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NETZSCH oferuje kompleksowe rozwiązania w zakresie aparatury do analizy termicznej. Możliwość wykonywania pomiarów 
w niskich i wysokich temperaturach (od -260°C do 2800°C) oraz w specjalnych atmosferach gazowych pozwala na charakte-
rystykę, nawet najbardziej zaawansowanych materiałów. Unikalne rozwiązania stwarzają szerokie możliwości aplikacji naszej 

aparatury w dziedzinach, takich jak kosmonautyka, nanotechnologia, nadprzewodnictwo czy energetyka jądrowa.

 NETZSCH Instrumenty Sp. z o.o. · ul. Halicka 9 · 31-036 Kraków 
Tel.: 12 424 09 20 · biuro@netzsch.com · www.netzsch.com

DIL 402 
Expedis® Series

Rozszerzalność 
cieplna

LFA 467 HT 
HyperFlash®

Przewodność 
i dyfuzyjność 

cieplna

STA 449 F1 
Jupiter®

Jednoczesna 
analiza 

termiczna 
TG-DSC/DTA

DSC 214 
Polyma®

Identyfi kacja 
tworzyw 

sztucznych

Kompleksowa charakterystyka materiałów 
   Właściwości termofi zyczne
      Analiza termiczna

Więcej informacji na https://www.netzsch-thermal-analysis.com/pl/





Medi-Sept Sp. z o.o. has been delivering complex solutions for pro-
fessional hygiene maintenance to healthcare institutions for over 
23 years. We are a leading European manufacturer of disinfectants, 
professional cleaning agents and a distributor of cleaning equip-
ment for institutional customers. 

Our products are used in and by hospitals, private clinics, dental 
and medical surgeries, public institutions and are available in med-
ical shops and via network of distributors. 

Our unique disinfectant products match the expectations of users. 
An important element of product development is selecting effective 
composition of active and auxiliary substances to ensure that the 
product removes dirt and pathogens at the lowest concentration, 
without any negative impact on people and the environment. To 
comply with the strictest European standards we have developed 
products with microbiological effectiveness proven in practice.

   



The life science business of Merck 
operates as MilliporeSigma in the 
U.S. and Canada. 

Aleje Jerozolimskie 142 B 
02-305 Warszawa 

tel.: 0-22-53-59-770; fax: 0-22-53-59-945 
e-mail: dzial.handlowy@merckgroup.com; biuro@sial.com 

www.merckmillipore.com; www.sigmaaldrich.com 

 

 jest najstarszym na świecie koncernem biologiczno-chemicznym  
& farmaceutycznym, z ponad 300-letnią tradycją, założonym w 1668 roku w Niemczech  
w miejscowości Darmstadt.  Firma zatrudnia ~50 000 pracowników, którzy reprezentują  
129 różnych narodowości i pracują w oddziałach umiejscowionych w 66 krajach na całym świecie. 
W 2010 roku Merck połączył się z firmą Millipore, a w 2015 z Sigma Aldrich. W rezultacie, czego powstał nowy 
dział “Life Science”, który oferuje ~300 000 produktów pozwalających zwiększyć efektywność pracy laboratorium 
oraz zoptymalizować procesy produkcji. 
Merck Sp. z o.o. i Sigma-Aldrich Sp. z o.o. reprezentują dział Life Science  międzynarodowej grupy Merck KGaA 
w Polsce. Dostarczają na rynek polski wysokiej jakości produkty, kompleksowe rozwiązania, usługi serwisowe i 
zaplecze aplikacyjne dla każdego laboratorium badawczego,  kontroli jakości oraz narzędzia do optymalizacji 
procesów produkcyjnych.  
Nasze produkty są rozpoznawalne na całym świecie dzięki ich jakości, innowacyjności  
oraz zastosowanym standardom bezpieczeństwa, ponieważ kontrola i zapewnienie jakości stanowią dla nas 
fundament naszej działalności. 
 

Oferujemy wiodącą internetową platformą dystrybucyjną, sprawną obsługę klienta oraz wsparcie techniczne i 
naukowe. 
Posiadamy w naszej szerokiej ofercie odczynniki chemiczne i biochemiczne, oraz dla biologii molekularnej, 
systemy do filtracji analitycznej i sterylnej (sterylizacji), pożywki, testy  
i rozwiązania dla mikrobiologii, materiały referencyjne, odczynniki do mikroskopii, systemy analityczne i 
preparatywne do HPLC, urządzenia do oczyszczania wody na skalę laboratoryjną  
i produkcyjną, profesjonalne systemy do badania wody i ścieków, a także sprzęt laboratoryjny produkcji Merck 
KGaA oraz wielu znanych firm globalnych (np. Brand). 
 
Z zakresu biochemii, biologii komórki i molekularnej oferujemy:
  - materiały, podłoża i odczynniki do hodowli komórkowych i tkankowych, 
  - cytometry przepływowe, 
  - odczynniki i zestawy do wielu metod immunologicznych (m. in. ELISA, western blotting, IHC,  
    ICC, IF, xMap, PLA), 
  - szeroki wachlarz produktów przeznaczonych do badania sygnalizacji komórkowej, 
  - ponad 90 000 przeciwciał mono- i poliklonalnych, I-i II-rzędowych, 
  - odczynniki do proteomiki i spektrometrii mas, 
  - rozwiązania do ekstrakcji, oczyszczania i zatężania białek, 
  - cały zakres produktów do wszystkich etapów metody Western Blott, 
  - komórki kompetentne, odczynniki do PCR, RT-PCR, NGS, narzędzia do oczyszczania kwasów   
    nukleinowych, klonowania oraz nadekspresji białek, 
  - technologię CRISPR do precyzyjnej edycji genów w komórce. 
 

 



Zastosowanie technik sprzężonych (ang. Hyphenation) w analizie materiałów z wy-
korzystaniem aparatury PerkinElmer Inc. 

Dla badaczy i naukowców zajmujących się charakterystyką materiałów świat kompli-
kuje się. Opracowywane są kolejne substancje lub ich połączenia, a ich analiza staje 
się coraz bardziej trudna, złożona i kosztowna.

Jednym ze sposobów badania próbek jest poddanie ich kilku technikom, charakte-
ryzującym różne ich cechy. Często początkiem całego procesu jest analiza termo-
grawimetryczna. Pozwala ona zmierzyć zmianę masy próbki podczas jej ogrzewania, 
schładzania lub utrzymywania w stałej temperaturze w kontrolowanej atmosferze. 
Powstające podczas ogrzewania gazy kieruje się następnie do innych, komplemen-
tarnych analizatorów, np. spektrometru podczerwieni, chromatografu gazowego, 
detektora masowego.

Firma PerkinElmer Inc., jako jedyna na świecie, opracowała urządzenia tworzące 
kompatybilny zestaw analityczny. Dzięki unikalnym rozwiązaniom Użytkownik ma 
możliwość zbadania próbki w sposób do tej pory niemożliwy. Pozwala to również 
spojrzeć na badane materiały w szerszy sposób, uzyskując bogatsze dane. Nie bez 
znaczenia pozostaje fakt, że do przeprowadzenia całej analizy potrzeba zaledwie kil-
ku do kilkunastu miligramów substancji, bez konieczności jej przygotowania.

Zdjęcie: Zestaw aparatury analitycznej w technice sprzężonej GCMS-IR-TGA Perki-
nElmer Inc.



 

Sartorius – przekształcić naukę w rozwiązania praktyczne 
 

Sartorius jest jednym ze światowych liderów w dziedzinie produkcji i dostaw urządzeń laboratoryjnych 
a także technologii przemysłowych. Dzięki innowacyjnym produktom i wysokiej jakości usługom, wspieramy 
naszych klientów na całym świecie w efektywnej realizacji kompleksowych procesów w produkcji 
biofarmaceutycznej, obszarze R&D i kontroli jakości. Naszymi klientami są zakłady przemysłu biotechnologicznego, 
farmaceutycznego, chemicznego i spożywczego. Współpracujemy również z instytutami badawczymi, uczelniami 
oraz laboratoriami naukowymi i komercyjnymi. 

 

 
 

Oferujemy: 
- najwyższej jakości wagi odpowiednie do wszelkich zastosowań laboratoryjnych (działka odczytowa „d” od 

0,1 µg  do 1 g przy obciążeniach od 2,1 g nawet do 70 kg) 
- wagosuszarki i analizatory wilgotności o dokładnościach 1 mg (0,01%) i 0,1 mg (0,001%) 
- wzorce masy zgodne z wymaganiami OIML R111 
- wirówki laboratoryjne (standardowe i z chłodzeniem) 
- urządzenia do filtracji i kontroli mikrobiologicznej: zestawy filtracyjne, pompy próżniowe, gotowe 

jednostki filtracyjne 
- materiały do filtracji: filtry membranowe, filtry strzykawkowe, filtry kwarcowe i z włókna szklanego, 

papiery i bibuły filtracyjne 
- kompaktowe systemy arium® do przygotowania wody laboratoryjnej I, II i III klasy 
- urządzenia dozujące: pipety mechaniczne i elektroniczne wraz z końcówkami do pipet, pipetory, 

dozowniki butelkowe, biurety cyfrowe 
 

Sprzedaż i serwis urządzeń laboratoryjnych 
 

Sartorius Poland sp. z o.o. 
ul. Wrzesińska 70 
62-025 Kostrzyn 

Tel. +48 61 647 38 30 
Fax +48 61 647 38 39 

E-mail: info.pl@sartorius.com 
http://www.sartorius-polska.com 



 

 

Nowość – mikrowagi Cubis® o dużym obciążeniu 
 

Firma Sartorius prezentuje 5 nowych mikrowagi serii Cubis®.  Rozszerzając dobrze znaną serię wag 
klasy premium o nowe modele mikrowag, umożliwiamy teraz ważenie aż do 111 g z niespotykaną 
dokładnością. Oferujemy modele jednozakresowe o działce odczytowej 1 µg, jak również modele 
dwuzakresowe o dokładności 1/10 µg.  Dzięki standardowemu wyposażeniu wag w dodatkową szalkę 
typu koszyk, istnieje możliwość wygodnego ważenia bezpośrednio w szklanych pojemnikach nawet o 
dużej masie. To rozwiązanie zapewnia ergonomię pracy oraz minimalizuje ryzyko utraty drogocennych 
naważek. Jako akcesorium proponujemy bramki elektrostatyczne dostosowane do wymiarów komory 
wagowej oraz odpowiednie drukarki wagowe. Wagi spełniają wymagania GLP i GMP a serwis Sartorius 
zapewnia usługi uruchomienia, akredytowanego wzorcowania a także kwalifikacji instalacyjnej i 
operacyjnej IQ/OQ. 
 

 
 

Moduł wagowy 66S 66P 36S 36P 111P 
Działka elementarna μg 1 1/10 1 1/10 2/10 
Obciążenie maksymalne g 61 12/61 31 6/31 12/111 
Obciążenie minimalne mg 0,1 0,1 0,1 0,1 0,2 
Naważka minimalna USP ≥  mg 0,82 0,82 0,82 0,82 1,64 

 
 

 
Sprzedaż i serwis urządzeń laboratoryjnych 

 
Sartorius Poland sp. z o.o. 

ul. Wrzesińska 70 
62-025 Kostrzyn 

Tel. +48 61 647 38 30 
Fax +48 61 647 38 39 

E-mail: info.pl@sartorius.com 
http://www.sartorius-polska.com 
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Plenary lectures
PL1

Contents

Thermodynamics in the description of the surrounding world  
and chemical processes occurring in it 

Jerzy Błażejowski
Faculty of Chemistry, University of Gdańsk, Wita Stwosza 63, 80-308 Gdańsk, Poland

The most general phenomenological theory which describes the behavior of sur-
rounding world is the thermodynamics. Two tendencies discovered in the envi-
ronment – towards organization and dissipation of matter and energy – are rep-
resented in this theory by two elementary state functions: the energy (enthalpy) 
and the entropy, respectively. Global behavior reflects two other basic state func-
tions: free energy or Gibbs free energy, being a combination of two mentioned 
above quantities, values of  which decrease in  spontaneous processes. Existing 
infinitely long, the lowest energy states of matter are described on  the ground 
of the thermodynamics of reversible processes, while other states – employing the 
thermodynamics of real, irreversible processes. In the latter processes – among 
others chemical processes, which require overcoming of the activation barriers 
– energy is conserved while entropy is created, so they are the source of entropy. 
Thermodynamics of irreversible processes utilizes this fact by the introduction 
of two quantities: thermodynamic fluxes, reflecting changes of the system in time, 
and thermodynamic forces causing them. The sum of products of thermodynam-
ic forces and conjugated with them fluxes defines quantity named the entropy 
source. The surrounding world exists in a stationary state for which the entropy 
source is constant in time. Living matter on the Earth exists in such a state and 
the thermodynamics of irreversible processes can be used to explain peculiarities 
accompanying this phenomenon. In  non-stationary states, the entropy source 
changes in time and the critical information on ongoing processes – among oth-
ers, chemical processes – can be extracted from the thermodynamics of irrevers-
ible processes.  In case of chemical processes, this information can be possessed 
from the chemical kinetics which is a part of the thermodynamics of irreversible 
processes. Various aspects of this area of knowledge are the subject of continuous 
interest of chemists and researchers involved in thermoanalytical investigations. 
Additionally, what is worth mentioning, the information emerging from thermo-
dynamic considerations is immensely important for the modelling of chemical 
processes and the development of innovative chemical technologies. 

The lecture will be focused on the issues outlined above. 

PL1
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Isoconversional kinetics: From misconceptions to advances

Sergey Vyazovkin
Department of Chemistry, University of Alabama at Birmingham,  
901S 14th Str., Birmingham, AL 35294, USA

Over the past decade isoconversional (or model-free) methods have become the 
major tool in studying the kinetics of thermally stimulated processes [1]. Despite 
its wide and frequent use, the isoconversional kinetics has been associated recur-
rently with some misconceptions. Examples include alleged inability of estimating 
the preexponential factors and reaction models and supposed absence of a physi-
cal meaning of variable activation energy. The talk discusses some of the common 
misconceptions and links them to superficial understanding of isoconversional 
kinetics. The talk further focuses on the newest applications of isoconversional 
kinetics in the area of phase transitions. It discusses the meaning of variable and 
negative activation energies found for a variety of  the phase transitions whose 
kinetics is driven by  processes of  nucleation. The examples discussed involve 
crystallization of polymer melts, solid-solid phase transitions, polymer melting.

[1] S. Vyazovkin, “Isoconversional kinetics of thermally stimulated processes”, 
Springer, (2015)

PL2
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Investigation of hydration processes of different binding mixtures

Barbara Pacewska
Warsaw University of Technology, Faculty of Civil Engineering, Mechanics  
and Petrochemistry, Institute of Chemistry, 
7 Łukasiewicza St., 09-400 Płock, Poland

It is a well-known fact that hydration of cement is an exothermic process within 
which some characteristic periods of  heat release can be separated. Different 
types of products containing water in their structure, such as: hydrated calcium 
silicates, hydrated aluminates and aluminosilicates, hydrated sulfoaluminates and 
calcium hydroxide, are formed as the effect of reaction of cement components 
with water. It causes that calorimetry and thermal analysis can be considered as 
one of main methods used for research of hydration processes and their prod-
ucts. More accurate information can be received using calorimetry and thermal 
analysis together with other complementary methods, such as: X-ray diffraction, 
IR spectroscopy, SEM microscopy etc. It should be emphasized that the kinds 
of products and their amount strictly depend on type of cement and conditions 
of  hydration (e.g. temperature). Presence of  chemical admixtures and mineral 
additives is also crucial. Recently research into new types of binding compounds, 
including mixtures of  low cement content and cementless ones, is undertaken 
(e.g. [1-4]). This is why study on hydration of binding mixtures is still important, 
taking into account not only extension of knowledge but also to predict long term 
properties of the final composites.

The aim of this lecture is to present possibilities to use calorimetry and thermal 
analysis for investigation of hydration of different binding mixtures. Influence 
of some additives on the processes will be discussed. Some aspects of activation 
of binding mixtures with a special emphasis of compositions containing high and 
very high amount of mineral non-hydraulic component will also be presented. 
This lecture will be a  short presentation of  author’s many years activity in  the 
field of investigation of hydration/activation processes of binding mixtures. New 
trends will also be discussed.

[1] Z. Kledyński, A. Machowska, B. Pacewska, I. Wilińska, J. Therm. Anal. 
Calorim., 130 (2017) 351

[2] I. Wilińska, B. Pacewska, J. Therm. Anal. Calorim., 116 (2014) 689
[3] I. Wilińska, B. Pacewska, Przemysł Chemiczny, 96 (2017) 761
[4] T. Hemalatha, M. Mapa, N. George, S. Sasmal, J. Claen. Prod., 125 (2016) 

268
[5] L.N. Tchadjie, S.O. Ekolu,  J. Mater. Sci., 53 (2018) 4709

PL3
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Thermoanalytical studies on thin films and layer-structured 
materials

János Kristóf1, Erzsébet Horváth2
1Institute of Chemistry, 2Institute of Environmental Engineering, University of Pannonia,  
H-8201 Veszprém, P.O.Box 158, Hungary 

Noble metal-based mixed oxide type thin films (electrodes) are widely used 
in industrial electrochemistry (chlorine production, waste water treatment) and 
sensor development. The complex evolution of the films on metal support via heat 
treatment of the precursor salts (mostly chlorides) from alcoholic solutions can 
be followed by TG-MS and emission FTIR techniques. Segregation phenomena 
can also be followed by SIMS. Although the overall reaction is simple (conver-
sion of chlorides to oxides), the formation and decomposition of intermediates 
(carbonyls, carboxylates, carbonates) significantly affect surface morphology and 
via this the electrochemical behaviour. With the continuous monitoring of the 
composition of the gas and solid phases the mechanism and temperature of the 
film formation, the number of surface active centers and the optimal composi-
tion can be determined.

With cascade intercalation the layers of the kaolinite mineral can be complete-
ly 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 elucida-
tion of the kaolinite organo-complexes with different reagents (potassium-ace-
tate, hydrazine, dimethyl-sulfoxide, etc.). The use of thermoanalytical techniques 
such as high temperature XRD, high and low temperature Raman microspectros-
copy, 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. Molecular 
adsorption on defect sites can be studied by CRTA.

[1] J. Kristóf J, E. Horváth, S. Daolio, in: Electrocatalysis, 4 (2013) 196 
[2] P. Szabó, B. Zsirka, D. Fertig, E. Horváth, T. Csizmadia, J. Kristóf, Catalysis 

Today, 37 (2017) 287

PL4
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Contents

Thermodynamic and transport properties of the LnBr3-MBr  
(Ln – lanthanide, M – alkali metal) binary systems

Ida Chojnacka, Leszek Rycerz
Department of Chemistry, Wroclaw University of Science and Technology, Wybrzeze 
Wyspianskiego 27, 50-370 Wroclaw, Poland

On the basis of differential scanning calorimetry (DSC) and differential thermal 
analysis (DTA) measurements, the phase diagrams of LnBr3-MBr (Ln – lantha-
nide, M – alkali metal) binary systems have been determined. 

Thermodynamic properties (phase transition temperatures and enthalpies, 
heat capacity of solid and liquid phase) have been determined for M3LnBr6 

congruently melting compounds. It was found that some of them belong to the 
group of compounds having two modifications, with two different types of crys-
tal structure. High-temperature modification has cubic, elpasolite-type structure, 
whereas low-temperature modification has monoclinic, Cs3BiCl6-type structures. 
Transition from the low- to high-temperature modification is a non-recon-
structive phase transition. These compounds are stable or metastable at room 
temperature. 

Experimental temperatures and enthalpies of phase transitions as well as molar 
heat capacity dependence on temperature for the M3LnBr6 congruently melting 
compounds were used to determine the thermodynamic functions (HT - H298, 
Sm,T, –(Gm,T – Hm,298) / T) of both solid and liquid state. 

The electrical conductivity of liquid binary LnBr3-MBr mixtures was measured 
as function of the temperature over the whole composition range. Results ob-
tained were discussed in term of possible complex formation.

The molar enthalpies of mixing (ΔmixHm) in the selected liquid lantha-
nide(III)-alkali metal bromide mixtures were measured with a Calvet-type high 
temperature microcalorimeter over the entire composition range. Mixing the two 
liquid components was achieved by using the “break-off ampule technique”. All 
the melts were characterized by negative enthalpies of mixing.

The work was financed by statutory activity subsidy from the Polish Ministry of Science 
and Higher Education for the Faculty of Chemistry of Wroclaw University of Science and 
Technology.
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Stability predictions for solid and liquid materials

Peter Šimon1, Tibor Dubaj1, Stefano Vecchio Ciprioti2, Anna Vykydalová1,  
Zuzana Cibulková1
1Department of Physical Chemistry, Faculty of Chemical and Food Technology,  
Slovak University of Technology, Radlinského 9, 812 37, Bratislava, Slovakia 
2Department of Basic and Applied Sciences for Engineering, Sapienza University  
of Rome, Piazzale Aldo Moro 5, 00185 Rome, Italy

Thermoanalytical methods are widely used to  study the condensed state pro-
cesses. Their mechanism is often unknown or too complex to be characterized 
by a simple kinetic model. Methods based on the general rate equation are mostly 
used to describe their kinetics [1,2]. In [3] we have shown that non-Arrhenian 
temperature functions provide better estimation of material stabilities than the 
Arrhenius function. The Berthelot-Hood equation is extraordinarily suitable 
to assess the material stabilities outside the temperature of measurement [3].

Based on  accelerated degradation tests, it is a  reasonable ambition to  try 
to  predict the behavior of  materials under application conditions. When ex-
trapolating the results of measurements to the application temperature (mostly 
lower temperature), the assessment of stabilities corresponds to the measurement 
conditions. Very often the sample first melts and then degrades so that the ex-
trapolation corresponds to the degradation in liquid phase. However, the assess-
ment of the stability is necessary to carry out for temperatures where the sample 
is in solid state. The method will be presented how to perform the assessment 
of material stability when a phase transition occurs during measurement.

Financial support from the Slovak Research and Development Agency (APVV-15-0124) 
is gratefully acknowledged. The financial support from the Scientific Grant Agency of the 
Slovak Republic (VEGA 1/0592/15) is also 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] P. Šimon, J Therm Anal Calorim. 2005;82:651–657.
[2] P. Šimon, J Therm Anal Calorim. 2007;88:709–715.
[3] Šimon P., Hynek D., Malíková M. & Cibulková Z., J Therm Anal Calorim. 

2008;93: 817-821.
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Do we know what temperature is:from Newton cooling  
law to broad-spectrum thermal analysis

Jaroslav Šesták
New Technology - Research Centre in the Westbohemian Region, West Bohemian 
University, Universitní 8, CZ-30114 Pilsen, sestak@fzu.cz

A temperature is a numerical measure of hot and cold. Its measurement is done 
by detection assuming the bulk behavior of a thermometric material. The funda-
mental physical definition of  temperature is provided by thermodynamics and 
related to  thermal equilibrium, i.e., no interrelated heat flow. Thermophysical 
measurements are historically outlined through the cases of  differential ther-
mal examinations (revealed from Rudberg 1820s to  Russian Kurnakov 1940s) 
accentuating its impact to solid-state processes and application to both the fin-
gerprinting, qualitative, quantitative and kinetic studies. The premature and still 
current DTA peak analysis seems to habitually copy the straightforward patterns 
of XRD analysis even if some specific aspects of heat measurements are principal-
ly divergent thus obviously focused to following discussion: such as the impact 
of  heat transfer sluggishness affecting the DTA peak background (i.e. thermal 
inertia known since the Newton cooling law), associated creation of temperature 
gradients (particularly critical when using the extreme heating/cooling rates) and 
impact of the size of sample (the extent of its surface). The complexity of a DTA 
peak is explored in more details including necessary corrections due to both the 
sample thermal inertia and temperature gradients. The mathematical correction 
can be portrayed using the both differential (Tian) and/or integral (Newton)  
modes and confirmed by the effective rectification applied to DTA (and heat-flux 
DSC) responses reflecting well the need of heat inertia corrections as to attain the 
original shape of  inserted rectangular heat pulse. Moreover during all extraor-
dinary fast temperature changes arises a question whether the numerical values 
detected by a gadget really sustain the meaning of a real sample temperature and 
how to ever calibrate temperature under such extreme changes when is a high 
danger of  deep undercooling/overheating (and disturbing effect of  metastabil-
ity). Besides a  threshold of  such a  cooperative measurements can be exposed 
under rapid changes revealing thus a ceiling similar to a well-known Heisenberg 
quantum limit preventing a detached detection of a particle motion (~heat) from 
its position (~temperature). Relativistic understanding of temperature in remote 
sensing is discussed. Faulty applications when studying reaction kinetics are also 
discussed (especially critiquing the Kissinger evolution method). 

* Šesták, J, Thermodynamic basis for the theoretical description and correct 
interpretation of thermoanalytical experiments. Thermochim Acta 1979; 28: 
197-227

* Šesták J. Science of Heat and Thermophysical Studies: a generalized approach 
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to thermal analysis. Elsevier, Amsterdam 2005.
* M. Holeček, JJ. Mareš, J Šesták, P Hubík. What is the physical and operational 

meaning of temperature and its self-measurability during unsteady thermal 
processes (J. Šesták, JJ. Mareš, P Hubík Eds), Springer Berlin 2017, pp.99-
134.  ISBN 978--319-45897-7.

* Šesták J, Holba P, Heat inertia and temperature gradient in the treatment 
of DTA peaks: Existing on every occasion of real measurements but until 
now omitted. J Therm Anal Calorim (2013) 113:1633, 1643

* Šesták J, Is the original Kissinger equation obsolete today - not obsolete the 
entire non-isothermal kinetics while ignoring heat inertia? J Thermal Anal 
Calorim, 117, 1173-7 (2014).

* Šesták J., Kinetic phase diagrams as a consequence of sudden changing 
temperature or particle size. J Thermal Anal Calor, 2015; 120:  129-137

* Šesták J Measuring “hotness”; should the sensor’s readings for rapid 
temperature changes be named “tempericity”? J Therm Anal Calorim (2016) 
125:991–999
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Haber–Bosch–Mittasch NH3 production as the ground for 
adsorption–calorimetric and kinetic studies aimed at development 
of the theory of catalysis and at simulation of catalytic processes

Victor E. Ostrovskii1, Elena A. Kadyshevich2
1Karpov Institute of Physical Chemistry, Vorontsovo Pole str. 10, Moscow, 105064 Russia 
ostrovskii.victor@mail.ru  
2Obukhov Institute of Atmospheric Physics RAS, Pyzhevsky str. 3, Moscow, 119017 Russia 
kadyshevich@mail.ru 

In 2013, the centenary had passed since the first plant of NH3 production was 
put into operation at Oppau, Badische Anilin- und Soda-Fabrik (BASF), by the 
F. Haber and C. Bosch technology with a promoted Fe-based catalyst discovered 
by A. Mittasch and his co-workers. Its productivity was 30 ton of NH3 per day. 
The industrial realization of this process was an outstanding event that marked the 
birth of the industrial chemistry of high pressure and temperature. The subsequent 
development of  this technology supplied agriculture with fertilizer agents and 
a lot of people with nutrition and thus allowed for a time to forget the Thomas 
Malthus’s damnation.  Simultaneously, this technology supplied with nutrition 
a multitude of machineguns and blockbusters; their destructives became so cheap 
and abundant that some newspapers wrote that no new war is possible because 
the arms became too thunderous. The process of NH3 production in its tradition-
al form includes eight solid catalysts supplied with many different promotors, 
additions, and carriers and functioning under different conditions. The NH3 pro-
duction technology is upgraded with time. The modern single-stream equipment 
is capable of producing 1850 t of NH3 per day (about 650,000 t per year). Several 
books and papers are timed to the jubilee of this process that is the jubilee of the 
high-technology industrial chemistry. However, the contribution of the adsorp-
tion–calorimetric and kinetic studies, which are aimed at the creation and im-
provement of this process, to the solution of some fundamental scientific problems 
of catalysis and related subjects wasn’t generalized to the right degree. In this work, 
basing on the studies of the catalysts and processes of NH3 production, we reveal 
the principal features of stationary catalytic processes, formulate the definitions 
of the catalysis and of catalysts, and show that the surface of a thermally-stabilized 
catalyzing crystal is homogeneous relative to  the catalytic ability of  its surface 
points and that the catalytic formation of any product is one-step and its kinetics is 
determined by the specific rate and by the surface area on which this step proceeds; 
we also give an original procedure (free of  the mistakes revealed in the earlier 
proposed one) for description of the kinetics and simulation of the reactions that 
proceed near their equilibriums. This is made on the basis of our own and available 
adsorption-calorimetric, kinetic, and other studies; therewith, the significance 
of the adequacy of the applied methods and procedures is analyzed.  
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Two-point scaling analysis of aqueous solutions of some monoalkyl 
derivatives of polyalkylene glycol

Michał Wasiak, Marlena Komudzińska, Mariola Tkaczyk, Małgorzata Jóźwiak, 
Henryk Piekarski
Departement of Physical Chemistry, University of Łódź,  
ul. Pomorska 165, 90-236 Łódź, Poland

Specific isobaric heat capacities (cp) of aqueous solutions of the triethylene glycol 
monopentyl ether (C5E3) [1], pentaethylene glycol monoheptyl ether (C7E5) and 
1-propoxypropan-2-ol (C3P1) [2] have been measured by  means of  DSC, over 
the wide concentration and temperature range. The apparent (Cp,F,2) and partial 
molar (Cp,2) heat capacities of amphiphiles in water have been calculated.

The maxima on the Cp,F,2 = f(m2) and Cp,2 = f(m2) functions were observed and 
interpreted as the result of  aggregation processes taking place in  the solution. 
In the case of aqueous solutions of C5E3, C7E5 the maxima on the cp = f(T) curves 
have also been observed.

The heat capacity data were analyzed using the modified [3] two-point scaling 
theory. The two-point scaling theory is an extension of the conventional scaling 
theory. It describes the system, which can exist in  two “phases”. The basic as-
sumptions about homogeneity of the thermodynamic potential functions are the 
same as in the conventional theory. The difference is that singularities are related 
to the stability points of each “phase” not to the transition point. Our modifica-
tion allowed for the description of the partial molar quantities of the solute as the 
function of the solution molality.

The obtained values of critical indices were discussed in terms of aggregation 
taking place in the solutions. Values of critical molalities stays in good agreement 
with position of the maxima on the Cp,2 = f(m2) and cp = f(T) curves.

[1] M. Wasiak, M. Tkaczyk, H. Piekarski, Fluid Phase Equilib., 431 (2017)  
16-23.

[2] M. Wasiak, M. Tkaczyk, H. Piekarski, J. Mol. Liq., 224(Part A) (2016)  
842–848.

[3] H. Piekarski, M. Wasiak, L. Wojtczak, J. Solution Chem., 41 (2012) 318–334.
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Thermal decomposition of ionic liquids: thermodynamic  
and kinetic aspects

Filip Walkiewicz
Poznan University of Technology, Institute of Chemical Technology  
and Engineering, 60-965 Poznan, Poland

Ionic liquids (ILs) represent a class of “designed” solvents with a promising wide 
range of  practical applications. They can be used in  many areas of  chemistry, 
where act as solvents or catalysts [1], in  separation processes [2], in medicine 
as anticancer drugs [3] or even in agrochemistry – where act as crop protection 
agents [4]. These organic salts are composed solely of ions. Selecting of the appro-
priate pairs cation-anion is crucial for physical and chemical properties of ILs. 
Ionic liquids are non-flammable, thermally stable, and extremely low volatile 
compounds. Up to now much attention has been devoted to synthesis, chemical 
and physical character of ILs, but kinetic aspect of their thermal decomposition 
is practically unknown.

We  have focused our study of  ILs especially in  the thermal decomposition 
aspects included practical TGA measurements, chemical structure of  ILs and 
their influence of kinetic and thermodynamic parameters of thermal decompo-
sition process. We  have studied the thermal decomposition in  isothermal and 
nonisothermal conditions under different gas atmosphere. The kinetic triplets 
(activation energy, Arrhenius preexponential factor and reaction model) was 
determined. In our calculation isoconversional - differential such of Friedman, 
or integral (eg. KAS, FWO, Tang or Starink) methods were used. The reaction 
model verification was performed by independent way (e.g. Master Plot or Perez 
methods). Beside the thermodynamic parameters (enthalpy, entropy and free 
energy) a lifetime of ionic liquids was determined.

[1] P. Wasserscheid, T. Welton, “Ionic Liquids in Synthesis”  Eds.Wiley-VCH 
Verlag GmbH & Co. KGaA: Weinheim, 2008

[2] Š. Schlosser,.J. Marták, M. BlahuŠiak, Chem. Pap., 72 (2018) 567
[3] K. S. Egorova, E. G. Gordeev, V. P. Ananikov, Chem. Rev. 117 (2017) 7132
[4] J. Pernak, A. Syguda, D. Janiszewska, K. Materna, T. Praczyk, Tetrahedron, 

67 (2011) 4838
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Phase behavior of aqueous diethylene glycol n-pentyl ether by DSC

Henryk Piekarski, Mariola Tkaczyk, Magdalena Tyczyńska,  
Małgorzata Jóźwiak
University of Lodz, Department of Physical Chemistry,  
Pomorska 165/163, 90-236 Lodz, Poland

Monoalkyl derivatives of polyoxyethylene glycol constitute a group of surface-ac-
tive compounds with a general formula of H(CH2)n(OCH2CH2)mOH or abbrevi-
ated CnEm. To this group belongs diethylene glycol n-pentyl ether (C5E2). Con-
sidering the fact that alkoxyethanols very often are used in the form of aqueous 
solutions in many industrial applications, the phenomena of limited miscibility 
occurring in such systems deserze an attention. In diluted C5E2 aqueous solutions 
one can observe a phenomenon of microheterogeneity [1–3] connected with the 
formation of small aggregates and/or the beginning of micellarization processes 
in solution. The determination of boundary between the homogeneous and micro-
heterogeneous areas can be done by the observation of changes in physicochem-
ical properties, caused by the change in the content of amphiphile in mixtures, 
such as among others: apparent molar volume, conductance, compresibility. The 
perfect tool to examine the phenomenon of microheterogeneity is the analysis 
of apparent and partial molar functions of heat capacity from the mixture com-
position, which is the third derivative of Gibbs energy in relation to composition 
and temperature. Therefore these functions are sensitive to  changes occurring 
in the properties of the solution. 

In  the aqueous solutions of  C5E2, molecules undergo aggregation resulting 
in the separation of phases and one can observe a phenomenon of miscibility gap.

In the presented work the specific heat capacities of aqueous solutions of di-
ethylene glycol n-pentyl ether (C5E2) with molalities m2 ≤ 1.8232 mol kg−1 were 
measured within the temperature range 273.15–338.15 K by DSC. Changes in the 
specific, apparent and partial molar heat capacities of the aqueous system inves-
tigated were analyzed and considered as an effect of structural transformations 
in order to determine the boundary of the microheterogeneity region. For each 
solution, the temperature dependence of  differential heat flow was analyzed 
in order to determine the temperature of phase transition and the boundary be-
tween mono- and diphase systems.

[1] L. Wojtczak, H. Piekarski, M. Tkaczyk, I. Zasada, T. Rychtelska, J. Mol. Liq., 
95 (2002) 229. 

[2] H. Piekarski, M. Tkaczyk, J. Therm. Anal., Cal. 83 (2006) 541.
[3] H. Piekarski, M. Tkaczyk, M. Wasiak, J. Therm. Anal. Cal., 82 (2005) 711.
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How the mixed solvent composition affects the hydrophobic 
hydration of selected open-chained polyethers – calorimetric, 
densimetric and acoustic investigations

Marlena Komudzińska1, Małgorzata Jóźwiak1, Andrzej Burakowski2, 
Jacek Gliński2,  Magdalena Tyczyńska1
1Department of Physical Chemistry, Faculty of Chemistry,  
University of Lodz, Pomorska 165, 90-236 Lodz 
2Faculty of Chemistry, University of Wroclaw, F. Joliot-Curie 14, 50-383 Wroclaw

Studies of  the densimetric properties of  solutions in  a  wide range of  concen-
trations and temperature are a valuable source of  information. The volumetric 
functions, and the temperature coefficient of expansion provide information not 
only about physical properties of  solute and solvent under investigation. They 
could be also used to examine changes occurring in the solution structure caused 
by  intermolecular interactions. Additional information could be also brought 
by calorimetric study. From the viewpoint of intermolecular interactions DMF 
is a  solvent in  which hydrophilic and hydrophobic properties almost undergo 
compensation. Thus, the mixture of DMF with water {DMF+H2O} could be used 
to study the pure effect of hydrophobic hydration of compounds showing hydro-
phobic properties [1]. 

The heat capacity data have been obtained by calorimetric studies of selected 
glymes in the mixed solvent {DMF+H2O}. Measurements carried out by differ-
ential scanning calorimeter (DSC III, Setaram) allowed to calculate the standard 
apparent molar heat capacity (C0

p,Φ,2) which is almost equal to the partial molar 
heat capacity (C0

p,2) of solute in the solution and is able to provide some additional 
information about hydrophobicity of investigated substance [2].

The density of  selected linear polyethers (glymes) solutions in  the mixtures 
of  N,N-dimethylformamide (DMF) with water (H2O) was measured in  the 
temperature range (293.15-308.15)K using high precision Anton Paar U-tube 
densimeter. Measurements were performed within whole concentration range 
of mixed solvent {DMF + H2O}. The results were used to calculate the standard 
partial molar volumes (V0

m) of mono-, di-, tri-, and tetraglyme at infinite dilu-
tion. The bv coefficient of Redlich and Mayer equation and the limiting apparent 
molar expansibilities (α) were also calculated. 

Furthermore for more information about structure of liquid mixtures investi-
gated, speed of sound measurements using computer-steered OPBOX 2.1 (Optel, 
Wroclaw, Poland) were executed. Changes in solution caused by addition of sol-
ute molecules could be very complex and difficult to interpret. In the presented 
work we will discuss the effect of the mixed solvent composition on hydrophobic 
hydration of selected linear polyethers (from monoglyme to tetraglyme).
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Faculty of Chemistry, University of Lodz, 2017

[1] C. De Visser, G. Somsen, J. Phys. Chem. 78 (1974) 1719
[2] M. Jóźwiak, M.A. Kosiorowska, M. Wasiak, J. Chem. Eng. Data 55 (2010) 
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Disadvantageous heat transfer through porous structures

Dorota Wójcicka-Migasiuk
Lublin University of Technology, d.wojcicka-migasiuk@pollub.pl

The paper concerns selected porous structures and the effects of  heat transfer 
phenomenon considered as disadvantageous to  heat preservation in  buildings 
named passive. This particular interest – in low energy buildings, forces the at-
tempt to  the analysis of heat flow through porous structures of constructional 
material and/or modern insulation elements. The balance in analyzed phenome-
na that is required is primarily located between the strength and thermal resist-
ance but also between the durability and natural origin of building envelope. The 
protection against any energy leakage from buildings is the prevailing idea for the 
analyses that have been carried out within this paper subject. The practical effects 
of  such disadvantageous heat transfer that gave the concept for this paper are 
presented in the thermal-visual images form taken by a camera but are expanded 
into small porous cavities between contacting layers of insulation elements and 
constructional elements.

The presented effect is quite common and small cavities occurring in insulation 
systems do not usually give arguments strong enough to change the technique 
of installation. The results of theoretical analysis on porous in small (or even mi-
cro) scale may not be practically useful for direct applications but help to change 
the perspective of assumptions when thermal insulation for building envelope 
is to be designed.[1,2] It must be mentioned that any micro cavities transform 
itself into small damages resulting in obvious heat loss in macro scale which is 
presented also in the form of a thermal – visual images of thermal effect in in-
visible damage. The paper discusses heat transfer through cavities encapsulated 
in materials and the pores open by cutting processes in 3-5 mm porous surface 
zone.

[1] W. Van De Walle, H. Janssen “Validation of a 3D pore scale prediction 
model for the thermal conductivity of porous building materials” 11th 
Nordic Symposium on Building Physics, NSB2017, 11-14 June 2017, 
Trondheim, Norway, Energy Procedia 132 (2017) 225–230

[2] A.Urzędowski, D.Wójcicka-Migasiuk, “Visual analysis of heat transport 
in unique object”, ADVANCES IN SCIENCE AND TECHNOLOGY 
RESEARCH JOURNAL - 2015, nr 28, vol. 9, s. 153-159
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Study on selected energetic woods and crops thermal degradation 
process and kinetics

Andrea Majlingova1, Martin Lieskovsky1, Martin Zachar1, Stefan Galla2,  
Jana Krajcovicova2 
1Technical University in Zvolen, Faculty of Wood Science and Technology, T.G. Masaryka 
24, 960 53 Zvolen, Slovak Republic, majlingova@tuzvo.sk
2Fire Research Institute of the Ministry of Interior of the Slovak Republic, Roznavska 11, 
831 04 Bratislava, Slovak Republic

Biomass is one of  the key renewable sources of  energy that is produced from 
organic matter. It includes wood, agricultural crops and waste, and other “living” 
material that can be used to produce heat energy. So far, several scientific studies 
have been published that address this issue from several aspects. One important 
area of biomass as a renewable energy source research is, except the identification 
of biomass resources potentially suitable for energy production, quantification 
of yields of energy trees and agricultural crops, also the research on its energy 
potential, which is preceded by research on its fire and thermal properties. This 
issue is also a subject of this paper. The paper presents the results of the thermal 
analysis (TG and DTG) of  three energetic woods (Paulownia tomentosa, Salix 
viminalis clone Tora, Populus x euroamericana clone MAX 4) and three energetic 
crops samples (Sida hermaphrodita, Arundo donax, Miscanthus x gigan-
teus) at four different heating rates (10, 15, 20, 25 °C min-1), provided in ac-
cordance to STN EN ISO 11358-1.Based on the thermal analysis results, there 
is also determined the kinetics of the reaction for the biomass samples, which is 
expressed in term of the activation energy, calculated in terms of three different 
methods: Ozawa-Flynn-Wall, Kissinger-Akahira-Sunos and ASTM-E698-05. 
Those activation energy values were further compared also with the ignition 
activation energy values, calculated by the equation of Arrhenius.

This work was supported by the VEGA Grant Agency under project No. VEGA 1/0493/18, 
KEGA Grant Agency under project KEGA 032PU-4/2018 and Slovak Research and 
Development Agency under Agreement No. APVV-16-0326.

[1] ASTM-E698-05: Standard Test Method for Arrhenius Kinetic Constants for 
Thermally Unstable Materials

[2] STN EN ISO 11358-1: Plastics - Thermogravimetry (TG) of polymers - 
Part 1: General principles (ISO 11358-1:2014)
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Influence of temperature on solvation parameters in binary solvent 
systems

Elwira K. Wróblewska, Marta J. Sawicka, Maciej Jabłoński
West Pomeranian University of Technology,  
Faculty of Chemical Technology & Engineering,  
Departament of Organic & Physical Chemistry,  
Al Piastow 42, PL-71065 Szczecin, Poland

The selection of optimal conditions for carrying out chemical reactions is related 
to the provision of a suitable medium. This applies not only to pure solvents but 
also to  multi-component solvent systems with smoothly adjustable polarity as 
a function of the composition.

The behavior of binary solvent systems of selected merocyanines, derivatives 
of  3H-indole salts and products of  their photochemical dehydrocyclization is 
described on the basis of the physicochemical model of solvochromism SA-SAB-
SB describing the dye - solvent interaction [1,2]. The research was conducted 
in terms of analysis of the influence of temperature on the determined solvation 
parameters - solvation equilibrium constants.

The tests were carried out in the areas of polarity corresponding to three dye 
structures - V (vinyl amide), B (betaine) and HB (hydrogen bonded betaine) 
[3,4]. UV-vis spectra were recorded at three different temperatures: 10, 30 and 
50°C. Samples with variable composition were prepared in  each system, e.g. 
cyclohexane - anisole, acetone - methyl alcohol, methyl alcohol - distilled water.

It was found that in all examined systems there is a  single exchange, which 
means the formation of dye-solvent solvates. The obtained results very well meet 
the equation of the model, as evidenced by high correlation coefficients The de-
termined solvation equilibria constants prove that in most systems a more polar 
solvent is preferred. It was postulated that as the temperature rises, the value 
of the determined constant K decreases.

[1] K.B. Soroka, J.A. Soroka, Journal of Physical Organic Chemistry, 10 (1997) 
647

[2] E.K. Wróblewska, J.A Soroka, K.B. Soroka, M Gasiorowska, Journal 
of Physical Organic Chemistry, 18 (2005) 347

[3] J.A. Soroka, K.B. Soroka, Journal of Physical Organic Chemistry, 4 (1991) 592
[4] E.K. Wróblewska, J.A Soroka, M Gasiorowska, Polish Journal of Chemistry, 

83 (2009) 217
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Reinvestigation of NdBr3-TlBr phase diagram

Irena Szczygieł1, Beata Salamon1, Leszek Rycerz2
1Department of Inorganic Chemistry,  
Faculty of Engineering and Economics, Wrocław University of Economics,  
Komandorska 118/120, 53-345 Wrocław, Poland 
2Division of Analytical Chemistry and Analytical Metallurgy, Faculty of Chemistry, 
Wrocław University of Science and Technology,  
Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, Poland

Lanthanide halides are widely applied in modern technologies because of their 
luminescence and unusual optical properties. Therefore they are attractive com-
ponent of materials used in lighting industry, sensitive radiation detectors, medi-
cal imaging and display panels used in mobile phones and laptops. The specificity 
of thallium halides gives them a level of technological importance considerably 
greater than might be expected from their relative obscurity. They are use: for 
radiation detectors, and also as optical fiber crystals and in medical imaging as 
well. The attractive application properties of NdBr3 and thallium bromide suggest 
that interesting properties of their mixture can be also expected. 

The phase equilibria of neodymium bromide - thallium bromide was obtained 
at first time by Molodkin et al. [1] in the 70s of the 20th century. This research 
group suggest the presence of three intermediate compounds: Tl2NdBr5 and Tl-
NdBr4 congruently melting, and incongruent melting TlNd3Br10 in this system. 
A very complicated topology of the presented phase diagram and big concentra-
tion of phase transitions in a narrow temperature range cause some reservations 
about the correctness of the phase equilibria. Therefore we decided to reexamine 
NdBr3-TlBr phase diagram.

The phase equilibria in the NdBr3-TlBr pseudobinary system were established 
by  means of  differential scanning calorimetry (DSC). The DSC investigations 
were performed on  the samples with different compositions in  whole mole 
fraction x(NdBr3) range. The results obtained indicate that there are only two 
compounds in the system: congruently melting Tl2NdBr5 (Tm = 815 K) and in-
congruent melting TlNd3Br10 (Tm = 772 K).

The obtained experimental data was used to the optimization of NdBr3-TlBr 
phase diagram by CALPHAD method with Associate Solution Model. The de-
pendencies of mixing enthalpy and mixing entropy on mole fraction x(NdBr3) 
were estimated. The dependence of  formation Gibbs energy on  temperature 
and temperature range of  formed solid compounds have been calculated and 
discussed. 

[1] A.K. Molodkin, A.B. Strekaczinskij, A.G. Dudareva, Zurnal neorganiceskoj 
chimii, 23(8) (1977) 2256-2258.
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Experimental investigations of phase relations in Nd2O3 - Nb2O5 
pseudobinary system

Bożena Pilarek, Irena Szczygieł
Department of Inorganic Chemistry, Faculty of Engineering and Economics, Wrocław 
University of Economics, Komandorska 118/120, 53-345 Wroclaw, Poland

In the last few years, rare-earth niobates draw great attention due to the complex-
ity of  their structure and properties qualifying them as candidates for various 
industrial and technological applications, such as microwave dielectric ceramics 
or electrolyte in sensing materials and fuel cells [1,2].

There are known four neodymium niobum(V)double oxides that may exist 
in the Nd2O3-Nb2O5 system: Nd3NbO7 with orthorhombic columbite type struc-
ture, neodymium orthoniobate NdNbO4 with low-temperature monoclinic 
and high-temperature tetragonal structure, NdNb3O9 with orthorhombic per-
ovskite-type structure and NdNb5O14 with orthorhombic structure [1, 3-4]. There 
are no literature reports on phase equilibria in neodymium oxide–niobium(V) 
oxide system. Thorough  investigation of phase relations are crucial element for 
the optimization of the manufacturing process and the operation of multi-com-
ponent materials.

The aim of the present research was to determine the unknown phase diagram 
of the Nd2O3-Nb2O5 binary system, as well as the thermal properties of the in-
termediate compounds formed in the system. The mixtures of neodymium and 
niobium(V) oxides have been obtained by the synthesis in solid state. Their struc-
tures were checked by means of X-ray powder diffraction. The melting points 
of  the pure compounds as well as their mixtures have been determined by an 
optical method using a  pyrometer. The temperatures of  the solid-solid phase 
transitions have been determined by the DSC/TGA method. The obtained results 
give the basic data about the temperature regimes applied during synthesis and 
application of new materials based on the neodymium niobates.

[1] R. Haugsrud, T. Norby, in: Nature Materials, 5(3) (2006) 193.
[2] P. Zhang, Y. Zhao, J. Liu, Z. Song, X. Wang, M. Xiao, in: Journal of Alloys 

and Compounds, 640 (2015) 90.
[3] L. Cai, J.C. Nino, in: Journal of Solid State Chemistry, 184 (2011) 2263.
[4] S. Roudeau, F. Weill, S. Pechev, J.M. Bassat, J.C. Grenier, in: C. R. Chimie 11 

(2008) 734.
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Effect of oxygen pressure on the thermooxidative stability  
of coriander oil studied by non-isothermal DSC measurements

Anna Vykydalová, Zuzana Cibulková, Michal Belák, Tibor Dubaj, Peter Šimon
Department of Physical Chemistry, Faculty of Chemical and Food Technology, Slovak 
University of Technology, Radlinského 9, 812 37, Bratislava, Slovakia

Beside the fact that oils and fats are the richest source of energy in terms of hu-
man nutrition, they also have a significant impact on the sensory quality of food 
and provide with the essential fatty acids which play a key role in many metabolic 
processes. Due to reactive sites in  their chemical structure, these are relatively 
prone to undergo degradation processes. On  that account, their stability is an 
important qualitative attribute from a nutritional and sensory point of view. One 
of the most common degradation processes in oils is thermooxidation. Thermo-
oxidative degradation occurs in two steps. The first one is induction period (IP), 
where seemingly no chemical reaction takes place [1]. At the end of IP, the second 
process – oxidation itself begins. The end of IP is characterized by a rapid oxygen 
uptake and often a sudden change of material characteristics occurs. Therefore, 
the length of the IP is frequently taken as a measure of a material stability [1].

The aim of this work was to study the thermooxidative stability of coriander oil. 
Non-isothermal DSC measurements under various pressures of oxygen were em-
ployed to study the thermooxidation of the sample. The experimental procedures 
were carried out in an atmosphere of air at atmospheric pressure and in an atmo-
sphere of oxygen at atmospheric and elevated pressures using a high-pressure cell 
employing seven various heating rates. Kinetic parameters describing IP of the 
thermooxidation and the order of  the thermooxidative degradation reaction 
with respect to oxygen pressure were obtained from the dependence of the onset 
oxidation temperatures on the heating rate by isoconversional method using the 
Berthelot-Hood temperature function. Their values enabled to predict the length 
of the isothermal IP in the temperature range from 25 to 180 °C and pressure val-
ues between 0.21 and 40 bar. It is shown that the length of the induction periods 
decrease with increasing both temperature and partial pressure of oxygen.

Financial support from the Slovak Research and Development Agency (APVV-15-0124) 
is gratefully acknowledged. The financial support from the Scientific Grant Agency of the 
Slovak Republic (VEGA 1/0592/15) is also 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] P. Šimon, Ľ. Kolman, J Therm Anal Calorim. 2001;64:813–20.
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Application of Scanning Microcalorimeter Controlled  
by an Independent Thermodynamic Variable (CALPRESDAT SN 
20131 and 20132) in study of surfactant solutions

Anna Marczyk1, Hanna Wilczura-Wachnik1,2
1Faculty of Chemistry, University of Warsaw, Poland 
2University of Warsaw Biological and Chemical Research Centre

The two modul instrument is adopted to scan: Modul 1: concentration (titration) 
in liquid systems  at constant temperature and atmospheric pressure; Modul 2: 
to measure a heat capacity of  liquids at constant volume or/and of orthobaric 
heat capacity of liquids through a temperature scanning, to measure of isobar-
ic thermal expansion coefficient or of isobaric heat capacity of liquids per unit 
of volume under pressures up to 20MPa through isothermal pressure scanning or 
isobaric temperature scanning respectively. 

The application for SDS/H2O system will be presented.

It has been shown that the new two modul microcalorimeter can be used 
to determine CMC as well the thermodynamic parameters (e.g. enthalpy of mi-
cellization). The presented instrument allows to analyze interactions in surfactant 
solutions.
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The study of solvation of 1,4-dioxane and urea molecules in water-
N,N-dimethylformamide mixed solvent

Magdalena Tyczyńska, Małgorzata Jóźwiak, Tomasz Majak
University of Lodz, Department of Physical Chemistry,  
Pomorska 165/163, 90-236 Lodz, Poland

The investigations of calorimetric and densimetric properties of solutions in the 
wide range of  concentration and temperature constitutes a  valuable source 
of information. They may be used to verify the mutual dependencies existing be-
tween components of the system [1]. Indirectly it enable to conclude about the way 
of packing molecules in a system or their association. 

1,4-Dioxane is the first of a series of homologous cyclic ethers. Opposed to cy-
clic ethers with the larger ring it doesn’t belong to the crown ethers group. The 
oxygen atoms in the 1,4-dioxane molecule are directly facing the outside of the 
cyclic ring, causing the compound exhibit properties different than the crown 
ethers.

The comparison of the calorimetric and viscosimetric results between 1,4-di-
oxane and urea, belonging to  model low-molecular compounds, gives the 
possibility to  determine the physical properties of  the tested substances. Urea 
specifically interacts with water [2,3] and is the molecule of specially significance 
and activity in various biological processes. This compound having hydrophilic 
properties is well dissolved in water and its aqueous solutions are treated as a pro-
jection of natural biological systems present in the human body. 

The presented work compares the results of  the enthalpy of  dissolution 
(solvation) obtained with the use of  the “isoperibol” calorimeter with the 
viscosimetric data, in  particular with B coefficient of  Jones-Dole equation  
( ). The obtained results from both methods 
for 1,4-dioxane and urea in the water and N,N-dimethylformamide mixed sol-
vent, were discussed from the point of view of interactions between solute (hy-
drophilic and hydrophobic) molecules and solvent molecules, and thus changes 
in the solvation process of these substances.

[1] H. Illoukhani, K. Khanlarzadeh, J. Chem. Eng. Data, 51 (2006) 1226.
[2] A. Ben-Naim, Plenum press: New York, 1980.
[3] G. Barone, P. Cacace, G. Della Gatta, R. De Sena, C. Giancola, Thermochim. 

Acta, 199 (1992) 229.
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Thermodynamics of micelization of imidazolium octanoate 
in aqueous solutions

Michał Wasiak1, Małgorzata Jóźwiak1, Andrzej Jóźwiak2, Henryk Piekarski1
1Departement of Physical Chemistry, University of Łódź,  
ul. Pomorska 165, 90-236 Łódź, Poland 
2Departemnt of of Organic Chemistry, University of Łódź,  
ul. Tamka 12, 91-403 Łódź, Poland

Imidazolium octanoate – the products of neutralization of imidazole by octanoic 
acid belong to the relatively new group of compounds, which have ionic struc-
ture and are liquid at ambient temperature, referred as “protic ionic liquids”. Due 
to relatively long aliphatic chain this compound undergo an aggregation process 
in aqueous solution.

The aggregation of imidazolium and pyrrolidunium alkycarboxylates in aque-
ous solutions was investigated previously only by M. Anouti et al. [1] at 298.15 K 
by means of surface tension and conductivity measurements. 

The ionic liquid was synthesized according to procedure described by M. Anou-
ti et al. [1] through the reaction of imidazole with octanoic acids.

The influence of  temperature on  aggregation of  imidazolium octanoate 
in aqueous solution has been studied, by means of isothermal titration calorime-
try and conductometry over rather wide range of concentration and temperature.

The enthalpograms obtained, in  the concentration range suggested 
by M. Anouti et al. [1], were not characteristic for the surfactant solutions, and 
allowed only for rough estimation of the thermodynamic parameters of micel-
lization. The conductometric measurements in  the same concentration range 
allowed for the  determination of  the values of  the thermodynamic functions 
of micellization. The obtained temperature dependences of mentioned functions 
were also different than those for classical surfactant solutions. Therefore isother-
mal calorimetric titrations were performed for the much concentrated solutions. 
Obtained enthalpograms  exhibited common shape and allowed for the determi-
nation of the enthalpy of micellization, as well as critical micelle concentration, 
although in concentration range higher than suggested by M. Anouti et al. [1].

[1] M. Anouti, J. Jones, A. Boisset, J. Jacquemin, M. Caillon-Caravanier,  
D. Lemordant, J. Colloid Interf. Sci., 340 (2009) 104-111
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Enthalpy of reaction of titanium raw materials with sulphuric acid

Maciej Jabłoński, Sandra Tylutka 
West Pomeranian University of Technology Szczecin, Faculty of Chemical Technology  
and Engineering, Department of Organic and Physical Chemistry,  
Al. Piastów 42, 71-065 Szczecin, Poland

A very important parameter, especially from the point of view of process safety, is 
the knowledge of the total thermal effect arising during the reaction of titanium 
raw materials with sulphuric acid. This thermal effect of reaction is depending 
on  the temperature at which the reaction is initiated, and the concentration 
of sulphuric acid. Therefore, the aim of this study is to determine the influence 
of temperature, and initial concentration of the sulphuric acid on the rate, and 
the amount of heat released, during the reaction of the sulphuric acid with the 
titanium raw materials. 

The enthalpy effects of  the reaction were estimated on  the basis of  thermo-
dynamic data for all components of  the reaction mixture. In  order to  be able 
to make calculations, it is necessary to know the elemental and phase composi-
tion of the substrates used for the reaction. The Norway and Australian ilmenite 
were used as substrates in the investigations of the reaction between the sulphuric 
acid and the titanium raw materials. Both raw materials differ significantly 
in their elemental and phase composition. Two oxide models were used in the 
thermodynamic calculations of the reaction enthalpy. The results of calculations 
based on these models were compared with the results obtained from calorimet-
ric investigations. The investigation were carried out with the use of  our own 
construction of non-isotemic and nonadiabatic colorimeter. The obtained results 
indicate good agreement of oxide models estimation of reaction enthalpy with 
the results of experimental research.
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Influence of the increased content of Calumite blast-furnace slag 
on the melting of sodium-calcium-silicate glass

A. A. Kuśnierz, M. Kosmal, A. Rybicka-Łada
Institute of Ceramics and Building Materials, Division of Glass and Building Materials  
in Cracow, Poland

A glass set with a high content of blast furnace slag and a reduced amount of tra-
ditional raw materials requires optimization of the raw material composition and 
adjustment of its specificity to the temperature regime of melting, homogenizing 
and clarifying the glass mass. The introduction of an increased amount of blast 
furnace slag allows to reduce the cost of raw materials (soda, limestone and high 
class sand), reduce energy costs, whose consumption significantly decreases and 
reduce CO2 emissions in line with EU requirements. The tests of thermal analysis 
of a glass set with different content of Calumite are aimed at learning the mecha-
nism of its operation by determining the changes caused by its different presence 
in the course of subsequent reactions between the components of the glass set. 
Analysis of the influence of the addition of different Calumite slag content treated 
as a substitute for the raw material on the melting process of glassware sets was 
analyzed. The tests were carried out using differential thermal analysis (DTA) 
and thermogravimetry (TG) based on the model glass [% weight]: 73.0% SiO2, 
1.0% Al2O3, 10.0% CaO, 2.0% MgO and 14.0% Na2O. The effect of combining 
calumite with sulphate and multi-component fining agent - mixtures of As2O3, 
Sb2O3, NaNO3 in proportions of 1: 1: 1 for chemical reaction and phase transfor-
mation was investigated.

S01_P5



43

S01 Thermodynamics and kinetics 
S01_P6

Contents

Bonding interactions in oxydiacetate and thiodiacetate cobalt(II) 
and nickel(II) complexes 

Aleksandra Tesmar, Joanna Makowska, Iwona Anusiewicz, Lech Chmurzyński 
Faculty of Chemistry, University of Gdańsk, Wita Stwosza 63, 80-308 Gdańsk, Poland

The influence of  the central donor atom of  the oxydiacetate and thiodiacetate 
ligands (oxygen and sulphur atoms, respectively) on the thermodynamic param-
eters for complexation reactions of the Co2+ and Ni2+ ions has been investigated 
using the Isothermal Titration Calorimetry (ITC) technique and Density Func-
tional Theory (DFT) computations. The polarized continuum (PCM) - solvation 
model was employed to describe the structural factors that govern the coordi-
nation modes of the ligands (mer or fac) in the solution (Fig 1). The differences 
in  the binding enthalpies of  the investigated complexes were discussed based 
on the results obtained both from the natural bond orbital (NBO) analysis and 
the second-order perturbation theory. 

                      

S01_P6

      
Fig 1. The coordination mode of Co(II) complexes: mer Co(oda)(H2O)3 (left), fac  Co(oda)(H2O)3 
(right).
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Simultaneous determination of thermodynamic and kinetic 
parameters of metal – ligand interactions on Isothermal Titration 
Calorimetry data 

Dariusz Wyrzykowski, Aleksandra Tesmar, Joanna Makowska,  
Lech Chmurzyński 
Faculty of Chemistry, University of Gdańsk, Wita Stwosza 63, 80-308 Gdańsk, Poland

The influence of the different side chain residues on the thermodynamic and ki-
netic parameters for complexation reactions of the Co2+ and Ni2+ ions has been 
investigated using the isothermal titration calorimetry (ITC) technique support-
ed by potentiometric titration data. The study was concerned with the two com-
mon tripodal aminocarboxylate ligands, namely nitrilotriacetic acid (H3nta) and 
N-(2-hydroxyethyl) iminodiacetic acid (H2heida). Calorimetric measurements 
(ITC) were run in the Mes (2-(N-morpholino)ethanesulfonic acid), Pipes (piper-
azine-N,N’-bis(2-ethanesulfonic acid)) and Caco (dimethylarsenic acid) buffers 
(0.1 mol L-1, pH 6) at 298.15 K. The quantification of the metal-buffer interactions 
and their incorporation into the ITC data analysis enabled to obtain the pH-in-
dependent and buffer-independent thermodynamic parameters (K, ∆G, ∆H and 
∆S) for the reactions under study. Furthermore, the kinITC method was applied 
to obtain kinetic information on complexation reactions from the ITC data. Cor-
relations, based on kinetic and thermodynamic data, between the kinetics of for-
mation of Co2+ and Ni2+ complexes and their thermodynamic stabilities are dis-
cussed. 

Fig 1. The structures of nitrilotriacetic acid (H3nta) and N-(2-hydroxyethyl)-iminodiacetic acid 
(H2heida).
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Copper(II) coordination properties of GxG peptides: key role of side 
chains of  central residues on  coordination of  formed systems; 
combined potentiometric and ITC studies

Joanna Makowska1, Aleksandra Tesmar1, Bogusław Pilarski2, 
Damian Neubauer3, Elżbieta Kamysz1, Dariusz Wyrzykowski1,  
Lech Chmurzyński1 
1Faculty of Chemistry, University of Gdańsk, Wita Stwosza 63, 80-308 Gdańsk, Poland 
2Cerko Sp. z o.o. Sp.k, Al. Zwycięstwa 96/98, 81-451 Gdynia, Poland 
3Faculty of Pharmacy, Medical University of Gdańsk,  
Al. Gen. J. Hallera 107, 80-416 Gdańsk, Poland

Isothermal titration calorimetry (ITC) and potentiometric titration (PT) meth-
ods were used to study the interactions of copper(II) ions with GAG, GDG, GKG, 
and GHG peptides (Fig 1). The calorimetric measurements were run in a MES 
buffer with the pH value of 6.0 at 298.15 K. Based on the results of PT data sup-
ported by theoretical calculations, the dissociation constants were calculated for 
the investigated peptides. The quantification of the proton competition with the 
metal for the peptide and incorporation it into the ITC data analysis enabled 
to obtain the pH-independent parameters, namely the binding constants (K) and 
the free energy of binding (ΔG). Furthermore, the relationship between the pro-
posed coordination modes of the considered peptides and the thermodynamic 
parameters (K, ΔG and ΔH) has been discussed. 

Fig 1. The tentative coordination modes of the investigated peptides in copper(II) complexes 
under experimental conditions.
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Investigation of selected metal ions(II) complexation  
by the antimicrobial peptide LL-37 using isothermal titration 
calorimetry (ITC)

Joanna Makowska, Aleksandra Tesmar, Elżbieta Kamysz,  
Dariusz Wyrzykowski, Lech Chmurzyński  
Faculty of Chemistry, University of Gdańsk, Wita Stwosza 63, 80-308 Gdańsk, Poland

The focus of this research is on LL-37, the only cathelicidin-derived antimicrobial 
peptide found in  humans. LL-37 is a  37-residue, amphipathic, helical peptide 
found throughout the body and has been shown to  exhibit a  broad spectrum 
of antimicrobial activity.  In the presented results, isothermal titration calorim-
etry (ITC) was used to study the interactions between copper(II), zinc(II) and 
nickel(II) ion and the LL-37, the only human member of the cathelicidin family 
of antimicrobial peptides. The stoichiometry, conditional stability constants and 
thermodynamic parameters for the pertinent complexation reactions were de-
termined. 
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Solvation process of glymes in the mixtures  
of N,N-dimethylformamide with propan-1-ol at 298.15 K 

Małgorzata Jóźwiak1, Katarzyna Łudzik-Dychto1,  
Andrzej Jóźwiak2, Tomasz Majak1, 
1University of Lodz, Faculty of Chemistry, Department of Physical Chemistry,  
Pomorska 165, 90-236 Lodz, Poland 
2University of Lodz, Faculty of Chemistry, Department of Organic Chemistry,  
Tamka 12, 91-403 Lodz, Poland

Linear polymers known as glymes represented by the general formula CH3O(CH-
2CH2O)nCH3 are dissected equivalents of  cyclic ethers including crown ethers. 
These compounds are widely used mainly as solvents. They can also be used 
in a nucleophilic substitution reaction, and in biological systems as well as cat-
alysts in  phase transfer catalysis. The mentioned compounds, similarly as the 
crown ethers can form complexes with metal cations. These complexes, however, 
are weaker than the complexes formed by the respective crown ethers. Wide use 
of  the both mentioned groups of  compounds is due to  their molecular struc-
ture. Linear polyethers as well as cyclic ethers have a hydrophilic-hydrophobic 
properties. In the water and mixed aqueous-organic solvents (areas of high water 
content) behave in  a  particular way because of  hydrophobic hydration of  the 
compounds.

We studied the solvation process of selected glymes, where n = 2 to 6 in the 
mixture of N,N-dimethylformamide (DMF) with propan-1-ol (PrOH). The en-
thalpy of solution of glymes in this mixture was measured by using “isoperibol” 
calorimeter at 298.15 K. Then the enthalpy of solvation was calculated. 

We investigated the effect of different properties of the mixed solvent (DMF+PrOH) 
on the solvation enthalpy of investigated glymes. We took into account the following 
properties of  mixtures: energetic expressed through excess enthalpy of  mixing (HE) 
and structural, which are reflected in excess volume (VE). The resultsd were com-
pared with analogous results for glymes in the mixtures of DMF with methanol 
(MeOH) or water (W). 

We observed that the replacement of PrOH or MeOH with water in the mix-
ture with DMF changes significantly the shape of the ΔsolvHo=f(x) (ΔsolvHo is the 
solvation enthalpy)    function of glymes as well as the contribution of structur-
al-energetic properties of mixed solvents in solvation enthalpy values. More over 
the deviation from the additivity of  the solvation enthalpy of  glymes depends 
on structural and energetic properties of DMF+MeOH and DMF+W mixtures 
but in  the DMF+PrOH mixture depends only on  energetic property of  DM-
F+PrOH mixture. 
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Effect of alcohols on the process of complex formation 15C5/Na+ 
in the alcohol+water mixtures

Małgorzata Jóźwiak1, Michał Wasiak1, Andrzej Jóźwiak2
1University of Lodz, Faculty of Chemistry, Department of Physical Chemistry,  
Pomorska 165, 90-236 Lodz, Poland, 
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It is well known that crown ethers interact with various metal cations and small 
organic molecules or groups to  form stable stoichiometric complexes. Studies 
of  crown ether complexes in  various solvents show that the thermodynamic 
functions of complex formation processes are affected by the nature and com-
position of the mixed solvent. The process of complex formation depends on the 
gap size in crown ether, cation size and the solvation capability of solvent. Since 
some time we have studied the process of complex formation of crown ethers 
with sodium cation in the alcohol+water mixtures. The thermodynamic function 
of complex formation 15C5/Na+ have been calculated in methanol+water (MeO-
H+W), ethanol+water (EtOH+W) and propan-1-ol+water (PrOH+W) mixtures 
in the temperature range from T=293.15 K to T=308.15 K. In the presented paper 
the analysis of  the influence of  the type of  the alcohol on  the thermodynamic 
functions of complex 15C5/Na+ formation in the mixtures of alcohol with water. 

To obtain the thermodynamic functions of complex formation, two methods 
were used: conductometric titration and calorimetric measurements. The equi-
librium constants of  complex formation Kf were obtained from conductivity 
measurements. The values of the standard enthalpy of complex formation (ΔfH0) 
were obtained from conductivity and calorimetric measurements. Then the stan-
dard free energy (ΔfG0) and entropy (ΔfS0) of complex formation were calculated. 

Using the obtained data of the standard enthalpy of complex formation and 
the standard solution enthalpy of 15C5 [31], we calculated the molar heat ca-
pacity of the 15C5/Na+ complex formation (ΔfCp

0 ) and the molar heat capacity 
of solution of 15C5 (ΔsolCp

0).
The type of  alcohol has an effect on  the course of  the function of  complex 

formation. This is most evident in the case of PrOH. This effect is caused by the 
solvophobic solvation of 15C5 molecules by PrOH molecules and hydrophobic 
hydration of PrOH molecules, which is the strongest in comparison with MeOH 
and EtOH molecules.
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Calorimetric investigations of aqueous solutions of nonionic 
amphiphiles: tetraethylene glycol monooctyl ether (C8E4)  
and pentaethylene glycol monoheptyl ether (C7E5) 

Marlena Komudzińska, Mariola Tkaczyk, Michał Wasiak
Department of Physical Chemistry, Faculty of Chemistry,  
University of Lodz, Pomorska Street 165, 90-236 Lodz

Tetraethylene glycol monooctyl ether and pentaethylene glycol monoheptyl 
ether with general formula H(CH2)i(OCH2CH2)jOH (abbreviated CiEj) belong 
to the group of nonionic amphiphiles that could interact with solvents of both – 
hydrophilic and hydrophobic nature. Their miscibility diagrams are valuable 
source of information because they are commonly used as solvents or cosolvents. 
In aqueous solutions they undergo two main phenomena: first, is miscibility gap 
formation, connected with the appearance of the second phase in solution, and 
the second is transition between homogeneous solution, in which amphiphiles oc-
curs in monomeric and small aggregates form and microheterogeneous in which 
first micelles appear. The latter is connected with overcoming the specific value 
of concentration known c.m.c.  (critical micelle concentration). The method that 
makes it possible to study both phenomena is differential scanning calorimetry 
(DSC). On the basis of  recorded curves of differential heat flow as a  tempera-
ture function HF=f(T), for aqueous solutions of  investigated compounds  with 
different concentrations, the range of miscibility gap occurring was determined. 
The values of specific heat capacity (cp) were used to calculate apparent (Cp,Ф,2) 
and partial molar(Cp,2) heat capacities of investigated C8E4 in aqueous solution. 
Analysis of the maxima positions of cp=f(T) and Cp,2=f(m2,T) functions allowed 
determination of boundary showing structural changes that are connected with 
the aggregation processes leading to  formation of different type of   associates, 
among others – micelles.  Previously, this type analysis has been successfully used 
to study phase phenomena in aqueous solutions of CnEm amphiphile [1-5].

[1] H. Piekarski, M. Tkaczyk, Thermochim.  Acta, 428 (2005) 113
[2] H. Piekarski, M. Tkaczyk, M. Wasiak, J. Therm. Anal. Cal., 82 (2005) 711
[3] H. Piekarski, M. Tkaczyk, J. Therm. Anal. Cal., 83 (2006) 541
[4] H. Piekarski, M. Tkaczyk, M. Tyczynska, Thermochim.,  Acta 550 (2012) 19
[5] M. Wasiak, M. Tkaczyk, H. Piekarski, Fluid Phase Equilibr.,  431 (2017) 16
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Phase equilibria in the LnCl3-AgCl (Ln = Ce, Nd, Sm, Gd)  
binary systems

Ida Chojnacka, Iwona Rutkowska, Jan Kapała, Leszek Rycerz
Department of Chemistry, Wroclaw University of Science and Technology,  
Wybrzeze Wyspianskiego 27, 50-370 Wroclaw, Poland

Differential thermal analysis (DTA) and differential scanning calorimetry (DSC) 
were used to investigate phase equilibria in the LnCl3 -AgCl (Ln = Ce, Sm, Gd) 
binary systems. It was found that systems under investigation represent typical 
examples of  simple eutectic systems. The eutectic compositions and eutec-
tic temperatures were found to  be: x(CeCl3) = 0.095, Teut = 700 K (for CeCl3 -
AgCl), x(SmCl3) = 0.228, Teut = 644 K (for SmCl3 -AgCl) and  x(GdCl3) = 0.288, 
Teut= 609 K (for GdCl3 -AgCl).

The thermodynamic functions of mixing in LnCl3 -AgCl systems (Ln = Ce, Nd, 
Sm, Gd) [1] were predicted on the basis of experimental data using the CALPH-
AD method. The liquid phases in the systems studied were described by associate 
solution model. The possibility of existence of the associates in the liquid phase 
was discussed.

The work was financed by  statutory activity subsidy from the Polish Ministry of  Science 
and Higher Education for the Faculty of Chemistry of Wroclaw University of Science and 
Technology.

[1] M. Szymanska-Kolodziej, P. Kolodziej, L. Rycerz, M. Gaune-Escard,  
Z. Naturforsch. 63 (2008) 364
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The comparison of the influence of temperature and  
concentration of octyltrimethylammonium bromide and sodium 
1-decanesulfonate on the kinetics of zinc electrodeposition on the 
mercury electrode

Jolanta Nieszporek, Krzysztof Nieszporek, Dorota Gugała-Fekner
Faculty of Chemistry, Maria Curie-Skłodowska University, Lublin, Poland

The influence of temperature and surfactants concentration on the kinetics of Zn2+ 
ions electroreduction at the mercury electrode in 1.0 mol.dm-3 NaClO4 solution 
was studied. Cationic and anionic surfactants were used: octyltrimethylammoni-
um bromide (OTMAB) and sodium 1-decanesulfonate (SDS). An inhibiting effect 
of OTMAB and a catalysing effect of SDS on the rate of the investigated electrode 
processes were demonstrated. The increase of the electroreduction rate is more 
evident with the increase of solution temperature and SDS concentration in the 
whole range of  investigated concentrations. In  the case of OTMAB, below the 
surfactant concentration of 7.5.10-5 mol.dm-3 the inhibiting effect increases and 
above this concentration the inhibiting effect decreases. The decrease of tempera-
ture is favourable for the inhibiting effect.

[1] J. Nieszporek, S. Afr. J. Chem, 67 (2014) 1
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Fig. 1. The values of charge-transfer resistance Ra related to 
Zn2+ ions reduction in 1 mol.dm-3 of NaClO4 solutin in the 
absence and in the presence of surfactants determined using 
EIS spectra in the function of temperature and surfactants’ 
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The influence of temperature on the accelerating effect  
of the electrode processes by selected non-ionic surfactants

Jolanta Nieszporek1, Dorota Gugała-Fekner1, Krzysztof Nieszporek2
1Department of Analytical Chemistry and Instrumental Analysis, Faculty of Chemistry, 
Maria Curie-Skłodowska University,  
Maria Curie-Skłodowska sq. 3, 20-032 Lublin, Poland 
2Department of Theoretical Chemistry, Faculty of Chemistry,  
Maria Curie-Skłodowska University,  
Maria Curie-Skłodowska sq. 3, 20-032 Lublin, Poland

The studies concern kinetics of  Zn2+ electroreduction in  1,0 mol.dm-3 NaClO4 
solution at the mercury electrode in the presence of selected non-ionic surfactants 
N-octanoyl-N-methylglucamine (OMG) and N-decanoyl-N-methylglucamine 
(DMG) conducted at different temperatures. Results of  investigations indicate 
a two-stage character of the electrode process as well as an inhibiting effect of the 
investigated compounds on  the rate of depolariser’s electroreduction. The first 
stage is probably related to the exchange of the first electron and determines the 
rate of the whole process (Fig. 1). The increase of surfactants concentration leads 
to decrease of the values of rate constants and such an effect is more visible in the 
DMG’s case. Moreover, also a decrease of temperature is a favourable factor for 
the inhibition of the analysed electrode processes.
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Thermal hazard evaluation by an nonisothermic—nonadiabatic 
calorimeter

Sandra Tylutka, Maciej Jabłoński
West Pomeranian University of Technology Szczecin, Faculty of Chemical Technology  
and Engineering, Department of Organic and Physical Chemistry,  
Al. Piastów 42, 71-065 Szczecin, Poland

The chemical industry has become increasingly more hazardous, but is noth-
ing new. When reviewing the literature, you can find many incidents related 
to  chemical industry hazards [1].The most serious hazards associated with 
chemical processes include flammability, oxidation, toxicity, shock and friction 
sensitivity, dust explosions, and, of  course, self-heating. These hazards may be 
caused by  a  wide variety of  problems, including equipment failure, poor ma-
terial evaluation, mischarging of materials, bad process design, lack of process 
knowledge, etc. Necessary knowledge about the safe conduct of a given reaction 
is provided by the calorimetric technique.

An nonisothermic—nonadiabatic calorimeter was developed for thermal haz-
ard evaluation to provide time—temperature data for chemical reactions taking 
place under nonisothermic—nonadiabatic conditions. The data interpretation 
is illustrated with an exothermic reaction. The technique was applied to a study 
of the reaction titanium raw materials with sulphuric acid(VI), commonly known 
as first step reaction titanium dioxide.

[1] T. Klatz, B.K. Vaughen, Continuing our process safety management journey,  
Process Safety Progress Vol. 31, Issue 4, 337–342, 2012
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Liquid phase properties of LnBr3-MBr (Ln = La-Nd, M = Li-Cs, Tl) 
systems

Irena Szczygieł1, Beata Salamon1, Jan Kapała2
1Department of Inorganic Chemistry, Faculty of Engineering and Economics,  
Wrocław University of Economics, Komandorska 118/120, 53-345 Wrocław, Poland 
2Division of Analytical Chemistry and Analytical Metallurgy, Faculty of Chemistry, 
Wrocław University of Science and Technology, Wybrzeże Wyspiańskiego 27,  
50-370 Wrocław, Poland

The thermodynamic properties of pseudobinary lanthanum halide systems with 
lithium halides have been studied since the 1970s due to their application poten-
tial in modern technologies. The results of the research carried out so far indicate 
that the thermodynamic properties of these systems change in the sequence from 
lanthanum halide to  lutetium halide and their intermediate compounds with 
subsequent monovalent metal halides. In the context of lack of some data about 
lanthanides halides and their pseudobinary systems, the possibility of  interpo-
lation of  their thermodynamic properties is of  great importance. Forecasting 
of some phase properties occurring in these systems is also important due to the 
fact that the number of conducted studies, in particular, their repetition, is small, 
and moreover, the same data obtained in different laboratories often differ dia-
metrically from each other.

The internal consistency of  the data, obtained by  different methods, can be 
verified using the CALPHAD (CALculation of  PHAse Diagram) calculation 
technique. The result of  the CALPHAD is a  so-called coupled phase diagram, 
which provides a mathematical view of all the phases formed in the system. It 
is also important that this method allows to assess the accuracy of the research 
methods used and, in extreme cases, that data inconsistent with the rest of the 
phase descriptions could be discarded. 

The aim of this study is to determine the trends in thermodynamic properties 
of the series of LnBr3-MBr (Ln = La-Nd, M = Li-Cs, Tl) systems. For this purpose, 
a CALPHAD optimization of  this systems was carried out. Then the obtained 
results and available literature data were used to select an appropriate physical 
model to describe the properties of the liquid phase and discuss its nature in such 
systems.
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The influence of kaolin on the panel Cathode Ray Tubes glass 
structure

M. Reben1, M. Kosmal2, N. Pałczyńska1
1AGH University of Science and Technology, Faculty of Materials Science and Ceramics, 
Cracow, Poland 
2Institute of Ceramics and Building Materials, Division of Glass and Building Materials 
in Cracow, Poland

The current work investigated the formulation of  glasses from recycled panel 
Cathode Ray Tubes (CRTs) waste modified by kaolin. The goal of the work was 
to investigate the influence of Al2O3 on the structural changes of glasses, as well 
as their crystallization ability. The crystallization of CRT panel glass with vari-
ous Al2O3 were studied by means of a non-isothermal and thermal analysis. The 
crystalline phase was determined by the X-ray diffractometry. The micro-struc-
ture of the samples was studied by SEM technique. The structural changes upon 
alumina oxide addition were studied by means of 27 Al MAS NMR and FTIR 
spectroscopy. On the basis of NMR studies it has been confirmed that aluminum 
ions appeared in the glass structure only in tetrahedral coordination. From the 
FTIR spectra the narrowing of the bands at 1022 and 1027 cm-1 was observed, 
which may indicate on the ordering of glass network. The increase of Al2O3 con-
tent caused the shift of the glass transition temperature towards higher tempera-
ture, simultaneously the maximum of crystallization temperature reached higher 
values. Analysis of the local atomic interactions in the structure of glasses was 
used to explain the course of the crystallization. The linear expansion coefficients 
of glasses as a function of temperature were measured.
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Thermal decomposition of the inclusion compounds on basis 
of metal–organic frameworks when guest–free microporous 
framework is unstable

V. Logvinenko1,2, A. Sapianik1, D. Pishchur1, V. Fedin1,2
1Nikolaev Institute of Inorganic Chemistry, Novosibirsk, Russia 
2Novosibirsk State University, Novosibirsk, Russia

The activation energy for the endothermic thermal decomposition of inclusion 
compounds (Asolid → Bsolid + Cgas↑)4 will consist of the activation barrier, heat of the 
guest molecules evaporation and the phase transformation heat; the contribution 
of the activation barrier and the phase transformation must not be very big for 
the flexible metal–organic frameworks. The activation energy value must cor-
respond to the evaporation heat of the included moles of guest molecules, and 
this is the confirmed rule for inclusion compounds with stable guest–free frame-
works. We studied the thermal decomposition of  inclusion compounds series, 
in which all guest–free frameworks are unstable and the heating results in  the 
amorphization of the crystalline material. 

There is the typical example:
[Li2Zn2(bpdc)2(dabco)]∙9DMF∙4H2O→[Li2Zn2(bpdc)2(dabco)]∙9DMF + 4H2O↑. 
[Li2Zn2(bpdc)2(dabco)]∙9DMF→[Li2Zn2(bpdc)2(dabco)]+9DMF↑; E = 65kJ/mol. 
[Li2Zn2(bpdc)2(dabco) ]→ [Li2Zn2(bpdc)2]+ (dabco)↑;  E = 79 kJ/mol.

The total endothermic peak (742 kJ) fits to the vaporization heats of 4 water 
moles, 9 DMF moles and one dabco mole (≈ 600 kJ).  But the activation energy 
value for the second decomposition step is very low: EDMF= 65 kJ/mol. 

We explain this by the full framework destruction during the water removal.  
The dehydrated compound turns into the amorphous mixture: {2Li[Zn(bpdc)] 
(solid) + DMF (liquid) + dabco (solid)}. The process of  the DMF evaporation 
from this mixture is the evaporation of DMF drop disposed in the 2Li[Zn(bpdc)] 
powder. Therefore this value (kJ/mol) will refer to the pure DMF mole. EDMF = 65 
kJ/mol fits to  the DMF evaporation heat (∆Нvapor = 38 kJ/mol). We  obtain the 
analogous data for the kinetic study of the thermal decomposition for [{LiZn}2(b-
pdc)3(dma)4]∙3DMA∙H2O and [{LiZn}2(bpdc)3(nmp)4]∙4NMP compounds: very 
low activation energies for the DMA and NMP removal.

If the thermal decomposition of  the inclusion compounds is accompanied 
by  the framework structure collapse, the stepwise decomposition involves the 
vaporization of the pure volatile guest compounds from the solid–liquid mixture.

The authors thank the Russian Science Foundation for the financial support (Grant No.17–
53–16015)
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Possibility of applications of naphthalene as carbon pirolizate  
to obtain mineral-carbon sorbents

Dariusz Szychowski, Barbara Pacewska
Warsaw University of Technology, Faculty of Civil Engineering, Mechanics  
and Petrochemistry, Institute of Chemistry, 17 Łukasiewicza St., 09-400 Płock, Poland 

Mineral-carbon sorbents are two-component materials containing the inorganic 
mineral matrix and organic material. Chemical composition of the mixture being 
the substrate for the carbonization process and the method of mixing the com-
ponents of the mixture influence the porous structure of the final product and its 
hydrophilic-hydrophobic properties. 

In the previous investigations, the methods of obtaining mineral-carbon sor-
bents were developed. Aluminium hydroxide was used as mineral matrix and 
compostions of coal tar pitch polymer as carbocenous substances. Pitch-polymer 
compositions containing poly(ethylene terephthalate) or phenol-formaldehyde 
resin were studied by the means of DSC method in order to determine the tem-
perature of water desorption and the decomposition temperatures [1]. 

The current investigations was aimed at determining the possibility of obtain-
ing mesoporous mineral-carbon sorbents by thermal decomposition of a mixture 
of aluminium hydroxide or oxide and naphthalene, as well as investigating their 
physicochemical properties.

Properties of the obtained sorbents were tested by adsorption methods. The 
research allowed to determine the degree of development of the porous structure, 
pore distribution, hydrophilic-hydrophobic properties. Tests were carried out us-
ing thermal analysis methods to determine thermal transformations of sorbents 
at high temperatures and to determine the content of carbon pyrolysate as a func-
tion of the initial composition of materials prior to carbonation.

It has been confirmed that the mineral matrix has a different pore distribution 
and surface character in comparison with the obtained mineral-carbon sorbents.

[1] D. Szychowski, B. Pacewska, W. Ciesińska, G. Makomaski, J. Zieliński,  
T. Brzozowska, Karbo 55 (2010) 135
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Shaping metal-organic frameworks (MOFs) powder materials  
for CO2 capture applications-thermogravimetric study

Izabela Majchrzak-Kucęba
Czestochowa University of Technology, Faculty of Infrastructure and Environmental 
ul. Dąbrowskiego 69, 42 – 200 Częstochowa, Poland 
izak@is.pcz.czest.pl, tel/fax (+48)343250933

In order to evaluate the possibility of using metal-organic frameworks, besides 
zeolites and activated carbons, for CO2 adsorption in large-scale VPSA units, in-
vestigations of these compounds in laboratory and pilot VPSA adsorption units 
are necessary. Unfortunately, no such investigations have been carried out to date, 
and the potential of MOFs for CO2 removal is assessed only based on the analyses 
of adsorption isotherms and the evaluation of the sorption capacity with respect 
to CO2 in thermogravimetric systems. In these systems, though, only gram quan-
tities of MOFs are investigated due to the capabilities of these analyses and the 
high price of the majority of proposed compounds. In addition, MOFs are tested 
in the form of powder, and as is widely known, in real adsorption installations 
they may only be used in a granulated form. Adsorption columns should be filled 
with MOFs crystal aggregates, called pellets/granules, with appropriate thermal 
stability, which will allow large pressure drops to be avoided during the separa-
tion of gases/CO2 on the adsorbent bed. 

The paper present the effect of pelletizing pressure and time on the structure/
crystallinity of the obtained CuBTC and MIL-53(Al) metal-organic frameworks 
pellets. For CuBTC, the no-binder pelletizing method was employed using a pres-
sure of 0,5, 1, 4 and 8 tons, respectively, for a duration of 1min. The obtained 
pellet was crushed and sieved to  obtain the desired grain/pellet fraction from 
500 to 650 µm. In this study, the thermogravimetric test has been used to assess-
ment of the effect of shaping metal-organic frameworks on the CO2 adsorption 
properties. The examination of the sorption capacity and stability performance 
of metal-organic frameworks was carried out using a Mettler TGA/SDTA 851e 
thermobalance.
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Correlation of thermal desorption data investigated by TGA  
and PALS technique for model SBA-3 silicas

Radosław Zaleski1, Wojciech Stefaniak2, Barbara Charmas3, Jacek Goworek2
1M. Curie-Sklodowska University, Institute of Physics, Department of Nuclear Methods,  
M. Curie-Sklodowska sq. 1, 20-031 Lublin, Poland 
2M. Curie-Sklodowska University, Department of Adsorption, Faculty of Chemistry,  
Maria Curie-Skłodowska sq. 3, 20-033 Lublin, Poland 
3M. Curie-Sklodowska University, Department of Chromatographic Methods,  
Faculty of Chemistry, Maria Curie-Skłodowska sq. 3, 20-033 Lublin, Poland

There are two groups of experimental methods, which are commonly applied for 
structural characterization of solids. First one requires an introduction of a gas 
or liquid medium into the pore network. The pore dimensions are calculated 
from the effects connected with the curvature of the liquid meniscus. The second 
group of methods uses spectroscopic techniques such like as NMR, SAXS, SANS 
or XRD, which may be applied to empty pores.  The change of the potential across 
the pore diameter makes that the distribution and organization of  adsorptive 
molecules between pore walls is heterogeneous. This is unavoidable effect, which 
may be satisfactory resolved using methods of  quantum chemistry. The DFT 
method seems to be extremely useful for description of the adsorbate state inside 
pores and consequently the determination of their dimensions.

   The above mentioned spectroscopic methods, give a “real” pore dimensions, 
although they are also not free from severe assumptions. Particularly interest-
ing approach to  determine the size of  free volumes inside a  solid is provided 
by  thermal analysis. This approach, named thermoporometry, may be realized 
in different manners, i.e. as the thermogravimetric method or calorimetric one. 

In the present study two experiments of thermal desorption of n-hexane from 
SBA-3 (C18) and SBA-3 (C12) silica materials were performed using thermo-
gravimetry (TGA) and positron annihilation lifetime spectroscopy (PALS). Both 
methods provide information about pore emptying at a  given stage of  liquid 
adsorbate desorption. TGA analysis provides the volume of adsorbate evacuat-
ed from the pores and being out of pores, while PALS shows every free volume 
appearing in the porous solid, including those, which are closed by  liquid and 
isolated. The comparison of  the results of  these both techniques provides in-
formation about behavior of condensed liquid and its localization within pores 
during the course of desorption.

S02_P3



61

S02 Adsorption and porous materials 
S02_P4

Contents

Thermal properties of nanozirconia particles covered with anionic 
dendrimer layers

Małgorzata Wiśniewska1, Dariusz Sternik2, Stanisław Chibowski1, 
Teresa Urban1, Gracja Fijałkowska1, Konrad Terpiłowski3
1Department of Radiochemistry and Colloids Chemistry, 2Department of Physicochemistry 
of Solid Surface, 3Department of Interfacial Phenomena, Faculty of Chemistry, Maria 
Curie-Sklodowska University, Maria Curie-Sklodowska Sq. 3, 20-031 Lublin, Poland

The main aim of the present study was determination of thermal behavior of ZrO2 
without and modified with dendrimer. The average particle size of zirconia speci-
fied by producer (Sigma-Aldrich) is below 100 nm (nanooxide). Third generation 
(G3) anionic dendrimer with the trimethylol propane (TMP) core (Sigma-Aldrich) 
was used in experiments (symbol G3-TMP-COOH). This compound contains 24 
peripheral carboxyl groups. Its chemical formula is C207H278O138 and molecular 
weight is 4 974.4 g/mol. 

Thermal analysis of ZrO2 samples (also modified with dendrimer at pH 3, 6 and 
9) was made on a Simultaneous Thermal Analyzer STA 449 Jupiter F1 (Netzsch, 
Germany). The gaseous products emitted during the decomposition of materials 
were analysed by Quadrupole Mass Spectrometer QMS 403D (Aeölos, Germany) 
coupled on-line to the STA instrument. The observation of thermal degradation 
of  the solid gives wide possibilities of  the determination of  the surface groups 
types and describing the structure of modifier layer.

The analysis of obtained TG curves, showing changes in the unmodified nano-
zirconia sample weight during heating as a  function of  temperature, indicates 
that the weight loss is small and reaches the value about 0.5%. It was found that 
the heating in the temperature range of 30-800 oC of the ZrO2 samples without 
the dendrimer causes specific endothermal effects undergoing in two stages. The 
first one, occurring within the temperature range 30-150 oC is associated with de-
sorption of water molecules which are hygroscopically and physically bound with 
the metal oxide surface. The second stage, taking place above 150 oC, is related 
to the desorption of structural water resulting from the surface hydroxyl groups 
condensation. The weight losses in  the case of nanozirconia samples modified 
with the dendrimer are considerably larger. The most visible effect is obtained for 
the solid-polymer system prepared at pH 3 (the weight loss equal to 5.6%). This 
is connected with the greatest dendrimer adsorption on the zirconium(IV) oxide 
surface under such pH conditions.
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Enthalpy of isopropanol adsorption on zeolite

Maciej Jabłoński, Alicja Dzienisz, Mateusz Piz 
Department of Organic and Physical Chemistry, West Pomeranian University  
of Technology, Szczecin, al. Piastów 42, 71-065 Szczecin, Poland 

The basic understanding of the great diversity of chemistry occurring on surfaces 
requires knowledge of the interaction of the molecule with the surface. Two main 
types of adsorption may be distinguished. It is physical adsorption (physisorp-
tion) and chemisorption. The heat of adsorption is related to the strength with 
which the adsorbate molecules are bonded to the active surface.

Thermodynamically, enthalpy of adsorption is the heat released or absorbed 
during the adsorption process. In  the majority of  cases, adsorption is an exo-
thermic process. From the set of  isotherms at different temperatures, a  series 
of isosteres are generated and from the slope of the isosteres, the heat of adsorp-
tion is calculated. It is a common tradition to represent the heat of adsorption 
as a  function of  the adsorption amount. In most cases, absolute values of heat 
of adsorption decrease with adsorption amount, demonstrating the energetically 
heterogeneous adsorbent surface. On the other hand, a constant heat of adsorp-
tion value represents a homogeneous surface. 

The enthalpy of isopropanol adsorption at zeolite was determined on the basis 
of the results obtained in the range of temperatures from 20oC to 140oC by static 
adsorption. Equilibrium adsorption models of Langmuir and Huttig were used 
to calculate DHad. Adsorption isotherms determined by flow method at 20oC and 
30oC were also used in the calculations. The obtained DHad values were compared 
with the values of isopropanol evaporation enthalpy and with the results obtained 
from isopropanol and water desorption investigation by using derivatographic 
and DSC measurements.
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Comparison of thermal properties of biochars

J. Bąk, D. Kołodyńska 
Department of Inorganic Chemistry, Faculty of Chemistry, Maria Curie Skłodowska 
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justyna.bak@poczta.umcs.lublin.pl

Biochar is a  multifunctional material which has been widely studied in  terms 
of increasing soil fertility and bioremediation of pollutants in waters, wastewaters 
and soil environment. These areas of biochar application are related to its prop-
erties such as expanded surface area and porosity as well as thermal stability [1].

In  order to  compare thermal stability and to  define phenomena occuring 
during heating of biochar and its composites: magnetic biochars and chitosan 
modified biochars the thermogravimetric (TG), derivative thermogravimetric 
(DTG) and differentia scanning calorimetry (DSC) analyses were made.  

The TG and DTG analyses were conducted by means of Q50 TGA (TA Instru-
ments, USA). A test sample was heated at a constant rate of 283 K/min in the 
temperature range 298-1273 K. The measurements were made in nitrogen atmo-
sphere.  The DSA analysis was conducted  using a Q20 DSC (TA Instruments, 
USA) from the cooling system up to a temperature of 363 K. The samples were 
placed in a measuring alumina crucible hermetically sealed and heated at 283 K/
min in the temperature range 293-723 K in nitrogen atmosphere. 

Based on the anlyses it can be stated that up to 1273 K there are three stages 
of  thermal degradation of biochars. The weight loss is mainly observed in  the 
range 873–973 K. This is due to the thermal decomposition of aromatic hydro-
carbons and carbonates in the samples [2,3]. 

[1] S.A. Baig, J. Zhu, N. Muhammad, T. Sheng, X. Xu, Biomass and Bioenergy, 
71 (2014) 299.

[2] C. Tan, Z. Yaxin, W. Hongtao, L. Wenjing, Z. Zeyu, Z. Yuancheng, R. Lulu, 
Bioresource Technology, 164 (2014) 47.

[3] B. Onorevoli, G. Pereira da Silva Maciel, M.E. Machado, V. Corbelini, E.B. 
Caramão, R.A. Jacques, Journal of Environmental Chemical Engineering, 6 
(2018) 1279. 
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Application of thermogravimetric analysis to the evaluation  
of sorbents for SO2 capture

Aleksandra Ściubidło, Izabela Majchrzak-Kucęba
Institute of Advanced Energy Technologies, Czestochowa University of Technology,  
73 Dabrowskiego Street, 42-201 Czestochowa, Poland

The development of suitable low-cost, regenerable adsorbents with long lifetime 
is one of the major challenges of the purification of exhaust gases of nitrogen and 
sulphur oxides. While a  large number of studies have been conducted on CO2 
adsorption on fly ash-based sorbents, the literature regarding the NO2 and SO2 
adsorption on zeolite from fly ash as an adsorbent is rather scarce. The literature 
regarding the NO2 and SO2 adsorption on mesoporous material as an adsorbent 
is rather scarce while the studies NO2 and SO2 adsorption on mesoporous molec-
ular sieves from fly ash, have not been published.

The sorbents should provide high adsorption capacities, fast adsorption rates 
and desirable desorption properties and easy regeneration. 

While the lifetime of an adsorbent is important when determining the number 
of cycles in which the adsorbent will be used. 

The purpose of the experiment described in this article is to carry out tests a fly 
as-based sorbents that are able to take up SO2 in a reversible manner. The selected 
sorbents were characterized in terms of adsorption capacity, cycle stability, and 
mechanical stability. 

Thermogravimetric analysis, the SO2 adsorption capacities and temperature 
programmed desorption (TPD) of  fly ash-based sorbents was performed em-
ploying a Mettler TGA/DSC1 thermobalance.
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Influence of synthesis conditions on the structure  
and thermal properties of lanthanide(III) complexes  
with biphenyl-4,4’-diacetic acid

Renata Łyszczek, Halina Głuchowska
Department of General and Coordination Chemistry, Faculty of Chemistry,  
Maria Curie-Skłodowska University, M.C. Skłodowskiej Sq. 2, 20-031 Lublin, Poland

Design and synthesis of  lanthanide(III) coordination polymers have been an 
attractive area of research during the recent years. These compounds exhibit not 
only fascinating network topologies but also interesting potential applications 
as luminescent sensing, magnetic resonance imaging, molecular magnetism, and MRI 
contrast agents due to unique optical and magnetic properties of lanthanide metal 
centers. Additionally, some coordination polymers exhibit a  large surface area 
owing to which they constitue a new generation of porous materials. Construc-
tion of  such coordination polymers is based on  the formation of  strong coor-
dination bonds between the metal centers and electron pair donating ligands 
used as linkers. Rigid polycarboxylic acids such as 1,4-benzenedicarboxylic or 
biphenyl-4,4’-dicarboxyloc acid are preferentially used in the synthesis of such 
compounds. It is commonly known that structure and dimensionality of coor-
dination polymers strongly depend on the synthesis conditions. There are many 
factors which influence on the final product of chemical reactions, among them, 
solvent, pH, temperature as well as the synthetic method are of crucial impor-
tance [1]. 

The aim of this contribution is evaluation of synthesis conditions on compo-
sition, structure and thermal properties of coordination polymers built up from 
the lanthanide (III) ions and biphenyl-4, 4’-diacetic acid chosen as a linker. This 
dicarboxylic acid is a  non-commercially available ligand which displays the 
flexible structure due to the presence of two diacetic arms. Previously the series 
of lanthanide(III) biphenyl-4,4’-diacetates obtained from aqueous solution was 
discussed [2]. In this report, two series of lanthanide coordination compounds 
synthesized using classical and microwave assisted solvothermal methods will be 
described and compared. Particularly, we will focus on their thermal behaviours 
and the results from the TG-DSC as well as coupled TG-FTIR methods will be 
presented.

[1] J. Rocha, L. D. Carlos, F. A. Almeida Paz, D. Ananias, Chem. Soc. Rev., 40 (2011) 
926

[2] R. Łyszczek, H. Głuchowska, B. Cristóvão, B. Tarasiuk, Thermochimica Acta, 
645 (2016) 16
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Synthesis, crystal structures and thermal investigation 
of heteronuclear CuII/ZnII-LnIII complexes with Schiff base ligands 

Beata Cristóvão1, Barbara Miroslaw2, Agata Bartyzel1 
1Department of General and Coordination Chemistry, Maria Curie-Sklodowska 
University, Maria Curie-Sklodowska sq. 2, 20-031 Lublin, Poland  
*beata.cristovao@poczta.umcs.lublin.pl 
2Department of Crystallography, Maria Curie-Sklodowska University,  
Maria Curie-Sklodowska sq. 3, 20-031 Lublin, Poland

The Schiff bases synthesised by condensation o-vanilin and primary diamines (2:1) 
have a quite predictable coordination behaviour, while the nature of the resulting 
complexes using the N,O-donor ligands having in the crystal structure additional 
substituents cannot be easily anticipated. For example the Schiff bases derived from 
o-vanilin  and aminoalcohols generate very interesting homo- and heterometallic 
clusters with both alcohol and phenol groups deprotonated, or only with the phe-
nol one deprotonated. The alkoxide oxygen atom resulting from the deprotona-
tion of the alcoholic group acts either as a terminal ligand or, most frequently, as 
a bridge, connecting two or three metal ions [1-3]. For instance, the heptadentate 
Schiff base ligands e.g. N,N’-bis(3-methoxysalicylidene)-1,3-diamino-2-propa-
nol), N,N’-bis(5-bromo-3-methoxysalicylidene)-1,3-diamino-2-propanol) have 
four pockets to accommodate different metal ions. Sequential reaction of these 
multisite coordination ligands with copper/zinc acetate, followed by the addition 
of the respective lanthanide(III) nitrate salt gave a series of heterometallic CuII/
ZnII-LnIII coordination compounds containing interesting structures, thermal 
and magnetic properties. The thermal analysis results allowed us to evaluate the 
presence of crystallization and/or coordination solvent molecules in the complex-
es and to determine the endothermic and/or exothermic effects connected with 
processes such as: dehydration, melting, crystallization and decomposition. The 
FTIR spectra of the gas phase products indicate that the decomposition of these 
complexes is mainly connected with the release molecules of water, methanol, 
acetic acid, carbon dioxide, carbon monoxide, nitric oxides and ammonia. 

[1] M. Andruh, Dalton Trans., 44 (2015) 16633–16653.
[2] C.-B. Tian, D.-Q. Yuan, Y.-H. Han, Z.-H. Li, P. Lin, S.-W. Du, Inorg. Chem. 

Front., 1 (2014) 695–704.
[3] V. Chandrasekhar, A. Dey, S. Das, M. Rouzières, R. Clérac, Inorg. Chem., 52 

(2013) 2588-2598.
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Thermal and structural characterization of the pentadentate Schiff 
base ligands and their transition metal complexes  

Agata Bartyzel, Beata Cristóvão
Department of General and Coordination Chemistry, Maria Curie-Skłodowska University, 
Maria Curie-Skłodowska Sq. 2, 20-031 Lublin, Poland 

The Schiff base ligands have attracted great attention over the past decades 
because of  their facile synthesis, wide application, the accessibility of  diverse 
structural modifications, biological applications, catalysis, design of  molecular 
magnets and materials chemistry. The azomethine compounds formed during 
the reaction of  primary diamines with o-hydroxy aldehydes and ketones are 
particularly of interest to the coordination chemistry. These types of ligands are 
rapidly form stable complexes with almost all transition metals [1-4].

In  our study, we  have synthesised Schiff base ligands using ketone deriva-
tives of  o-phenolic compounds and flexible, aliphatic diamines i.e. 1,3-diami-
no-2-propanol and diethylenetriamine. The formed ligands in solid form exist as 
the phenol-imine/zwitterionic tautomer, where strong intramolecular O-H···N 
or N+-H···O- hydrogen bonds occur. The studied Schiff bases contain in  their 
structure N2O3 or N3O2-donor atoms which allowed to obtain mononuclear or 
polynuclear metal complexes depending on the synthesis conditions. The com-
pounds are stable at room temperature. The thermal decomposition of solvates is 
preceded by the desolvation process. Then, in the case of polynuclear complexes 
the acetate ions are removed from the structures which is confirmed by the pres-
ence of acetic acid bands in the FTIR spectra of gaseous products. The thermal 
degradation of the Schiff bases occur in consecutive reactions where in almost 
all complexes azomethine double bonds firstly undergo the destruction; the 
ammonia and HNCO/CH3NCO bands appear as the first on the FTIR spectra 
of  evolved gases. Heating in  nitrogen also resulted in  evolution of: CO2, CO, 
water, methane, toluene/phenol and benzonitrile molecules as volatile products 
of organic part thermal decomposition [2-4]. 

[1] A. Bartyzel, Inorganica Chimica Acta 459 (2017) 103. 
[2] A. Bartyzel, Polyhedron 134 (2017) 30.
[3] A. Bartyzel, A.A. Kaczor Polyhedron 139 (2018) 271.
[4] A. Bartyzel, Journal of Thermal Analysis and Calorimetry 131 (2018) 1221.
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Thermal, spectroscopic and sorption properties of sepiolite  
and halloysite

Agnieszka Gładysz-Płaska, Marek Majdan, Agnieszka Lipke
Maria Curie Skłodowska University, Faculty of Chemistry, 2 M. Curie Skłodowska Sq., 
20-031 Lublin, Poland

Two natural minerals sepiolite and halloysite were used in the research. Sepiolite 
is magnesium silicate (Si12)Mg8O30(OH)6(OH2)4 · 8H2O of the composition: SiO2 
- 42.19%, MgO - 22.9%, CaO - 10.3% and Al2O3 - 0.87% and Fe2O3 - 0.48%. The 
structure of sepiolite seems to be interesting as if possesses magnesium octahedra 
between 2 layers of silica tetrahedrons that extend in the form of a continuous 
layer with the vertex reversal every six units in its structure. This inversion allows 
the creation of  tunnel-like pores, parallel to  the axis of  the fibers and internal 
channels of the 3.6 x 10.6 Å dimension. The presence of micropores and channels 
is responsible for the large surface area and allows the adsorption of organic and 
inorganic ions. Among the sorbents in the aluminosilicate group, halloysite which 
is a layered mineral (one of the largest in the world) is found in the Dunino mine 
in southwestern Poland, is of great interest. Its structure is composed of a tetra-
hedral layer of silicon oxide and an octahedral layer of hydrated aluminum oxide. 
Halloysite is characterized by high values of porosity, specific surface area and 
ion exchange capacity as well as free spaces between the layers in which the ions 
or molecules can be sorbed. Owing these features the mineral is characterized 
by  a  high sorption capacity. Due to  the slightly different characteristics under 
construction, it seems interesting to examine and compare these two materials 
as potential adsorbents for toxic organic and inorganic ions: phenol, uranium, 
chromium. Both sepiolite and halloysite can be modified which improves their 
properties in various ways. As a result, they can be used as sorbents for cations or 
anions which is important because toxic substances are very often present in the 
aquatic environment as a mixture of these two forms. In order to investigate the 
sorption properties, various instrumental methods were used: thermal analysis, 
fluorescence spectroscopy, infrared spectroscopy, SEM microscopy.
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Investigation of phase equilibria in CeI3-CsI binary system

Anna Dańczak, Leszek Rycerz
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The phase equilibria in the cerium(III) iodide-cesium iodide pseudobinary sys-
tem were established by differential scanning calorimetry (DSC). The system is 
characterized by existence of three compounds: Cs3CeI6, Cs3Ce2I9, CsCe2I7. First 
one, namely Cs3CeI6 melts congruently at 823 K and undergoes two phase tran-
sitions at 658 and 762 K. Second compound, Cs3CeI6, decomposes in the solid 
state at 610 K. The last existing compound, CsCe2I7, melts incongruently at 826 
K. The composition of  CsI-Cs3CeI6 and Cs3CeI6-CsCe2I7 eutectics correspond 
to cerium(III) iodide mole fraction x = 0.127 (T = 823 K) and x = 0.485 (T = 
737 K) respectively. The eutectic composition was found from Tammann plot, 
which predicts, through application of the lever rule, the variation of the enthalpy 
associated with eutectic melting as a function of composition.

Fig.1. Phase diagram of CeI3-CsI binary system.
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(Benzylthio)acetic acid as a building block in the construction  
of novel two-component molecular crystals with L-proline  
and 2-phenylimidazole: structural, spectroscopic,  
thermal and antioxidant activity studies

Justyna Sienkiewicz-Gromiuk1, Małgorzata Olszowy2, Liliana Mazur1,  
Iwona Rusinek1
1Department of General and Coordination Chemistry, Faculty of Chemistry,  
Maria Curie-Sklodowska University, M. Curie-Sklodowska Sq. 2, 20-031 Lublin, Poland,  
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2Department of Chromatographic Methods, Faculty of Chemistry,  
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The deliberate and methodical design of new materials with desired and specific 
properties by  controlling the mutual organization of molecules in  space using 
non-covalent interactions is the heart of crystal engineering [1].

Single crystals of a new organic materials 1 and 2 were grown by slow evapora-
tion of a methanol solutions containing equimolar amounts of (benzylthio)acetic 
acid and L-proline or 2-phenylimidazole at room temperature (Fig. 1). Forma-
tion of new crystals of 1 and 2 were confirmed by single crystal X-ray diffraction 
and several spectroscopic techniques. In  the crystal structure of  compound 1, 
the molecules of co-formers are interlinked to each other by two types of strong 
H-bonding interactions, namely O−H···O and N−H···O, whereas the cationic and 
anionic species in the crystal structure of compound 2 are joined together only 
through two strong intermolecular hydrogen bonds of  the type N−H···O. The 
thermal behaviour and antioxidant activity of the materials 1 and 2 were deter-
mined by TG/DSC or ABTS and DPPH methods, respectively.

Fig. 1. Reaction scheme of the organic adducts 1 and 2.

[1] S. Ebenezer, P.T. Muthiah, R.J. Butcher, Cryst. Growth Des. 11 (2011) 3579
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Aplications of thermal analysis methods to studies  
of ZnII-LnIII-ZnII complexes incorporating of the alcohol-
functionalized compartmental Schiff base ligand 

Barbara Miroslaw1, Beata Cristóvão2*, Agata Bartyzel2, Halina Głuchowska2
1Department of Crystallography, Maria Curie-Sklodowska University,  
Maria Curie-Sklodowska sq. 3, 20-031 Lublin, Poland 
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University, Maria Curie-Sklodowska sq. 2, 20-031 Lublin, Poland 
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New heteronuclear complexes, [Zn2Sm(ac)2(HL)2]NO3·3CH3OH∙0.3H2O, [Zn-
2Nd(ac)2(HL)2]NO3∙3H2O, [Zn2Ln(ac)2(HL)2]NO3·5.33H2O (Ln = Eu. Tb, Dy) 
were obtained in  the reaction of  the N,N’-bis(5-bromo-3-methoxysali-
cylidene)-1,3-diamino-2-propanol with the respective salts of ZnII and LnIII. The 
ZnII ion occupies the N2O2 cavity of the doubly deprotonated Schiff base ligand. 
The square pyramidal geometry of ZnII is supplemented by the acetate O atom at 
the apical position. The Ln(III) ion is ten-coordinated and has deformed bicapped 
anticube polyhedron. In order to examine the thermal behavior of ZnII-LnIII-ZnII 
the TG, DTG and DSC curves were recorded in  air atmosphere. The samples 
of compounds during heating up to ca. 50 °C undergo desolvation process. The 
recorded FTIR spectra of evolved gas phase for the complexes show that water 
and/or methanol are the main products released during this stage. The decompo-
sition process of ZnII-LnIII-ZnII is intricate and it was not possible to distinguish 
intermediate solid products.

The final products (mixtures 
of  metal oxides) obtained 
during thermal decomposi-
tion of complexes in air were 
`calculated from TG curves 
and experimentally verified 
by  X-ray diffraction powder 
patterns. 

This work was supported by the Polish National Science Centre (NCN) under the 
Grant No. 2017/01/X/ST5/00200. 
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Reactivity of Cu5SbO6 with Ta2O5 in the solid state in air

Grażyna Dąbrowska, Elżbieta Filipek, Marta Wójtowicz
West Pomeranian University of Technology, Faculty of Chemical Technology  
and Engineering, Department of Inorganic and Analytical Chemistry,  
al. Piastów 42, 71–065 Szczecin, Poland

In  recent years, studies on  the Cu5SbO6 compound have been intensified. The 
compound has a distorted Delafossite structure, in which Cu1+ ions are incorpo-
rated between the octahedral Cu2+O6 and Sb5+O6 layers, giving very interesting 
the mixed-valence system [1, 2].

Cu5SbO6 crystallizes in  two polymorphic forms, both monoclinic with the 
transition temperature at 1100°C. Cu5SbO6 melts at 1150°C. 

Electrical measurements of  Cu5SbO6 showed p-type semiconducting be-
haviour with the activation energy of 0.24 eV and ohmic region both at 300 K 
and 400 K. The strong increase of relative permittivity with increasing tempera-
ture is connected with the presence of Cu2+ ions, which have the unscreened and 
unfilled electron shells. These ions are susceptible on polarizability and forming 
of electric dipoles [3].

Ta2O5 is an important semiconductor material exhibiting a high dielectric con-
stant and refractive index, and therefore it is commonly used for capacitors or 
optical coatings [4, 5]. The reversible phase transformation of the orthorhombic 
b-Ta2O5 to a tetragonal high-temperature phase a-Ta2O5 occurs at 1320°C. Ta2O5 
is stable in air up to 1890°C.

The results of the research conducted so far using the XRD, DTA-TG and IR 
methods allowed to state that as a result of  the reaction between Cu5SbO6 and 
Ta2O5 in the solid state, among them, a new phase of the solid solution type is 
formed. The tests are continued to  determine the physicochemical properties 
of the new solid solution. It is planned to take measurements of electrical con-
ductivity, thermoelectric force and magnetic susceptibility of the new phase.

[1] T.N. Kol’tsova, A.E. Chastukhin, Inorg. Mater., 38 (2002) 1228
[2] E. Climent-Pascual, P. Norby, N.H. Andersen, P.W. Stephens, H.W. 

Zandbergen, J. Larsen, R.J. Cava, Inorg. Chem., 51 (2012) 557
[3] T. Groń, E. Filipek, G. Dąbrowska, H. Duda, S. Mazur, Z. Kukuła, S. Pawlus, 

Acta Phys. Pol. A, 122 (2012) 6
[4] S. Ezhilvalavan, T. Tseng, J. Mater. Sci. Mater. Electron, 10 (1999) 9
[5] C. Chaneliere, J.L. Autran, R.A.B. Devine, B. Balland, Mater. Sci. Eng., 22 

(1998) 269
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2,6-naphthalenedicarboxylic acid: spectroscopic, sorption  
and thermal investigations 
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Coordination polymers are of great interest due to  their potential applications 
as functional materials in  the areas of  gas storage and separation, catalysis, 
magnetism, non-linear optics or drug-delivery. These crystalline coordination 
compounds are built up from metal ions or clusters which appear as nodes and 
organic linkers. Two or three-dimensional coordination polymers are regarded 
as metal-organic frameworks and they contain voids or channels filled with guest 
molecules. Such group of  coordination polymers is very often characterized 
by very large surface area and well defined pores [1-3]. 

2,6-napthalenedicarboxylic acid (H2ndc) belongs to the most popular organic 
O-donor linkers which are used in  the construction of coordination polymers 
due to their rigid structure and great affinity for different metal centers. In spite 
of the fact that mixed ligand complexes of copper(II) with this acid are known no 
compounds only with this linker were reported. 

We decided to obtain Cu(II) coordination polymers based on only 2,6-naptha-
lenedicarboxylic acid using different reagents, solvents and ways of heating. Their 
crystal structures were investigated by means of the XRDP method and infrared 
spectroscopy. Thermal properties of obtained compounds were examined by TG-
DSC in air as well as TG-FTIR in nitrogen. Additionally, their sorption properties 
towards nitrogen and argon were investigated using the isotherms of adsorption/
desorption processes at 77K.

[1] K. K. Gangu, S. Maddila, S. B. Mukkamala, S. B. Jonnalagadda, Inorg. Chim. 
Acta, 446 (2016) 61

[2] R. C. Huxford, J. Della Rocca, W. Lin, Curr. Opin. Chem. Biol., 14  (2010) 
262

[3] U. Mueller, M. Schubert, F. Teich, H. Puetter, K. Schierle-Arnd, J. Pastre, 
J. Mater. Chem., 16 (2006) 626
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Synthesis and thermal properties of zinc complexes with 
polyhydroxy Schiff base ligands 

Agata Bartyzel, Beata Cristóvão, Halina Głuchowska
Department of General and Coordination Chemistry, Maria Curie-Skłodowska University, 
Maria Curie-Skłodowska Sq. 2, 20-031 Lublin, Poland 

Recent years have seen considerable interest in the design and synthesis of vari-
ous chelating ligands. This type compounds has high affinity for metal ions allow-
ing the formation of stable compounds and enables the modulation of their nu-
clearity. In  this study, we  have synthesised Schiff base ligands using 
1,3-diamino-2-propanol and o-phenolic ketones, i.e. 2’-hydroxyacetophenone 
and 2,2’-dihydroxybenzophenone (H3Schb1 and H5Schb2, respectively), and de-
termined of  their complexation ability towards zinc ions. The formed ligands 
contain five or seven potential N2O3-/ N2O5-donor atoms therefore the compl-
exation processes of zinc ions were performed at the stoichiometric metal:ligand 
ratio 1:1 and 2:1 in methanol solutions. The complexes were obtained as poly-
crystalline, white/cream solids. The composition of complexes was determined 
based on  elemental analysis, spectroscopic (FTIR) and thermal (TG/DSC and 
TG-FTIR) studies. Analysis of the results showed that increasing the concentra-
tion of zinc ions with respect to the amount of used Schiff base did not affect the 
coordination of metallic centers i.e. two zinc ions are coordinated by one Schiff 
base ligand and acetate ion (Fig 1.). 

The complexes are stable in room 
temperature. Decomposition 
of  Zn2(Schb1)(ac)·1.5H2O and 
Zn2(Schb1)(ac)·H2O complexes is 
preceded by  dehydration processes 
confirmed by the analysis of gaseous 
decomposition products (TG-FTIR). 
The further degradation of  com-
pounds take place in one (nitrogen) 
or two (air) stages. At the beginning 
in the FTIR spectra, the bands char-
acteristic of acetic acid, CO2 and H2O 

are recorded. Further heating leads to emission ammonia, phenol, benzene and 
methane. The decomposition of solvent free compound, Zn2(H2Schb2)(ac), pro-
ceeds in one step. Similar to the previously mentioned compounds at the begin-
ning, the acetate ion is removed from its structure, and then thermal degradation 
of the Schiff base occurs which begins with breaking C=N bonds.

S03_P4
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Spectral and thermal studies on ternary complex of europium(III) 
ions with N-phenylanthranilic acid and 1,10-phenanthroline

Lidia Zapała1, Małgorzata Kosińska1, Elżbieta Woźnicka1, Jan Kalembkiewicz1, 
Wojciech Zapała2, Ewelina Mateja1
Rzeszow University of Technology, Faculty of Chemistry: 1Department of Inorganic  
and Analytical Chemistry, 2Department of Chemical and Process Engineering

The literature studies indicate that interactions between metals and biologically 
activity molecules like non-steroidal anti-inflammatory drugs (NSAIDs) are 
of  considerable importance in  the field of  bioinorganic, pharmaceutical and 
medical chemistry [1]. Among NSAIDs complexes, the ternary complexes with 
N-heterocyclic coligands should be emphasized. These coligands, in particular 
phenanthrolines, appear thus as attractive tool to modulate the biological prop-
erties of the derived complexes. What is more, the 1,10-phenanthroline as well as 
its derivatives are well known to exhibit antifungal, antiviral and antimycoplas-
mal activities [2].

In this contribution, the preparation and characterization of spectroscopic and 
thermal properties of the novel ternary europium(III) complex with N-pheny-
lanthranilic was reported. 

It was established that the complex has the molecular formula Eu2(nfa)5(fen)
(OH)·H2O (where nfa is C13H10NO2¯, fen is C12H8N2). The IR spectra provided 
the information about coordination mode of  the organic ligands in  obtained 
complex. It was concluded that in coordination of Eu(III) ions the bidentate car-
boxylate group of N-phenylanthranilic acid as well as nitrogen atoms of phenan-
throline are involved and coordination does not occur through the nitrogen atom 
of N-phenylanthranilic acid. Thermogravimetric study revealed that the complex 
contains only lattice water molecules. The coupled TG–FTIR–MS technique was 
employed to analyse a decomposition pathway of the studied complex. On the 
basis of the obtained results the identification and comparison of gaseous prod-
ucts evolved during pyrolysis and oxidative decomposition of  the considered 
compounds were made. The influence of the atmosphere (air or nitrogen) on the 
mechanism of thermal decomposition was confirmed.

[1] P.C. Andrews, R.L. Ferrero, P.C. Junk, I. Kumar, Q. Luu, K. Nguyen, J.W. 
Taylor, Dalton Trans., 39 (2010) 2861

[2] V. M. Sylla-Iyarreta, F. Dumas, G. Morgant, J. R. Sorenson, Y. Frapart, A. 
Tomas, Biochimie, 91 (2009) 1286
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Novel lanthanum(III) complexes with selected fenamates

Lidia Zapała, Małgorzata Kosińska, Elżbieta Woźnicka, Jan Kalembkiewicz, 
Ewelina Mateja
Department of Inorganic and Analytical Chemistry, Faculty of Chemistry,  
Rzeszow University of Technology

Fenamates are one of  the important group of non-steroidal anti-inflammatory 
drugs (where N-phenylanthranilic acid is the leading structure). According 
to published data [1], it is clearly evidenced that complexes of  fenamates with 
transition metals have been actively investigated for the last years and their 
promising biological activity was confirmed. On the other hand, the fenamates 
complexes with rare earth metal ions are still poorly studied and characterized 
[1].

In this paper binary complexes of lanthanum(III) ions with N-phenylanthra-
nilic acid (Hnfa, Fig.1a), mefenamic acid (Hmfa, Fig.1b) and niflumic acid (Hnif, 
Fig.1c) were synthesized and characterized by conductivity, electronic spectra, 
FTIR and thermal methods.

a) b) c)

Fig. 1. Molecular structure of Hnfa (a), Hmfa (b) and Hnif (c).

The obtained complexes have the formulas La2(nfa)5(OH)∙3.5H2O, La2(m-
fa)5(OH) and La2(nif)5(OH)∙4.5H2O (where nfa is C13H10NO2¯ , mfa is C15H14NO2¯, 
nif is C13H9F3N2O2¯). The molar conductance values of the lanthanum complexes 
in DMSO revealed their non-electrolytic nature. The complexes were found to be 
insoluble in water and slighly soluble in methanol. The infrared spectra analysis 
showed that fenamate ligands bind to La(III) ions bidentately through their car-
boxylato oxygens and coordination does not occur through the nitrogen atom. 
Results of the thermogravimetric analysis showed that decomposition process is 
a multistage for all the compounds. Moreover, thermal studies revealed that the 
complex with niflumic acid contains lattice and coordinated water molecules and 
complexes with N-phenylanthranilic and mefenamic acids contains only lattice 
water molecules.

[1] J. Kalembkiewicz, M. Kosińska, L. Zapała, Coordination Chemistry Reviews 
348 (2017) 25
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Novel ketoprofen ion-selective electrode based  
on beta-cyclodextrins derivatives

Joanna Lenik, Cecylia Wardak, Renata Łyszczek
Faculty of Chemistry, Maria Curie-Skłodowska University,   
5 M. Curie-Skłodowskiej Sq., 20-031 Lublin, Poland 

Ion-selective electrodes (ISE-s) are widely used in pharmaceutical analysis. Nu-
merous ion-selective electrodes based on poly(vinyl)chloride (PVC) have been 
constructed in order to determine various pharmacologically active substances 
in  pharmaceutical preparations. The inherent advantages of  ISE-s are: simple 
design, construction and manipulation, reasonable selectivity, fast response time, 
low cost, adequate detection limit and adequate precision and accuracy.
Ketoprofen, 2-(3-benzoylphenyl)propionic acid (Fig. 1), is a non-steroidal anti- 
inflammatory drug (NSAID) with analgetic and antipyretic properties [1]. Both 
the basic activity of the drug and its toxicity depend on concentrations. Therefore, 
the possibility of ketoprofen determination is of great importance and can have 
numerous potential applications.

Fig. 1. 2-(3-benzoylphenyl)propionic acid.

In this work the construction of new electrodes with solid contact (glassy carbon) 
based on heptakis (2,3,6,-tri-o-benzoyl-β-cyclodextrin) for ketoprofen determi-
nation was proposed. The composition of membrane phase was following: 1.2% 
wt. β-cylodextrin, 0.4 % wt. methyltrioctylammonium chloride, 65.5% wt. 2-ni-
trophenyloctyl ether, 32.8% wt. PVC. The electrode exhibit favourable analytical 
parameters: a wide range of linearity of the calibration graph (5x10-5 – 10-2 M) 
with about 50 mV/decade slope of characteristic, short response time, and good 
selectivity towards some inorganic and organic anions: NO3

-, Cl-, Br-, propionate, 
citrate, oxalate. 

[1] Merck Index, 14-th Edition, Whitehous  Station NY, USA 2006, p.5302.
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Thermal analysis of supramolecular complexes of ketoprofen  
with cyclodextrins derivatives

Renata Łyszczek, Joanna Lenik, Cecylia Wardak
Faculty of Chemistry, Maria Curie-Skłodowska University,   
5 M. Curie-Skłodowskiej Sq., 20-031 Lublin, Poland 

Cyclodextrins have excellent supramolecular recognition ability, which can bind 
selectivity various guest molecules to form stable host-guest complex. Cyclodex-
trins (CDs) are compounds made of glucopyranose units, the most important 
among them being those comprising 6, 7, and 8 units, i.e., a-, b- and g-CDs. They 
form a lipophilic inner cavity and a hydrophilic outer surface. CDs are capable 
of interacting with a large variety of guest molecules to form inclusion complexes, 
and so they are used in the pharmaceutical, food, clothing, cosmetic, and chem-
ical industries [1]. The formation of inclusion complexes made of cyclodextrins 
and other compounds is possible in gas, liquid, and solid states. These reactions 
are based on numerous weak intermolecular forces such as: hydrogen bonds, Van 
der Waals forces, dipole-dipole, and other dispersion forces. The inclusion may 
also occur as a result of a spatial match between the host and the guest. This is 
the so-called steric effect which depends on the guest’s molecule, size as well as 
on the presence of functional groups [2].

The aim of this work was to investigate thermal behaviour of complexes formed 
by biologically active ketoprofen and two cyclodextrins:  heptakis(2,3,6-tri-O-ben-
zoyl)-β-cyclodextrin and 2-hydroxy-3-N,N,N-trimethylamino)propyl-β cyclo-
dextrin chloride . TG/DSC measurement in air atmosphere were made for pure 
components, physical mixtures as well as obtained complexes. Additionally, TG-
FTIR analysis was made due to determination of gaseous products of their ther-
mal decomposition in nitrogen. Disappearance of the melting peak of ketoprofen 
on  DSC curves confirms formation of  inclusion complexes. Both synthezised 
compounds are thermally stable up to about 200°C. Further heating in air leads 
to the decomposition and burning.

[1] H. Dodziuk “Cyclodextrins and their complexes”, Wiley-VCh Verlag 
GmbhH& Co. KGaA, Weinheim, 2006

[2] T. Loftsson, J. Pharm. Sci., 85  (1996) 1017
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Thermosolvatochromism of 7H-indolo[1,2a]quinolinium 
merocyanines in pure solvents

Marta J. Sawicka, Elwira K. Wróblewska, Maciej Jabłoński
West Pomeranian University of Technology,  
Faculty of Chemical Technology & Engineering, Departament of Organic & Physical 
Chemistry, Al Piastow 42, PL-71065 Szczecin, Poland

During the past decade there has been an increasing interest in the thermosol-
vatochromism of merocyanines because of their potential applications in optical 
switches, temperature, and polarity sensors [1]. The term termosolvatochromism 
denotes the changes in the absorption band position caused by the changes in the 
temperature. The spectral changes of thermosolvatochromic probes result from 
the effects of temperature on solvation and effects of temperature on the compo-
sition of the probe solvation coordination shell. It is generally accepted that at low 
temperatures, the specific and non-specific intermolecular interactions between 
solute and solvent molecules are strengthened, without any alterations of  the 
chemical structure of  the probe. This is in contrast with types of  thermochro-
mism, which in most cases result simply from the temperature-dependent shift 
of a chemical equilibrium between a coloured and non-coloured species [2,3].

In  this work, thermosolvatochromism of  two 7H-indolo[1,2a]quinolinium 
merocyanines in  fifteen pure solvents were studied. The experiment was con-
ducted in the temperature range -5-80°C with steps of 15°C. The linear relation 
between the position of the UV-vis absorption band of the dye and the tempera-
ture was found in most of the studied solvents but the slope of the obtained plot 
was not the same in polar and non-polar solvents. 

[1] K. Burke, C. Riccardi, T. Buthelezi, Journal of Physical Chemistry B.,116 
(2012) 2483

[2] Ch. Reichardt, Solvents and Solvent Effects in Organic Chemistry, 3th Ed. 
VCH, Weinheim (2003)

[3] Ch. Reichardt, Chemical Society Reviews, 3 (1992) 147

S03_P9



81

S03  Inorganic, coordination and supramolecular chemistry 
S03_P10

Contents

Thermostability of polymer inclusion membranes (PIMs) based 
on polyvinyl chloride

Katarzyna Witt, Elżbieta Radzymińska-Lenarcik
Faculty of Chemical Technology and Engineering, UTP University of Science  
and Technology, Seminaryjna 3, 85-326 Bydgoszcz, Poland

Thermostability of  the polymer inclusion membranes consisting of  polyvinyl 
chloride (PVC), bis(2-ethylhexyl)adipate (DAO) and derivatives of  β-diketone 
was investigated. Polyvinyl chloride was used as a polymer matrix, bis(2-ethyl-
hexyl)adipate as a plasticizer and β-diketones (pentane-2,4-dione, 3-propyl-pen-
tane-2,4-dione, 3-benzyl-pentane-2,4-dione, benzoylacetone, dibenzoylmeth-
ane) were used as carriers. The weight loss and differential thermal gravity (DTG) 
curves of PVC-ADO membrane and PVC-ADO membranes mixed with β-dike-
tones were made. Studied membranes are stable to  the temperature of  about 
230°C. The results indicate that the thermal decomposition of each sample can be 
divided into two stages: in the range 230–360°C and 390-520°C. For pure PVC, 
the rapid weight loss was observed at 260°C in the first stage and in the second 
stage took place at 410°C. A similar, two-step thermal decomposition of PVC, 
taking place at temperatures 270°C and 440°C, was observed by Jiménez et al[1]. 
and by Li et al[2].

The thermal stability of the polymers depends for instance, on the polymer’s 
internal structure, its morphology, presence of  degradable aromatic and func-
tional groups in the plasticizer, and concentration of carrier ions.

[1] A. Jiménez; V. Berenguer, J. López, A. Sánchez, J. Appl. Polym. Sci., 50 
(1993) 1565

[2] G. Li, M. Wang, X. Huang, H. Li, H. He, J. Appl. Polym. Sci.,132 (2015) 
41464 
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Crystal structures and thermal properties of CuII
4-LnIII

2 (Ln = Ho, Er, 
Tm) complexes with the N,N’-bis(2,3-dihydroxybenzylidene)-1,3-
diamino-2,2-dimethylpropane

Beata Cristóvão1*, Dariusz Osypiuk1, Barbara Miroslaw2, Wiesława Ferenc1, 
Agata Bartyzel1, Halina Głuchowska1
1Department of General and Coordination Chemistry, Maria Curie-Sklodowska 
University, Maria Curie-Sklodowska sq. 2, 20-031 Lublin, Poland  
*beata.cristovao@poczta.umcs.lublin.pl 
2Department of Crystallography, Maria Curie-Sklodowska University,  
Maria Curie-Sklodowska sq. 3, 20-031 Lublin, Poland

Novel hexanuclear clusters Cu4
II-LnIII

2 (Ln = Ho, Er, Tm) were synthesized 
during reaction of the Schiff base ligand with LnIII and CuII ions. They crystalize 
in monoclinic crystal system, space group C2/c. The structures of the complexes 
show two heterotrinuclear [Cu2Ln] moieties that are linked by a nitrato bridge 
between two Cu(II) ions. The [CuL] fragments coordinated to the Ln(III) ion are 
not coplanar. Results of thermal analysis show that compounds are stable at room 
temperature and during heating in a first step undergo dehydration process. The 
recorded FTIR spectra of evolved gas phase for these complexes confirmed that 
water is the main product released during this stage. During further heating 
of the samples the destruction and combustion of the Schiff base ligand is ob-
served. It is mainly connected with the release molecules of H2O, NH3, CO2, CO. 
The decomposition process of the complexes is intricate and it was not possible 
to distinguish intermediate solid products. The final products (mixtures of metal 
oxides) of thermal decomposition of complexes in air were calculated from TG 
curves and experimentally verified by X-ray diffraction powder patterns. 

Fig. 1. Molecular structure of the CuII
4-ErIII

2
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New 2D-coordination polymers of selected lanthanides(III) and 
1,2-phenylenedicarboxylic acid

Renata Łyszczek1, Iwona Rusinek1, Halina Głuchowska1, Agnieszka Ostasz1, 
Oleksiy Pavlyuk2
1Department of General and Coordination Chemistry,Faculty of Chemistry, 
Maria Curie-Skłodowska University, M.C. Skłodowskiej  Sq. 2, 20-031 Lublin, Poland 
2Department of Inorganic Chemistry, Faculty of Chemistry, Ivan Franko National 
University of Lviv, Kyryla and Mefodiya Str., 6, 79005, Lviv, Ukraine

In this report, crystal structure along with spectroscopic and thermal characteri-
zation of novel 2D coordination polymers of selected lanthanide ions i.e. Eu(III) 
and Sm(III) with 1,2-phenylenedicarboxylic acid of  the general formula [Eu-
(Sm)4L10(DMF)4] where L=C6H4(CH2COO)2

2- and DMF=C3H7NO is presented. 
Both complexes were obtained by the solvothermal method (72h, 140°C, auto-
claves). Nine-coordinated lanthanide(III) ions are joined through the carboxyl-
ate bridges into the metallic chains which are further interconnected through 
thetetradentate 1,2-phenylenediacetate linkers into the two-dimensional layers. 
Coordination environment of metal centers is composed of nine carboxylate ox-
ygen atoms or seven carboxylate atoms and two carbonyl oxygens from different 
DMF molecules. The Infrared spectra confirm coordination through both depro-
tonated carboxylate groups and the presence of  coordinated DMF molecules. 
In the previously reported lanthanide 1,2-phenylenediacetates, water molecules 
were coordinated with metal centers [1].

Thermal behaviour of the obtained complexes was investigated using the TG-
DSC (air) and TG-FTIR coupled methods. These techniques allowed to deter-
mine their thermal stability under different conditions and mechanism of ther-
mal decomposition.

[1] X. Li , Ch. Wang, X. Zheng, Y. Zou, J. Coord. Chem., 61 (2008) 1127
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Evaluation of  structural, spectral, thermal and antioxidant 
properties of  the hydrated molecular complex of  imidazolium 
2-[(4,6-dimethylpyrimidinyl)-2-thio]acetate

Justyna Sienkiewicz-Gromiuk1, Małgorzata Olszowy2, Liliana Mazur1,  
Iwona Rusinek1
1Department of General and Coordination Chemistry, Faculty of Chemistry,  
Maria Curie-Sklodowska University, M. Curie-Sklodowska Sq. 2, 20-031 Lublin, Poland,  
j.sienkiewicz-gromiuk@poczta.umcs.lublin.pl 
2Department of Chromatographic Methods, Faculty of Chemistry,  
Maria Curie-Sklodowska University, M. Curie-Sklodowska Sq. 3, 20-031 Lublin, Poland

The ultimate goal of crystal engineering is to control the molecular self-organi-
zation and orientation within a crystalline solid structure, which further leads 
to desired structural aggregates. The preparation of organic crystals from mul-
tifunctional molecules is achieved through supramolecular interactions, such 
as  hydrogen bonding and π−π stacking interactions, which are strongly utilized 
to generate new supramolecular architectures [1].

The 1:1 co-crystallization of  imidazole with 2-[(4,6-dimethylpyrim-
idinyl)-2-thio]acetic acid monohydrate produced a proton-transfer hydrated or-
ganic salt [(C3H5N2

+)2·(C8H9N2O2S-)2·H2O] in the space group P21/n. The asymmetric 
unit of the title compound contains two imidazolium cations, two deprotonated 
2-[(4,6-dimethylpyrimidinyl)-2-thio]acetate anions and one molecule of  wa-
ter (Fig. 1) which are connected by the three kinds of strong hydrogen bonds, 
involving O−H···O, N−H···O and O−H···N contacts. The transfer of the proton 
from the acid, used as the substrate in the synthesis process, to the base is also 
reflected in the recorded IR profile. The thermal stability of the compound was 
investigated by thermogravimetric and differential thermal analyses, whereas the 
antioxidant activity was estimated by ABTS and DPPH methods.

Fig. 1. Diagram showing the molecular structure of the title adduct. 

[1] L. Wang, L. Zhao, M. Liu, R.-X. Chen, Y. Yang, Y.-X. Gu, Sci. China Chem. 
55 (2012) 2115
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Series of ternary complexes of gadolinum(III) ions with fenamates 
and 1,10-phenanthroline 

Małgorzata Kosińska, Lidia Zapała, Jan Kalembkiewicz, Elżbieta Woźnicka, 
Ewelina Mateja
Department of Inorganic and Analytical Chemistry, Faculty of Chemistry,  
Rzeszow University of Technology

Lanthanide complexes are attractive subject as luminescence materials and are 
frequently used in lighting devices (economical luminescent lamps, light emit-
ting diodes), television and computer displays, optical fibres, optical amplifiers, 
lasers. Additionally, they have a  number of  important roles in  medicinal and 
pharmaceutical field including anti-inflammation, anticoagulant, fungicidal, 
antimicrobial and anti-tumor properties [1]. 

Since lanthanide complexes with biologically active ligands have a  diver-
sity of  potential applications, in  this work series of  gadolinum(III) complexes 
with N-phenylanthranilic acid, mefenamic acid and niflumic acid, containing 
1,10-phenanthroline were successfully synthesized and characterized by means 
of elemental analysis, conductometry, XRD, UV-VIS and FT-IR spectroscopies 
and thermogravimetric analysis in air and nitrogen atmospheres. Additionally, 
the in  vitro antibacterial activity of  the complexes was screened against three 
bacterial pathogens.

It was established that in  case of  each investigated complex coordination 
of  gadolinium(III) ions takes place through the bidentate carboxylate group 
of fenamate and nitrogen atoms of phenanthroline. 

Thermogravimetric analysis revealed that the complexes are stable at room 
temperature and future heating leads to their stepwise decomposition. The ther-
mal behavior of the complexes were markedly influenced by the used atmosphere. 
Dehydration is the only effect accompanying the heating up of the compounds 
to 250 °C. On the basis of results of thermal analysis it was stated that the com-
plexes contain only lattice water molecules.

[1] Z. Aramesh Boroujeni, A. K. Bordbar, M. Khorasani Motlagh, N. Fani, 
E. Sattarinezhad, M. Noroozifar, Journal of the Iranian Chemical Society 
(2018), https://doi.org/10.1007/s13738-018-1356-5
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Binary europium(III) complex with N-phenylanthranilic –
characterization of spectral and thermal properties 

Małgorzata Kosińska, Lidia Zapała, Jan Kalembkiewicz, Elżbieta Woźnicka, 
Ewelina Mateja
Department of Inorganic and Analytical Chemistry, Faculty of Chemistry,  
Rzeszow University of Technology

N-Phenylanthranilic acid (Hnfa) is a starting material for synthesis of pharma-
ceutically important molecules such as antimalarials, anti-inflammatory and 
antineoplastics as well as it is used in comparative medical research and for metal 
ion determination [1]. Moreover, Hnfa is a  leading structure in group of non-
steroidal anti-inflammatory drugs commonly called as fenamates [2]. The most 
known fenamates i.e. mefenamic acid, tolfenamic acid, meclofenamic acid are 
used clinically for the treatment of fever, pain, and inflammation. 

Taking into account the interest in fenamates complexes reflected by growing 
number of  the relevant publications [3], in  this work the results of  the studies 
on  the new binuclear complex of  Eu(III) ions with N-phenylanthranilic acid 
of  molecular formula Eu2(nfa)5(OH)·4.5H2O (where nfa = C13H11NO2) were 
presented. 

The X-ray powder diffraction patterns revealed that the studied compound has 
crystalline structure. On the basis of infrared spectra analysis it was concluded 
that the carboxylate group of  N-phenylanthranilic acid is involved in  coordi-
nation of Eu(III) ions in  the bidentate mode and coordination does not occur 
through the nitrogen atom.

The thermoanalytical results showed that thermal behavior was influenced 
by the atmosphere used. 

The gaseous products evolved during pyrolysis and oxidative decomposition 
of the investigated complex was analysed in this work by using a TG–FTIR–MS 
technique. Analysis of the gaseous products in nitrogen showed the release main-
ly H2O, CO, CO2, diphenylamine and the fragments from partial decomposition 
of organic ligands, while H2O, CO, CO2, NO, ammonia as well as fragments from 
partial decomposition of organic ligands were identified in air atmosphere. 

[1] L. Zapała, J. Kalembkiewicz, Talanta 69 (2006) 601
[2] P. Garg, M.C. Sanguinetti, Molecular Pharmacology 82 (2012) 795
[3] J. Kalembkiewicz, M. Kosińska, L. Zapała, Coordination Chemistry Reviews 

348 (2017) 25
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Dispersion of yttrium and erbium citrates - synthesis as well as 
crystallographic and thermal properties

Władysław Janusz1, Ewa Skwarek1, Stanisław Pikus2, Elżbieta Olszewska2, 
Dariusz Sternik3
1Department of Radiochemistry and Colloid Chemistry, 2Department of Crystallography, 
3Department of Physicochemistry of Solid Surface Faculty of Chemistry,  
Maria Curie Skłodowska University, M. Curie Skłodowska Sq. 3, Lublin, Poland

Nuclear medicine is a section of medicine, nuclear physics and radiochemistry 
that uses radioisotopes as open and closed sources of  radiation in medical re-
search, diagnostics and therapy. Radiopharmaceuticals used in nuclear therapy 
are mostly labeled b -emiters. The colloidal solution of yttrium citrate is recom-
mended by EANM to used it in radioisotope synovectomy. The research carried 
out in  this work can be summarized as follows: the synthesis was carried out 
in  a  high pressure synthesis reactor that allowed to  obtain preparations with 
a  relatively high content of  yttrium citrate and erbium citrate. Yttrium citrate 
can be obtained, at least as a  result of  two different syntheses, from which it 
seems to be better that of yttrium hydroxide. Erbium citrate was obtained in the 
complexing reaction in the first stage, it consists in dissolving erbium hydroxide 
in monosodium citrate. This occurs during the first 6h, so there was often a pH 
jump at that time. And then erbium ions are bound by citrate ions and precipitate 
in the form of a precipitate. Yttrium and erbium citrates were investigated using: 
Mastersizer 2000 particle size analyzer and CHN. It has been performed analysis 
derivatograph Q-1500D (MOM, Hungry) for thermal analysis where capability 
of registration of change of mass of simultaneous sample is (TG and) DTG and 
in function of temperature energy DTA. Obtained samples have been character-
ized by X-ray powder diffraction. The XRAYAN program [1] was used for de-
termining peak intensities and positions. Pattern indexing was carried out using 
the personal computer version of the DICVOL06 program [2]. Experimental 2q 
peaks positions, relative peak intensities, values of d and Miller indices as well as 
unit-cell parameters for these samples are presented.

[1] H. Marciniak, R. Diduszko, and XRAYAN: computer program for X-ray 
diffraction phase analyzes, version 4.1.1, 2006, Warsaw, Poland.

[2]A. Boultif, D. Louer, J. Appl. Cryst., 37 (2004) 724
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Thermal characterization of nickel(II) complex with biphenyl-4,4’-
dioxydiacetic acid

Halina Głuchowska, Renata Łyszczek, Agnieszka Ostasz, Liliana Mazur
Department of General and Coordination Chemistry, Faculty of Chemistry,  
Maria Curie-Skłodowska University, M.C. Skłodowskiej  Sq. 2, 20-031 Lublin, Poland

Biphenyl-4,4’-dioxydiacetic acid is a  good candidate for construction of  coor-
dination polymers due to  the presence of  six potential binding sites. Binding 
of metal centers can take place not only through oxygen atoms from the carbox-
ylate groups but also by ether oxygen atoms. Previously the coordination poly-
mers of Li, Na and K with this multifunctional bridging linker were reported [1]. 
The influence of ionic radii of the investigated metal ions on the crystal structures 
of complexes, conformation and coordination ability of this ligand was discussed. 

In this paper crystal structure and properties of novel 3D coordination polymer 
built up from the building blocks: nickel(II) ions and biphenyl-4,4’-dioxydiacete 
ligands are studied. Each metal centre is joined by four different organic ligands 
and additionally, oxygen atoms from two water molecules. Both carboxylate 
groups exhibit bidentate-bridging character whereas the oxygen atoms from the 
side chains do not participate in metal coordination. 

Thermal behaviour of the obtained nickel complex was investigated using the 
Setsys 16/18 (Setaram, air) and Q5000 (TA, nitrogen) thermonalysers. Gaseous 
products of  thermal decomposition of  nickel complex were identified based 
on the FTIR spectra recorded on Nicolet 6700 (Thermo Scientific). The obtained 
compound decomposes in  several steps with forming NiO as a  final product 
of heating in air.

Fig. 1. FTIR spectra of gaseous products of thermal decomposition of nickel(II) biphenyl-4,4’-
dioxydiacetate

[1] R. Łyszczek, H. Głuchowska, L. Mazur, B. Tarasiuk, V. Kinzhybalo, A. M. Kirillov, 
J.  Solid State Chem., 265 (2018) 92
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Lanthanide(III) biphenyl-4,4’-dioxydiacetates – hydrothermal 
synthesis, spectroscopic and thermal characterization

Halina Głuchowska, Renata Łyszczek
Department of General and Coordination Chemistry, Faculty of Chemistry, Maria Curie-
Skłodowska University, M.C. Skłodowskiej Sq. 2, 20-031 Lublin, Poland

As the continuation of our investigations on lanthanide(III) complexes with flexi-
ble polycarboxylic acid [1], a new series of lanthanide(III) complexes with biphe-
nyl-4,4’-dioxydiacetic acid of  the general formula Ln2L3×nH2O where Ln=lan-
thanides from La(III) to Lu(III) (except Pm), L = C14H12O2(COO)2

2- and n=3-6, 
was synthesized under hydrothermal conditions. The obtained compounds were 
characterized by infrared spectroscopy, X-ray diffraction patterns and different 
methods of thermal analysis (TG, DSC, and TG-FTIR). Both carboxylate groups 
are deprotonated and involved in the coordination of lanthanide ions while the 
ether oxygen atoms from the side arms rather do not take part in metal bonding. 
Coordination environments of metal centers contain most probably also water 
molecules.

Based on  the results from the thermal analysis different thermal stability 
and behaviour of  the investigated compounds during heating can be postulat-
ed. Generally, their decomposition takes place in two main stages: dehydration 
and degradation of anhydrous forms of complexes. Removal of water molecules 
proceeds in one or two (Nd, Sm and Eu) stages which is clearly reflected on the 
DSC curves. Further heating of complexes leads to distinct mass losses on the 
TG curves connected with degradation of  anhydrous forms of  complexes and 
burning of  organic ligands. Suitable lanthanide oxides are the final products 
of  complexes decomposition in  air. The TG-FTIR analysis allowed to  confirm 
the presence of water molecules in  the structures of  the obtained compounds. 
Additionally, volatile products of complexes decomposition in inert atmosphere 
such as: carbon oxides, water and methane were identified. The pathways of ther-
mal decomposition of the investigated series of lanthanide complexes in different 
atmospheres were compared. 

[1] R. Łyszczek, H. Głuchowska, B. Cristóvão, B. Tarasiuk, Thermochimica Acta,  645 
(2016) 16
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Complexes of Pr(III), Gd(III) and Ho(III) with isatin and amino acid – 
thermal properties

Wiesława Ferenc, Beata Cristóvão, Dariusz Osypiuk, Halina Głuchowska,  
Iwona Rusinek
Department of General and Coordination Chemistry, Maria Curie-Skłodowska University, 
M.C. Skłodowska Sq. 2, 20-031 Lublin, Poland

The complexes of  2-(2-oxoindolin-3-ylideneamino)butanoic acid LH (where 
L = C12H11N2O3) with Pr(III), Gd(III) and Ho(III) were obtained with general 
formula ML2NO3·H2O. Their physico–chemical properties were studied by vari-
ous methods (XRD, FTIR, TG–DSC and magnetic measurements).

The analysed compounds were synthesized as crystalline solids (except Pr(III) 
complex which is amorphous). In the IR spectra of all complexes the bands at 
3400-3380 cm-1, typical for ν(OH) vibrations, confirm the presence of crystalli-
zation water molecule in complexes. All of them obey Curie-Weiss law, showing 
the paramagnetic properties.

Thermogravimetric investigations of  analysed compounds were carried out 
in air in the range of 293-1173 K (Fig.1). They are stable up to 313–333 K. Next 
in the range of 313–403 K the complexes dehydrate and form anhydrous com-
pounds. The mass losses calculated from TG curves being equal to 3.14–3.71% 
correspond to the losses of water molecule (calcd. 2.55–3.95%). The enthalpy val-
ues, ∆H, change from 3.18 to 18.95 kJ/mol. They indicate that one water molecule 
is more strongly bounded in Gd(III) complex than in those of Ho(III) and Pr(III).

Fig.1. TG, DTG and DSC curves of Pr(III) complex in air atmosphere.

During further heating of samples the ligand destructions and combustions 
are occurred. The Gd2O3, Ho2O3 and Pr6O11 are final decomposition products 
of analysed complexes. The mass residues calculated from TG curves are equal 
to 17.99–23.95%.

S03_P19



91

S03  Inorganic, coordination and supramolecular chemistry 
S03_P20

Contents

Comparison of Ni(II) 2,4–dichloro–  
and 2,4–dibromophenoxyacetate physico–chemical properties

Wiesława Ferenc1, Dariusz Osypiuk1, Beata Cristóvão1,  
A. Drzewiecka–Antonik2, Halina Głuchowska1
1Department of General and Coordination Chemistry, Maria Curie-Skłodowska 
University, M.C. Skłodowska Sq. 2, 20-031 Lublin, Poland 
2Institute of Physics, Polish Academy of Sciences, 02-668 Warsaw, Poland

The complexes of Ni(II) with 2,4–dibromophenoxyacetic (HL1=C8H6Br2O3) and 
2,4–dichlorophenoxyacetic (HL2= C8H6Cl2O3) acids were synthesized and char-
acterized.

The compounds form hydrates with the formulae NiL1
2·5H2O (1) and 

NiL2
2·4H2O (2), respectively. The carboxylate groups act as bidentate chelating 

ligands. 
The thermal decompositions of these complexes in air proceed in two or three 

steps for 1 and 2, respectively. In  the ranges of 356–389 K for 1 and 338–538 
K for 2, the complexes dehydrate in  one step with endothermic effects losing 
all molecules of water and form anhydrous compounds. On further heating the 
anhydrous NiL1

2 compound is directly destructed to NiO while NiL2
2, through 

oxychloride (538–923 K) as the intermediate product, also yields NiO. The en-
thalpy values for one water molecule dehydration processes change from 29.86 
for 2, to  37.45 kJ/mol for 1. The TG, DTG/DSC curve interpretations show 
a differences between thermal stability of analysed compounds. From obtained 
data it appears that during heating the NiL1

2·5H2O complex is more stable than 
NiL2

2·4H2O.
The analysis of  TG/FTIR spectra of  NiL1

2·5H2O  shows that with the rise 
of temperature the hydrate releases water molecules the presence of which in the 
gaseous mixture is confirmed by  the bands in  the range of  3900–3400 cm-1. 
During further heating the organic ligands decompose releasing the molecules 
of CO2, CO, HBr and CH3Br (Fig.1.)

.
Fig. 1. FT–IR spectra of gaseous products evolved during the decomposition of Ni(II) 2,4–
dibromophenoxyacetate.
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Simultaneous sorption of U(VI) and As(V) on a hybrid sorbent based 
on halloysite 

Agnieszka Gładysz-Płaska
Maria Curie Skłodowska University, Faculty of Chemistry,  
2 M. Curie Skłodowska Sq.,20-031 Lublin, Poland

A  hybrid sorption material capable of  capturing uranium(VI) and arsenic(V) 
ions from the aqueous environment has been obtained. The sorbent was obtained 
based on halloysite originating from the Dunino mine in Poland, with the addition 
of natural polysaccharide - inulin modified with thiourea. The obtained sorbent 
removed uranium(VI) and arsenic(V) ions effectively from the aqueous environ-
ment in a wide range of pH and particularly from acidic solutions. As a matter 
of fact, this is a significant achievement due to the fact that the majority of radio-
active wastewaters is acidic. The tests of sorption properties of the sorbent thus 
obtained have been carried out based on the assessment of the effect of pH, initial 
concentrations of As(V) and U(VI) ions, temperature and sorption kinetics. The 
previous studies showed that U(VI) ion sorption is relatively low in the acidic pH 
range while arsenate(V) ion largely adsorb in this pH range. Thus, the presence 
of  arsenate ions in  solution together with the U(VI) ions contributed to  their 
sorption improvement in the acidic environment. A complement to the equilib-
rium tests were instrumental methods such as: XPS, FTIR, thermal analysis with 
MS, SEM, which were helpful in the interpretation of the results and character-
istics of sorption products. Common ion sorption is very often difficult problem 
to explain as for as the sorption mechanism is concerned. The topic is important 
due to the fact that in most cases more than one ion occur next to each other. This 
applies to  both aqueous solutions found in  nature and industrial wastewaters. 
The interest in the sorption of uranium(VI) and arsenic(V) is developed because 
of a small number of papers in the literature on their common sorption. It is well 
known that both of these elements are hazardous for the environment. They are 
dangerous to living organisms because they are carcinogenic and toxicity. In ad-
dition, confirmation of purposefulness this research is the fact that arsenic and 
uranium are found side by side in rocks (uraninite (UO2), brannerite (UTi2O6), 
arsenopyrite (FeAsS)), hence arsenic often accompanies uranium in sewages. This 
is proved by the wastewaters containing uranium and arsenic from gold mines 
at the Witwatersrand Reservoir in South Africa. Knowledge of the uranium and 
arsenic ions complexes is an important source of information about predicting 
their migration in the environment or their permanent immobilization during 
the construction of geological barriers near the sites of possible storage of wastes 
containing these toxic ions.
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Thermal analysis as useful tool for testing elastomeric composites

Magdalena Maciejewska
Lodz University of Technology, Institute of Polymer and Dye Technology,  
Stefanowskiego 12/16, 90-924 Lodz, Poland

Thermal analysis is widely used to characterize elastomeric composites with re-
gard to their thermal behavior, physical transitions and composition. It includes 
a group of techniques, that can be applied to measure the physical and chemical 
properties of elastomers as a function of temperature. The most frequently used 
methods of thermal analysis in elastomers are differential scanning calorimetry 
(DSC), thermogravimetry (TGA) and dynamic mechanical analysis (DMA).

Differential scanning calorimetry (DSC) can be successfully applied to study 
the glass transition of elastomer as well as the temperature range and energetic 
effect of its vulcanization. Moreover, DSC provides information about the mor-
phology of elastomer network, which is the spatial distribution of the crosslinks. 
This method was proposed by Baba et al.[1] to determine the structure of  the 
network in rubber vulcanizates, based on freezing point depression of  the sol-
vent confined in the elastomer gel. The freezing point depends on the conditions 
required for the formation of crystalline nuclei, which are limited by elastomer 
network restrictions and limitations in  movement of  elastomer chains. The 
broadening of the solidification peaks suggests a broadening of the distribution 
of mesh sizes in the elastomer network.

TGA is often used for analysis of elastomers thermal stability based on their 
decomposition temperatures and weight losses. The composition of  elastomer 
composites can be also analysed, such as the content of rubber, filler or volatile 
compounds.

Dynamic mechanical analysis (DMA) is usually employed to study the activity 
of  fillers based on  the ability of  their particles to  form network in  the elasto-
mer (Payne effect). Moreover, DMA is used to determine the loss factor (tan δ) 
of elastomeric composites as a function of temperature, which is a measure of the 
material’s ability to dampen vibration. 

The purpose of this presentation is to provide some examples of the main ap-
plications of thermal analysis techniques for testing elastomeric composites.

[1] M. Baba, J. Lacoste, J.L. Gardette, Polymer Degradation and Stability, 65 
(1999) 421

Lectures
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Synthesis and thermal properties of epoxy resins derivatives 
of 2,7-naphthalenediol and their crosslinked products

Beata Podkościelna1, Karolina Fila1, Mateusz Gargol1, Marta Goliszek1,  
Andrzej Bartnicki1, Małgorzata Gil2
1Department of Polymer Chemistry, 2Laboratory of Optical Fibre, Maria Curie-Skłodowska 
University, Lublin, Poland

Epoxy resins, also known as polyepoxides, are a very important class of reactive 
polymers which contain epoxide groups. Epoxy resins may be reacted (cross-
linked) either with themselves through catalytic homopolymerisation, or with 
a  wide range of  co-reactants including polyfunctional amines, acids (and acid 
anhydrides), phenols, alcohols and thiols [1]. Generally, these compounds combine 
good mechanical and thermal properties, good heat resistance, high adhesion strength 
and high electrical resistance. For this reason, epoxy resins are currently used in many 
fields of industry in particular including: metal coatings, adhesives, electronic materi-
als and matrices  for fiber-reinforced composites. The final properties of cured epoxy 
resins are affected by the type of epoxy resin, curing agent, and curing process [2].

This paper aims to review the synthesis of three different epoxy compounds 
based on  2,7-naphthalenediol (2,7-NAF.EP, 2,7-NAF.P.EP, 2,7-NAF.WEP) and 
then crosslinking their by  triethylenetetraamine (TETA). The structures of  the 
obtained compounds were confirmed by  spectral method (ATR/FT-IR). The 
thermal properties of the crosslinked products was determined by thermogravi-
metric  analysis (TG/DTG/DSC).

n

O O
O OO O

OOO O

2,7-NAF.EP

2,7-NAF.P.EP

2,7-NAF.WEP

O
O O

OH
O O

O

Fig 1. The structures of naphthalene compounds used for the reaction with TETA.

[1] F. Mustata, N. Tudorachi, Appl Therm Eng, 125 (2017) 285
[2] F.L. Jin, X. Li, S.J. Park, J Ind Eng Chem, 29 (2015) 1
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Analysis of thermo-physical properties of materials suitable  
as thermal stabilization of superconducting tapes for high voltage 
superconducting fault current limiters

Marcela Pekarčíková1, Marián Drienovský1, Jozef Krajčovič1, Jozef Mišík1, 
Eva Cuninková1, Tomáš Húlan2, Michal Vojenčiak3, Fedor Gömöry3
1Slovak University of Technology in Bratislava, Faculty of Materials Science  
and Technology in Trnava, Jána Bottu 25, 917 24 Trnava, Slovakia 
2Constantine the Philosopher University in Nitra, Faculty of Natural Sciences, 
Tr. A. Hlinku 1, 949 74 Nitra, Slovakia 
3Slovak Academy of Science, Institute of Electrical Engineering,  
Dúbravska cesta 9, 841 04 Bratislava, Slovakia

High-temperature superconducting coated conductors (CC) are attractive ma-
terials for high voltage resistive fault current limiters (FCL) [1]. An additional 
thermal stabilization layer coated on the CC tape surface is necessary to adapt 
commercially produced CC tapes to electric fields over 100 V/m [2]. The thermal 
stabilization layer should have materials properties like high heat capacity, high 
electrical resistivity, good thermal conductivity, and thermal expansion similar 
to  thermal expansion of  CC substrate. We  investigated the thermo-physical 
properties of  several material candidates for thermal stabilization layer based 
on a concept of composite containing powder particles in polymer binder. This 
concept has two advantages: the use of an insulating binder keeps unreduced the 
conductor resistivity in normal (non-superconducting) state, and the changing 
of the particle material as well as their size and concentration allows to control 
the thermal properties of the thermal stabilization layer.

This work was supported in  part by  the European Unions’s Horizon 2020 research and 
innovative programme under grant agreement No. 721019, and by the Grant Agency VEGA 
under Contract 1/0151/17.

[1] M. Majka, J. Kozak, S. Kozak, in: „IEEE Transactions on Applied 
Superconductivity”, vol. 27 (2017) 5601405

[2] P. Tixador, J. Vialle, A. Badel, in: „IEEE Transactions on Applied 
Superconductivity”, vol. 28 (2018) 17572539
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Determination of crystallinity index in industrial applications – 
evaluation of performance of Differential Scanning Calorimetry  
for testing of poly(butylene terephthalate) products

Maciej Danek1,2, Mateusz Lutomski2, Waldemar Maniukiewicz3,  
Marcin Kozanecki1
1Department of Molecular Physics, Faculty of Chemistry, Lodz University  
of Technology, Zeromskiego 116, 91-924, Lodz, Poland 
2Corning Optical Communications, Smolice 1E, Strykow, Poland 
3Institute of General and Ecological Chemistry, Faculty of Chemistry, Lodz University  
of Technology, Zeromskiego 116, 91-924, Lodz, Poland

Crystallinity of  polymers significantly affects most of  the performance of  the 
products, including mechanical, thermal and chemical stability. The crystallinity 
of polymers depend on many factors, such as processing method and conditions 
as well as overall thermal history. Improper conditions of processing or handling 
of  finished goods can result in  critical failures caused by  too high, too low or 
non-uniform level of polymer crystallinity. This is why fast and reliable methods 
for testing the degree of crystallinity of polymer products are crucial for modern 
technology of plastic processing [1].

PBT is an example of  common thermoplastic material that shows tendency 
to cold crystallization when heated above glass transition (Tg) temperature af-
ter rapid quenching from molten state [1, 2]. Herein, a  series of PBT rod-like 
samples with increasing crystallinity level were prepared at various conditions 
to  simulate industrial high speed production process. PBT samples were then 
tested with Differential Scanning Calorimetry method and Wide Angle X-Ray 
Scattering (as the reference absolute technique) to compare the effect of method 
and conditions on the resulting values of crystallinity index. Results show some 
differences in  the degree of  crystallinity determined with different methods. 
These differences could be explained as the effect of “cold crystallization” of PBT 
during DSC run at standard conditions. Some solutions for optimization of the 
conditions of DSC measurement and data processing were proposed that could 
increase its accuracy for evaluation of the degree of crystallinity of polymers that 
has similar tendency to “cold crystallization”.

[1] J. A. Jansen, in: „ASM Handbook, Volume 11: Failure Analysis and 
Prevention”, W. T. Becker, R. J. Shipley (eds.), ASM International, Ohio, 
2002, 437

[2] N. Dangseeyun, P. Supaphol, M. Nithitanakul, Polymer Testing, 23 (2004) 
187 
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Thermal and mechanical properties of ZnO-lignin/polypropylene 
composites

Aleksandra Grząbka-Zasadzińska, Łukasz Klapiszewski, Teofil Jesionowski, 
Sławomir Borysiak
Poznan University of  Technology, Faculty of  Chemical Technology, Institute of  Chemical 
Technology and Engineering, Berdychowo 4, PL-60965 Poznan, Poland  

Preparation of functional hybrid fillers combining mechanical and thermal prop-
erties of  inorganic compounds with availability and low cost organic materials 
gains much attention. Combination of  zinc oxide, inorganic material charac-
terized with good mechanical and thermal properties [1], and highly available, 
antioxidative lignin [2] is believed to be a promising, functional hybrid filler for 
polymer composites.

Mechanical properties of  composite materials are strongly affected by  the 
supermolecular structure, morphology of  the polymer matrix and phenomena 
at the interphase boundary matrix/filler. Moreover, chemical composition of hy-
brid filler is of great importance [3]. For that reason, the main purpose of this 
research was to evaluate the effect of physicochemical parameters of ZnO-lignin 
hybrid material on their nucleation ability in polypropylene (PP) matrix as well 
as on thermal and mechanical properties of PP composites.

In presented work, four hybrid materials containing ZnO and lignin in differ-
ent ratios were prepared. Fillers were characterized in terms of dispersive, mor-
phological, and porous properties. Composite samples of PP containing 3% (wt/
wt) of hybrid filler were extruded and subsequently injection molded. Numerous 
techniques including optical microscopy (PLM), wide angle X-ray scattering 
(WAXS), thermogravimetric analysis (TG), and differential scanning calorimetry 
(DSC) were used to define the supermolecular structure, crystallization param-
eters, and thermal stability of functional ZnO-lignin/PP composites. Moreover, 
mechanical tests were conducted to assess application potential of such materials.

This research was supported by  the grant of Poznan University of Technology no. 03/32/
DSPB/0803.

[1] A. M. Youssef, H. Abou-Yousef, S. M. El-Sayed, S. Kamel, Int. J. Biol. 
Macromol., 76 (2015) 25

[2] K. Bula, Ł. Klapiszewski, T. Jesionowski, Polym. Compos., 36 (2014) 913 
[3] A. Grząbka-Zasadzińska, Ł. Klapiszewski, K. Bula, T. Jesionowski, S. 

Borysiak, J. Therm. Anal. Calorim. 126 (2016) 263
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Thermal analysis applied to studying the efficiency  
of immobilization of ionic liquid on solid supports

Anna Sowińska, Magdalena Maciejewska
Lodz University of Technology, Institute of Polymer and Dye Technology, 
Stefanowskiego Street 12/16, 90-924 Lodz, Poland

Ionic liquids (ILs) are generally defined as salts with melting temperatures lower 
than 100°C. They are widely used in polymer technology as solvents in polym-
erization or extraction reactions [1]. ILs also play an important role in elastomer 
composites, primarily as vulcanization activators or accelerators, crosslinkers, 
conductive additives, dispersing agents of fillers and catalysts of the silanization 
reaction of silica [2,3]. The aim of this work was to study the efficiency of ionic liq-
uid immobilization on solid supports using different technics of thermal analysis. 
Ionic liquid such as 1-decyl 3-methylimidazolium bromide was grafted on the 
surface of different silicas, calcium oxide and carbon black. The thermal analysis 
has revealed the key role to determine the efficiency of direct impregnation of the 
support material with ILs dissolved in acetone. Thermogravimetric analysis with 
secondary ion mass spectroscopy (TGA-SIMS) was performed to  characterize 
the thermal stability of ILs-modified powders, to determine the amount of im-
mobilized ionic liquid on  the silicas, calcium oxide and carbon black surfaces 
and the process of ionic liquid decomposition. Differential scanning calorimetry 
(DSC) was applied to study thermal transitions of grafted materials and the range 
of temperature related to thermal desorption of IL from the surface of solid sup-
ports. Such hybrid system (ionic liquid grafted on the solid inorganic core) could 
be applied to improve the physico-chemical properties of elastomers. 

[1] P. Kubisa, Journal of Polymer Science Part A: Polymer Chemistry, 43 (2005) 
4675

[2] K. Subramaniam, A. Das, F. Simon, G. Heinrich, European Polymer Journal, 
49 (2013) 345

[3] P. Xu, X. Wang, Y. Hu, Y. Ding, Materials Letters, 182 (2016) 218 
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Porous methacrylate microspheres with grafted RAFT linear 
polymers - TG/DSC/FTIR characterization under oxidative 
conditions 

Marta Grochowicz, Łukasz Szajnecki
Department of Polymer Chemistry, Faculty of Chemistry, Maria Curie Sklodowska 
University, Lublin, Poland

Surface modification of microspheres aimed at achieving their functionalization 
is an interesting tool for modifying their properties. In  general, two different 
approaches can be mentioned, the ‘grafting to’ and the ‘grafting from’ approach. 
The ‘grafting from’ method involves the polymerization of  monomers from 
initiators on the surface of substrate. Since the monomer molecules can simply 
diffuse to the propagating sites, this approach leads to high grafting densities. The 
radical polymerization techniques can be used for this purpose, e.g. the reversible 
addition-fragmentation chain transfer (RAFT) polymerization.

In the ‘grafting to’ method a reactive end group on a linear polymer chain re-
acts with the appropriate groups present on the surface of microspheres. Such an 
approach suffers from low grafting rates because the already attached chains lead 
to a steric hindrance for subsequent chains to diffuse to the surface. However the 
benefit of the ‘grafting to’ technique is that usually the reactive groups necessary 
to achieve the ‘grafting to’ process do not dictate the kind of polymer chemistry 
employed, allowing a great versatility of polymers to be conjugated on the parti-
cle’s surface. Moreover, the linear polymer can be comprehensively characterized 
(with regard to molecular weight and its polydispersity or functionality). Among 
the chemical reactions that can be used for ligation of the polymers, the hetero 
Diels–Alder cycloaddition (HDA) is a useful choice.

The study describes the synthesis and thermal properties of  copolymeric 
microspheres poly(GMA-co-14DMB) which were functionalized with chains 
of  linear RAFT polymer. Primary poly(GMA-co-14DMB) microspheres with 
permanent porous structure and monodisperse particle diameters were obtained 
via radical seed swelling polymerization. After their reaction with sodium cyclo-
pentadienide, the HDA process was performed to graft the linear polymer onto 
the microspheres’ surface. The conducted TG/DSC/FTIR studies reveal that the 
thermal properties of the polymer primary microspheres were changed after the 
opening of epoxide ring and also after grafting process.

This research was supported by National Science Centre of Poland (Miniatura 1 Grant No 
2017/01/X/ST5/01592).
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Thermal analysis of halogenated rubber cured with new  
cross-linking system

Anna Dziemidkiewicz, Magdalena Maciejewska, Martyna Pingot
Lodz University of Technology, Institute of Polymer and Dye Technology, Stefanowskiego 
12/16, 90-924 Lodz, Poland

Vulcanization is one of the most essential process in rubber technology. It allows 
to convert the raw material into final rubber products - the engineering material with 
desired physical, chemical and mechanical properties.

 The subject of this work was to examine the influence of new curing agents 
on cross-linking process and thermal behaviour of halogenbutyl rubber. Rubber 
blends filled with carbon black and containing metal acetyloacetonates with dif-
ferent transition metals as a new cross-linking agents were prepared. Previous 
studies confirmed that metal acetylacetonates are effective cross-linking agents 
and give vulcanizates with good mechanical properties. Next step was application 
of thermal analysis methods to characterize elastomeric composites with regard 
to their thermal stability, phase transitions and dynamic mechanical properties. 
It is important for curing system which has not been described in the literature 
so far.

First used method was differential scanning calorimetry (DSC), applied 
to  study the kinetics of  the vulcanization and the effect of  new curing system 
on the glass transition of elastomer. Thermogravimetric analysis (TGA) was used 
to  analyse the influence of  new curing agents on  elastomers thermal stability 
based on decomposition temperatures and weight losses. And finally, dynamic 
mechanical analysis (DMA) was employed to study the influence of new curing 
system on mechanical properties of obtained elastomer composites in dynamic 
conditions and their ability for damping vibration.
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Thermal analysis of silicone-acrylic coatings

Joanna Trzaskowska1, Janusz Kozakiewicz1, Izabela Ofat-Kawalec1,  
Wojciech Domanowski1, Anna Kieplin2, Dariusz Witwicki2
1Industrial Chemistry Research Institute (ICRI), Rydygiera 8, 01-793 Warsaw, Poland 
2Dispersions and Resins (D&R) Sp. z o.o., Duninowska 9, 87-800 Wloclawek, Poland

Silicone-acrylic aqueous polymer dispersions are commonly used as binders for 
architectural paints or impregnates for building materials with enhanced weath-
erability and water repellency [1]. Many studies have confirmed that hybrid latex 
is superior for coatings in comparison to acrylic dispersions or to blends of acryl-
ic and silicone dispersions. It is known from the literature that Modulated Dif-
ferential Scanning Calorimetry (MDSC) is used for characterization of polymer 
nanoparticles morphology and determination of the amount of polymer present 
within interfacial regions in polymer blends [2].

The aim of  our study was to  investigate the influence of  morphology and 
composition of nanoparticles of the hybrid silicone-acrylic aqueous dispersions 
on thermal properties of coatings obtained from such dispersions.

The samples of  the silicone-acrylic aqueous dispersions received from ICRI 
and D&R were deposited on glass or steel plates and dried at room temperature 
for 72 h to obtain the coatings. The resulting coatings were investigated using 
Differential Scanning Calorimetry (DSC), Modulated Differential Scanning Cal-
orimetry (MDSC) and Thermogravimetric Analysis (TGA).

Results of  thermal analysis confirmed that the structure of  nanoparticles 
of waterborne dispersions affected the thermal properties of coatings. DSC anal-
ysis showed that incorporation of silicone into the acrylic polymer contributes 
to  lowering of  Tg of  the acrylic part – plasticizing effect of  coatings. MDSC 
measurements allowed to determine the morphology of nanoparticles. Results 
of TGA investigations revealed that thermal decomposition proceeded different-
ly according to morphology and composition of coatings.

[1] J. Kozakiewicz, I. Ofat, J. Trzaskowska,  Advances in Colloid and Interface 
Science 223 (2015) 1-39 

[2] J. M. Stubbs, D. C. Sundberg,  Journal of Polymer Science: Part B: Polymer 
Physics, 43, (2005) 2790-2806
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Study of high strength polypropylene fibers modified  
with multi-walled carbon nanotubes

Janusz Fabia1, Anna Brzozowska-Stanuch2, Andrzej Gawłowski1,  
Czesław Ślusarczyk1, Tadeusz Graczyk1, Wojciech Stanuch3
1University of Bielsko-Biala, Institute of Textile Engineering and Polymer Materials 
43-309 Bielsko-Biała, Willowa 2, street; Poland; jfabia@ath.bielsko.pl 
2BOSMAL Automotive Research and Development Institute Ltd,  
43-300 Bielsko-Biała, Sarni Stok 93, street; Poland 
3Synthos S.A. 32-600 Oświęcim, Chemików 1, street; Poland

Within this work we will present the results of studies carried out on the new 
composite fibers obtained from isotactic polypropylene (iPP) – as a matrix and 
multi-walled carbon nanotubes (MWCNT) used as the filler. Our iPP/MWCNT 
fibers, finally containing only ca 0.1% of carbon nanotubes, were formed at a take 
up velocity from gravity spun to ca 500 m/min. The obtained fibers have unusu-
ally high mechanical properties, achieved through the ultra-low concentration 
of well dispersed MWCNTs, which is made possible by using a two-step process 
of  the preparation of  suitable masterbatch containing MWCNTs and applica-
tion of a prototype of  the special spinning head. Relatively comparable results 
of tenacity were obtained recently only in works [1] and [2]. However, it should 
be noted that Chinese authors of paper [1] applied distinctly higher draw ratio 
(DR)=7 and compatibilisers. In the presented case, the tenacity of iPP/MWCNT 
composite fibers without the addition of compatibilisers significantly exceeds 100 
cN/tex at DR of about 5, which makes this case really interesting in a cognitive 
and technological sense.

The nanostructure of iPP/MWCNT fibers as spun and after drawing at a tem-
perature of  95°C was investigated using scanning electron microscopy (SEM), 
wide angle X-ray scattering (WAXS), small angle X-ray scattering (SAXS) and 
differential scanning calorimetry (DSC) methods.

[1] Y. Gao, G. Zong, H. Bai, Q. Fu, Chinese Journal of Polymer Science, 2 (2014) 
245-254

[2] J. Fabia, J. Janicki, C. Ślusarczyk, M. Rom, T. Graczyk, A. Gawłowski, Fibres 
and Textiles in Eastern Europe, 23 (2015) 38-44
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TG/DSC/FTIR studies of starch-g-poly(geranyl acrylate) 
copolymers under oxidative conditions

Marta Worzakowska1, Agnieszka Ewa Wiącek2
1Maria Curie Sklodowska University, Department of Polymer Chemistry 
2Maria Curie Sklodowska University, Department of Interfacial Phenomena

The TG/DSC/FTIR studies of starch-g-poly(geranyl acrylate) copolymers under 
oxidative conditions have been presented. The starch-g-copolymers were pre-
pared under the free radical graft copolymerization process of potato starch and 
terpene acrylate monomer, applying the “grafting from” method and using the 
following reaction conditions: temperature: 70°C, the reaction time: 210 minutes, 
initiator (potassium persulfate) concentration: 2.5wt% and starch to monomer 
ratio: 1:0.25, 1:1, 1:1.5 [1,2]. The above reaction conditions allowed obtaining 
the copolymers with the grafting percent (%G): 28.9 ± 0.2, 32.4 ± 0.6, 35.6 ± 0.4. 

The TG/DTG results showed that as the %G increased, the copolymers were 
less thermally stable. The initial decomposition temperatures were as follows: 
266°C (28.9 ± 0.2), 250°C (32.4 ± 0.6) and 231°C (35.6 ± 0.4). Moreover, the 
copolymers decomposed at least, in two main stages. The first stage was visible 
from ca. 200°C to ca. 420°C, at Tmax1 ca. 280°C and with the mass loss ca. 63%. 
However, on the DSC curves only exothermic signals at this temperature range 
were appeared. According to  the TG/FTIR results, high emission of  CO2 (the 
bands at 670 cm-1 and at 2330-2365 cm-1), CO (the bands at 2000-2200 cm-1) and 
H2O (the bands above 3500 cm-1) and low emission of some organic fragments 
such as aldehyde, alkane, furane, acid and alkene were confirmed. 

The second stage was spread from the temperature of ca. 420°C to ca. 610°C. 
The mass loss was ca. 28%. Also, at this temperature range, only exothermic 
signals on the DSC curves were visible. Analyzing the gaseous FTIR spectra, as 
a main decomposition, gaseous products CO2, CO and H2O were created. 

The results indicated on a complex decomposition mechanism of the studied 
copolymers under oxidative conditions including a  number of  simultaneous 
reactions. Among them, main and side chain scissors, decarboxylation, dehydra-
tion and oxidation processes were confirmed based on the performed analyses. 

[1] M. Worzakowska, Journal of Thermal Analysis and Calorimetry, (2018), 
doi: https://doi.org/10.1007/s10973-017-6950-8123456789().,-volV)
(0123456789().

[2] M. Worzakowska, Journal of Thermal Analysis and Calorimetry, 129 (2017) 
367
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Sorption of organic solvents in polylactide above and below  
the glass transition temperature

Elwira K. Wróblewska1, Meng Lv2, Marta J. Sawicka1, Maciej Jabłoński1
1West Pomeranian University of Technology,  
Faculty of Chemical Technology & Engineering, 
Departament of Organic & Physical Chemistry,  
Al Piastow 42, PL-71065 Szczecin, Poland 
2Wanhua Research Institute (NERP), Yantai, China

One of  the most important biodegradable polymers is polylactide (PLA). The 
use of PLA can be divided into two main areas: general-use products and spe-
cialized - in the field of biomedicine, pharmacy or tissue engineering [1,2]. The 
supermolecular structure has a big influence on the specificity of polymers. Mac-
romolecules exist in specific phases of ordering which influence some properties 
such as the ease of sorption or diffusion of penetrants. One of them is amorphous 
– sensitive to the temperature-induce and type of solvent dynamic chenges, and 
second one is cristalline – with varying degrees and differentiations.

The transport of macromolecular systems has been studied by several research-
ers in  view of  their potential applications in  membrane separation processes, 
solvent reservoirs and controlled release devices. It has been reported that the 
sorption and diffusion of penetrant molecules through polymer matrices depend 
on several factors such as polymer structure, cross link density, nature and size 
of the penetrant molecules, temperature and degree of reinforcement [3].

The sorption process in  polylactide was tested above and below the glass 
transition temperature of  the material at 40, 55 and 70°C, using DMSO and 
1,2-dichlorobenzene. The percentage increase in mass of polymer granulate as 
a function of the sorption time was determined by the gravimetric method from 
10 minutes to 72 hours. At the temperature of 70°C, a gradual, increasing loss 
of plastic mass associated with its degradation was observed. The influence of the 
method of preparation the granulate on the course of sorption at given tempera-
tures was determined.

[1] M. Żenkiewicz M., J. Richert, P. Rytlewski, Richert A., Przemysł Chemiczny, 
4 (2011) 631

[2] M. Mucha M., I. Michalik, M. Tylman, Przemysł Chemiczny, 92 (2013) 2006.
[3] M. Bindu, G. Unnikrishnan, Physical Chemistry Chemical Physics, 19 

(2017) 25380
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Thermal analysis applied to studying the effect of fillers  
and ionic liquids on the vulcanization and properties 
of acrylonitrile-butediene elastomer

Magdalena Maciejewska, Anna Sowińska
Lodz University of Technology, Institute of Polymer and Dye Technology,  
Stefanowskiego 12/16, 90-924 Lodz, Poland

Different thermal analysis techniques were used to study the effect of fillers and 
ionic liquids on  the vulcanization kinetics, thermal and dynamic-mechanical 
properties of acrylonitrile-butadiene elastomer (NBR). 

The objects of studies were composites of NBR filled with hydrotalcite, nano-
sized silica or carbon black. Ionic liquids such 1-butyl-1-methylpyrrolidinium, 
1-butyl-4-methylpyridinium or 1-butyl-1-methylpiperidinium tetrafluorobo-
rates were applied to improve the dispersion degree of curatives and filler parti-
cles in the elastomer and to increase the efficiency of vulcanization. Novel ionic 
liquid, such as benzalkonium 2-mercaptobenzothiazolate was used as vulcaniza-
tion accelerator alternatively to standard 2-mercaptobenzothiazole.

Differential scanning calorimetry (DSC) was used to study the influence of fill-
ers and ILs on the temperature range and energetic effect of NBR vulcanization. 
Moreover, DSC method was adopted to estimate the distribution of crosslinks 
in the elastomer network, based on freezing point depression of the solvent con-
fined in the elastomer gel, according to the method proposed by Baba et al.[1]. 
The lowest vulcanization temperature showed NBR filled with carbon black. 
ILs caused an additional reduction in  the vulcanization temperature of  these 
rubber compounds. ILs, especially pyridinium salts increased the homogeneity 
of crosslinks distribution in the elastomer network.

The effect of fillers and ILs on the thermal stability of NBR vulcanizates was 
examined by thermogravimetric analysis (TGA). NBR filled with carbon black 
or silica exhibited similar thermal stability, whereas hydrotalcite reduced the 
temperature of NBR thermal decomposition. 

Dynamic mechanical analysis (DMA) with tension deformation was applied 
to study the activity and the influence of fillers and ILs on the loss factor (tan 
δ) of NBR determined as a function of temperature, which is a measure of the 
material’s ability to dampen vibration. The highest mechanical loss factors were 
determined for vulcanizates filled with carbon black. The addition of ILs reduced 
the ability to suppress vibration of NBR containing hydrotalcite or carbon black.

[1] M. Baba, J.M. Nedelec, J. Lacoste, J.L. Gardette, M. Morel, Polymer 
Degradation and Stability, 80 (2003) 305
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TG-DSC, DRIFTS and Py-GC/MS studies of thermal decomposition 
for composition poly(acrylic acid)/ sodium salt carboxymethyl 
cellulose 

Beata Grabowska1, K. Kaczmarska1, A. Bobrowski1, S. Żymankowska-Kumon1, 
Bożena Tyliszczak2
1AGH - University of Science and Technology, Faculty of Foundry Engineering,  
Reymonta 23, 30 059 Krakow, Poland 
2Cracow University of Technology, Faculty of Chemical Engineering and Technology, 
Department of Chemistry and Technology of Polymers, Warszawska 24, 31-155 Krakow, 
Poland

TG-DTG, DRIFTS and Py-GC/MS studies was conducted to  determine the 
effect of  the thermal decomposition conditions foundry aqueous binder, from 
the BioCo group [1], in  the form of  a  composition poly(acrylic acid)/sodium 
salt carboxymethyl cellulose  (PAA/CMC-Na). The composed polymers were 
submitted to  a  thermal decomposition process with the aim to  study to  what 
extent the thermal conditions of that process and the structure of the polymers 
influence the progress of  degradation, having in  mind what is going on  when 
liquid metals are coming into contact with moulding sands. Thermogravimetry 
analysis (TG-DTG) of the composition allowed for determining the temperature 
range where PAA/CMC-Na  do not undergo degradation, by which do not lose 
his binding properties. With temperature increase, physical and chemical chang-
es occur, related to evaporation of  solvent water (20-120 °C), and next release 
of  constitution water, while finally intermolecular dehydration (110-250  °C). 
In  this temperature range, mainly reversible processes take place. Within the 
temperature range of 400-850 °C, polymer chains decompose, including decom-
position of side chains.  Within the temperature range of 400-680 °C, polymer 
composition structural decompose (DRIFTS - Diffuse Reflectance for Infrared 
Fourier Transform Spectroscopy), and gas products of destruction are generated 
(Py-GC/MS - Pyrolysis Gas-Chromatography/Mass Spectrometry).

The research has been conducted within the AGH statutory work no. 11.11.170.318/13.

[1] B. Grabowska, M. Holtzer, R. Dańko, A. Bobrowski, E. Olejnik, New BioCo 
binders containing biopolymers for foundry industry, Metallurgy (2013) vol. 
52 (1), p. 47–50.
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Synthesis and thermal characterization of hybrid composites based 
on bisphenol A diacrylate and NVP 

Beata Podkościelna1, Renata Łyszczek2, Halina Głuchowska2, Agnieszka Lipke3, 
Maciej Podgórski1
1Department of Polymer Chemistry 
2Department of General and Coordination Chemistry 
3Department of Inorganic Chemistry 
Maria Curie-Skłodowska University, Lublin, Poland

Organic-inorganic hybrid materials have attracted great attention due to  their 
application in many fields like chemical sensors, optoelectronics, laser systems, 
environmental protection medicine, etc [1,2].

The objective of our research was to develop a method of obtaining photolu-
minescent hybrid composites in  the thin layer form. These materials can have 
the potential use as coatings filtering harmful UV radiation.

Photopolymerization of   bisphenol A glycerolate (1 glycerol/phenol) diacry-
late (BPA-Acr) as a  crosslinking monomer and N-vinylpyrrolidone (NVP) as 
an active diluent in the presence of UV initiator (Irgacure 651) was performed 
(Fig. 1). Eu(III) and Tb(III) carboxylate complexes were added as luminescent 
inorganic components of composites. In  their preparation, a constant concen-
tration of the initiator (1%) and BPA-Acr to NVP (10:3) was applied. The liquid 
compositions containing initiator, monomers and complexes were placed inside 
the irradiation chamber, where they were exposed to UV light with two mercury 
lamps of 500 W each. The structures of the obtained materials were confirmed 
by the infrared spectra (ATR/FT-IR). The thermal properties of the crosslinked 
products, were determined by  different thermal analysis methods in  air and 
nitrogen (TG-DT-DSC and TG-FTIR). Thermal stability, pathways of  thermal 
decomposition as well as volatile products of  degradation were determined. 
Photoluminescence properties of  lanthanide complexes and obtained compos-
ities were established.
             

          
       NVP                bisphenol A glycerolate (1 glycerol/phenol) diacrylate (BPA-Acr)

Fig. 1. Chemical structures of organic compound

[1] M.M. Unterlass, Eur. J. Inorg. Chem., (2016) 1135. 
[2] K. Binnemans, Chem. Rev., 109 (2009) 4283.
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Investigation of thermal behaviour of parent and modified  
GMA-co-EGDMA copolymers

M. Maciejewska, M.Rogulska, J. Osypiuk-Tomasik
Faculty of Chemistry, Maria Curie-Skłodowska University, 
pl. M. Curie-Skłodowskiej 3, 20-031 Lublin, Poland 
mmacieje@umcs.pl

The porous copolymers of  glycidyl methacrylate (GMA) cross-linked with 
ethylene glycol dimethacrylate (EGDMA) were prepared in the form of regular 
microspheres by suspension-emulsion polymerization. In order to obtain adsor-
bents bearing functional groups the porous methacrylate network was modified 
by subsequent reaction with diethylenetriamine (DETA). The thermal behavior 
of the obtained material was studied using TG and DSC. 

Fig .1 TG curves of parent (1) and modified GMA-co-EGDMA copolymers

It was found that the process of modification considerably changed the textur-
al and thermal properties of the polymers. Modification of the GMA-co-EGDMA 
copolymers with diethylenetriamine results in  considerable decreasing of  the 
value of specific surface area, pore volume and pore diameter. What is interesting 
thermal stability of the polymer increases with the introduction the functional 
groups. The course of TG, DTG and DSC curves of parent copolymer is at vari-
ance with the functionalized ones. 
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Insight into DMN-co-GMA copolymers with amine functionalities

M. Maciejewska, M.Rogulska, J. Osypiuk-Tomasik
Faculty of Chemistry, Maria Curie-Skłodowska University,  
pl. M. Curie-Skłodowskiej 3, 20-031 Lublin, Poland 
mmacieje@umcs.pl

Suspension-emulsion polymerization was applied to obtained porous microsperes 
of 2,3-epoxypropyl methacrylate (GMA) cross-linked with . 1,4-di(methacryloy-
loxy methyl)naphthalene (DMN) The value of specific surface area varied from 
106 to 42 m2/g depending of  the molar ratio of  functional monomer to cross-
linker. In the next step, the porous methacrylate network was modified by subse-
quent reaction with diethylenetriamine (Fig.1). After the process of modification 
a drop of the value of specific surface area was observed. 

Fig.1 Modification reaction of DMN-GMA copolymer with diethylenetriamine.

The thermal behavior of the parent and modified materials  was studied using 
TG/DSC/FTIR methods. It was found that the process of modification also con-
siderably changed the thermal properties of  the polymers. What is interesting 
Reaction with diethylenetriamine results in  decreasing of  thermal resistance 
of the obtained porous microspheres.   
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Photoluminescent-doped PMMA - material used in POF technology

Małgorzata Gil1, Beata Podkościelna2, Paweł Mergo1, Barbara Gawdzik2
1Laboratory of Optical Fibre Technology, 2Department of Polymer Chemistry,  
Faculty of Chemistry, Maria Curie-Sklodowska University,  
M. Curie-Sklodowska Sq.5, 20-031, Lublin, Poland

Photoluminescence monomers and polymers are modern, gaining more im-
portance materials that are apply in optoelectronics, among others, as organic 
projectors (O-LED) and for construction of energy saving light source [1]. There-
fore, demand for new and more resistant materials is still increasing becoming 
a challenge for researchers. Materials so far used in photoluminescence, among 
others, zinc sulphide with copper and cobalt admixture are inorganic aluminium 
compounds with admixtures of  mainly rare earth elements are replaced with 
accessible organic compounds particularly naphthalene derivatives.

Based on  our previous work, we  are able to  obtain PMMA, useful in  poly-
mer optical fibers technology [2] .In  this work copolymerization of  (methyl 
methacrylate) as a polymeric matrix and dimethacrylate derivative of naphtha-
lene-2,7-diol as a  photoluminescent dopant are presented. Their thermal and 
spectroscopic properties have been studied by  means of  the coupled methods 
in inert conditions (TG/DTG/QMS). Using these methods, in addition to quan-
titative information (mass change, process heat), the qualitative information 
regarding the chemical composition of the gas products released during decom-
position are obtained. The spectral characteristics also will be shown.

[1] Y. Hu, Y. Zhang, J. Gao., Advanced Materials, 18 (2006) 2880-2883,
[2] P. Mergo, M. Gil, K. Skorupski, J. Klimek, G. Wójcik, J. Pędzisz, J. Kopeć, 

K. Poturaj, L. Czyżewska, A. Walewski, A. Gorgol, Photonics Letters 
of Poland, 5 (2013) 170-172.
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Thermal behavior of ethylene copolymers containing multi-
alkenylsilsesquioxanes obtained by different organometallic 
catalytic systems

Beata Sacher-Majewska, Paweł Groch, Katarzyna Dziubek, Krystyna Czaja
Opole University, Faculty of Chemistry, Oleska 48, 45-040 Opole, Poland

The improved thermal properties contribute to  the increase of  interest in  the 
hybrid organic-inorganic materials [1,2]. Developing new polyhedral oligomeric 
silsesquioxane (POSS)-containing polymeric materials with enhanced thermal 
stability has been one of  the most promising application fields for POSS com-
pounds. Significant opportunities have been provided by  copolymerization 
of alkenylsilsesquioxanes with olefins [1,2].

Fig. 1. Structures of multi-alkenylsilsesquioxanes comonomers: di- (a), tri- (b) and tetra-
alkenylsilsesquioxanes (c)

The purpose of the present work was to comprehensively study the influence 
of the structure of multi-functional silsesquioxane comonomers (Fig. 1) on the 
thermal behavior of  the ethylene/POSS copolymers synthesized by  different 
organometallic catalytic systems. The relationship between structure and POSS 
content in the copolymer as well as thermal properties of the products was de-
termined. The copolymers were characterized by following methods differential 
scanning calorimetry (DSC) and thermogravimetric analysis (TGA).

This work was financially supported by National Science Centre of Poland (NCN), under 
OPUS 4 research scheme, grant number: DEC-2012/07/B/ST5/03042.

[1] H.-X. Zhang, M.-S. Jung, Y.-J. Shin, K.-B. Yoon, D.-H. Lee, Preparation and 
properties of ethylene/POSS copolymer with rac-Et(Ind)2ZrCl2 catalyst, J. 
Appl. Polym. Sci., 111 (2009) 2697.

[2] B. Seurer, E.B. Coughlin, Ethylene-propylene-silsesquioxane thermoplastic 
elastomers, Macromol. Chem. Phys., 209 (2008) 1198. 
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Influence of fillers on thermal properties of rubber compounds cured 
with new cross-linking system

Anna Dziemidkiewicz, Magdalena Maciejewska, Martyna Pingot
Lodz University of Technology, Institute of Polymer and Dye Technology,  
Stefanowskiego 12/16, 90-924 Lodz, Poland

Regarding all the ingredients used to modify the properties of rubber products, 
the filler often plays a significant role. Almost all rubbers require reinforcement 
to obtain acceptable use properties. The size of the particles, their intermolecular 
interactions and the chemical activity of the surface are critical properties of rein-
forcing agents. Carbon black and silica are the most common reinforcing agents 
in  rubber technology. These fillers improve properties of  vulcanizates, such as 
tensile strength and tear strength; also, they increase hardness, stiffness, density 
and reduce the cost of final products. 

The aim of  the study was to  examine the influence of  fillers on  the activity 
of the new cross-linking agents used for curing polychloroprene rubber (CR) and 
their effect on the thermal properties of CR composites. Rubber blends filled with  
fumed silica or carbon black, and containing metal acetyloacetonates with differ-
ent transition metals as a new cross-linking agents were prepared. Next, thermal 
analysis methods as differential scanning calorimetry (DSC), thermogravimetry 
(TGA) and dynamic mechanical analysis (DMA) were applied.

DSC was used to study the influence of fillers on the activity of new cross-link-
ing agents in  the vulcanization and energetic effect of  this process. Moreover, 
TGA was applied to analyze the effect of fillers on  the thermal stability of CR 
composites based on their decomposition temperatures and weight losses. DMA 
was employed to study the influence of silica and carbon black on mechanical 
properties of CR vulcanizates in dynamic conditions. The ability of CR compos-
ites to suppress the vibration was estimated based on the mechanical loss factor 
curves (tan δ) as a function of temperature.
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Thermal behavior of functionalized glycidyl methacrylate–ethylene 
glycol dimethacrylate copolymeric microspheres under oxidative 
conditions

Przemysław Pączkowski, Barbara Gawdzik, Marta Grochowicz
Department of Polymer Chemistry, Faculty of Chemistry, Maria Curie-Skłodowska 
University, Gliniana 33, 20-614 Lublin, Poland

For decades, copolymers of glycidyl methacrylate crosslinked with ethylene gly-
col dimethacrylate have been widely used as sorbents [1], ion-exchange resins 
[2], or support for enzyme immobilization [3]. Materials having in the polymeric 
network a reactive epoxide group, are good starting point for the simple transfor-
mation by several chemical modifications [4,5].

In  our work, the thermal properties of  functional microspheres composed 
of glycidyl methacrylate (GMA) and crosslinking agent ethylene glycol dimeth-
acrylate (EGDMA) were investigated in  an oxygen atmosphere. Copolymeric 
poly(GMA-co-EGDMA) microspheres were prepared via suspension–emulsion 
polymerization technique in the presence of toluene and decan-1-ol as porogens 
[4]. In order to  introduce functional groups, the porous methacrylate network 
was modified by epoxy ring opening with the use of sodium cyclopentadienide 
and then the Diels–Alder reaction with maleic anhydride. Previously we  dis-
cussed the thermal properties of poly(GMA-co-EGDMA) materials in an inert 
atmosphere [6]. The thermal degradation of  parent poly(GMA-co-EGDMA) 
copolymer runs mainly according to  the depolymerization mechanism, while 
functionalized by  cyclopentadienyl group and maleic anhydride microspheres 
decompose through the chain scission mechanism. In  this study we  observed 
a difference in the mechanism of degradation evaluated by means of thermograv-
imetry and differential scanning calorimetry under oxidative conditions.

[1] T.B. Tennikova, D. Horák, F. Švec, J. Kolár, J. Čoupek, S.A. Trushin, V.G. 
Maltzev, B.G. Belenkii, Journal of Chromatography A, 435 (1988) 357

[2] Y. Yu, S. Yan, Journal of Chromatography A, 855 (1999) 129
[3] M. Chellapandian, M.R.V. Krishnan, Process Biochemistry, 33 (1998) 595
[4] M. Grochowicz, P. Pączkowski, B. Gawdzik, Adsorption Science & 

Technology, 33 (2015) 677
[5] P. Pączkowski, B. Gawdzik, Annales Universitatis Mariae Curie-Skłodowska, 

Sectio AA, LXXII (2017) 105
[6] M. Grochowicz, P. Pączkowski, B. Gawdzik, Journal of Thermal Analysis and 

Calorimetry (2017) https://doi.org/10.1007/s10973-017-6785-3
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Determination of the degree of crystallinity of high-density 
polyethylene by DSC and FTIR methods

Tatiana Brzozowska, , Grzegorz Makomaski, Wiesława Ciesińska,  
Janusz Zieliński
Warsaw University of Technology, Faculty of Civil Engineering, Mechanics  
and Petrochemistry, 09-400 Plock, Lukasiewicza 17 St., Poland

The degree of crystallinity, i.e. the mass content of  the crystalline phase in the 
polymer, is one of the basic parameters characterizing the structure of the poly-
mer. Many methods are known for determining the degree of crystallinity, e.g. 
sample density testing or the use of such analytical techniques as polarized light 
microscopy, infrared spectroscopy, wide-angle X-ray scattering WAXS, small-an-
gle X-ray scattering SAXS, NMR spectroscopy and differential scanning calorim-
etry DSC [1]. 

The degree of crystallinity is a parameter determining many of the polymers 
properties, which is why it is important to determine this parameter in a simple 
and quick way.

In this work, the result of the determination of the degree of crystallinity for 
high-density polyethylenes (different melt flow index) by differential scanning 
calorimetry (DSC) and infrared spectroscopy (FTIR) methods were carried out.

 The DSC method used allows a determination of the degree of crystallinity 
of high-density polyethylenes in a simple way. The FTIR method can be a valuable 
complement to the assessment of the crystalline phase content in the polymer. 

[1] J. Rabek, “Współczesna wiedza o polimerach”, PWN, Warsaw, 2009.
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Study on thermal resistance of bitumens used in road engineering

Wiesława Ciesińska, Blandyna Osowiecka, Andżelika Brzuska,  
Katarzyna Berlińska
Warsaw University of Technology, Faculty of Civil Engineering, Mechanics  
and Petrochemistry, 09-400 Plock, Lukasiewicza 17 St., Poland

Asphalt surfaces should be characterized by considerable durability, i.e. resistance 
to changes caused by external factors. Over time, changes in the composition and 
chemical structure of asphalt lead to an increase in the hardness and brittleness 
of asphalt, increasing the susceptibility of the surface to cracks. Aging of asphalt 
is a long-term process. It depends on the type of asphalt, mineral material as well 
as external factors. It is assumed that the reaction of their constituents to oxygen 
plays the leading role in the aging process of bitumens.

The aim of  the research was to  determine the changes in  the properties 
of unmodified and modified bitumens modified with styrene-butadiene-styrene 
copolymer (SBS), which were influenced by their heating at high temperatures. 
The subject of  the research were high-modified bitumens with SBS copolymer 
and asphalts as a raw material for their preparation. The tested bitumens were 
subjected to laboratory aging by the RTFOT method, in several cycles, at 180°C. 
The aging effects were evaluated on the basis of changes in basic properties, i.e. 
softening point, break point, penetration and dynamic viscosity. After each aging 
cycle, qualitative and quantitative analysis of FTIR (Qualitative and Quantitative 
Analysis of FTIR Spectra) spectra was also performed.

On the basis of the conducted research, it was shown that the aging process 
by RTFOT method significantly influenced the properties of base bitumen. In the 
case of highly modified bitumens, the changes were insignificant. After subse-
quent aging cycles, the softening and brittleness temperatures increased, the dy-
namic viscosity increased and the penetration reduced. In all asphalt examined, 
the aging process caused an increase in the content of carbonyl (carbonyl) and 
sulfoxide groups (sulfoxide), with these changes to a greater extent on bitumen 
containing no modifier. The aging process practically did not affect the indices 
of  polybutadiene (polybutadiene) and polystyrene (polystyrene) groups in  the 
highly-modified asphalts tested.
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Thermoanalytical studies (TG-DSC, DRIFT) of sodium 
carboxymethyl starches in the aspect of its application in molding 
sand technology

Karolina Kaczmarska1, Beata Grabowska1, Grzegorz Grabowski2,  
Łukasz Byczyński3
1AGH – University of Science and Technology, Faculty of Foundry Engineering,  
Reymonta 23, 30 059 Krakow, Poland 
2AGH – University of Science and Technology, Faculty of Materials Science and Ceramics, 
Mickiewicza 30, 30 059 Krakow, Poland 
3Rzeszów University of Technology, Faculty of chemistry,  
Powstańców Warszawy 6, 35 959 Rzeszów, Poland

Thermoanalytical studies (TG-DSC, DFIFT) were carried out on modified ether-
ified starch in the form of sodium carboxymethyl starch (CMS-Na) with degree 
of substitution (DS) in the range 0.2-0.9.

The course of  CMS-Na  degradation was recorded by  TG-DSC (NETZSCH 
STA 449  Jupiter®) in the temperature range 25-1000°C. In the work structural 
changes occurring in CMS-Na were also analyzed based on the DRIFT results 
(Digilab Excalibur FTS 3000 Mx). Spectra were registered on-line in the temper-
ature range of 25-500°C in the oxygen atmosphere.

It was found that the course of the CMS-Na decomposition process is influ-
enced by the DS - average number of -OH groups substituted by -CH2COONa 
in the amylose or amylopectin chains. It was noticed that the thermal degradation 
process is a multi-stage process and regardless from DS it starts at ~280°C. It was 
also confirmed that the presence of sodium cations in CMS-Na may play a key 
role in  the thermal processes of high substituted modified starches, increasing 
the decomposition efficiency in a given temperature range [1]. The analysis of the 
obtained structural research results supplements the research work on  the use 
of etherified starch as a binder in the molding sand technology [2]. 

[1] Z. Sebestyén, E. Jakab, Z. May, B. Sipos, K. Réczey, Journal of Analytical and 
Applied Pyrolysis, 101 (2013) 61–71

[2] B. Grabowska, P. Malinowski, M. Szucki, Ł. Byczyński, Journal of Thermal 
Analysis and Calorimetry, 126 (2016) 245–250
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Thermal analysis of polymer inclusion membranes (PIMs) doped 
with alkylimidazoles

Elżbieta Radzymińska-Lenarcik, Katarzyna Witt 
Faculty of Chemical Technology and Engineering, UTP University of Science  
and Technology, Seminaryjna 3, 85-326 Bydgoszcz, Poland

Polymer inclusion membranes (PIMs) represent an attractive liquid-to-liquid 
extraction for the selective removal and concentration of nonferrous metal ions 
from aqueous solutions. These membranes are obtained by pouring the solution 
of (polymer – i.e. cellulose triacetate (CTA), plasticizer ( i.e. o-NPPE), and carrier 
– alkylimidazles) in organic solvent. The alkylimidazoles used as carriers differed 
in  the length of  the substituent in  the 1-position with the imidazole molecule 
(from hexyl to decyl) and the methyl substituent in the 2 or 4 position. PIMs were 
studied for their thermal stability range.

The thermal stability of the polymers depends, among other things, on their 
internal structure, cross-linking and the presence of aromatic rings and degrad-
able functional groups. 

It was demonstrated that degradation of  a  CTA membrane is a  single-step 
process occurs at 300oC [1] or 350oC [2]. According to other report [3], degrada-
tion of a CTA membrane matrix proceeds in two steps: the former in the range 
292-320oC (main degradation), the latter in 450-476oC (carbonization).

Thermograms of membrane made of CTA with alkylimidazoles confirms that 
degradation of the membrane proceeds in two steps.

The obtained results also allow to conclude that polymer inclusion membranes 
CTA – o-NPPE which contain imidazole derivatives show high thermal stability 
(up to approx. 200oC).

[1] N. Benosmane, S.M. Hamdi, M. Hamdi, B. Boutemeur, Sep. Purif. Technol., 
65 (2009) 211

[2] M. Resina, J. Macanas, J. de Gyvesb, M. Munoz, J. Membr. Sci., 289 (2007) 
150

[3] A. Gherrou, H. Kerdjoudj, R. Molinari, P. Seta, Mat. Sci. Eng. C, 25 (2005) 
436
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Thermal properties of porous polymeric beads based on methacrylate 
derivatives of m-xylene

Joanna Osypiuk-Tomasik, Magdalena Rogulska, Barbara Gawdzik
Faculty of Chemistry, MCS University, pl. Marii Curie-Skłodowskiej 3,  
20-031 Lublin, Poland

Porous polymer microspheres are used as carrier matrices in various medical and 
biological applications. They are also applied as column packings in chromatog-
raphy. Their chemical structure depends on the structure of the monomers used, 
whereas the porous structure is mainly dependent on the copolymerization con-
ditions. The chemical structure is responsible for the chromatographic properties 
of porous materials, in particular the selectivity.

In  reversed-phase high performance chromatography the most popular are 
styrene-divinylbenzene porous microspheres. 

Our previous studies indicate that promising packings for chromatography 
column are those synthesized from two tetrafunctional monomers, which guar-
antee their high crosslinking degree [1-3]. Our attention was focused on di(methac-
ryloyloxymethyl)naphthalene (DMN) copolymers.

This work presents the synthesis of a new tetrafunctional methacrylate mono-
mer, i.e. di(methacryloyloxymethyl)m-xylene (DMX), which was used for the 
synthesis of  porous microspheres. It was copolymerized with divinylbenzene 
in  the presence of  pore forming diluents: dodecan-1-ol and toluene. Various 
molar ratios of monomers were used in the syntheses. 

Thermal properties of  the obtained copolymers were investigated by  using 
of differential scanning calorimetry and thermogravimetry coupled on-line with 
FTIR spectroscopy in inert atmosphere (helium), and then compared with those 
of DMN copolymers. 

[1] B. Gawdzik, J. Osypiuk; Journal of Chromatography Part A, 898 (2000) 13
[2] M. Maciejewska, J. Osypiuk, B. Gawdzik, Journal of Polymer Science Part A: 

Polymer Chemistry, 43 (2005) 3049
[3] Y.M. Bolbukh, P.O. Kuzema, V.A. Tertykh, B. Gawdzik, International Journal 

of Polymeric Materials, 56 (2007) 803
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Studies of thermal properties of di(methacryloyloxymethyl)
naphthalene – divinylbenzene (DMN-DVB) copolymer and its alkyl 
bonded derivatives

Barbara Gawdzik, Magdalena Rogulska, Joanna Osypiuk-Tomasik
Faculty of Chemistry, MCS University, pl. Marii Curie-Skłodowskiej 3,  
20-031 Lublin, Poland

Reversed-phase high performance liquid chromatography (HPLC) is generally 
performed on columns packed with bonded octyl (C8) or octadecyl (C18) silica 
phases. Although such columns are very efficient, they possess some limitations, 
the main drawback being the instability of the silica surface owing to possible dis-
solution when in contact with mobile phases of high pH. The most popular sty-
rene-divinylbenzene copolymers are often treated as packings similar to non-po-
lar alkyl-bonded silica but the influence of aromatic rings in the polymer network 
results in their retention behaviour being somewhat different. 

This paper presents the results of  chemical modification of  highly cross-
linked di(methacryloyloxymethyl)naphthalene – divinylbenzene (DMN-DVB) 
micro-spheres, containing polar groups in their chemical structure. C8 and C18 
alkyl chains were introduced into the aromatic rings of the DMN-DVB porous 
copolymer by means of the Friedel-Crafts reaction [1,2]. As a source of C8 and C18 
alkyl chains, octyl and octadecyl chlorides were used.

It was necessary to  check whether the introduction of  alkyl chains into the 
structure of polymeric packing had an impact on its thermal properties.

Studies of thermal properties of the parent DMN-DVB copolymer and its alkyl 
bonded derivatives were performed by thermogravimetry coupled on-line with 
FTIR spectroscopy in  inert atmosphere (helium). It was stated that the modi-
fied materials showed higher temperatures of 20% and 50% mass losses than the 
non-modified one, while the temperatures of 1% mass loss were lower.

[1] B. Gawdzik, Chromatographia, 35 (1993) 548
[2] B. Gawdzik, J. Osypiuk, Journal of Chromatography Part A, 898 (2000) 13
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Influence of poss and metal-poss complexes on properties acrylic 
rubber composites

Przemysław Rybiński1, Bartłomiej Syrek1, Dariusz Bradło2, Witold Żukowski2
1The Jan Kochanowski University. Management of Environment Protection and Modeling. 
Świętokrzyska 15, 25-406 Kielce, Poland 
2Faculty of Chemical Engineering and Technology, Cracow University of Technology, 
Cracow, Warszawska 24, 31-155 Cracow, Poland 
przemyslaw.rybinski@ujk.kielce.pl

Today, synthetic polymer materials are rapidly replacing more traditional ma-
terials such as metals, ceramics, and natural polymers, for example cellulose or 
natural rubber. However, one weak aspect of synthetic polymer materials com-
pared with other materials is that polymers are combustible. Thus, the majority 
of polymer-containing end-products must have a satisfactory degree of fire resis-
tance to ensure public safety from fire. 

Polyhedral oligomeric silsesquioxanes (POSS) are a kind of inorganic-organic 
hybrid materials which nanostructures have become attractive because of their 
environmental neutrality, good heat resistance as well as excellent thermo-oxida-
tive stability. POSS have characteristic shape like cage or skeleton, consist of both 
inorganic and organic moieties. The chemical formula of POSS nanoparticles is 
(RSiO1.5)n, where R is a hydrogen atom or an organic group. Silicon and oxygen 
atoms form a core surrounded by covalently bonded functional groups. POSS 
nanostructures have diameters in the range 1-3 nm and may be considered as the 
smallest existing silica particles. 

The latest researches indicated that POSS can act as a fire retardant compounds 
or as a part of synergistic fire retardant system in polymer matrix. 

The work presents flame retardant compounds for an acrylic rubber in  the 
form of polyhedral oligomeric silsequioxanes (POSS), containing both isobutyl 
groups and amino-propyl (AM-POSS) or chloro-propyl group (HA-POSS) or 
vinyl groups (OL-POSS). The complexes POSS-metal (respectively with Ag, Cu, 
Mn) have been obtained. The acrylic rubber composites containing POSS or met-
al modified POSS received by the dissolving acrylic rubber and POSS in the or-
ganic solvent. Based on the analyses performed by TG, FTIR, micro- calorimeter 
and SEM-EDX methods, thermal properties and flammability of acrylic rubber 
composites have been studied. 
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The SSA Fractionation of ethylene copolymers crosslinked 
by dicumyl peroxide

Ewa Sabura, Stanisław Kudła
Institute of Heavy Organic Synthesis “Blachownia”,  
9 Energetyków St., Kędzierzyn-Koźle, Poland

Ethylene copolymers with higher α-olefins are playing the important role on the 
material industry, therefore still are the subject of intense research. Their specific 
properties depends not only on the type and amount of the comonomer but also 
on  its distribution along the polyethylene backbone. Moreover these polymers  
routinely modified by  molecular structural changes induced by  cross-linking 
processes, to achieve good balance in their properties at high temperatures.

Fractionation methods are commonly used to  characterize the copolymer’s 
compositional heterogeneity. This work is focused on  the Successive Self-Nu-
cleation and Annealing (SSA) fractionation of three ethylene copolymers based 
on 1-butene and 1-octene, produced with different catalyst systems and cross-
linked by a small amount of dicumyl peroxide (DCP). The ideal self-nucleation 
temperatures (Ts,ideal) to  obtain a  good fractionation ware determined for the 
tested materials. The SSA method revealed information on molecular structure 
of the modified products, by determination of lamellar thickness, SCB or MSL 
distribution.

[1]  A. J. Müller, Progress in Polymer Science, 30 (2005) 559
[2] M. Zhang,  Polymer Engineering&Science, 43 (2003) 1878. 
[3] M. Keating, Thermochimica Acta, 47 (1996) 284, 
[4] B. Rojas de Gáscue, Journal of Thermal Analysis and Calorimetry, 103 

(2011) 669
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Determination of the gelatinization temperature of modified starch

Ewa Sabura, Katarzyna Gębura, Marek Lukosek
Institute of Heavy Organic Synthesis “Blachownia”,  
9 Energetyków St., Kędzierzyn-Koźle, Poland

Modified starches have been developed for a very long time and it applications 
mainly in food industry are really significant nowadays. Practically every catego-
ry of food utilizes the functional properties of starch to impact some important 
aspect of the final product. The purpose of the starch modification is to stabilize 
starch granules during processing and make it suitable for many food and indus-
trial application. A most significant group of modified starches are the hydroxy-
propyl starches (of various degrees of substitution). 

This work focuses on hydroxylpropyl starch (HPS), which is prepared by re-
acting potato starch with propylene oxide to  low levels of etherification, to get 
the lowest possible gelatinization temperature of end product. Gelatinization and 
subsequent gel properties of hydroxypropyl starch are key functional properties 
that determine the various applications in the food industry. 

The gelatinization is a phase transition that can be observed using Differen-
tial Scanning Calorimetry (DSC), and it is manifest as an endothermic peak 
in  the DSC curve. The process of  gelatinization was tested by  DSC according 
to  Fredriksson methodology with own modification. The HPS hydration time 
and DSC measurement parameters were optimized. The gelatinization tempera-
ture of final HPS was equal or lower than the room temperature.

[1] H. Fredriksson, Carbohydrate Polymers, 35 (1998) 119
[2] H. Gambus, Żywność. Nauka. Technologia. Jakość, 1 (2004) 41
[3] M. T. Taghizadeh, Universal Journal of Chemistry, 1 (2013) 21 
[4] D.F. Coral, Journal of Physics: Conference Series, 167 (2009) 012057
[5] K.A. Abbas, Journal of Agricultural Science, 2 (2010) 90
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Thermomechanical analysis (TMA) in study of glass viscosity

Marcin Środa
Faculty of Material Science and Ceramics,  AGH University of Science and Technology,  
A. Mickiewicza 30, 30-059 Kraków, Poland 
msroda@agh.edu.pl

Thermomechanical analysis together with differential thermal analysis (DTA), 
differential scaning calorimetry (DSC) and termogravimetry (TG) remains one 
of the most basic tools of material science. The basis of TMA is the change in the 
dimensions of a sample as a function of temperature and that can be very useful 
in study the glass state and its properties. TMA techniques is very sensitive to the 
process of thermal stress relaxation of the glass network and may be used to de-
termine the range of  annealing temperatures, the transformation temperature 
and the softening point. This study will present application of the dilatometric 
technique to  obtain a  viscosity–temperature dependence in  the range of  glass 
flow. 

It is based on a following relation:
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where: F – force, z – displacement, S – surface, t – time, Vz – velocity of displace-
ment.

Perkin-Elmer TMA-7 system was used in the experiment. The container glass 
was chosen as a sample of the study. The results were correlated to others viscosity 
measurements, i.e. based on Bachr VIS 402 Viscosimeter and high temperature 
microscope study with Scholze calculation. 

The possibility of application of TMA to yield displacement simulation of the 
glass will be also presented.

Keynote lecture
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Insights the hydration of portland cement under  
hydrothermal curing

Martin T. Palou1,2,3, Eva Kuzielová1,2, Matúš Žemlička1,2, Jakub Tkácz3,  
Jiří Masílko3
1Institute of Construction and Architecture, Slovak Academy of Sciences,  
Dúbravská cesta 9, SK-845 03 Bratislava, Slovak Republic 
2Faculty of Chemical and Food Technology, Slovak University of Technology,  
Radlinského 9, SK-812 37 Bratislava, Slovak Republic 
3Materials Research Centre, Faculty of Chemistry, Brno University of Technology, 
Purkyňova 118, CZ-612 00 Brno, Czech Republic

Temperature curing significantly affects the hydration of Portland cement and its 
subsequent properties [1]. When a water stream saturation pressure is concom-
itantly applied (autoclaving), the mechanism of hydration reaction and the hy-
drated products are quite different from those obtained under influence of single 
parameter of temperature [2]. When subjected to hydrothermal conditions in oil 
and geothermal wells, cement slurry sets under influence of  combined effect 
of temperature and vapor pressure. CEM I 42.5 R (denoted as CEM Extra by pro-
ducer) has been submitted to the effect of different temperature - vapor pressures 
(100°C-0.1 MPa, 165°C -0.3 MP and 220°C-1.2 MPa) in a laboratory autoclave 
up to 7 days. X-Ray diffraction, Simultaneous thermogravimetric and differential 
thermal analysis measurements (TG/DTA) were mostly used to characterize the 
hydration products and their transformation under different hydrothermal cur-
ing conditions. Mechanical properties were correlated with pore structure and 
SEM analysis. Different hydrothermal curing regimes resulted in sequential and 
overlapped hydration reactions with products, including portlandite, ettringite, 
poorly-crystalline CSH, hydrogarnet (CASH), a-C2SH, jaffeite(C6S2H3),  rein-
hardbraunsite (C5S2H) and calcium carbonate (CaCO3). Calcium silicate hydrate, 
the most important substance of binder materials underwent systematic changes 
starting with the transformation of C-S-H gel formed at ambient temperature or 
under low-pressure hydrothermal conditions to a-C2SH, jaffeite and reinhard-
braunsite with increasing these conditions. The gradual transition of amorphous 
C-S-H to a-C2SH at 160°C has engendered the refinement of pore structure and 
subsequent improvement of  mechanical properties. However, that of a-C2SH 
to  jaffeite and to reinhardbraunsite has caused the deterioration of pore struc-
ture with corollaries the increase of permeability and the decrease of mechanical 
properties. The gradual    reduction of peak intensities  below 200°C in TG and 
DTG data (Fig. 1) and the increase of peaks in temperature interval 500-600 °C 
in  the PC cured under hydrothermal condition confirms the transformation 
of the amorphous C-S-H  phases  to crysatalline ones.    

Lectures
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Fig. 1. TG and DTG of CEM Extra cured in hydrothermal conditions for 7 days.

Moreover, different temperature peaks from 550°C to 1000°C denoting ther-
mal decomposition of different calcium carbonate species were depicted at DTG 
curves. These are ranged from low-to well-crystallized CaCO3. 

Fig.2. Micrographs of CEM Extra cured in hydrothermal conditions for 7 days.  
A-Normal conditions, B:100°C-0.1 MPa, C:165 °C -0.3 MP and D:220°C-1.2 MPa.

The micrographs of samples confirm the change from the low-crystalline mi-
crostructure to the well-crystallized artefacts. 

This work was supported by courtesy of APVV-15-0631, Slovak Grant Agency VEGA No. 
2/0097/17 and by Project Sustainability and Development REG LO1211 addressed to the 
Materials Research Centre at FCH VUT.

[1] M.T. Palou, F. Šoukal, M. Boháč, P. Šiler, T. Ifka, V. Živica, J Therm Anal 
Calorim. 118(2014) 865.

[2] E. Kuzielová, M. Žemlička, J. Másilko, M.T. Palou, Geothermics, 68(2017) 
86.

 A      B C D



128

S05  Materials science: ceramics, composites, cements, catalysts, alloys etc.     
S05_L2

Contents

Calorimetry and thermal analysis methods in the metals 
(Me2+,Me3+)-doped CaO-Al2O3-ZrO2 cementitious  
materials research

Dominika Madej
AGH University of Science and Technology, Faculty of Materials Science and Ceramics, 
Department of Ceramics and Refractories, al. A. Mickiewicza 30, 30-059 Krakow, Poland 
dmadej@agh.edu.pl

Calcium zirconium aluminate with composition Ca7ZrAl6O18 is the only one 
considered a cementitious compound containing zircon (Zr) in the CaO-Al2O3-
ZrO2 system. The hydraulic activity of Ca7ZrAl6O18 is now well established [1-2].

This work investigates the time-dependent hydration behavior of novel refrac-
tory cements belonging to the CaO-Al2O3-ZrO2 system doped with metal cations 
with different valence states. The effects of  metal doping (Me = Sr2+, Fe3+ and 
Sm3+) were investigated in Ca7ZrAl6O18 with the objectives to assess the effects 
of  structure modifications on  hydraulic behaviour of  this phase. An example 
of this can be taken from the heat flow calorimetry technique. It was well estab-
lished that the intensity of the first peak of heat evolution is gradually reduced as 
the x value in the Ca7-xSrxZrAl6O18 formula increases. 

The hydration products formed in cement pastes were subjected to morpho-
logical, chemical and structural characterization using XRD, FT-IR and SEM/
EDS techniques. The thermal stability and dehydration mechanism of hydrates 
were assessed by simultaneous thermal analysis i.e. thermogravimetry (TG) and 
differential scanning calorimetry (DSC) at different hydration times. The detailed 
thermal decomposition mechanism of  the hydrated (Me2+,Me3+)-doped CaO-
Al2O3-ZrO2-H2O cement pastes has been clarified based on evolved-gas-analysis 
data with a quadrupole mass spectrometer (QMS).

This project was financed by the National Science Centre, Poland, project number 2017/26/D/
ST8/00012.

[1] D. Madej, J Therm Anal Calorim (2017) 130:1913-1924
[2] D. Madej, J Therm Anal Calorim (2018) 131:2411-2420
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Calorimetry in the studies of by-pass cement kiln dust as an 
additive  to the high calcium aluminate and Portland cement

Wiesława Nocuń-Wczelik, Katarzyna Stolarska, Monika Jasińska
University of Science and Technology AGH, 30-059 Kraków, al. Mickiewicza 30, Poland

The kinetics and mechanism of hydration in cementitious systems with different 
additives can be investigated by use of calorimetry. The rate of heat evolution vs. 
time plots shows the presence of two or three peaks with the so-called dormant 
period between them. This heat evolution reflects the reactions occurring in the 
hydrating system and leading to the transformation of plastic cement paste into 
hardened matrix known as cement setting. 

The studies focused on the kinetics of early hydration in the Portland cement/
high calcium aluminate cement – by-pass cement kiln dusts (BPCKD) - mixtures. 
For this purpose the mixtures of cements with additive or with some constituents 
of dusts were produced.

In this study the calorimeter was applied to follow the kinetics of hydration. 
The investigations with aim to  find the relationship between the composition 
of  initial mixtures and the properties of  hydration products were carried out. 
The rheological properties were characterized, as well as the chemical shrinkage 
characteristics was produced. Finally the strength of  hardened materials was 
evaluated. The phase composition studies and microscopic observations were 
done as well. Low amount of Portland cement substitution by the by-pass cement 
kiln dust, up to 10%, does not affect practically the properties of cement based 
composites (setting, hardening). At higher amount of  kiln dust the hydration 
process is accelerated because of the presence of well soluble components, how-
ever the “dissolution” effect in case of higher substitution is observed too. In case 
of the high calcium aluminate based binders the acceleration of setting process 
was observed; the rheological properties were affected too. 

The results of calorimetric measurements will be also discussed in terms of the 
phase composition and microstructure of hydration products.

The financial support from the Faculty of  Material Science and Ceramics, University 
of  Science and Technology AGH in  Cracow, Poland is greatly acknowledged (grant No 
11.11.160.184)
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The effect of paper-mill sludge on cement hydration

Jurgita Malaiškienė, Renata Boris, Valentin Antonovič
Vilnius Gediminas Technical University, Institute of Building Materials,  
Laboratory of Composite Materials

Several types of solid waste and sludge are generated in paper industry in differ-
ent stages of manufacture. According to the European List of Waste, this waste is 
regarded to be non-hazardous. Dried paper-mill sludge (PS) containing organic 
matter (cellulose fibres) and inorganic substances (calcite) was used for the study. 

Specimens made of CEM I 42,5 R cement and PS added at 0%, 5%, 10% and 
15% by weight of cement, W/(C+PS)=1, were used to study the effect of PS on ce-
ment hydration processes. SEM and XRD tests were carried out after 3, 14, 28 and 
56 days of curing. Calorimetric measurements of the mixtures were also done (V/
(C+PS)=0.35).

PS was found to extend the induction hydration time of the cement and delay 
the time of  the second heat liberation effect, especially in  specimens with the 
highest content of the PS. The total heat liberation (after 96 hours) measurement 
results showed that the highest total heat evolved from specimens without the PS. 
The total liberated heat gradually increased with the increase of the PS content 
in the concrete mixture. The total heat liberation reduced 20% in specimens con-
taining 15% of the PS, compared to the control specimen without the additive. 

XRD test results revealed that the standard minerals listed below formed 
in hardened cement paste: ettringite, calcite, portlandite, and calcium aluminium 
silicate hydrate. However, calcium aluminium sulphate hydroxide additionally 
formed in  the specimens without the PS, whereas the increase of  the PS and 
a higher content of calcium carbonate induced the formation of bigger amounts 
of calcium aluminium oxide carbonate hydroxide hydrate, which is a rather sta-
ble mineral. The amount of non-reacted cement minerals and calcite was found 
to increase, whereas ettringite and portlandite amounts decreased with the in-
crease of the PC in hardened cement paste. 

SEM tests revealed significant changes in hardened cement paste microstruc-
ture caused by the increase of the PS in cement paste. After three days of hydra-
tion numerous crystals of ettringite, portlandite, and calcite were observed on the 
surface of hardened cement paste specimens without the PS and with 5% of the 
PS. Portlandite was difficult to  identify in specimens containing 10% and 15% 
of the PS. Ettringite and calcite prevailed in these specimens. Calcite and port-
landite were identified in hardened cement paste specimens without the PS and 
with 5% of the PS after 56 days of curing, whereas calcite prevailed in specimens 
with a higher PS content. 
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Effects of pozzolan waste on hydration and performance  
of Portland cement and foam glass based plaster 

V. Antonovič, D. Sikarskas, J. Malaiškienė, R. Boris, R. Stonys
Vilnius Gediminas Technical University, Institute of Building Materials,  
Laboratory of Composite Materials

Light plaster with expanded aggregates has gained popularity for its durability 
and light weight. The paper describes the use of expanded glass EG) manufactur-
ing by-product – a mix of metakaolin and glass (M) – and catalyst (K) from crude 
oil cracking to improve the properties of lightweight plaster with expanded glass 
aggregate and to reduce the amount of waste in landfills.

Mixes with and without EG containing two types of waste were tested by calo-
rimetry methods (V/K=0.35, 72 h). Calorimetry techniques were also used to test 
the mixes containing melamine based superplasticizer (SP). The following trends 
were observed through the analysis of calorimetry curves: 

1. K (9%) causes earlier hydration of cement but the amount of released 
heat is lower compared to the control specimen. A sharp initial (humidi-
fication) heat release was observed in mixtures with K admixture.

2. M (9%) has insignificant effect on cement hydration. The amount of heat 
released in the initial stage is similar to that of control specimens and the 
total amount of released heat is close to the amount released by speci-
mens with K admixture. 

3. In specimens containing the mix of by-products (4.5% of each type) the 
hydration process slows down and the lowest amount of heat is released. 

4. In specimens with SP, the total amount of released heat reduces in mixes 
of  all compositions, the period of  cement induction is prolonged and 
the second peak of heat release is delayed compared to  the specimens 
without SP.

Tests of mechanical properties revealed that in specimens where part of ce-
ment is replaced with the by-products mentioned above (when they are used 
separately), the compressive strength increases up to 20% after 28 days of curing. 
However, the compressive strength reduced insignificantly in specimens contain-
ing the mix of by-products (4.5% of each type) compared to the control specimen.

SEM tests revealed good cohesion between EG and cement matrix. Intensive 
growth of crystals, especially ettringite, was observed next to EG. The cohesion 
improves even more when SP is used (the structure of smaller crystals becomes 
denser). The analysis of SEM results revealed that K and M act as crystallization 
centres. Cement crystals were observed to enter glass granules through the sur-
face defects and grow inside the granule.  Specimens containing M and K mixture 
had the most porous structure and the weakest cohesion.
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Mechanisms of pozzolanic reaction in cement composites 
containing silica fume

Martin T. Palou1,2,3, Eva Kuzielová1,2, Matúš Žemlička1,2, Jíři Masílko3, 
Jakub Tkácz3 
1Institute of Construction and Architecture, Slovak Academy of Sciences, 
Dúbravská cesta 9, SK-845 03 Bratislava, Slovak Republic 
2Faculty of Chemical and Food Technology, Slovak University of Technology,  
Radlinského 9, SK-812 37 Bratislava, Slovak Republic 
3Materials Research Centre, Faculty of Chemistry, Brno University of Technology 
Purkyňova 118, CZ-612 00 Brno, Czech Republic

The hydration of Portland cement under the concomitant effect of temperature 
and vapor pressure has been extensively studied [1-3]. The mechanism described 
by many authors states that the amorphous calcium silicate hydrates formed at 
early period of  hydration are gradually transformed to  crystalline phases de-
pending on  the C/S ratio[2]. The phase diagram was established showing that  
amorphous calcium silicate hydrates with C/S @1 is transformed to tobermorite 
and xonotlite, while C/S @ (1.5-2) is transformed in to a-C2SH, jaffeite (C6S5H3). 
As C3S and C2S are the most representative phases of  Portland cement, their 
hydration leads stoichiometrically to  C-S-H with higher C/S ratio, hence the 
amorphous gels are generally transformed in to a-C2SH and jaffeite. This trans-
formation is accompanied by volume change at temperature higher that 120°C 
and caused the depletion of mechanical properties of cementitious binders[3]. 
To remediate to this negative effect, a systematic method has been undertaken 
taking into consideration the action of  silica fume to reduce C/S ratio at such 
extend to obtain CSH which transformation engenders tobermorite or xonotlite 
at higher hydrothermal curing conditions. Different samples composed of Port-
land cement with different addition of  silica fume up to  30 wt.% were cured 
under different hydrothermal condition to  identify the Portland cement/silica 
ratio that avoids the formation of a-C2SH and jaffeite. X-Ray Diffraction and 
DTA/TG were mostly used to characterize different products and to elucidate the 
mechanism of pozzolanic reaction of silica fume under the effect of hydrother-
mal curing conditions. The microstructure analysis of pore in hardened cement 
paste has revealed that at lower hydrothermal curing conditions and when 15 
wt. % of silica fume is added, the formation of needle form of tobermorite grow-
ing from the pore wall inwards is observed, while large crystalline phases are 
massively present sprinkled with needle tobermorite at higher level replacement 
of Portland cement by silica fume and at higher hydrothermal curing conditions. 
Pore structure refinement and remarkable decrease of  permeability compared 
with reference sample of hardened Portland cement paste were observed by MIP 
analysis. The mechanism of  pozzolanic reaction of  silica fume changes with 
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increasing hydrothermal curing conditions. At lower hydrothermal condition, 
solubility of calcium hydroxide coming from hydration of original Portland ce-
ment is dominant and the reaction occurs on  the surface of polymerized SiO2 
from Silica fume. As the solubility of Ca(OH)2 decreases with temperature and 
that of SiO2 increases with, the formation of CSH occurs topochemically around 
calcium hydroxide.

This work was supported by courtesy of APVV-15-0631, Slovak Grant Agency VEGA No. 
2/0097/17 and by Project Sustainability and Development REG LO1211 addressed to the 
Materials Research Centre at FCH VUT.

[1] S. Bahafid, S. Ghabezloo, M.Duc, Faure P, J. Sulem. Effect of the 
hydration temperature on the microstructure of Class G cement: C-S-H 
composition and density. Cement Concrete Res. 2017; doi:10.1016/j.
cemconres.2017.02.008

[2] MT. Palou, E. Kuzielová, M. Žemlička, M. Boháč, R. Novotný. The effect 
of curing temperature on the hydration of binary Portland cement. J Therm 
Anal Calorim. 2016; doi:10.1007/s10973-016-5395-9

[3] MT. Palou, F. Šoukal, M. Boháč, P. Šiler, T. Ifka, V. Živica. Performance 
of G-Oil Well cement exposed to elevated hydrothermal curing conditions. 
J Therm Anal Calorim. 2014; doi:10.1007/s10973-014-3917-x
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Phase transition temperatures of Fe-C-Cr-O based alloys

Bedřich Smetana1, Ľubomíra Drozdová 1, Lenka Řeháčková 1, Vlastimil Novák1, 
Simona Zlá1, Monika Kawuloková1, Andy Watson2, Mario Machů1,  
Filip Radkovský1, Hana Francová1, Petr Kozelský1, Jana Dobrovská1
1VŠB - Technical University of Ostrava (VŠB-TUO), Faculty of Metallurgy and Materials 
Engineering (FMME), 17. listopadu 15/2172, CZ 708 33, Ostrava - Poruba,  
Czech Republic, EU, bedrich.smetana@vsb.cz 
2Institute for Materials Research, School of Chemical and Process Engineering,  
University of Leeds, Leeds, UK

The paper deals with the study of phase transition temperatures of pseudo-qua-
ternary Fe-C-Cr-O  based alloys between RT up to  1600  °C. The knowledge 
of  phase transition temperatures is crucial for application purpose and also 
for basic research related always closely to the applications. The deeper insight 
in  to  the knowledge of  behavior of  simple systems can lead to  enhancement 
of production of more complex alloys with enhanced properties by simultane-
ous lower cost production. The paper deals with phase transition temperatures 
such as: temperature of eutectoid transformation, magnetic transition, alfa-gama 
transition, solidus and liquidus temperature and peritectic transformation tem-
perature. Phase transition temperatures were obtained by Differential Thermal 
Analysis (DTA). The comparison and discussion with calculated phase transition 
temperatures (IDS – Solidification Analysis Package, TC – Thermo-Calc) was 
done. In some cases substantial differences between experimental and calculated 
phase transition temperatures were encountered.
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Study of heat capacities of Fe-C-Cr based metallic systems with use 
of DSC method and theoretical calculations

Ľubomíra Drozdová1,2, Bedřich Smetana1,2, Simona Zlá1, Mario Machů1,2, 
Monika Kawuloková1, Filip Radkovský1, Petr Lichý1, Lenka Řeháčková1,2, 
Vlastimil Novák1,2, Kateřina Konečná1
1Faculty of metallurgy and materials engineering, VŠB-Technical University of Ostrava, 
17. listopadu 15, Ostrava-Poruba, 708 33, Czech Republic, EU, lubomira.drozdova@vsb.cz 
2Regional material science and technology centre, VŠB-Technical University of Ostrava,  
17. listopadu 15, Ostrava-Poruba, 708 33, Czech Republic, EU

Seven alloys based on Fe-C-Cr were studied. Five alloys were model alloys based 
on  Fe-C-Cr and there were compared with two steel with the similar compo-
sition. Model alloys contained carbon of 0.34 wt. % and chromium in a range 
of  0.92-4.76 wt. %. Steels contained carbon in  the range 0.41-0.43 wt. % and 
chromium in the range 1.08-4.98 wt. %.  Heat capacities were studied in a low 
and high-temperature region. The experimental heat capacities (“apparent heat 
capacities”) were obtained using Differential Scanning Calorimetry (DSC) with 
use of  a  continuous method. The Setaram MHTC (Multi High-Temperature 
Calorimeter) 96 Line with a 3D DSC sensor was used for experiments with the 
use of DSC method. Measurements were done in an inert atmosphere of pure 
argon by a heating rate of 5°C/min. The experimental data were compared and 
discussed with the calculation results using SW Thermo-Calc with the use of the 
TCFE8.1 (Thermo-Calc Fe-based alloys) database.  

Experimentally and theoretically obtained values for all alloys showed the 
same trend in  the temperature range 474.15-950.15 K, 1188.15-1650.15 K and 
1794.15-1853.15 K. The experimentally obtained heat capacities were within 
the range of  0.41-1.04 J/K·g. Steel with the content of  carbon 0.41 wt. % and 
chromium 1.08 wt. % had values of  heat capacities very close to  model alloys 
in the low and high-temperature area. Steel with the content of carbon 0.43 wt. % 
and chromium 4.98 wt. % had values of heat capacities higher than model alloys 
except for phase transformations.

This paper was created on  the FMME in  the Project No. LO1203 “RMSTC - Feasibility 
Program” funded by Ministry of Education, Youth and Sports of the Czech Republic, GAČR 
project No. 17-18668S, student project SP2018/60 and SP2018/93 and of  the Moravian-
Silesian Region as part of the project “Support of gifted students of doctoral studies at VŠB-
TUO” (no .: 04766/2017 / RRC).
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Influence of chemical composition of selected vermicular cast irons 
on its thermal behavior 

Marta Homa1, Natalia Sobczak1,2
1Foundry Research Institute, 73 Zakopiańska Str., 30-418 Krakow, Poland 
2Institute of Precision Mechanics, 3 Duchnicka Str., 01-796 Warsaw, Poland

The purpose of this work was to determine the influence of fluctuation in chem-
ical composition of selected vermicular cast iron upon on its thermal behaviour. 
The following methods were used:

1) Differential scanning calorimetry (DSC) by Netzsch DSC 404 C/3/G Peg-
asus differential scanning calorimeter. 

2) Optical microscopy with Zeiss Observer.21m optical microscope (OM)  
under the magnifications up to 500.

3) Scanning electron microscopy (SEM) coupled with energy dispersive 
X-ray analysis (EDS): TM3000 HITACHI and FEI SciosTM microscope. 

Some representative results are presented in Figure 1.

a) b)

Fig. 1. The DSC curves of selected vermicular cast irons during: a) heating at 10 K/min, b) cooling 
at 10 K/min.

Based on the obtained thermophysical examinations it can be concluded that:
1) Upon heating, the ferrite→austenite phase transformation takes place 

in the temperature range of 778.7-803.5°C.
2) Alloying with copper decreases austenitizing temperature.

The authors are grateful for financial support of National Science Centre of Poland within 
OPUS program (UMO-2015/17/B/ST8/03391). The authors acknowledge Ms. Aleksandra 
Krężel, Ms. Karina Kosiba, P. Fudyma, A. Polkowska and M. Warmuzek for technical 
assistance in structural characterization.
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Synthesis and characterization of new compound Co5Cr2(P2O7)4 

Monika Bosacka, Elżbieta Filipek, Anna Błońska-Tabero
West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology  
and Engineering, Department of Inorganic and Analytical Chemistry, 
Al. Piastow 42, 71-065 Szczecin, Poland

The phosphate chemistry has received considerable interest during in past de-
cades and has provided a  variety of  new materials featuring a  great structural 
diversity ranging from mesoporous to more dense phases. Phosphates have been 
used for ceramic, catalysts, dielectric substances, pigments, electrodes for lithium 
batteries, etc.  In  the last named application, some transition metal phosphate 
a low-cost class of materials for new cathode.

Up to now, there are no complete systematic investigations on the phase for-
mation and phase equilibria in the CoO–Cr2O3–P2O5 system. The literature refers 
only some properties of two phosphates, which are formed with an involvement 
of all three oxides: Co3Cr4(PO4)6 and CoCr2(P2O7)2 [1].

The aim of the present work was to examine the phase equilibria in the system  
Cr4(P2O7)3–Co2P2O7 over the whole component concentration range in the solid 
state and checking whether in the system any other compounds, apart from  Co-
Cr2(P2O7)2, are formed.

To  realize the above aim, 13 mixtures, representing system Cr4(P2O7)3–Co-
2P2O7, from Cr2O3, (NH4)2HPO4 (as precursor of P2O5) and CoCO3 (as precur-
sor of CoO) were prepared for the investigation. The synthesis was conducted 
by the conventional method of sintering samples, in the temperature range from 
350 to 1100°C in several 20h stages. After each heating stage the samples were 
examined for their phase composition by XRD method. Selected samples were 
additionally investigated by DTA-TG method.

The results of our study have demonstrated that Co5Cr2(P2O7)4 can be obtained 
through reaction occurring in accordance with the equation:
5 CoCO3(s) + 2 Cr2O3(s) + 8 (NH4)2HPO4(s) = Co5Cr2(P2O7)4(s)  
     + 16 NH3(g) +12 H2O(g) + 4 CO2(g)      (1)
Co5Cr2(P2O7)4 is gray-blue and crystallizes in the  orthorhombic system with unit 
cell parameters: a = 0.8311nm, b = 0,9819 nm, c = 2,3790 nm, Z = 4. The new 
compound is stable thermally in air up to 1230°C.

[1] M. Bosacka, A. Błońska-Tabero, E. Filipek, J. Luxova, P. Šulcova, J. Therm. 
Anal. Calorim. 130 (2017) 95
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Synthesis and physicochemical properties of materials  
in BaCeO3-V2O5 and BaCeO3-WO3 systems

Agnieszka Łącz
AGH University of Science and Technology, Faculty of Materials Science and Ceramics,  
al. Mickiewicza 30, 30-059 Krakow, Poland

There is a new trend in the field of ceramic conductors based on the BaCeO3 – 
synthesis the composites with doped barium cerate as the main phase. The direct 
location of the second phase in the intergranular voids of barium cerate seems 
to be one of the most innovative approaches.

The synthesis of  mutli-phase materials based on  the BaCeO3 is the answer 
to  the fact that in  the field of  single-phase materials based on the BaCeO3 the 
optimal chemical composition, being a compromise between chemical stability 
and electrical properties of  the material has already been developed. Synthesis 
of materials in the BaCeO3 – metal oxide systems has been realised so far only 
for the doped-BaCeO3 – doped-CeO2 system and the possibility of introduction 
of V2O5 or WO3 has not yet been discussed.

Y-doped BaCeO3 (BaCe0.9Y0.1O3) with the porosity about 25-30% was syn-
thesised by solid-state reaction method. Two synthesis procedures were applied 
to obtain the materials in BaCeO3-V2O5 and BaCeO3-WO3 systems. The first one 
was direct impregnation of  porous sintered BaCe0.9Y0.1O3 samples with melted 
oxide - V2O5 or WO3. Thus, the temperature of  impregnation was 690°C and 
1470°C, respectively. The second route was the multi-step vacuum impregna-
tion of porous sintered BaCe0.9Y0.1O3 samples with the solution of V2O5 or WO3 
precursors. The solutions of vanadyl acetylacetonate in methanol and tungsten 
oxide in ammonia were used to  synthesize the materials in BaCeO3-V2O5 and 
BaCeO3-WO3 systems, respectively.

The reaction mechanism in  Y-doped and BaCeO3-V2O5 and Y-doped Ba-
CeO3-WO3 systems were discussed for materials synthesised by  low- and 
high-temperature impregnation. The analysis of  structure and microstructure 
of synthesised composites, together with the characterisation of their electrical 
properties, mainly the type and value of conductivity and chemical stability to-
wards CO2 and water vapour was also undertaken.

This work was financially supported by  the National Science Centre of  the Republic  
of Poland, Grant No. DEC-2017/01/X/ST5/00789.
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Thermal studies of fly ashes expansion

Karol Rzepa, Manuela Reben, Wojciech Wons, Paweł Murzyn
AGH University of Science and Technology

Siliceous fly ash obtained from conventional combustion of coal dust in pulver-
ized coal-fired boilers is valuable additive to ceramic masses. Addition of fly ashes 
not only reduces plasticity of ceramic masses, but also actively affects sintering 
process and shaping the properties of the final material. The finest fly ash fractions 
are potentially useful flux materials in ceramics however, a significant limitation 
in  their use is the thermal swelling occurring during high-temperature sinter-
ing. This publication attempts to demonstrate the cause of  thermal expansion. 
In order to obtain an answer, a number of experiments were carried out using 
mainly DTA/TG method with EGA gas analysis. Thermal expansion mechanism 
itself is caused by the co-occurrence of two phenomena accompanying sintering: 
appearance of  high amount of  liquid phase and simultaneous release of  gases 
from sintered material. There are various sources of emitted gases, as well as their 
different types in sintered fly ashes. The dominant mechanism is the simultane-
ous release of  sulphur (IV) oxide and oxygen as a  result of  the redox reaction 
of removing sulphuric acid anhydride from the vitreous phase.
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Characterization of 40-years old calcium silicate pastes by thermal 
methods and other techniques

Paweł Murzyn,  Grzegorz Malata, Joanna Wiśniewska, Ewa Kapeluszna,  
Wiesława Nocuń-Wczelik
University of Science and Technology AGH, 30-059 Kraków, al. Mickiewicza 30, Poland

Portland cement is the primary component of  modern concrete, and its use 
in construction continues to increase. Despite decades of research, many ques-
tions regarding the hydration and long-term performance of  cement-based 
materials remain unclear. One of  the key issues that remain to  be resolved is 
the atomic, nano- and micro-scale structures of hydration products, particularly 
calcium silicate hydrates (C–S–H). Answers to these questions are critical to im-
proving modern concrete science and technology.

The sample being investigated here is a 40-year-old belite (C2S) hydration sys-
tem with w/c = 0.5. Most research in cement hydration is limited to a three-year 
window of time. Analyses of hydration periods greater than this are rarely report-
ed or conducted, even though the typical design service life cycle of cementitious 
material is, on average, 40 years and sometimes as long as 100 years. Therefore, 
analysis of the evolution of cementitious material at very late age is critical to de-
termine its initial chemical composition and other properties.

In this study the DTA/TG/EGA and XRD were used to identify the products 
of  dicalcium silicate and cement hydration. The samples were 40 years stored 
in laboratory conditions. The hydrated samples of cement were “younger”. The 
calcium hydroxide, calcium carbonate and residual silicate contents were com-
pared and discussed in  terms of  the specific properties of  initial unhydrous 
phases used.

S05_FP1
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Mixed carbonates and oxalates as precursors for the preparation  
of perovskite compounds

Petr Bělina, Veronika Krejčíková, Galina Sádovská, Petra Šulcová
Department of Inorganic Technology, Faculty of Chemical Technology,  
University of Pardubice, Studentska 95, 532 10 Pardubice, Czech Republic,  
petr.belina@upce.cz

In  this work the possibility of  preparation of  perovskite compounds LaMnO3, 
LaCoO3 and LaNiO3 by thermal decomposition of oxalates and carbonates in-
termediates was investigated. It is necessary to emphasize that it is the decom-
position of  mixed carbonates and oxalates, not their mixtures. Therefore, the 
preparation of intermediates is an important part of the laboratory preparation 
of these compounds. The step of laboratory preparation in which the decompo-
sition of the intermediates occurs was monitored by means of thermal analysis 
methods DTA/TG, Fig. 1. The results obtained show that the preparation of the 
desired perovskites takes place at relatively low temperatures. This is the main ad-
vantage of this method compared to the solid phase reaction preparation meth-
od. The low temperature then brings interesting features to the products, which 
are in particular a large surface area and a small particle size. In the case of the 
non-traditional LaNiO3, it has been found that in  the case of  the preparation 
of  the solid phase reactions, the spinel structure is preferred before perovskite 
structure. This does not apply to the preparation of this compound by thermal 
decomposition of the precursors.

Fig. 1:  TG/DTA curves of thermal decomposition of carbonate intermediate for LaNiO3 
preparation.

This work has been supported by Grant Agency of Czech Republic, project No. 16-06697S
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Synthesis and thermal stability of Sr0,2Bi0,8-xGdxFeO3-d pigments

Žaneta Dohnalová, Petra Šulcová
Department of Inorganic Technology, Faculty of Chemical Technology,  
University of Pardubice, Studentská 95, 532 10 Pardubice, Czech Republic 
zaneta.dohnalova@upce.cz

The environmentally friendly composition of bismuth iron oxide offers the pos-
sibility to test this material for application such as an inorganic pigment. Bismuth 
iron oxide (BiFeO3) is a well-known ferroelectric and antiferromagnetic mate-
rial having a rhombohedral symmetry. It is a  technologically and scientifically 
very interesting material, but its preparation by solid state reaction leads to for-
mation of  several phases: next to  rhombohedral perovskite BiFeO3 is formed 
orthorhombic Bi2Fe4O9, and cubic Bi25FeO40. The difficulty of  the processing 
of single-phase BiFeO3 powder is given by thermodynamic instability of BiFeO3 
and also by evaporation of bismuth during solid state reaction of initial oxides. 
During material preparation, Bi undergoes easy evaporation and generates bis-
muth vacancies. These defects can be overcome by the partial substitution of Bi3+ 
by rare earth ions or by Sr2+ ions. The effect of La3+ and Y3+ ions on the colour 
properties of Bi1-xLnxFeO3 pigments as well as the effect of Sr2+ ions on the colour 
properties and thermal stability of Bi1-xSrxFeO3 pigments has been studied and 
described [1,2]. However, there is no study regarding pigmentary application 
properties and thermal stability of materials, in which Bi3+ ions are substituted 
by Sr2+ ions along with Ln3+ ions. Therefore, the main aim of our study was to syn-
thesize Sr0.2Bi0.8-xGdxFeO3-d powder in the range of substitution (x= 0 – 0.3) and 
to evaluate the effect of Gd3+ ions on the synthesis, thermal stability and colour 
parameters of powders. The reactions taking place during the pigment formation 
were studied by simultaneous TG–DTA analysis (STA 449C Jupiter; NETZSCH, 
Germany) and by X-ray diffraction analysis using a MiniFlex 600 (Rigaku, Japan) 
diffractometer. The colour properties of  pigments were objectively evaluated 
by measuring the spectral reflectance by using a spectrophotometer ColourQuest 
XE (HunterLab, USA). 

This work has been supported by Grant Agency of Czech Republic, project No. 16-06697S.

[1] V. James, P. Prabhakar Rao, et. al, Ceramics International, 40 (2014) 2229
[2] Ž. Dohnalová, P. Šulcová, et. al., Journal of Thermal Analysis and 

Calorimetry, DOI 10.1007/s10973-017-6805-3
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Thermal properties of Inconel 713 C, Inconel 100, Mar M247  
and ŻS6K Ni-base superalloys

Maryana Zaguła-Yavorska, Kamil Dychtoń, Marcin Drajewicz
Department of Material Science, Rzeszow University of Technology, 
ul. Powstancow Warszawy 12, 35-959 Rzeszow, Poland

Nickel base superalloys are used in turbine blades of aircraft engines. The working 
temperature of turbine blades made of nickel superalloys can be even 1400ºC. The 
investigation of thermal properties enable to evaluate usefulness of nickel base 
superalloys to high temperature application. High thermal conductivity of nickel 
superalloys enables efficient cooling turbine blades and leads to decrease of the 
working temperature of turbine blades. The thermal properties of commercials 
nickel based superalloys: Inconel 713 C, Inconel 100, Mar M247 and ŻS6K were 
investigated. The measurements of  specific heat, thermal diffusivity and room 
temperature bulk density were performed. This data was used to compute the 
thermal conductivity. The thermal diffusivity was measured using a NETZSCH 
model 427 laser flash diffusivity apparatus. It was found that thermal conductiv-
ity of superalloys depends on the chemical composition of   alloy and the tem-
perature.
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Preparation and characterization of PEI/PETG blends for Fused 
Deposition Modelling (FDM). A thermoanalytic approach

Ignazio Blanco1,2 , Mario Rapisarda1, Giulia Ognibene1 and Gianluca Cicala1,2
1Department of Civil Engineering and Architecture, 
University of Catania, V.le A. Doria 6, 95125 Catania, Italy  
2UdR-Catania Consorzio INSTM, V.le Andrea Doria 6, 95125 Catania, Italy

The world production of  polymeric materials, which is in  continuous growth 
since the middle of the last century, is called to answer to the increasing request 
for new materials with even more specific properties and complex shapes [1,2]. 
Additive manufacturing (AM) seems to satisfy this request by generating, lay-
er per layer, products starting from a 3D model designed with CAD software. 
In particular, the fusion deposition modelling (FDM) technique, where filaments 
of  thermoplastic polymers are melt in  a  small high precision nozzle (called 
extrusion head), it is enjoying the greatest industrial success. The key concept 
of this technique it could be the finding of polymeric materials that coupled fine 
processing skills with good performance. The best way to obtain these materials, 
in terms of both developing cost and needed time for research, is the technique 
of  melt blending. In  this way, it is possible to  combine the properties of  two 
known materials in a polymer blend with finely optimized performance. In this 
work we carried out a thermal characterization of a polymeric blend Polyether-
imide (PEI) / Polyethyleneterephthalate-glycol (PEG) obtained in a batch mixer, 
to improve its processability and determine the nature of the blend and thus if 
it is miscible, immiscible or partially miscible. To  this aim thermogravimetric 
and differential scanning calorimetry analysis were performed on the prepared 
blends and compared to the pristine materials.

[1] G. Cicala, I. Blanco, A. Latteri, G. Ognibene, F.A. Bottino and M.E. Fragalà, 
Polymers, 9(7) (2017) 281 

[2] G.N. Levy, R. Schindel and J.P. Kruth, CIRP Annals – Manufacturing 
Technology, 52(2) (2003) 589

Posters
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New book on thermophysical research of materials in the Springer 
series ‘Hot topic of thermal analysis’

Jaroslav Šesták 
New Technology-Research Centre in the Westbohemian Region, West Bohemian 
University, Universitní 8, CZ-30114 Pilzen and Division of Solid-State Physics,  
Institute of Physics ASc, Cukrovarnická 10, CZ-16200 Praha, both Czechia 
sestak@fzu.cz 

“Thermal Physics and Thermal Analysis: from Macro to  Micro, Highlighting 
Thermodynamics, Kinetics and Nanomaterials” was printed by  Springer 2017 
(with 567 pages and 25 chapter - ISBN 978-3-319-45897-7):

https://link.springer.com/book/10.1007/978-3-319-45899-1
as a final book (Vol. 11) of the triptych pub-

lished within the Springer series „Hot topics 
of thermal analysis“ (ISSN: 1571-3105) edited 
by Judit Simon since the first volume ´Intro-
duction to thermal analysis´ 2001. 

Within half a year book ´Thermal Physics 
and Thermal Analysis´ accredited as many 
twelve thousand downloads. The most ap-
proached chapters were 

Ch-6, J. Šesták etal: “Self-organized Periodic 
Processes: From Macro-layers to Micro-world 
of Diffusion and Down to  the Quantum As-
pects of Light“, with 463 downloads and 

Ch-5, J. Šesták: “Kinetic Phase Diagrams as 
an Enforced Consequence of Rapid Changing 
Temperature or Diminishing Particle Size: 
Thermodynamic Fundamentals and Limits” 
with 460 downloads.  

Another two books were a  part 
of  the triptych. Namely, Vol. 8: “Glassy, Amorphous and Nano-Crys-
talline Materials: Thermal Physics, Analysis, Structure and Proper-
ties” (2011, with 380 pages and 21 chapter - ISBN 978-90-481-2881-
5)“ see https://link.springer.com/book/10.1007/978-90-481-2882-2, 
which received as many as 28 thousand downloads with the most requested 
chapters: 

Ch-12, J.Šesták  etal: “Oxide Glass Structure, Non-bridging Oxygen and 
Feasible Magnetic Properties due to the Addition of Fe/Mn Oxides” with 1405 
downloads and  

Ch-3, J.Šesták  etal  “Transport Constitutive Relations, Quantum Diffusion 
and Periodic Reactions“ with 1355 downloads and

S05_P2
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Ch-14, J.Šesták  etal „Vibration Forms in  the Vicinity of  Glass Transition, 
Structural Changes and the Creation of Voids When Assuming the Role of Polar-
izability” with 1365 downloads.

The third book is Vol. 9: „Thermal Analysis of Micro, Nano- and Non-Crys-
talline Materials: transformation, crystallization, kinetics and thermodynamics” 
(2013, with 484 pages and 22 chapter - ISBN 978-90-481-3149-5) viz:

https://link.springer.com/book/10.1007/978-90-481-3150-1
which obtained as many as 41thousand downloads with most requested 

chapters:
Ch-13, Illeková a  Šesták: “Crystallization of  Metallic Micro-, Nano-, and 

Non-Crystalline Alloys”, with 1919 downloads and 
Ch-15: Petrovičová a Šesták “Forty Years of the Turnbull Reduced Glass Tran-

sition Temperature and Hrubý Glass-Forming Coefficient and Their Current 
Perception“, with 1902 downloads 
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Multiscale thermal processes and structural transformations  
of iron-based amorphous alloys depending on oxygen  
and CRM content
Z. Cherkezova-Zheleva1, D. Paneva1, V. Petkova2,3, B. Kostova2, H. Kolev1, 
Georgi Avdeev4, Georgi Stefanov4
1Institute of Catalysis, Bulgarian Academy of Sciences,  
“Acad. G. Bonchev” St., Bld.11, 1113 Sofia, Bulgaria 
2New Bulgarian University, Department of Natural Sciences,  
21 Montevideo Str., 1618 Sofia, Bulgaria 
3Institute of Mineralogy and Crystallography,  
Bulgarian Academy of Sciences, bl. 107, Acad. G. Bonchev Str., 1113 Sofia, Bulgaria 
4Institute of Physical Chemistry, Bulgarian Academy of Sciences,  
“Acad. G. Bonchev” St., Bld.11, 1113 Sofia, Bulgaria 
Iron-based metallic glasses are widely used for different industrial applications. 
Compared to the crystalline materials amorphous alloys possess an advantages 
as soft magnetic materials for high frequency applications. Their exploitation 
leads to numerous structural transformations and change of their properties due 
to temperature variations. The elevated temperatures and prolonged performance 
could change their microstructure. Formation of crystallite phases in such mate-
rials gives rise to loss of their advanced properties. Investigation of their thermal 
stability and annealing effects depending on Critical Raw Materials (CRM) con-
tent is very important.

In our work we have studied several iron-based metallic glasses: Fe84B13.5Si3.5C2, 
Fe78B15Mo2Si5, Fe67B14Co18Si, Fe40B16Ni40Mo4. The samples have been prepared 
by melt spinning method and heated up to 1000°C. 

For the practical application of  the studied materials, their behavior at high 
temperatures is important. The aim of  this work is to  investigate the thermal 
decomposition of Iron-based metallic glass in the presence of oxygen (gaseous 
medium air) and in the absence of oxygen (gaseous medium argon).

Based on thermal analysis are determine quenching temperatures at which the 
sample were treated. Depending on the presence of oxygen in the gaseous medium, 
on the thermal curves are registered series of endo- and exo-effects in the studied 
temperature ranges, which gives a  stepwise process of  thermal stabilization 
of alloys. The same stepwise process of crystallization and phase transformations 
in materials were investigated by Mössbauer spectroscopy, X-Ray Photoelectron 
Spectroscopy, as well as in  situ high temperature X-Ray Diffraction analysis.  
As a result conclusions about the impact of critical raw materials (Mo, Co and 
Ni) were established.
Authors gratefully acknowledge the financial support of the Bulgarian National Science Fund at the 
Ministry of Education and Science - Project № DCOST 01/22/ 2017 is gratefully appreciated, Institute 
of  Mineralogy and Crystallography, Bulgarian Academy of  Sciences, the Department of  Natural 
Sciences, Laboratories of Chemistry and Gemology of New Bulgarian University. 
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Thermal behavior of hydroxyapatite

Lenka Šimková, Petra Šulcová
University of Pardubice, Faculty of Chemical Technology,  
Department of Inorganic Technology, Studentská 95, 532 10 Pardubcie, Czech Republic 
petra.sulcova@upce.cz

Hydroxyapatite (HAP, Ca10(PO4)6(OH)2) is the main inorganic compound of hard 
tissues such as bones and teeth of vertebrate animals and humans. Consequently, 
HAP was easily considered as a bioactive material for synthetic bone substitu-
tion due to its biocompatibility, and chemical and biological affinity with bony 
tissue [1]. 

It is known that the optimum Ca/P molar ratio must be 1.667. However one 
of  the main problem related to HAP processing is the low stability of HAP at 
temperatures near to the sintering range, which is attributed to deviations from 
the ideal Ca/P ratio [2]. In addition, a lot of factors contribute to complicating 
the picture: particle size, sample structure, purity, powders surface condition, and 
even particles aggregation can support undesirable decompositions and phase 
transitions. Particularly the formation of β-TCP (Ca3(PO4)2) as the most likely 
phenomenon in  the decomposition process highlights the importance of  the 
Ca/P ratio in the control of HAP stability [3].

In the present work, the preparation of HAP under different synthesis condi-
tion (Ca/P ratio and pH) has been implemented and their characteristics studied, 
in particular, thermal stability in  relation to Ca/P ratio has been focused. The 
behaviour of studied compounds was followed by thermal analysis using the STA 
449C Jupiter (NETZSCH, Germany) which allows simultaneous registration 
of the thermoanalytical curves TG and DTA. The measurements were provided 
at temperature interval from 30 to 1200°C with heating rate 10°C∙min-1. The sam-
ples were measured in portions approx. 60 mg.

This work has been supported by University of Pardubice under the project SGS_2018_007.

[1] M. Jarcho, C.H. Bolen, M.B. Thomas, J. Bobick, J.F. Kay, R.H. Doremus, 
Journal of Materials Science, 11 (1976) 2027.

[2] P.E. Wang, T.K. Chaki, Journal of Materials Science, 4 (1993) 150.
[3] A. Tampieri, G. Celotti, F. Szontagh, E. Landi, Journal of Materials Science, 

8 (1997) 29.
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Effect of partial substitution of Bi on colour properties and thermal 
stability of BixPr1-xFeO3 pigments

Jana Luxová, Petra Šulcová
Department of Inorganic Technology, Faculty of Cemical Technology,  
University of Pardubice, Studentská 573, 532 10 Pardubice, Czech Republic 
petra.sulcova@upce.cz

The orthoferrites with chemical formula BixPr1-xFeO3 were prepared by solid state 
reaction in this work [1]. For synthesis Fe2O3, Bi2O3 and Pr6O11 in stoichiometric 
ratio were used. The calcination process was performed at 1000°C and 1100°C 
with duration 3 hours on  maximum temperature. For characterisation of  the 
thermal behaviour and formation of orthoferrite the thermal analysis was used.  
The thermal analysis of initial mixture of Bi0.1Pr0.9FeO3 pigment was performed 
by STA 449C Jupiter (Netzsch, Germany) allowing the simultaneous registration 
of  the thermoanalytical TG and DTA curves. The initial mixture was studied 
in temperature region 25-1000°C with heating rate 10°C.min-1.

The main attention of this work was focused on assessment of the effect of par-
tial substitution of Bi behind Pr in the lattice of BixPr1-xFeO3 (x= 0-0.3) on col-
our properties and concurrently on  thermal stability. Prepared pigment were 
investigated as inorganic pigments, i.e. particle size distribution using equipment 
Mastersizer 2000/MU (Malvern Instruments, UK), colour properties of powers 
and pigments applied into organic matrix with using device ColourQuest XE 
(HunterLab, USA) were determined. The thermal stability was studied by heat-
ing microscope with automatic image analysis EM 201-12 (Hesse-Instruments, 
Germany). The phase composition was verified by  X-ray diffraction analysis 
(MiniFlex 600, Rigaku, Japan). The phase identification of studied powders was 
achieved with a  program that using matching of  the diffraction patterns (the 
ICDD-PDF2 database). 

The obtained results demonstrated a  significant positive but also a  negative 
effect of the partial substitution of Bi in the PrFeO3 lattice. The increasing content 
of Bi in PrFeO3 caused a rising contribution of red tone against the original colour 
of PrFeO3. However, in addition to this positive characteristic, a negative effect 
was also found, and the decreasing thermal stability of the prepared orthoferrites 
with increasing Bi content in BixPr1-xFeO3.

This work was supported by Grant Project of the Czech Science Foundation No. 16-06697S.

[1] J. Luxová, P. Šulcová, M. Trojan, Thermochim. Acta, 579 (2014) 80.
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Thermo-derivative analysis of Ag-Ni-Cr alloy after fibre laser 
alloying
Krzysztof Labisz1, Jarosław Konieczny1, Wojciech Pakieła2, Sebastian Jurczyk3, 
Jakub Młyńczak1
1Department of Railway Transport, Faculty of Transport, Silesian University of Technology, 
Krasińskiego 8 Str., 40-019 Katowice, 
2Division of Materials Processing Technology, Management and Computer Techniques  
in Materials Science, Institute of Engineering Materials and Biomaterials, Silesian 
University of Technology, Konarskiego Str 18A, 44-100 Gliwice, Poland,  
3Institute for Engineering of Polymer Materials and Dyes, Paint & Plastics Department  
in Gliwice Chorzowska Str 50A, 44-100 Gliwice, Poland
The most effective way to design, produce, analyse and optimize new and exist-
ing industrial thermal processes of metal treatment, including laser based tech-
niques, is to develop a quantitative knowledge and understanding of the thermal 
relationships occurred between temperature and timed, which allow the desired 
forming of properties of the final products.

The purpose of  this paper is the application and evaluation of DSC analysis 
used for silver-nickel-chromium alloy. The obtained DSC curves from heating 
and cooling run allow to  identify the peak transitions temperatures of  the ob-
tained phases present after laser surface treatment and the fibre laser line energy 
influence on the microstructure and properties of the surface layer. 

The goal of this work was also to investigate the influence of fibre laser beam 
as well as determine technological conditions for the laser alloying process of the 
surface layer as well as microstructure and properties changes occurred in the 
obtained surface layer of silver (Ag), to make clear an effect of nickel (Ni) and 
chromium (Cr) metal powder addition on structure and properties of the laser 
remelted metal surface, like wear resistance and hardness.

Based on the performed investigations it was possible to obtain a layer con-
sisting of the heat affected zone, transition zone and remelted zone, with higher 
hardness value compared to the non remelted material. A powder size alloying 
was chosen, according to the available power, ensuring a proper remelting and 
alloying process.

As a result of alloying of the Ag alloy with metal powder the surface layer can 
be enriched with the metal particle and in some cases a high-quality top layer is 
possible to obtain. Concerning original practical implications of this work it was 
important to investigate the appliance possibility of Fibre Laser for enhancement 
of  the surface properties. The scientific reason was also to  describe structure 
changes and compounds occurred in the laser remelted surface silver layer after 
Ni and Cr particle feeding into the material [1].
[1] K. Labisz, M. Krupiński, T. Tański, TEM microstructure investigations of aluminium 

alloys used for laser alloying, Journal of Achievements in Materials and 
Manufacturing Engineering 55/2, (2012) 734-741
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Characterization of clay from Raciszyn as a material suitable  
for the production of alkaline activated materials

Michał Łach1, Maria Hebdowska-Krupa1, Justyna Stefanek2, Artur Stanek2, 
Janusz Mikuła1, Marek Hebda1
1Institute of Materials Engineering, Cracow University of Technology,  
Warszawska 24, 31-155 Krakow, Poland 
2MMG S.A. Raciszyn, ul. Działoszyńska 69, 98-355 Działoszyn, Poland

Clay is the basic raw material for the production of a wide range of ceramic prod-
ucts. However, due to  global guidelines to  reduce the consumption of  natural 
resources, research is currently being conducted to  develop technologies that 
enable the production of full-value products using post-process products.

The article presents the results of  properties of  post-production clay from 
the Jurassic limestone deposit “Raciszyn”. The results of  mineralogical (X-ray 
diffraction) and chemical (X-ray fluorescence) analysis of clay were presented. 
Moreover, the water leaching and natural radioactivity of  the material were 
verified, which determines the possibility of using the raw material for building 
applications. Furthermore, it was found that clay from Raciszyn contains clay 
minerals from the kaolinite group, therefore this raw material is suitable for the 
production of  alkaline activated materials. In  order to  use it for such applica-
tions, it was necessary to determine the temperature range of heat treatment. The 
phenomena occurring during heating the clay from Raciszyn were characterized 
by means of the coupled thermal analysis method TG/DTA/MS. The compressive 
strength properties after 14 and 28 days of curing of alkaline activated materials 
produced from post-process clay from Raciszyn were also presented.
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The new idea for modification the surface area of silicate glass 

Drajewicz Marcin, Dychtoń Kamil, Pędrak Paweł
Department of Material Science, Rzeszow University of Technology, 
ul. Powstancow Warszawy 12, 35-959 Rzeszow, Poland

The paper presents a new and original method of modifying the surface layer 
of silicate glass by applying a zirconium oxide  stabilized with yttrium oxide layer 
using the LPPS plasma method (Low Pressure Plasma Spaying). This is a new ap-
proach and not found in scientific literature and known technological solutions. 
The results of the work indicate that a surface layer with a complex composite 
structure consisting of  Y-ZrO2 crystallites is formed on  the glass surface and 
in the glass matrix in the near-surface areas. This gradient layer (FGM) has a con-
trolled thickness from several to hundreds of nanometers. It effectively modifies 
the properties of the glass by introducing favorable stresses on the surface and 
therefore increases its hardness and tensile strength. At the same time, thermal 
properties of  the glass were determined, which allowed to determine the tem-
perature of heating the glass substrate necessary for the proper implementation 
of the oxide layer by the LPPS method. The glass parameters achieved in the work 
are very promising and comparable with the characteristics of  the best glasses 
currently used in optoelectronics, especially in the displays of mobile phones and 
solar cells.
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Preparation factors influencing perovskite structure  
and morphology in SrCeO3 mixed oxide

Galina Sádovská, Žaneta Dohnalová, Petr Bělina, Petra Šulcová
Department of Inorganic Technology, Faculty of Chemical Technology,  
University of Pardubice, Studentská 95, 532 10 Pardubice, Czech Republic 
zaneta.dohnalova@upce.cz

In  the present time, perovskite oxides with general formula ABO3 are of great 
interest in the wide field of applications. They can be used as ionic and electronic 
conductors, high-active catalysts because of  oxygen-deficient perovskite struc-
ture, as solar cells  , and oxygen-transporting membranes.

Strontium cerate with perovskite structure, SrCeO3, belongs to high tempera-
ture stable materials and is a well-known proton conductor, catalyst for 3-cyano-
pyridine synthesis   and as environmentally friendly yellow pigment  .

The final structure and morphology of  SrCeO3 can be influenced by  many 
factors occurring during synthesis. Firstly, the production route (solid state reac-
tion, sol-gel precipitation) is an important factor. Then the type of raw materials, 
precipitating agent (NH4OH, (NH4)2CO3, NaOH), speed of precipitation, super-
saturation, type and speed of mixing and presence of additives (starch, polyethyl-
ene glycol, methoxyacetic acid, ethylenediaminetetraacetic acid) play important 
role in the synthesis. Some of the listed factors such as preparation route followed 
by the detailed study of the precipitation method from aqueous and non-aqueous 
solution are targets of this study. Thus, the particle and crystallite size, crystalline 
morphology and consequently the final colour can be varied. 

This work has been supported by Grant Agency of Czech Republic, project No. 16-06697S.

[1] W. Fang, Ch. Zhang, F. Steinbach, A. Feldhoff, Angew. Chem. Int. Ed., 56 
(2017) 7584

[2] S. Zeng, P. Kar, U.K. Thakur, K. Shankar, Nanotechnology, 29 (2018) 052001
[3] A. Dubey, N. Adhikari, S. Mabrouk, et.al, J. Mater. Chem. A, 6 (2018) 2406
[4] J. Garcia-Fayos, M. Balaguer, S. Baumann, J.M. Serra, J. Membrane Sci., 548 

(2018) 117
[5] M. Swift, Ch.G. Van de Walle, J. Phys. Chem. C, 120 (2016) 9562
[6] Y. Wei, Y. Huang, H. Ju, H. Xia, D. Shen, Q. Yuan, CN107056696 A, (2017)
[7] R. Oka, T. Tsukimori, H. Inoue, T. Masui, J. Ceram. Soc. Jpn., 125 (2017) 652 
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Artificial neural network approach for a determination of liquidus 
and solidus temperatures of steel 

Mario Machů1,2, Ľubomíra Drozdová1,2, Bedřich Smetana1,2, Jan Růžička1
1Faculty of metallurgy and materials engineering, VŠB-Technical University of Ostrava,  
17. listopadu 15, Ostrava-Poruba, 708 33, Czech Republic, EU 
lubomira.drozdova@vsb.cz 
2Regional material science and technology centre, VŠB-Technical University of Ostrava,  
17. listopadu 15, Ostrava-Poruba, 708 33, Czech Republic, EU

Thirty-three real grades of  steels were studied by  means of  thermal analysis. 
Phase transition temperatures like liquidus and solidus temperatures were eval-
uated by Differential Thermal Analysis (DTA) method using the Setaram Setsys 
18TM. Measurements were done by a heating rate of 10°C/min. Those measured 
values were used for an evaluation of model based on neural network approach. 
Neural networks were created on basis of data available in the literature (chem-
ical composition and phase transition temperature). A neural network, with the 
best performance with minimal mean squared deviations between predicted and 
expected values, was chosen for evaluation by data from conducted experiments.

Neural network predictions of  liquidus temperatures brought promising re-
sults in comparison with commonly used software tools like IDS (Inter Dendritic 
Software) or Thermo-Calc with use of the TCFE8 (Thermo-Calc Fe-based alloys).

Maximal absolute error for temperatures of liquidus in prediction was 10 °C, 
mean absolute error 2.6 °C with a coefficient of correlation R=0.986. These values 
are at least comparable with those from IDS calculations where a maximal abso-
lute error was the same 10 °C, mean absolute error was higher - 4.3 °C and value 
of R=0.99. Predictions based on Thermo-Calc came as such: maximal absolute 
error 28 °C, mean absolute error 6.7 °C and value of R=0.94.

A similar analysis was done for solidus temperatures. Paper deals with used 
methodology both for obtaining experimental DTA values both for creating 
and using an artificial neural network and presents obtained results and their 
discussion.

This paper was created on the Faculty of Metallurgy and Materials Engineering in the Project 
No. LO1203 “Regional Materials Science and Technology Centre - Feasibility Program” 
funded by Ministry of Education, Youth and Sports of the Czech Republic, GAČR project 
No. 17-18668S, student projects SP2018/93 and SP2018/94.
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Study of influence of magnetic field on thermal stability of water 

Dariusz Sternik, Aleksandra Szcześ, Emilian Chibowski
Faculty of Chemistry, Maria Curie-Sklodowska University, Lublin, 20-031, Poland

The aim of the research was to determine the effect of magnetic field on the pro-
cesses of evaporation and melting of water. Static magnetic field was acting on wa-
ter at static and kinetic condition. Thermal analysis was carried out on a STA 449 
Jupiter F1 apparatus from Netzsch (Germany). The heat of water evaporation was 
determined from measurement  DSC/TGA using method presented in [1] under 
the following operational conditions: atmosphere of  nitrogen (100 mL/min), 
sample mass 25 mg, and sensor thermocouple type S TG-DSC. After transfer 
of the sample to the aluminium crucible, the pan was immediately covered with 
a 120-mesh aluminium screen and measurements was ample was done isother-
mally at room temperature (30°C). In  the second series of measurements the 
samples were hermetically sealed in aluminium crucibles and cooled in helium 
atmosphere to -80°C and then heated to +40°C again at the rate 10oC. Data were 
collected and processed using the NETZSCH Proteus® software, version 6.1

Fig. 1. Influence of time action of magnetic field (15mT) at kinetic condition on the heat of water 
melting: (reference (red line), circulation- 1 min (violet line), circulation + MF- 1 min (black 
line), circulation- 10 min (blue line), circulation +MF- 10 min (green line).

This project was financed by The National Science Centre based on  the decision number 
DEC-2016/21/B/ST4/00987.

[1] S. Sauerbrunn, M. Zemo, American Laboratory, 2009, http://www.
americanlaboratory.com/ 914-Application-Notes/644-Measuring-the-Heat-
of-Evaporation-by-TGA-DSC/ 
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Thermal and spectroscopic studies of multicomponent glasses  
from P2O5-SiO2-K2O-MgO-CaO-Fe2O3 system

Justyna Kuczek, Magdalena Szumera, Barbara Łagowska
AGH University of Science and Technology, Faculty of Material Science and Ceramics,  
Al. Mickiewicza 30, 30-059 Cracow, Poland 

Amorphous solids from P2O5-SiO2-K2O-MgO-CaO system, with molar ratio 
of  P2O5 and SiO2 set as 41 : 6, modified by  2-30 mol% Fe2O3 addition, were 
successfully obtained and subjected to the thermal and structural studies. DSC 
method was used for describing phase transitions occurring in  glasses during 
heating. Thermal effects were characterized through assignation of parameters, 
such as  glass transition temperature (Tg), change of specific heat (Δcp), tempera-
ture of crystallization effects (Tc) and thermal stability (ΔT). Impact of increasing 
addition of  iron oxide at the expense of magnesium and calcium oxide on the 
structure of glasses manifested itself and was reflected in noted changes of values 
of designated thermal parameters.

DSC analysis was combined with XRD method, which also allowed to perform 
of  identification of peculiar crystallization phases and verification of homogene-
ity. Quantitative analysis was also carried out using Rietveld technique. Results 
were confronted and found to be consistent with the effects of Raman and FTIR 
studies. 

Performed study shed a light into a structure of iron phosphate silicate glasses – 
material which can be considered as scientific novelty with various potential 
applications.

The work was supported by the Faculty of Materials Science and Ceramics AGH — University 
of  Science and Technology No. 11.11.160.617 and the EU Project POWR.03.02.00-
00-I004/16
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Thermal characteristic of the silicate-phosphate glasses modified 
with B2O3 addition

Barbara Łagowska, Justyna Kuczek, Magdalena Szumera, Irena Wacławska
AGH University of Science and Technology, Faculty of Materials Science and Ceramics,  
al. Mickiewicza 30, 30-059 Krakow, Poland

The aim of the study was thermal characteristics of glasses from the SiO2–P2O5–
K2O–CaO–MgO system, modified by  the addition of  B2O3. Amorphous state 
of glasses and the course of phase transformation and crystallization taking place 
during their heating were investigated by  DSC, XRD and spectroscopy meth-
ods. The X-ray diffraction method was applied to identify the crystalline phases 
created in the thermal process of glass heating. An impact of B2O3 on thermal 
parameters such as transformation temperature (Tg),  temperature of crystalliza-
tion (Tk), change of specific heat (Δcp) and enthalpy of crystallization (ΔH) was 
determined. It was determined that the addition of B2O3 to the silicate-phosphate 
glasses results in decrease in the glass transition temperature (Tg), simultaneously 
with reducing the Δcp and changes thermal stability parameter (ΔT) values. The 
ability of glasses to  crystallize was evaluated from the values of  crystallization 
temperature Tc, and the thermal stability parameter of glasses ΔT. Explanations 
of these phenomena was based on the analysis of strength of bonds and the chem-
ical interactions of the components in the structure of silicate-phosphate glasses.
The type of the crystal phases forming in the course of heating analysed of glasses 
has been found to be in agreement with the results of the spectroscopy methods.

The work was supported by Faculty of Materials Science and Ceramics AGH – University  
of Science and Technology No 11.11.160.617. 
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The role of temperature in the structural and electrical properties 
of α-Fe2O3 crystals enclosed by well-defined facets

Anna Kusior, Kinga Michalec, Marta Radecka
AGH University of Science and Technology, Faculty of Materials Science and Ceramics,  
al. A. Mickiewicza 30, 30-059 Krakow, Poland

Hematite, α-Fe 2O3, is one of the most stable transition metal oxides under am-
bient conditions. It is an eco-friendly n-type semiconductor. Moreover, hematite 
is an inexpensive material, which is stable in  most aqueous solutions (pH>3) 
[1]. It is observed that more and more scientific publications are focused on the 
modification of nanostructures based on iron oxides. It has been proven that the 
modification of the size and shape of α-Fe2O3 nanomaterials results in a signifi-
cant change in their physicochemical properties and consequently opens up vast 
possibilities for applications. 

The surface condition of the oxide plays a significant role [2]. It can be reached 
in  structural and functional groups which can interact with various species. 
Moreover, the surface development influences the reactivity, oxide dissolution, 
dehydration behavior, phase transformation and thermodynamic stability. A sig-
nificant role is  played by  water [3] in  many processes occurring at iron oxide 
surfaces, i.e. as a reactant in catalysis or an oxidizing agent in phase transition.

The aim of this work was to analyze the thermal behavior of iron oxide-based 
crystals enclosed by  well-defined facets. α-Fe2O3 nanomaterials were prepared 
by a metal-ion mediated hydrothermal route. The obtained nanopowders were 
characterized using X-ray diffraction, scanning electron microscopy and optical 
spectrophotometry. The influence of  temperature and time on  the shape and 
properties of iron oxides was analyzed.

This project was financed by the National Science Centre (NCN) based on decision number 
2016/21/B/ST8/00457.

[1] M. Mishra, D-M. Chun, App. Catal. A-Gen. 498 (2015) 126
[2] E. Tronc et.al., J. Magn. Magn. Mater. 221 (2000) 63
[3] S. Yin, X. Ma, D.E. Ellis, Surf. Sci. 601 (2007) 2426
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Synthesis of anisotropic Cu2-xS-based nanostructures by thermal 
oxidation

Anna Kusior, Piotr Jeleń, Julia Mazurków, Marta Radecka
AGH University of Science and Technology, Faculty of Materials Science and Ceramics,  
al. A. Mickiewicza 30, 30-059 Krakow, Poland

The recognition that anisotropy is a powerful tool for engineering the assembly 
of particular targeted forms has brought new excitement to the field. The design 
and fabrication of  particles with different geometry and anisotropic material 
composition have drawn great attention in  recent years [1]. Their preparation 
remains a challenging task. 

Copper sulfide is an important nanocrystalline transition metal chalcogenide 
and p-type semiconductor rediscovered a few years ago. Due to it’s unusual elec-
tronic, optical and other physical and chemical properties is a promising material 
with applications in solar cells, optical filters, gas sensors and lithium-ion batter-
ies [2].

Heating Cu2-x S in the air should lead to the formation of copper oxides beyond 
a critical temperature [3]. However, due to the fact that copper can diffuse and 
easily change the oxidation state, formation of more complex structures is more 
probable. Nevertheless, the controlled transformation process can affect the 
obtaining of new semiconductor material, with unique properties. A fact worth 
noticing is that copper ions can diffuse and change their oxidation state, which 
makes them ideal candidates for the patchy structures formation. 

Presented work aims to investigate the thermal behavior of flower-like Cu2-xS 
nanostructures and their conversion to copper oxides. Nanomaterials were pre-
pared by a hydrothermal route. The obtained nanopowders were characterized 
using X-ray diffraction, scanning electron microscopy and optical spectropho-
tometry. The influence of temperature on the shape and phase composition were 
analyzed by TG/DTA, XRD and IR in situ measurements, over the temperature 
range of 25-500°C.

This project was financed by the National Science Centre, Poland, based on decision number 
UMO-2016/23/D/ST8/00024.

[1] J.Du, R.K. O’Reilly, Chem.Soc.Rev. 40 (2011) 2402
[2] P. Roy, S.K. Srivastava, CrystEngComm 17 (2015) 7801
[3] S.Wang, Q. Huang, X. Wen, X-Y. Li, S, Yang, Phys. Chem. Chem. Phys. 4 

(2002) 3425
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Analysis of crystallization kinetics of Cu-Ni alloy 

Beata Krupińska1, Zbigniew Rdzawski2, Mariusz Król1
1Institute of Engineering Materials and Biomaterials, Silesian University of Technology, 
Konarskiego St. 18a, 44-100 Gliwice, Poland, beata.krupinska@polsl.pl 
2Institute of Non-Ferrous Metals, Sowińskiego St. 5, 44-100 Gliwice, Poland

For determination the structure and properties of  those alloys, the following 
investigations were carried out: scanning microscopy, EDS X-ray analysis.  Inves-
tigations concerning the optimal chemical composition and production method 
of Cu-Ni alloys as well as the improved properties.

Thermal analysis of the crystallisation process provides for the precise calcula-
tion of latent heat of multiple phases formed during solidification. Based on the 
theory, that the latent crystallisation heat is equal to  the percentage of various 
phases in the alloy, the thermo-derivative analysis also provides the estimation 
of the volume of crystallised phases. Calculation of the features as discussed ear-
lier is based on the representative points determined in a derivative curve. The 
appropriately selected chemical combination of  the alloy, as well as the proper 
cooling rate and heat treatment conditions, lead to increase of functional attri-
butes of produced components [1,2]. 

For the analysed alloys, a thermal-derivative analysis was used to determine 
the kinetics of crystallisation and the temperature of the beginning and the end 
of a phase and eutectics crystallisation, mainly the liquidus temperature (TL) and 
solidus temperature (TSOL). The TSOL temperature determined on thermal-deriva-
tive analysis is the upper limit of supersaturation of the tested alloys. The micro-
hardness of the tested alloys were also measured in the function of the chemical 
composition and the state (i.e. heat treatment).

Determination of  the TSOL temperature will allow determining the optimal 
supersaturation temperature for multi-component Cu-Ni alloys.

[1] J. Stobrawa, Z. Rdzawski, W. Głuchowski, W. Malec.: Microstructure and 
properties of CuNi2Si1 alloy processed by continuous RCS method, Vol. 
37, Issue 2, Journal of Achievements in Materials and Manufacturing 
Engineering, 2009, 466-479

[2] Krupiński M., Krupińska B., Labisz K., Rdzawski Z., Borek W., Influence 
of cooling rate on crystallisation kinetics on microstructure of cast zinc 
alloys, Vol. 118, Issue 2, Journal of Thermal Analysis and Calorimetry, 2014,  
1361-1367
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Phase transformations in micro-alloyed steel containing  
Nb, Ti and V

Elżbieta Kalinowska-Ozgowicz, Klaudiusz Lenik, Zygmunt Lenik 
Lublin University of Technology, Fundamentals of Technology Faculty,  
38 D Nadbystrzycka Str., 20-618 Lublin, Poland  
z.lenik@pollub.pl

This paper presents the results of investigations of phase transformations in mi-
cro-alloyed steel by  dilatometric method and with analytical method for the 
development and generation of TTTi (time, temperature, transformation) curves 
using the software in the applied dilatometer. The γ (austenite) grain size at the 
austenitising temperature and the content of elements in chemical composition 
of the test steel as well as the austenitising temperature were the basic data for 
calculations.  The TTTi curves obtained by the analytical method were verified 
based on the results of experimental studies. 

Dilatometry was carried out using the DIL805A/D direct dilatometer by Ther-
moanalyse GmbH with a measuring head for cooling with different rates. The 
applied dilatometer allowed the heating temperature, heating rate as well as strain 
degree, rate and temperature to be programmed for the test material. The investi-
gation of phase transformations was carried out for non-deformed material with 
austenitising temperature of 900°C and for deformed material with austenitising 
temperature of 1200°C and strain temperature of 900°C. The results of dilatom-
etry are presented as the TTTi (time, temperature, transformation) curves. After 
dilatometry, the test pieces were subject to metallographic observations and hard-
ness measurements. The γ structure after holding at austenitising temperature 
and following austenitisation and deformation was examined by  etching with 
picric acid solution. The metallographic observations of test pieces after cooling 
at different rates were also carried out, revealing differences in structure of the 
test steel after cooling of non-deformed and deformed austenite.

[1] E. Kalinowska-Ozgowicz, R. Kuziak, W. Ozgowicz: Recrystallization 
of HSLA steel revealed with a hot-compression test, Metals and Technology, 
2018, 2, v 52, p. 31-35 

[2] E. Kalinowska-Ozgowicz, R. Kuziak, W. Ozgowicz, K. Lenik: Kinetics of the 
precipitation in austenite HSLA steels, Metals and Technology, 2015, 5 , v49, 
p. 673-679

[3] H. Adrian, Numerical modelling of heat treatment processes (monograph 
in Polish), AGH Krakow 2011
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Study of early hydration in four-component cement based systems

Eva Kuzielová1,2, Matúš Žemlička1,2, Radoslav Novotný3, Martin T. Palou1,2,3
1Institute of Construction and Architecture, Slovak Academy of Sciences, Dúbravská cesta 
9, SK-845 03 Bratislava, Slovak Republic 
2Faculty of Chemical and Food Technology, Slovak University of Technology, Radlinského 
9, SK-812 37 Bratislava, Slovak Republic 
3Materials Research Centre, Faculty of Chemistry, Brno University of Technology, 
Purkyňova 118, CZ-612 00 Brno, Czech Republic

Isothermal calorimetry and thermal analysis were used to investigate early stages 
of  hydration in  cementitious binders comprised of  ordinary Portland cement 
(PC), silica fume (SF), metakaolin (MK) and ground granulated blast-furnace 
slag (BFS). Two SF levels (5 and 10 mass%) and varied MK to BFS portions were 
used by keeping replacement level of cement equal 45 mass%. Hydration of sam-
ples was stopped before and after the 2nd and the 3rd calorimetric peaks occur-
rence and the amount of  formed CH was used to  evaluate pozzolanic activity 
of the used additives [1].

Acceleration of PC hydration was evidenced up to the first 11 h approximate-
ly, especially in the case of samples prepared with higher SF content. Although 
dilution effect demonstrated more significantly from the time when additives 
stopped to act as hydration accelerators and reaction rate began to be controlled 
by phase boundary interactions and diffusion, also pozzolanic reactions partici-
pated on the current processes already in such early times.

This work was supported by  courtesy of  APVV-15-0631, Slovak Grant Agency VEGA 
Nos. 2/0097/17, 1/0696/15 and by Project Sustainability and Development REG LO1211 
addressed to the Materials Research Centre at FCH VUT.

[1] KJ Krakowiak et al.: Nano-chemomechanical signature of conventional 
oil-well cement systems: effects of elevated temperature and curing time. 
Cement Concrete Res. 2015; doi:10.1016/j.cemconres.2014.08.008
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Investigation of  four-component cement based systems by  using 
thermal analysis techniques

Matúš Žemlička1,2, Eva Kuzielová1,2, Martin T. Palou1,2,3
1Institute of Construction and Architecture, Slovak Academy of Sciences,  
Dúbravská cesta 9, SK-845 03 Bratislava, Slovak Republic 
2Faculty of Chemical and Food Technology, Slovak University of Technology,  
Radlinského 9, SK-812 37 Bratislava, Slovak Republic 
3Materials Research Centre, Faculty of Chemistry, Brno University of Technology, 
Purkyňova 118, CZ-612 00 Brno, Czech Republic

Simultaneous influence of silica fume (SF), metakaolin (MK) and ground gran-
ulated blast-furnace slag (BFS) on  the hydration of  ordinary Portland cement 
(OPC) replaced by 45 mass% was investigated by means of thermal analyses and 
supported by compressive strength measurements. Samples were prepared with 
two SF levels, 5 and 10 mass%, and changing MK to BFS portion giving six blend-
ed compositions in total.

Quantity of formed CH and other hydration products, reflecting the compo-
sition and the activity of particular additives, confirmed that impact of relatively 
high substitution level of  OPC was overcome already after 28 days of  curing. 
Compressive strengths of  blended samples reached or even exceeded corre-
sponding values of  referential samples in  all testing times. The initial portion 
of SF seemed to be the most important factor, however, longer curing times al-
lowed also demonstration of BFS presence.

Formation of  more thermal stable hydration products, such as phases with 
calcium/silicon ratio near 1, could extend applications of  these materials also 
in severe conditions of geothermal wells [1].

This work was supported by courtesy of APVV-15-0631, Slovak Grant Agency VEGA No. 
2/0097/17 and by Project Sustainability and Development REG LO1211 addressed to the 
Materials Research Centre at FCH VUT.

[1] E. Kuzielová et al., J Therm Anal Calorim, doi: 10.1007/s10973-017-6806-2.

S05_P19



164

S05  Materials science: ceramics, composites, cements, catalysts, alloys etc.     
S05_P20

Contents

The oxidation/reduction properties of doped strontium titanate

Ewa Drożdż, Agnieszka Łącz
AGH University of Science and Technology, Faculty of Materials Science and Ceramics,  
al. Mickiewicza 30, 30-059 Krakow, Poland

Porous materials based on strontium titanate is one of  the groups of materials 
which play an important role in solid state chemistry and have great application 
significance, especially in electroceramics technology. This type of materials often 
demonstrates not only different microstructure but also thermal, electric (ionic 
end electron conductivity) and catalytic properties while compare to dens one. 

The presented results concern oxidation/reduction properties of strontium ti-
tanate doped with yttrium and chromium  - Y-SrTiO3 and Cr-SrTiO3 respectively. 
Porous undoped and doped strontium titanates were obtained by wet synthesis 
(sol-gel method). The phase composition of all synthesized samples (XRD analy-
sis) shows that materials were single-phase with the crystallite sizes in the range 
90 – 180nm. Structural research also confirmed the incorporation of yttrium into 
strontium sublattice, while chromium is located in the titanium one. 

The ability to  participate the obtained systems in  the oxidation-reduction 
processes were determined by means of temperature-controlled reduction (TPR) 
and oxidation (TPOx) measurements carried out in hydrogen/argon and oxygen/
argon atmosphere, respectively. TPR studies showed that the system doped with 
yttrium exhibits weak opportunities to participate in redox reactions while chro-
mium doped materials show higher ability to  take part in oxidation/reduction 
processes mainly due to the possibility to change the chromium oxidation state. 
In the case of chromium dopant, the results of TPR tests allowed to determine the 
oxidation states of chromium in SrTiO3 structure (+3 and +6). These results have 
been also confirmed by XPS research. 

This work was financially supported by  the National Science Center of  the Republic 
of Poland, Grant No. 2014/14/E/ST5/00763
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Studies of early hydration of calcium aluminate cement in presence 
of selected aluminosilicates 

Mariola Nowacka, Barbara Pacewska 
Warsaw University of Technology, Faculty of Civil Engineering,  
Mechanics and Petrochemistry, Institute of Chemistry,  
Łukasiewicza 17 St., 09-400 Plock, Poland  
Mariola.Nowacka@pw.edu.pl 

Calcium aluminate cement is a  fast-hardening hydraulic binder characterized 
mainly by  high early strength, fast hardening and sulfate resistance, which is 
different from the Portland cements commonly used in regard of  its composi-
tion, hydration process chemistry and the properties. The interaction of this type 
of cement with different kinds of additions as well as admixtures is much less 
known than in case of Portland cements and requires research.

The aim of this work was to study of the effect of two kinds of aluminosilicates 
on early hydration of calcium aluminate cement (Al2O3 min. 40%) at different 
curing temperature. The hydration kinetics was examined by conductometry and 
the hydrates formed were recognized by thermal analysis and X-ray diffraction 
measurements. In the conductometry investigations a specific cell was designed 
to  examine the initial setting and hardening of  cement paste by  simultaneous 
monitoring electrical conductivity and temperature versus time.

According to obtained results it was found that the studied aluminosilicates 
have a different interaction mechanism in the induction stage, and their 
influence on the kinetics of the hydration process varies with temperature. 
One of them, regardless of the temperature, acts as an accelerator but the 
other, depending on the temperature, is a retarder or an accelerator of set-
ting and hardening of calcium aluminate cement. It was observed that both 
the mineral additions reduce the self-heating and thus prevent the hydrogarnet 
formation already during early hydration process. However the hydration prod-
ucts already formed depend more on the curing temperature than the presence 
of aluminosilicates.
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Investigation of chemical-mechanical activation  
of fly ash-cement mixtures

Iwona Wilińska1, Barbara Pacewska1, Andrzej Ostrowski2
1Warsaw University of Technology, Faculty of Civil Engineering, Mechanics  
and Petrochemistry, Institute of Chemistry, 17 Łukasiewicza St., 09-400 Płock, Poland 
2Warsaw University of Technology, Faculty of Chemistry, 3 Noakowskiego St.,  
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Fly ash introduced into cement mixture can influence hydration processes 
and properties of composite depending on  the type of fly ash and its amount. 
Conventional pulverized fly ash from combustion of hard coal does not exhibit 
cementing properties. It means that this type of fly ash cannot harden in presence 
of water. However, it is well-known that in presence of water and Ca(OH)2, it 
shows pozzolanic properties – active components of  fly ash undergo reaction 
and solid phases similar to products of Portland cement hydration are formed. 
Pozzolanic reaction needs some time to develop. Proper pH of reaction media 
is also crucial. Thus, in case of mixtures containing high amount of fly ash, ini-
tial setting time is elongated and early compressive strength is low. This is why 
activation of  such mixtures is often necessary, especially in  case of  very high 
amount of fly ash, it is 70 – 80 wt%, and low amount of cement. One of activa-
tors may be Na2SO4. It causes increase of pH as a result of reaction of Na2SO4 
and Ca(OH)2, described e.g. in [1,2]. In our previous papers [3,4] we proposed 
to use Na2SO4 and Ca(OH)2 as activators of mixture containing about 80 wt% 
of fly ash. Calorimetric measurements of chemically and mechanically activated 
mixture are very promising [3,4]. The activation consisted of grinding together 
all of the dry components (fly ash, cement, Na2SO4, Ca(OH)2) in planetary ball 
mill during adequate time. This work is a continuation of the investigation. The 
aim of this research is to explain mechanism of chemical-mechanical activation 
of fly ash-cement mixture depending on the time of grinding. Hardened samples 
(up to 28th day of hydration) were investigated by the use of TG/DTG, IR spec-
troscopy, X-ray diffraction and SEM observations. 

[1] Donatello S., Fernández-Jiménez A., Palomo A., J. Am. Ceram. Soc., 96 
(2013) 900

[2] T. Hemalatha, A. Ramaswamy, J. Clean. Prod., 147 (2017) 546
[3] I. Wilińska, B. Pacewska, J. Therm. Anal. Calorim., (2018). 

https://doi.org/10.1007/s10973-017-6915-y 
[4] I. Wilińska, B. Pacewska, Przem. Chem., 96 (2017) 761
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Temperature behavior of silicon oxycarbide glasses  
in air and argon atmosphere

Piotr Jeleń, Magdalena Szumera, Maciej Bik, Magdalena Gawęda,  
Elżbieta Długoń, Maciej Sitarz
Faculty of Materials Science and Ceramics, AGH University of Science and Technology,  
30 Mickiewicza Av., 30-059 Krakow, Poland.

Silicon oxycarbide glasses are materials of  amorphous silica structure where 
a part of oxygen ions have been replaced by carbon ions. Such substitution leads 
to improvement of mechanical, chemical and thermal properties [1]. Due to that 
fact black glasses, as they are also called, attract attention of  various scientific 
branches [2,3]. Due to the possibility of changing the ratio of Si:O:C it is possi-
ble to adjust the chemical and physical parameters and adapt them to a specific 
application.

Ladder-like silsesquioxanes with a controlled amount of carbon were used as 
a precursor for obtaining silicon oxycarbide glasses. Pyrolysis process was carried 
out in Ar atmosphere at 800oC. XRD and FT-IR studies confirmed that obtained 
materials are amorphous. Prepared samples were subjected to  thermal studies 
(DSC, TGA) along with a combined temperature dependent infrared measure-
ments – DRIFT. Those measurements were performed in both air and argon at-
mosphere. Carried out research allowed to determine the temperature behavior 
of selected oxycarbide glasses. 

This work has been supported by  the National Science Centre project no. 2017/25/B/
ST8/02602 „Polisiloxane layers modified by carbone nanotubes on metallic substrates”
 
[1] P. Jeleń, M. Szumera, M. Gawęda, E. Długoń, M. Sitarz, Journal of Thermal 

Analysis and Calorimetry, 130 (2017) 103,
[2] M. Gaweda, P. Jeleń, E. Długoń, A. Wajda, M. Leśniak, W. Simka, M. Sowa, 

R. Detsch, A.R. Boccaccini, M. Sitarz, Journal of American Ceramic Society 
101 (2018) 590,

[3] M. Bik, M. Stygar, P. Jeleń, J. Dąbrowa, M. Leśniak, T. Brylewski, M. Sitarz, 
International Journal of Hydrogen Energy 42 (2017) 27298.
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Properties of polymer films deposited on glass

K. Terpiłowski1, D. Rymuszka1, D. Sternik2
1Department of Physical Chemistry-Interfacial Phenomena, Faculty of Chemistry,  
Maria Curie-Skłodowska University, pl. Maria Curie-Skłodowskiej 3, 20-031 Lublin, 
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2Department of Physical Chemistry-Physicochemistry of Solid Surfaces, 
Faculty of Chemistry, Maria Curie-Skłodowska University, 
pl. Maria Curie-Skłodowskiej 3, 20-031 Lublin, Poland

Plasma modification leads to changes in material properties, which include bio-
logical, chemical, mechanical, optical or electrical ones [1]. The major advantages 
of plasma modification include the simplicity and the lack of products formed 
during the plasma process [2,3]. The use of plasma technology provides the abili-
ty to change the surface properties of all types of polymers and glass independent 
of their structure and reactivity. Furthermore, this technology is environmentally 
friendly, what is very important aspect nowadays.

There are four basic types of  applications of  plasma surface modification: 
cleaning, coating, etching and activation. Coating involves layer deposition 
on the support what results in surface properties improvement such as adhesion, 
printability and adhesion of  various types of  elements. The coating process is 
widely used in the case of all industrial materials, glass, metals and ceramics.

The aim of the study was deposition of poly(methyl mathacrylate) (PMMA) 
layers on  the glass surface. Three systems were investigated. The first one in-
cluded deposition of the polymer layers on the unmodified glass surface and the 
second deposition on  the activated by air plasma glass surface. The third type 
of created layers were obtained by deposition on the unmodified glass support 
PMMA solution by using plasma technique. Next, the wettability and topography 
were investigated. The contact angles were measured for tested liquids using the 
sessile droplet method. Then, the surface free energy and its components were 
calculated using the values of the measured contact angles and applying appro-
priate theoretical approaches. Furthermore, the topography of the surfaces were 
reflected in 3D images obtained using optical profilometer.

[1] P.K. Chu, J.Y. Chen, L.P. Wang, N. Huang, Mat. Sci. Engineer. R 36 (2002) 
143-206. 

[2] A. Reznickova Z. Kolska, V. Hnatowicz, P. Stopka, V. Svorcik,  Nuclear Inst. 
Meth. Phys. Res. B 269  (2011) 83–88. 

[3] C. Wang, J.R. Chen, R. Li, Appl. Surf. Sci. 254 (2008) 2882. 
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based superalloys

Grzegorz Moskal1, Agnieszka Tomaszewska2, Milena Kierat1, Tomasz Maciąg2
1Institute of Materials Engineering, Faculty of Materials Engineering and Metallurgy, 
Silesian University of Technology, Krasińskiego 8 str., 40-019 Katowice, Poland 
2Department of Extraction Metallurgy and Environment Protection, Faculty of Materials 
Engineering and Metallurgy, Silesian University of Technology,  
Krasińskiego 8 str., 40-019 Katowice, Poland

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-10Al-5Mo-2Nb (at.%) alloy as and 
Ni-modified version and 2 new alloys with composition not presented in litera-
ture modified by Ti and Cr Co-20Ni-10Al-5Mo-2Nb (at.%) and Co-20Ni-10Cr-
10Al-5Mo-2Nb (at.%) respectively.

The thermogravimetric analysis was carried out in  the temperature range 
40–1200°C of heating rate 5°Cmin-1. The investigation was performed using the 
thermal analyzer NETZSCH STA 449 F3 Jupiter. TG–DTG plots showed oxida-
tion 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-221/RM0/2018.
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Influence of SrO content on microstructure and crystallization  
of glazes in the SiO2-Al2O3-CaO-MgO-K2O system

Marcin Gajek1, Alicja Rapacz-Kmita1, Magda Leśniak1, Ewa Stodolak-Zych1, 
Magdalena Dudek2
1AGH University of Science and Technology, Faculty of Materials Science and Ceramics,  
al. Mickiewicza 30, 30-059 Krakow, Poland 
2AGH University of Science and Technology, Faculty of Energy and Fuels,  
al. Mickiewicza 30, 30-059 Krakow, Poland

The effect of the SrO addition on the microstructure and structure of the glazes 
from the SiO2-Al2O3-CaO-MgO-K2O system was investigated in this study. The 
results were obtained from investigation on the ability of the frits crystallization, 
the stability of  the crystallizing phases during the single-step fast-firing cycle 
depending on their chemical composition and the effect of addition of strontium 
oxide. DSC curves showed that all glazes crystallized, and pyroxene and anorthite 
were mainly identified as dominant phases in the obtained glazes, while the size 
and amount of each depended on the amount of SrO introduced. The thermal 
characteristic of the frits was carried out using differential scanning calorimetry 
(DSC), and crystalline phases were determined by  X-ray diffractometry. The 
glaze microstructure was investigated by scanning electron microscopy (SEM) 
and transmission electron microscopy (TEM). Additional information on  the 
microstructure of frits was derived from spectroscopic studies in the mid-infra-
red range (MIR).

This study was performed within the framework of funding for statutory activities of AGH 
University of Science and Technology in Krakow, Faculty of Materials Science and Ceramics 
(11.11.160.617).

S05_P26



171

S05  Materials science: ceramics, composites, cements, catalysts, alloys etc.     
S05_P27

Contents
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Monika Bosacka
West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology  
and Engineering, Department of Inorganic and Analytical Chemistry, 
Al. Piastow 42, 71-065 Szczecin, Poland

To the best of our knowledge, the ternary oxide system, i.e. MgO–In2O3–V2O5 
has been previously examined to a very limited extend. According to the hitherto 
published scarce data on this system, as a result of the reaction of Mg2V2O7 with 
InVO4  in  solid state, one compound Mg2InV3O11 is formed [1]. The similarity 
of unite cell parameters of Mg2InV3O11 with Mg2FeV3O11 as well as the similarity 
of their IR spectra indicate that they are isostructural [1,2].  According to liter-
ature data, the two components Mg2FeV3O11 and  to  Mg3Fe4V6O24 are formed 
in the system MgO–Fe2O3–V2O5 system [2].

The main aim of the presented work was to check if in one of the cross-sections 
of  the MgO–In2O3–V2O5 system, i.e. in  the system Mg3(VO4)–InVO4, any new 
compound is formed and if it is so – the second point of the study was to deter-
mine its some physicochemical properties.

12 samples were prepared from V2O5, In2O3 and 3MgCO3·Mg(OH)2·3H2O with 
compositions representing the whole range of  the components concentrations 
of  Mg3(VO4)–InVO4 system. The reactions were carried out by  conventional 
ceramic method in air atmosphere. Appropriate portions of reacting substanc-
es were homogenized by grinding and heated for several stages until the state 
of equilibrium was attained. On completion of each heating stage the samples 
were cooled down in furnace to room temperature, ground and analyzed by XRD 
method and DTA.

The results obtained in the study have shown that in the system Mg3(VO4)2–In-
VO4  ,a new compound of the formula Mg3In4V6O24 is formed. The new compound 
crystallizes in the triclinic system with the unit cell parameters: a = 0.6649(8) nm, 
b = 0.8231(4) nm, c = 1.0349(8) nm, α = 103.06°, β = 103.45° g = 102.75°, Z = 1 
and it is isostructural to Mg3Fe4V6O24. The new compound has a light yellow col-
or. It melts incongruently at 1000±5ºC with a depositing of solid In2O3. On the 
basis of the energy gap calculated for Mg3In4V6O24 (Eg ~ 3.3 eV), it was classified 
as a semiconductor.

[1] M. Bosacka, Mater. Res. Bull. 41 (2006) 2181
[2] M. Kurzawa, A. Błońska-Tabero, Mater. Res. Bull. 37 (2002) 849
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Synthesis and some properties of MII
3Cr4(PO4)6 where M=Zn or Mg 

A. Blonska-Tabero1, M. Bosacka1, E. Filipek1, M. Piz1, P. Kochmanski2
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2West Pomeranian University of Technology, Szczecin, Faculty of Mechanical Engineering 
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It is known from literature that phosphates(V) of  di- and trivalent metals are 
for many years the objects of  intensive studies, because they can be applied as 
inorganic pigments, electrode materials or as components of catalysts of different 
chemical processes [1–3]. Taking into account such data it can be assumed that 
also double phosphates(V), i.e. containing mixed di- and trivalent cation, can 
be very important for designing of new materials to be applied in different areas 
of technology. However, physicochemical properties of most of the double phos-
phates(V) were investigated only in a fragmentary way, which make it impossible 
to know their potential possibilities to be used. 

Merely two papers [4, 5] were found referring to  double phosphates(V) 
Mg3Cr4(PO4)6 and Zn3Cr4(PO4)6, what more, both concerning only their struc-
ture. Therefore, the aim of the presented work was to synthesize and to investigate 
some physicochemical properties of  the mentioned phosphates(V) containing 
trivalent chromium and divalent magnesium or zinc. 

Synthesis of Mg3Cr4(PO4)6 and Zn3Cr4(PO4)6 was performed in the solid state 
by  high-temperature treatment and for the comparison by  high-energy ball 
milling, too. Thermal stability of the obtained compounds was investigated using 
DTA-TG method. Mg3Cr4(PO4)6 and Zn3Cr4(PO4)6 were also studied using IR, 
UV-Vis and SEM methods. Investigation of their colour properties and anticor-
rosion efficiency as the potential ceramic pigments are planned.

[1] H. Onoda, H. Matsui, I. Tanaka, Materials Science and Engineering B, 141 
(2007) 28

[2] C. Choi, S.-D. Seo, H.-W. Shim, M.A. Dar, I.S. Cho, D.-W. Kim, Journal 
of Alloys and Compounds, 652 (2015) 100

[3] S. Xu, X. Yan, Q. Bu, H. Xia, RSC Advances, 6 (2016) 8048
[4] M. Gruβ, R. Glaum, Zeitschrift fϋr Kristallographie, 212 (1997) 510
[5] R. Glaum, Zeitschrift fϋr Kristallographie,  205 (1993) 69

S05_P28



173

S05  Materials science: ceramics, composites, cements, catalysts, alloys etc.     
S05_P29

Contents

Application of different aluminum precursors for synthesis  
of selected phases forming in the Li2O–Al2O3 system
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Literature survey has shown that interesting properties of  oxides building 
Li2O–Al2O3  system as well as phases forming with their engagement enable 
their application for manufacturing of  lithium batteries, carbonate fuel cells, 
catalysts, dosimeters of hard radiation and tritium [1–5]. Until now five com-
pounds of the formulas Li5AlO4, Li3AlO3, Li2Al4O7, LiAlO2 and LiAl5O8 have been 
described in literature. Li5AlO4, LiAlO2 and LiAl5O8 have both low-temperature 
and high-temperature modifications, but ranges of their thermodynamic stability 
have not been strictly defined [1–5]. Despite of numerous studies and application 
of different lithium and aluminum precursors still exist controversies concern-
ing number, composition, methods of preparation  and the structure of phases 
forming in this system [2–5]. The aim of this work was application of different 
aluminum precursors for synthesis of phases forming in the Li2O–Al2O3 system, 
elaboration of optimal synthesis conditions and determination of their proper-
ties. 

For investigations were selected three phases: Li5AlO4,  LiAlO2 and LiAl5O8.
The reactants used for syntheses were Li2CO3, α-Al2O3, Al2O3 sintered, boeh-
mite-AlOOH , gibbsite-Al(OH)3 and bayerite-Al(OH)3. Reaction mixtures after 
each heating stage were investigated by XRD. Powder diffraction patterns of pure 
products were subjected to indexation and their unit cell parameters calculated. 
Selected reactants, reaction mixtures and pure products were studied by using 
DTA-TGA, IR and UV-Vis-NIR/DRS measuring techniques. 

 
[1] O. A. Fouad, F. I. Farghaly, M. A. Bahgat, J. Anal. Appl. Pyrolysis, 78 (2007) 

65
[2] J. Gao, S. Xiao, R. Shi, H. Li, Solid State Ionics, 286 (2016) 122
[3] G. Özkan, V. Incirkuş Ergençoglu, Indian J. Chem. Techn., 23 (2016) 227
[4] B. Dhabekar, E. A. Raja, T. K. Gundu Rao, R. K. Kher, B. C. Bhatt, Indian J. 

Pure Appl. Phys., 47 (2009) 426
[5] H. J. Byker, I. Eliezer, N. Eliezer, R. A. Howald, J. Phys. Chem., 83 (1979) 

2349
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Literature review has shown that in the systems Nb2O5–MO3 where M = Mo and 
W, phases of the general formula Nb12MO33 are formed [1–4]. Nb12MO33 phases 
crystallize in  monoclinic system and are isostructural. Wide tunnels existing 
in their structure can be the paths of easy lithium diffusion and enable applica-
tion of these materials as components for manufacturing of electrodes in lithium 
batteries. 

The studies conducted in Department of Inorganic and Analytical Chemistry 
have revealed that the course of synthesis process of Nb12WO33 depends on the 
type of polymorphic modification of Nb2O5 used as a reactant [4]. Synthesis us-
ing T-Nb2O5 went through a stage in which a solid solution of WO3 in T-Nb2O5 
was formed, which underwent a  phase transition to  a  solid solution of  WO3 
in M-Nb2O5, and then to Nb12WO33. On the other hand, during the synthesis with 
H-Nb2O5, intermediate reaction products were Nb8W9O47 and Nb14W3O44. As the 
similar studies on Nb12MoO33 have not been conducted until now the aim of the 
presented work was to investigate the course of synthesis process of Nb12MoO33 
using T-Nb2O5 or H-Nb2O5 as a reactants and for the comparison to obtain this 
phase using wet method.

Synthesis of  Nb12MoO33 was performed by  high-temperature treatment 
of  mixtures comprising orthorhombic modification of  MoO3 and T-Nb2O5 or 
H-Nb2O5. In the case of wet method water solution of ammonium niobium(V) 
oxalate and solution obtained by digesting of MoO3 in 25% ammonia were used. 
Reaction mixtures after each heating stage were investigated by XRD. Selected 
samples were studied by using DTA-TGA, IR and UV-Vis-NIR/DRS measuring 
techniques. Powder diffraction patterns of obtained pure substances were sub-
jected to indexation.

[1] T. Ekstrom, Acta. Chem. Scand., 25 (1971) 2591
[2] S. Andersson, Z. Anorg. Allg. Chem., 366 (1969) 96 
[3] P. Tabero, J. Therm. Anal. Calorim., 74 (2003) 491
[4] P. Tabero, The synthesis and some properties of the block structure phases, 

Editor: West Pomeranian University of Technology, Szczecin, Szczecin 2010, 
ISBN 978-83-7663-047-2, monograph
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Investigation of thermal phenomena of alkaline activated 
metakaolin

Dariusz Mierzwiński, Michał Łach, Marek Hebda, Janusz Walter,  
Maria Hebdowska-Krupa, Janusz Mikuła
Cracow University of Technology, Faculty of Mechanical Engineering, Institute of Materials 
Engineering, 24 Warszawska Street., 31-864 Cracow, Poland

The article presents the study of  thermal phenomena occurring during the 
alkaline activation of  metakaolin. The tests were carried out for three types 
of commercially available metakaolin. The alkaline activation of the raw material 
was carried out in a mixture of a 10M NaOH solution and water glass. Next, the 
formed samples were subjected to  temperature treatment to produce geopoly-
mer binders. The comparison of  exothermic effects occurring during alkaline 
activation of metakaolin allowed to determine the reactivity of the investigated 
raw materials. Thermal phenomena which take place in the initial stage of  the 
alkaline activation of  metakaolin were analysed using a  specially constructed 
device in which the measurement was carried out by using negative temperature 
coefficient (NTC) thermistors.

Moreover, the article shows the results of morphology (SEM), mineralogical 
analysis (X-ray diffraction), density and particle size distribution of three types 
of metakaolin.

On  the basis of  the obtained results, the relationship between exothermic 
effects and the properties of raw materials subjected to alkaline activation was 
demonstrated.
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Specification of heat treatment thermal parameters 
 of Co-(Ni)-Al-W and Co-(Ni)-Al-Mo-Nb new Co-based superalloys 
strengthened by L12 phase

Agnieszka Tomaszewska1, Grzegorz Moskal1, Tomasz Mikuszewski1,  
Tomasz Maciąg2
1Silesian University of Technology, Institute of Materials Engineering, Poland 
2Silesian University of Technology, Institute of Metallurgy and Environment Protection, 
Poland

The new type of  Co-9Al-9W, Co-20Ni-7Al-7W alloys as well as tungsten free 
alloys of  Co-9Al-5Mo-2Nb and Co-20Ni-9Al-5Mo-2Nb type are the subject 
of presented article. Those alloys are the new group of heat resistant materials 
with microstructure typical for Ni-based superalloy – γ/γ`, with basic strength-
ened phase such as  γ` - Co(W,Al)3 and Co(Mo,Nb,Al)3 with L12 type of lattice, 
what is the most important differences to conventional solid solution and carbides 
strengthened Co-based superalloys. To obtain the desired γ/γ` microstructure 
the heat treatment with homogenization, solutioning and aging is necessary. The 
main goals of investigations is characterization of thermal behavior of those alloys 
during thermal analysis test by DTA method and basing of this data specification 
of homogenization parameters, as well as defining of so called solutioning and 
aging windows. 

The Co-(Ni)-Al-W  and Co-(Ni)-Al-Mo-Nb alloy were melted using induc-
tion vacuum furnace VSG 02 Balzers and casted under argon atmosphere. The 
rods of  size ø 20 × 100 mm were final product of  casting. In  order to  proper 
choice of heat treatment parameters, the thermal analysis including Differential 
Thermal Analysis (DTA) was carried out. The DTA analysis was performed using 
NETZSCH STA 449 F3 Jupiter thermal analyzer. The temperature range of anal-
ysis was 40÷1500°C of  heating rate 10°C∙s-1. On  the bases of  obtained results, 
respectively solvus of γ’ phase and solidus temperatures were determined, as well 
as the precipitation thermal range of DO19 phases of different types (Co3W, Co-
3Mo, Co3Nb) were determined.

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-221/RM0/2018.
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Thermal diffusivity measurement of materials used in plasma 
sprayed TBC`s systems – the influence of materials morphology  
and (re)manufacturing processes
Grzegorz Moskal, Marta Mikuśkiewicz, Anna Jasik
Silesian University of Technology, Institute of Materials Engineering, 40-019 Katowice, 
Krasińskiego str. 8, Poland, 
The goal of this article is thermal diffusivity characterization of materials used 
in thermal barrier coatings systems such as metallic Ni(Co)CrAlY alloys and ce-
ramic of 8YSZ type dedicated to deposition of bond-coat and insulating top-layer 
respectively. Those type of data are widely presented in literature but there are lack 
information about the morphological form of  investigated materials and there 
are large spreads of presented results. Thermal properties data based on  those 
literature sources can’t be adequate to real morphological form of materials used 
in the experiment (e.g. massive alloy vs. plasma sprayed coatings) what conse-
quently gives not satisfactory accuracy of  the obtained numerical simulations 
by MES methods. 

This article presents the characterization of thermal diffusivity of commercial 
Ni-22Cr-10Al-1Y alloy widely used for bond-coat deposition, and 8YSZ ceramic 
material dedicated for insulating layer in most of TBC systems, synthesized or 
remanufactured by different routes. In  the case of NiCrAlY alloy the analyzed 
specimens were used as the samples in the form of pressed from powder pellets, 
high temperature sintered massive alloy, two-layered coating system of  In625/
NiCrAlY type and free-standing NiCrAlY coating. 8YSZ ceramic was investigat-
ed in the form of pressed powder pellet (two commercial powders, nano-sized 
commercial powder), sintered pellets (one commercial powders, solid state re-
acted powder of 8YSZ type, co-precipitated powder of 8YSZ type), two-layered 
coating system of In625/8YSZ type was used in the investigations. 

The range of analysis included morphological investigations of different types 
of feedstock powders in initial conditions and after remanufacturing (sintering, 
thermal spraying) as well as the thermal diffusivity analysis by laser-flash method.  
Obtained data were corrected by porosity factor and compared to each other. The 
best correlation for obtained thermal diffusivity data was found for commercial 
powers of  HOSPTM type after pressing and sintering and calculated (2-layered 
model) value of thermal diffusivity for two layered system of In625/8YSZ TBS 
system. In the case of NiCrAlY type of material the similarity of obtained thermal 
diffusivity value is much weaker and there is no strong correlation as for 8YSZ 
ceramic. Those results showed that there is significant differences in thermal dif-
fusivity value for materials with different morphological form. This fact should 
be included during for example MES analysis of temperature and stress distribu-
tions in TBC systems. 
This work was supported by  the National Science Centre, Poland under grant number 
2016/21/D/ST8/01687
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Magneto-sensitive carbon-inorganic composites based on sawdust

M.V. Galaburda1, D. Sternik2, V.M. Bogatyrov1, M.V.Borysenko1, O.I.Oranska1,  
I. Škorvánek3, V.M. Gun’ko1
1Chuiko Institute of Surface Chemistry, NAS of Ukraine, 1 
7 General Naumov Str., Kyiv 03164, Ukraine, mariia.galaburda@gmail.com 
2Faculty of Chemistry, Maria Curie-Skłodowska University,  
Maria Curie-Sklodowska Sq.3, 20-031 Lublin, Poland 
3Institute of Experimental Physics, Slovak Academy of Sciences,  
Watsonova 47, 040 01 Košice, Slovak Republic 

Worldwide production of wood composite reached more that hundred million 
cubic meters per year. Over 40% of this volume involved plywood and chipboard 
products, which use phenol-formaldehyde resin as the primary adhesive binder. 
Thus, environmental problems of such waste disposal have grown considerably 
in the last decade. 

The main aim of the work is to synthesize porous carbon-inorganic sorbents 
using pyrolysis (at 800 °C under argon atmosphere) of composites based on saw-
dust and inorganic compounds: (i) cobalt(II) chloride (Co/C sample), (ii) 
iron(III) chloride (Fe/C sample), (iii) iron(III) and cobalt(II) chlorides simulta-
neously (FeCo/C sample), and to study their structural, textural and adsorption 
properties. The structure of the as-prepared samples were characterized using N2 
sorption, SEM, TG/DTG and SQUID magnetometer. The efficiency of the com-

posites for adsorption of  the dyes was stud-
ied. According to the XRD data, all salts were 
reduced to pure metals after pyrolysis. How-
ever, significant amount of  graphite struc-
tures and carbides in  the FeC sample is ob-
served. The specific surface area was 4.1, 
341.2, 58.2 and 406.8 m²/g for C, Co/C, Fe/C 
and FeCo/C composites, respecttively. For-
mation of  particles with irregular shape, 

a  honeycomb structure and an array of  uniform openings distributed on  the 
surface could be seen (Fig 1). The pore size distributions confirm that the main 
contributions into the textural porosity of  the nanocomposites are due to  the 
micropores.The sorption capacities and kinetic adsorption characteristics of the 
adsorbents were estimated. All samples exhibit a  good soft magnetic property 
with the saturation magnetization of 6.6, 53, 13.5 emu/g and coercivity of 76.8 
11.3, 92.5 Oe for iron-, cobalt-containing and binary samples, respectively. 

S05_P34
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Thermal degradation of peat-based activated carbon covered  
with mixed adsorption layers of PAA polymer and SDS surfactant

Małgorzata Wiśniewska1, Piotr Nowicki2, Dariusz Sternik3
1Department of Radiochemistry and Colloids Chemistry, 3Department of Physicochemistry 
of Solid Surface, Faculty of Chemistry, Maria Curie-Sklodowska University, 
Maria Curie-Sklodowska Sq. 3, 20-031 Lublin, Poland 
2Adam Mickiewicz University in Poznań, Faculty of Chemistry, Laboratory of Applied 
Chemistry, Umultowska Street 89b, 61-614 Poznań, Poland

The thermal behavior of activated carbons obtained from peat without and mod-
ified with poly(acrylic acid) films was examined. Additionally, the effect of an-
ionic surfactant – sodium dodecyl sulfate (SDS) presence in adsorption layer was 
determined.

The peat-based activated carbon was prepared by  pyrolysis in  nitrogen at-
mosphere at 600°C, followed by physical activation with steam at temperature 
of 800°C. In order to modify the textural parameters, acidic-basic nature of the 
surface as well as thermal stability of the prepared activated carbon it was sub-
jected to two variants of thermochemical treatment: (1) additional physical acti-
vation with carbon dioxide at 900°C and (2) additional chemical activation with 
potassium carbonate at 900°C. 

Elemental analysis of the all samples under investigation was carried out using 
the Elementar Analysensysteme instrument, model Vario EL III, whereas the ash 
content was determined according to the ISO 1171:2002 standard. The textural 
characterization of  the samples was based on  nitrogen adsorption-desorption 
isotherms measured at -196ºC with a Quantachrome Autosorb iQ surface area 
analyser. The surface functional groups of acidic and basic character were deter-
mined according to Boehm method (alkacymmetric titration).

The final products were micro/mesoporous activated carbons of  well-de-
veloped surface area, showing different acidic-basic properties of  the surface 
depending on  the variant of  thermo-chemical treatment. It was demonstrated 
that these solids show differentiated adsorptive affinity for PAA chains and SDS 
molecules.

Thermal analysis of activated carbon samples (unmodified and modified with 
PAA or/and SDS) was made on a Simultaneous Thermal Analyzer STA 449 Jupi-
ter F1 (Netzsch, Germany). The gaseous products were analysed by Quadrupole 
Mass Spectrometer QMS 403D (Aeölos, Germany) coupled on-line to  the STA 
instrument.

The obtained results indicate that polymer/surfactant adsorption influences 
significantly the thermal degradation of activated carbons.
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Study of the correlation between the composition, structure 
 and crystallization in frits designed for single fast-firing glazes  
with variable BaO content

Marcin Gajek
AGH University of Science and Technology, Faculty of Materials Science and Ceramics,  
al. Mickiewicza 30, 30-059 Krakow, Poland

The paper presents the results of  investigation on  frits developed for single 
fast-firing glazes with variable BaO content based on the SiO2-Al2O3-CaO-MgO-
ZnO system, fired at a maximum temperature of 1230°C. Study of the correlation 
between the composition, structure and crystallization of tested frits and glazes 
was conducted using various methods for materials characterisation, including 
differential scanning calorimetry (DSC), dilatometry (DIL), hot microscopy 
(HSM), X-ray diffraction and scanning and transmission electron microscopy 
(SEM and TEM). Differential scanning calorimetry (DSC) and X-ray diffraction 
showed a high tendency to crystallize the tested frits. DSC curves showed that 
all glazes crystallized during heating in  a  narrow temperature range ≈ 938-
955°C, and the introduction of BaO shifted the maximum of exothermic peaks 
towards higher temperatures. Detected crystalline phases were mainly diopside 
and anorthite, and the addition of BaO to the investigated frites promoted the 
crystallization of barium feldspar (BaAl2Si2O8), which occurred at the cooling 
stage and was confirmed by exothermic effects on DSC curves and on scanning 
microscope images. Crystallization of the glazes during the cooling stage is par-
ticularly expected due to  the possibility of designing the glaze microstructure. 
The analysis of data obtained from thermal studies also showed that the addition 
of BaO to the chemical composition of the frits resulted in a decrease in the glass 
transition temperature (Tg) and in reduction of viscosity calculated on the basis 
of the Vogel-Fulcher-Tammann equation (HSM, DIL).

This study was performed within the framework of funding for statutory activities of AGH 
University of Science and Technology in Cracow, Faculty of Materials Science and Ceramics 
(11.11.160.617).
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Magnesium-lithium alloys with TiB and Sr additions

Mariusz Król
Division of Materials Processing Technology, Management and Computer Techniques 
in Materials Science, Institute of Engineering Materials and Biomaterials, Silesian 
University of Technology ul. Konarskiego 18a, 44-100 Gliwice, Poland 
mariusz.krol@polsl.pl

Effects of  grain refinements such as TiB and Sr additions on  microstructures, 
crystallisation process and mechanical properties of  ultra-light single α-phase 
Mg-4.5Li-1.5Al and β-phase Mg-12Li-1.5Al alloys were investigated. The results 
indicated that Mg-4.5Li-1.5Al with Tibor and Sr additions exhibited α-Mg and 
intermetallic compound structures. Analysis of microstructure of Mg-12Li-1.5Al 
with Tibor and Sr additions results in β-Li and intermetallic compound struc-
tures. Gran refinement was hardly able to decrease in grains size, thus improve 
the hardness of  analysed Mg-Li-Al alloys. Application of  thermal-derivative 
analysis to characterise a crystallisation process of Mg-Li-Al alloys has large po-
tential in the field of heat treatment and casting processes such semisolid metal 
casting [1, 2]. The thermal characteristic of  ultra-light Mg-Li-Al alloys based 
on  thermal-derivative such as TN, Tα’,G, Tβ,G, TSOL, Tα’’s and Tα’’f, microstructure 
and hardness were studied and presented.

a) b)

Fig. 1. Representative thermal-derivative analysis of (a) Mg-4.5Li-1.5Al alloy and (b) after 
modification by TiB and Sr.

[1] H. Jafari, M. Khalilnezhad, S. Farahany, Computer-aided cooling curve 
thermal analysis and microstructural evolution of Mg-5Zn-xY cast alloys, 
Journal of Thermal Analysis and Calorimetry 130/3 (2017) 1429-1437.

[2] M. Król, T. Tański, P. Snopiński, B. Tomiczek, Structure and properties 
of aluminium-magnesium casting alloys after heat treatment, Journal 
of Thermal Analysis and Calorimetry 127 (2017) 299-308. 
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Properties of Gd2Zr2O7 coatings deposited by PS-PVD

Paweł Pędrak, Marek Góral, Marcin Drajewicz
Department of Materials Science, Faculty of Mechanical Engineering and Aeronautics, 
Rzeszów University of Technology, 35-959 Rzeszów, Poland

Ceramic top-coats of  thermal barriers coatings (TBC) allows to  increase the 
working temperature of hot engine parts. This creates conditions to increase the 
temperature of the hot gases at the entrance to the high pressure turbine, which 
increases the engine performance. Therefore, it is necessary to  develop new 
materials that can operate under conditions of   high temperature and a highly 
oxidizing gas atmosphere.

This paper presents the results of  research on a ceramic layer made of gad-
olinium zirconate (Gd2Zr2O7) produced in  the plasma spray – physical vapor 
deposition  process (PS-PVD). The PS-PVD process allows to use as a substrate 
a  mixture of  ZrO2 and Gd2O3 powders not previously  heat treated compared 
to commercially available gadolinium zirconate powders. The results of micro-
structure observations revealed columnar microstructure of the produced ceram-
ic layer.  Analysis of the phase composition indicates the presence of gadolinium 
zirconate. Thermal analysis show a decrease in the  thermal conductivity in the 
range from 700 to 1200 ºC of the produced layers compared to the layer made 
of currently used yttria-stabilized zirconia (YSZ).
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The effect of pozzolan on the heat evolution of C3S – C3A – gypsum 
hydrating system

Ewa Kapeluszna, Łukasz Kotwica, Grzegorz Malata, Wiesława Nocuń-Wczelik
AGH University of Science and Technology, Faculty of Materials Science and Ceramics, 
Department of Building Materials Technology   

Calorimetry is a  very effective method for the study of  the hydration process 
of Portland clinkier phases. This paper focuses on the mechanism of heat evolu-
tion during hydration process of different combination of calcium silicate, cal-
cium aluminate and gypsum with variable amount of high reactivity pozzolan. 
These heat evolution data show that the addition of  special kind of  pozzolan 
influence the induction period and promote higher hydration rate. Moreover, 
in the presence of this pozzolan, the shape and position of the effect related to the 
reaction of aluminates is altered. The results of XRD studies show the modification 
of phase composition and faster transformation of ettringite to monosulphate.   
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TRP/TOP studies on protective effect of black glass coating 
on thermoelectric materials

A. Mizera, J. Leszczyński, P. Nieroda, E. Drożdż, A. Koleżyński
AGH University of Science and Technology, Faculty of Materials Science and Ceramics, 
al. A Mickiewicza 30, 30-059 Kraków, Poland

One of the major challenges that our civilisation is facing today is to reduce the 
greenhouse gas emissions. Furthermore, due to  the increase in global demand 
for energy, methods of its efficient production and conversion are sought-after. 
One of the possible solution is to take advantage of Seebeck effect in thermoe-
lectric generators (TEG) to recover heat from exhaust gases and convert it into 
electricity. Basic requirements for thermoelectric materials are high electrical 
conductivity and Seebeck coefficient, and low heat conductivity. Additionally, 
materials have to be resistant to degradation under the influence of oxygen dur-
ing the long-time operating at elevated temperature. One of the well-known and 
promising materials for such applications are CoSb3 [1] and magnesium silicide 
[2] based materials. 

At elevated temperature in atmospheres containing oxygen both compounds 
degrade due to oxidation process. In order to eliminate this adverse effect and 
protect materials from degeneration, materials can be covered with protective 
coating. One of  the prospective coating materials are so called “black glasses”. 
These are amorphous materials based on silicon oxycarbide derived from sol-gel 
synthesis. Due to  presence of  Si-C bonds, this structure has good mechanical 
properties and high chemical stability [3]. 

The major objective of this work was to investigate the influence of black glass 
coatings on the degradation process of CoSb3 and Mg2Si based materials at ele-
vated temperatures in oxygen rich atmospheres. The precursor gel was deposited 
on  CoSb3 and Mg2Si samples using dip-coating technique and subsequently 
annealed in order to obtain the “black glass”. The X-Ray diffraction (XRD) was 
used to determine phase composition of degraded and non-degraded materials. 
Raman spectroscopy was employed for characterisation of the glass layer. In or-
der to characterize deterioration processes temperature-programmed reduction 
and oxidation methods (TPR/TPO) was involved. Additionally, to  determine 
the temperature of the beginning of process, differential thermal analysis (DTA) 
measurements was performed. 

[1] D. T. Morelli, G. P. Meisner, B. Chen, S. Hu, C. Uher, in: „Physical Review B”, 
vol. 56, 1997, 7376-7383

[2] P. Nieroda, R. Zybała, K. T. Wojciechowski, in: „Materiały Ceramiczne/
Ceramic materials”, vol. 64, 2012, 490-493

[3] M. Narisawa, R. Sumimoto, K. Kita, in: „Journal of Materials Science, vol. 
45, 2010, 5642-5648
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Thermal properties of sanitary raw ceramic glazes

Magdalena Leśniak, Marcin Gajek, Janusz Partyka, Maciej Sitarz
AGH University of Science and Technology, Faculty of Materials Science 
and Ceramics, av. A. Mickiewicza 30, 30-059 Krakow, Poland 
mlesniak@agh.edu.pl

In this work, we have applied the differential thermal analysis (DTA) technique 
to the study of several raw glazes used in the ceramic sanitary industry and have 
determined the most representative characteristic temperatures in each. The char-
acteristic glazes temperatures from the DTA curve were determined by two other 
independent techniques: dilatometry (DIL) and hot stage microscopy (HSM). 
The presence of two and more exothermic peaks on DTA curve of glazes indicates 
the complex crystallization process in glazes. The glazes structure was studied by  
x-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR). 
Thermal properties of glazes were found to depend on the ZnO content depend-
ing on the specific role of the formed crystalline phases and ZnO6 groups in glass 
network as modifier with the formation of non-bridging oxygens.

This work was supported by the National Science Centre, Poland Grant  
No 2015/19/N/ST8/00486.
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Simultaneous DSC-TG thermal analysis of pure Si

Marta Homa1, Natalia Sobczak1,2
1Foundry Research Institute, 73 Zakopiańska Str., 30-418 Krakow, Poland 
2Institute of Precision Mechanics, 3 Duchnicka Str., 01-796 Warsaw, Poland

Due to the evaporation during heating, experimental determination of the tem-
perature of phase transformations of pure Si seems to be methodologically com-
plicated undertaking. Measurements by differential scanning calorimetry (DSC) 
and thermogravimetry (TG) belong to  the container-assisted methods and are 
carried out within the melting range of the tested materials. In these measure-
ments, the time when the testing material is in the liquid state is relatively long 
and, depending on the measurement speed, it may reach even 15 minutes. For 
such long time when Si being in  a  liquid state, silicon evaporates and, conse-
quently, this phenomenon contributes to the change of values of recorded char-
acteristics. 

This work reports the trials of calorimetric determination of melting/solidifi-
cation temperature and latent heat of fusion/solidification of pure Si in the tem-
perature range of 25°C-1450°C under a flow gas atmosphere (Ar, 99.9992%). For 
better understanding of the Si thermal behavior, the research was assisted with 
structural investigations using scanning electron microscopy (SEM) coupled 
with energy dispersive X-ray analysis (EDS) and computed tomography (CT). 
Some representative results are presented in Figure 1.

Fig. 1. Representative photos and CT images of Si drop after calorimetric test: a) photo of Si 
drop deposited on Al2O3 crucible lid, b) CT image of Si drop inside Al2O3 crucible, c) photo of Si 
sample inside BN crucible, d) CT image of Si drop inside BN crucible.

The project AMADEUS has received funds from the European Union’s Horizon2020 research 
and innovation program, FET-OPEN action, under Grant agreement 737054. The sole 
responsibility for the content of this publication lies with the authors. It does not necessarily 
reflect the opinion of the European Union. Neither the REA nor the European Commission 
is responsible for any use that may be made of the information contained therein.
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Structural aspects of the formation of solid solutions  
in the Ca4Nb2O9 - Nd2O3 system

Bożena Pilarek, Irena Szczygieł
Department of Inorganic Chemistry, Faculty of Engineering and Economics,  
Wrocław University of Economics, Komandorska 118/120, 53-345 Wroclaw, Poland

Recently, ceramics materials such as rare-earth and calcium niobates have 
attracted considerable attention because of  their interesting properties and 
potential applications in various areas such as microwave dielectrics, electronics 
and optoelectronics [1-4].

As follows from literature, the diagram of phase equilibria in Ca4Nb2O9-Nd2O3 

has not been published so far. The physicochemical properties of Ca2NdNbO6  re-
ported as the intermediate oxide formed in this system was only partly recognised. 
According to our research, a limited solid solution of neodymium oxide in Ca4N-
b2O9 compound is formed in the Ca4Nb2O9-Nd2O3 system and a limit composi-
tion corresponds to the previously reported Ca2NdNbO6  oxide. The formation 
of solid solutions has been studied by X-ray diffraction and thermal analysis. The 
mixtures of Ca4Nb2O9 and Nd2O3 have been obtained by carrying out synthesis 
in solid state using a high temperature furnaces. DSC/TGA measurements have 
been made before and after synthesis in  order to  control the reaction process 
and determine the limited solubility of  the components. Rietveld refinement 
of powder X-ray diffraction data reveals the monoclinic structure (space group 
P21/n) for the compositions with x(Nd2O3)<0.50 in Ca4Nb2O9-Nd2O3 mixtures. 
For mixtures rich in neodymium oxide, x(Nd2O3)>0.50, the XRD patterns  and 
DSC curves show multiphase character of  the samples. Extra reflections in XRD 
patterns and additional thermal effects on DSC curves associated with the pres-
ence of neodymium oxide have been found.

[1] R. Haugsrud, T. Norby, in: Nature Materials, 5(3) (2006) 193.
[2] P. Zhang, Y. Zhao, J. Liu, Z. Song, X. Wang, M. Xiao, in: Journal of Alloys 

and Compounds, 640 (2015) 90.
[3] R.C. Pullar, in: J. Am. Ceram. Soc., 92(2009)563.
[4]  R.J. Cava, J.J. Krajewski, R.S. Roth, in: Mater. Res. Bull. 33(1998)527.
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Synthesis and thermal stability of new solid solution  
in the Ba2InV3O11–Sr2InV3O11 system

Agnieszka Prokop, Monika Gdaniec, Elżbieta Filipek
West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology  
and Engineering, Department of Inorganic and Analytical Chemistry, 
Al. Piastow 42, 71-065 Szczecin, Poland

The compounds of the general formula A2BV3O11, where A = Sr, Pb, Co, Ni, Zn;  
B = In, Fe, Cr have been objects of  intensive investigations for many years 
[1–4]. Data on some of these compounds indicate that they might be useful as 
components of catalysts in the reaction of oxidation of light hydrocarbons and 
functional inorganic pigments. It is expected that solid solutions of the structure 
A2BV3O11, will show better electric, catalytic or optical properties than matrixes. 

The aim of this study was to obtain a new phase of the Ba2InV3O11 structure 
in the Ba2InV3O11–Sr2InV3O11 system.

Nine initial mixtures, with their compositions representing the Ba2InV3O11 –
Sr2InV3O11 system were prepared for the investigations. For the synthesis of the 
samples used both V2O5, In2O3, SrCO3 and BaCO3 (as precursors of SrO and BaO) 
as well as the specially synthesized compounds Ba2InV3O11 and Sr2InV3O11. The 
mixtures were homogenized by grinding, formed into pellets and heated in air 
atmosphere at the temperatures from the range 550–800⁰C in several 24h stages. 
After each heating stage the samples were cooled down to  room temperature, 
ground and studied by  XRD method. All samples after the final heating stage 
were additionally subjected to DTA–TG measurements 

Results of the study indicated that in the system Ba2InV3O11–Sr2InV3O11 a new 
solid solution with an limited solubility of the components is formed. It was stat-
ed also that this solution has a substitutional character, i.e. is formed by Sr2+ ions 
incorporation instead of Ba2+ ions in the matrix. In addition, it was determined 
that the forming solid solution is thermally stable in  the temperature range 
940–1025⁰C.

[1] E. Filipek, A. Paczesna, M. Piz, Ceramics International, 42 (2016) 14148
[2] A. Blonska-Tabero, Materials Research Bulletin, 44 (2009) 1621
[3] M. Bosacka, Journal of Thermal Analysis and Calorimetry, 88 (2007) 43
[4] M. Kurzawa, I. Rychlowska-Himmel, A. Blonska-Tabero, M. Bosacka, G. 

Dabrowska, Solid State Phenomena, 90-91 (2003) 347
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Synthesis and thermal stability of phases in the Y2O3–Yb2O3 system 
obtained by high-energy ball milling

Mateusz Piz1, Elżbieta Filipek 1, Maciej Jabłoński2
1West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology 
and Engineering, Department of Inorganic and Analytical Chemistry,  
Al. Piastów 42, 71-065 Szczecin, Poland 
2West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology  
and Engineering, Department of Organic Chemistry and Physical Chemistry,  
Al. Piastów 42, 71-065 Szczecin, Poland

Peruse of  literature has revealed that the binary system Yb2O3–Y2O3 has been 
studied. It has been established that in this system a substitution solid solution 
of formula Y2-xYbxO3 is formed and it shows very interesting optical and magnet-
ic properties[1, 2].

The main aim of this work was to determine what phases are formed during 
the mechanochemical treatment of Y2O3 with Yb2O3 mixtures of various com-
positions. The high-energy ball milling was provided in a  laboratory planetary 
mill - Fritsch GmbH Pulverisette 6 with vials and balls made of ZrO2. The milling 
processes were performed in air atmosphere. The total mass of powders was 5g 
and the ball-to-powder mass ratio (BPR) was 20:1.

The phase composition of the samples after each 3-hours stage of their milling 
was established on the basis of XRD results. The monophase samples by DTA-
TG, IR, SEM/EDX and UV-vis-DRS were also studied. The results have provided 
evidence of formation a solid solution of the Y2O3 structure. The solid solution 
crystallises in the cubic system and is thermally stable in air atmosphere up to at 
least ~1600°C.

The study is in progress.

This work was partly supported by National Science Centre No. 2017/01/X/ST8/01114.

[1] M. Mitric, B. Antic, M. Balanda, D. Rodic, MLJ. Napijalo, Journal of Physics: 
Condensed Matter, 9 (1997) 4103

[2] G. Kimmel, J. Zabicky, E. Goncharov, D. Mogilyanski, A. Venkert, Y. 
Bruckental, Y. Yeshurun, Journal of Alloys and Compounds, 423 (2006) 102
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Synthesis and unknown properties of phases  
in the V2O5–Er2O3 system

Mateusz Piz, Aleksandra Tchórzewska, Elżbieta Filipek
West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology  
and Engineering, Department of Inorganic and Analytical Chemistry,  
Al. Piastów 42, 71-065 Szczecin, Poland

The various compounds of a d and f-blocks elements of the periodic table and, 
in particular, oxides, vanadates(V) doped with rare earth metals, have been for 
a  few decades the subject to  study because of  their attractive physicochemical 
properties [1–3]. According to peruse of literature, the system V2O5–Er2O3 has 
been studied only in a  fragmentary manner [4, 5]. From the literature data, it 
is known that the high temperature reactions between the components of  this 
system lead to  the formation of  three compounds, i.e. ErVO4, Er8V2O17 and 
Er10V2O20 [4, 5]. The literature review shows that thermal stability, optical and 
electrical properties and the full structure of these phases are not known.

The main aim of this work was to investigate what phases are formed in the 
V2O5–Er2O3 system in  the solid state in  air atmosphere and establish of  their 
unknown properties. The mixtures of reagents after homogenisation were heated 
in air atmosphere in 12 hour stages, at temperatures from the range 550 to 1600°C.

In this studies have been confirmed that in the binary V2O5–Er2O3 system fol-
lowing compounds are formed, i.e. ErVO4, Er8V2O17 and Er10V2O20.

These compounds have been characterized by  methods: XRD, DTA-TG, 
IR. In  addition, the value of  the energy gap was determined for the obtained 
compounds.

The study is in progress.

This work was partly supported by National Science Centre No. 2017/01/X/ST8/01114.

[1] FQ. Liu, SQ. Sun, ChY. Gao, JQ. Xu, Optica Applicata, XLV (2015) 63
[2] Y. Cheng, H. Zhang, K. Zhang, Z. Xin, X. Yang, X. Xu, W. Gao, D. Li, Ch. 

Zhao, J. Xu, Journal of Crystal Growth, 311 (2009) 3963
[3] M Piz, E. Filipek, Journal of Thermal Analysis and Calorimetry, 130 (2017) 

277
[4] H. Brusset, R. Mahe, JP. Laude, Bulletin de la Societe Chimique de France, 2 

(1973) 495
[5] AA. Fotiev, BV. Slobodin, MY Khodos, RN. Pletnev, Izd. Nauka, Moskwa, 

1988
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Determination of characteristic temperatures and enthalpy  
of phase transformations during melting and solidification  
of Si-3.2B alloy

Marta Homa1, Patrycja Turalska1, Natalia Sobczak1,2
1Foundry Research Institute, 73 Zakopianska Str., 30-418 Krakow, Poland 
2Institute of Precision Mechanics, 3 Duchnicka Str., 01-796 Warsaw, Poland

The design and fabrication of silicon- and boron-based materials characterized 
by high-temperature phase transformations is of great interest mainly due to the 
high values of latent heat, which in the case of silicon and boron can reach even 
50.02 KJ/mole [1,2].

In this work, to determine the characteristic temperatures of the Si-3.2B alloy 
during melting and solidification processes, the differential scanning calorime-
try combined with thermogravimetric analysis was used. The measurement was 
carried out in the temperature range of 25°C-1450°C under a flowing inert gas 
(Ar, 99.9992%) using STA 449 F3 Jupiter coupled with QMS 403C Aeolos. The 
heating and cooling rates were 10 K/min. The test was performed using a crucible 
made from hexagonal boron nitride.

Non-destructive analysis of  the sample after DSC-thermogravimetric mea-
surements was carried out using computed tomography (CT). Structural charac-
terization of cross-sectioned solidified Si-3.2B sample was done under an optical 
microscope and scanning electron microscope coupled with energy dispersive 
X-ray spectroscopy analyzer. 

Fig. 1. The melting DSC curve of Si3.2B alloy.

The work was done in frame of AMADEUS project that has received funds from the European 
Union’s Horizon2020 research and innovation program, FET-OPEN action, under Grant 
agreement 737054. 
[1] G.V. Belov, V.S. Iorish, V.S. Yungman. 1999. IVTANTHERMO - database 

on thermodynamic properties and related software. Calphad 23(2), p 173-
180

[2] A. Mostafa and M. Medraj. 2017. Review Binary Phase Diagrams and 
Thermodynamic Properties of Silicon and Essential Doping Elements (Al, 
As, B, Bi, Ga, In, N, P, Sb and Tl).Materials 10 (676) p 2-49; doi:10.3390/
ma10060676
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The methodological problems in DSC measurements of monotectic  
Gd-Ti-Zr alloy using ZrO2 container 

Patrycja Turalska1, Marta Homa1, Natalia Sobczak1,2,  
Anna Wierzbicka-Miernik3
1Foundry Research Institute, 73 Zakopianska Str., 30-418 Krakow, Poland 
2Institute of Precision Mechanics, 3 Duchnicka Str., 01-796 Warsaw, Poland 
3Institute of Metallurgy and Materials Science Polish Academy of Science,  
25 Reymonta Str., 30-059 Krakow, Poland

Monotectic alloys are of great interest mainly due to the possibility of using the 
phenomenon of their inmiscibility in the process of designing and manufacturing 
a new class of metal matrix composites (MMCs) by means of liquid-phase pro-
cesses. The fabrication of composite materials based on Gd-Ti-X alloys requires 
reliable and reproducible data on their critical temperatures. In turn, experimen-
tal determination of  critical temperatures of  these alloys by  container-assisted 
methods involves the need to select the appropriate crucible/container material 
that will be non-wettable and non-reactive in contact with the liquid alloy.

In this work, to determine the critical temperature of the Gd40Ti30Zr30 alloy, 
the differential scanning calorimetry method was used. The measurements  were 
carried out in the temperature range of 25°C-1600°C using two types of meas-
uring devices, i.e. 1) STA 449 F3 Jupiter coupled with QMS 403C Aeolos - tests 
in a flow gas (Ar) atmosphere; 2) DSC 404 F1 Pegasus, NETZSCH - introduction 
of  the flow gas was preceded by  the creation of  a vacuum of 10-2 mbar in  the 
test chamber. In both measurements, the heating rate was 20 K/min. For tests, 
commercial ZrO2 crucibles were used.

Examinations of  the sample surface and cross-section microstructure after 
DSC measurements were carried out under an optical microscope and scanning 
electron microscope coupled with energy dispersive X-ray spectroscopy analyzer.

This study was done in the frame of collaboration program between the German Academic 
Exchange Service DAAD and the Ministry of  Science and Higher Education of  Poland. 
Financial support from the National Science Centre of  Poland (program HARMONIA, 
project No. 193624) and the German Academic Exchange Service DAAD (Project No. 
DAAD-56269397) is acknowledged. The authors acknowledge Dr. Rafał Nowak for the 
production of materials for research.
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The DSC study of phase transition of peroxydecanoic acid 
in ε-caprolactone synthesis 

Katarzyna Gębura, Ewa Sabura, Michał Szmatoła, Jolanta Iłowska
Institute of Heavy Organic Synthesis “Blachownia”, 
9 Energetyków St., Kędzierzyn-Koźle, Poland

The synthetic versatility of peroxy acid has led to extensive use of this compound 
in  organic synthesis. They are commonly used as oxidizing agents in  many 
processes, e.g. in Baeyer-Villiger reaction used in ε-caprolactone synthesis. The 
current industrial production of ε-caprolactone is based on the oxidation  of  cy-
clohexanone with peracetic acid. However, there are the risks associated with the 
transport, storage and handling of large amounts of concentrated PAA, because is 
hampered by their low stability. This peroxy acid decompose both themselves and 
in solution, and this process can proceed simultaneously via several mechanisms. 
Therefore, efforts has been undertaken on  the application of  peroxydecanoic 
acid, which can be safe and cheap oxidizer for the synthesis of ε-caprolactone.

This work presents the application of  Differential Scanning Calorimetry 
(DSC) to the thermoanalytical characterization of a synthesized peroxydecanoic 
acid and determining purity of this oxidizing agents. It turns out, that after the 
synthesis of peroxy acid, the mixture is contaminated by a decanic acid, which 
is used as a substrate. The presence of decanoic acid in the mixture results in the 
formation of an eutectic mixture, which is more stable than pure peroxydecanoic 
acid. Two- component phases diagrams were plotted from DSC date. 

[1]  N. Kaur, Synthetic Communications, 44 (2014) 721
[2] V.S. Dutka, Kinetics and Catalysis, 51 (2010) 364
[3] Y. W. Wang, Journal of Thermal Analysis and Calorimetry, 119 (2015) 2257
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Structure, properties and phase transformation  
of CuNi2Si alloyed copper

J. Konieczny1, K. Labisz1, R. Boris2, Ł. Reimann3
1Silesian University of Technology, Faculty of Transport, Department of Railway 
Transport, 8 Krasinskiego Street, 40-019 Katowice, Poland  
2Vilnius Gediminas Technical University, Scientific Institute of Thermal Insulation, 
Linkmenų 28, LT-08217 Vilnius, Lithuania 
3Silesian University of Technology, Faculty of Mechanical Engineering, 
Institute of Materials Engineering and Biomaterials, 
18a Konarskiego Street, 44-100 Gliwice, Poland

The work presents the structure and corrosion resistance of alloyed copper Cu-
Ni2Si. The most common are three types of this copper alloy grade with a nickel 
concentration of 1.3; 2.0 and 3.5% and silicon with a concentration of 0.5 to 1.2%. 
In the majority of alloyed copper, heat treatment is used, which involves super-
saturation and aging, which plays a  key role in  forming both mechanical and 
physical properties.

The alloy was subjected to classical treatment: supersaturation in water after 
annealing at 950°C for one hour and then aging at 600°C for 1, 2, 4 and 7 hours. 
The structure of the CuNi2Si1 alloyed copper were analyzed by high resolution 
transmission electron microscopy (HRTEM). As a result of studies of corrosion 
resistance of the anodic polarization curves were obtained for all four treatment 
options. It was investigated further course of phase transformations occurring 
in the melt by means of differential scanning calorimetry. The elaborated research 
results present some utilitarian qualities since they can be used in development 
of process conditions for industrial scale production of strips from CuNi2Si alloy 
of defined  properties and operating qualities.
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POSS based nanocomposites from rediscovery to current uses. 
A thermal investigation

Ignazio Blanco1,2
1Department of Civil Engineering and Architecture, University of Catania,  
V.le A. Doria 6, 95125 Catania, Italy  
2UdR-Catania Consorzio INSTM, V.le Andrea Doria 6, 95125 Catania, Italy

The combination of  functional polymers with inorganic nanostructured com-
pounds have become a major area of  research and technological development 
owing to the remarkable properties and multifunctionalities deriving from their 
nano and hybrid structure. POSSs are well known with the formula (RSiO1.5)n and 
have 8 as the most common value of n, thus presenting a very highly symmetric 
structure generally indicated in  literature with the symbol T8, with a diameter 
usually falling in the 1.5–3 nm range [1]. Polyhedral oligomeric silsesquioxane 
(POSS)/polystyrene (PS) nanocomposites with different organic substituted 
groups at the periphery of  POSS was studied in  order to  verify their thermal 
stability in respect to the pristine PS. We focused our attention on the periphery 
of silicon cage by varying, from time to time, the organic groups bonded to the 
silicon atoms, or by attempting to combine multiple silicon cages with aliphatic 
or aromatic bridges more or less long. In particular, we investigated how POSS 
dispersion in  PS matrix influences the resistance to  the thermal degradation 
of the obtained composite, also in comparison with virgin polymer. 

A good improvement of the thermal stability, in respect to neat polymer, was 
found and showed the importance of  modify the symmetry of  nanoparticles 
by acting on the groups at the vertices of the POSS cage.

[1] J. Wu and P.T. Mather, J. Macromol. Sci. C, 49 (2009) 25
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Thermal effects of high energy milling activation on the 
compositional and structural changes of biphasic ceramic

V. Petkova1,2, V. V. Kostov-Kytin2, R. Titorenkova2, R. Ilieva3, E. Duylgerova4
1New Bulgarian University, Department of Natural Sciences,  
21 Montevideo Str., 1618 Sofia, Bulgaria 
2Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences,  
bl. 107, Acad. G. Bonchev Str., 1113 Sofia, Bulgaria 
3Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences,  
Acad. G. Bontchev Str., Bl. 11, Sofia 1113, Bulgaria 
4Dental Medicine Faculty, University of Medicine, 1 G. Sofiiski Str., Sofia, 1431, Bulgaria 

Hydroxyapatite is included in  the group of  biochemicals together with tetra-
calcium phosphate (Ca4P2O9), amorphous calcium phosphate, alpha-tricalcium 
phosphate (Ca3(PO4)2), beta-tricalcium phosphate (Ca3(PO4)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 - Ca10(PO4)6(OH)2 and β-tricalcium phosphate - 
Ca3(PO4)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 structur-
al 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-1 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: (i) change the strength of chemical bond; (ii) 
deformation of polyhedrons; (iii) smaller size of crystallites with increased degree 
of structural defects leading to metastable phosphorite with increased dispersity.

The obtained results show correlation in the 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.

Authors gratefully acknowledge the financial support of  Institute of  Mineralogy and 
Crystallography, Bulgarian Academy of  Sciences, the Department of  Natural Sciences, 
Laboratories of Chemistry and Gemology of New Bulgarian University. 

Oral presentations
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Experimental study of the effect of ILs on thermal, mechanical and 
electrical behaviour of SBR/grapheme nanoplatelets composites

Magdalena Gaca
Lodz University of Technology, Chemical Department, Institute of Polymer and Dye 
Technology, Lodz 90 924, Stefanowskiego 12/16, Poland

This paper presents the composites based on butadiene-styrene rubber prepared 
by  melt mixing. Ionic liquids (ILs), 1-butylpyridinium bromide (BBP) and 
4-methyl-1-butylpyridinium bromide (BMBP), were introduced into rubber 
compounds to moderate filled with grapheme nanocomposites properties such 
as: mechanical, thermal or electrical. These modifiers caused slight increase 
in  elastomers cross-linking and modulus at 100% elongation. It appeared that 
BBP had beneficial effect on grapheme activity in elastomers matrix. Applying 
of  BMBP led to  reducing the electrical resistance of  the obtained composites. 
Thermogravimetry analize was employed to  search for the thermal stability 
of unfilled elastomer and composites containing grapheme. The glass transition 
temperatures, the heat capacity, the temperature range in which the elastomer 
crosslinks were formed and the corresponding thermal effect were determined 
using differential thermal calorimetry.
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Polyurethane nanocomposites with hydroxyapatite and magnetite 
for biomedical applications 

Katarzyna Nowicka, Aleksandra Gejdel, Karolina Gucwa,  
Kinga Pielichowska 
AGH University of Science and Technology,  Department of Biomaterials and Composites, 
Faculty of Material Science and Ceramic, Krakow, Poland

Polyurethane-based composites have the potential to be used in many medical 
applications [1,2]. Polyurethane-based bone cements are one of  the possible 
options. Modification with hydroxyapatite increases the bioactivity of  PU 
composites [3], while the addition of  magnetite allow to  use them in  cancer 
hyperthermia treatment [4]. So far, poly(methyl metacrylate)/Fe3O4 based bone 
cements have been investigated, however there are still unsolved problems 
with acrylic bone cements [5]. In  our studies polyurethanes crosslinked with 
sodium alginate, and modified with hydroxyapatite and magnetite have been 
proposed as a potential new polymeric bone cements. The polyurethane/mag-
netite/hydroxyapatite nanocomposites have been prepared in  a  two-step bulk 
polymerization process. Polyurethanes were obtained using 1,6-hexamethylene 
diisocyanate (HDI), poly(ethylene glycol) (PEG) with average molar mass 2000, 
1,4-butanediol (BDO) as a chain extender, sodium alginate as crosslinker in stoi-
chiometric amounts. Dibutyltin dilaurate (DBTDL) was used as a catalyst. The 
chemical structure of obtained nanocomposites was confirmed by using FTIR. 
Moreover, FTIR analysis indicated that sodium alginate was chemically bonded 
to polyurethane macrochains. From TG and DSC data it can be concluded that 
both magnetite and HAp affects the thermal stability and thermal properties 
of PU nanocomposites. The influence of additives on the glass transition region 
of  polyurethane matrix has been investigated by  dynamic mechanical analysis 
(DMA) method. 

The authors are grateful to the Polish National Science Centre for financial support of projects 
under the Contract No. UMO-2016/22/E/ST8/00048. 

[1] M. Marzec, J. Kucińska-Lipka, I.Kalaszczyńska, H.Janik in Materials Science 
& Engineering C, vol 12017

[2] C. Xu et al. in Journal of Biomedical Materials Research Part A, vol. 104, 
2016. 

[3] K. Lin, J. Chang in Hydroxyapatite (Hap) for Biomedical Applications, 
Elsevier Ltd. ,2015 

[4] M.R .Ghazanfari, M. Kashefi, S.F. Shams, M.R. Jaafari in Biochemistry 
Research International, 2016

[5] M. Kawashita, K. Kawamura, Z. Li in Acta Biomaterialia vol. 6, 2010
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Thermal stability of cellulose nanocrystals prepared 
 by two-step hydrolysis

Agnieszka Leszczyńska, Paulina Radzik, Krzysztof Pielichowski
Department of Chemistry and Technology of Polymers, Cracow University of Technology, 
ul. Warszawska 24, 31-155 Kraków, Poland

Due to  the nanoscale dimensions, high aspect ratio, advantageous mechanical 
properties and non-toxicity, cellulose nanocrystals are considered as promising 
additives in the field of nanocomposite engineering. The preparation of compos-
ite materials with cellulose nanocrystals requires former modification of the filler 
in order to improve their thermal stability. 

In this work, thermally stable cellulose nanocrystals were prepared by two-step 
hydrolysis, including hydrolysis in phosphoric acid solution to produce fine mi-
crocrystalline cellulose and further mild hydrolysis with succinic acid anhydride. 

Microcrystalline cellulose Avicel was hydrolyzed in 31, 43 and 56% sulphuric 
acid solution and in  60, 69 and 74% phosphoric acid solution. The influence 
of  the hydrolysis catalyst type and concentration on  the thermal stability and 
crystallinity degree of cellulose nanocrystals was investigated. As the hydrolysis 
in  phosphoric acid solution resulted in  formation of  microparticles , the mild 
hydrolysis in the presence of succinic anhydride (SA) was performed. Reaction 
was carried out in  dimethylformamide, with different molar ratios of  succinic 
anhydride to  hydroxyl groups of  cellulose (2:1; 3:1; 5:1; 10:1). Results showed 
that the second step of hydrolysis results in the reduction of particle sizes to the 
nanoscale and in significant thermal stability improvement. Nanofiller with the 
highest thermal stability, both in inert and air atmosphere, was obtained for the 
SA:OH molar ratio of  3:1. The kinetic parameters of  the thermal degradation 
process of produced cellulose particles were also determined. 

Funding for this work was provided by the Polish National Science Center under Contract 
No. UMO/2015/19/B/ST8/01060.
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The temperature effect on the natural gas purification 
by nanoporous graphene membranes

Krzysztof Nieszporek, Jolanta Nieszporek
Faculty of Chemistry, Maria Curie-Sklodowska University, Lublin, Poland

Membrane methods of  separation could reduce capital investment, operating 
cost and process safety. One of the potential materials for modern membrane is 
graphene. Being one of the strongest material[1], graphene is highly mechanically 
resistant. Because it is one-atom thick and the membrane permeation is inversely 
proportional to  its thickness, the nanoporous graphene undoubtedly surpasses 
the engineers’ expectations. 

In  the present paper we  investigated the separation of  natural gas mixture 
employing nanoporous graphene functionalized by hydrogen and nitrogen at-
oms. One of the most interesting effects is the phenomenon of clustering of water 
in the vicinity of the nanopore. Due to hydrogen bond formation water can form 
a drop which, in the case of nitrogen passivated nanopore, can close down the 
permeation patch for mixture components. 

While considering the temperature influence on  the separation processes 
we observed the increase of the rate of separation. The observed effect is caused 
by the growth of  the kinetic mobility of molecules and hence the gas pressure 
in the retentate area. Temperature increase can also impact the shape of graphene 
sheet. Th e graphene surface is not completely flat and there may be some wrinkle 
and fluctuation in  graphene membrane. Moreover, due to  thermal vibrations 
membrane can also change the average pore diameter. 

[1] C. Lee, X. Wei, J. W. Kysar, J. Hone, Science 321 (2008) 385
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The influence of gamma rays on interaction in the nanocellulose-
water system studied by DSC and millimeter wave spectroscopy

Krystyna Cieśla1, Gokarna Pandey2, Hubert Rahier3, Johan Stiens2
1Institute of Nuclear Chemistry and Technology (IChTJ),  
Dorodna 16 str., 03-195 Warsaw, Poland, k.ciesla@ichtj.waw.pl 
2Department of Electronics and Informatics, Vrije Universiteit Brussels (VUB),  
Pleinlaan 2, B-1050 Brussels, Belgium 
3Department of Physical Chemistry and Polymer Science,  
Vrije Universiteit Brussels (VUB) , Pleinlaan 2, B-1050 Brussels, Belgium

Interaction of nanocelluloses with water constitutes an important issue in relation 
to dressings or to personal care products, and in relation to packaging materials. 
Differential scanning calorimetry (DSC) and mm wave spectroscopy appear the 
appropriate tools for studying interaction of biopolymers with liquids. In partic-
ular, DSC enables to distinguish various states of water in the material [1], and 
to evaluate the crystalline properties of biopolymer plasticized by water [2]. 

Practical application of  biopolymers, in  particular for packaging purposes, 
modification of   the biopolymer based materials (including nanopolysaccha-
rides) by applying ionising radiation, and potential radiation sterilization of the 
packed products make interesting studying of radiation effects on biopolymers. 

Our present study concerned the influence of  gamma irradiation on  inter-
action of crystalline nanocellulose (CNC) with water, carried out by DSC and 
mm wave spectroscopy.  Powder CNC and gel solutions of CNC were  irradiated 
with gamma rays using doses of 5 and 25 kGy. The differences were discovered 
between the non-irradiated samples and these irradiated by  means of  both 
methods. A decrease in the content of strongly bound water was discovered after 
irradiation with a dose of 25 kGy. However, the directions of the changes in par-
ticipation of  bulk and interstitial water in  the freezable water fraction depend 
on the applied dose. The results can be related to the differences in  participation 
of the degraded and crosslinked products in the material subjected to radiation 
applying both doses.  

The financial support of the COST FP1205 Action (covering costs of Short Term Scientific 
Mission (STSM) of Krystyna Cieśla in VUB) is kindly acknowledged.

[1] K. Cieśla, H. Rahier, G. Zakrzewska-Trznadel, J. Therm. Anal. Calorim., 77 
(2004) 279

[2] P. de Meuter, J. Amelrijcks, H. Rahier, B. van Mele, J. Polym. Sci. 37 (1999) 
2881
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Synthesis and characterization of inorganic – carbon 
nanocomposites on the base of modified silica and resorcinol – 
formaldehyde resin – effect of the content of precipitated silica 
modified by zinc oxide

Małgorzata Sęczkowska1, Victor M. Bogatyrov2, Maria V. Galaburda2,  
Anna Deryło-Marczewska1
1Faculty of Chemistry, Maria Curie-Sklodowska University,  
Maria Curie-Sklodowska Sq. 3, 20-031 Lublin, Poland 
2O.O. Chuiko Institute of Surface Chemistry, NAS of Ukraine,  
17 General Naumov Str., Kyiv 03164, Ukraine

The modern world is guided by  the “better, faster, cheaper” principle, which 
drives the development of  the economy and many fields of  science. Therefore, 
looking for new materials and technologies of  their production or improving 
the already known techniques and products is observed. The huge development 
of such fields of science as material engineering and nanotechnology observed 
in recent years testifies to the enormous interest in new types of materials with 
improved or novel properties.

The new generation materials include inorganic - carbon composites. Such 
materials are most often obtained by combining organic polymers with inorganic 
materials. The products thus obtained are characterized by properties that are not 
characteristic for individual components [1-2].

The main aim of these studies was to synthesize a series of inorganic – carbon 
nanocomposites on  the base of modified silica and resorcinol – formaldehyde 
resin. The obtained materials were differentiated by the content of precipitated 
silica doped with zinc oxide. For comparison purposes, a carbon material was 
used. The structural properties of these materials were determined by using the 
nitrogen adsorption/desorption isotherms. Adsorption properties were eval-
uated by measurements of kinetics and equilibrium of  adsorption of  aromatic 
organic compounds.

The research leading to  these results has received funding from the People Programme 
(Marie Curie Actions) of the European Union’s Seventh Framework Programme FP7/2007-
2013/ under REA grant agreement N° PIRSES-GA-2013-612484.

[1] R.G. Jones, Pure and Applied Chemistry, 79 (2007) 1801–1829. 
[2] Y. Chujo, KONA, 25 (2007), 255
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Wastewater treatment wastes as effective metal oxides oxygen 
carriers for CLC processes

Ewelina Ksepko1, Grzegorz Łabojko1, Anna Kwiecińska1, Jan Figa1,  
Joanna Klimontko2,3
1Institute for Chemical Processing of Coal, Zabrze, Poland 
2A. Chelkowski Institute of Physics, University of Silesia, Chorzow, Poland  
3Silesian Centre for Education and Interdisciplinary Research, University of Silesia, 
Chorzow, Poland

The paper presents results of the study on a promising combustion technology 
known as Chemical Looping Combustion (CLC). The main advantage of  CLC is 
a production of highly concentrated CO2 stream without any energy penalty for 
its separation. Furthermore, the process reveals a significant reduction of NOx 

emission to the atmosphere. In CLC direct contact between fuel and air is avoid-
ed, while the required oxygen is delivered from the structure of an oxygen carrier 
(OC), which is typically a metal oxide.

The objective of  this work was to  examine novel oxygen carrier materials 
in terms of their practical applications the CLC process. For this reason chemical 
sludge’s from coking wastewater treatment process were prepared and examined 
with thermogravimetric analyzer. The reactivity tests were performed at high 
temperatures reaching 1000°C. In each temperature approx. 3 redox cycles were 
run. The effect of  temperature on  the reaction rates, effect of  waste treatment 
characteristics prior examination, chemical stability and oxygen transport ca-
pacity of  the oxides were determined basing on the results of TGA. The waste 
material demonstrated both, good thermal stability (studied in high temperature 
oven with IR camera) and repeatable redox behaviour over cycling tests in TGA 
chamber. ICP-OES tests revealed that these materials contained high amounts 
of  iron/ferrous/ferric oxides as active oxygen carriers and additionally some 
inert compound, such as silica oxide, which improved the stability and enabled 
to avoid sintering tendency. XRD examinations confirmed the presence of iron 
species which were developed over the process.

The stable CLC performance suggests that the developed oxygen carriers 
might be successfully used for energy generation processes. They have additional 
advantages over synthetic oxygen carrier which are low cost and wide availability.

The investigations in this paper were carried out within INNOWATREAT project that has 
received funding from the Research Fund for Coal and Steel under grant agreement No 
710078 and from The Ministry of Science and Higher Education from financial resources 
on science in 2016-2019.
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Examinations of certain bimetallic oxygen carriers for CLC  
and CLOU applications

Ewelina Ksepko1, Kyle O’Malley2, Kevin J. Whitty2
1Institute for Chemical Processing of Coal, Zabrze, Poland 
2Department of Chemical Engineering, The University of Utah, Salt Lake City, USA

The paper shows results of research on the Chemical Looping Combustion (CLC) 
and the Chemical Looping with Oxygen Uncoupling (CLOU). CLC is considered 
to  be one of  the most promising low-carbon combustion technologies. Pro-
duction of a concentrated and pure CO2 stream with very low energy penalty, 
together with decrease of NOx emissions from fuel combustion processes are the 
main advantages. In CLC the direct contact between air and fuel is avoided. The 
required oxygen is obtained from an oxygen carrier (usually made from Fe, Cu 
or Mn oxides). For CLOU the potential metal oxides are significantly limited due 
to thermodynamic limitations. 

The aim of the work was examination of redox reactions performance for mixed 
metal OCs. Fine powders of different ratios of Fe2O3 and MnO2 with 40 mass% 
Al2O3 were obtained. Their performance was analysed in  thermogravimetric 
analyser and in lab-scale batch fluidized bed reactor. The crucial parameters were 
evaluated: effect of redox cycle number on stability, temperature effect, oxygen 
transport capacities. Properties of  fresh and reacted samples were investigated 
(SEM-EDX, XRD and BET). Results indicated that all oxygen carriers exhibited 
stable performance, and that even after a hundred  redox cycles a complete re-
generation was achieved. Furthermore, stable reactivity of  produced materials 
without signs of particle agglomeration was observed during fluidized bed ex-
aminations Also mechanical strength data is presented and discussed in detail. 
The results showed that these materials are inexpensive and presenting a stable 
CLC and CLOU reactivity. To summarize, they are promising oxygen carriers for 
industrial applications for power generation. 

The research leading to  these results has received funding from the European Union’s 
7th Framework Programme no PIRSES-GA-2013-612699, and from the Polish Ministry 
of Higher Education and Science No. 3111/7.PR/2014/2 “Scientific work financed from the 
funds for science in years allocated for completion of the international co-financed project.”, 
2014–2017
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The role of thermogravimetry in the characterization of deposit 
control additives 

Ewa Sabura1, Bogusław Tkacz1, Jacek Pigłowski2
1Institute of Heavy Organic Synthesis “Blachownia”,  
9 Energetyków St., Kędzierzyn-Koźle, Poland 
2Institute of Organic and Polymer Technology, Wrocław University of Technology,  
27 Wybrzeże Wyspiańskiego St., 50-370 Wrocław, Poland

Nowadays, use of  high performance additives is essential to  improve required 
fuel properties and to protect the engine and the environment. The deposit con-
trol additives (DCAs) asume the highest importance. Their share in the whole 
additive market is about 40-50%. Their role is to  clean up and keep clean the 
fuel supply system and the combustion chamber, through removing deposits and 
preventing their formation. Deposits in engine influence emission, fuel economy, 
driveability and performance. 

Among the gasoline additives, the latest generation of deposit control additives 
are Mannich base. In  the current study different structures of  Mannich bases 
were synthesized, by reaction of alkylphenols with diamines and formaldehyde.

The Mannich compounds were characterized by thermogravimetry (especial-
ly TG-FTIR). These techniques can assist in  characterizing fuel additives with 
respect to their propensity to volatilize/decompose. The relative thermal stabil-
ity of different Mannich bases was correlated to the chemical structure and the 
presence of amine groups. The results were related to the combustion behavior at 
high temperatures (engine work conditions). The above research was done in or-
der to show structure/performance relationships of the additives, with reference 
to their thermal degradation patterns and the combustion mechanism. For these 
reasons, thermal analysis can be applied as a scrennig test of the newly designed 
deposit control additives.

[1]  World Wide Fuel Charter, 5th Edition, September 2013
[2] J. Jakóbiec, Journal of KONES, 10 (2003) 3
[3] J. J. Lin, et al, Polymer Journal, 34 (2002) 72
[4] A. Zanier, Journal of Thermal Analysis and Calorimetr, 64 (2001) 377
[5] M. Husnawan, et al, Applied Energy, 86 (2009) 2107
[6] Z. Ye, et al, International Journal of Thermophysics, 28 (2007) 1056
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Preliminary thermal characterization of fossil resins from different 
botanical sources and geological environments

Joanna Pagacz1, Beata Naglik2, Lucyna Natkaniec-Nowak3, Paweł Stach3,  
Tomasz Słoka4, Przemysław Drzewicz5
1The Institute of Ceramics and Building Materials, Postępu 9, 02-676 Warsaw, Poland 
2Beskidzka, 34-312 Międzybrodzie Żywieckie, Poland 
3The Faculty of Geology, Geophysics and Environmental Protection, AGH University  
of Science and Technology, Mickiewicza Av.30, 30-059 Krakow, Poland 
4Wroclaw Research Centre EIT+, Stablowicka 147,54-066 Wroclaw, Poland 
5The Polish Geological Institute-National Research Institute,  
Rakowiecka 4, 00-975 Warsaw, Poland

Fossil resins constitute a mixture of organic high molecular weight compounds 
with polymeric materials. Depending on  the botanical originity, geographical 
area and temperature-pressure conditions of their diagenesis, different resins oc-
curring worldwide can be distinguished [1]. There are several reports concerned 
on thermal analysis of fossil resins [2-5], where authors try to find a correlation 
between their thermal properties (glass transition, combustion profiles) and age. 
However, maturation of  fossil resins depends not only on  the length of  burial 
but also primary chemical composition and alteration processes in  geological 
environment [6]. 

Our interest was to  investigate thermal properties of  differently aged fossil 
resins, i.e. from Khatanga (Russia), Dominican Republic, Columbia and Poland 
(Baltic amber - succinite). The grinded materials were tested according their 
thermal stability (TG) and behavior under elevated temperatures (DSC, FT-IR 
variable - temperature microscopy) to show that they have different structure and 
composition. TG results proved that only Dominican and Columbian ambers 
present relatively high thermal stability in the range of 203-230°C. This was also 
important in  term of  DSC experiments, which expose thermal events during 
heating and allow to determine glass transition. The results indicate that both TG 
and DSC, cannot be considered as a methods for age dating of fossil resins. 

[1] K. Anderson et al., In Amber, Resinite, and Fossil Resins, ACS Symposium 
Series; American Chemical Society: Washington, DC, 1996

[2] E. Ragazzi, G. Roghi, A. Giaretta, P. Gianolla, Thermochimica Acta 404 
(2003) 43

[3] K.A. Rodgers, S. Currie, Thermochimica Acta 326 (1999) 143
[4] J. Zhao, G.B. McKenna, Polymer 55 (2014) 2246
[5] J. Dal Corso, G. Roghi, E. Ragazzi,  et al., Geologica Acta 11(3) (2013) 359.
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TGA, DSC and SEM investigations of PLA fibers biodegradation  
in activated sludge

Monika Rom1, Janusz Fabia1, Andrzej Gawłowski1, Tadeusz Graczyk1,  
Jarosław Janicki1, Klaudiusz Grübel2
1University of Bielsko-Biala, Institute of Textile Engineering and Polymer Materials 
2University of Bielsko-Biala, Institute of Environmental Protection and Engineering 
43-309 Bielsko-Biała, Willowa 2; Poland; jfabia@ath.bielsko.pl

This study concentrated on examining biodegradation of polylactide (PLA) non-
woven fabrics, which are a potential filter material increasingly used in practice. 
Biodegradation was conducted in an environment of the so-called waste activat-
ed sludge (WAS), under the conditions of a conventional municipal wastewater 
treatment process. Evaluating the effectiveness of biodegradation is a key issue 
because of the recently raised problem of water contamination with the so-called 
“microplastics”. The results of  the study confirm that this hazard is also posed 
by PLA, which is widely recognized as a biodegradable polymer.

Polylactide in  fibrous form of  nonwoven was prepared from NatureWorks® 
PLA 3051D in  melt-blown process. The biodegradation tests were conducted 
in WAS taken from Bielsko-Biala sewage treatment plant. Qualitative and quan-
titative assessment of  the progress of  biodegradation was done using thermal 
analysis (TGA, DSC) and scanning electron microscopy (SEM).

Based on the results obtained, the following conclusion can be inferred: when 
exposed to WAS under the conditions of the experiment, samples of PLA non-
wovens biodegrade, which is indirectly evidenced by  TGA results and change 
of their microscopic image. However, biodegradation does not occur uniformly 
throughout the volume of the fibers making up the web of PLA nonwovens, and 
it was not complete after the six weeks long experiment. This seems to be a cru-
cial finding as it confirms that contamination in the form of PLA microfibers may 
remain in water after leaving a municipal wastewater treatment plant. Moreover, 
based on the results of  the DSC study, it should be clearly stated that after six 
weeks of biodegradation in the WAS environment at about 23°C, PLA macro-
molecules still retain the ability to crystallize.
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The influence of temperature and mixed adsorption layer 
6-mercaptopurine – nonionic surfactant on the Bi(III) ions 
electroreduction rate

Agnieszka Nosal-Wiercińska1, Waldemar Kaliszczak2, Mariusz Grochowski1, 
Małgorzata Wiśniewska3, Konrad Terpiłowski4
1Maria Curie-Sklodowska University, Faculty of Chemistry, Department of Analytical 
Chemistry and Instrumental Analysis, M. Curie-Sklodowska Sq. 3, 20-031 Lublin, Poland, 
anosal@poczta.umcs.lublin.pl 
2„Herbapol – Lublin” S.A., Diamentowa 25 St, 20 – 741 Lublin, Poland 
3Maria Curie-Sklodowska University, Faculty of Chemistry, Department of Radiochemistry 
and Colloid Chemistry, M. Curie-Sklodowska Sq. 3, 20-031 Lublin 
4Maria Curie-Sklodowska University, Faculty of Chemistry, Department of Physical 
Chemistry – Interfacial Phenomena, M. Curie-Sklodowska Sq. 3, 20-031 Lublin

It was found that a major role in accelerating or inhibiting the process is played 
by the ability of the organic substance to form complexes with the depolarizer 
and to locate the depolarizer reduction potential in the area of labile adsorption 
equilibrium of the organic substance. The temperature dependence of the kinetics 
parameters has been discussed in the literature [1-2]. The changes of activation 
enthalpies confirm the catalytic activity of  methionine, cysteine, cysteine and 
1-octanesulfonate or sodium 1-decanesulfonate.

The main aim of the study was to investigate the influence of temperature and 
mixed adsorption layer 6-mercaptopurine – Triton X-100 and 6-mercaptopu-
rine - Tween 80 on the Bi(III) ions electroreduction rate.

The applied electrochemical techniques (DC polarography, cyclic and SWV 
voltammetry) allowed for the determination of the kinetic parameters and their 
correlation with catalytic activity of 6 – mercaptopurine or 6 – mercaptopurine 
– nonionic surfactant. The studies of the effect of mixed adsorption layers on the 
kinetics and mechanism of electroreduction of the Bi(III) ions were confirmed 
by the values of parameters calculated also from the temperature dependencies.

[1] J. Nieszporek, K. Dagci, Electrochim. Acta 125(2014)473.
[2] A. Nosa-Wiercińska, Electroanalysis 26 (2014) 1013.
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Signatures of lung cancer oncogene mutations in blood serum DSC 

Karolina Kędra-Królik1, Izabela Chmielewska2, Anna Michnik3, Piotr Zarzycki4
1Institute of Physical Chemistry, PAS, Kasprzaka 44/52, 01-224 Warsaw, Poland  
2Department of Pneumonology, Oncology and Allergology Medical University of Lublin, 
Jaczewskiego 8 Lublin, 20-090 Poland 
3Department of Medical Physics, A. Chełkowski Institute of Physics, Silesian Center for 
Education and Interdisciplinary Research, University of Silesia, 75th Pułku Piechoty 1A, 
Chorzów, 41-500 Poland 
4Energy Geoscience Division, Lawrence Berkeley National Laboratory, 1 Cyclotron Road 
Berkeley, CA 94720

Lung cancer is the major reason of cancer-related death worldwide [1]. Cancer, as 
a genetic disease, results from an accumulation of many DNA alterations. At the 
cellular level, the DNA-mutations manifest themselves in altered type, sequence 
and structure of expressed proteins [2,3]. The genetic alterations, such as acti-
vating mutations of the epidermal growth factor receptor (EGFR) and anaplastic 
lymphoma kinase (ALK) rearrangements in non-small cellular lung cancer (NS-
CLC) are targetable to the implementation of precision therapy.

Our preliminary report (Kędra-Królik et al.) illustrates that thermal analysis 
of changes in heat capacity of blood serum proteins is sensitive to the genomic 
alteration in  lung cancer patients [4]. In  this differential scanning calorimetry 
(DSC) study, we presented results for 15 blood serum samples from the patients 
with NSCLC, adenocarcinoma, and compared them with those of  the healthy 
volunteers. The DSC curves allow us to  identify the individuals with EGFR or 
ALK mutations as well as the efficacy of the platinum-based chemotherapy. 

[1] L.A. Torre, F. Bray, R.L. Siegel, J. Ferlay, J. Lortet-Tieulent, CA Cancer J. Clin. 
65 (2015) 87

[2] J.L. Mulshine, Nat. Rev. Cancer 3 (2003) 65
[3] S. Pelengaris, M. Khan, in: “The Molecular Biology of Cancer”, S. Pelengaris, 

M. Khan (ed) Wiley-Blackwell, 2013.
[4] K. Kędra-Królik, I. Chmielewska, A. Michnik, P. Zarzycki, Sci. Rep. 7 (2017), 

16796
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Differential scanning calorimetry study of human blood serum 
in vitro exposition to X – ray radiation

A. Kiełboń1,2, A. Michnik1,2, K. Polaczek-Grelik1,2, E. Sadowska-Krępa3
1Uniwersytet Śląski w Katowicach, Zakład Fizyki Medycznej,  
Instytut Fizyki im. A. Chełkowskiego, ul. Uniwersytecka 4, 40-007 Katowice 
2Śląskie Centrum Edukacji i Badań Interdyscyplinarnych,  
ul. 75 Pułku Piechoty 1A, 41-500 Chorzów 
3Akademia Wychowania Fizycznego im. Jerzego Kukuczki w Katowicach,  
Wydział Fizjologii i Nauk Medycznych , ul. Mikołowska 72a, 40-065 Katowice

The goal of this study was to observe, how the exposition to particular, 10 Gy, 
dose of X – ray radiation affects heat capacity changes observed for serum pro-
teins during their thermal denaturation. The chosen dose value is used in total 
or half body irradiation as a total dose supplied in a single fraction during radio-
therapeutic session.

The human blood serum samples were obtained from healthy volunteers. The 
serum was diluted in degassed PBS buffer (0.01M, pH=7.4). The in vitro expo-
sition to radiation was conducted using X – rays produced by linear accelerator 
working at the nominal potential of 6 MV. The control group of samples were al-
ways stayed at the same conditions as the irradiated group of samples (except the 
exposition process). Each serum sample was scanned twice in the temperature 
range 20 – 100 0C with the heating rate 10C per min using the microcalorimeter 
VP-DSC (MicroCal). Serum DSC profiles were collected every week (till month) 
after the exposition to observe an aging process of serum samples.

Immediately after the X-ray exposition a decrease in the amplitude of the main 
peak at about 62 0C and an increase of the amplitude of the second one at about 
70 0C have been observed with reference to an initial DSC curve. The differences 
were more significant for irradiated than for control samples. It suggest that a di-
rect influence of 10 Gy dose of X-ray radiation on human serum solution can be 
observed using DSC. 

Another effect of the exposition of serum solutions to X-ray radiation is more 
pronounced progressive aggregation of irradiated serum proteins observed in the 
temperature range 20 - 55 0C as the exothermic transition. This process intensifies 
over the time what is revealed as increasing differences between irradiated and 
control samples in  their DSC profiles. The increase of exothermic effect of ag-
gregation is accompanied by a decrease of the endothermic enthalpy of protein’s 
unfolding process.
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Cryotherapy impact on blood serum thermal denaturation profiles 
of cross-country skiers

Klaudia Duch1, Anna Michnik1, Ilona Pokora2, Ewa Sadowska-Krępa2
1University of Silesia in Katowice, Department of Medical Physics, A. Chełkowski Institute 
of Physics, The Silesian Centre for Education and Interdisciplinary Research,  
ul. 75 Pułku Piechoty 1A, 41-500 Chorzów, Poland 
2The Jerzy Kukuczka Academy of Physical Education in Katowice, Department 
of Physiological and Medical Sciences, Department of Biochemistry, ul. Mikołowska 72a, 
40-065 Katowice, Poland

Cryotherapy has been used in  sports medicine for many years, mainly for the 
regeneration of tired muscles or during the treatment of injuries. The aim of the 
conducted research is to  assess the impact of  cryotherapy treatments on  the 
course of the process of thermal denaturation of proteins contained in the blood 
serum of athletes. 

Serum samples were obtained from the blood of  8 athletes (2 women and 
6 men) well trained in cross-country skiing. A group of  these athletes has un-
dergone a series of ten cryotherapy treatments. Blood was collected before the 
beginning of cryotherapy, after the first treatment and after a series of ten cryo-
therapy treatments.

Differential scanning calorimetry (DSC) measurements of aqueous and buffer 
serum solutions were made using the VP-DSC microcalorimeter (MicroCal Co, 
Northampton, MA), in the temperature range 20 - 100 0C with a heating rate of 1 
0C  min-1 and a pressure of about 1.8 atm.

Analysis of DSC curves showed that the intensity of the endothermic transi-
tion connected with serum denaturation decrease after cryotherapy, especially 
after the whole series of 10 treatments. A statistically significant decrease of the 
intensity of the first component of this complex transition (corresponded prin-
cipally to the denaturation of unligated albumin) and the enthalpy of serum de-
naturation after a series of 10 cryotherapy treatments have been observed. These 
results suggest a reduction in thermal stability of serum proteins after cryother-
apy treatments.
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Effect of temperature on interactions in the chitosan/lipid/protein 
system

M. Jurak, K. Przykaza, A. Gozdecka, K. Woźniak, A. E. Wiącek
Department of Physical Chemistry, Faculty of Chemistry,  
Maria Curie-Skłodowska University, Lublin, Poland

Chitosan is a polysaccharide mainly used in cosmetics, biotechnology and med-
icine owing to  its biocompatibility, biodegradability and low cytotoxicity. One 
of the great interests is development of the mechanisms responsible for the chi-
tosan action in biomedical applications. In this aspect it is important to get more 
profound insight into the chitosan interactions with cell membrane models at the 
molecular level. In this study, the Langmuir technique was used to determine the 
interactions between chitosan (dissolved in the subhase) and the monomolecular 
films of lipid, protein or mixed lipid/protein spread at the air-chitosan solution 
interface. The Langmuir monolayers served as simplified models of cell mem-
brane. The surface pressure versus area per molecule (π-A) measurements were 
conducted as a function of temperature. Then the Langmuir-Blodgett technique 
was applied to transfer the Langmuir films from the liquid onto the solid sup-
port. The structural analysis was performed by means of atomic force microscope 
(AFM). Moreover wettability of the deposited films was investigated by advanc-
ing and receding contact angle measurements and then surface free energy was 
determined from the theoretical models.

The presence of chitosan in the subphase modulates properties of the Lang-
muir monolayers causing changes in mean molecular areas and elasticity [1, 2]. 
It is likely that at large areas per molecule chitosan is located between lipid or 
protein molecules, interacting mainly by electrostatic and hydrophobic interac-
tions. At small areas per molecule, i.e. at higher surface pressure, the interactions 
are principally electrostatic as chitosan is partially expelled from the air-solution 
interface to form a subsurface interacting with polar parts of  lipids or protein. 
Temperature is essential factor which affects the strength of these interactions. 
Moreover, changes in  roughness and wettability of  the solid supported films 
indicate that chitosan is co-adsorbed during the LB deposition process. On the 
basis of the obtained results we hope that these studies will be helpful to better 
understand the role of chitosan in biological systems. 

[1] F.J. Pavinatto, A. Pavinatto, L. Caseli, D.S. dos Santos Jr., T.M. Nobre, M.E.D. 
Zaniquelli, O.N. Oliveira Jr., Biomacromolecules, 8 (2007) 1633

[2] F.J. Pavinatto, L. Caseli, A. Pavinatto, D.S. dos Santos Jr., T.M. Nobre, M.E.D. 
Zaniquelli, H.S. Silva, P.B. Miranda, O.N. Oliveira Jr., Langmuir 23 (2007) 
7666
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Thermal behaviour of indole derivative showing affinity to human 
dopamine D2 receptor

Magdalena Kondej1, Agata Bartyzel2, Monika Pitucha3, Tomasz M. Wróbel1, 
Andrea G. Silva4, Dariusz Matosiuk1, Halina Głuchowska2, Marian Castro4, 
Agnieszka A. Kaczor1,5
1Department of Synthesis and Chemical Technology of Pharmaceutical Substances with 
Computer Modeling Laboratory, Faculty of Pharmacy with Division of Medical Analytics, 
Medical University of Lublin, Poland; 2Department of General and Coordination 
Chemistry, Maria Curie-Skłodowska University, Lublin, Poland; 3Department of Organic 
Chemistry, Faculty of Pharmacy with Division of Medical Analytics, Medical University 
of Lublin, Poland; 4Department of Pharmacology, Universidade de Santiago de 
Compostela, Center for Research in Molecular Medicine and Chronic Diseases (CIMUS), 
Avda de Barcelona, Santiago de Compostela, Spain; 5School of Pharmacy, University 
of Eastern Finland, Kuopio, Finland

The aim of this work was design and synthesis of indole derivative showing affin-
ity to human dopamine D2 receptor. The studied compound (Fig. 1) was formed 
in the reaction of 5-ethoxyindole and 1-benzyl-4-piperidone in methanol/KOH.
The thermal behaviour of compound was investigated using TG-DSC technique 
in air atmosphere. The studied compound is characterized by good thermal sta-
bility. During the heating, at the beginning it melts (Tp = 154 °C), and then the 
three-stage decomposition and combustion of sample is observed. 

Fig. 1. Molecular structure of studied compound.

In  order to  better understand the mechanism of  thermal decomposition 
of  the compound the TG-FTIR analyses in  air and nitrogen atmosphere were 
also performed. During the combustion and pyrolysis processes, in FTIR spectra 
of evolved gases the first bands were assigned to toluene molecule which indi-
cates that the decomposition processes in oxidizing and inert atmosphere start 
with the partial removal of the benzyl group. Further heating of the compound 
causes that in  the air, because of combustion, on the FTIR spectra only bands 
characteristic of  CO2, H2O and CO  are observed while in  nitrogen a  number 
of different organic compounds are formed. 
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Monitoring of the hydrolytic and enzymatic degradation process  
of fibrous polysaccharides-protein scaffolds

Ewa Stodolak-Zych1, Marcin Gajek1, Alicja Rapacz-Kmita1, Łukasz Zych1, 
Beata Kolesińska2
1AGH University of Science and Technology, al. Mickiewicza 30, 30-059 Krakow, Poland 
2Institute of Organic Chemistry, Lodz University of Technology, Zeromskiego 116, 90-924 
Lodz, Poland

The synthetic extracellular matrix (sECM) is a scaffold designed to fill a defect 
and support regeneration process of both hard and soft tissues. Fibrous materials 
were obtained by  the wet spinning method based on  such polysaccharides as; 
chitin (CH), chitin-butyryl co-polyester (BOC) and their composition BOC:CH 
(80:20). Synthetic peptides based on tryptophan (W) or tyrosine (Y) were modi-
fied by cysteine   (C). The peptide chains differed in amount and sequence of ami-
no acids (6 or 9 amino acids). Modification of  the polysaccharide non-woven 
scaffolds with the protein component was performed by a physical method i.e.; 
high-temperature deposition. In this way, such systems were obtained:

- CH/WWCWWC and CH/YYCYYC;
- CH/WWCWWCWWC and CH/YYCYYCYYC;
- BOC/WWCWWC and BOC/YYCYYC;
- BOC/WWCWWCWWC and BOC/YYCYYCYYC;
- BOC:CH/WWCWWC and BOC:CH/YYCYYC;
- BOC:CH/WWCWWCWWC and BOC:CH/YYCYYCYYC

The polysaccharide-protein systems were tested for the hydrolytic degradation 
process (37°C/PBS/5%CO2/30 days). At the same time, enzymatic stability stud-
ies were carried out by contacting the systems with metalloproteinases (FLAGP). 
Progress of the degradation process in both cases was monitored using thermal 
methods (DSC/TG) and mid-infrared spectroscopy (FTIR-ATR).

The work was supported by the National Science Center, Poland, under grant no. UMO-
2015/19/B/ST8/02594
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DSC supported by factor analysis as a reliable tool for compatibility 
study in pharmaceutical mixtures
Barbara Rojek*, Marek Wesolowski
Department of Analytical Chemistry, Medical University of Gdansk, Gen. J. Hallera 107, 
80-416 Gdansk, Poland, rojekb@gumed.edu.pl
Thermal methods of analysis, that is differential scanning calorimetry (DSC), dif-
ferential thermal analysis (DTA) and thermogravimetry (TG), have been widely 
used for decades in  compatibility study of  active pharmaceutical ingredients 
(APIs) with excipients. Amongst these methods, DSC is the first choice technique 
applied to  rapid screening of  incompatibility in  the pharmaceutical mixtures, 
taking into account the appearance or disappearance of  the DSC peaks, their 
shifting to lower or higher temperatures, and the variations in their correspond-
ing enthalpy of transition (ΔH). Thus, the main benefit of DSC method is its abil-
ity to rapid selection of potential excipients that can be used in the formulation 
process of new solid dosage forms of drugs. However, conclusions based on the 
DSC results themselves can be sometimes misleading. This is probably due to the 
fact that DSC experiments are carried out at higher temperatures (up to 300°C) 
without light and moisture [1]. Moreover, in  the case of APIs that decompose 
without melting, omeprazole sodium for example, search for incompatibility is 
problematic [2]. Thus, the application of  unsupervised, multivariate statistical 
approach to  improve the interpretation of  DSC curves in  order to  predict the 
incompatibility in the pharmaceutical mixtures is highly recommended.

Taking all above into consideration, the objective of this work was to test the 
usefulness of  factor analysis (FA) as a  supplementary approach improving the 
interpretation of the DSC data in order to predict the incompatibility between 
API and excipients. Theophylline was used as a model API, whereas arabic gum, 
glicocol, glucose, microcrystalline cellulose PH 101, sorbitol and sucrose were 
selected as excipients. Two-component physical mixtures were prepared by mix-
ing of theophylline and excipient at the molar or mass ratios of 9:1, 7:3, 1:1, 3:7 
and 1:9. DSC measurements were carried out over a  range from 25 to 300 °C, 
under nitrogen flow (flux rate of 70 mL min–1) at a heating rate 10 °C min–1. For 
FA calculations, DSC parameters such as enthalpies, onset temperatures, peak 
temperatures, peak heights and peak widths were selected. The results of DSC 
supported by FA can be successfully applied to detect the compatibility/incom-
patibility in binary mixtures of theophylline. This study revealed that theophyl-
line was only compatible with microcrystalline cellulose PH 101.

[1] Ding T, Chen L, Zhai LH, Fu Y, Sun BW. Compatibility study of rivaroxaban 
and its pharmaceutical excipients. J Therm Anal Calorim 2017;130:1569–73.

[2] Veiga A, Oliveira PR, Bernardi LS, Mendes C, Silva MAS, Sangoi MS, 
Janissek PR, Murakami FS.  Solid-state compatibility studies of a drug 
without melting point. The case of omeprazole sodium. J Therm Anal 
Calorim 2018;131:3201–9.
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Influence of heating and cooling cycles on detection  
of compatibility/incompatibility in binary mixtures  
of acetazolamide with excipients

Barbara Rojek, Marek Wesolowski
Department of Analytical Chemistry, Medical University of Gdansk, Gen. J. Hallera 107, 
80-416 Gdansk, Poland, rojekb@gumed.edu.pl

In the formulation study of a new solid dosage form of drug substance, appropri-
ate pharmaceutical excipients should be selected taking into account the techno-
logical properties of their powdered form, the required drug substance delivery 
kinetics and their compatibility with the drug substance. For this reason, the 
compatibility study is a key step in accelerating drug development. Subsequent 
changes in  the formulation as a  result of unexpected instability problems lead 
to an increase in the time and in the cost of drug development. The chance of us-
ing rapid and reliable methods for the prediction of drug-excipient interaction 
remains an open problem for the pharmaceutical industry [1]. Historically, the 
techniques such as differential scanning calorimetry (DSC), differential thermal 
analysis (DTA) and thermogravimetry (TG) have played important roles in the 
study of drug-excipient incompatibility. Listel above methodologies are extreme-
ly useful during the preformulation studies, since carefully planned studies can 
be used to indicate the existence of possible drug-excipient interactions in a pro-
totype formulation [2]. DSC is the best technique in the search for interaction 
indicators. Indeed, with a proper selection of experimental conditions, DSC is 
able to reveal the thermal changes which can be a result from an interaction be-
tween the ingredients in the solid phase.

In this study the DSC method was used to evaluate the drug-excipient com-
patibility of acetazolamide as a drug substance with selected excipients, such as 
β-cyclodextrin, chitosan, lactose, magnesium stearate, mannitol, meglumine, 
methylcellulose, polyvinylpirrolidone and starch. The DSC approach is based 
on the heating and cooling of binary physical mixtures of acetazolamide and ex-
cipient. In order to identify possible incompatibility, both ingredients were mixed 
at the 1:1 molar or mass ratios. The DSC analysis revealed that acetazolamide was 
incompatible with β-cyclodextrin, chitosan, lactose, mannitol, meglumine and 
starch. The Fourier transform infrared spectroscopy (FTIR) and powder X-ray 
diffraction (PXRD) were also used as complementary and confirmatory methods.

[1] Bruni G, Berbenni V, Milanese Ch, Girella A, Marini A. Drug-excipient 
compatibility studies in binary and ternary mixtures by physico-chemical 
techniques. J Therm Anal Calorim 2010;102:193–201.

[2] Adeyeye MCh, Brittain HG, editors. Preformulation in solid dosage form 
development. New York: Informa, Healthcare; 2008.
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Thermal analysis of multicomponent solid based on 2-amino-4,6-
dimethylpyrimidine

Agnieszka Ostasz, Renata Łyszczek, Halina Głuchowska
Department of General and Coordination Chemistry, Faculty of Chemistry,  
Maria Curie-Skłodowska University, M.C Sklodowskiej Sq. 2, 20-031 Lublin, Poland; 
a.ostasz@poczta.umcs.lublin.pl

yrimidines and aminopyrimidine derivatives are biologically important com-
pounds that manifest themselves in nature as components of nucleic acids. The 
functions of nucleic acids are explicitly determined by hydrogen-bonding pat-
terns including base pairing, which is responsible for genetic information trans-
fer. Their interactions with carboxylic acids are involved in protein-nucleic acid 
recognition and drug-protein recognition processes [1]. 

a)      b)

Fig 1. . Molecular structures of a) 1,4-xylylene-bis(sulphonylacetic) acid (1,4-XSA) and b) 
2-amino-4,6-dimethylpyrimidine (DMP)

Supramolecular complex 1,4-XSA with 2-amino-4,6-dimethyl pyrimidine 
(DMP) has been synthesized and characterized by the single crystal X-ray dif-
fraction, infrared spectroscopy, thermal analysis methods (TG/DSC) and TG-
FTIR. The analysis of the ATR-FTIR spectra of the compound prepared in this 
study confirms formation of  new multicomponent solid. The structure of  1,4-
XSA _DMP are stabilized via hydrogen bonds where groups such as NH2 as well 
as pyridine N-atoms are preferred. The characterization and thermal properties 
connected with TG-FTIR analysis of gaseous products indicate that decomposi-
tion of 1,4-XSA_DMP complex is connected with release of  derivatives of pyri-
dine, nitromethane, nitropropane, methane, SO2, H2O and CO2.

[1] Janez Seliger, Veselko Zagar, J. Phys. Chem. B,  (117) (2013) 6946
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Chirality and racemization: The thermodynamic and kinetic bases 

Elena A. Kadyshevich
Obukhov Institute of Atmospheric Physics RAS, Pyzhevsky str. 3, Moscow, 119017 Russia 
kadyshevich@mail.ru 

Chirality is the ability of some substances to be in the form of the molecules (en-
antiomers) which, in spite of the identity of their overall chemical composition 
and the identity of the chemical composition of the sets of atomic groups included 
into these molecules, can’t be superimposed one upon the other due to different 
orientations of  their corresponding atomic groups relative to  the other atomic 
groups in the molecules. Molar thermodynamic characteristics of enantiomers 
are almost identical; in a mixture, they can be in different proportions. A domi-
nance of any one enantiomer in the mixture is termed chirality; any pure enan-
tiomer is monochiral. The process of balancing of enantiomers in a nonequiv-
alent mixture, owing to  the thermodynamically caused transitions, is termed 
racemization. It proceeds not always. If it proceeds, its rate is sometimes very low. 
The physicochemical grounds of the processes that cause the chirality origin and 
racemization delay in chemistry, biochemistry, crystallography, etc. represented 
thermodynamic and kinetic riddles being hidden by nature for about 160 years 
after L. Pasteur’s discovery of the phenomenon of chirality [1]. Meanwhile, the 
phenomena under study are of great importance in the human practical activity, 
e.g., in the production and storage of drugs, liquid crystals, regular polymers, fer-
rielectrics, and some other goods. They are being widely investigated, particular-
ly, by the thermal analysis [2]. These phenomena are of principal importance for 
understanding the living-matter origin, design of nutrition syntheses from min-
erals and drug syntheses, etc. [3]. The fact is that living matter has definite chiral 
peculiarities and special demands are made on the chirality of a number of drugs 
[4]. As the causes of  the bio-chirality, very unusual assumptions are available 
in the literature, including the fundamental asymmetry of the Universe and weak 
interactions of subatomic particles. We found simple and logic physicochemical 
explanations for the chirality and racemization-delay phenomena [5]. At present, 
we developed this work in the direction of specification of the conditions, ways, 
and possibilities for synthesizing the desirable enantiomers. The bases of chirality 
and racemization will be presented in their completeness. 

[1] K.W. Bush, M.A. Bush, Chiral Analysis, Elsevier, 720 p., 2011
[2] D.Ž. Obadović et al., J. Therm. Anal. Calorim., 82 (2005) 519 
[3] E.A. Kadyshevich, V.E. Ostrovskii, J. Therm. Anal. Calorim., 95 (2009) 571
[4] V.E. Ostrovskii, E.A. Kadyshevich, J. Molec. Evol., 79 (2014) 155
[5] E.A. Kadyshevich, V.E. Ostrovskii, Chirality, 28 (2016) 153 
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Diagnosis of septic arthritis by DSC and isoperibolic calorimetry

Á. Dandé1, LG. Nöt1, N. Wiegand1, B. Kocsis2, D. Lőrinczy3
1Department of Traumatology and Hand Surgery, 2Department of Microbiology, 
3Department of Biophysics, School of Medicine, University of Pécs,  
H-7624 Pécs Szigeti str. 12, Hungary, denes.lorinczy@aok.pte.hu

Analysis of synovial fluid is important for diagnosing septic arthritis. To archive 
quick diagnosis, faster than the microbiological cultures, the DSC could be a use-
ful tool for it.  We inoculated different type of bacterial strains in 200-μL bouillon 
to reach the 103 - 105 CFU/mL concentrations. After mixing it with aseptic human 
synovial fluid of 500-μL we incubated the mixture for 24 hours at 37 °C. The inoc-
ulated samples were denaturized in pair with reference samples containing only 
bouillon. The thermal characteristics (maximal denaturation temperature (Tm) 
and calorimetric enthalpy change (ΔH)) were monitored by SETARAM Micro 
DSC-II calorimeter between 37°-90° C with 0.3 K min-1 heating rate. The denatur-
ation scans demonstrated representative thermograms in case of different grades 
of arthritis, as well as with each individual bacterial strain. We tested the prolif-
eration of inoculated synovial fluid samples at 37 °C by isoperibol calorimeter: 
in one compartment of the sample mixing batch vessel were bacteria in 200-μL 
bouillon in the next one of 500-μL aseptic human synovial fluid. In the reference 
vessel was aseptic human synovial fluid in both parts. After reaching a thermal 
equilibrium, we mixed the compartments and the detected proliferation curves 
clearly demonstrated a  characteristic alteration for each bacterium. Therefore, 
thermoanalyzes of  human synovial fluid samples by  isotherm calorimetry too 
could be a useful tool in the differential diagnosis of human septic arthritis.

Oral presentations
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Fully bio-based poly(propylene succinate-co-butylene succinate) – 
thermal degradation characteristic with released gasses analysis

Paulina Parcheta1, Iwona Koltsov2, Janusz Datta1
1Gdansk University of Technology, Chemistry Faculty, Department of Polymer Technology, 
Narutowicza St. 11/12, 80-233 Gdansk, Poland 
2Laboratory of Nanostructures for Photonic and Nanomedicine, Institute of High Pressure 
Physics, Polish Academy of Sciences, St. Sokołowska 29/37, 01-142 Warszawa, Poland 
janusz.datta@pg.edu.pl / paulina.parcheta@pg.edu.pl 

The synthesis of monomers from renewable substances as an alternative for pet-
rochemical-based counterparts play important matter in the chemistry, chemical 
engineering and materials science, also for polyurethane materials1. Polyols con-
stitute one of the major components for the polyurethanes synthesis. Polyester 
polyols represent one of  the most important group (beside polyether polyols) 
with around 18% of the polyols global usage. The most important information 
about polyesters is their thermal stability, melting points and glass transition 
temperatures2. These characteristics give information about the promising be-
haviour of  the polyesters during processing. As more precise analysis during 
thermal decomposition we can also investigated the released gasses, which in the 
sequel, allow determined the thermal degradation mechanisms3.

In this work, the fully bio-based co-polyesters were synthesized via two-step 
polycondensation method with the use of natural origin monomers. The impact 
of the various amount of glycols in the macromolecular structure on the thermal 
degradation characteristics were investigated with the use of DSC-TG/QMS cou-
pled method. The measurements were carried out under the air atmosphere. The 
results of the QMS allowed proposed probable mechanism of thermal decompo-
sition study with released gasses analysis. The obtained poly(propylene-co-buty-
lene succinate)s were also characterized by structure analysis with the use Fourier 
Transform Infrared Spectroscopy and Proton Nuclear Magnetic Resonance.

[1] P. Parcheta and J. Datta, Crit. Rev. Environ. Sci. Technol., 1986–2016., 47, 
2017

[2] P. Parcheta and J. Datta, J. Therm. Anal. Calorim., 197–206., 130, 2017
[3] P. Parcheta, I. Koltsov and J. Datta, Polym. Degrad. Stab., 90–99., 151, 2018
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Preparation and comparison of structural, adsorption and thermal 
properties of active carbons from nutshells

Małgorzata Sęczkowska1, Maria V. Galaburda2, Victor M. Bogatyrov2,  
Anna Deryło-Marczewska1, Adam W. Marczewski1
1Faculty of Chemistry, Maria Curie-Sklodowska University,  
Maria Curie-Sklodowska Sq. 3, 20-031 Lublin, Poland 
2O.O. Chuiko Institute of Surface Chemistry, NAS of Ukraine,  
17 General Naumov Str., Kyiv 03164, Ukraine

Active carbons are widely used as adsorbents in air, water and wastewater treat-
ment technologies. Such materials can be obtained by treating natural wastes. It 
allows the proper management of natural resources and reduce production costs 
and stress on environment [1-3].

The main aim of  these investigations were preparation and comparison 
of  structural, adsorption and thermal properties of  active carbons obtained 
from agricultural wastes. The nutshells were selected as raw material for carbon 
preparation. The adsorbents obtained were modified by acid impregnation and 
then carbonized at 600°C. One sample was carbonized without activation. The 
structural properties of  received materials were estimated from nitrogen ad-
sorption/desorption isotherms (specific and external surface area, pore volume 
and size) and electron microscopy. The adsorption properties towards organic 
pollutants from aqueous solutions were analyzed on the basis of equilibrium and 
kinetic measurements. The obtained data were studied by using simple kinetic 
and equilibrium equations and models. Thermal stability of the obtained carbons 
was determined by using the thermal analyzer QMS 403D Aeölos equipped with 
STA449F1 Jupiter mass spectrometer (Netzsch, Germany) and TGA-IR Tensor 
27 (Bruker, Germany).

The research leading to  these results has received funding from the People Programme 
(Marie Curie Actions) of the European Union’s Seventh Framework Programme FP7/2007-
2013/ under REA grant agreement N° PIRSES-GA-2013-612484.

[1] S.S.Z. Hindi, IJMER 2 (2012) 1386
[2] M. Singanan, Science Asia 37 (2011) 115
[3] T. Tay, S. Ucar, S. Karagöz, Journal Hazardous Materials 165 (2009) 481
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The effect of polysaccharides addition on the thermal, 
physicochemical and antibacterial properties of PLA-based 
biocomposites

Ewa Stodolak-Zych1, Marcin Gajek1, Łukasz Zych1, Barbara Szaraniec1,  
Maciej Mikołajczyk2, Alicja Rapacz-Kmita1
1AGH University of Science and Technology, al. Mickiewicza 30, 30-059 Krakow, Poland 
2The University Hospital in Krakow, Division of Microbiology, Kopernika 19, 31-501 
Krakow, Poland

Biocomposites made of natural components are an interesting alternative to tra-
ditional paper or polymer packaging. The use of components derived from natu-
ral components (polysaccharides) allows for full degradability of plastics, whose 
life span can be adjusted depending on the amount of the modifying component. 
Additionally, such materials are processed using methods known from tradi-
tional polymer processing. The introduction of  a  natural additive in  the form 
of a polysaccharide (alginate, NA) or aminopolysaccharide (chitosan, CS) signifi-
cantly affects the durability of plastics. A series of model materials (biocomposite 
films) was received in  the experiments using the injection method. The poly-
lactide (NatureWorks PLA 3051) and polysaccharides in  the form of powders: 
alginate (particle size 180-350 nm), as well as chitosan of  both low molecular 
weight (particle size 0.8-1.2 μm) and medium molecular weight (particle size 
0.9-1.5 μm) were used. The amount of  the additive in  the biocomposite was 1 
wt% and 5 wt%, respectively. Thermal (TG/DSC), mechanical (tensile strength, 
Young’s modulus) and physicochemical (contact angle) analyses were carried 
out. It was found that the addition of polysaccharide significantly influences the 
change of the crystallinity of the material and its thermal stability (the greater the 
proportion of the polysaccharide component and its smaller size, the greater the 
durability and crystallinity of the material). There were neither significant chang-
es noticed in  the wettability of  polysaccharide-modified materials nor in  the 
strength of these materials. In the further part of the experiment, model materials 
in the form of thin biocomposite films were subjected to simulated atmospheric 
conditions (humidity 65%, temperature 45°C) for the periods of 2, 5 and 10h. The 
most rapidly degradable biocomposites were modified with medium molecular 
weight chitosan. PLA/CS biocomposites were also characterized by antibacterial 
properties against E.coli.

This study was performed within the framework of funding for statutory activities of AGH 
University of Science and Technology in Krakow, Faculty of Materials Science and Ceramics 
(11.11.160.182).
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Thermal analysis of polyurethane crosslinked with chitosan  
for bone tissue engineering

M. Szlachta, K. Ordon, K. Pielichowska
Department of Biomaterials and Composites, Faculty of Materials Science and Ceramics, 
AGH University of Science and Technology, Al. Mickiewicza 30, 30-059, Kraków, Poland 

Polyurethanes (PUs) are useful materials for bone tissue substitute [1]. PUs 
consist of hard and soft segments that strongly influence their properties. Intro-
duction of polysaccharides, e.g. chitosan, as a chain extender leads to improve-
ment of biocompatibility and mechanical properties of polyurethanes [2]. In the 
present work polyurethanesaccharides potentially able to replace an acrylic bone 
cement have been obtained and investigated. Moreover, a poly(ethylene glycol) 
(PEG) based phase-change material was introduced to accumulate  polymeriza-
tion heat and prevent surrounding tissue necrosis. Hydroxyapatite was incorpo-
rated to  improve biocompatibility of  PU system. Biodegradable polyurethane/
chitosan/hydroxyapatite systems were synthesized using the prepolymer method. 
The propolymer was prepared via bulk polymerization of hexamethylene diiso-
cyanate (HDI) and PEG-2000 under nitrogen atmosphere utilizing 0.1 wt. % 
of dibutyltin dilaurate (DBTDL) as a catalyst. The prepolymer was chain extend-
ed with 1,4-butanediol (BDO) and chitosan. The effect of different molar ratio 
of chitosan and hydroxyapatite was investigated. The thermal properties of the 
polyurethane composite were determined by  means of  a  differential scanning 
calorimetry (DSC). The glass transition of soft segments has been found in the 
range of -47 °C and –57 °C. With the incorporation of chitosan to PU the slight 
decrease of melting temperature (Tm) (from 39 to 33 °C) and the heat of phase 
transition (from 56 to 53 J/g) for soft segments from polyether component was 
observed. 

Authors are grateful to the Polish National Science Centre for financial support under the 
Contract No. UMO-2016/22/E/ST8/00048 and to the The National Centre for Research and 
Development under project No. POWR.03.02.00-00-I004/16.

[1] Marzec, M., et al., Development of polyurethanes for bone repair. Materials 
Science and Engineering: C, 2017. 80(Supplement C): p. 736-747.

[2] Zia, K.M., et al., Evaluation of biocompatibility and mechanical behavior 
of polyurethane elastomers based on chitin/1,4-butane diol blends. 
International Journal of Biological Macromolecules, 2009. 44(1): p. 18-22.
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Thermal properties of polyurethane-based nanocomposites 
modified with hydroxyapatite and starch

Klaudia Ordon, Kinga Pielichowska
Department of Biomaterials and Composites, Faculty of Materials Science and Ceramics, 
AGH University of Science and Technology, Al. Mickiewicza 30, 30-059, Kraków, Poland 

In the last few decades little has changed with regard in the composition acrylic 
bone cements used in clinical practice. The main achievement was the use of other 
acrylates as monomers or the addition of bioactive ceramics. As a consequence, 
the problem of the presence of toxic monomer and the occurrence of temperature 
jump during cement cross-linking process remain still unresolved. Currently, 
polyurethanes (PURs) are widely used in  various biomedical applications due 
to their unique mechanical properties and physical or chemical modification pos-
sibilities. Properly designed polyurethanes are biocompatible, non-toxic and they 
promote calcification in vivo. Properties of the PURs can be tailored by changing 
parameters of synthesis or technology, the ratio of raw materials, the chemical 
composition [1]. In this context, the main goal of the research is to produce and 
characterize a  new biodegradable, bioactive nanostructured polymeric bone 
cements based on non-toxic, biocompatible polyurethanes and polysaccharides.

Polyurethane-based materials were obtained in a  two-step bulk polymeriza-
tion method using poly(ethylene glycol) (PEG) with average molar mass 2000 
and 1,6-hexamethylene diisocyanate (HDI) [2]. PURs have been synthesized 
with BDO (1,4-butanediol) and starch  as a chain extender. PEG also as a phase 
change material (PCM) was introduced into the tested system in  order to  ab-
sorb the exothermic heat of the PUR polymerization reaction and thus prevent 
a  significant increase in  temperature within the cement system. In  addition, 
bioactive HAp ceramics were incorporated to  improve the bioactivity of  the 
material. FTIR, DSC, TG, SEM techniques were used for characterization of the 
obtained composites. The DSC thermograms of the PUR sample show that the 
glass transition temperature is in the range of -54.7 − -47.3°C, and the addition 
of starch did not significantly change this temperature. In turn, by analyzing the 
heat of melting of PEG, one can conclude that the addition of starch lowered it 
by approx 12%. These systems require further research for future use in surgery 
as multifunctional bone cements.

Authors are grateful to the Polish National Science Centre for financial support under the 
Contract No. UMO-2016/22/E/ST8/00048.

[1] M. Marzec et. al., Materials Science and Engineering: C, 80 (2017) 736-747
[2] K. Pielichowska et. al., Applied Energy, 162 (2016) 1024-1033
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The effect of treatment with monomers and gamma irradiation 
on the starch:PVA films studied by differential scanning 
calorimetry, thermogravimetry and FTIR spectroscopy

Krystyna Cieśla, Marcela Grabowska, Krzysztof Łyczko 
Institute of Nuclear Chemistry and Technology, Dorodna 16 str., 03-195 Warsaw, Poland, 
k.ciesla@ichtj.waw.pl

The studies are connected to the increasing interest increases in use of biopoly-
mers for packaging purposes [1-2]. Polysaccharides, alike starch are good can-
didates. However, this goal needs additional functionalization of such materials, 
in regard to their hydrophilicity and minor mechanical properties. Techniques 
that apply ionising  radiation appear the perspective in polymer modification, 
due to the possibility for initializing the processes alike degradation, oxidation, 
crosslinking and grafting [3]. Simultaneously, thermal analysis methods (DSC, 
TGA) were proved to be useful tools  for studying the effects of ionising radiation 
in biopolymers [4-6].

At present, basing studies were conducted dealing with  the influence of treat-
ment wth hydroxyethyl metacrylate (HEMA) and silane supported by gamma 
irradiation on  thermal properties of  starch:PVA films. Differences were found 
in the course of thermal degradation carried out in nitrogen and in air due to the 
performed treeatment. However, the differences were observed between the ef-
fect of the treatment on the processes taking place in air as compared to these 
carried out in  nitrogen. Simultaneously, differential scanning calorimetry en-
abled to  discover the differences between  temperature of  glass transition and 
of crystallization taking place in the treated and the non-treated samples. TGA 
and DSC data  can be related to the chemical changes discovered by in the mate-
rial by FTIR spectroscopy.

The results can be discusses in terms of degradation as well as of formation 
of crosslinks between the polymer matrix and the monomer molecules. 

[1] K.A. Cieśla, A. Nowicki, M. J. Buczkowski, Nukleonika 55 (2) (2010) 233. [2] 
A. Abramowska, K.A. Cieśla, M. J. Buczkowski, A. Nowicki, W.J. Głuszewski: 
Nukleonika 60 (2015) 669.

[3] K. Cieśla, in Application of ionizing radiation in materials processing, 
ERASMUS textbook, ed. Institute of Nuclear Chemistry and Technology, 
Warsaw 2017 Vol II, pp. 43-70.

[4] K. Cieśla, A-C. Eliasson:, J. Thermal Anal. Cal.., 79 (2004) 19
[5] K. Cieśla, E.F. Vansant, J. Thermal Anal. Cal. 99 (1)  (2010) 315 
[6] K. Cieśla, N. Watzeels, H.  Rahier,  Radiat. Phys. Chem 99 (2014) 18
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Calorimetric study of microemulsions containing bio-active 
compounds

Hanna Wilczura-Wachnik
Faculty of Chemistry, University of Warsaw, Poland

Four component mixtures: antioxidant/solvent/AOT/water were studied in a nar-
row surfactant concentration range (above CMC) at 25 and 36C using flow calo-
rimetry technique. The results on the system: a-tocopherol/solvent/AOT has been 
presented. As solvents were used aliphatic hydrocarbons (C7, C10, C16). 

Calorimetric data involve on finding that privileged localization of antioxidant 
molecules  in AOT reversed micelles is a palisade layer towards its external part.

AOT

  

a-tocopherol

Fig. 1 The temperature effect.                        
Fig. 2 The solvent and water effect 
on studied system.

S11_P2



233

S11  Bioproducts: biofuels, biomaterials, biochemicals etc. 
S11_P3

Contents

Layered silicate as an additive for chitosan/nanometric cellulose 
composites

Aleksandra Grząbka-Zasadzińska, Sławomir Borysiak
Poznan University of Technology, Faculty of Chemical Technology,  
Institute of Chemical Technology and Engineering, Berdychowo 4,  
PL-60965 Poznan, Poland  

Nanocrystalline cellulose (CNC) has great mechanical properties and can be suc-
cessfully applied as a reinforcement for numerous biodegradable matrices, e.g. 
thermoplastic starch, polylactide or chitosan [1, 2]. Chemical structure of chi-
tosan is analogous to cellulose with that different that in chitosan, in position C2, 
instead of hydroxyl group, amine groups are present [2]. This structural similarity 
of CNC and chitosan facilitates the formation of composites that are character-
ized with some interesting properties (e.g. high sorption properties). The main 
disadvantage limiting wider applications of these composites is their high brittle-
ness, which can be overcome using plasticizing agent, mainly glycerol. However, 
its excessive use can negatively affect mechanical properties of composites.

Layered silicates of nanometric size are already widely used as a filler for com-
posites. They are known to improve not only strength, thermal but also barrier 
properties. What is more, with the use of the minimum amount of such silicates 
(2%) a plasticizing effect was observed - the elongation at break parameter in-
creased by  4% [3]. It is believed that introducing into the chitosan two fillers 
with completely different chemical compositions and at the same time different 
structure - CNC and layered silicates - will result in a synergistic effect, and thus 
ensure the achievement of much better thermal and mechanical properties of the 
composite materials.

In this research layered silicate was used as an additive for chitosan compos-
ites with nanometric celluloses of  two polymorphic forms. Wide angle X-ray 
scattering (WAXS) and thermogravimetric analysis (TG) techniques were used 
to  evaluate supermolecular structure and thermal stability of  both, fillers and 
composites. Mechanical tests were performed to  define the plasticizing effect 
of layered silicate.

This research was supported by  the grant of Poznan University of Technology no. 03/32/
DSPB/0803.

[1] A. Rani, S. Monga, M. Bansal, A. Sharma, Polym. Compos. 39  (2018) E55
[2] H. M. C. Azeredo, L. H. C. Mattoso, R. J. Avena-Bustillos, G. C. Filho, M. L. 

Munford, D. Wood, T. H. McHugh, J. Food Sci. 75 (2010) N1
[3] I. Norazura, J. Margaret, P. Rajarathinam, IOP Conf Ser Mater Sci Eng. 191 

(2017) 012005.
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Thermal and mechanical properties of biodegradable composites 
from PLA and nanometric cellulose

Majka Odalanowska, Aleksandra Grząbka-Zasadzińska, Sławomir Borysiak
Poznan University of Technology, Institute of Chemical Technology and Engineering,  
60-965 Poznan, Berdychowo 4, Poland

These days, biodegradable polymers, due to  their biocompatibility and biode-
gradability, gain much interest. They have significantly contributed to develop-
ment of  new materials that can be used in  packaging industry, medicine, and 
agriculture. Especially composites of  biodegradable polymers and renewable 
fillers are of great interest [1-2]. 

Cellulose is highly available, biodegradable, and natural biopolymer. It occurs 
in different polymorphic forms and it can have either micro- or nanometric parti-
cles. That diversity of cellulose makes it interesting filler for polymer composites, 
especially biodegradable, such as polylactide (PLA). PLA is aliphatic, thermo-
plastic polyester that can be manufactured in 100% from food industry waste [3].

In  this work, two polymorphic forms of  cellulose, differing also in  terms 
of particle sizes, were used as fillers for PLA.  Composites were prepared by sol-
vent casting method and then subjected to numerous tests. Differential scanning 
calorimetry, wide-angle X-ray scattering, and optical microscopy were applied 
to define supermolecular structure of functional PLA/cellulose composites, crys-
tallization parameters as well as the phase transformation in PLA matrix. More-
over, the mechanical tests were carried out to assess the effect of polymorphic 
forms of cellulose on mechanical properties of composite materials.

Polarization microscopy studies revealed that only cellulose I exibits an ability 
to generate transcrystalline structures of the PLA matrix.

Results of mechanical tests and thermogravimetric analysis showed a signif-
icant influence of  particle size and polymorphic structure of  cellulose on  the 
tensile properties and thermostability of composites.

This research was funded by  the Poznan University of  Technology grant no. 03/32/
DSPB/0803.

[1] I. Vroman, L. Tighzert, Materials, 2(2) (2009) 307
[2] H. Tian, Z. Tang, X. Zhuang, X. Chen, X. Jing, Progress in Polymer Science, 

37(2) (2012) 237
[3] A. Grząbka-Zasadzińska,  T. Amietszajew, S. Borysiak, Journal of Thermal 

Analysis and Calorimetry, 130(1) (2017) 143
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Nucleation ability of thermally modified wood in polypropylene 
composites

Majka Odalanowska, Sławomir Borysiak
Poznan University of Technology, Institute of Chemical Technology and Engineering,  
60-965 Poznan, Berdychowo 4, Poland

The wood thermoplastic composites are materials made from wood fibers and 
polymer matrix. They are used in numerous building applications, such as  deck-
ing, docks, fencing, etc. These composites are very popular due to their biode-
gradability, low density, easy availability, and relatively low cost. Unfortunately, 
the main problem with manufacturing these materials is incompatibility of their 
components, lignocellulosic fillers are polar while thermoplastic polymers are 
non-polar. Currently, to  improve interfacial adhesion, various modifications 
of components are used [1]. 

Heat treatment is relatively simple method for modification of  wood. This 
method improves hydrophobicity, dimensional stability and biological resis-
tance. However, in this process structure and chemical composition of the wood 
may change. Heat treatment significantly affects chemical composition of  lig-
nocellulosic fillers as it may cause decomposition of hydrophilic hemicellulose. 
Therefore, the wood after heat treatment is perfect material for the production 
of composites [2-3]. 

The aim of this study was to investigate the effect of heat treatment of wood 
performed in different conditions on its nucleation ability in polypropylene ma-
trix. For this purpose differential scanning calorimetry (DSC), polarizing optical 
microscopy and wide angle X-ray scattering (WAXS) methods were applied. The 
results confirm that kinetic parameters of crystallization process, as well as nu-
cleation efficiency determined by  formation of  transcrystalline layers, depends 
on the modification of wood.

This research was funded by  the Poznan University of  Technology grant no. 03/32/
DSPB/0803.

[1] F. Arwinfar, S. K. H. Hosseinihashemi, A. J. Latibari, A. Lashgari,  
N. Ayrilmis, BioResources,  11(1) (2016) 1494

[2] B. M. Esteves, H. M. Pereira, BioResources, 4(1) (2009) 370
[3] P. Bekhta, P. Niemz, Holzforschung, 57(5) (2003) 539 
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Petrochemical-based and green polyethylene blends – the study  
of thermal transitions characteristics

Paulina Parcheta1, Janusz Datta1,2
1Gdansk University of Technology, Chemistry Faculty, Department of Polymer Technology, 
Narutowicza St. 11/12, 80-233 Gdansk, Poland 
2Institute of Engineering of Polymer Materials and Dyes, Department of Elastomers  
and Rubber Technology, Harcerska St. 30, 05-820 Piastów, Poland

Polyethylene is one of  the most important polyolefins in  the world. Thus far, 
PE was produced in  crude oil processing. Science 2010, the researchers work 
on the green PE production method [1]. Braskem Company developed a method 
of green PE production from ethanol sugarcane on a commercial scale [2]. This 
plastic allowed capture and fixe CO2 from the atmosphere during its production, 
helping to reduce greenhouse gases emission [3].

The aim of this work was to find out the differences in the chemical structure 
and characterization of the thermal transitions of polyethylene blends from nat-
ural and petrochemical resources and examine their processability and proper-
ties. For this purpose, mixtures with different content of both types of PE were 
prepared. Moreover, two samples with 100% purity of each polymer were also 
prepared. 

Resulting mixtures were characterized by  the use of  different experimental 
methods and techniques, such as density, hardness, melt flow index, statistical 
tensile test, FTIR, and DSC. According to the resulting data, it was affirmed that 
the value of crystallization temperature, melting temperature, enthalpy of melt-
ing and degree of crystallinity grow up with the increase of bio-PE containing 
in  the blends. Moreover, with increasing bio-PE amounts, samples revealed 
higher density, hardness, and tensile strength but lower flow rate. The highest 
tensile strength characterized sample 100% bio-PE, with the maximum stress at 
25,88 MPa. 

[1] I. Tsiropoulos, A.P.C. Faaij, L. Lundquist, U. Schenker, J.F. Briois, M.K. Patel, 
Life cycle impact assessment of bio-based plastics from sugarcane ethanol, 
J. Clean. Prod. 90 (2015) 114–127. 

[2] Braskem, http://www.braskem.com/site.aspx/Im-greenTM-Polyethylene, 
(2018).

[3] S. Belboom, A. Léonard, Does biobased polymer achieve better 
environmental impacts than fossil polymer? Comparison of fossil HDPE 
and biobased HDPE produced from sugar beet and wheat, Biomass and 
Bioenergy. 85 (2016) 159–167. 
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