and reinforcement due to the strong adhesion
between the matrix and the nanoparticles.

[1] J. D. Menczel, R. B. Prime, “Thermal Analysis of Polymers - Fundamentals and Applications”.
CRC Press J. Wiley & Sons, (2009).

[2] A. C. Patsidis, K. Kalaitzidou, G. C. Psarras, J. Therm. Anal. Calorim., 116 (2014) 41-49.

[3] A. Sanida, S.G. Stavropoulos, Th. Speliotis, G.C. Psarras. Polymer (Guildf), 120 (2017) 73-81.
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Polymers exhibit a number of advantages, which include ease processing and forming,
thermomechanical stability, high dielectric breakdown strength and low cost. Conductivity,
dielectric and magnetic properties of polymers can be substantially altered by embedding suitable
reinforcing inclusions [1-3]. Although carbon allotropes have been extensively used as
nanoinclusions in polymer matrix composites, mainly due to their mechanical and electrical
properties, there are relatively limited amount of studies concerning the dielectric and
thermomechanical behaviour of nanodiamond reinforced polymers [4,5].

In this study series of nanocomposites, consisting of nanodiamonds and magnetite
nanoparticles incorporated into a commercially available epoxy resin, were developed varying the
filler type and concentration. Their electric response was investigated by means of Broadband
Dielectric Spectroscopy in the frequency range of 100mHz to 10MHz and temperature range from
30 to 160°C and the thermomechanical characterization was conducted by means of Differential
Scanning Calorimetry (DSC) and Dynamic Mechanical Analysis (DMA), respectively. The
capability of storing and retrieving electrical energy was examined by performing DC current
charge/discharge tests.

Experimental data revealed that the addition of fillers enhances both the thermomechanical
properties and the induced polarization. Three distinct relaxation modes were recorded, arising from
both the filler and the polymeric matrix, which are attributed to interfacial polarization (IP), glass to
rubber transition (a-relaxation) and motion of polar side groups (p-relaxation). The energy
storage/harvesting performance of the nanocomposites was assessed by calculating the coefficient
of energy efficiency.

Acknowledgements: This research has been financially supported by the General
Secretariat for Research and Technology (GSRT) and the Hellenic Foundation for Research and
Innovation (HFRI) (Scholarship Code: 2327).
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Carbon nanostructured/polymer nanocomposites are in the focus of research efforts because
of their improved mechanical characteristics, enhanced heat resistance, and advanced optical and
electrical behaviours. The unique properties of the allotropic forms of carbon predetermined the
wide variety of their application fields [ 1—4]. The incorporation of ceramic nanoinclusions in carbon
nanocomposites can induce additional functionality in the field of magnetic properties,
piezoelectricity etc. [4,5]. Among other transition metal oxides, iron oxide receives increased
attention due to its abundance, low cost, corrosion resistance, high chemical stability and
ecofriendly nature [6].

In this study series of nanocomposites, consisting of different carbon nanoinclusions
(Carbon Black, MWCNT’s, Graphene nanoplatelets, Nanodiamonds) and magnetite nanoparticles
incorporated into a commercially available epoxy resin, were developed varying the filler type and
concentration. Aiming to investigate further the structure-properties relationship, specimens’
morphology and thermomechanical properties were examined by means of Scanning Electron
Microscopy (SEM), Differential Scanning Calorimetry (DSC) and Dynamic Mechanical Analysis
respectively (DMA). Experimental data showed enhanced thermomechanical properties with the
addition of filler. Investigation of nanocomposites’ glass to rubber transition, revealed the types of
interactions occurring between the constituents. These interactions may depend on the filler
concentration, and the fillers’ type and geometry.
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Geothermal heat pumps are widely used as an eco-friendly and cost-effective house
heating/cooling system. Crosslinked polyethylene (PEX) materials have been successfully used in
domestic hot and cold water piping due to their good properties such as high-temperature strength,
good elastic modulus and high impact resistance [1]. However, the main disadvantage of PEX is the
low thermal conductivity which limits its application. The need for high efficiency of geothermal
heat pumps systems has led to the development of nanocomposite polymeric materials with
improved thermal conductivity and mechanical properties for piping applications. Different types of
graphene such as graphene oxide and graphene nanoplatelets (GNPs) are often used as a
multifunctional reinforcement filler material to improve the electrical, mechanical, gas barrier and
thermal properties of a polymeric matrix [2].

In this work, PEX/GNPs nanocomposites were prepared by the melt mixing method, using
GNPs with S5pum in diameter and 6um in thickness (GNPs M5) at 0.5, 1, 2.5 and 5% wt. filler’s
concentration. X-Ray Diffraction (XRD) was used to study the structure of neat PEX and the
corresponding nanocomposites. The crystallinity, the melting and crystallization temperatures of
PEX/GNPs nanocomposites were calculated by Differential Scanning Calorimetry (DSC). The
thermal stability of the samples was examined by Thermogravimetric Analysis (TGA) and the
degradation products were identified by Analytical Pyrolysis Gas Chromatography/Mass
Spectrometry (py-GC/MS). The thermal conductivity of the PEX and its nanocomposites was
estimated using Laser Flash Analysis (LFA). Finally, mechanical properties testing was performed
to determine the influence of the filler’s content on Young’s modulus, tensile strength, and
elongation at break of PEX matrix. LFA results and tensile testing showed that the nanocomposites
exhibited higher thermal conductivity and increased Young’s modulus than neat PEX.
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Poly(butylene 2,5-furan dicarboxylate) (PBF) is an alipharomatic polyester that can be prepared
using monomers derived from renewable resources such as 2,5-furan dicarboxylic acid and 1,4-
butanediol. Polyesters bearing furan moieties like poly(ethylene 2,5-furan dicarboxylate) (PEF) and
poly(butylene 2,5-furan dicarboxylate) (PBF) are considered as the biobased alternatives of
terephthalates. The mechanical properties, thermal properties and crystal structures of PBF are
similar to petroleum derived poly(butylenes-terephthalate), PBT [1,2].

In this work, PBF nanocomposites containing 1 wt% of various types of clays were
synthesized with the in-situ transesterification and polycondensation method. The fillers used were
the montmorillonites Cloisite 10A, 20A and 20A-Na. The catalyst used was Titanium (IV)
butoxide. The prepared PBF and its nanocomposites were molded into amorphous and
semicrystalline films, with annealing for 1 hour at 100 °C. The successful synthesis of PBF was
confirmed with H-NMR spectra and molecular weight was calculated via intrinsic viscosity
measurements in the range of 10000-20000 g/mol. The nanofillers caused a reduction in the
viscosity and subsequently molecular weight values. Tensile strength was greatly influenced by the
crystallinity of the films and X-ray diffraction patterns revealed intercalation of the polymeric
chains between the filler layers. Differential Scanning Calorimetry was used to study the isothermal
and the non-isothermal crystallization of the nanocomposites, which was accelerated in both cases.

[1] G. Papageorgiou, V. Tsanaktsis, D. Papageorgiou. S. Exarhopoulos, M. Papageorgiou, D..
Bikiaris Polymer, 55 (2014) 3846

[2] J. Zhu, J. Cai, W. Xie, P.-H. Chen, M. Gazzano, M. Scandola. R. Gross Macromolecules, 46
(2013) 796
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Higher manganese silicides (MnSi-17) are promising alternative materials for mid to high-
temperature thermoelectric applications, combining low cost, eco-friendliness, high thermoelectric
performance, oxidation resistance and chemical stability. They exhibit a figure of merit up to
ZT=0.7 [1], while studies on different element additions have led to values of ZT~1 [2]. So far,
synthesis of this material has been achieved by using various methods [3-5].

The current work examines the high-temperature oxidation resistance of both undoped and
doped MnSii; powders under air environment using Thermogravimetric Analysis. MnSii7-based
materials were prepared by pack cementation process. Then, the thermal behaviour of the synthesized
samples was examined under non-isothermal oxidation test up to 1200 °C and isothermal tests at
selected temperatures. The effect of the element addition on the thermal properties of MnSi-i7 was
studied too. All the powders were characterized considering their structure and the phases they consist
of before and after oxidation by X-Ray diffraction analysis, while their morphology and chemical
composition were examined using a scanning electron microscope equipped with an EDS analyzer. The
materials were successfully synthesized and presented remarkable oxidation resistance in the desired
temperature range for thermoelectric applications.

This work has been supported by EU in the framework of the NetFISiC project (Grant No.
PITN-GA-2010-264613). This research is co-financed by Greece and the European Union
(European Social Fund- ESF) through the Operational Programme «Human Resources
Development, Education and Lifelong Learning» in the context of the project “Strengthening
Human Resources Research Potential via Doctorate Research” (MIS-5000432), implemented by the
State Scholarships Foundation (IKY).
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Carbon steel is frequently used metals in the construction sector and mechanical applications
due to its very good mechanical properties [1]. However, it has very poor efficiency in elevated
temperature environments [2]. Nickel chromium alloys are known to be much more resistant to such
exposure conditions [3]. In this work, Cr-Ni coatings were developed by a combination of two
processes. An initial Ni layer was electrochemically deposited on steel followed by chromium
deposition by pack cementation. During the first step, the substrates were Ni-plated using Watts’
solution (NiSO4-6H>0, 300 g/I; NiCl,'6H20, 40 g/1; H3BOs, 40 g/1). The plating temperature was 50°C
and the cathode current density 5 A/dm?. At the second stage, the Ni deposited samples were packed
and sealed in ceramic crucibles with powder mixture consisting of chromium powder (donor material),
NH4Cl (the chemical activator of the process) and balanced Al,O3 used as filler). The sealed crucibles
were loaded inside an Ar purged preheated cylindrical furnace at 900°C and 1000°C for 120min and
then left to cool down to ambient temperature without interrupting the Ar flow. The structure and phase
identification were performed by the use of X-ray diffraction, while the morphology and chemical
composition were examined using a scanning electron microscope (SEM) equipped with an EDS
analyzer. The oxidation tests were performed by thermogravimetric analysis (TGA). Firstly, the coated
samples were heated from room temperature up to 1000°C at a heating rate of 10°C/min under air flow
of 50 mL/min in order to determine the critical temperatures where the oxidation rate has significant
changes. Afterward, they were submitted under isothermal oxidation conditions in flowing air at 900°C
for the investigation of oxidation at long exposure periods.

SEM analysis showed that Cr-Ni and Cr-Ni-Fe alloys were formed on the main area of the
coatings. At the same time, Ni interdiffused in the ferrous substrate creating Ni-Fe compounds at
the coating-substrate interface, increasing the coating adherence. X-ray diffraction revealed the
main presence of mixed Cr-Ni-Fe compounds with several Cr-Ni and some probable Ni-Fe phases.
Non-isothermal and isothermal TGA results showed superior oxidation resistance of the coated
samples compared with the bare steel at high temperatures.

This work has been supported by EU in the framework of the NetFISiC project (Grant No.
PITN-GA-2010-264613).
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The development of clay-based catalysts requires the formation of defect sites in the mineral
structure. The iron contamination of clays is generally present in the form of oxides, hydroxides and
carbonates. In our case XRD analysis showed the presence of hematite (Fe2O3) and goethite (a-
FeOOH) in the raw kaolin. Depending on the degree of crystallinity, the dehydroxylation of
goethite takes place between 250 and 300 C°. The iron-containing mineral contaminants can be
removed by acid treatment. However, with the exemption of HCI, acid treatment can slightly
damage the mineral structure. At the same time, at the surface and at broken edges the OH-groups
can be protonated, leading to exchangeable ~OH>" groups. The strength of the protonated OH-
groups is comparable to that of coordinated water (falling in the range of 50-200 KJ/mol, based on
atomic-scale structural and energetic simulations). Therefore, their dehydration/decomposition
temperature is between those of adsorbed water and structural OH-groups.

Thermal analysis shows that the water evolution steps due to goethite decomposition, the
removal of —OH," groups and the dehydroxylation of the mineral are closely overlapped. On the
other hand, the study of the active surface sites (e.g. with TPD) can encounter significant difficulties
since the —OH»" groups can either block the unsaturated coordination sites, or decompose/desorb at
the same temperature than the reagent used for surface titration.

In spite of these difficulties, thermal analysis can be advantageously used for the modelling
of the formation of kaolinite-based oxide catalyst composites and hybrids with particular respect to
the qualitative and quantitative evaluation of defect sites.
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In recent years, geopolymers have attracted increasing attention because they have
performance comparable to those of Portland cement, but are able to reduce CO; emissions. They
consist of a geopolymer resin that acts as a glue for inert resources, thus improving the chemical
properties, functionalizing and reinforcing the reactive inorganic raw materials, in particular the
metakaolines. In this work, new geopolymers are synthesized in order to produce a composite
geopolymer with fly ash recycling allowing both to decrease the environmental damage and to save
on the costs of transport and disposal of waste.

Different percentages of Fly Ash (20, 50 and 70 wt%) and pure metakaolin were used to prepare
the several geopolymers. This powder was subjected to alkaline activation, using a strongly basic
solution consisting of sodium silicate. The dough was poured into plastic moulds and the consolidation
phase carried out at 50°C for 24 h; whilst the hardening phase was carried out at room temperature for 7,
14 and 28 days. The chemical structure of the synthesized powders has been studied by FTIR. The
different spectra show that after 28 days at room temperature, the synthesized samples have good
geopolymerization, confirmed by the formation of bonds between the two components [1].

The XRD analysis suggests that no impurities were detected in the powders obtained after
the geopolymerization process while in MK there were natural impurities. Furthermore, the ICP
analysis highlighted the large presence of silicates in fly ash and metacaolina alumina.

Moreover, SEM images show that increasing the amount of fly ash the lamellar structure is
reduced and the sample appears more compact. The transitions recorded by DMA were attributed to
the devitrification of the curing network, which is formed during hardening at room temperature for
28 days. DSC analysis seems to confirm the behavior observed during the DMA. In fact, it is
possible to observe a peak due to the mass loss caused by the presence of structural water in the
geopolymer composition, that was less intense and shifted to lower temperature by increasing the
fly ash content in the formulation.

In conclusion, the results suggest that the new synthesized geopolymer could be used as a
building material, allowing the recycling of fly ash and reducing the amount of waste to be treated
or disposed of in landfills.

[1] M. Catauro, 1. Lancellotti, C. Leonelli. Environments 4 (2017) 89
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Recent studies showed that the addition of nanotubular material such as halloysite nanotubes
(HNTs) can generate changes in the material property by it-self or the lumen can be used as smart
nanocontainer to produce smart features as stimuli responsive or self-healing ability. In particular
the introduction of HNTs in a polymeric matrix can cause a conspicuous increase in its thermal and
mechanical performance; in addition, due to the cylindrical pore (lumen) that can be loaded with
chemically and biologically active substances, it is possible to introduce in polymers applications
specific chemical inhibitors (antimicrobial, anticorrosion, flame-retardant, drugs, microcrack self-
healing) that can be released in a sustained fashion.

HNT/polymer bionanocomposites showed excellent physico-chemical properties due to the
synergetic effect of inorganic and organic components, HNT nanoparticles and biopolymer
respectively. The potential applications of these materials are relevant in several fields.

A chemical-physical investigation [1] (contact angle measurements, dynamic mechanical
analysis, thermogravimetry) is conducted to characterize the nanocomposites obtained combined
three biopolymer with different charge to HNTs. Studies on activation energy of polymer
degradation process are also conducted. Friedman’s method is used to calculate E, without making
any assumption on the reaction mechanism [2]. All polymers used are nontoxic, biocompatible and
biodegradable and HNTs are widely used for the development of systems for release of drugs, tissue
engineering, decontamination and food additives [3].

The real applicability of these systems as drug carriers with specific functions, without that
they may be themselves toxic to cells is investigated; in fact nanotechnology has promised
invaluable progress in science and technology, the onus rests on the scientific community to predict
the unknown outcome on the biological system for its safe proliferation. Films citotoxiciy study
with CCK-8 are conducted. Surfaces are investigated by means of calcein AM/ propidium i1odide
experiments to clarify the cells proliferation on films.

[1] V. Bertolino, G. Cavallaro, G. Lazzara, M. Merli, S. Milioto, F. Parisi, L. Sciascia, Ind. Eng.
Chem. Res., 55 (2016) 7373

[2] T. Wanjun, W. Cunxin, C. Donghua, Polym. Degrad. Stab., 87 (2005) 389

[3] V. Bertolino, G. Cavallaro, G. Lazzara, S. Milioto, F. Parisi, Langmuir, 33 (2017) 3317
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Curcumin (CURC) is a natural phenol extracted from the rhizome of Curcuma Longa Linn,
endowed with numerous pharmacological activities, including anti-inflammatory, antioxidant,
antimicrobial and anticancer [1]. Unfortunately, CURC is basically water-insoluble and undergoes a
rapid photodegradation, chemical degradation, and rapid metabolism. CURC stability and solubility
can be improved by the complexation with cyclodextrins, which are cyclic oligosaccharides with a
hydrophilic outer surface and a lipophilic cavity. In this work, the formation of the inclusion
complex between the semisynthetic hydroxypropyl-B-cyclodextrin (CD) and CURC has been
studied by phase solubility experiments and differential scanning calorimetry (DSC) at pH =5 and
7.4. The inclusion complexes were obtained by adding increasing concentrations of CD in saturated
CURC solutions.

The solutions were placed under agitation (100 rpm) at room temperature for 24h in the
dark. Afterwards, the solutions were filtered (0.20 um) and the solubilised CURC was quantified by
spectrophotometric assay (A = 426 nm). For DSC tests, the solutions have been lyophilized and the
resulting solid mass scanned from 20 to 220°C at 10°C/min. Result of the thermal analyses of
CURC, CD, and CD-CURC showed that the peak associated to CURC melting at 183°C was not
evidenced, therefore confirming the formation of the inclusion complex. Phase solubility outcomes
have shown that at pH = 7.4 the addition of CD up to a 15 mM concentration has allowed a 20.5-
fold increase in CURC solubility. On the other side, at pH = 5, the solubility increase of the active
molecule was 47-fold higher. Taken all together, results clearly indicate that the formation of the
CD-CURC inclusion complex is strongly promoted at pH < pKa and with prolonged stirring times.

These results confirm and highlight the importance of the choice of the appropriate pH and
mixing time on the formation of host guest inclusion complex with active ingredient(s) and CD.

[1] H. Hatcher, R. Planalp, J. Cho, F.M. Tortia, S.V. Torti. Curcumin: from ancient medicine to
current clinical trials. Cell. Mol. Life Sci., 65 (2008), pp. 1631-1652
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Curcumin (CURC), is a natural and lipophilic polyphenol extracted from the herbaceous
plant Curcuma longa (1,2). Recently, antioxidant, anti-inflammatory, anticancer and antimicrobial
activities of CURC have been proposed as a powerful and safe ingredient in wound healing (2).
Unfortunately, the systemic bioavailability of CURC is curtailed by its low aqueous solubility, rapid
first pass metabolism, and intrinsic instability, along with a limited skin penetration (3-4). Here, we
hypothesize that a possible solution to these issues is the formulation of CURC-loaded lipid-
vesicles for topical skin administration. 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC)-
based liposome formulations encapsulating different CURC concentrations (0.1 to 10% w/w with
respect to CURC:DPPC) were prepared by hydration of a thin lipid film followed by extrusion. The
size of all formulations was 110-130 nm, with PI < 0.2 measured by photon correlation
spectroscopy (PCS). High Performance Liquid Chromatography (HPLC) experiments revealed that
CURC encapsulation efficiency was around 40% in all cases. To assess CURC influence on the
arrangement of liposome bilayer, differential scanning calorimetry (DSC;10-80°C, 2°C/min) tests
were run on 20 uL of liposome suspensions in distilled water (40 mg/mL), using equal volumes of
water as a reference. Outcomes indicate that CURC presence in liposome bilayer weakly affects the
transition temperature of the lipid bilayer of hydrated liposomes. This suggests that CURC arranges
in DPPC bilayer with mild effects on its fluidity. Ex vivo skin permeation experiments carried out
by a Franz Cells apparatus were performed to assess the efficacy of CURC-loaded liposomes for
topical skin delivery.

[1] L. Ma, Z. Chen, J. Therm. Anal. Calorim., 87 (2009) 1567

[2] A. Ionescu, V. Alecu, “Thermal properties of solids”, Expert PublishingHouse, (2008) 1356-1364
[3] W. Weselowski, A. Kartuj, F. Laam, J. Therm. Anal. Calorim., 81 (2008) 1237
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Our group is engaged from some years in the synthesis and characterization of polystyrene
(PS) — based nanocomposites, aiming to obtain both high thermal stability and good compatibility
with the matrix, by using novel Polyhedral Oligomeric Silsequioxanes (POSSs) [1,2]. The aim was
to investigate if and how much the POSSs physical properties were modified by the introduction of
these groups in their molecules. In particular, for phenyl-substituted POSSs we found a higher
resistance to thermal degradation than cyclopentyl derivatives, and for these last ones higher
thermal stability than isobutyl substituted POSSs [3].

Many methods could be used to incorporate POSSs into polymers, it means: copolymerization,
in situ polymerization, grafting, and many others. In every case loading POSS into polymer leads to the
improvement of its physical and chemical properties, including increase of possible service temperature,
of oxidation resistance, and, generally, of mechanical properties. Among various possible methods to
prepare PS based nanocomposites, we choose in situ polymerization in the presence of 5% w/w of
phenyl POSSs, in order to use a preparation method homogeneous with those employed for the
preparation of isobutyl [4] and cyclopentyl [5] nanocomposites.

Fig. 1 Molecular structure of 1,10-bis(heptaphenyl-T8-silsesquioxyl)n-decane

On continuing our research in this field, in the present work we synthesized the PS based
nanocomposites, having the 5% of fillers of Fig.2. In order to compare the results here obtained
with those found for the nanocomposites previously studied [4,5].

[1] L. Blanco, Polymers 10(8) (2018) 904

[2] L. Blanco, “Decomposition and Ageing of Hybrid Materials with POSS” in Polymer/POSS
Nanocomposites and Hybrid Materials, Springer, (2018) 415-462

[3] L. Blanco, F.A. Bottino, L. Abate, Thermochim. Acta, 623 (2016) 50

[4] L. Blanco, F.A. Bottino, Polym. Degrad. Stabil., 121 (2015) 180

[5] L. Blanco, F.A. Bottino, J. Therm. Anal. Calorim., 125(2) (2016) 637
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Since thermal analysis (DTA/TG) needs small amounts of sample and provide extensive
qualitative and quantitative information, it could be used as an approach in the study of natural
stones of construction and restoration interest [1-3]. The methodology, presented within the
CatSTONE project, intends to combine DTA/TG with Gas Chromatography and Mass
Spectrometry (GC-MS), all supported by Image Analysis (IA), to be used as a mean for
identification of lithotypes. Information about the chemical composition of the bulk rock and its
impurities can be obtained through the DTA/TG GC-MS, while the automatized 1A, based on
images acquired by Scanning Electron Microscopy (SEM), allows the study of textural features.
The project aims at defining the limits of investigation and the resolution of the original analytical
method for natural stone materials and, within the Cultural Heritage setting, to verify the validity of
the chemical imprint as a support to historical-artistic stakeholders. It is mostly addressed to the
carbonatic rocks of the European database to-be, which encompasses a large amount of the market
and built heritage. A first cluster of carbonate rocks widely employed as ornamental stones in Italy
such as Carrara marble, Pietra di Vicenza and Breccia Aurora has been characterized following the
designed protocol. The specimen preparation plays a crucial role in the overall analysis, €.g. the
initial particle-size. The TG curves obtained on different granulometric fractions (A: @ > 1 mm; B:
200 pm > @ > 120 pm; C: 120 pm > > 90 pm; D: @ < 63 um) showed different behaviour; fine
ground marble starts to decompose at lower temperature.

The significance of an advanced characterization has been demonstrated: the procedure,
more based on instrumental data than the conventional, operator dependent, MOLP-based analysis,
allows reproducibility of the measurements. All the data acquired will contribute to the European
Innovation Partnership (EIP) NATUREUROSTONE Building a harmonized European database on
natural stones for the use of construction and restoration stakeholders and will integrate the EN

12407:2007.
Acknowledgements: The CARIGE Bank Foundation provided a yearly grant to E. Castagnotto.

[1] T. Gatta, E. Gregori, F. Marini, M. Tomassetti, G. Visco, L. Campanella, Chem. Central J., 8
(2014) 35.

[2] G.M. Ingo, I. Fragala, G. Bultrini, T. de Caro, C. Riccucci, G. Chiozzini, Thermochim. Acta 418
(2004) 53-60.

[3]J. L. Perez-Rodriguez, A. Duran, L. A. Perez-Maqueda, J Therm Anal Calorim 104 (2011) 467-474.
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In the last decade, lead halide perovskite (LHP) APbX3 (A = CH3sNH;", Cs*; X =CI, Br,, I)
materials have been widely studied for their excellent optoelectronic properties, which are
particularly suitable for photodetectors, solar cells and light emitting diodes [1-3].

Unfortunately, these materials suffer from two major drawbacks: the toxicity of Pb and
their poor stability against degradation induced by heating, moisture and device operation
conditions. The heterovalent substitution of Pb?" jons with a combination of a monovalent (B™) and
a trivalent (B*") metal has been explored and constitutes one of the most promising strategy both to
have a lead — free compound and to increase the thermal stability. The resulting compounds are
called double perovskites (DPs) or elpasolites. DPs are characterized by a 3D network of alternating
[B*X¢] and [B*"Xs] corner-sharing octahedra, with an overall A>B(I)B(I11)Xs stoichiometry [4].

Here, we present the recent results in the preparation of colloidal, powder and single crystals
double perovskite where A = Cs*, B(I) = Ag", Na*, B(Il) = In**, Bi**, X = CI', Br and their thermal
characterization by means of DTA/TG coupled with the evolved gas analysis in order to establish
the influence of each metals on the overall compound stability.

The high emission, the thermal and light stability and the control of the stoichiometry
candidate the halide double perovskites as promising materials for optoelectronic applications, such
as LED and solar cell technology.

[1] H.J. Snaith, Nat. Mat., 17 (2018) 372-376.

[2] Q.A. Akkerman, G. Raino, M.V. Kovalenko, L. Manna, Na. Mat., 17 (2018) 394-405.

[3]J. Luo, X. Wang, S. Li, J. Liu, Y. Guo, G. Niu, L. Yao, Y. Fu, L. Gao, Q. Dong, C. Zhao, M.
Leng, F. Ma, W. Liang, L. Wang, S. Jin, J. Han, L. Zhang, J. Etheridge, J. Wang, Y. Yan, E. H.
Sargent, J. Tang, Nature, 563 (2018) 541-545.

[4] F. Locardi, M. Cirignano, D. Baranov, Z. Dang, M. Prato, F. Drago, M. Ferretti, V. Pinchetti, M.
Fanciulli, S. Brovelli, L. De Trizio, L. Manna, J. Am. Chem. Soc., 140 (2018) 12989-12995.
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Alkylammonium lead halide perovskites are currently considered with great hope as possible
light harvesting materials for photovoltaic devices. However, it is now well-known that their low
thermal and chemical stability is a serious drawback for large-scale applications. Therefore, the
investigation of the thermal decomposition pathways of these materials is important to put in place
effective protection strategies and to identify possible chemical modifications [1]. To this end, the study
of the thermodynamics and kinetics of the thermal decomposition of simple alkylammonium halides,
which has been the subject of a number of studies in the past [2], is becoming again of interest [3] as a
first step to tackle the more complex study of the corresponding perovskites.

In this study, we present a multitechnique investigation of the kinetic and thermodynamic
properties of the thermal decomposition undergone by tetramethylammonium iodide, (CH3)4NI, and the
corresponding tetramethylammonium lead iodide perovskite, (CH3)sNPbls(s), carried out by the TG-
DTA (Thermogravimetry-Differential Thermal Analysis), XRD (X-Ray Diffraction), and effusion
techniques (KEML: Knudsen Effusion Mass Loss, KEMS: Knudsen Effusion Mass Spectrometry).

The kinetics of the multi-step decomposition process of (CH3)4sNPblz(s) was studied by
XRD measurements and by an isoconversional analysis method which is based on processing TG
data recorded at various constant heating rates. The activation energy of the rate-determining step
so obtained, namely the second one, is consistent with a mechanism involving the breaking of the
C—N bond (see process (3) below). The vaporization/decomposition behaviour of the compounds
under consideration was investigated by KEMS and KEML in the overall temperature range 435 -
550 K on the basis of the following processes:

(CH3)4NI(s) = (CHs3)3N (g) + CHsl(g) (1)
(CH3)4NI(s) = (CH3)4NI(g) )
(CH3)sNPbIs(s) = Pbly(s) + (CH3)sN (g) + CHs1(g) (3)

where (CH3)4NI(s) may in principle follow two different decomposition pathways, depending on
whether the N-C bond is broken or not. The possible occurrence of process (3) (vaporization as
gaseous “intact ion pair” R4NX(g)), often overlooked in the literature, is discussed with the help of
theoretical calculations. From the partial pressures measured by KEML, thermodynamics of
processes (1)-(3) were derived.

[1] A. Ciccioli, A. Latini, J. Phys. Chem. Lett., 9 (2018) 3756.

[2] M. Sawicka, P. Storoniak, P. Skurski, J. Blazejowski, J. Rak, Chem. Phys., 324 (2006) 425.

[3] LL, Ivanov, M.S. Bolyachkina, M.O Mazurin, D.S. Tsvetkov, V.V. Sereda, A.Y Zuev, Thermochim. Acta, 658
(2017) 24.
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Ionic liquids (ILs) are salts with melting temperatures below 100°C. Typically they are
formed by organic cations, like imidazolium, pyrrolidinium, ammonium or alkyl phosphonium, and
organic/inorganic anions, like hexafluorophosphate, tetrafluoroborate, triflate, dicyanamide,
tetracyanamethanide, bis(trifluoromethanesulfonyl)imide (TFSI) or bis(fluorosulfonyl)imide (FSI).
The presence of such bulky and asymmetric ions decreases the ion-ion interactions and lowers the
melting point with respect to more classical salts. ILs present peculiar physical and chemical
properties: extremely low vapour pressure, high ionic conductivity, a high thermal, chemical and
electrochemical stability, a high thermal capacity and good solvent capacity. Due to these
peculiarities, ILs have been proposed for a large variety of applications in chemistry and physics,
such as, for example, green solvents, electrolyte components for electrochemical devices,
lubricants, ingredients for pharmaceuticals and heat exchangers.

Due to the possible applications of such materials, it is of great importance to investigate
their decomposition temperatures and vapour pressures. In the present paper we report an
investigation on these physical peculiarities for a few IL families based on the
bis(trifluoromethanesulfonyl)imide or bis(fluorosulfonyl)imide anions and on quaternary
ammonium or imidazolium cations. Ramp-temperature and isothermal thermogravimetric
experiments were conducted in these compounds, after running a strict drying procedure, in order to
ascertain their decomposition temperature and their vapour pressure in a wide temperature range,
from 175 up to 325 °C, following well established procedures [1,2].

This Project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 814464.

[1] S. P. Verevkin, R. V. Ralys, D. H. Zaitsau, V. N. Emelyanenko, C. Schick, Thermochimica Acta

538 (2012) 55
[2] S. Ravula, N. E. Larm, M. A. Mottaleb, M. P. Heitz, G. A. Baker, ChemEngineering 3 (2019) 42
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In the frame of the HERACLES project [1], a set of Cultural Heritage sites was studied to improve
their resilience against climate events. Among these is the medieval Gubbio Town Walls in Italy.

The Town Walls of Gubbio represent a cycloptic structure and enclose the medieval city
with a length of about 3 km. They are characterized by several gates and defense towers, walls of
variable heights (up to 12 m) and thickness (from 0.5 to 3 m) made of multi-leaf stone masonries.
During the centuries, several factors, including environmental actions and structural and material
repairs have produced different criticalities, involving both structure and materials.

Consequently, Town Walls exhibit several issues related to the materials degradation used
for building and restoration. These materials suffer of increased deterioration due to climate change
effects coupled with pollution.

Another important problem is linked to the progressive degradation of the mortars binding the
masonry. The wall body-structure behaves/reacts properly as greater is the cohesion between mortar
and stones.

The present work focuses on the characterization of mortars of this monument and several
samples relate to different parts of the Walls, corresponding to different historical periods and
interventions, were collected. They were characterized to determine the corresponding
mineralogical and chemical compositions along with morphological analysis. For that purpose, ex-
situ laboratory techniques such as X-ray diffraction (XRD), Polarized Light Microscopy (PLM),
Scanning Electron Microscopy (SEM), and Thermogravimetry and Differential Thermal Analysis
(TG-DTA) were used to examine the mortars weathering and degradation state in order to organize
appropriate restoration and repair actions

[1] HERACLES — HEritage Resilience Against CLimate Events on Site.

HERACLES project has received funding from the European Union Framework Programme for Research
and Innovation HORIZON 2020 under Grant Agreement n°700395.
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Surface eroding thermocouples have been studied to measure temperatures and heat fluxes
in the divertor of the DTT facility [1]. Thermal measurements are performed on plasma facing
components of fusion machines especially on the divertor to provide local temperatures relevant to
the material surface (sensors embedded in the component under the exposed surface [2]), bulk
calorimetry (time variation of temperature observed at the same sensor [3]), or the power density
deposited on castellated modules (temperatures detected at the same time by sensors located at
different distances from the heated surface [4, 5]). Signals of these temperature measurements will
be used during pulse operation or first wall conditioning for parameters monitoring, component
protection, and machine control.

Surface eroding thermocouples (or “self-renewing thermocouples™) can be used to instrument
plasma facing components in which the thermojunction is formed in a very thin layer at the surface of the
sensor [6]. This construction leads to a fast thermal time response (10 ms), robust design against heat loads
around 10 MW/m?, and is particularly useful to characterize the surface temperature evolution of the
plasma facing component with the carrier body made of the same material as the component. Surface
thermocouples also enable a simple computation of the power density applied to the component. Arrays of
surface thermocouples proved to be a vital component of the overall diagnostic set and can be installed to
measure pulsed heat fluxes in the divertor of tokamaks [6].

The study deals with modelling the signal response of surface eroding thermocouples, developing
a sensor design, and integrating the concept in the castellations of the DTT device divertor [7].

[1] DTT, Divertor Tokamak Test facility, Interim Design Report, https://www.dtt-
project.enea.it/downloads/DTT IDR 2019 WEB.pdf

[2] M. Dalla Palma et al, The thermal measurement system for the SPIDER beam source, Fus Eng
Des, vol 86, number 6-8, pp 1328-1331, 2011

[3] T. K. Gray et al, Integrated plasma facing component calorimetry for measurement of shot
integrated deposited energy in the NSTX-U, Review of Scientific Instruments 89, 10J128, 2018

[4] M. Rodig et al, Comparison of electron beam test facilities for testing of high heat flux
components, Fusion Engineering and Design 51-52, 715-722, 2000

[5] M. Dalla Palma et al, Simulation of the beamline thermal measurements to derive particle beam
parameters in the ITER neutral beam test facility, Rev Sci Instrum, vol. 89(10), pp 10J111 1-5, 2018

[6] J. Ren et al, The surface eroding thermocouple for fast heat flux measurement in DIII-D,
Review of Scientific Instruments 89, 10J122, 2018

[7] G. Mazzitelli et al, Comparison of DTT conventional and advanced divertor configurations, PSI,
Princeton University, NJ, USA, 17-22 June 2018
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Lithium-air batteries, are an extremely attractive technology for electrical energy storage,
because of their far higher theoretical specific energy than that of conventional batteries [1].
However, some issues, such as the stability of the electrolyte or the slow oxygen reduction reaction
(ORR) during charging are still to be overcome. At the same time environmental problems push
researchers to develop practical and convenient ways to perform useful materials recycling [2]. In
this contest, this work evaluates an innovative high pressure water jet recycling method of tires
followed by a pyrolysis process at three different temperature: 500 °C, 800°C and 1000 °C to
produce three hard carbon materials to be used as cathode in lithium air batteries. The obtained
materials were characterized by SEM, EDX, BET, Raman and XRD analysis, while the
electrochemical characterization has been performed by charge/discharge cycles in galvanostatic
mode. A comparison between the so obtained three carbon powder materials has been carried out. A
specific capacity up to 1000 mA/g have been obtained in all cases even if the powder treated at
1000°C seems to have a better electrochemical behavior.

[1] N. Imanishi and O. Yamamoto, Rechargeable lithium—air batteries: characteristics and
prospects, Materials Today 17 (2014) 1, 24-30

[2] M. Serdar, A. Baricevi¢, S. Lakusi¢, D. Bjegovi¢, Special purpose concrete products from waste
tyre recyclates, GRADEVINAR 65 (2013) 9, 793-801
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The hydrolysis-condensation reactions of organotrialkoxysilanes R’Si(OR)3 with different
R’ organic functions under strictly controlled synthesis conditions allow the preparation of
silsesquioxanes (SSQs) with tunable crosslinking degree, size, architecture and reactivity [1]. These
features condition extent and nature of interfaces when SSQs are employed as molecular fillers in
the preparation of nanocomposites (NCs), thus directing their final structure-related properties [2].
Moreover, molecular fillers can be used as dispersing aids for embedding inorganic nanoparticles
(NPs) in polymer-matrix nanocomposites [3], reducing the number and size of aggregates and
conferring new multiple functionalities characteristic of smart materials.

With the objective of tailoring barrier effect, photocatalytic and mechanical behavior
simultaneously, novel rubber NCs including ladder-type SSQs and different amounts of TiO2> NPs
have been developed. The effect of TiO> addition on crosslinking degree and thermal stability of the
prepared NCs was evaluated by thermogravimetric (TG) and differential scanning calorimetry
(DSC) analyses and the results were correlated to the information on structure and molecular
dynamics obtained from solid-state nuclear magnetic resonance (NMR) experiments. Both oxygen
barrier and photo-induced scavenging were studied by photoluminescence and correlated with the
NCs structural features, aiming to point out the different activity of organic/inorganic components
and hybrid interfaces on Oz trapping process.

[1] Dire, S., Borovin, E., Ribot, F., Architecture of silsesquioxanes, in Handbook of Sol-Gel
Science and Technology: Processing, Characterization and Applications, Springer International
Publishing (2018), 3119-3151.

[2] M. D’Arienzo, S. Dir¢ et al., Journal of Colloid and Interface Science, 512 (2018) 609.

[3] LaCrissia U. Jefferson, A. D. Netchaev, J. A. Jefcoat, A. D. Windham, F. M. McFarland, S.
Guo, R. K. Buchanan, J. P. Buchanan, ACS Appl. Mater. Interfaces, 7 (2015) 12639.
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Soft colloids have attracted great interest in the last few years for both technological
applications and theoretical implications. Indeed, they are very good model systems for
understanding the general problem of dynamic arrest, since their larger tunability with respect to
atomic and molecular systems leads to complex phase behaviours. Among them multi-responsive
microgels, colloidal suspensions of micro- or nanometre-sized hydrogel particles, are very
intriguing systems due to their high responsiveness to external stimuli such as pH, temperature,
electric field, ionic strength, solvent, external stress and light pulses. These systems play an
important role in several biophysics applications [1].

One of the most studied microgel is the thermo-responsive poly(N-isopropylacrylamide)
(PNIPAM) whose thermo-responsiveness is strongly related to the temperature induced coil-to-
globule transition of the NIPAM polymer. At room temperature indeed, PNIPAM microgels are in a
swollen state, due to the polymer hydrophilicity that leads to dominant polymer-solvent interactions
and to the retention of a great amount of water. By increasing temperature, across the volume phase
transition (VPT) (T~ 305K), the polymer becomes hydrophobic, polymer-polymer interactions
become stronger, water is expelled and particles reach a shrunken state. In this work we study an
Interpenetrating Polymer Network (IPN) microgel composed of PNIPAM and a pH-responsive
polymer as poly(acrylic acid) (PAAc) [2,3]. The IPN preserves the same VPT temperature of pure
PNIPAM microgel [4]. Here we report rheological and differential scanning calorimetry
measurements on aqueous suspensions of PNIPAM-PAAc microgels as a function of temperature,
weight concentration and PAAc content. The frequency dependent linear viscoelastic properties
across the typical swollen-shrunken volume phase transition are deeply investigated [5] and a
preliminary phase diagram is reported.

[1] R. Pelton Advances in Colloid and Interface Science, 85, 1-33 (2000).

[2] X. Xia and Z. Hu, Langmuir, 20, 2094-2098 (2004).

[3] V. Nigro, R. Angelini, M. Bertoldo, F. Bruni, M.A. Ricci, and B. Ruzicka, Soft Matter, 13,
5185-5193 (2017).

[4] V. Nigro, R. Angelini, B. Rosi, M. Bertoldo, E. Buratti, S. Casciardi, S. Sennato, B. Ruzicka,
Journal of Colloid and Interface Science 545, 210-219 (2019).

[5] S. Franco et al. Manuscript in preparation (2019).

263



PS1.082 Poster Session 1

Layered composite based on halloysite and biopolymers: a carrier for
controlled release

Lorenzo Lisuzzo?, Giuseppe Cavallaro®?, Stefana Milioto®?, Giuseppe Lazzara*®
Dipartimento di Fisica e Chimica, Universita degli Studi di Palermo, Viale delle Scienze, pad. 17,
90128 Palermo, Italy. giuseppe.lazzara@unipa.it
Consorzio Interuniversitario Nazionale per la Scienza e Tecnologia dei Materiali, INSTM, Via G.

Giusti, 9, [-50121 Firenze, Italy

Recently, great efforts have been addressed to the design of biohybrid materials composed
of organic moieties and inorganic clay minerals, which can present different features in terms of
chemistry, aspect ratio, morphology and charge.!> We have prepared new biohybrid materials based
on halloysite nanotubes and natural polymers (alginate, pectin and chitosan) for the controlled and
sustained release of bioactive species. A functional nanoarchitecture has been designed allowing to
generate a layered structure with biopolymer/halloysite nanocomposite. The assembly of the raw
components and the final structure of the hybrid tablet have been highlighted by the morphological
and wettability properties of the prepared materials.’

Being that the biohybrid has been designed as a smart carrier, halloysite nanotubes have
been firstly loaded with a model active molecules. The effect on the release kinetics has been
investigated confirming that the delivery capacity can be controlled by modifying the structural
features of the hybrid material. It was also demonstrated that this strategy is feasible for pH or other
chemical stimuli triggered release of the payload. Therefore new routes are opened for a large range
of applications such as protective films for cultural heritages or drug delivery systems where the
proposed nanoarchitectures are suitable as functional material with tunable delivery capacity.
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The lightweight, relatively high strength, anti-rust and the quite easy processability together with
low cost candidate high-density polyethylene (HDPE) as an interesting material for piping for the
transport not only of potable and wastewater but also of combustible gases and chemical and
petrochemical products. However, various degradation mechanisms affect HDPE when exposed to
different environmental situations such as low/high temperature, sun light, rain, soil, water [1, 2].The
polymers can fail into three main stages. The first one is a ductile fracture due to an excess of external
load. This situation could be avoided with a proper design of the component and of the in service
conditions. As time in service increases, some flaws could form inside the material reducing the
mechanical properties and leading to a fragile failure. Finally, the third stage is a fragile fracture due to
the deterioration of the material. The determination of time to failure is of great interest to establish the
component residual life. This work presents the results of an investigation on some HDPE commercial
pipes aging, performed with DSC, DTA, DTA-TG techniques [3]. The fusion temperature, enthalpy and
the OIT (oxidation induction time), obtained at different plateau temperature, are measured. The results
are used to characterize and compare the materials as well as to evaluate the residual lifetime, before the
onset of the third stage, of in service pipes [4, 5, 6].

[1] N.S. Allen , M. Edge, T. Corrales, A.Childs, C.M.Liauw, F.Catalina, C.Peinado, A.Minihan,
D.Aldcroft, Polym.Degrad. Stab. 61, 1998, 183-199

[2] I. Kriston , E.Foldes, P.Staniek, B. Pukanszky, Polym.Degrad. Stab. 93, 2008, 1715-1722

[3] “DSC Measurement of Polyethylene - The correlation of polyethylen density and melting”, TA.
N. 26, Feb., 1986, Hitachi High Tech

[4] Adam Gnatowski, Mateusz Chyra “Prediction of changes in properties of pipes from
polyethylene in the research of simulation of aging “Acta Innovations, 2015, n.16, pp39-47

[5] Zbigniew Dobkowski “Lifetime prediction for polymer materials using OIT measurements by
the DSC method”, POLIMERY 2005, 50, nr 3, 213-215

[6] Zbigniew Dobkowski “Assessment of polyethylene stability using the standardized OIT
procedure by DSM method”, POLIMERY 2004, 49, nr 5, 343-345
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A DSC study on the heating phase transformations in the ASTM A213
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The results of a comprehensive investigation of several phase changes occurring in a standard
ASTM A213 T91 steel are presented in this paper. The entire temperature range 25°C to 1500°C
has been explored using differential scanning calorimetry (DSC) under various heating rates, and
microscopic techniques (light optical microscopy and electron microscopy FEGSEM / EDS).
(Fig.1) Results show that the austenitization process in T91 steel consists of two separate steps: 1)
transformation from o to y; 2) dissolution of the coarser chromium-rich carbides. A solid
determination of the temperature at which the dissolution process of chromium-rich carbides
reaches completion has been obtained at T = 1068°C. (fig.1) New data have also been acquired on
v-to-0 transformation. Results have been compared with theoretical phase equilibria calculations
and other experimental data published in the available literature. Significant differences between
experimental and theoretical determinations of temperatures, as well as within the pool of
experimental data exist. We suppose that such discrepancies can be ascribed to kinetics, but some
contribution, however is due to differences in the chemical composition of the examined steels
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Fig.1 T91 Q+T DSC profiles in the range 600-1500°C, for two heating rates.

266



Poster Session 1 PS1.085

Poly vinyl alcohol (PVA) hydrogels: the effect of crosslinking density
and molecular weight on water interaction estimated by thermal
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Hydrogels are semisolid crosslinked polymeric networks able to interact with water and
swell when in contact with fluids. Water can represent up to 98-99% of their weight

Several polyvinyl alcohol based hydrogels were synthesized changing pH of the reaction,
PVA molecular weight and crosslinking density. Thermal analyses (TGA-DSC) can be utilized to
analyse hydrogel-water interaction as a function of pH, crosslinking degree and molecular weight of
the polymer [1-3].

When materials are heated, they lose part of their weight as a function of the temperature.
All materials lose their water component in 30-120°C temperature range and the temperature at
which the greatest loss is detected is function of the strength with which it is bound to the structure.
Hydrogels show three kind of water: freezable free water, freezable bound water and not freezable
water. The last one can be detected upon heating sample (TGA) but cannot be quantified upon
cooling (DSC) the sample. DSC analysis permits to quantify freezable water [4].

Hydrogels weight loss in the 30-120°C range confirms the presence of structures able to
interact with different strength with water. Consistently with the increase in crosslinking density, a
significant increase of the not freezable water, i.e. water strictly bound to the structured polymer
network is found.DSC analysis confirms the poor structuration of low molecular weight hydrogels
with the totality of water as freezable water. Moreover, freezable water in low molecular weight
hydrogels is subdivided into freezable free water (97%) and freezable bound water (3%). Being the
freezable bound water the layer bound to not freezable water, its percentage is very low. Matrices
with the highest crosslinking density show different kinds of bound water as indicated by the
presence of several temperature peaks [5].

[1] Leone et al. J Mater Sci: Mater Med 21 (2010) 2491
[2] Leone et al. Polym. Adv. Technol. 24 (2013) 824
[3] Leone et al. Mater Sci Eng C 98 (2019) 696

[4] Li et al. Polymer 46 (2005) 12026

[5] Leone et al. submitted
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A paleo-soil, the so-called “ghiara”, was discovered during the basaltic rocks mining process
on Mount Etna in Sicily, Italy. It is characterized by an intense reddish hue due its high iron content
combined with the high temperatures (800-900°C) reached in contact with the lava flow and so for
the highly oxidising conditions. Ghiara is macroscopically heterogeneous with variable sizes up to
coarse gravel and pebble. Usually, its aspect reproduces the origin of the sediments involved by the
overflowing lava, deriving from epyclastic or pyroclastic deposits [1].

In order to evaluate the possibility to be used in the production of ceramics, alkali activated
materials or concretes, the thermomechanical behaviour was investigated by means of heating
microscope (Misura HSM, Italy), and simoultaneous DTA and TGA (STA 409 NETZSCH,
Germany). The heating microscope is a horizontal furnace equipped with a camera capable of
recording images of the profile of the specimen, obtained by pressing the pulverized ghiara, during
heating [2]. The furnace reaches a maximum temperature of 1600°C in static air.

From the images of the sample profile it is possible to obtain a sintering curve that describes
the volumetric variations of the sample thus providing data on the thermomechanical performance
of the pressed powder. The dilatometric curve shows a good dimensional stability up to 1200°C,
when the sintering of the material corresponding to its contraction begins. The appearance of the
fluid phase, which leads to a rounding of the edges of the pellet, is recorded by the sofwtare around
1190°C. The complete loss of dimensional stability records at 1210°C.

The differential thermal analysis (DTA) and the thermogravimetric analysis (TGA) are in good
agreement with the data of the heating microscope, showing the absence of thermal events up to the
sintering start temperature and the absence of weight loss up to 1300°C. The appearance of the liquid
phase corresponds to the melting endothermic peak with a minimum posiitoned at 1220°C.

This research is supported by the AGM for CuHe project (PNR fund).

[1] Belfiore, C. M., M. F. La Russa, P. Mazzoleni, A. Pezzino, and M. Viccaro. Environtl Earth

Sci., 61(5) (2010) 995.
[2] https://expertlabservice.wordpress.com/strumentazione/microscopio_riscaldante applicazioni/

268



Poster Session 1 PS1.087

Adsorption of platinum compounds for water treatment applications
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Cytostatic drugs (CD), characterized by their environmental persistence have been detected
in water bodies at concentrations up to pg/L levels [1]. Several methods for the removal and
degradation of CDs, have been developed [2]. However, these methods are expensive and
sometimes inefficient for CDs complete removal from the treated water.

Platinum-based chemotherapy agents are widely used for the treatment of a variety of
cancers and demonstrate a high toxicity and low biodegradability. Such drugs, after use, are
excreted to hospital waste-water intact or as highly toxic derivatives in significant percentage [1].
The presence of Pt-based drugs in the pg/L range in hospital effluents rising concerns about the
long-term exposure of living organisms to low levels of such toxic compounds [3].

A potentially effective strategy to treat such low levels of Pt-containing contaminants is to
pre-concentrate the sample to be treated by selective adsorption with specifically designed
materials. Then, the adsorbed compounds can be desorbed and treated by advanced oxidation
processes. Desorption can be realized by changing the temperature of the system which would make
more sustainable the process as no chemicals (e.g. strong acids, organic solvents) would be needed.

In this contribution, the adsorption of cisplatin and PtCls* in the pg/L range by cysteine-modified
silica is evaluated. The choice of this material is based on the high affinity of cysteine for Pt** [4].

Adsorption kinetics and isotherms have been built by analyzing the free concentration of Pt
by using ICP-MS. Isothermal titration calorimetry has been then used to monitor the heat
exchanged in the adsorption process.

Early results show that for PtCls> equilibrium is reached within 30 minutes with a starting
concentration of 500 pg/L at pH = 6. Adsorption of PtCls*" and cisplatin in the 250-1250 pg/L show
a retention more than 90% and 60% respectively. Isothermal titration calorimetry (ITC) evidences
an exothermic reaction that when a dispersion of the adsorbent material is titrated with a solution of
the compounds.

[1]7J. Zhang, V.W.C. Chang, A. Giannis, J.Y. Wang, Sci. Total. Environ. ,445-446 (2013), 281

[2] A. Pieczynska, A.Fiszka Borzyszkowska, A.Ofiarska, E. M. Siedlecka Crit. Rev. Env. Sci. Tec.,
47 (2017), 1282

[3] A.P. Toolaram, K. Kuemmerer, M. Schneider Mutat. Res. 760 (2014) 18-35

[4] T. Zimmermann, M. Zeizinger, J.V. Burda, J. Inorg. Biochem. 99 (2005), 2184-2196
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Lithium-ion batteries (LIBs) had a great development in recent years because they are the
preferred option when high energy density, high power density and low self-discharge are required.
For these reasons their use has grown quickly, above all for portable electronics, power tools and
hybrid/full electric vehicles [1]. As a consequence of the large amount of the energy that is stored
inside these cells, the aspect regarding the safety can’t be ignored. In fact, in recent years, LIBs
have been the source of several serious accidents. If during the normal operating condition a failure
occurs, the cell could undergo into a process called thermal runaway, an unstoppable chain reaction
during which a series of exothermic reactions takes place. The heat produced is greater than the one
released so there is an uncontrollable increase in pressure and temperature that can lead to
explosions and projections of fragments [2]. Various researches have been carried out to study the
thermal stability of battery materials, usually using a cone calorimeter [3]. On the contrary only few
works are focused on the characterization of the residues after the tests, which is important for a
proper waste management [4]. Moreover, some documented cases are reported of ignition of battery
pack subject to fire after its extinction. The characterization of the residues would make possible to
understand also their role in the reignition. In this framework, this work aims to characterize cell
components before and after thermal abuse tests performed in a Cone Calorimeter. To this purpose
SEM-EDS and XRD are used to determine the structural, morphological, and compositional
changes of the cell components and compared with previous studies [4]. SEM-EDS analysis shows
that the mixed Li oxide and graphite particles are initially homogeneously distributed on the
collector surfaces, while after the test the surfaces are not homogeneous, leaving the current
collector uncovered in some areas. This evidences damage of the original lattice structure [5].
Panasonic 18650 Li-ion cell components are also investigated using a DSC before and after cone
calorimetric tests. The results show at the anode two exothermic peaks at approximately 150°C-
170°C and 250°C-270°C due to the exothermic reduction reactions involving the intercalated
lithium and the electrolyte or ligand (PVDF). At the cathode, the exothermic peak is observed at
250-290°C, due to the decomposition reactions of the mixed oxide which constitutes the cathode
and the subsequent oxidation reactions of the solvent with the formed oxygen.

[1]J. M. Tarascon, M. Armand, Nature 414 (2001) 359-367.

[2] Q. Wang, P. Ping, X. Zhao, G. Chu, J. Sun, C. Chen, J. Power Sources, 208 (2012) 210-224.
[3] Z. Wang, D. Ouyang, M. Chen, X. Wang, J. Thermal. Anal.Calorim., 136 (2019) 2239-2247.
[4] A. Bacaloni, M. A. Navarra, S. Insogna, L. Farina. RAS/PAR2017/247. Settembre 2018

[5] D. Ouyang, Y. He, M. Chen, J. Liu, J. Wang, J. Thermal. Anal.Calorim., 132 (2018) 65-75.
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Conversion of cellulose to soluble sugars by enzymatic hydrolysis is a key step for
production of biofuels from lignocellulosic biomass. Efficient hydrolysis of cellulose requires the
action of three different classes of enzymes: endoglucanase (1,4-B-d-glucan glucohydrolase [EC
3.2.1.4]), exoglucanase (1,4-B-d-glucan cellobiohydrolase [EC 3.2.1.91]), and B-glucosidase (B-d-
glucoside glucohydrolase, [EC3.2.1.21]) [1]. Trichoderma longibrachiatum DIBAF-10 produced a
cellulase cocktail tailored for the saccharification of milk thistle (Silybum marianum) with the
potential to compete with commercial enzymes.

In this study, crude cellulase preparations from T. longibrachiatum DIBAF-10 were
thermally studied by differential scanning calorimetry (DSC), to assess the conformational
transitions between the folded and unfolded structure of the proteins and the relationship between
them and the energetics of their stability. Generally, the aggregation can take place concurrently
with the irreversible thermal denaturation and the conformational unfolding or accompanies an
exothermal effect that results in formation of precipitation [2]. The study of thermal properties is
essential to better characterize and understand the interactions between cellulase and its substrates
and their dependence on temperature. In fact, enzyme thermo-stability is essential during
saccharification reaction because steam is always used to make the substrates more suitable for the
enzymatic hydrolysis [3].

The present work shows that DSC profiles of crude enzyme samples from T.
longibrachiatum DIBAF-10 provide important thermodynamic information, about the
thermostability of the included proteins. The thermograms of crude enzyme coktails, and of the
commercial ones, show similar exothermic peaks at 52.454+0.90°C and 49.5+0.95°C, respectively,
and comparable AH values. This is probably due to the same conformational change leading to
aggregation of proteins.

DSC, moreover, is cost-effective tool to obtain “conformational fingerprinting” of the crude
enzyme cellulase preparations.

[1] Carl J. Yeoman et al., Appl.Microbiol. (2010) 70:1-55 (2010)

[2] Guzzi R., Sportelli L.,et al., Biochim. Biophys Acta, (2008), 1784:1997-2003
[3] Folasade M., et al. Biochemical Research International, (2016), 2016: 3978124
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In recent years, inorganic nanoparticles have been proposed as efficient fillers for the
consolidation and preservation of lignocellulosic art-works, such as paper documents and
archaeological woods. A novel green protocol for the deacidifying consolidation of waterlogged
archaeological woods through aqueous dispersions of polyethylene glycol (PEG) 1500 and
halloysite nanotubes containing calcium hydroxide have been designed.

The controlled and sustained release of Ca(OH), from the halloysite lumen extended its
neutralization action over time allowing to develop a long-term deacidfication of the wood samples.
TG experiments under CO: allowed us to characterize the carbonatation kinetics of Ca(OH).. A
preliminary thermo-mechanical characterization of the clay/polymer nanocomposites allows us to
determine the experimental conditions to maximize the consolidation efficiency of the wood
samples. The penetration of the halloysite-Ca(OH)2/PEG composite within the wooden pores
conferred robustness on the archaeological woods on dependence of the clay/polymer composition
of the consolidant mixture. Compared to the archeological wood treated with pure PEG 1500, the
addition of the modified nanotubes in the consolidant induced a remarkable improvement of the
mechanical performances in terms of flexural strength and rigidity. The pH measurements of the
treated woods showed that halloysite-Ca(OH), are effective alkaline fillers. Accordingly, the
modified nanotubes provided a long-term protection for the lignin of the woods exposed to artificial
aging under acidic atmosphere.

The attained knowledge shows that an easy and green protocol for the long-term preservation of
wooden art-works can be achieved by the combination of PEG polymers and alkaline tubular
nanostructures obtained through the confinement of Ca(OH), within the halloysite cavity.
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Olive leaves are waste material of the olive industry; they are rich of polyphenols, especially
oleuropein, with high antioxidant activity. These molecules are very sensitive to environmental conditions
such as high temperature, pH and oxygen, limiting their applications as ingredients for healthy foods.
Encapsulation techniques are proposed as a way to protect polyphenols from adverse conditions [1]. The aim
of the present work is to study, by DSC, the thermal stability of different encapsulation systems for olive
leaves polyphenols, in order to add them as ingredient for bakery products.

The phenolic extract was encapsulated in microbeads of sodium alginate, obtained by
emulsification/internal ionotropic gelation, in combination with either plant or animal polymers
(pectin, whey proteins and sodium caseinate). The thermal analysis was conducted on the original
ingredients and on freeze-dried microbeads by DSC Q100 (TA Instruments, New Castle, DE,
USA), heating from 25 to 350°C at a scanning rate of 10 °C/min.

Alginate and pectin ingredients showed a huge exothermic peak around 240 °C, previously
associated to the biopolymers thermal breakdown [2]. The intensity of that peak was lowered after
calcium gelation, indicating the higher thermal stability of the egg-box structure [2]. All the studied
systems showed an endotermic peak, in the range 75-85°C, related with the water loss [3]. A single
endothermic peak in the microbeads indicates the chemical interaction between polymers and
extract and a good thermal stability [3]. The peak was observed at around 75, 77, 79 and 85°C, for
alginate-whey proteins, alginate-caseinate, plain alginate and alginate-pectins microbeads
respectively, in order of growing thermal stability [3].

This study is part of the project S.0O.S.-Sustainability of the olive oil system, supported by
AGER 2 project (grant no. 2016-0105).

[1] Munin, A., & Edwards-Lévy, F.. Pharmaceutics, (2011), 3, 793-829.

[2] Belscak-Cvitanovi¢, A., Busi¢, A., Barisi¢, L., Vrsaljko, D., Karlovi¢, S., gpoljarié, L,
Vojvodi¢l, A., Mrsi¢, G. & Komes, D. Food hydrocolloids, (2016), 57, 139-152.

[3] Lopez Cordoba, A., Deladino, L., & Martino, M. Carbohydrate Polymers, (2013), 95, 315-323.
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Single crystals of Fe*Cr,O4 were synthesized using a flux-growth method. Previous studies
showed that Cr completely fills the octahedral site, and that iron occurs almost exclusively as Y'Fe?",

As Cr should not be oxidized in spinels, we would expect that heating affects only the iron
cation present in the T site. Heating in hercynite spinels, FeAl,O4, causes exchange of the Fe and Al
cations between the two non-equivalent sites and oxidation of Fe?* to Fe’*.

Consequently, as Cr cannot fit into a tetrahedral site, the only possible effect is the oxidation
of Fe** to Fe*" and, possibly, the formation of T site vacancies.

To reach this purpose, crystals were put in a thin-walled quartz tube and heated in a vertical
tube furnace at different temperatures from 600 to 1000°C. Heating runs were performed at room
pressure in air. Run temperatures were accurately measured and controlled by means of a calibrated
Pt/Pt-Rh thermocouple located near the sample; the uncertainty is estimated to be about £5°C.

Since the cell parameter (a) and the oxygen positional parameter (u) changes with time and
temperature, a strongly correlated relationship between the heating process and the iron oxidation
was supposed.

At the end of the oxidation process the crystals were polished to about the median plane in
order to see if and how the oxidation develops into the crystals.

In order to verify the presence of ferric iron, SEM EBS as well as EMPA analyses have been
performed and successively compared with data obtained from single crystal XRD, EMPA and
Moéssbauer previously performed.
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Antimicrobial peptides (AMPs) are evolutionarily conserved key effector molecules of the
innate immune system which can be isolated from almost all living organisms, including plants and
animals [1]. These peptides exhibit a broad-spectrum of activity against a wide variety of
pathogens, including bacteria, protozoa, fungi, and viruses [2]. It is believed that, due their unique
and non-specific action mechanisms which involve a direct destabilization and interaction with the
lipid matrix of pathogens’ membranes, they could help in fighting infections caused by multidrug-
resistant (MDR) bacteria [3]. Further, a significant number of these bactericidal peptides have been
shown to have anticancer activity.

Lasioglossin IIT (LL-III) is a cationic peptide (VNWKKILGKIIKVVK-NH>) derived from
the venom of the eusocial bee Lasioglossum laticeps, having both antimicrobial and antitumor
activity. Moreover, it shows a low hemolytic activity and it has almost no toxic effect for eukaryotic
cells [4]. Despite these features, the molecular basis of LL-III action mechanism is still unclear.

In this study, we report a calorimetric and spectroscopic characterization of the interaction
of a LL-III with model membranes mimicking eukaryotic, bacterial and cancer cell membranes.
Particularly, the antimicrobial and cancer cell membranes were modeled with liposomes constituted
by a mixture of zwitterionic (POPC or DPPC) and anionic lipids (POPG or DPPG and POPS or
DPPS ). Liposomes composed of only zwitterionic lipids (POPC or DPPC) were used as simplified
model of eukaryotic membrane.

Our DSC and fluorescence results demonstrate that the LL-III preferentially interacts with
anionic lipids inducing a significant perturbation/reorganization of the lipid membrane structure.
The type and the extent of such membrane reorganization is dependent on the membrane
composition. These findings provide interesting insights into the action mechanism of this peptide.

[1] R. E. Hancock, Lancet Infect Dis 1 (2001) 156—164.

[2] Deirdre A. Devine and Robert E.W. Hancock, Curr. Pharm. Des. 8 (2002) 703—-714.

[3] M. S. Zharkova, D. S. Orlov, O. Yu. Golubeva, O. B. Chakchir, 1. E. Eliseev, T. M. Grinchuk,
O. V. Shamova, Front Cell Infect Microbiol 9 (2019) 128.

[4] V. Cefovsk}'l, M. Budé&sinsky, O. Hovorka, J. Cvacka, Z. Voburka, J. Slaninova, L.
Borovickova, V. Fucik, L. Bednarova, 1. Votruba, et al., Chembiochem 10 (2009) 2089-2099.
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ILs, are molten organic salts, in the liquid state at room temperature. The physical and
chemical properties of ILs can be tuned by proper selection of the kind of anion, cation and
substituting groups of both constituent ions. Nowadays, they are used in an increasing number of
applications. Low chain alcohols and N-methyl-2-pyrrolidone, NMP, are organic liquid broadly
used, especially as a solvent, in many processes both at laboratory and industrial scale. Several
publications have been devoted to experimental and theoretical thermodynamic studies on pure ILs
and their mixtures with common organic solvents [1] or water [2]. Because of the huge number of
systems to be investigated, a systematic study and a full overview is far from be reached.

In this work we report the experimental measurements of excess molar enthalpies and excess
molar volumes on 1,3-dialkylimidazolium bis(trifluoromethylsulfonyl)imide + ethanol or + NMP
(2) mixtures. To the best of our knowledge, calorimetric and volumetric properties have not been
reported in the literature for the selected binary mixtures.

Density measurements were carried out by means of a vibrating tube densitometer (model
DMA 58, Anton Paar, Graz - Austria). Heats of solution were collected at 298.15 K, through a heat
flow micro-calorimeter (Thermal Activity Monitor Mod. 2277, Thermometric, Sweden) by
adopting the Isothermal Titration Calorimetry, ITC, technique that permits to obtain excess partial

—E _E

molar enthalpy of each component, H; , and hence HE, being: HE =x; H , txoH,.
This technique, differently from mixing-flow calorimetry, avoids errors due to incomplete

mixing; a recurring problem in calorimetric determinations involving ILs that are intrinsically

highly denser and more viscous than conventional organic solvents. Moreover, it permits to obtain

—_Ew
more precise values of the partial molar excess enthalpy at infinite dilution, H; .
HE or VE vs. x1 data have been fitted by using the Meyers-Scott equation.

References
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Fluid Phase Equilib. 383 (2014) 49
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Literature data on molar excess enthalpies (HF), molar excess Gibbs energies (GF), liquid-
vapour equilibria (LVE) and activity coefficients at infinite dilution of components (%*) concerning
binary mixtures of n-alkanols, of general formula CH3(CH2)m-OH, + n-alkane, are treated in the
framework of the DISQUAC model, an extended quasi-chemical group contribution theory. The
systems are characterized by two types of contact surfaces: aliphatic (CH3, CH> and C groups) and
hydroxyl (OH group).

Several group contribution models have been introduced to predict thermodynamic
properties of binary mixtures containing organic compounds of different polarity, but the
superiority of the DISQUAC model appears clearly when we consider the centration dependence of
the molar excess functions in mixtures such as alkanols + alkanes. Indeed, assuming — as
DISQUAC do — that the HE is the sum of two contributions, dispersive and quasi-chemical, taken in
adequate proportions, with the maxima situated at different values of mole fraction, Xi, we can
reproduce much better the shape of the experimental HF curves.

Several papers [1-2] report the application of the DISQUAC model to mixtures of linear or
branched alkanols with alkanes using interchange energy parameters, dispersive and quasi-
chemical, not structure-dependent.

In this paper, using a new set of interchange energy parameters — strongly dependent on the
structure of alkanols — the model provides a fairly consistent description of the mixing thermodynamic
properties as a function of concentration. The model may serve to predict missing data.

[1]7J. A. Gonzalez, 1. Garcia de La Fuente, J. C. Cobos, C. Casanova. Ber. Bunsenges. Phys. Chem.

95 (1991) 1658
[2] J.A. Gonzalez, 1. Garcia, J.C. Cobos, C. Casanova. Thermochim. Acta, 189 (1991) 115
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4Department of Mechanical Engineering, Campus de Nayer, KU Leuven

A controlled, easy and cheap method to process maize native starch, in order to obtain a
highly performing thermoplastic polymer, was previously developed. A proper plasticizer such as
the glycerol was added to a commercial maize starch at different concentrations corresponding to
mass fraction from 50 to 70%. The samples containing 50% of plasticizer had the best thermal and
physical performances [1].Starting from these interesting results, the aim of this work is the
development and characterization of biodegradable thermoplastic waste carbon based ashes/maize
starch films for agricultural applications. The carbon based ashes were added to glycerol and maize
native starch at different amounts starting from a 10 wt%. The compounds were mixed at 130 °C
for 10 min and then compression moulded.

The effect of the different amounts of carbon based ashes on the thermal and physical-
mechanical properties of the moulded thermoplastic carbon based ashes/starch samples is assessed by
using several techniques, such as rheometer, X-ray diffraction, scanning electron microscopy,
differential scanning calorimetry, thermogravimetric analysis, moisture absorption and mechanical tests.

The presence of the waste carbon ashes allow to improve thermal and physical-mechanical
performances of starch. In addition, the waste carbon ashes/maize starch films protect the crops from the
excessive insolation and biodegrade into the soil, releasing the plant nutrients contained in the ashes.

[1] A. Giuri, S. Colella, A. Listorti, A. Rizzo, C. Esposito Corcione, J. Therm. Anal. Calorim., 134
(2018) 549-558
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In recent years various thermal analytical studies have been carried out in order to estimate the
antiquity of fossil bones. In fact, the possibility of making this estimate on the basis of mass loss ratios
as a function of temperature, has been highlighted for some time [1]. In recent years, however, it has
also been shown that good results can be obtained by using not only some data obtained from the curves
provided by the thermal analysis [2], but using the entire data file consisting of the curves themselves.
However, until now a systematic comparison has never been carried out to establish which of the most
well-known curves that can be obtained by means of thermal analysis actually provides the most valid
information to distinguish the greater antiquity of a sample compared to another. This question was
attempted to give an answer in the present research: for this purpose, both TG, DTG and DTA linear
temperature scans of some samples of fossil bones from two different cemetery sites in the middle of
Nile were carried out, known to archaeologists for the different antiquity of the burials present in them
(respectively from the Mesolithic or Meroitic-Christian periods). Of all the samples, both the TG curves,
the DTG curves and finally the DTA curves were carried out. With all the values of the points of each of
these three types of curves, three respective data files were obtained, with which, after autoscaling, the
principal component analysis (PCA) was performed. In short, the representation of the respective
"scores", obtained from the file of all the TG, DTG and DTA curves, showed that both the files obtained
from the TG curves and those from the DTG curves are able to separate into two respective clusters the
samples belonging to one or the other of the two sepulchral sites; that is to separate the bone samples
from each other with very different ages. Moreover this can be obtained using, for the representations of
the "scores", both the main components 1 and 2, or components 1 and 3. Instead the data files of the
DTA curves are not able to lead to a complete separation of the fossil samples of different ages. This
result is in agreement with what has already been reported in the literature concerning, for example, the
DTG curves [2], but it is not clear for now why DTA curves are less useful for the required purpose,
even if different hypotheses can be formulated in this regard.

[1] G. Szoor, J. Therm. Anal. Calorim., 23 (1982) 83-91
[2] M. Tomassetti, F. Marini, L. Campanella, A. Coppa, Microchem. J., 108 (2013) 7-13
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Protein-polymer conjugates are important tools used in the biomedical field against severe
and chronicle diseases [1]. The study of these systems, in terms of structure, dynamic and
microscopic interactions is an innovative approach, different from the common studies present in
literature, that mostly report the synthesis and the biochemical evaluation.

We propose the calorimetric characterization of bioconjugates made by a covalent linkage
between the model protein Myoglobin and the polymer Poly(ethyl ethylene glycol) (PEEP) [2]. The
polymer PEEP belongs to the class of poly(phosphoester)s, good candidates for the substitution of
the “gold standard” poly(ethylene glycol) (PEG) in the bioconjugation field [3].

Samples in the dry form, with polymer of different length, and with a different number
polymer chains attached, have been studied through differential scanning calorimetry, with heating
and cooling scans from -85°C to 25°C. Calorimetry gives important indications on the interactions
instituted between the polymer and the protein, that can be deduced by the shift in temperature and
the changes in AC, that occur in the glass transition of the polymer present in the conjugates respect
to the polymer alone. The conjugates have been compared with the physical mixture to evaluate
what’s the effect of the covalent bound, and the effect of the polymer length and number has been
evaluated recording the scan of samples with different composition.

The results obtained are supported by measures of elastic and quasi-elastic incoherent
neutron scattering spectroscopy on the samples, that complete the picture with some considerations
the relaxation dynamic of the samples.

[1] S.N.S. Alconcel, A.S. Baas, H.D. Maynard, Polym. Chem. 2 (2011) 1442.

[2] C. Pelosi, C. Duce, D. Russo, M.R. Tiné, F.R. Wurm, Eur. Polym. J. 108 (2018) 357-363.
[3] F.R. Wurm, T. Steinbach, Angew. Chemie - Int. Ed. 54 (2015) 6098-6108.
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The manufacturing of hollow FRP (Fiber Reinforced Polymers) parts is carried out by using
complex processes requiring extensive hand on processing or the use of tailored tools. The
development of additive manufacturing technologies opened new perspective on the use of 3D
printing as a production method for composite tooling [1,2]. If hollow parts are to be manufactured
the use of mandrels produced by 3D printing is relevant as far as the materials used can withstand
the curing temperature while allowing easy removal of the part itself after curing.

The present paper will present a novel approach developed by the authors which rely on the
use of photocurable resin blends processed in a DLP/LCD printer. The thermomechanical properties
of the resins are analysed by Dynamic Mechanical Analysis and Differential Scanning Calorimetry
to determine the best post processing condition to guarantee the efficient use of the material as
tooling for composites curing at 120-130 °C. The effect of material toughness is also discussed to
show its effect on tooling removal.

[1] Williams, C.B., Ilardo, R.Design and manufacture of a Formula SAE intake system using fused
deposition modeling and fiber-reinforced composite materials (2010) Rapid Prototyping Journal, 16
(3), pp. 174-179.

[2] Boparai, K.S., Singh, R., Singh, H. Development of rapid tooling using fused deposition
modeling: A review (2016) Rapid Prototyping Journal, 22 (2), pp. 281-299.
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The total amount of waste electrical and electronic equipment (WEEE) collected in 2015 in
Europe (EU-28) was 3.9 Mt [1] 10-50 wt% of which consist of plastic materials (mainly
thermoplastics, but also thermosettings) depending on the kind of appliance [2]. In order to achieve
the minimum recovery target established by WEEE Directive (70-80% of material and energy
recovery), the treatment and recovery of plastics is getting commanding while, nowadays, WEEE
material recovery facilities (MRF) are principally focused on metals recovery. The management of
plastics is challenging, especially through the mechanical recycling, because the output streams are
characterized by high polymeric heterogeneity and the presence of a large quantity and variety of
additives used to modify the polymers properties such as inorganics and flame retardants [3].

The possibility of a pyrolysis process as a mean of recycling the residual plastic rich fraction
(WEEE residue) derived from of a material recovery facility has been evaluated.

The unknown product composition of WEEE residue has been supposed through coupled
thermal — infrared analysis (TG/DSC-FTIR) and ultimate analysis and resulted as PP 3 wt%, PVC 4
wt%, styrene-based polymers (principally ABS) 53 wt%, thermosetting resins (principally,
epoxy/phenolic resins) 24 wt%, inorganic fraction (principally fiber glass) 16 wt%. DSC
experiments showed that the overall energy, defined as the degradation heat, needed in order to
completely degrade WEEE residue was about 4 % of the exploitable energy of the input material.
The effect of temperature and different zeolite catalysts were investigated, in particular in terms of
yield and quality of the produced oils during the pyrolysis process. Produced oils were potentially
exploitable as fuels and almost all catalysts improved their quality. The best performance were
reached by NaUSY(5.7) with the second highest production of light oil and the greatest total
monoaromatics yield, plus 12 wt% in comparison to thermal pyrolysis experiments. Furthermore,
light oil produced by NaUSY(5.7) has one of the best LHV (36 MJ/kg) and no halogenated
compounds were detected by GC-MS analysis. The energy required for the thermal degradation of
WEEE Residue could be supplied by char or pyrolytic gas combustion.

[1] Eurostat, 2015. Waste statistics — electrical and electronic equipment, European Comission, Brussels.
<https://ec.europa.eu/eurostat/statistics-explained/index.php/Waste _statistics_-

_electrical _and_electronic_equipment> (access 04.04.19).

[2] Martinho, A. Pires, L. Saraiva, R. Ribeiro. Composition of plastics from waste electrical and
electronic equipment (WEEE) by direct sampling. Waste Management 32 (2012) 1213-1217.

[3] E. Maris, P. Botané, P. Wavrer, D. Froelich. Characterizing plastics originating from WEEE: A
case study in France. Minerals Engineering 76 (2015) 28-37.
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Simultaneous hyphenated methods in thermal analysis such as STA, thermogravimetry-
differential thermal analysis (TG-DTA) coupled with an evolved gas analysis technique such as
mass spectrometry (MS) or Fourier transform infrared spectroscopy (FTIR) gives us a profound
understanding of the volatile products evolving from a material during heating and provides an
accurate qualitative interpretation of the thermal behavior of materials.

Recently, the use of carbonized biomass (charcoal) as an adsorbent for the improvement of
indoor air quality has attracted much attention due to its high adsorption capacity of volatile organic
compounds (VOCs) which is known as one of the causes of sick building syndrome causing
undesirable health problems of headaches, asthma, etc.” A few different aromatic and aliphatic
VOCs were adsorbed on carbonized wood biomass derived from Japanese cedar charcoal (CC),
hiba charcoal (HC) and charcoal of building waste wood (WWC, mostly cedar wood). The thermal
desorption behavior of VOCs adsorbed on carbonized wood biomass are successfully evaluated by
TG-MS (Rigaku/ThermoMass) and TG-FTIR (Rigaku/TG-DTA coupled with Thermo
Scientific/FTIR). The results of the analysis revealed that carbonized wood biomass from CC
showed a higher VOC adsorption capacity compared to the HC. The VOC characteristics of CC and
WWC were very similar, and the effectiveness of WWC as a VOC adsorbent was shown.
Additionally, VOC adsorption is a highly complex process and is dependent on the surface
chemistry of the carbon material, the surface area, the presence of other compounds in the
adsorption site, the type of VOC as well as the adsorption environment. Here, we have also
examined the effectiveness of surface modification on biomass charcoal using acid solution of HCI
at pH1, alkali solution at pH13 and H>O treatments.

We conclude that TG-MS and TG-FTIR are complementary indispensable tools necessary
for the identification of evolved gases as well as for elucidating the detailed reactions and the
amount of VOC desorption.

REFERENCES

[1] Y. Nishimoto, T. Takenouchi, T. Daigo, T. Nakada, H. Kuroyama, Bunseki Kagaku, 69,449-
454(2000).(in Japanese)

[2] L. L. Celiz, T. Arii, Y. Hosoi, M. Komatsu, Y. Nishimoto, Book of Abstracts, ESTAC12,
(2018) 419.
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The United Nations Recommendations on the Transport of Dangerous Goods (UN-TDGQG),
Model Regulations, Rev.19 (2015) 'l has a new division of substances “polymerizing substances
(PMs)”, which, without stabilization, would be forbidden from transport due to being liable to
dangerously react under conditions normally encountered in transport. UN-TDG also has a new
requirement for the determination of the Self-Accelerating Polymerization Temperature (SAPT) for
PMs. Accordingly, PMs may be subject to temperature monitoring or temperature control
depending upon their SAPT and type of transportation packaging. The requirement states the SAPT
shall be determined in accordance with test procedures established for the determination methods of
Self-Accelerating Decomposition Temperature (SADT) for self-reactive substances. Some of the
methods involve reaction kinetic measurements with thermal analysis and then determining SADT
by performing the heat balance calculation for the desired package. However, recent work [* has
shown that SADT results for materials with induction times can differ significantly depending upon
which the SADT method was applied. Regarding PMs, the induction times depend on radical
inhibitors added to PMs in order to reduce active radicals, which initiate spontaneous thermal
polymerization. However, the effectiveness of inhibitors depends on the temperature, the nature and
the concentration of the added inhibitors, the availability of molecular oxygen (aerobic inhibitors),
the byproducts spectrum, and the concentration of impurities').

The aim of the present study is to obtain a better understanding of the kinetics of the
spontaneous thermal polymerization of polymerizing substances. We prepared four monomers; acrylic
acid, methyl acrylate, acrylonitrile, and vinyl acetate. Kinetic analysis of the four monomers using
differential scanning calorimetry was conducted. The kinetic methods employed were the
isoconversional kinetic (model-free) method and the Kissinger method with the autocatalytic reaction
model (f(or)). Finally, we verified whether these methods have applicability to the SAPT determination.

[1] UN Recommendations on the Transport of Dangerous Goods, model regulation, 19th rev. ed.
United Nations, New York. 2015.

[2] A.A. Kossoy et al., J. Hazard. Mater., 142, 626—638 (2007)

[3] M. Sheng et al., Org. Process Res. Dev., 23, 737-749 (2019)
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This study was aimed to prepare propellants capable of on/off control of combustion by an
oxidizing gas (N20) supply. In the present work, we first prepared propellants composed of
moisture-proof ammonium nitrate and 3% carboxymethyl cellulose ammonium by spray drying
(AN/CMCA) [1] or by using commercial AN and ammonium perchlorate (AP) as oxidizers and
hydroxyl-terminated polybutadiene (HTPB, molecular weights: 2800 and 1400) as a fuel. We then
investigated their thermal behaviour and burning properties in N> or in N2/N>O atmosphere [2].

The propellants having different AN/AP mass ratios (AN/AP = 30/70, 40/60, 50/50, and
60/40) with 23.5 wt% HTPB were investigated by differential scanning calorimetry (DSC) and
thermogravimetry-differential thermal analysis (TG-DTA). An exothermic peak derived from AN
was observed in the range 300-350 °C for all the samples in the DSC scans. However, when
commercially available AN and HTPB1400 was used, a sharp exothermic peak derived from AP
was observed around 410 °C, in addition to the exothermic peak derived from AN. A sharp
exothermic peak for HTPB1400 was also observed around 250 °C in the DTA curve.

The burning tests were performed under a N> atmosphere (0.3—-6.0 MPa) for all the
propellants prepared. It was found that the samples using commercially available AN were less
likely to ignite than those using the spray-dried AN/CMCA at the same AN/AP ratio; the lowest
burning rate was 0.6-0.7 mm/s. When HTPBs of different molecular weights were used, it was
found that HTPB1400 was the most difficult to ignite, and the lowest burning rate was around 1.2
mm/s. Three of the samples (HTPB2800: AN/CMCA, AN/AP = 50/50; HTPB2800: AN, AN/AP =
40/60; HTPB1400: AN/CMCA, AN/AP = 40/60) did not ignite under 0.3 MPa N but stably burnt
under N> with N2O supply at the same pressure. However, when the N2O supply was stopped, the
combustion was interrupted with a slight time delay, suggesting that the combustion of the
prepared propellants could be controlled by regulating the NO supply. Only HTPB1400:
AN/CMCA, AN/AP = 40/60 ignited in the thruster under N»/N>O supply. This behaviour could be
related to the sharp exothermic peak of this sample around 250 °C in the DTA curve.

[1] S. Nagayama, K. Katoh, E. Higashi, M. Hayashi, K. Kumagae, H. Habu, Y. Wada, K. Nakano,

M. Arai, Propellants Explos. Pyrotech., 40 (2015) 19
[2] T. Nakasako, E. Hiagashi, H. Matsunaga, T. Tachibana, K. Katoh, JAXA-RR-18-006, (2019) 49
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METTLER TOLEDO is a global manufacturer and marketer of precision instruments for use in
laboratory, industrial and food retailing applications. The products and services are available worldwide
in over one hundred countries. With more than 10,000 employees, most of them in sales, service and
development, Mettler Toledo guarantees customers unique products and support of very high quality.

Thermal analysis has played an important role in METTLER TOLEDO since the early 1960s.
The first commercially available TGA/DTA System, the TAl was available in 1964. Since the
beginning, we have offered innovative Thermal Analysis solutions, products, services and software.

Introducing the Flash DSC 1 in 2011, fast scanning calorimetry was revolutionized. In 2018,
the new Flash DSC 2 + which allows an even higher temperature range (-95 to 1000 °C) and faster
scanning rates (6 to 50,000 K/s) than the Flash DSC 1, was introduced. New measurement
possibilities of this instrument will be shown.

Thermal analysis STAR®-software provides unrivalled flexibility and unlimited evaluation
possibilities for example with the reference library, quality control or data integrity software
options. The reference library option allows to organize and store any type of sample information in
a centralized location and three different search functions to identify thermal analysis data. Using
the quality control option, it is possible to create a statistic template, perform a statistic evaluation
and make a trend analysis. The latest software option data integrity allows to easily organize data
for different users and define user rights.

[1] J.E.K. Schawe, UserCom, 32 (2010) 6
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POSSs are nanoparticles composed of inorganic SigO12 skeleton surrounded by eight organic
groups. In this case the general formula is R7R'(SiO1.5)s where R is isobutyl group and R' is phenyl
group or monosupstituted phenyl group. The various POSS nanoparticles were prepared by corner
capping reaction of isobutyltrisilanol with the suitable aryltrimethoxysilane [1]. Substituents on
phenyl group are methyl, metoxy, fluorine and chlorine. As non-volatile molecular nanoparticles,
POSS can be incorporated in polymer matrix to modify specific property.

In this work PEO nanocomposites with different hepta isobutyl polyhedral oligomeric
silsesquioxanes (hib-POSS) were prepared by annealing method and the influence of hib-POSS type on
the non-isothermal decomposition kinetics was investigated. The kinetic analysis of the non-isothermal
data was performed using Netzsch Thermokinetics Professional software. The obtained results indicate
that the non-isothermal decomposition of PEO is predominantly single-step reaction and therefore can
be kinetically described by a single-step model. The non-isothermal decomposition process of all
PEO/POSS samples is more complex compared to PEO and is kinetically described by a multi-step
model. The kinetic parameters (activation energy, pre-exponential factor and reaction model/models)
were calculated for PEO, each PEO/POSS sample and each decomposition step. POSS influences the
beginning of the decomposition process while the main kinetic model for the characterization of PEO
decomposition process remains the same in all samples.

[1]1. Blanco, L. Abate, F. A. Bottino, P. Bottino, J. Therm. Anal. Calorim. 108 (2012) 807-815
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Gallium antimonide is considered to be a promising material for optoelectronic and
thermoelectronic devices, due to the prohibited bandwidth, and the high solubility of the chemical
elements in groups I-III. Due to the high concentration of its own defects (= 1017 cm™, the specific
energy band structures and the high solubility of impurities in gallium antimonide, it was possible to
create tunnel diodes and coherent radiation sources in the current spectral range for modern
information systems. GaSb semiconductor, with a forbidden narrow band, is one of the most
demanding materials for creating thermo-photovoltaic elements, luminescent diodes, photodiodes,
solar cells and other microelectronic devices. Many uncertainties are related to the doping
mechanisms, and the dopant's influence on the physical processes in the base material.

The atoms of the Group IV metals, in particular of Fe, substitute in the GaSb crystalline
network the Ga atoms, forming as a whole the separate subnetwork of the Sb and Ga atoms.

100007 25

o
% “\’V\\
% \

RiE A |
£5] |w \ <
PSS - —
—— .3
7 % \ / DTA | H
2 H 3
Ly
ES 15

N
EY @2 \ 20

\

- £ \
Edl TG e
ad sea i I e i 35
0 100 200 300 a s00 00

Temperature (°C)
Fig. 1 Fig. 2

In Fig. 1 is the structure of the semiconductor Ga(Fe)Sh: Ga - violet color, Fe blue color, Sb
- yellow color. The GaSb system doped with Fe, Mn, Cd and Gd was thermally analyzed in air (150
cm’min’') with a PerkinElmer DIAMOND TG/DTA thermobalance from room temperature to 1000
°C. In Fig. 2 is the result of the thermal analysis of a Fe-doped GaSb sample with an atomic
concentration of 10'® cm,

[1] Dubey, S.K.; Dubey, R.L.; Yadav, A.D.; Jadhav, V.; Rao, T.K. Gundu; Mohanty, T.; Kanjilal,
D. "Study of optical properties of swift heavy ion irradiated gallium antimonide". Nuclear
Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and
Atoms. 244 (2006) 141
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Thermal characterization of gelation for aqueous methyl cellulose
solutions containing polyethylene glycol and salt

Eita SHIMODA!, Yoshikazu NISHIYAMA?, Nobuaki OKUBO?,
David Peter SEMIONO*, Masaaki MURAOKA!, Shigeki MOCHIDA?,

Yuko NISHIMOTQO?
"Hitachi High-Tech Science Corporation, Tokyo, Japan
’Kanagawa University, Kanagawa, Japan

Methyl Cellulose (MC) and Polyethylene Glycol (PEG) are considered to be
environmentally and biologically friendly materials, and they have been applied to industrial and
biological uses as highly hydrophilic and viscous polymers. The gelation temperature of aqueous
MC solutions is reduced by addition of PEG and/or salt [1]. To evaluate thermal characteristics,
DSC can be used to measure gelation temperature. However, these measurements often were
difficult to detect gelation peak in low concentration solution from aspect of DSC sensitivity.

In this study, we investigated the influence of PEG and/or salt on MC hydrogel formation

using high sensitivity DSC [2].
Gelation peak of MC hydrogel was clearly detected. The gelation temperature and enthalpy
decreased with the addition of PEG (Fig. 1). In contrast, the peak enthalpy increased with the
addition of salt (Fig. 2). The impact on gelation temperature from the addition of CaClz was larger
than from the addition of MgCl..
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Fig. 1 Influence of PEG for MC Fig. 2 Influence of Salt for MC
Molar fraction of Ethylene oxide unit of PEG : Concentration of MgCl2and CaCla :
0.02 and 0.03 0.1 mol/ €

[1] M. Takeuchi, S. Kageyama, H. Suzuki, T. Wada, Y. Toyoda, T. Oguma, Y. Ezawa, Y.
Tsuriya, T. Kato, F. Ishii : Material Technology, 17, 445 (1999)

[2] E. Shimoda, Y. Nishiyama, Y. Kasai, S. Mochida, Y. Nishimoto, 46th Annual NATAS
Conference (2017)
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Explosion incidents in metal stripping processes using nitric acid have become to increase
recently in Japan. Understanding the mechanism of these explosion incidents is needed to prevent
similar explosion incidents. Thus, we focused a near-miss incident when metal thin films composed
by Al, Ni, Ti, and Ag (hereafter laminated film) was dissolved in nitric acid, and we investigated a
cause of this incident.

Exothermic peak at 25-200 °C was observed when the thermal behavior of the laminated film —
nitric acid system was measured using DSC. Moreover, the sharp exothermic peak was observed
(shown in Fig. 1) when the weight ratio of the
laminated film and nitric acid was from 1:1 to 2:1. 91.5°C
The laminated film was separated into 5 pieces along
the laminated direction (hereafter separated film), and
the thermal behavior of separated films — nitric acid
system was measured using DSC. As a result, the
sharp exothermic peak was only observed in some
pieces of separated films. On analysis of the
composition of the separated film, the amount of
silver was small in the pieces that do not show the
sharp exothermic peak. On the other hand, the amount
of titanium was large in the pieces that show the sharp
exothermic peak. Based on the result, it is safe to say
that Ag and Ti are required to initiate the sharp
exothermic behavior. Furthermore, as a result of
investigation on the effect of Ag ion on the thermal
behavior of metal thin film — nitric acid system, heat
generation of only Al — nitric acid system accelerated
by existent of Ag ion. Consequently, the dissolution of
Al is likely to accelerate unintentionally by the
existence of Ag ion and Ti metal, and this unintended
dissolution of Al causes the large amount of heat 200 300 400 a;l
generation and gas production. Temperaturz (°C)

ample 7.11mg

5
-
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Fig.1 Thermal behaviour of the laminated film
— nitric acid system measured using DSC.

292



Poster Session 2 PS2.003

The heat capacity and magnetic properties of BaLa,WO+7 samples
doped with samarium

Mira BISSENGALIYEVA! Irina ZVEREVA?, Daniil GOGOL?,
Bakhyt BALBEKOVA?

Institute of Problems of Complex Development of Mineral Resources, 5 Ippodromnaya str.,
Karaganda 100019, Kazakhstan
2Institute of Chemistry, Saint Petersburg State University, 26 Universitetskii prospect, St.
Petersburg 198504, Russia
3Karaganda State Technical University, 52 Blv.Mira, Karaganda 10019, Kazakhstan

Samples with the general formula Ba(La1.xSmx)2WO7, doped with samarium at 1 and 3 at.%
(x= 0.01 or 0.03), were synthesized by high-temperature annealing up to 1200°C. The X-ray
diffractograms of the samples were measured in the range of 26 from 10° to 60° with a step of 0.02°
on a Shimadzu XRD-6000 diffractometer (CuKa radiation). According to the results of X-ray phase
analysis no extraneous phases in appreciable amounts were detected. The crystal structure of the
samples corresponds to the structure described in [1], and belongs to the monoclinic syngony with
the space group P1121/b.

The heat capacity of the samples was measured on a low-temperature adiabatic calorimeter
[2] over the range from 4.5 to 320 K. In the temperature area below 20 K, the samples showed
deviations from the normal course of the heat capacity curve, presumably due to the presence of a
magnetic moment in samarium atoms. Anomalous components were identified by calculating the
lattice heat capacity of compounds in the coordinates of -In(Cy/T°) vs. -In(1-Cp/3Rn). The
temperature maxima of the anomalies in both compounds were at 8.5 K, an excess contribution to
the heat capacity up to 20-22 K was observed.

The magnetic properties of the samples were measured in two modes: Zero Field Cooling
(ZFC) and Field Cooling (FC) on a Quantum Design installation over the temperature range from 4
to 400 K (ZFC) and from 400 to 2 K (FC) with an external field of 5000 Oe . As a result, we
obtained the data on the magnetization and magnetic susceptibility of the compounds studied.

The visual appearance of the temperature dependences of the magnetic susceptibility y of
the samples is characteristic for the substances exhibiting ferromagnetic properties. The magnetic
susceptibility curve measured in the FC mode runs higher than the curve obtained in the ZFC mode,
which indicates the presence of ferromagnetic interaction between samarium atoms, manifested in a
more precise orientation of their magnetic moments under the effect of an external field, what leads
to increasing of magnetization.

A graphical analysis of the magnetic susceptibility curves makes it possible to determine the
position of the Curie point at a temperature of about 25 K. The graphs of the inverse magnetic
susceptibility 1/x show that the linear region in which the Curie-Weiss law holds is located at a
temperature from 100 to 400 K. The approximation of this region by the straight line equation gives
the Curie constant of 7.2 cm® « K/mol for these compounds.

[1] W. Fu, D. IJdo, A. Bontenbal, J. Solid State Chem., 201 (2013) 128
[2] M. Bissengaliyeva, D. Gogol, Sh. Taymasova, N. Bekturganov, J. Chem. Eng. Data., 56 (2011) 195
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The rapid increase in industrial development resulted in emitting enormous amount of
greenhouse gas and other pollutants [1]. In order to reduce the negative effect of mentioned gas on
the environment, it is recommended to change manufacture process by avoiding pollutants and to
use innovative recuperative waste removal technologies [2]. It is known that one of the most
commonly used methods is the conversion of greenhouse gas (N2O, CHs, CO) to non-hazardous
gas. By seeking this goal, the industry use large amounts of precious metal catalysts (Pt, Au, Pd),
which are very expensive and their application are limited by low thermal resistance [3]. For this
reasons, scientists and industry are looking for cheaper and more resistance catalysts, such as metal
oxides (CuO, Co304 and others) [4].

Thus, this work aims to investigating the texture properties and thermal stability of compounds
synthesized in CaO-Si02-Cu(NO3)2/Co(NO3)2/Cr(NO3)3-H20 system under hydrothermal conditions.

Dry primary mixture with molar ratio of CaO/SiO; = 1.5 was mixed with Cu(NO3)/
Co(NO3)2/Cr(NOs); solutions (¢ = 10 g Me**/dm?) to reach the solution/solid ratio of the suspension
equal to 10.0. The hydrothermal synthesis was carried out in unstirred suspensions at 175 °C
temperature for 16 hours. It was determined that after hydrothermal synthesis all amount of metal
ions (100 mg Me?'/g) were intercalated to the structure of synthesis products. In situ X-ray
diffraction study on the thermal stability of synthesized compounds was performed in a modular
temperature chamber from RT to 1000 °C temperature. It was obtained, that the nature of metal ions
changes both surfaces area and thermal stability of synthesis products. These results were confirmed
by XRD, STA, FT-IR, SEM, TEM and BET analysis.

[1] Khan, I. Atmos. Environ. 2019;200:131-41.

[2] Gao, J. et. al. Environ. Pollut. 2018;240:683-98.

[3] Basrur, A. and Sabde. D. Chapter 4 - Catalyst Synthesis and Characterization. Industrial
Catalytic Processes for Fine and Specialty Chemicals. 2016;113-86.

[4] Zhou, Y. et. al. ACS. Catal. 2016;6699-703.

Acknowledgments: This work was funded by a grant (No. S-MIP — 17-92) from the Research
Council of Lithuania.
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The growing generation of greenhouse gas and pollutants leads to huge environmental
issues, like global warming, air pollution, water pollution, and climate change [1]. For this reasons,
an intensive research and developments are carried out on the environmentally friendly and
economically attractive synthesis technology of high selectivity and productivity adsorbents and
catalysts [2]. It is known that lower basicity calcium silicates hydrates (gyrolite, xonotlite) have
good adsorption properties for some metal ions [3]. Furthermore, these compounds with
incorporated metal ions can be used for the production of environmentally friendly cementitious
materials or utilized in ordinary Portland cement by improving its properties [4]. However, there is
no data about the interoperation of chromium and aluminium ions, which can be used as catalyst,
into the structure of dibasic calcium silicates hydrates.

Thus the aim of this work was to examine the thermal stability of dibasic calcium silicates
hydrates substituted with Cr’" and AI** ions, and their derivative physical and chemical properties.

Dry primary mixture with molar ratio of CaO/SiO; = 1.5 and AO3/(Al203+Si102) = 0.05
was mixed with Cr(NOs); solution (¢ = 10 g Cr’**/dm®) to reach the solution/solid ratio of the
suspension equal to 10.0. The hydrothermal synthesis was carried out in unstirred suspensions,
under saturated steam pressure at 200 °C temperature for 0-72 hours. The thermal stability and
phase transformation of synthetic products were investigated by simultaneous thermal (Linseis
PT1000) and in-situ XRD (with a high-temperature camera MTC-hightemp) analysis. The obtained
results were confirmed by XRD, FT-IR and SEM analysis.

[1] United States Environmental Protection Agency, 2019

[2] Gao, J. et. al. Environ. Pollut. 2018;240:683-98.

[3] Stumm, A. et. al. Cem. Concr. Res. 2005;35:1665-75.

[4] Siauciunas, R., et. al. J. Therm. Anal. Calorim. 2014;118:857-63.

Acknowledgments: This research was supported by the Research, Development and Innovation
Fund of Kaunas University of Technology (grant No. PP-91E/19).
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The different bismuth vanadates are well-known more than several decades and they exhibit
a variety of interesting physical and chemical properties. Nowadays a great attention has been
devoted to the study of the Bi—V—O system in view of its potential applications in many scientific
and technological fields [1]. Such properties as pyroelectrics, ferroelectrics, water splitting ability,
extensive stability against photocorrosion, benign to environment and less expensive are highly
desirable and wide applicable [2]. Unfortunately, in the Bi—V—O system, different crystalline phases
exist, depending on both the synthesis conditions and the molar ratio of Bi : V. This is the reason
why various techniques have been applied that include precipitation, co-precipitation, sol-gel,
polymeric precursor, oxidant peroxide, hydrolysis, hydrothermal and ultra-sonication methods.
These synthesis methods are essential in their own prospective; variety of properties can be attained
by shifting from one method to another and/or by changing the reaction parameters [3].

In this work, we have synthesized different double oxides depending from the initial
composition of 7Bi203-V20s, 5Bi203-V20s, 3Bi203-V20s, Bi203:V20s by an aqueous sol-gel
synthesis method. This study of obtained ceramics has been provided to see the effect of initial
composition and applied synthesis technique on their size, shape and morphology. Beside this, we
also described in detail the thermoanalytical behaviour of as prepared Bi—V—-O gel precursor, which
is the critical stage during the formation of final compounds. In addition, the conductivity of
prepared ceramic for 5Bi2O3-V20s initial composition using broadband impedance spectroscopy
was also performed.

[1] D. Barreca, L. E. Depero, V. Di Noto, G. A. Rizzi, L. Sangaletti, and E. Tondello, Chem.
Mater., 11 (1999) 255-261

[2] M Stefik, Chem .Sus. Chem., 9 (13) (2016) 1727-1735

[3] I. Khan, S. Ali, M. Mansha, A. Qurashi, Ultrason. Sonochem., 36 (2017): 386-392
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Lithium ion batteries have been widely used in portable electronic devices, electric vehicles,
and emergency power systems because of their high energy density, high power density and long
cycle life. Among oxide electrolytes, perovskite-type LizxLax3—xTiO3z (LLTO) is a promising
candidate due to its high ionic conductivity at various temperature [1]. In this case, sol-gel synthesis
method opens a variety of possibilities for the preparation of such kind solid oxide electrolyte as
lithium lanthanum titanate, with interesting morphological features and proper electrical properties.
Moreover, according to the fact that this Li—La—Ti—O system has lots of different crystal phases
depending from the molar ratio of corresponding metals, the right choice of synthesis technique
usually determines the quality of the obtained ceramic. In this study, we propose aqueous tartaric
acid-assisted sol-gel synthesis technique for the preparation of lithium lanthanum titanate ceramics
with initial compositions Lio3sLaossTiO3, LioslaossTiOsz, LioasLaossTiO3 and Lio.sLagssTiOs.
Additional, in this case the starting materials were chosen from the inorganic salts, otherwise than
usually published reports in scientific journals. This gives strong additional novelty to this study.
Besides this, the detail thermoanalytical investigation of Li—La—Ti—O tartrate gel precursors adds to
this work significant remarks, and reveals the origin of the formation mechanism for final ceramics.

[1]Y. Zhang, Z. Zheng, X. Liu, M. Chi, Y. Wang, J. Electrochem. Soc. 166 (4) (2019) A515-A520
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Mayenite (Cai2Al14033, C/A=1.7), have stimulated research interest because will have a
better accelerator - rapid hardening activity, oxygen mobility, ionic conductivity and adsorption
properties than other calcium aluminates. Mayenite can be synthesized during a solid state reaction
between CaCOs and Al,Os mixed powder at very high temperatures such as 1300 — 1500 °C for
over than 40 h [1-3].

In previous work [4] it was proved that synthetic calcium aluminium hydrates are stable till
225 °C and at higher temperature recrystallized to mayenite, whereas the basic diffraction
maximum intensity of mayenite significantly increased during calcination in a 650-900 °C
temperature range. This fact confirms that the mayenite structure partially changes during
calcination process. For this reason, the main objective of the present work was to determine effect
of the calcination temperature on the mayenite structure as well as on Cu?* ions adsorption capacity.

The synthesis of compounds has been carried out in unstirred suspensions (CaO/Al,O3; =
2.8, w/s = 10) within 4 hours at 130 °C. The synthesis product were calcined in different
temperature (1 h): CA1 - (350 °C temperature), CA2 - (550 °C temperature), CA3 - (900 °C
temperature) and was used as the adsorbent to removal of Cu** ions from aqueous solutions. It was
determined that a stable monolayer of absorbed N> was formed on the surface of samples. Straight
lines were obtained for all samples in BET coordination (0.05 < p/po < 0.30) and correlation
coefficients R? remains very close to the unit, i.e. 0.999. It was found that calcination temperature
has influence on products structure and specific surface area. It was found that specific surface area
(Sget) value after calcination 350 °C and 900 °C temperature have increased about 2 times: from
10.44 m?/g to 19.46 m?/g, respectively. It was determined that the largest amount of Cu®* ions was
adsorbet when using mayenite calcined at 900 °C temperature. The previous results were confirmed
by XRD, STA, and FT-IR analysis.

[1] K. Kurashige, Y. Toda, et. al., Cryst. Growth Des. 6 (2006) 1602.

[2] S. Fujita, H. Nakano, et. al., Catal. Lett. 106 (2006) 139.

[3] C.S. Li, Y. Yamamoto, et. al., J. Therm. Anal. Calorim. 95 (2009) 991
[4]A. Eisinas, J. Doneliene, et. al., J. Therm. Anal. Calorim. 131 (2018) 537

Acknowledgments: This research is funded by the European Social Fund under the No 09.3.3-

LMT-K-712 “Development of Competences of Scientists, other Researchers and Students through
Practical Research Activities” measure.
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In the past decades, metal molybdates with scheelite type structure attracted many scientists
attention due to their unique structural, electronic and catalytic properties. These properties could be
modified incorporating other ions to produce binary solid solutions with better characteristic than
individual compounds [1]. There are many different techniques to produce alkaline earth metal
molybdates. Solid-state reaction, co-precipitation and Czochralski methods have some disadvantages
such as harsh reaction conditions, high-temperature treatment, long diffusion paths and impurities.
These drawbacks usually cause a low homogeneity of the final product because of the MoOs3 that has
a tendency to evaporate at high temperature. In order to solve such kind of disadvantages during both
the synthesis processing and quality of the final ceramics the aqueous sol-gel synthesis technique
could be successfully applied. Besides, such kind of synthesis route offers the possibility to precisely
control the final composition of obtained ceramics and produce materials with uniform dense
structure. In addition, this synthesis technique also allows to ensure better homogeneity in the mixing
at molecular level, which is the critical stage that strongly affects the properties of obtained crystalline
compounds [2]. This is the main reason why in this paper we report environmentally friendly aqueous
sol-gel synthesis method in order to produce nano-sized binary oxides with general formula of Cai-
SrxMo0O4. From the review of several articles there was found that interaction energy between
powders and organic compound rises with increasing complexing agent functional groups. Such
conclusion means that tartaric acid has more functional groups than, for example, either oxalic or
acetic acids and it might exhibit better performance during the building of the chelate complex [3].
Thus, in this study all prepared Ca—Sr—Mo—O tartrate gel precursors were investigated by the
thermogravimetry and differential scanning calorimetry (TG-DSC) to determine both the possible
thermal decomposition of volatile compounds and the mechanism of the crystallization for Cai-
S1rxMo0O4 ceramics. In order to complement the results obtained from the thermal analysis, the Ca—
Sr—Mo—O tartrate gel precursors were additionally heat-treated at different temperatures and the final
multicomponent metal oxides were investigated by X-Ray diffraction (XRD), Raman spectroscopy
(RS) and scanning electron microscopy (SEM) techniques.

[1] V. D. Zhuravlev, O. G. Reznitskikh, J. Solid State Chem., 184 (2011) 2785

[2] T. M. Tillotson, A. E. Gash, J. Non-Cryst. Solids, 285 (2001) 338
[3] G. Gocmez, O. Ozcan, Mater. Sci. Eng. A, 475 (2008) 20
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Fuel cells convert chemical energy to electricity in a silent and environmentally friendly
way. Solid-oxide fuel cells (SOFCs) have the highest energy conversation efficiency and excellent
fuel flexibility because of their high operating temperature [1]. Nowadays, most widely used
materials for SOFC electrolyte are yttria-stabilized zirconia (YSZ) and gadolinium-doped ceria
(GDC). However, these materials require high-operating temperature (1273 K) to obtain high oxide-
ion conductivity. This condition could cause problems such as seal at high temperature, interface
reaction between components, the sintering of the electrodes and more [2]. In 2000, Lacorre et al.
discovered a new family of oxide ion conductors with parent compound La;Mo209 [3]. At room
temperature lanthanum molybdate exists in low-symmetry monoclinic a-phase, which, above 813 K
of temperature, turns into cubic B-phase and this transition effect increases an oxygen-ion
conductivity almost by two orders of magnitude. In order to stabilize B-phase of the lanthanum
molybdate at room temperature, K*, Sr**, Ba?*,Ca*", Bi**, V°*, S Cr®", W¢" and other ions can be
used as additives to suppress the reversible phase transition into the monoclinic structure.
Moreover, the replacement of La*" ion by divalent cation increases the amount of oxygen vacancies,
such substitution effect slightly increases the ionic conductivity. This thin line between the
properties of synthesized ceramic and dopant concentration determines its potential application.
From this point of view, the choice of synthesis method plays an important role that enables the
preparation of homogeneous product with well-expressed composition, structure and desired
properties. An aqueous sol-gel synthesis technique has many advantages in case of above-
mentioned tasks and it can be successfully exploited for the preparation of La,M02O9 compound.
Moreover, the use of the tartaric acid as a ligand in the sol-gel process gives this study and
additional novelty, because similar investigations in scientific press are not published yet. In this
report we applied an aqueous sol-gel synthesis technique to produce ceramic with initial
composition of Las xMxMo0,0g5 (M=Ca?*, Sr**, Ba?*). There is well known that the decomposition
of as-prepared gel precursors plays a crucial role in frame of the formation for final ceramic, thus
the thermoanalytical study of these metal tartrates was performed. The phase transition behaviour of
the final ceramic by differential scanning calorimetry (DSC) was also investigated. The
characterization of La2M 0209 doped by alkaline earth metal was performed using X-Ray diffraction
(XRD) and scanning electron microscopy (SEM).

[1] E. Zhou, R. Ran, J. Power Sources, 192 (2009) 231

[2] X. Gao, T. He, J. Alloys Compd., 464 (2008) 461
[3] P. Lacorre, F. Goutenoire, Nature, 404 (2000) 856
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Organically modified montmorillonites (OMMT) has found wide applications as absorbents
of organic pollutants (1), fillers in polymer nanocomposites (2) and etc. The properties and
application of OMMT mostly depend on the type of modifier (quaternary or primary alkyl
ammonium ions, neutral amines, phenyl groups) and arrangement of organic cations in the
interlayer space of OMMT. Furthermore, the length and the concentration of alkyl chains, the
nature of intercalated modifier and the cation exchange capacity (CEC) of montmorillonite (MMT)
are the main factors controlling the basal spacing of OMMT [3]. The specific application field of
OMMT is their use as precursors for the synthesis of porous clay heterostructures (PCH). In these
materials the orderly mesoporous network is formed during ionic surfactants interaction with
inorganic ions and after calcination step the high specific surface area of PCH is generated [4]. Such
a type of structure is beneficial for catalytic application.

The aim of this research was to evaluate the role and concentration ratios of each compound
in the synthesis of OMMT and PCH as well as to obtain conditions for the formation of catalytically
applicable compositions of PCH. To realise these objectives the series of OMMT compositions
were synthesised using MMT with a CEC of 105 meq/100 g and different amount of quaternary
ammonium salt — Noramium MB2HT.

The variation of the basal spacing (doo1) of OMMT depending on the concentration of
modifier was investigated by X-ray diffraction technique (XRD). The XRD analysis revealed that at
surfactant:clay (w/w) ratio of 1:1 the doo1 of OMMT increased from the initial 1.23 nm to 3.91 nm after
modification for 0.5 h at 60 °C. The OMMT composition with largest basal spacing (doo1=3.91 nm)
was chosen for further synthesis of PCH.

The amount of modifier intercalated into the interlayer space of the OMMT and the
calcination temperature of PCH were determined by TG/DSC. According to TG/DSC analysis the
paraffin-type arrangement of alkyl chains originates when amount of modifier in the OMMT
composition reaches 45 %. The calcination temperature of PCH formation should be held to about
650 °C. According to N> adsorption/desorption results specific surface area Sger of synthesized
PCH was 900 m?/g. The PCH material of such a high specific surface area could be used as
catalytic support for other catalytically active phases.

[1] R. Khatem, R. Celis, C. M. Hermosin, Appl. Clay Sci., 168 (2019) 106

[2] B. R. Prado, J. R. Bartoli, Appl. Clay Sci., 160 (2018) 132

[3] H. He, L. Ma, J. Zhua, R. L. Frost, B. K. G. Theng, F. Bergaya, Appl. Clay Sci., 100 (2014) 22
[4] A. J. Schwanke, S. B. C. Pergher, Ceramica, 59 (2013) 576
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Carbonation of cementitious materials is a natural phenomenon that is caused by carbon
dioxide in the atmosphere. About 19 % of the CO, produced during manufacture of cement is
reabsorbed by the concrete over lifecycle [1]. The carbonation reaction of calcium silicates in the air
is generally a slow process that is dependent on the relative humidity of the environment,
temperature, permeability of the concrete, and concentration of CO» available [2]. For this reason an
accelerated carbonation very often is used.

The objective of this work was to create an environmentally friendly technology for
obtaining calcite based products which will combine hydrothermal synthesis of calcium silicate
hydrate Cax(HS104)(OH) (a-C2SH) and accelerated carbonation process. The mechanical properties
of the formed concrete and the mineralogical composition dependency on the curing conditions
were determinate too. Hydrothermal synthesis was carried out at 200 °C for 16 h from burned
limestone and opoka (silica—calcite sedimentary rock) mixture with molar ratio CaO/SiO; = 2.0.
The main product of the synthesis was a-CoSH with small amount of quartz and portlandite. The
thermal activation was carried out at 450 °C and 800 °C for 1 h. The concrete samples were pressed
in a hydraulic press to form 36 x 36 mm cylinders. The carbonation process was carried out at
different conditions changing the CO2 (99.9 % concentration) pressure from 0.5 to 2.5 MPa,
duration from 4 to 24 h, temperature from 25 to 55 °C, as well as different sample preparation:
compaction from 5 to 17.5 MPa, water to binder (w/c) ratio from 0.15 to 0.4 and binder/sand ratio
from 1:1 to 1:3. Products were analysed by DSC, TG, XRD and SEM analysis.

It was determined that all of the studied parameters have an optimal value, at which the
highest compressive strength can be reached. Thus, the highest compressive strength of the concrete
samples was reached after carbonation at 15 bar for 24 h at 45 °C, with 12.5 MPa compaction, w/c
= 0.25 and 0-C>SH to sand ratio of 1:3. At these conditions the compressive strength value exceeds
25 MPa. The conducted DSC, TG and XRD analysis confirmed that the main component after the
carbonation is calcium carbonate, mainly in a form of calcite that is directly related to compressive
strength development. It was shown for the first time that not only calcium silicates, but also their
hydrated forms, e.g. a-C>SH as a binder material is suitable for carbonation curing and could be
used to produce carbonated construction materials. It is very attractive from economic point of view
— avoids the high energy consumption that the calcination process requires.

Acknowledgements This research was funded by a grant (No. S-MIP-17-92) from the Research
Council of Lithuania.

[1] T. N. Naik, R. Kumar, R. N. Kraus. Report Submitted to EPRI, Palo Alto, CA (2009) 49
[2] W. Ashraf. Constr. Build. Mater., 120 (2016) 558
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In Lithuania, the most widespread quaternary clay deposits are predominantly illite with
limited quantity of montmorillonite and kaolinite. They contain little Al2O3; (~15 %), a lot of CaO
(~10 %) and belong to fusible clays group, have a refractoriness of 1170-1250 °C, a sintering
temperature of 1130-1150 °C, and a sintering interval of only 30-50 °C [1], making it difficult to
produce high-value sintered ceramics. These clays are mainly used in the production of porous
ceramic blocks. More and more sawdust is used in other areas, so manufacturers have to look for
new unconventional burning additives. New raw materials usually change the course of ceramic
body formation reactions.

The objective of this work was to investigate the influence of buckwheat hulls on the
thermochemical processes during firing and to determine the main properties of the obtained porous
ceramics. Taurage deposit (Lithuania) clay was mixed with 0—10 wt% buckwheat hulls or their ash
(JSC EKOFRISA). Plastically formed samples were dried at 105 =1 °C and fired in the 900—1075
°C temperature range. The mechanical properties of the ceramic body and the mineralogical
composition dependency on sintering temperature were determinate. Materials and products were
analysed by DSC, TG, dilatometry, XRD and SEM analysis.

According to the DSC data (exothermal effect at 300-500 °C), a higher amount of heat is
released during the firing of clay with buckwheat hulls than in the case of clay with sawdust. As a
result, a ceramic body begins to form sooner. In samples with these additives, new crystalline
compounds start to form at ~60 °C lower temperature than in pure clay. Dilatometry data show that a
thermal expansion in the temperature range of 200—700 °C is more pronounced in the clay with
buckwheat hulls. This enlargement results from the emission of gaseous dissociation products which
is due to oxidation of organic additives. In the dilatometric curves of the samples containing
buckwheat hulls the initial progressive shrinkage, indicating the appearance of the vitreous phase, was
noted at a temperature 725735 °C, e.g. ~100 °C lower than in clay (~830 °C). It is likely that this
additive accelerates the breakdown of the clay minerals structures. As a result, the fluxing elements
(Na20, K>0 and Fe»03), which most affect the formation of the vitreous phase, are released.

Buckwheat hull have been found to reduce the plasticity of the clay-forming mass as well as
the drying/firing shrinkage of the samples. The compressive strength of the ceramics depends heavily
on the quantity of buckwheat hull additive, its fineness and firing temperature and is ~10 % higher
than of the samples without additives. Mineralogical composition studies have shown that the
following crystalline compounds prevail in the ceramic body: quartz, hematite, anorthite and augite.

The results showed that the buckwheat hulls could be used in the production of porous
ceramic blocks in the range up to 10 wt%, as a partial replacement for natural clay material.

[1] R. Siauciunas. Chemical Technology of the Ceramic Materials. Textbook (2017) 379
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The understanding of driving forces for self-assembly in the solid state has emerged as an
attractive approach to the fabrication of new materials, and considerable effort has been made towards
the supramolecular networks assembled by covalent and hydrogen bond [1]. The assembly of these
complexes strongly depends on the selection of both the metallic centers and the ligands. Compared to
4,4’-bpy, the advantage of 4,4’-diaminodiphenylmethane (dadpm) molecule as a bidentate-bridging
ligand is the possibility to form the hydrogen bonds via terminal amino-groups, that is why it is
selected as a good candidate for ligand in supramolecular architecture [2]. Herein we report the
synthesis and characterization of the [Zn(dadpm)4(H20)2](NO3)2 (H20)2 (1) mononuclear complex.
Compound 1 was obtained as a result of the reaction between Zn(NO3),:2H>O and dadpm in CH3;0H
solvent and has been characterized by IR spectroscopy, single crystal X-ray diffraction and thermal
analysis. In the IR spectrum of 1 the vas(NH) and v{(NH) bands and 6(NH) deformation vibrations of
dadpm molecule are observed at 3399, 3326 cm™ and 1610 cm™. The v(CH,) vibration bands are
observed at 2857, 2805 cm™. Compound 1 crystallizes in triclinic P-1 space group and represents
mononuclear Zn(II) complex where dadpm works as a monodentate ligand (Fig. 1). The Zn atom is
coordinated by N atoms from four dadpm ligands and O atoms from two water molecules, forming a
distorted octahedral coordination of ZnN4O5.

Thermal analysis curves of the title compound are shown in figure 2. Thermogravimetric
(TG) and differential thermogravimetric (DTG) analyses show that the thermal decomposition of 1
includes a few steps. The loss of uncoordinated and coordinated water molecules was observed as a
well resolved process completed at 203 °C, and accompanied by two weak endothermal effects
observed at 112 °C and 148 °C in DTA. Subsequent heating leads to the thermal degradation of the
ligand. The remains residues correspond to ZnO with no change to 1000 °C.
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Figure 1. View of the Zn(II) environment Figure 2. TG/DTG/DTA plots of 1

[1] O. Delgado-Friedrichs and M. O’Keefte, J. Solid State Chem., (2005), 178, 2480.
[2] C.J. Carmalt, et al. J. Chem. Soc., Dalton Trans., (2002), 4055.
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Trinuclear ps-oxo clusters have been widely studied in the last decades due to their
structural particularities and their large spectrum of properties [1]. An important role in the
application of this class of compounds plays the possibility of synthesis of iron oxide and mixed
iron oxides nanoparticles [2-3].

In this study we report the study of two trinuclear iron based clusters with the composition
[FesO(C4H30CO0O0)6(CH30H)3]-NO3-2CH30H (1) [4] and

[Fe2CrO(C4sH30CO0)6(CH30H)3]-NO3-H20 (2) by the thermogravimetric method.

The thermal analysis study (Figure 1) shows that the decomposition of complexes occurs in
several steps with the formation of corresponding iron oxides Fe3O45 and Fe;CrOa s.
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Figure 1: Thermoanalytic curves for [Fe;0(CsH3;0COO)s(CH30OH)3]-NO;s (left) and
[Fe.CrO(C4H30CO0)6(CH30H)3]-NOs-H,O (right) measured at air in the 20 — 1000 °C temperature range at a 10 °C/min speed.

Both compounds are stable only up to 50 °C after what begins the decomposition process
through the elimination of solvent molecules (water and methanol) in the temperature range 50 —
160 °C. At higher temperatures occurs the furoate ligand decomposition up to 400 °C. The final
products are obtained at 400 °C as iron oxide Fe3O4s5 for 1 and mixed iron chromium oxide
Fe>CrOq s in the case of 2.

[1] Gorinchoy, V.; Shova, S.; Melnic, E.; Kravtsov, V.; Turta, C. Chem. J. Mold. 8 (2013) 83

[2] Tacob, M.; Racles, C.; Tugui, C.; Stiubianu, G.; Bele, A.; Sacarescu, L.; Timpu, D.; Cazacu, M. Beilstein J.
Nanotechnol. 7 (2016) 2074

[3] Turta, C.; Melnic, S.; Prodius, D.; Macaev, F.; Stoeckli-Evans, H.; Ruiz, P.; Muraviev, D.; Pogrebnoi, S.;
Ribkovskaia, Z.; Mereacre, V.; Lan, Y.; Powell, A. Inorg. Chem. Commun. 13 (2010) 1402

[4] Melnic, S.; Prodius, D.; Simmons, C.; Zosim, L.; Chiriac, T.; Bulimaga, V.; Rudic, V.; Turta, C. Inorganica Chim.
Acta. 373 (2011) 167
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The development and investigation of metal oxide nanoparticles has attracted a lot of
attention due to their useful applications in catalysis, energy storage, magnetic data storage, sensors,

and ferrofluids [1].

Recently it was reported the possibility to obtain iron oxide nanoparticles from psz-oxo
trinuclear clusters as precursors [2]. The TG analysis data have shown that the mixed iron oxides
are obtained through thermal decomposition processes at temperatures above 500 °C.

Fig. 1 TEM image of Fe2ZnO
nanoparticles

In this work we report the study of the influence of

Fe;03;, FexZnOs and FexCuOs4 nanoparticles on the
morphocultural ~ and  biosynthetic ~ properties  of
micromycetes. The following phytopathogens were taken as
test cultures for the performed experiments: Aspergillus
niger, Alternaria alternata, Borytis cinerea, Fusarium
solani, Fusarium oxysporum.
At the cultivation of these submersed strains, in the Czapek
medium supplemented with Fe;O3, FeaZnO4 and Fe,CuOg4
nanoparticles, the accumulated biomass increased more
significantly in the Fe;O3 and Fe:ZnO4 cases. In the
presence of Fe;CuO4 nanoparticles, biomass stimulation was
recorded in only 2 of the 5 studied Aspergillus strains, and
in 3 strains a decrease in biomass accumulation ranging
from 7-15% compared to the control was observed.
Nanoparticles of Fe;Os3, Fe2ZnO4, and FeoCuOs have been
more beneficial for the growth and accumulation of biomass
of strains belonging to the Penicillium genus.

Treating phytopathogens with the obtained
metabolites of the Trichoderma strains has demonstrated
antifungal activity stimulation. The most significant
stimulation of antifungal activity was in the case of Fe2ZnO4
nanoparticles.

Thus, we can conclude that nanoparticles of Fe;Os3,
Fe;CuO4 and Fe2ZnOs can alter the morphocultural and
biosynthetic properties of micromycetes.

[1] S.Laurent, S.Dutz, U.O.Hifeli et all. Adv Colloid Interface Sci.166 (2011) 8-23.
[2] C.Turta, S.Melnic, D. Prodius et all. Inorg. Chem. Commun., 13 (2010) 1402-1405.
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Coordination polymers are a promising class of materials. Sulfate anions with rigid tetrahedral
geometry are widely employed to prepare extended network structures. The variety and diversity
exhibited by this class of compounds has been reviewed by Rao et al. [1]. To increase and adjust the
metal-metal distances, we used the bridging Schiff base ligands of the N,N-donor type, 1,2-
bis(pyridin-4-ylethylidene)hydrazine) (4-bpmhz) and 1,2-bis(pyridin-3-ylethylidene)hydra- zine) (3-
bpmhz). Following the reaction between the CdSO4-8/3H-0 salt and the mentioned lingands, two
coordination polymers were obtained, 2D coordination network [{Cd(4-
bpmhz)(SO4)(H20)}-0.5H20]s (1) and the 3D coordination grid, [Cd(3-bpmhz)(SO4)(H20)]. (2)
whose crystal structures were confirmed by single-crystal X-ray diffraction analysis.
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Figure Thermal analysis curves of compound 1 (left) and 2 (right) under a flow of air
with the heating rate of 10 °C min’!

The thermal decomposition of compounds begins with the loss of crystallization and
coordination water molecules (Figure). For compound 1, crystallization water molecules are
eliminated in the temperature range 55-95 °C, 2 %, (1.9 % calcd.), then removing a coordinated
water molecules, 100-160 °C, 4.2 %, (3.8 % calcd.). The slow oxidative decomposition of the 4-
bpmhz ligand starts at ~ 250 °C but a significant loss of mass is recorded in the range of 340-620
°C, 50 %, (50.3 % calcd.). The constant mass remaining stable up to 920 °C is assigned to cadmium
sulfate, 43.5 %, (44 % calcd.). Compound 2 is thermally stable up 174 °C, then the removal of water
molecules takes place, 175-184 °C, 5 %, (3.9 % calcd.). 3-bpmhz ligand decomposition takes place
in the range 190-496 °C, 51.5 %, (51.2 % calcd.). The remaining cadmium sulphate, 43.4 %, (44.8
% calcd.) is stable up to ~ 1000 °C, then begins to decompose.

[1]. C. N. R. Rao, J. N. Behera and Meenakshi Dan, Chem. Soc. Rev., 35 (2006) 375-387
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Currently is a tendency to obtain activated carbons (ACs) from cheap and renewable raw
materials by methods requiring low energy consumption. A perspective research line in this context
is the use of microwaves in the process of ACs preparation. The employment of microwaves is
finding a widening application in various fields because of the many advantages of microwave
heating in comparison with traditional methods, such as fast heating, lack of inertia in heat transfer
and activation time reduction, which in turn lead to diminished consumption of energy and
activation agents. The oxidation of ACs aims at the formation of various functional groups on their
surface for a stronger interaction with nanoparticles or biological active compounds. Acid and base
functional groups are also formed during the production of ACs, depending on the activation
methods employed. However, the amount of these groups is very small, mainly because of their
instability at the elevated temperatures at which the activation process takes place. The advantages
provided by gaseous ozone oxidation cannot be achieved by using other oxidizing agents: the
process takes place at room temperature, the structure of the activated carbon is not contaminated
with heteroatoms as a result of oxidation, functional groups of a certain type are formed and the
surface of the AC is sterilized during the process. These features make it possible to obtain ACs
suitable for use in medicine.

ACs from walnut shells were obtained by microwave treatment. To increase the
functionality of the adsorbent, the ACs were oxidized with ozone, resulting in an adsorbent
containing aliphatic and aromatic carboxylic groups. There was a considerable decrease in the
specific surface of the activated carbon after the oxidation process. Nitrogen adsorption was used to
determine the structural parameters of the ACs. A simultaneous thermal analysis was used to study
the thermal behaviour of intact and oxidized activated carbons.

In order to estimate the thermal stability of the oxidation-based functional groups and to observe
the reversibility of the chemosorption process, a thermal analysis of the intact and oxidized samples
was performed. The correlation of the results obtained from the thermal analysis and nitrogen
adsorption indicated that the ozonization process led to the formation of functional groups of
predominantly acidic nature on the surface of activated carbon; the oxidation took place
homogeneously throughout the surface, leading to the blocking of pores and a considerable
reduction of the specific surface; ozone chemosorption was partially reversible after desorption at
elevated temperatures leading to incomplete restoration of the specific surface, while the
morphological structure of the adsorbent underwent insignificant changes.
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Pyrolysis is a widespread recycling technology of polymeric waste. Used tires being
pyrolysis lead to the formation of three components: fuel fraction which being subjected to
purification to yield gasoline and diesel fuel, steel wire which is recycled and carbon black that is
accumulated contaminating the environment. This is explained by the specific properties of carbon
black: small, hydrophobic particles that easily disperse and pollute the environment, is a possible
carcinogen for humans, and short-term exposure to high concentrations can cause discomfort in the
upper respiratory tract. At the same time, the carbon black obtained from tire pyrolysis contains a
significant amount of fuel and is not miscible in polar solvents such as water. This makes the field
of use of carbon black is narrow - is needed remove adsorbed fuel from particles and render them
hydrophilic properties, thus obtaining a black pigment, the fields of use of which substantially
increase: pigment for the production of pavement, decorative mortar, lacquers and paints,
supplement for construction and repair of road.

Studied tire pyrolysis residue is a homogeneous, finely dispersed, water-immiscible black
substance. In order to assess the thermal stability of the residue, thermal analysis was performed in
a dynamic air atmosphere. The results of thermal analysis show that the residue is stable up to 320
°C and total thermal degradation takes place at 750 °C, the carbon black begins to lose weight as
soon as heating begins, the process continuing at temperatures above 300 °C; this is explained by
the increased content of volatile substances that have not been completely discharged during
pyrolysis. From thermal analysis was established that the carbon black contains 15% flammable
volatile substances, oxygen oxidation of the surface in the air begins at 320 °C and total degradation
takes place at temperatures above 430 °C. As a result of thermal degradation of soot no solid residue
is formed. Based on the results of the thermal analysis, preventive degassing of the soot at 200-250
°C 1s recommended for evacuate volatile substances to prevent their accumulation and explosion.
Oxidation with air is recommended to be carried out at 350-400 °C by continuous mixing to obtain
a homogeneous product.

Funding: Authors would like to acknowledge financial support from Project for Young Researchers (grant number
19.80012.50.05A).
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The Cu(Il) complexes with nitrogen-donor heterocyclic ligands are intensively studied
concerning their biological activity such as antimicrobial, anti—inflammatory and anticancer ones
[1]. Some species display an interesting thermal behaviour as well [2, 3].

In order to combine the redox ability of Cu(Il) with stability induced by chelate ligands a
series of Cu(Il) complexes with formula [M(N-N),pmtp](ClOs)> (pmtp: 5-phenyl-7-methyl-1,2,4-
triazolo[ 1,5-a]pyrimidine; N-N: 2,2 -bipyridine (1) or 1,10-phenanthroline (2)) were synthesized.
Their mononuclear nature was proved by single crystal X-ray diffraction. The compound (1)
crystallize in monoclinic system Pa space group while compound (2) crystallize in triclinic system
P-1 space group.

Thermal behavior of all complexes has been studied using TG/DSC-MS analysis in air. The
TG curves show that complexes stepwise decompose in several stages, associated with perchlorate
transformation, fragmentation and oxidative degradation of heterocyclic ligands. All these
modifications end with black CuO stabilization.

The ability of the complexes to trap reactive oxygen species like O>” was tested by EPR
spectroscopy in KO> presence. The rate constant of complex (1) could not be determined as result
of fast decomposition while complex (2) showed a reaction constant of 0.018 s!.

Complex (2) exhibits a large spectrum of antimicrobial activity both on planktonic and
biofilm embedded strains.

[1] A. Chylewska, M. Biedulska, P. Sumczynski, M. Makowski, Curr. Med. Chem., 25 (2018) 1729
[2] L. Calu, M. Badea, R. Cerc Korosec, P. Bukovec, C.C. Daniliuc, M.C. Chifiriuc, L. Marutescu,
C. Ciulica, G. Serban, R. Olar, J. Therm. Anal. Calorim., 127 (2017) 697

[3] M. Badea, L. Calu, N.Celan Korosin, I.G. David, M.C. Chifiriuc, C. Bleotu, G. Ionita, L.
Silvestro, M. Maurer, R. Olar, Thermal behaviour of some biological active perchlorate complexes
with a triazolopyrimidine derivative. J. Therm. Anal. Calorim., 134 (2018) 665
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The methods of the thermal analysis are useful for studying physical and chemical properties
of coordination compounds. In this work we are using thermal analysis data to describe the
composition, thermal stability and the way of decomposition of a new series of copper(Il)
dithiocarbomethoxyhydrazone coordination compounds, namely [Cu(H>L)X]-Solv, where X=Cl,
Solv=H>0 (1), dmso (4); X=Br, Solv= 0.5C>HsOH (2), dmso (5) and [Cu(HL)Solv] where Solv=
H>O (3), dmso (6), dmf (7), some of which were characterized structurally [1]. The combined
thermal analysis (TG-DTG-DTA) of the compounds were performed in the temperature range 20-
1000°C in air atmosphere with a heating rate of 10 °/min. The thermal decomposition takes place in
several stages, for all compounds. In the temperature range of 20-250 °C, one (1-5) or some (6, 7)
endothermic effects are observed, which, from the mass loss are attributed to the elimination of
external or internal solvent molecules: H,O -3.8% (1), 4.0% (3); 1/2C,HsOH - 4.7% (2); DMSO -
17.81% (4), 13.89% (5), 12.95% (6) and DMF - 13.84% (7). In the temperature range of 250-800
°C, a series of exothermic effects related to the gradual burning of hydrazone ligand follows.

The final decomposition temperature of the

N investigated compounds is: 840 (1), 780 (2), 810 (3),
o 780 (4), 790 (5), 780 (6), 778 °C(7). The TG, DTG
) decomposition profiles of the complex 7 and 6
e (structurally characterized) are similar and show quite
high temperature of decomposition beginning at 180-
200°C (fig. 1a), corresponding to the elimination of
dmso and dmf internal molecules, respectively, and
suppose a similar structure for these compounds.
Compared to those, 1-3 species of complexes,
synthesized in alcohol medium, show very week
endothermic effects in the region up to 50-70°C
(fig.1b). Thermal analysis data for complexes 1-7 are
in agreement with elemental and X ray data analysis
and suggest the proposed composition.
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Acknowledgments: Dr. O.Petuhov (Institute of Chemistry, R. Moldova) for thermal measurements.
References: [1] A.Lazarescu, E.Melnic, P.Bourosh, The IX International Conf. in Chemistry, Kyiv-Toulouse
(ICKT-9), June, 05-09, 2017, Kiev, Ukraine, Book of Abstr., p.229.
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Coordination polymers are multidimensional periodic structures of metal ions
interconnected through organic ligands, which, through their specific structure and properties, have
been of great interest to researchers in the fields of chemistry and technology sciences, as well as in
other areas [l1]. The two-dimensional polymer of Cu(Ill) of molecular formula
{[NH2(CH3)2]2[Cu3(HIDA)4]-H20}» was synthesized following the reaction of iminodiacetic acid
(H3IDA) and copper(Il) acetate monohydrate in the presence of dianilineglyoxime (DAnH>) in a
molar ratio of 2: 1: 2 and methanol-DMF-water environment in a volumetric ratio 2: 1: 1. The
coordination polymer compound has been studied by single crystal X-ray diffraction and combined
thermogravimetric analysis (TG, DTG and DTA). The cation [NH2(CH3)2]" were probably obtained
from (H3IDA), also dianilineglyoxime didn’t coordinate to the metal, its role being just to create a
suitable environment for the reaction to occur. The termogram was recorded in the range of 20-
1000°C in air atmosphere, at a heating rate of 10°C/min. (Figure). From the thermogram can be
noted that only several stages of decomposition have taken place, since the given polymer has a
relatively simple chemical composition, consisting only of amino acid anions and
dimethylammonium cations. From the first decomposition stage at 85°C, the loss of the water
molecule from the external sphere is observed, the mass loss constituting approximately 4.87 %. In
the range of 85-215°C, the IDA protonated
molecules with gas release (CO2, N>O, etc.)
and a mass loss of 30.38 %, are completely
decomposed. At a higher temperature range
of 215-590°C, breakage of the metal-ligand
linkages occurs with the total decomposition «
of the 4 iminodiacetic acid molecules, the %
mass loss constituting 48.46 % of the total |
mass of the polymer. Following the whole =1 e —
thermal decomposition process, CuO residue
with a mass fraction of 16.29 % is formed. ™ P i s 520 o

Tesmperanare, °C

Figure. TG/DTS/DTA patterns of Cu(ll) 20 polymer.

Figure. TG/DTG/DTA patterns of Cu(I) 2D
polymer.

Acknowledgements:The author is grateful to Dr. Oleg Petuhov (Institute of Chemistry of

Moldova) for thermal measurements.
[1] Kumar Seth S., Crystals. 2018. Vol. 8, Nr. 12. India, p. 455-470.
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The design of porous coordination polymers (PCPs) that show selective adsorption or high
adsorption capacity is an important topic in research on applicable porous materials. 2,2'-
Dithiodibenzoic acid (H2dtdb) is a multifunctional ligand containing two carboxylic groups and two thio
donor atoms, which may coordinate to the metal ions by diverse modes, and allow of different
coordination polymer topologies. The twisted binding site of the S—S bond makes the ligand flexible and
in combination with 1,2-bipyridine ethane (bpe) spacer and Co(II) salt gave us the opportunity to obtain
new PCP:-{[Cos(Htb)4(tb)2(bpe)(H20)2]-2(dmf)-9(H20)}4 (1). Surprisingly, Hodtdb was split into two
molecules after cleavage of S—S bond forming the thiobenzoate ligand (tb").
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Figure 1. Fragment of 2D layer (a) and TG-DTA pattern of 1(b)

The compound crystallizes in centrosymmetric triclinic space group P-1: a= 10.3970(4), b=
13.7039(5), c= 13.7672(7) A, o= 66.058(4), B= 88.257(4), y= 75.025(3)°, V=1725.71(13) A3
Compound 1 is a three-dimensional polymer that could be used to adsorb small molecules and also,
shows a theoretical interest because it contains a high number of molecules of water and dmf, which
can be removed by degassing and track the changes in porosity and structure. To determine the
adsorption properties, it is necessary to know the temperature at which the structure of the
compound remains unchanged and its thermal behavior. For this, the simultaneous thermal analysis
was used, figure 1b. Received results gave us information about thermal stability and temperatures
of reactions during the heating in the wide temperature ranges. Due to the high solvent content in
the external sphere, compound 1 begins to lose weight once the heated is start. Up to 240 °C, the
sample loses all water and dmf molecules. Using the obtained data, compound 1 was degassed at
three different temperatures: 20, 120 and 150 °C, after which the adsorption isotherms of nitrogen
were measured. The influence of degassing temperature on the adsorption properties will be
presented and discussed.
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On the FeCrAl alloy foil, single-layer Y203 coatings were deposited by the sol-gel method.
Thin films were deposited from containing yttrium(III) acetate hydrate (CsHoOcY -x-H2O) as a
precursor to Y203. The molar ratio of the precursor:alcohol in the sol was: 1:50, 1:250 and 1:500.
Samples with the obtained ceramic coatings were given cyclic oxidation in air at 900°C. Changes in
the morphology and chemical composition of the FeCrAl alloy surface layer during cyclic oxidation
were determined using: TGA/DSC, XRD, SEM-EDS, AFM and BET. It has been shown that the
yttrium present in the coating changes the morphology, chemical composition and degree of surface
area development (BET) of the scale. After 10 cycles of oxidation (each cycle lasted 24 hours), the
thickness of the scale was from about 0.5 um to 3.4 um. It was shown that the deposited thin film
Y203 on the FeCrAl alloy surface lowers the surface area of the scale (about 2-3 times), reduces the
pore size in the Al>O3 layer (up to about 2-3 nm) and reduces the roughness of the scale (about 7.5
times smaller compared to the uncoated substrate). Gravimetric studies showed a parabolic law of
the relationship between the mass increase of samples and the time of oxidation. The most favorable
protective properties were the scale increased on the Y203 coated alloy, which was obtained from
the sol with highest dilution (ratio of precursor:alcohol = 1:500). Its protective effectiveness against
scales formed on uncoated substrate was 84%. Heat resistance of FeCrAl foil covered with this
coating was more than 4.5 times higher than the uncoated alloy.

The work was financed by statutory activity subsidy from the Polish Ministry of Science and
Higher Education for Faculty of Chemistry of Wroctaw University of Science and Technology in
2018/2019 year (Department of Advanced Material Technologies — grant number 0401/0157/18).
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Ionic transport properties in the silver halides have attracted special attention for a long time.
There were two main questions concerning understanding of experimental results on these
materials. The first one — what is the mechanism of ion transport in each of these compound, and
the second one — how does the property of ion conducting relate to other physical properties. The
motivation for the study of these compounds is their challenging physics and application potential
in the areas of batteries, electrochemical sensors, fuel cells and electrochemical devices.

It was found that unusually high increase of ionic conductivity of AgCl and AgBr with
temperature is the result of predominant Frenkel-defects formation[1-3]. Some Ag"’ ions leave their
lattice sites and occupy interstitial sites in the interior of the crystal. Two disorder centers (vacancy
and interstitial ion) are formed per misplaced lattice ion [1]. The experimental methods most
commonly used for testing disorder models and for the quantitative determination of disorder data
are conductivity, diffusion measurements and heat capacity measurements.

The only existing older numerical heat capacity data on AgCl and AgBr, which could be
helpful in disordering interpretation, were Pankratz [4] experimental data and Kubaschewski [5]
estimation. However, big discrepancies appear between these data. We have decided to carry out
heat capacity measurements of AgCl and AgBr by means of Differential Scanning Calorimetry.
Comparison of our results with literature data leads to the conclusion that both Kubashewski [5] and
Pankratz [4] data are incorrect.

Correlation of precise heat capacity data with transport properties would be of considerable
interest in respect of disorering of crystal lattice of the compounds under investigation. Therefore,
we have decided to undertake the investigation of transport properties of AgCl and AgBr
compounds. The present work reports the analysis of excess heat capacity of silver halides in terms
of Frenkel defects formation as well as the electrical conductivity of silver chloride and bromide
and its correlation with heat capacity.

[1] J. Nolting, Angew. Chem. Internat. Edit. 9 (1970) 489

[2] K. Funke, D. Wilmer, T. Lauxtermann, R. Holzgreve, S. Bennington, Solid State Ionics, 86-88
(1996) 141

[3] C.S. Sunandana, P. Senthil Kumar, Bull. Mater. Sci., 27 (2004) 1

[4] L.B. Pankratz, U S Bur Mines, Rep Invest, (1970) 7430

[5] O. Kubaschewski, C.B. Alcock, Materials Thermochemistry, 5% ed., Pergamon Press, New
York, 1979.

The work was financed by a statutory activity subsidy from the Polish Ministry of Science and
Higher Education for the Faculty of Chemistry of Wroclaw University of Technology.
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Sauna is a physical treatment, originating from Scandinavian countries such as Finland, and
now widely used throughout the world [1-2]. This treatment is used in sports medicine, recreation
and rehabilitation, mainly for the regeneration of tired muscles, hygiene and cosmetology, cleansing
the body of toxins or relaxation [1-3]. The aim of the conducted research was to compare changes in
athlete's blood serum during two exercise sessions: before and after ten sauna treatments.

Serum samples were collected from the blood of 9 athletes (3 women and 6 men) well
trained in cross-country skiing in four stages in both exercise sessions: at rest, after exercise and
after 1h and 24h rest and additionally only at rest after the first sauna treatment. Differential
scanning calorimetry (DSC) measurements of aqueous serum solutions were made in the
temperature range 20 - 100 °C with a heating rate of 1 °C min™! and a pressure of about 1.8 atm
using the VP-DSC microcalorimeter (MicroCal Co, Northampton, MA).

The results obtained by DSC allowed to register characteristic post-exercise changes in
thermal transitions of serum denaturation, similar in nature, regardless of the use of sauna
treatments. Comparison of DSC curves of athletes’ sera demonstrates a stronger reaction to the
effort in the exercise session after the sauna treatments. It was revealed especially in the part of
serum denaturation transition at higher temperature range. The post-exercise changes in the low-
temperature transition region were similar. Another observation from our study was quite a
significant variation in the recovery process after the exercise among the athletes.

[1] M.L. Hannuksela, S. Ellahham, “Benefits and Risks of Sauna Bathing”, Am. J. Med., 110
(2001) 118-126

[2] T. Prystupa, A. Wolynska, J. Slezynski, “The Effects of Finish Sauna on Hemodynamics

of the Circulatory System in Men and Women”, J] Hum Kinet, 22 (2009) 61-68

[3] W. Pilch, L. Pokora, Z. Szyguta, T. Palka, P. Pilch, T. Cison, L. Malik, S. Wiecha, ” Effect of a
Single Finnish Sauna Session on White Blood Cell Profile and Cortisol Levels in Athletes and Non-
Athletes”, J Hum Kinet, 39 (2013) 127-135
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The comprehensive studies in regard to various types of direct carbon solid oxide fuel cells (DC-
SOFCs) supplied with charcoals and pyrolysed in situ wood-chips were carried out. The tests
performed with these fuel cells showed that charcoals are suitable and attractive fuels for the DC-
SOFC providing sufficiently high power density. Their properties were very important. In such kind
of experimental studies, the problem to obtain the set of activated carbons of strongly differentiated
porous structure appears. This can be achieved in several ways. For example, during the production
of activated carbon by changing activating agent or activation process conditions (temperature or
time). However, heat treatment of activated carbon at high temperature provides the best results.
Commercial granular activated carbon Rs-ex (Norit) was demineralized with conc. HF and HCI
acids and then heated in an Ar atmosphere at various temperatures (1500, 1800°C). The maximum
heat treatment temperature was the factor of differentiating the samples. The specific surface areas
(SgeT) calculated on the basis of low temperature N> adsorption isotherms were 1390, 970, 550 m%/g
respectively for unmodified, and heated at 1500, 1800°C activated carbon. The Norit activated
carbon samples were used as solid fuels in direct carbon fuels to determine the mechanism of
electrochemical oxidation of carbon particles in SOFCs. The results obtained from electrochemical
tests were compared with data obtained from DTA/DSC-TG analysis performed in the N2> and CO»
gas atmosphere in the temperature range of 25-850°C. It was found that the Boudouard reaction and
electrochemical oxidation of CO had great impact on the DC-SOFC performance. The results were
also compared with other types of charcoal derived from waste-biomass samples (pistachio shells),
which were prepared by means of the thermal treatment in temperatures of 400, 600 and 850°C in
ambient gas atmosphere for 1 hour. The tests demonstrated that DC-SOFCs supplied by chars
derived from pistachio shells as well as the granular activated carbon had provided stable operation
with reasonably satisfactory current and power density levels (70-120 mW/cm?).

[1] M. Dudek, P. Tomczyk, R. Socha, M. Skrzypkiewicz, J. Jewulski, Biomass fuels for direct
carbon fuel cell with solid oxide electrolyte, Int. J. Electrochem. Sci., 8 (2013) 3229-3253

[2] S. Btazewicz, A. Swiatkowski, B.J. Trznadel, The influence of heat treatment on activated
carbon structure and porosity, Carbon 37 (1999) 693-700
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Additive manufacturing is the one of the most rapidly developing manufacturing technologies
today, offering a wide range of possibilities for fast, cost-effective production of materials. The
most commonly used technology in the AM area is selective laser sintering (SLS), enabling
freedom of design and low-cost production of plastic parts.

Knowledge of the thermal properties of polymers is essential for the development of optimal
parameters for the processing of materials into useful products using SLS technology and for
predicting the performance of these products during their lifetimes. In order to produce good
functional SLS parts, the powder on the part’s bed surface must receive a sufficient amount of
energy via the laser sintering process. Sufficient energy density is produced when the energy input
increases and is applied to the bed surface, which increases the temperature, resulting in improved
melt flow. An average of 80% of the powder in the build chamber is not sintered during the SLS
process and may be re-used. However, the properties of sieved but non-sintered powder deteriorate
due to exposure to various temperatures for extended periods of time during the three-stage SLS
system material build process, which involves warm-up, build, and cool-down stages; this process
may take up to 40—80 hours for big jobs.

The aim of this paper is to determine the impact of the thermal properties of selected polymers (PA
2200, iglide I3-PL, Vestosint 3D 6644) as well as of composite materials consisting of a polymer
matrix (iglide I3-PL with additions of molybdenum disulphide

MoS2 + C, Innov’PA 2550 GBAL, and Sinterit Smooth, FlexaBlack and FlexaBright). All of these
samples were investigated using the DTA/TG or DSC/TG method within the temperature range
25-200°C. It was found that the addition of MoS2 caused a change in sintering temperature. To
ensure flexibility in the application of such materials, 3D printers are constructed in various ways.
The analysed results of DTA/TG or DSC/TG investigations were compared with the mechanical
and geometrical properties of printed shapes. The correlation between the parameters of thermal
properties of the starting powders used in 3D printing and the quality of the obtained products is
analysed and discussed. The results can be used in practical applications to assist SLS users in
improving the sintering process and obtaining surface-printed materials of higher quality.
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A series of triblock semifluorinated alkanes of the general formula: H(CH2)m(CF2)s(CH2)mH,
abbreviated as HnFsHm, where m = 6, 12, 18, 20 and 30, have been synthesized in two steps, by radical
addition of 1,6-diiodoperfluorohexane I(CF2)sl to two equivalents of an appropriate terminal alkene
CH>=CH(CH2)m-2H, followed by subsequent deiodination [1,2].

Heat capacity measurements of the synthetized compounds were carried out in the
temperature range of 1.8 K - 360 K, by means of the heat capacity (HC) option of the Quantum
Design physical property measurement system (PPMS).

Temperatures of the observed individual phase transitions were derived and the
corresponding entropic contributions were estimated. The obtained values were critically compared
with those found earlier [2] by DSC method. The temperatures of transitions from crystal to smectic
phases agree rather well in both methods. However, our present investigations show that below
melting points, additional rather broad anomalies appear for all samples except for the longest
molecule (H30F6H30). No phase transitions were detected in low temperature regions, between 1.8
and 230 K.

[1] M.P. Krafft, J.G. Riess, Chem.Rev. 2009;109 (2009) 1714.

[2] A. Chachaj-Brekiesz, N. Gorska, N. Osiecka, E. Mikuli, P. Dynarowicz-Latka,
J.Therm.Anal.Calor. 124(251-260)2016
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Osteoporosis is a disease that affects people of all ages, it is characterized by a loss of bone
mass, weakening of bone spatial structure, which can lead to bone fractures. The disturbed RANK,
RANKL and OPG (osteoprotegerin) system is responsible for the disease [1]. OPG is a ligand
binding to sSRANKL that inhibits osteoclastogenesis, but its level may decrease in pathological
conditions. The use of ligands binding to SRANKL instead of OPG increases the concentration of
osteoprotenan inhibiting bone resorption [2,3].

The analysis was carried with chickpea (Cicer arietinum) sprouts extracts cultivated under
different types of light. The sprouts were fermented by Lactobacillus casei 0979. The profile of
isoflavones was analysed using LC-ESI-MS technique. The thermodynamic parameters of binding
of SRANKL to isoflavones as standards or as a mixture in extracts was evaluated by isothermal
titration calorimetry (ITC) and compared with docking simulation.

The study showed that fermentation with lactic acid bacteria increased the content of
isoflavones in chickpea sprouts, especially after seeds cultivation under blue light for 10 days and 4
days fermentation, were the concentration of isoflavones amounted 3.81 g/100 g d.m. The high
concentration of isoflavones methoxyl derivatives in extracts resulted in the high affinity to
sRANKL. The highest affinity and stability of complexes with SRANKL showed extract of
chickpea sprouts cultivated for 8 day under UVB light (AG= -15.78 kJ/mol; AH= -17.17 kJ/mol)
and cultivated for 4 day under blue light (AG= -13.86 kJ/mol; AH= -21.61 kJ/mol), both fermented
for 4 days. The isoflavones contained in chickpea can be potential ligands that can limit the binding
of RANK to RANKL and osteoclast formation. The research was funded by National Center of
Science (project No. UMO-2016/21/B/NZ9/00898).

[1] P. Kyung-Ran, Y. Hyung-Mun. “RANKL-induced osteoclastogenesis in bone marrow-derived
macrophages is suppressed by cisapride” Toxicology, 422 (2019) 95-101

[2]A. A. El-Beih, A. H. El-Desoky et al. “New inhibitors of RANKL-induced Osteoclastogenesis
from the marine sponge Siphonochalina siphonella”, Fitoterapia, 128 (2018) 43-49

[3] Lee Na K., Choi H. K. et al. “RANKL-induced schlafen2 is a positive regulator of
osteoclastogenesis”, Cellular Signalling, 20 (2008) 2302-2308
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Acetylcholinesterase (AChE) is the main enzyme that hydrolyses acetylcholine. This
neurotransmitter is deficient in Alzheimer's disease (AD) starting from the early stages of the
disease due to the deposition of a- and B-amyloid proteins and the development of senile plaques
that limits transmission of nerve impulses. The use of AChE inhibitors may improve cognitive
functions as well as reduce the symptoms of this disease [1-2].

Our previous studies have shown that coffee extracts and their various fractions are potential
AChE inhibitors, prompting us to investigate how bioactive coffee extracts digested in the
simulated gastrointestinal tract will interact with this enzyme [3]. The aim of the study was to assess
the affinity for AChE coffee extracts after in vitro digestion and enzyme inhibition efficiency. The
digestion of coffee extracts from roasted beans to various degreases (green, light and dark) was
carried out in a simulated digestive system, reproducing physiological processes of the
gastrointestinal tract introducing a mixture of selected probiotic bacteria. The evaluation of AChE
inhibition was assessed for coffee extracts taken after digestion on each of the four sections of
gastrointestinal tract, i.e. in the stomach, small and large intestine and colon, and performed using
an isothermal titration calorimetry that allowed to determine the most effective coffee extract
limiting the enzyme activity that protects acetylcholine from degradation.

Studies have shown that the highest bioavailability of compounds with high affinity to
AChE was characterized by green coffee due to the high content of hydroxycinnamic acids and it
was additionally increased in the presence of microbiota. The research was funded by National
Center of Science (project No. UMO-2018/29/N/NZ9/01160).

[1] M. Bartolini, C. Bertucci, V. Cavrini, V. Anderisano, ”B-Amyloid aggregation induced by
human acetylcholinesterase: inhibition studies”, Biochem Pharmacol. 65 (2003) 407-416

[2] D. N. Patil, S. A. Patil, S. Sistla, J. P. Jadhav, “Comparative biophysical characterization: A
screening tool for acetylcholinesterase inhibitors”, PLoS ONE, 14 (2019) 1-28

[3] J. Grzelezyk, G. Budryn, “Analysis of the activity of hydroxycinnamic acids from green and
roasted coffee extracts as acetylcholinesterase inhibitors using an isothermal method of titration
calorimetry” Folia Pomeranae Univ Technol Stetinensis, Agric Piscaria Zootec, 9 (2019) 15-23
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The insulation properties of different types of TBC (thermal barrier coatings) systems based
on ZrO>x8Y»03 and LaxZrO7 ceramic materials were analysed in this investigations. From the
morphological point of view the analysed TBC systems can be classified as an monolayered
systems of ZrO»x8Y»03 and LaxZr,O7 type and double ceramic layer (DCL) systems with outer
LaxZr07 sublayer and inner ZrO>x8Y20s. In this type of coatings additionally the DCL system
with additional composite ZrO>x8Y>03+La>Zr,O7 sublayer was included. The thickness of all
systems was in the range 250-350 pm. All analysed systems were deposited by atmospheric plasma
spraying from commercial feedstock powders after spray drying process of manufacturing. The
ceramic coatings were additionally sprayed on In 626 Ni-based superalloy with the bond coat of
NiCrAlY type with the thickness 125 um.

The basic goals of investigations was as follow: (1) characterization of feedstock materials;
(2) characterization of insulation layer microstructure with special attention to pores and cracks
architecture; (3) characterization of thermal insulation properties expressed by thermal diffusivity
and thermal conductivities in the function of temperature and finally (4) simulation of temperature
and stress distribution on monolayered and double layered systems.

In research part the feedstock powders were primary investigated. The granules size and its
top surface and internal morphology were analysed by laser diffraction method and
SEM/EDS/EBSD coupled methods. Final TBC systems of 4 types (two monolayered and two DCL
type) were described also form morphological point of view as well as the quantitative analysis of
microstructure and pores were made by automatic images analysis. Additionally the internal stress
level was analysed by XRD method. The final investigations was related with thermal insulation
properties characterized by laser flash analysis in temperature range from 25 to 1100°C with step of
100°C. Obtained data (thermal diffusivity) were the base of thermal conductivity calculations.

The final element of investigation was numerical simulation of thermal and stress
distribution in ceramic insulation layer calculated by FEM method with physical and mechanical
data from temperature 25°C and 1100°C.

This work was supported by Faculty of Materials Engineering and Metallurgy, Institute of
Materials Science of Silesian University of Technology, as a part of
Statutory Research BK-205/RM0/2019.
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The composite thermal barrier coatings (TBC) were characterized in this investigations from
thermal insulation points of view. The base materials were powders of 8YSZ and La>Zr,O7 type with
similar chemical composition but different ability to thermal insulation in TBC systems. The analysed
TBC systems were sprayed by atmospheric plasma spraying process on In 625 superalloy with the
bond-coat of NiCrAlY type. The thickness of ceramic top-layers was ca. 300 um in each case. The
composite character of coatings was related with microstructural features. All coatings were deposited
from the mixture of feedstock powders to the form of dual phase coatings with ration of each powders
25 to 75, 50 to 50 and 75 to 25 in weight %. The basic goal of investigation was characterization of
thermal insulation properties expressed by thermal diffusivity and conductivity.

In first step of presented investigations the microstructural feature’s of ceramic sublayer
were presented such as porosity level, and fraction of each phase. The quantitative characterization
of 8YSZ and La)ZrO7 phase in the coatings was the most important parameter analysed in this
investigations. The special attention was took on the thickness of each type splats and was
expressed by average 8YSZ and La>Zr>O7 splat thickness. This parameter is the most important data
for 1-d model of heat transfer in composite systems. The next parameter dedicated for this model is
the thermal conductivity of each type of materials. In this case the thermal diffusivity and
conductivity for monolayered systems of 8YSZ and LaxZr.O7 type were used (presented in other
investigations). The last parameter used in this calculations is the intersplats heat transfer coefficient
(the methodology of IHTC value was showed in other publications on ICASS 2019 Conference).
The final result of this calculation is the characterization of thermal resistance of each TBC system
in the function of temperature as well as the determination of IHTC value for interfaces of
LaxZr,07/8YSZ type in temperature range 25-1100°C. Additional element presented in this
investigations is FEM analysis of composite systems and characterization of its thermal insulation
properties by simulation methods.

Analysed TBC systems were described form morphological point of view (porosity, phase
constituent, microstructural aspects etc.) by XRD, SEM and EDS analysis. The final investigations
was related with thermal insulation properties characterized by laser flash analysis in temperature
range from 25 to 1100°C with step of 100°C. Obtained data (thermal diffusivity) were the base of
thermal conductivity calculations.

This work was supported by Faculty of Materials Engineering and Metallurgy, Institute of
Materials Science of Silesian University of Technology, as a part of
Statutory Research BK-205/RM0/2019.
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Thermal analysis of the crystallization process allows accurate calculation of the latent
crystallization heat of various phases crystallizing during solidification. Based on the assumption
that the latent crystallization heat is proportional to the share of various phases in the alloy
microstructure, the thermo-derivative analysis also allows the calculation of the amount of the
crystallized phases. Calculation of the above-mentioned properties is based on the characteristic
points determined in a differential curve. Properly selected chemical composition of the alloy as
well as appropriate cooling rate and heat treatment conditions lead to improvement of functional
properties of manufactured elements. Therefore it is essential to know the changes of the cast
structure in the relation to the change of the chemical composition [1].

The purpose of the presented research work is to investigate the thermo-derivative
interdependences occurred in the copper alloys analyzed using Universal Metallurgical Simulator
and Analyzer (UMSA) [2]. Moreover the influence of the heat treatment conditions on the structure
of chromium copper alloy has been also the research subject.

The conductivity and microhardness of the tested alloys have been also measured in the
function of the chemical composition and the state (i.e. heat treatment).

Keywords: Cu-Cr, Microstructure, Thermal-derivative analysis, Crystallization kinetics

[1] J. Stobrawa, Z. Rdzawski, W. Gluchowski, W. Malec., Microstructure and properties of
CuNi2Sil alloy processed by continuous RCS method, Journal of Achievements in Materials and
Manufacturing Engineering, Volume 37, Issue 2 (2009) pp. 466-479.

[2] M. Krupinski, B. Krupinska, K. Labisz, Z. Rdzawski, W. Borek, Influence of cooling rate on
crystallisation kinetics on microstructure of cast zinc alloys, Journal of Thermal Analysis and
Calorimetry, Volume 118, Issue 2 (2014) pp. 1361-1367.
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The scientific aim of the paper is to determine the influence of Ag addition to Cu-Ni-Si
alloys on the crystallization kinetics and to outline thermal and plastic treatment parameters on the
structure and mechanical properties and electric conductivity of modified Cu-Ni-Si alloys. In the
work the influence of the mass concentration of Ag on the properties of the copper alloys has been
investigated. The applied thermo-derivative analysis has allowed for determination of both: range of
the temperature values of the beginning and the end of crystallization, its phases and eutectics and
effects of the modification on the solid fraction of the solidified alloy. In addition to the
crystallization kinetics, the microstructure morphology, mechanical properties under real operating
conditions as well as electric conductivity have been also investigated. Moreover, the conducted
research have included the impact of heat treatment and plastic deformation on the alloy structure
with consideration of the type, share and distribution of intermetallic phases as well as structural
stresses caused by coherent phases and the effect of occurring dislocations on the reinforcing phases
during aging.

Knowledge of phenomena occurring in the solidified Cu alloys is important for forming the
microstructure and as a result - the functional properties of alloys. It also affects the process
parameters of heat and plastic treatment such as temperature and time.
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In the paper the influence of the mass concentration of cobalt — introduced at the surface of
the copper in the time of the laser modification — on the structure and strengthening has been
presented. Both structure and strengthening have been analysed with application of the
measurement of hardness and abrasion resistance.

The applied thermo-derivative analysis has allowed for definition of the range not only of
the temperature of the crystallization beginning (Tr) but first of all the temperature of the
crystallization end (Tso) for the alloy of the Co mass concentration similar to the Co mass
concentration on the surface of the laser alloyed copper. It will enable the optimization of the heat
treatment temperature.

In addition to the research on crystallization kinetics, the microstructure morphology in the
modified zone, the diffusion zone and heat-affected zone have been investigated. One has also
analysed the influence of the initial state of copper (after annealing and plastic processing) on the
strengthening taking into account type, sharing and arrangement of the intercrystalline phases as
well as matrix deformation.

The research have involved thermal-derivative analysis, scanning electron microscopy with
analysis of chemical composition, X-ray phase analysis, abrasion resistance and microhardness
testing methods.

1. Keywords: Copper, Surface modification, Alloying, Cobalt

2. M. Krupinski, B. Krupinska, Z. Rdzawski, K. Labisz, T. Tanski, J. Therm. Anal. Cal., 120/3 (2015)

1573-1583.

3. S. Gambaro, F. Valenza, A. Passerone, G. Cacciamani, M.L. Muolo, J. Europ. Ceram. Soc. 36

(2016) 4185-4196.
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The primary purpose of the work was an attempt to answer the following questions: how
will the addition of rare earth metals affect the crystallisation kinetics of the tested alloys? What
will be the relationship between changes in the shape of the derivative curve and the microstructure
and the same - properties of Zn-Al-Cu alloys? To improve properties of the zinc alloy modification
of the structure consisting of the change of the morphology of alloy structural constituents has been
applied, primarily by reducing the interfacial eutectic a'+r, reduction in the size of fundamental
components as well as the modification based on the change of the grain morphology of the solid
solution with the aluminium phase [1, 2].

To describe the phenomena that occurs in the material during solidification as a result of the
application of modifiers, both thermal-derivative and structural analysis using scanning and
transmission electron microscopy method was used.

Keywords: crystallisation kinetics, Zn-Al-Cu alloy, microstructure modification

1. M. Krupinski, Crystallisation kinetics and structure of modified Zn-Al-Cu alloys, Journal of
Thermal Analysis and Calorimetry 134/1 (2018) 181-187

2. W.K. Krajewski, A.L. Greer, J. Buras, G. Piwowarski, P.K. Krajewski, New developments of high-
zinc Al-Zn-Cu-Mn cast alloys, MATERIALS TODAY-PROCEEDINGS 10 (2019) 306-311
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Polyurethanes (PUs) are nowadays one of the most investigated synthetic polymers for
biomedical applications. The synthesis of polyurethanes typically includes three compounds: long-
chain polyols, di- or triisocyanates and chain extenders. By changing chemical composition of the
polyurethane, the properties of the final product, such as mechanical properties, biocompability,
biodegrability etc. can be tailored to the specific purpose [1].

Phase change materials (PCMs) show a high enthalpy of fusion. During phase transitions
they can store/release a considerable amount of thermal energy. In order to obtain the best results,
the temperature range of phase transition of chosen PCM should be within the temperature range of
an application [2].

Among vast variety of PCMs, poly(ethylene glycol) (PEG) seems to be a promising
candidate. PEG is a semi-crystalline polymer with high degree of crystallinity, which causes large
heat of fusion. PEG can store energy during solid-liquid or after shape stabilization solid-solid
phase transition, whereby exhibiting small volume change. Melting temperature and heat of fusion
strongly depend on molecular weight of PEG. With an increase of molecular weight of PEG,
enhancements of previously mentioned properties are observed [2].

The incorporation of PCM into polyurethane matrix can be useful in the biomedical
application for injectable bone scaffolds. During polymerization of PU large amount of heat is
released, which can cause thermal necrosis of surrounding tissue. After an addition of PCM the
temperature peak of exothermal reaction could be decreased [2].

In this work, polyurethanes modified with magnetic (Fe3O4) particles and phase change
material (PEQG) prepared in the two-step bulk polymerization were investigated. As a chain extender
next to commonly used 1-4-butanediol, sodium alginate was applied in order to improve PUs
bioactivity. An influence of various concentrations and different types of PEG on thermal properties
of the final product was investigated. Samples were tested by mechanical (compression, DMA) and
thermal (DSC, FSC, TG) methods. The obatined materials may be considered as novel bone
scaffolds with improved thermal properties.

Acknowledgements
Authors are grateful to the Polish National Science Centre for financial support under the Contract
No. UMO-2016/22/E/ST8/00048.
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Among synthetic polymers, polyurethanes (PUs) are considered as the most biocompatible
ones. PUs are easy to modify, and such modifications influence their properties — they can be used
for various applications [1]. Polyurethanes can be obtained via one- or two-step polymerization
process. In a two-step polymerization firstly isocyanate-terminated prepolymer is formed. Then it
reacts with the chain extender to yield the final product [2].

Chain extenders are typically low-molecular-weight compounds. If compound is
bifunctional, then it is called chain extender, for the higher functionality, the compound is
considered as a cross-linker. An introduction of chain extender significantly changes properties of
polyurethanes, such as mechanical properties and stability. It is caused by the fact that chain
extender is a part of hard segment of the polyurethane. The most commonly used chain extender in
elastomeric systems is 1,4-butanediol (BDO), which contains two hydroxyl groups [2]. In order to
improve biocompability of the polyurethane scaffold, natural compounds can be used. Sodium
alginate (SA), polysaccharide derived from brown algae, is widely used for biomedical application,
due to its non-toxicity. Alginates contain hydroxyl groups that can be utilized as cross-linking sites
for a polyurethane prepolymers [1] and as a result polyurethanesaccharides can be obtained.

Hydroxyapatite (HAp) is a calcium phosphate mineral. HAp is a good alternative for
synthetic bone materials due to the fact that bone consists of around 65% HAp-like compounds. An
addition of HAp to the PU-based material can not only enhance osteogenesis, but also improve
mechanical properties such as Young modulus or tensile strength [3]. Another modification can be
an addition of magnetic particles, which can simplify MRI examination and allow magnetic
hyperthermia treatment.

In this work, polyurethanes modified with magnetic (Fe3Os4) and HAp particles, and
manufactured in the two-step bulk polyaddition process were presented. As a chain extender BDO
and SA were used. The influence of various HAp content was investigated. Samples were tested by
mechanical (compression, DMA) and thermal (DSC, FSC, TG) methods.
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The aim of the article is to present the results of in vitro tests of dielectric properties of a

lens sample taken from healthy rabbits and rabbits subjected to hyperglycaemia in vivo. Dielectric
experiments were carried out in a cylindrical chamber filled with air atmosphere [1].The values of
dielectric parameters for these two groups of lens samples were obtained using AC 1V voltage
(RMS) in the alpha electric dispersion region at temperatures from 22 to 200°C. The rabbits in this
study were injected with elevated blood glucose induced by alloxan in the range of 485-506 mg/dl.
Earlier, other authors [2] also used a rabbit model to study the thermal properties of various
glycated tissues in vitro at temperatures of 25 to 90°C.
In the full temperature range for each frequency, the relative permittivity and conductivity values
for a diabetic lens are higher than those recorded for a healthy lens. This suggests that diabetic
samples have a higher density of relaxing active sites and free protons under the influence of the
electric field as a result of crosslinking the protein molecules of the lens with dicarbonyl
intermediates of advanced glycation end-products (AGEs). The occurrence of a peak temperature of
about 80 °C for these two parameters is related to the decomposition of water absorbed by these
tissues from an environment with a relative humidity of 65-70%. The activation energy of the
conductivity up to 80°C is 30 kJ/mol and 40 kJ/mol, respectively, for a healthy and diabetic lens,
indicating that glycation leads to an increase in the energy needed to change orientation and break
the hydrogen bond in the lens-water system. As a consequence, the thermal stability of the diabetic
lens due to protein aggregation [3] can be affected by higher electrical power dissipated in the form
of heat compared to a healthy lens. The results of these measurements prove that dielectric
spectroscopy is biomedically useful as a physical method in assessing the differences of electrical
conductivity at low and high temperatures between a normal and pathological lens.

[1] E. Marzec, P. Sosnowski, J. Olszewski, H. Krauss, K. Bahloul, W. Samborski, A. Krawczyk-
Wasielewska, Bioelectrochemistry, 101 (2015) 132

[2] H. Trebacz, A. Szczgsna, M. Arczewska, J. Therm. Anal. Calorim., 134 (2018) 1903

[3] D. K. Karumanchi, N. Karunaratne, L. Lurio, J. P. Dillon, E. R. Gaillard, Amino Acids, 47
(2015) 2601
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The main objective of this study was to compare the behavior of dielectric relaxation in two
types of rabbit tissues, such as tendon and cornea. In our in vitro studies we used the ambient
temperature of these biological materials in values above and below the physiological range due to
the medical application of these temperature ranges in the therapy and diagnosis of human tissue
dysfunctions.

Dielectric measurements of rabbit dry tissues were carried out using the LCR bridge made
by HIOKI in the frequency range of 500 Hz-100 kHz and temperatures in the range from 22°C to
200°C. The dry state concerned tissues lacking water absorbed from the environment, called loosely
bound water, in by heating these tissues at 150°C for about 1 hour and immediately cooling them to
room temperature [1].

The temperature dependences of loss tangent for both the tendon and the cornea represent
the relationship between the loss and storage of electricity in the biological system. The differences
between thermal behavior of this dielectric parameter for these materials relate to the beta-
relaxation process associated with the rotation of the polar side chains of collagen molecules, which
is a typical protein in these animal and human tissues [2]. In the case of the cornea, there is a
reduction in the amplitude of this relaxation and a shift of about 15°C to higher temperatures
compared to the temperature of the tendon. The values of relative permittivity and conductivity at
the same temperature for constant frequency are higher in the tendon than in the cornea. Power-low
[3] responses are observed in the area of alpha conduction dispersion of both tissues, indicating
proton conduction processes. The results of this study suggest that the density of relaxing polar sites
and protons is smaller for the cornea than for the tendon over the entire frequency range of the
electric field.

[1]J. Olszewski, E. Marzec, M. Kulza, W. Samborski, Colloids Surf. B: Biointerfaces, 90 (2012) 109

[2] M. Meyer, BioMed. Eng. Online, 18 (2019) 24
[3] L.A. Dissado, R.M. Hill, Nature, 279 (1979) 685
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Powder injection moulding (PIM) is a relatively modern and mass production method of near-
net-shape elements with complex geometry and small dimensions. High efficiency of this method
influenced its dynamic development and wide field of industrial applications in recent years [1].
The ceramic or metallic powder and polymer binder are homogenised firstly, and then the slurry is
formed by the injection moulding process. The green parts next are subjected to partial or complete
debinding to remove the polymer. This step requires the use of very slow heating and long-
annealing in thermal debinding temperature. To avoid many technological disadvantages
(distortions or cracks), binders consisting of two or more polymers with different degradation
temperatures are increasingly used. Moreover, the different types of polymer give the possibility to
use other methods of debinding, e.g. solvent debinding.

The use of maraging steel powder for injection moulding is interesting because of the unique
combination of high strength, and high toughness of maraging steel has made them irreplaceable in
many industrial applications. These steels are a particular class of low-carbon alloys that derive
their strength from precipitation of intermetallic compounds [2]. That is why it is so important to
minimise the residual carbon remaining after degradation of the binder. The main goal of the
research is to choose the components of the polymer-powder slurry that will enable its formation,
quick and easy degradation of the binder, which does not leave residual carbon. For that reason, the
multicomponent binder system based on thermoplastic polymers (PP, HDPE and EVA), paraffin
wax (PW) and stearic acid (SA) was used. The initial selection of the components of the binder was
based on measuring the torque of the blades of the mixer Rheomex CTW100p of Haake company
which was read both the pure polymers and their blends, and the ready-made polymer-powder
slurry (feedstocks) produced at a temperature of 170 °C at a rate of rotary blades 40 r.p.m. Binder
polymers and their blends were tested by differential scanning calorimetry under nitrogen. To select
the thermal degradation conditions, thermogravimetric tests were performed on the Perkin Elmer
Pyris 1 thermogravimetric analyser at a temperature range of 50—-600 °C under nitrogen.
Rheological experiments were carried out in a capillary rheometer Haake Rheocap S20.

[1] L.A. Dobrzanski, G. Matula, “Powder Metallurgy - Fundamentals and Case Studies”, In-tech,

(2017) 223-243
[2] H. Miura, S. Noda, S. Ando, T. Honda, J. Jpn. Soc. Powder. Powder. Metall., 42/3 (1995) 353-356
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The motivation of the presented study was characterization of high temperature
decomposition process in composite coatings of RE2Zr,O7+8YSZ type (where RE = Sm, Nd, Gd
and La) identified during investigation under hot corrosion conditions of selected thermal barrier
coatings (TBC) systems in environment of liquid salt deposits of Na>SO4. The analysis revealed
presence of decomposition of pyrochlore phase to the form of fluorite type of lattice on the surface
of ceramic sublayer. No other structural effect where observed. Basing on this observation, the
modeled systems of SmzZr,07 with ZrO», CeO2 and HfO; oxides were designed and analyzed. The
selection of oxides was related with its application as materials used in TBC systems.

The three types of mixture with equimolar fraction of basic phase were made via mixing and
milling of powders in alcohol. The powders were then dried and pressed to the pellet form.
Additionally, the same equimolar composition of Sm2Zr,07+ZrO; (CeO,, HfO2) powders were
mixed with 10 % wt. of Na,SO4 salt. Fabricated mixed samples were analyzed by differential
thermal analysis (DTA) method for identification of thermal effects related with observed structural
phenomena. The DTA analysis was carried out in the temperature range 40—1200°C. Moreover, the
phase constituent changes of prepared samples after long term exposure at temperature range from
900 to 1200°C with thermal step 50°C were investigated by X-ray diffraction method. The
microstructural investigations were made by scanning electron microscopy (SEM). The plan-view
observation was performed as well as the investigation of the prepared cross sections. For chemical
composition analysis across the surface and cross sections, energy-dispersive X-ray spectroscopy
(EDS) measurements were carried out.

Obtained data for model samples, corresponding to real TBC systems confirmed information
about accelerated decomposition in Sm2Zr07+8YSZ composite systems as an effect of liquid
sodium sulphate assisted reaction between Sm>O3 and ZrO, oxides as well as between NaO and
gaseous SOs. The observed reactions are in accordance with so called fluxing mechanism typical
for hot corrosion process.

This work was supported by Polish Ministry for Science and Higher Education under internal grant
BK-221/RM0/2018 for Silesian University of Technology, Poland

[1TR. A. Rapp, A fluxing mechanism?, Corros. Sci., 44 (2002) 209-221.
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Thermal diffusivity measurement by laser flash method is recently very popular technic for
insulation properties determination especially in the case of thermal barrier coatings (TBC). This
method based on the temperature measurement of rare surface of sample inducted by laser impulse
in wide range of temperature. As an answer the signal corresponding to the temperature changes is
measured. This signal (or rather it half time) is the base of thermal diffusivity determination. The
laser flash analysis gives wide range possibilities of different materials measurements from metallic
good thermal conductors to ceramic material with very good insulation properties. The most
interesting features of this method is possibility of thermal diffusivity determination for multi-
layered materials by application of two or three layered models available as a software supplement
of laser flash apparatus.

In presented publications the process of thermal diffusivity measurement in TBC three-
layered system will be presented on an example of 8YSZ based coatings with thickness ca. 300 pm,
and bond-coat of NiCrAlY type with thickness of ca. 125 um. All types of coatings were sprayed by
atmospheric plasma spraying process on In626 Ni based superalloy. The procedure of thermal
diffusivity determination includes the samples preparation in the form of square samples with size
10x10x2 mm. In first step the thermal diffusivity measurement was made on the TBC
(8YSZ/NiCrAlY/In625) sample treated as 1-layered materials. The Cowan model was used for final
calculations. In second step the substrate alloy with NiCrAlY bond-coat was used for calculations,
and finally the pure In625 was analysed.

Basing on the results of measurements the PROTESU™ software was used the thermal
diffusivity calculations of each sublayer separately. In firs step the results for In625 and 2-layered
system of NiCrAlY/In625 was used for thermal diffusivity calculations of NiCrAlY bond-coat. This
calculations were made with 2-layer model available in PROTESU™ software. Obtained results
was compared to data obtained for bulk materials with the same chemical composition. Another
calculations were made for 3-layered system of 8YSZ/NiCrAlY/In625 system with known data for
NiCrAlY bond-coat. In this case the thermal diffusivity was calculated for outer ceramic top-coat.
Finally the NiCrAl/In625 system was treated as a first layer and outer 8YSZ layer as a second layer
with thermal diffusivity calculation based on 2-layered model. Obtained data for top-coat of 8YSZ
type were compared to data for 8YSZ bulk ceramic with similar porosity and to data obtained for
measurement for so called free standing 8YSZ coating, obtained by mechanical removing of
insulation layer from TBC system.

This work was supported by the National Science Centre, Poland under grant number
2016/21/D/ST8/01687.
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Thermal barrier coatings (TBC) are the strongly complicated materials systems built from
three different layers and materials. The outer sublayer is responsible for thermal insulation effect
which is related with the type of ceramic materials used to deposition of TBC. The interlayer (so
called bond-coat) is oxidation/corrosion resistant coating with the basic mission such as protection
of substrate alloys to oxidation and/or corrosion processes and additionally elimination the effect of
differences between thermal expansion coefficients between ceramic layer and metallic substrate.
The last element of this system is substrate alloy responsible for mechanical answers on external
loading.

The most important microstructural processes in TBC systems are located in the interfaces
area between ceramic top coat and bond-coat (built usually from Ni-based heat resistant alloys).
During the operating conditions in this interfaces the thermally grown oxides (TGO) zone is formed
and this effect decides on the overall durability of whole system. The basic parameters of TGO
zone, influenced on microstructural phenomena related with TBC durability, are the thickness of the
oxide scale and it phase constituent. The most beneficial effect is obtained when the thickness is
low and basic scale oxide is AlOs3. When the more complex oxides are formed, with
simultaneously TGO growth, the durability of TBC systems rapidly decreased. Usually in standard
TBC systems the 8YSZ is used to deposition of ceramic top-coats. This material is based on ZrO»
and is chemically stable with Al>O3 in all temperature range. The problem is significant when the
new materials dedicated to ceramic top-coats are used in TBC systems such as zirconates of rare
earth elements. In this case the tertiary system is presences such as Gd203-ZrO;-Al,O;3 or similar. In
this case the most reactive phase is RE2O; type of oxide which has strong tendency to reaction with
ADOs3 and formation of complex oxides such as GdA1O3 with perovskite type of lattice.

In presented investigations the microstructural phenomena’s in TGO zone of different types
of TBC systems such as Gd2Zr207, Nd2Zr207, SmyZrO7 and LaZr,O7 were investigated with
special attention on the formation of perovskite type of oxides such as REAIO3. Additionally the
model tests on equimolar mixture of powders of RE203-ZrO;-Al,03 and RE>O3- Al,O3 type were
made with special attention to thermal analysis method such as DTA and DSC. In this
investigations the high tendency to complex transition oxides was confirmed.

This work was supported by the National Science Centre, Poland under grant number
2016/21/D/ST8/01687.
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Medium-Mn steels are extensively investigated due to their beneficial combination of
strength and plasticity, which are required by the automotive industry. The trend is to use lean
chemistry strategies due to low cost pressure and technological limitations, related to weldability,
galvanizing behaviour, forming, etc. [1]. Manganese is a major alloying element, which enables
obtaining retained austenite in a final microstructure. This structural constituent is crucial for
mechanical behaviour of such multiphase steel sheets, when is distributed as blocky grains or layers
within ferritic, bainitic or martensitic matrices [2]. The stabilization of retained austenite requires a
multi-step heat treatment from the austenitizing temperature. Thus, proper heat treatment profiles
during cooling need to be designed using thermal analysis methods and thermodynamic
calculations. One of the ways for this is the use of dilatometric analysis to determine critical
transformation temperatures [3].

The work addresses the austenite decomposition and subsequent phase transformations
during cooling the 3Mn-1.5Al steel. The phase transformation kinetics is stimulated by different
conditions of recrystallized and non-recrystallized austenites. The pseudo-binary Fe-C diagram was
calculated using thermodynamic calculations. Ferritic, bainitic and martensitic phase
transformations are investigated in detail in respect of their temperature range forming and
microstructures produced under various conditions of continuous and isothermal cooling. The tests
included the determination of the continuous-cooling-transformation (CCT) diagram and the DCCT
diagram of the steel deformed prior to cooling. The dilatometric analyses were conducted with the
use of DIL8O0S dilatometer. Deformation of samples at 900 and 1050°C was to determine the effect
of austenite state on temperatures of phase transitions.

[1]S.J. Lee, S. Lee, B.C. De Cooman, Scripta Mater., 64, (2011), 649-656
[2] F.G. Caballero, C. Garcia-Mateo, C. Garcia de Andres, Mater Trans., 46, (2005), 581-588
[3] A. Gazda, J. Therm. Anal. Calorim., 102, (2010), 923-930
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The problem of thermal insulation properties of thermal barrier coatings (TBC) systems is
related with many technological and materials aspects such as physical properties of base ceramic
materials (Um-klapp processes), the presences of cracks and pores and internal architecture of the
ceramic sublayer (multi-layered structure, segmentation etc.). One of the most important factor is
internal morphology of ceramic sublayer related with multiphase structure as a consequence of
application of composite feedstock powders or deposition of coating with two or more different
(from chemical point of view) powders. As a result the composite type of TBC systems are obtained
with complex chemical and phase formula. The properties of those coatings are more beneficial in
comparison to standard monolayered coatings as well as layered TBC systems such as DCL TBC
(double ceramic layered TBC) both from mechanical point of view (better fracture toughness) as
well as theirs thermal insulation behaviour, expressed by thermal conductivity/thermal diffusivity
coefficient. Much lower value of thermal diffusivity and thermal conductivity of composite
multiphase TBC systems are related with presents of interphases splats boundaries of two different
ceramic materials and the key factor deciding about beneficial thermal effects is interphase
(intersplat) heat transfer coefficient. The value of this parameter is not described in scientific
literature, and this investigations showed the simple method to it determining. The base data used to
calculations are: thermal diffusivity (by laser flash method) of monolayered TBC systems with re-
calculation of thermal conductivity value for ceramic layer in function of temperature, voids
architecture characterization by images analysis method as well as the thickness of the ceramic
layer and mathematical models for effective thermal conductivity calculations dedicated for
composite materials. Presented article showed the simple method of interphase (intersplat) heat
transfer coefficient calculation in composite TBC systems of Sm»Zr,O7+8YSZ type. As an
referential materials used to calculation the monolayered Sm»Zr,O7 and 8YSZ TBC coatings were
used. The three different types of composite systems were investigated. The ratio of feedstock
powders used in atmospheric plasma spraying process was 25/75, 50/50 and 75/25 in weight %. The
mathematical models of Maxwell, Maxwell-Eucken, Rayleigh and Hasselman-Johnson were
examined for spherical and spherical with horizontal voids. The calculation revealed that value of
interphase (intersplat) heat transfer coefficient was on the level 10° [W/m?K], and was thermally
stable at temperature range 25-600°C.

This work was supported by Faculty of Materials Engineering and Metallurgy, Institute of
Materials Science of Silesian University of Technology, as a part of
Statutory Research BK-205/RM0/2019.
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The aim of the presented study is characterization of high-temperature oxidation behavior of
new tungsten-free Co-based superalloys by thermogravimetry (TG) analysis. The following alloys
have been taken into account: Co-10Al-5Mo-2Nb (at.%) alloy as a referential material, Co-20Ni-
10A1-5Mo-2Nb (at.%) alloy as and Ni-modified version and 2 new alloys with composition not
presented in literature modified by Ti and Cr Co-20Ni-10AI-5Mo-2Nb (at.%) and Co-20Ni-10Cr-
10A1-5Mo-2Nb (at.%) respectively.

Recent investigations showed that there is possibility of y/y’ structure creation in Co-based
superalloys of Co-Al-X type, where X=W, Mo, Nb and Ta. The main strengthening element in
those alloys is ordered L1, phase with overall formula Co3(ALX). The y’ precipitates and the low-
energy v/y' interface provide high-temperature strength and stability to these alloys similar to the Ni
based superalloys. Intensive investigations in area of alloying strategy (in order to increasing 7’
solvus temperature as well as increasing of strength and yield stress) get the beneficial effect, and at
this moment of new Co-based superalloys development, the creep properties and flow stress of
tertiary, quaternary and quinary Co-based superalloys of new type are comparable to Ni-based
superalloys of first and second generation at temperature approaching 900°C. But there are still
challenges that require further research such as: decreasing the density of alloys and improvement
of theirs oxidation resistance.

The thermogravimetric analysis was carried out in the temperature range 40—1200°C of heating
rate 5°Cmin’'. The investigation was performed using the thermal analyzer NETZSCH STA 449 F3
Jupiter. TG-DTG plots showed oxidation behavior up to 1200 °C and indicated the temperatures of
further isothermal oxidation examinations. The oxidation behavior of basic Co-10Al-5Mo-2Nb (at.%)
alloy was compared to Ni-modified Co-20Ni-10Al-5Mo-2Nb alloy and new Cr and Ti added alloys of
new-types. The obtained data showed different oxidation behavior dependably on the type of alloying
elements. Moreover, the effect of Ni, Cr and Ti addition on oxidation performance was determined. The
scales grown on Co-base superalloys after thermogravimetry were evaluated by means of scanning
electron microscopy and energy dispersive spectroscopy.

This work was supported by Faculty of Materials Engineering and Metallurgy, Institute of

Materials Science of Silesian University of Technology, as a part of
Statutory Research BK-205/RM0/2019.
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Dynamic Mechanical Analysis (DMA) is a powerful tool which is usually utilized to reveal
the viscoelastic and rheometeric properties of polymers. In the present study this method has been
used to characterize the mentioned properties for aliphatic polyesters with polyphenolic stabilizers.
The selected polymers and their blends with substances of plant origin have been tested in terms of
viscoelastic behaviour in a function of temperature. Moreover, results obtained from this method
have been correlated with other data received, for instance, from infrared spectroscopy (FT-IR
ATR) and colour measurement.

The selected polymers belong to the group of aliphatic polyesters. These polymers,
including polylactide (PLA), polyhydroxybutyrate (PHB) and their blends, are biodegradable
thermoplastics which can be simultaneously obtained from renewable resources. Thus, these
polymers are considered to be environmentally friendly thermoplastics, dedicated especially for
packaging sector [1]. Utilizing stabilizers of plant origin instead of conventional ones contributes to
obtaining completely pro-ecological materials.
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Polyurethanes (PUs) since the late 1990's were applied in particular as scaffolds, injectable
void fillers, cement and drug delivery systems. PUs attract attention thanks to physical or chemical
modification possibilities. Properly designed PUs have excellent physiochemical and mechanical
flexibility as well as they are biocompatible, non-toxic and promote calcification in vivo. PUs are
synthesized by polyaddition of three main components: polyol, polyisocyanate and chain extender.
The conventional chain extenders used in PUs synthesis are m-phenylenediamine, 1,2-
ethanediamine and 1,4-butanediol. In medical application other compounds are used, e.g
polysaccharides [1]. Polysaccharides are ubiquitous and can be classified as either
heteropolysaccharides or homopolysaccharides. Polysaccharides can be found in plants (e.g.
cellulose, starch, guar gum), algae (e.g. alginate), animals (chitosan) and microbes (e.g. dextran).
Alginates, due to their features including non-toxicity, biodegradability, biocompatibility and
relatively low cost, are used in the fabrication of sustainable biomaterials [2, 3]. Therefore PU—
sodium alginate compositions are potential materials for tissue engineering.

In our studies, PU/sodium alginate with nano-hydroxyapatite (HAp) and magnetic
nanoparticles were obtained in a two-step polymerization. FTIR, DSC, TOPEM DSC, TG and
microscopic methods were used for characterization of the obtained PUs composites. The
assessment of the bioactivity and biodegradation in vitro was also performed. FTIR results
confirmed the structure of synthesized polyurethanes and prove that the -NHCOO- bond has been
formed. The TG/DTG analysis results showed that the obtained polyurethane composites exhibited
thermal stability up to 234°C. Magnetic nanoparticles enhanced stability and biological durability of
the PUs composites.
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Polyurethanes (PUs) are traditionally used as elastomers, films, foams, adhesives, varnishes and
coatings, and in recent years they have also been used as orthopedic scaffolds or vascular prosthetics.
This is due to their good surface and mechanical properties, good hemocompatibility, hydrolytic
resistance to bacterial enzymes and low cytotoxicity. The type of isocyanate raw material from which
PUs composites are produced is relevant to tissue biocompatibility. Therefore, PUs obtained from
diisocyanates such as TMDI, HDI or HMDI are more favourable in biomedical applications [1]. In the
last decade, the preparation of novel biomaterials by using renewable resources has found an increasing
interest. In view of their features, such as non-toxicity, biodegradability, biocompatibility, easy
availability, high reactivity and low cost, several natural polymers such as proteoglycans and proteins
(fibrin, collagen, keratin, gelatin), polysaccharides (chitin, chitosan, starch, alginates, cellulose) are
broadly used, especially in biomedical field. It had already been proved that addition of starch in PUs
reinforced the polymer's mechanical properties [2, 3].

In this work PU/starch composites with a phase change material (PCM) and hydroxyapatite
(HAp) were obtained in a two-step polymerization process, where starch was applied as PU cross-
linker and poly(ethylene glycol) (PEG) as a PCM. FTIR-ATR, TG, DTG, SEM, DSC techniques
were used for characterization of the obtained PU/starch composites. FTIR results confirmed the
structure of the obtained PU/starch composites. FTIR results confirmed the structure of obtained
PU/starch composites. The TG/DTG analysis results showed that the modified composites exhibited
higher thermal stability than the unmodified materials. PCM and HAp enhanced stability and
biological resistance of the PUs.
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Fossil resins are living products of various types of trees that have been embedded into
sediments. Depending on the botanical origin, geographical location and geological conditions,
different resins can be distinguished and classified into five main groups according to Anderson et
al. [1]. The deciduous trees similar to Acacia (Hymenaea genus) have been suggested as the
botanical source of Dominican ambers, whereas the main constituents of the resins labdatriene
diterpenoids have been identified.

Mineable quantity of amber in the Dominican Republic occurs in two geographical
localities: in the northern part of Cordillera Septentrional (north from Santiago de los Caballeros)
and in Cordillera Oriental (eastern from Santo Domingo, El Valle) [2]. Despite the scientific
popularity of Dominican amber [3-5], there is still confusion regarding its age. The modern
analytical techniques and preserved insects found inside the material indicate that it is considerably
younger than 40 Ma, which is the most frequently reported age by geologists.

In our studies, Miocen Dominican amber samples from aforementioned deposits were
analysed by microhardness (Vickers method), Fourier-transform spectroscopy (FTIR),
Thermogravimetry (TG) and Differential Scanning Calorimetry (DSC) analysis. Besides, the gases
evolved in elevated temperatures and inert gas atmosphere, were characterized by FTIR coupling
device (TG-FTIR). TG results showed that Dominican ambers present relatively high thermal
stability under oxidative conditions till about 200°C. After heating to 270°C, the mass of the
Dominican — El Valle sample decreased by only 5 wt%, due to decomposition or volatilization of
less stabile components of the resin structure, probably non-polymerized compounds [6]. The
profile of first DSC heating scan shows variation of heat capacity related to the physico-chemical
changes in the reactive resin material, such as exothermic post-curing reactions, evolution of
volatiles, relaxation and partial melting.

[1] K.B. Anderson, J.C. Crelling, Eds., “Amber, Resinite, and Fossil Resins”, ACS Symposium
Series; ACS (1996)

[2] M. A Tturralde-Vinent, R.D.E. MacPhee, Science, 273 (5283), 1850-1852 (1996)

[3] E. Ragazzi, G. Roghi, A. Giaretta, P. Gianolla, Thermochim. Acta, 404 (2003) 43.

[4] G.O. Jr. Poinar, Annales de la Société entomologique de France, 46(1-2), (2010) 23.

[5] N. Vavra, Ann Naturhist Mus Wien., 111 (2009)

[6] J. Pagacz, P. Stach, L. Natkaniec-Nowak, et al., J. Therm. Anal. Calorim., (2019),
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A commercial lithium ion battery (LiB) consists of a cathode, an anode, a separator (fine
porous polymer film), and electrolyte (lithium salt solution in an organic solvent). The cathode
assembly mainly consists of Al foils, active cathode materials, black carbon, and a binder PVDF
(Polyvinylidene Fluoride), while the anode mainly consists of Cu foils, graphite and a binder
PVDF. Presently, the cheap and safe layered cathode materials LiIMO> (M = Ni, Co and Mn) are
one of the most widely used active cathode materials on the market.

Currently, both pyrometallurgical and hydrometallurgical processes have been used in the
recycling of spent LiB. As applied to the spent LiB battery materials, the process must facilitate the
complete separation of the powdered active materials from the current collector (metal foils) and the
binder PVDF as well as promote efficient recovery of the valuable metals or their compounds from
the active materials by leaching.

In many of the proposed hydrometallurgical recycling processes, the active cathode
materials are separated from the cathode current collectors by dissolving the Al foils with NaOH,
and the binder PVDF, is removed with organic solvent N-methylpyrrolidone (NMP). The
dissolution of the binder PVDF from the cathode materials with NMP is difficult and expensive.
Recycling efficiency can be increased by applying appropriate thermal treatment before leaching.

In this paper, the effects of thermal treatment (thermolysis: argon flow 100 ml/min, 400 0C,
5 h) on the separation of the active materials from the current collectors and decomposition of
PVDF are presented. The behavior of the cathode and anode materials during thermal treatment
was investigated by FTIR, TGA-MS and HT-XRD. The morphology and chemical compositions
of the cathode and anode materials before and after the thermal treatment were analysed with a
scanning electron (SEM) and powder X-ray diffraction (XRD), respectively.

It was found that the thermal processing of electrodes does not create new waste, but
improves the separation of the active material from the metal foil. Thermolysis causes a significant
increase in Li and Co leachability.

Keywords: lithium-ion battery, recycling, thermal treatment, thermolysis
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Rare earth magnets based upon neodymium-iron-boron (NdFeB) are employed in many
clean energy and high tech applications, including hard disk drives (HDDs), motors in hybrid and
electric vehicles and electric generators in wind turbines.

The key elements in manufacturing NdFeB magnets are rare earth elements (REEs) such as
neodymium and dysprosium. These elements have been subject to significant supply shortfalls in
the recent past. Recycling of NdFeB magnets contained within waste of electrical and electronic
equipment (WEEE) could provide a secure and alternative supply of these materials. Despite the
obvious need for a viable recycling route for rare earths, at present less than 1% of rare earths are
currently recycled [1].

Various recycling approaches for the recovery of sintered NdFeB magnets have been
explored by industry and academia. These include direct reuse, waste-to-REE, waste-to-alloy, and
magnet-to-magnet approaches. Except direct reuse, these processes may use hydrometallurgical
or/and pyrometallurgical methods. The advantages and disadvantages of these methods are
discussed elsewhere [1,2].

It has been reported [3,4] that hydrogen can be used as an effective method of recycling
NdFeB by utilising the hydrogen decrepitation (HD) process to turn solid sintered magnets into a
demagnetised powder for further processing.

In this work, sintered Nd-Fe-B magnets, dismantled from HDDs, were processed without prior
removal of the Ni protective layer using the thermal HD process as an alternative recycling method.

The gas sorption analyser have been used to determine the quantity of the hydrogen
absorbed by a samples of magnets, under controlled pressure (1, 2, 3 and 4 bar) and temperature
(room, 100, 300 and 400 °C) conditions, using Sieverts’ volumetric method. The composition and
morphology of the starting and the extracted/disintegrated materials was obtained by ICP, XRD and
SEM-EDS analysis.

[1] K. Binnemans, P. T.Jones, B. Blanpain,; T. V. Gerven, Y. Yang, A.Walton,; M. Buchert,
Journal of Cleaner Production, 51 (2013) 1

[2] A. Walton, Y. Han, N.A Rowson, J.D. Speight, V.S.J. Mann, R.S. Sheridan, A. Bradshaw, I.R.
Harris, A.J Williams, Journal of Cleaner Production, 104 (2015) 236

[3] M. Zakotnik, L.R. Harris, A.J. Williams, Journal of Alloys and Compounds 469 (2009) 314
[4]S.Rivoirard, J.G. Noudem, P. de Rango, D. Fruchart, S. Liesert,; J.L. Sobeyroux, Proc. of the
16th Intern. Workshop on Rare Earth Magnets and Their Applications 2000, Japan, 355
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Cancer is one of the main causes of death rate in the world. The problem with traditional
chemotherapy is that by acting on cancer cells it also destroys the normal ones. Therefore, new
effective anticancer compounds are sought, the use of which does not cause side effects. Many
studies indicate that such compounds include synthetic, anti-cancer lipids [1,2]. New structured
lipids which are chemical compounds with physicochemical and biological properties modified in
relation to natural phospholipids are constantly being tested. Due to the affinity to the membrane,
they are able to build into it. As a result, biophysical properties are changed which probably results
in modulation of the life processes of the cell.

i i |
o
P. N o] o
/\/\/\/\/\/\/\)‘\G/\{(\O/‘\O/‘v ~ Ii
S H °©
o
)\Q\ ~0 )\/\/\/\/\/\/\/\
o o

1-PA-2-AN-PC 1-AN-2-PA-PC

The aim of this project is to study the effect of newly synthesized two phosphatidylcholines

containing anisic acid at sn-1 and sn-2 position (1-AN-2-PA-PC and 1-PA-2-AN-PC) on
thermodynamic parameters of liposomes formed from major membrane lipids (DPPC) using DSC
and FT-IR spectroscopy methods. Synthesis and properties of these structured lipids were reported
in previous paper [2]. It has been proved that the compounds show promising anti-proliferative
properties against the tested tumor cell lines [2].
In addition to 1-AN-2-PA-PC and 1-PA-2-AN-PC, we tested the effect of anisic acid (AN) on phase
transition of model membranes. It turned out that the compounds slightly change the temperature,
half width and enthalpy of the DPPC main phase transition which may indicate on different location
in the lipid bilayer.

[1] Wnetrzak A., Latka K., Dynarowicz-Latka P., Marzec M. (2012) Acta Phys. Pol. A, 121: 468-473
[2] Czarnecka M., Switalska M., Wietrzyk J., Maciejewska G., Gliszczynska A. (2018) Molecules
23(8),2022
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Life Sciences is gratefully acknowledged. This work was sponsored by the statutory activities of the
Department of Physics and Biophysics of Wroctaw University of Environmental and Life Sciences.
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In previous paper we reported that palladium(Il) complexes with tris(2-
carboxyethyl)phosphine (trans-[PdCl(TCEP):] and trans-[Pdx(u-Cl).Clo(TCEP);) are promising
agents against tumor cells. Cytostatic activity of these complexes was investigated against SK-mel
(human, Caucasian, skin, melanoma), SH-4 (melanotic melanoma), Colo-829 (human, umbilical
metastatis, melanoma) and C-32 (amelanotic melanoma) cell lines [1]. Melanoma is not the most
common skin cancer, however, it is much more dangerous if it is not found in the early stages. It
causes majority of deaths related to skin cancer. Especially due to the fact that metastatic melanoma
is a disease difficult to treat. The 10-year survival rate for patients with this disease is below 10%.
The therapies against melanomas have been recently improved, however, the survival rate is still
low. Therefore, it is worthwhile to search for new agents against these tumors [1]. Our research of
platinum(Il) complex with tris(2-carboxyethyl)phosphine suggests that this compound does not
cause membrane destruction and is not toxic to normal cells in a wide range of concentrations [2,3].
From the chemical point of view palladium(Il) and platinum(Il) componds show significant
similarities. In order to approximate the molecular mechanism of palladium interaction with the
cellular membranes, we carried out research on model systems for these complexes. What is more,
in the study we investigated not only palladium complexes, but also the impact between TCEP
(tris(2-carboxyethyl)phosphine) and biomolecules (phospholipid, human serum albumin).

All experimental results indicate that the biggest changes are in the hydrophilic part of the
lipid bilayer. Microcalorimetric (DSC, ITC) experiments demonstrated that tested compounds
slightly increase the phospholipids main phase transition temperature and decrease its cooperativity.
Furthermore, trans-[PdCl(TCEP).] and trans-[Pdx(u-Cl1)>Clo(TCEP) interact with albumin.

1. Pruchnik H., Lis, T., Latocha M., Zielinska A., Pruchnik F.P. (2016) Journal of Inorganic Biochemistry
156, 124-129

2. Pruchnik H., Kral T., Hof M., Kral T. (2017) Journal of Membrane Biology 250(5), 461-470

3. Henklewska M., Pawlak A., Pruchnik H., Obminska-Mrukowicz B. (2017) Anticancer Research 37(2),
539-546
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Recently, ceramizable composites were regarded as some novel fire-protection materials with wide
application in electric wires and cables. Ceramizable composites ideally have the dual performance of
composites at room temperature and ceramics at elevated temperature. They can resist high temperature of
more than 1000 °C due to the formation of ceramic layers to protect the inner copper of the wires.

Silicone rubber, due to its extraordinary thermal and fire resistance properties, has been used as a
continuous phase for ceramifiable composites. However, the principal reason for using silicone
rubber as a matrix for ceramifiable composites is its ability to create inorganic silica during
combustion in the presence of oxygen.

The ceramization effects of the silicone rubber composites could be obtained by sintering of filler
particles such as e.g. silica, mica, alumina, wollastonite and montmorillonite or calcium carbonate.
The formation of ceramic structure can be also result of chemical reactions between mineral filer
particles. The main example of this mechanism is formation of calcium silicates from calcium-
based fillers and the silica formed after silicone matrix burning. Formation of physical connections
between particles of thermally stable fillers, as a result of addition low-softening/melting point
fillers, such as glassy frits with softening point temperature of 374-525 °C or boron oxide or zinc
borate with a melting point temperature of 450-550 °C have also a great influence on structure and
mechanical properties of obtained ceramic structure.

The basic problem which limits the industrial application of ceramizable composites is not only
their reduced resistance to fire and elevated temperatures, but also toxicity their thermal
decomposition products and the insufficient mechanical durability of the former ceramic structure.
The presented results illustrates the impact of basalt filler, both in the form of basalt flakes and
basalt fibers, on the thermal and mechanical properties as well as fire hazard, included toxicity of
thermal decomposition product, of silicone rubber ceramizable composites. The investigated
composites, apart from the basalt filler, contained in their composition mineral fillers in the form of
silica and calcium carbonate, inorganic fluxes such as zinc borate and glass frit as well as cyanurate
as a flame retardant.
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Black glasses, also called silicon oxycarbides, are amorphous materials where a part of
oxygen ions have been replaced by carbon ions [1]. This substitution leads to improvement of
mechanical, chemical and thermal properties and therefor attract attention of various scientific
branches [1-3]. Usage of ladder-like silsesquioxanes, as preceramic materials, provides ease of
synthesis and a possible to adjust the chemical and physical parameters of final glasses and adapt
them to a specific application, e.g. protective coatings on metal substrates [3].

Black glasses were obtained by the means of pyrolysis of ladder-like silsesquioxanes, with
different Si:O:C ratios, in Ar atmosphere at 800°C in a tubular furnace. In order to determine the
oxidation stability of as obtained silicon oxycarbide materials TG/DSC studies were conducted. On
the basis of thermal studies black glasses were heat-treated in air atmosphere up to 1500°C.
Combined structural studies — XRD, FT-IR and Raman measurements gave insight about changes
occurring during oxidation process. SEM with EDX investigation revealed changes to the
microstructure and chemical composition of studied materials.
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Fluoroindate glasses are materials present both broad transparency from the UV to the IR
region and relatively high solubility of rare earth which can be incorporated into [1]. Additionally,
low multiphonon relaxation rates makes that rare-earth doped fluoroindate glasses present high
emission efficiencies. The phonon energy of fluoroindates is close to 510 cm™ which is lower than
the value of 580 cm™! obtained for fluorozirconate glasses (ZBLAN). It should be also noted that
they are characterized by better thermal and mechanical stability and resistance to chemical
corrosion [2]. Compared to fluorozirconate glasses, these compositions present higher transparency
in the mid-infrared range up to 8 [Im and are also more stable against atmospheric moisture [3].

In the paper the investigation of crystallization kinetics of InF3—ZnF,—BaF,—SrF>—GaFs—
LaF; fluoroindate glasses co-doped with rare-earth ions using differential scanning calorimetry
(DSC) was presented. Influence of the RE content and ratio on the thermal properties will be
shown. Thermal analysis was performed using Friedman and Ozawa — Flynn - Wall methods.
Activation energy and crystallization index were calculated. The glasses samples were subjected to
additional controlled heat treatment in crystallization temperature in order to control crystallization
parameters and obtain glass-ceramics matrials.
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The mechanism of sulfur vulcanization assumes that the zinc oxide (ZnO) surface acts as a
catalytic reaction template by activating and joining reactants (sulfur, vulcanization accelerators).
Therefore, the contact between ZnO particles and accelerators in the elastomer matrix should be
maximised to improve the efficiency of vulcanization. This contact depends on the dispersion of
ZnO particles in the elastomer [1]. Recently, owing to their unique chemical structure, ionic liquids
(ILs) have been used to improve the dispersion of nanoparticles in polymers, particularly in
elastomers [2]. Zinc oxide nanoparticles can be dispersed more homogeneously in the elastomer
matrix when ILs are present [3], which increases their accessibility in reactions with vulcanization
accelerator and sulfur.

In this work, different techniques of thermal analysis were employed to study the effect of
zinc oxide and ILs on the cure characteristics, damping behaviour and thermal stability of
butadiene-styrene elastomer (SBR). ILs from the group of GRAS (generally regarded as safe)
compounds were used to improve the activity of nanosized ZnO in sulfur vulcanization of SBR.
Applied ILs include anion of non-nutritive sweeteners such as saccharinate and acesulfame or
pharmaceutically active anion — lactate. ILs are thought to catalyze the interfacial reactions;
therefore, they can be assumed to play the same role in the vulcanization process.

Nanosized ZnO with ILs reduced the vulcanization temperature of rubber compounds. Their
application resulted in the improvement of vibration damping ability of SBR vulcanizates. A slight
decrease in the thermal stability of vulcanizates has been obtained, which should not affect the
potential applications of these materials.

[1] A. Chapman, T. Johnson, Kautsch. Gummi Kunst., 58 (2005) 358.

[2] Y.D. Lei, Z.H. Tang, B.C. Guo, L.X. Zhu, D.M. Jia, eXPRESS Polym. Lett., 4 (2010) 692.
[3] M. Maciejewska, M. Zaborski, eXPRESS Polym. Lett. 8 (2014) 932.
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Plastics are currently the most commonly used materials in everyday life and in virtually all
branches of the economy, also as biomaterials for bone substitute. The widespread use of plastics is
primarily due to their useful properties, such as low density, high resistance to chemical agents,
high mechanical strength etc. [1].

The subject of this research was focused on polyoxymethylene-based composites with
functionalized hydroxyapatite (HAp). One of the disadvantages of POM based biomaterials is lack of
bioactivity [2]. In our study bioactive modifiers have been used to improve bioactivity and
biocompatibility of POM-based composites. HAp has been functionalized with poly(ethylene glycol)
(PEG) using 1,6-hexamethylene diisocyanate as a linker. Functionalized HAp (HAp-g-PEG) has been
incorporated to POM matrix using melt processing methods. POM composites with different contents of
HAp-g-PEG were prepared (0.5%, 1%, 2%, 5%, 10%) and effect of HAp-g-PEG on the thermal
properties were investigated using DSC, TOPEM-DSC and TG techniques. It has been found that
incorporation of HAp-g-PEG leads to a significant increase of POM matrix thermal stability, in contrast to
unmodified HAp where a dramatic decrease of thermal stability has been observed [3].
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Functionalization of fillers before dispersion in polymer matrix has many advantages over
using conventional additives. The presence of an intermediate compound with similar chemical
structure to the modifier and to the matrix leads to the strongest adhesion between them and better
distribution of the modifier in the matrix, eliminating or reducing the formation of aggregates [1].
The functionalization process itself is more complicated and requires additional operations but
allows the effective chemical surface modification of the filler.

The subject of our studies was preparation and DMA investigation of polyoxymethylene
(POM) matrix composites with functionalized hydroxyapatite (f-HAp). POM is high-quality
construction thermoplastic polymer characterized by high mechanical strength and low friction
coefficient that can be used in biomedical applications. HAp was functionalized with poly(ethylene
glycol) (PEG) using diisocyanate as a coupling agent and incorporated to POM matrix [2]. The
thermal and mechanical properties were examined using DMA techniques in stretching and bending
modes. It was observed that with the f-HAp content increase the loss modulus decreases and the
storage modulus increases. The glass transition temperature also increases with the increase in f-
HAp content. The DMA and microscopic results show a good dispersion of f-HAp in POM and
suggest better adhesion between POM and filler compared to unmodified HAp.
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The nanosized Mn-Zn ferrite with MnosZno4Fe>O4 stoichiometry has been prepared by
modified sol-gel autocombustion route from an oxalate precursor. The obtained manganese-zinc
ferrite powders were characterized by powder X-ray diffraction (XRD), Fourier-transform infrared
spectroscopy (FT-IR), differential scanning calorimetry (DSC), transmission electron microscopy
(TEM) and superconducting quantum interference device (SQUID) magnetometry.

The pure spinel ferrite with average crystalline size at ~21 nm was obtained in proposed
experimental conditions: the molar ratio of oxidizer (nitric acid) to fuel (citric acid and oxalate ions)
was 2.5, and the molar ratio of the fuel to amount of metal ions =2, pH = 7 adjusted by 25 vol%
ammonia solution.

The synthesized material is characterized by metastable pure spinel phase. The particles
have core-shell structure, where the roughly spherical ferrite crystallites make core surrounded by
magnetically dead surface layer. The thermal variations of the magnetization in a field 0.5 T and
inverse magnetic susceptibility product revealed that synthesized ferrite powders exhibit
ferrimagnetic nature. The dynamic ac measurements demonstrated that the single domain particles
behave like superparamagnet at high temperatures. The relaxation time (7o = 5.43 - 1075s)
determined on the basis of dynamic ac measurements is typical for superparamagnetic materials.

The work was co-financed by a statutory activity subsidy from the Polish Ministry of

Science and Higher Education for the Faculty of Engineering and Economics of Wroclaw
University of Economics [grant number 501-110-K3-3200000020/502].
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Rare-earth phosphates have been extensively studied for many years mainly due to their
thermal stability in high temperature and interesting optical properties. Increasing interest in these
materials has been observed since binary and ternary lanthanide phosphates could be used as laser
devices not only in the form of single crystals but also in the form of powder or glasses. That is why
knowledge of the phase relationships (in a wide temperature range) in the phosphate systems play
an important role in interpreting variations in properties with composition and could be helpful in
searching for their potential applications.

The phase equilibria in the ErPO4—KPO3 —Er(PO3); system was examined by
thermoanalytical methods (DTA/TG/DSC), powder X-ray diffraction (XRD) and microscopy in
reflected light. On the basis of the obtained results its phase diagram, not published previously, has
been established for the whole range of composition up to a temperature of 1600°C.

The system is bounded by three susbsystems: ErPO4 — KPO3 [1], Er(PO3); — KPO3 [2] and

ErPO4 — Er(PO3); [3]. In the first system an intermediate compound, KEr;P>O7, occurs and in the
second one KEr(POs)4 occurs. Both melt incongruently at 1025°C and 712°C, respectively.
Two isopleth sections: (I) KErP,O7 — KEr(POs)4 and (1) KErP20O7 — Er(PO3); have been found in
ErPO4 — KPOs; — Er(PO3)3 partial ternary system. They are quasi-binary only in the subsolidus
region. Three invariant points, two ternary peritectics P ((tp1 = 855°C) and P2 (tpo= 640°C) and one
ternary eutectic E (te=530°C) occur in the investigated region. The quasi-ternary peritectic and
eutectic reactions proceed according to the equations:

ErPO4 + Lp1 S KErP207 + Er(PO3)3
Er(PO3); + Lp2 S KErP207 + KEr(PO3)4
Lg S KErP,O7+ KEI‘(PO3)4 + KPOs

Solidification of alloys in ErPO4— KPO3 — Er(PO3); system ends at the ternary eutectic
point E, where three phosphates KErP,O7, KEr(POs)s and KPO; crystallize at a constant
temperature of 530°C.

[1] M. Ferid, N. Kbir-Ariguib Thermochim. Acta, 136 (1988) 139
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Bioactive calcium phosphates ceramics exhibit excellent biocompatibility due to their
chemical and crystallographic similarities with the mineral constituents of bones and teeth.

It’s known that synthetic hydroxyapatite is often utilized as a biocompatible reinforcement
for orthopaedic biomaterials and can provide improved mechanical properties in reinforced polymer
composites. Synthetic HAp - in the form of whiskers - could be of particular importance as
reinforcing fillers for composites because of its shape. Compared with available bio-inert whiskers
or fibres, the most promising reinforcements seem to be HAp due to his biological properties [1].
Hydroxyapatite can be synthesized using different techniques such as precipitation, hydrolysis, and
hydrothermal synthesis or can be extracted from natural resources, e.g. seashells, bovine bones.

This article describes the preparation of HAp whiskers as a result of the decomposition of
calcium chelates under hydrothermal conditions. The main substrate for the synthesis was calcium
lactate pentahydrate CsH10CaOg-5SH20 (pure p.a., Chempur Company). Synthesis were carried out
in various conditions with using a special stainless steel reactor. The effect of reagents
concentrations, pH, reaction temperature and pressure on HAp whiskers morphology and
composition was investigated. During the synthesis the following experimental parameters were
varied independently: temperature (130,150,170, 200°C), stirring rate (0, 62.5, 125, 250, 500, 750
rpm), the reaction heating rate (0.2, 0.5, 0.7, 1.0, 1.5, 2.5 °C/min), time of synthesis (3, 5, 7h). The
Ca”' concentrations in starting synthesis solutions varied in range of 0.025+0.2 mol/dm?. The molar
Ca/P ratio in solutions was 1.67, which is equivalent to that of stoichiometric HAp. Synthesis were
carried out under pressure in range of 5+20 bar.

The pH of the starting solutions and solutions after the synthesis was measured with a glass
pH electrode (Eutech Instruments, CyberScan PCD 6500) at 25°C.

The products were characterized by qualitative and quantitative phase analysis using X-ray
powder diffraction method (XRD, Bruker-AXS D8 DAVINCI). The morphology and
microstructure of products were observed by scanning electron microscope (SEM, FEI, model Nova
NanoSEM 200). Functional groups of the samples were identified by Fourier transform infrared
spectroscopy (FTIR, TENSOR27 Bruker). After identification, the samples were subjected to
thermal analysis (TA)(STA 449F1 Jupiter Netzsch, TGA/DTA) in temperature range of 25°C -
1550°C with a heating rate of 10°C min’! in argon atmosphere.
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Calcium phosphate (CaP) bioceramics are widely used in the field of bone regeneration,
both in orthopedics and in dentistry, due to their good biocompatibility, osseointegration and
osteoconduction [1]. One of the well-known techniques to obtain of calcium phosphates in different
forms, included hydroxyapatite (HAp) with excellent crystal quality and Ca/P ratio close to the
stoichiometric value is hydrothermal method [2]. The synthesis is based on a chemical precipitation
from an aqueous solution containing calcium and phosphate sources, carried out in an autoclave at
elevated temperature and high vapour pressure. Various organic modifiers, especially chelating
agents such as carboxylic acids or ethylenediamine tetraacetic acid (EDTA) are often added during
the precipitation process to control supersaturation of CaP and thus the crystal growth rate. Upon
heating, calcium chelates decompose and calcium ions are slowly and continuously released so that
the degree of solution supersaturation is constantly low during the deposition process [3].

This article describes the preparation of calcium phosphates as a result of the decomposition
of calcium chelates under hydrothermal conditions. The synthesis were carried out with using a
special stainless steel reactor. The main substrates for the synthesis were calcium hydroxide
Ca(OH)y, calcium phosphate dibasic CaHPO4 and chelating agents, such as DL-lactic acid, L(+)-
ascorbic acid, DL-malic acid, L(+)-tartaric acid, citric acid and EDTA. Also, the hydrolysis of
calcium phosphate dibasic CaHPO4 was carried out.

The effect of reagents concentrations, pH, reaction temperature and pressure on calcium
phosphates morphology and composition was investigated. The Ca®" concentrations in starting synthesis
solutions varied in range of 0.05+0.2 mol/dm>. Synthesis were carried out under pressure of 10 and 20
bar and at a temperature of 170 and 200 °C. The morphology and microstructure of products were
observed (SEM). The phase composition of products was analyzed by X-ray diffraction method (XRD).
Functional groups of the samples were also identified (FTIR). After characterization, the samples were
subjected to thermal analysis (STA 449F1 Jupiter Netzsch, TGA/DTA) in temperature range of 25°C -
1550°C with a heating rate of 10°C min™! in argon atmosphere.
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The new y/y' Co-based superalloys are newly developed class of refractory alloys which
may replace commercial Ni-based superalloys owing to their favourable properties at high
temperature. This group of materials is typically described as a tungsten based and tungsten free
alloys, which can consist the addition of y' phase forming refractory metals such as W and Mo, Nb
and Ta respectively. The favourable structural form of y' phase is phase marked as Co3(Al,X) where
X=W, Mo, Nb, Ta with L1> type of lattice. In case of new Co-based superalloys, the heat treatment
gives the possibility to obtain microstructure composed of appropriate volume fraction of small
cuboidal y'-Cos(Al,X) precipitates within the y-Co matrix. Due to tendency to increasing of thermal
stability of y'-Co3(ALX) phase with L1 type of lattice and increasing the field of existence in
ternary systems of Co-Al-X type the addition of alloying element Ni is also needed. Traditionally,
due to a high tendency to interdendritic segregations of alloying elements in all multielement
superalloys, the alloys based on Co—Al-X or Co-Ni-Al-X system should be thermally treated with
followed processes: homogenization with next solutionizing and aging.

In this study, thermal analysis was applied for determination of temperature range for
primary heat treatment of the Co-20Ni-7Al-7W (at.%) such as homogenization and solutionizing.
The differential thermal analysis (DTA) measurements were carried out on the thermal analyser
NETZSCH STA 449 F3 Jupiter. The base alloy was melted using induction vacuum furnace VSG
02 Balzers and casted under Ar atmosphere. In further part of evaluation, the phase composition of
as-cast alloy and alloy after annealing operations was examined using X Pert® Powder XRD system.
Chemical composition and microstructure of alloy after solution heat treatment and aging were
evaluated by means of scanning electron microscopy (SEM) and energy-dispersive spectroscopy
(EDS) using Hitachi S-4200.

On the base of obtained results, the homogenization and/or solutionizing parameters were
determined respectively. The basic criteria of homogenization treatment selection was the tendency
or it lack to D019 undesirable phase formation with similar formula such L1, but with TCP
(topological close packed) type of structure. Additionally the liquidus and solidus temperature were
characterized and theirs value were compared to data obtained during numerical simulation model
alloy with the same chemical composition. In the last part of thermal analysis the solvus
temperature of Y’ phase was determined, as a thermal requirements to aging process. The final part
of investigations was related with microstructural analysis of alloy after as-cast condition as well as
after each step of thermal treatment.

This work was supported by Faculty of Materials Engineering and Metallurgy, Institute of
Materials Science of Silesian University of Technology, as a part of
Statutory Research BK-205/RM0/2019.
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Thermal barrier coatings (TBC) are the one of the most advanced engineering systems in
materials engineering. The most important task they have to accomplish is related with insulation of
metallic parts of hot sections of gas turbines in aircraft engines or in stationary units for example in
power plants. The TBC system is usually built from outer ceramic layer responsible for decreasing
of temperature with the thickness of 200 to 400 um. The ceramic insulation layer is thermally
sprayed by atmospheric plasma spraying or is deposited by physical method such as electron beam
physical vapour deposition. The immanent feature of this coatings is porosity which gives the
strong effect of thermal insulation. Another element responsible for decreasing of temperature is
related with the scattering effect of ceramic. The most popular material used in this systems is
8YSZ (ZrO2x8Y203) with the one of the lowest value of thermal conductivity. Bur from practical
point of view this value is not enough from current requirements point of view. Much better
insulation effect is expected and confirmed for pyrochlore group of ceramic materials with overall
formula A>B>0O7. The most popular materials from this group are zirconates of rare earth elements
such as GdxZr;07. Many publication revealed that TBC systems based on this ceramic are
characterized by much lower thermal conductivity than systems based on 8YSZ. The solutions
based on monolayered Gd>ZrO7 insulation layer are effective from thermal insulation point of
view, but overall durability of TBC based on it is low due to high value of Young modulus. In
consequence the thermal barrier coating of this type showed high tendency to cracking and spalling
with the effect of so called “white failure”. The solution of this problem can be application of two
layered systems in the form of DCL (double ceramic layer — layer on layer) coatings or composite
coatings where the internal morphology of ceramic layer consists mixture of two different phases.
In this case the fracture toughness of ceramic zone is much better and the insulation effect is higher
than can be expected due to intersplats boundaries scattering effect.

The basic problem in multiphase coatings is interphase thermal stability between used
ceramic materials and between ceramic phase and AlOs which is the product of bond-coat
oxidation (second element of TBC systems). In this publications the presented analysis are related
with characterization of thermal stability between Gd2Zr.O7 and 8YSZ oxides and between
Gd2Zr,07 and AlLOs. Both analysis where made on the modelled powders and in real TBC system
of Gd2Zr,07 + 8YSZ type. First investigations showed high level of thermal stability at wide range
of temperature. In second case the formation of transition oxides of GAAIO3 type were confirmed
both in the case of powder-based investigations as well as the real TBC composite system

This work was supported by Faculty of Materials Engineering and Metallurgy, Institute of

Materials Science of Silesian University of Technology, as a part of
Statutory Research BK-205/RM0/2019.
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Phase diagram reflects an equilibrium state in a mixture of ingredients. Construction of the
phase diagram for mixture consisted of a crystalline active pharmaceutical ingredient (API) and an
amorphous excipient, e.g. polymer, entails the calculation of the curves which predict a solubility of API
in polymer and a mutual miscibility of ingredients. In the API-polymer solid-state system, solubility is
refer to the maximum loading of the drug substance that creates a thermodynamically stable solid
solution. Miscibility defines the upper limit of the drug substance loading which does not lead to
spontaneous phase separation followed by the API crystallization [1-3]. Development of both curves is
based on mathematical calculations in which the Hansen solubility parameters are used [2.,4].

The objective of this study was to develop the phase diagrams for mixtures of
methylxanthines (caffeine and theophylline) with hydroxypropyl methylcellulose (HPMC,
hypromellose). It is important issue since both methylxanthines and HPMC are commonly used
together in the solid dosage drug technology. Based on these diagrams, it is possible to predict what
quantities of the crystalline active substances may be dissolved in the amorphous polymer at a given
temperature. It is also possible to predict at what ratios the ingredients have a good miscibility.

DSC tests carried out using the heating-cooling-reheating cycle confirmed that in the solid-
state mixtures of caffeine and theophylline with HPMC, the crystallinity of methyl-xanthines can be
partially reduced. In addition, part of the active substance does not crystallize under rapid cooling.
FTIR and Raman study revealed that all the characteristic signals for the crystalline API were found
in the spectra. No shifts of the peaks or the appearance of new ones were observed. This confirms
that there 1s no chemical interaction between methylxanthines and HPMC and no hydrogen bonds
are formed. Thermomicroscopic study of mixtures showed that no formation of crystalline or
amorphous forms, other than those characteristic for single ingredients, was observed.

Concluding, the DSC, FTIR and Raman study revealed that there was no chemical or
physical interaction between methylxanthines and HPMC in the solid-state. Partially loss of
crystallinity of active substances in a solid mixture with HPMC is caused by formation of the solid
solution and the miscibility of ingredients.

[1] B. Tian, X. Wang, Y. Zhang, K. Zhang, Y. Zhang, X. Tang, Pharm. Res., 32 (2015) 840.
[2] P.J. Marsac, S.L. Shamblin, L.S. Taylor, Pharm. Res., 23 (2006) 2417.

[3] Y. Zhao, P. Inbar, H.P. Chokshi, A.W. Malick, D.S. Choi, J. Pharm. Sci., 100 (2011) 3196.
[4] A. Forster, J. Hempenstall, I. Tucker, T. Rades, Int. J. Pharm. 226 (2001) 147.
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An inability to mix the ingredients of drug formulations homogenously results from the
interactions (incompatibility) between them. Incompatibility can occur both at the stage of dosage
form formulation or during long-term storage, bringing changes in the physical, chemical or
therapeutic properties of an active pharmaceutical ingredient (API). Since methods of thermal
analysis provide valuable information about API and excipient interaction, they have been
commonly used for the assessment of the compatibility/incompatibility since 1970.

The aim of this study was to develop a new approach for compatibility examination, combining
differential scanning calorimetry (DSC) with advanced multivariate statistical methods. In order to this,
the binary physical mixtures of acetazolamide as an model API and selected excipients, such as [3-
cyclodextrin, chitosan, lactose, magnesium stearate, mannitol, meglumine, methylcellulose,
polyvinylpyrrolidone and starch, mixed at the 7:3, 1:1 and 3:7 molar or mass ratios, were investigated
by the DSC (DSC 822¢, Mettler Toledo, Schwerzenbach, Switzerland). The study were based on the
heating-cooling-reheating test using the following temperature program: heating samples at a rate of
10°C/min from 25 to 250°C, isotherm for 2 min, cooling at a rate 40°C/min from 250 to —25°C,
isotherm for 2 min and the second heating at a rate 10°C/min to 250°C.

The advanced multivariate statistical methods, such as principal component analysis (PCA)
and cluster analysis (CA) were used for interpretation of the data acquired from the DSC scans. Out
of large number of the DSC data, heating and cooling parameters such as melting point,
crystallization point, melting and crystallization enthalpies, and peaks height were selected. The
statistical model was built using Statistica 13.3 software (StatSoft Inc., Tulsa, OK, USA). The CA
dendrogram was constructed by the Ward’s method (agglomerative hierarchical clustering) using
Euclidian distance with the Sneath’s index criterion, at 2/3 of the maximum distance to select the
number of significant clusters. PCA calculations were done by applying correlation matrices and an
algorithm without a rotation of factors.

The compatibility between acetazolamide and excipient can be confirmed by two large
clusters on the CA dendrogram, from which one groups acetazolamide and mixtures with a high
acetazolamide content. The second cluster encompasses excipient and physical mixtures with a high
excipient concentration. In the case of the PCA score plot, creation of a cluster by acetazolamide
and mixtures with a high acetazolamide content confirms compatibility between ingredients.
Concluding, the DSC coupled with PCA and CA revealed that acetazolamide was incompatible
with B-cyclodextrin, lactose, magnesium stearate, mannitol, meglumine and starch.
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Syringaldehyde is a phenolic compound that occurs in trace amounts broadly in nature. It is useful as
ingredient in fragrance and flavor industries and also as building block in the synthesis of some second-
generation fine chemicals, such as 3.,4,5-trimethoxybenzaldehyde [1]. This latter compound is a
precursor of an antibacterial agent applied in Parkinson’s disease treatment [1]. The crystalline and
liquid (including supercooled liquid) vapour pressures of syringaldehyde were measured in the
following temperatures ranges: T = (350.7 to 380.3) K and T = (374.3 to 425.5) K, respectively, using a
diaphragm manometer static method [2]. Moreover, the sublimation vapour pressures of this compound
were also measured in the temperature interval T = (337.2 to 359.2) K, using a Knudsen mass-loss
effusion method [3]. This technique was also used to determine the vapour pressures of the crystalline
phase of 3,4,5-trimethoxybenzaldehyde over the temperature range T = (315.2 to 335.3) K. The standard
molar enthalpies, entropies and Gibbs energies of sublimation of the two compounds studied and of
vaporization of syringaldehyde were derived from the experimental results. The thermal analysis of the
two compounds was also performed using differential scanning calorimetry. The enthalpy of the
O—H:--0 intermolecular hydrogen bonds present in the crystals of syringaldehyde was determined.
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Figure 1. a) Phase diagram of syringaldehyde: o, vaporization (static); A, sublimation (static); X, sublimation (Knudsen
effusion). b) Plot of vapor pressures against reciprocal temperature for 3,4,5-trimethoxybenzaldehyde: o, small; o,
medium and A, large effusion orifices.

Acknowledgements: This work was developed within the scope of the project UID/QUI/00081/2013 awarded to
CIQUP, financed by Fundag¢ao para a Ciéncia e Tecnologia (FCT, Portugal) and of the project POCI-01-0145-FEDER-
006980 financed in the framework of Operational Programme for Competitiveness and Internationalisation,
COMPETE, with community funds (FEDER, Portugal). Ana Almeida is financed by national funds through the FCT -
I.P., in the framework of the execution of the program contract provided in paragraphs 4, 5 and 6 of art. 23 of Law no.
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[1] M.LF. Mota, P.C.R. Pinto, J.M. Loureiro, A.E. Rodrigues, Chem. Eng. J. 288 (2016) 869.

[2] M.J.S. Monte, L.M.N.B.F. Santos, M. Fulem, J.M.S. Fonseca, C.A.D. Sousa, J. Chem. Eng. Data 51
(2006) 757.

[3] M.A.V. Ribeiro da Silva, M.J.S. Monte, L.M.N.B.F. Santos, J. Chem. Thermodyn. 38 (2006) 778.
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This work is part of a project whose main objective is the development of experimental and
computational studies to provide accurate structural, thermodynamic and electronic properties of
fragrances, to fill data gaps for most of these kind of compounds, building a solid data base
information to design robust and accurate group contribution models allowing to estimate reliably
properties of other related compounds. From this knowledge, it will be possible to do a correct
prediction of fragrances environmental partitioning (air, water and biota) and consequently to take
preventive actions and solve problems [1].

The y-lactones are an important class of fragrance compounds found in a wide variety of
products we use every day. Results from experimental and computational thermochemical studies
for y-butyrolactone and y-valerolactone (figure 1), are reported. Experimentally, static bomb
calorimetry was employed to measure their standard molar energies of combustion, at T = 298.15
K, while high temperature Calvet microcalorimetry was used to obtain their standard molar
enthalpies of vaporization, at the same temperature. The results gathered from these experimental
techniques were used to derive the standard molar enthalpies of formation of the two y-lactone
compounds, in the gaseous state, at T = 298.15 K. These parameters were also estimated from
G3(MP2)//B3LYP calculations for the enthalpies of hypothetical reactions, as common practice in
computational thermochemistry.

The values of the experimental and computational enthalpies of formation of each
compound in the gaseous phase will be compared and discussed. The structural changes and the
energetic costs, associated with the substitution of the hydrogen’s ring by a methyl group will be
analyzed.

(a) (b)

Figure 1. Molecular structure of y-butyrolactone (a) and y-valerolactone(b).

[1] C.G. Daudhton, T.A. Ternes, Pharmaceuticals and personal care products in the environment:
agentes of subtle change? Environ Health Perspect 107 (1999) 907.
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o-Phenanthroline has key geometric and chemical properties, as rigidity, planarity,
aromaticity, basicity and chelating capability. Owing to the last property, o-phenanthroline is a
classic bidentate ligand in coordination chemistry, being able to coordinate metal centers through
the nitrog