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Symposium Program 

Wednesday 1 September 2021 

15:00 – 19:00 Registration 

14:15 – 16:15 Coffee break 

Chairpersons: Boris Shivachev, Ognyan Petrov 

17:00 – 17:10 Opening ceremony 

17:10 – 17:50 Phase formation and dielectric properties of strontium-

substituted barium titanate glass-ceramics, Plenary lecture 

Ruzha Harizanova, UCTM, Sofia, Bulgaria  

18:00 –  Welcome Cocktail 

– up to 21:00 Dinner 

Thursday 2 September 2021 

Morning session: 

Chairpersons: Zara Cherkezova-Zheleva, Valentina Ivanova 

09:00 – 12:00 Registration (continued) 

10:00 – 10:40 Oriented Nucleation During Surface Crystallization of Glass, 

Plenary lecture 

Christian Rüssel, Otto-Schott-Institut für Materialforschung, 

Jena University, Germany 

10:40 – 11:15 Coffee break 

11:15 – 11:55 Powder XRD methodology – main research instrument in 

modern Crystallography, Plenary lecture 

Ognyan Petrov, Institute of Mineralogy and Crystallography, 

Bulgarian Academy of Sciences, Bulgaria 

12:00 – 12:10 Conference photo 
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12:10 – 13:30 Lunch 

Afternoon session: 

Chairpersons: Christian Rüssel, Ruzha Harizanova 

13:30 – 14:10 Zeolites in the period of energy transition, Plenary lecture 

Valentin Valtchev, ENSICAEN – University of Caen – CNRS, 

France 

14:10 – 14:50 From Innovation to Eco-innovation: a new circular economy 

challenge for R&D and the industrial communities, Plenary 

lecture 

Valentina Ivanova, Commissariat à l’énergie atomique et aux 

énergies alternatives, Institut List, CEA Saclay Nano-INNOV, 

France 

14:50 – 15:30 Mechanochemistry for sustainable recycling and reuse of 

materials: Impact of material crystallinity, Plenary lecture 

Zara Cherkezova-Zheleva, Institute of Catalysis, Bulgarian 

Academy of Sciences, Bulgaria 

15:30 – 16:15 Coffee break 

16:00 – 16:30 Aurubis - The copper heart of Bulgaria, Sponsorship 

presentation  

Milen Kadiyski, Aurubis  

16:30 – 19:00 Poster session (1)  

All posters should be placed in the poster area, but only 

posters with odd numbers will be presented.  

19:00 – 20:30 Dinner 

Friday 3 September 2021 

Morning session: 

Chairpersons: Valentin Valtchev, Rositsa Nikolova 

09:00 – 09:40 
Crystal structure and lattice dynamics of endotaxial FeSi2 

nanowires, Plenary lecture 
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Svetoslav Stankov, Institute for Photon Science and 

Synchrotron Radiation, Karlsruhe Institute of Technology, 

Germany 

09:45 – 10:25 
Structural properties of actinides probed by high energy 

resolution X-ray spectroscopy, Plenary lecture 

Tonya Vitova, Institute for Nuclear Waste Disposal, Karlsruhe 

Institute of Technology, Germany 

10:25 – 11:00 Coffee break 

11:00 – 11:40 Plasmonic Аg@TiО2 nanostructures as a photocatalysts for 

PEC water splitting, Plenary lecture 

Snejana Bakardjieva, Institute of Inorganic Chemistry of the 

Czech Academy of Sciences, Czech Republic 

11:40 – 12:20 Rheological behaviour of asphaltene structures studied in 

nano/microscale confinements, Keynote lecture 

Plamen Tchoukov, TCH NanoSolutions, Edmonton, Canada 

12:20 – 13:30 Lunch 

Afternoon session: 

Chairpersons: Daniela Kovacheva, Petar Tzvetkov 

13:30 – 14:10 
Mechanosynthesized Complex Oxides. Local Structure and 

Functional Properties, Keynote lecture 

Martin Fabian, Institute of Geotechnics, Slovak Academy of 

Sciences, Slovakia 

14:10 – 14:50 
Low-alpha oxide glass-ceramics, Keynote lecture 

Liliya Vladislavova, EMPA, Switzerland 

14:50 – 15:20 
XPS application for study of nano-structures and particulate 

matter, Thematic lecture 

Hristo Kolev, Institute of Catalysis, Bulgarian Academy of 

Sciences, Bulgaria 

15:20 – 15:50 Coffee break 

15:50 – 16:15 
The latest update on the Empyrean Platform Diffractometer 

with the relevant application 

Representative of MalvernPanalytical – Sponsorship 

presentation 

16:15 – 19:00 
Poster session (2) 
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All posters should be placed in the poster area, but only posters 

with even numbers will be presented. 

19:00 – 20:30 Dinner 

Saturday 4 September 2021 

Morning session: 

Chairpersons: Vanya Kurteva, Boris Shivachev 

09:30 – 10:10 Comparative Methods for Characterization of Au-

Mercaptotriazole Crystals, Keynote lecture 

Silvana B. Dimitrijević, Mining and metallurgy Institute Bor, 

Serbia 

10:15 – 10:50 Coffee break 

10:55 – 11:25 Low-temperature synthesis and SEM characterization of Fe-W 

oxides with pyrochlore type of structure, Thematic lecture 

Mihail Tarassov and Eugenia Tarassova, Institute of Mineralogy 

and Crystallography, Bulgarian Academy of Sciences, Bulgaria 

11:30 – 12:00 Magnetocaloric effect in multifferoic crystals, Thematic lecture 

Dimitre Dimitrov, Institute of Solid State Physics, Bulgarian 

Academy of Sciences, Bulgaria 

12:00 – 13:30 Lunch 

Afternoon session: 

Chairperson: Galina Gencheva 

13:30 – 14:00 Photoreactive crystal-liquid crystal hybrid devices supported 

by graphene electrodes, Thematic lecture 

Vera Marinova, Institute of Optical Materials and Technologies, 

Bulgarian Academy of Sciences, Bulgaria 

14:00 – 14:30 Discover the Unknown with ZEISS GeminiSEM Family. Imaging 

Below 1 kV with Unrivalled Sub-Nanometer Resolution and 

Analytics Performance 

Anton Tonchev, Aquachim 

14:30 – 14:50 Award for the best poster contribution 

14:50 – 15:00 Closing remarks and closing ceremony 
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P_4.	 P. Tzvetkov, I. Koseva, D. Kovacheva, V. Nikolov – New metastable high temperature 
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P_6.	 V. Angelov, R. Krastev, T. Batakliev, E. Ivanov – Preparation of epoxy composites with 
organoclay filler and study of some mechanical characteristics

P_7.	 L. Angelova, O. Surleva, I. Nekov, A. Surleva – Comparative study of methods for potas-
sium extraction applied to Bulgarian arable soils

P_8.	 S. Atanasova-Vladimirova, I. Piroeva – Element mapping of plagioclase from Vitosha
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investigations on iron-rich oxide glasses and glass-ceramics

P_10.	 Y. Dimitrova, D. Elenkova, B. Morgenstern, R. Lyapchev, D. Dimov, J. Zaharieva, M. 
Tsvetkov – Crystal structure and optical properties of Eu (III) 2-(phenylethynyl)-1,10-
phenanthroline complexes

P_11.	 L. Dimowa, Y. Tzvetanova, L. Tsvetanova, N. Lihareva – Structural study of Cd2+ ex-
changed clinoptilolite

P_12.	 V. Dyulgerov, B. L. Shivachev, R. I. Rusew – The role of weak interactions in the cocrys-
talization of 4-halophenylboronic acid with acyclovir, caffeine, nitrofural and proline

P_13.	 V. Dzhurkov, Z. Levi, M. J. Šćepanović, M. U. Grujić-Brojćin, D. Nesheva, T. Hristova-
Vasileva, K. L. Kostov – Influence of deposition conditions on the crystallinity and poros-
ity of ZnSe nanolayers

P_14.	 R. Gegova-Dzhurkova, I. Stambolova, K. Zaharieva, D. Nesheva, V. Dzhurkov, 
E. Manolov – UV and visible photocatalytic activity of ZnO thin films prepared by modi-
fied sol-gel method

P_15.	 E. Encheva, Z. Cherkezova-Zheleva, D. Paneva – Role of mechanochemical activation 
on the recycling of spent automotive catalysts

P_16.	 M. Gancheva, R. Iordanova, G. Avdeev, P. Ivanov – Direct mechanochemical syntesis 
and optical properties of BaWO4 nanoparticles

P_17.	 I. Koseva, P. Tzvetkov, P. Ivanov, V. Nikolov, P. Petrova, R. Tomova – Synthesis and 
photoluminescence of terbium doped Li2CaGeO4 and Ca5Ge3O11
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P_18.	 Zh. Georgieva, P. Gorolomova, D. Tsekova, S. Zareva, S. Varbanov, R. Petrova, B. Shi-
vachev, G. Gencheva – Synthesis, structure and properties of new Zinc(II) coordination 
polymers

P_19.	 G. Georgiev, I. Stoycheva, K. Miteva, N. Petrov, B. Petrova, A. Kosateva, B. Tsyntsarski 
– Synthesis of novel anti-bacterial carbon materials from RDF

P_20.	 B. Georgieva, D. Karashanova, K. Lazarova, R. Angelov, T. Babeva, G. Marovska,  
I. Vasileva, A. Slavov – Investigation on “green” synthesized silver and gold nanoparti-
cles, using TEM analysis

P_21.	 B. Grahovski, R. Velinova, H. Kolev, An. Naydenov, S. Todorova – Cobalt catalysts sup-
ported on porous materials for hydrocarbon complete oxidation

P_22.	 I. Yordanova, S. Todorova, H. Kolev, G. Avdeev – Application of Bulgarian zeolite clinop-
tilolite for catalysts carrier

P_23.	 G. Issa, M. Dimitrov, R. Ivanova, D. Kovacheva, T. Tsoncheva – Template-assisted hy-
drothermally obtained titania-manganese composites and their application as catalysts 
in ethyl acetate oxidation and methanol decomposition

P_24.	 R. Ivanova, G. Issa, M. Dimitrov, T. Tsoncheva – Synthesis of mesoporous copper-man-
ganese-titanium composite oxide catalyst for methanol decomposition

P_25.	 A. Ivanovic, S. Dimitrijevic, B. Trumic, S. Dimitrijevic – Correlation between mechanical 
properties and structural changes of the cast PdAu5 alloys during thermomechanical 
treatment

P_26.	 V. Karadjova, D. Borisova, S. Yaneva, E. Naydenova, T. Dolchinkova, V. Ivanova, D. 
Danalev – New Cu(II) – peptide complexes with potential anticancer activity – Synthesis 
and characterization

P_27.	 D. Kichukova, A. Staneva, E. Pavlova, A. Kostadinova, I. Ivanova, D. Kovacheva – Bio-
logical activity of composites based on reduced graphene oxide

P_28.	 I. Koseva, P. Tzvetkov, P. Ivanov, V. Nikolov, M. Gancheva, P. Petrova, R. Tomova – Dys-
prosium doped Li2CaGeO4 and Ca5Ge3O11 as potential candidates for LED application

P_29.	 V. Kurteva, R. Rusew, B. Shivachev, R. Nikolova – Tandem hydroxymethylation-acetal 
protection of phenols under eschweiler-clark conditions. The activation role of phenyl-
azo moiety

P_30.	 N. Kuvandjiev, Ts. Dimitrov, O. Petrov, R. Titorenkova – Synthesis and characterization 
of ceramic pigments in the system CaO.V2O5.MgO.2SiO2

P_31.	 H. Lazarova, S. Boycheva, D. Zgureva, M. Popova – Capture of CO2 by coal fly ash 
zeolites

P_32.	 B. Martinov, A. Staneva – Comparison of graphene oxide samples obtained by Ham-
mers, tour and combination of those methods

P_33.	 I. Mihailova, R. Harizanova, N. Shtapleva, G. Avdeev, C. Rüssel – Phase characteriza-
tion of glass-ceramics with high iron oxide concentrations

P_34.	 N. Mirchev, D. Tachev, E. Karamanova, G. Avdeev – Electrical and thermal conductivity 
of Cu/ZrW2O8 composite obtained by scanning electron beam sintering

P_35.	 D. Nicheva, V. Ilcheva, V. Boev, M. Dimitrova, R. Harizanova, T. Petkova – Synthesis and 
characterization of crystalline SrTiO3
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ZEOLITE MOLECULAR SIEVES IN THE PERIOD 
OF ENERGY TRANSITION

V. Valtchev1,2,*
1 Laboratoire Catalyse et Spectrochimie, Normandie University, ENSICAEN, UNICAEN, CNRS,  

F-14050 Caen, France
2 The ZeoMat Group, Qingdao Institute of Bioenergy and Bioprocess Technologies, CAS,  

Laoshan District, CN-266101 Qingdao, China

The ongoing energy transition requires adapting or replacing industrial processes 
that serve the energy sector for decades. The new processes require new materials, 
which is particularly true for the petrochemical processes, which serve to produce 
high-quality fuels, chemicals, and commodity products for the last 50–60 years. The 
present lecture is devoted to the zeolitic materials, which are the backbones of the 
catalysts and sorbents used to process fossil and renewable hydrocarbons. 

After serving more than half a century as heterogeneous catalysts, molecular sieves, 
and ion exchangers in a variety of industrial (Oil refining, Petro- and Fine- chemicals 
production, etc.) and environmental (exhaust gas treatment, heavy and radioactive ion 
sequestration, water purification) applications the molecular sieve zeolites face new 
challenges. These new challenges come with the societal demand for cleaner, safer, 
and sustainable technology. The objective of the present talk is to address the needs 
of zeolitic materials in the period of the energy transition, stringed environmental 
policy, and increased standards of living.

About 250 zeolite framework types are available at present, but a few of them 
reached industrial use. The limited number of zeolite structures employed in industrial 
processes is due to the strict requirements that a particular zeolite should face 
meeting an industrial scenario. The physicochemical properties of a zeolitic material 
are imperative for a particular application, but the weight of economic, environmental, 
and production issues is equally essential in making the final decision.

The recent advances in in-situ and post-synthesis control of zeolite properties will 
be revised with examples based on industrial relevant materials. The advantages, 
disadvantages, and limits of each synthetic approach will be discussed. Amongst the 
objectives of the lecture is to anticipate future developments in the field of crystalline 
microporous materials and the place of zeolite in the energy transition. 

* E-mail: valentin.valtchev@ensicaen.fr

Keywords: zeolite, molecular sieves, current trends, energy transition.
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ORIENTED NUCLEATION DURING SURFACE 
CRYSTALLIZATION OF GLASS

C. Rüssel1,*, W. Wisniewski2,3

1 Otto Schott Institute for Materials Research, Friedrich Schiller University, 07743 Jena, Germany 
2 CNRS, CEMHTI UPR3079, Univ. Orléans, F-45071 Orléans, France 

3 Le Studium Research Fellow, Loire Valley Institute for Advanced Studies, Orléans & Tours, France

Heating inorganic glasses above their respective glass transition temperature leads 
to surface crystallization in many cases. Analyzing the immediate surface of the 
resulting glass-ceramics using electron backscatter diffraction (EBSD) has shown 
that the topmost layer of crystals already shows orientation preferences, i.e. textures. 
As the information depth of EBSD is less than 100 nm, these textures can only result 
from oriented nucleation. This is noteworthy, considering that random nucleation is 
assumed in the classic nucleation theory for glasses.

Since the effect was first described in 2010, oriented nucleation has been proven 
for 13 crystal phases including cases from all seven crystal symmetries ranging 
from cubic to triclinic. At least 20 of them indicate a low indexed lattice plane being 
aligned parallel to the sample surface while eight are more complex. In all cases, the 
orientation alignment is not strict: while most show tolerances of less than ±15°, some 
cases also feature a preference of much wider orientation domains. 

A fundamental explanation for the occurrence of oriented nucleation has not been 
proposed so far. While varying surface energies for different lattice planes of a 
phase might explain the effect, surface energies are usually unknown and hard to 
measure. A detailed analysis of the cases analyzed so far shows that the smallest 
low indexed lattice plane of the crystal unit cell is often aligned parallel to the surface. 
Considering the smallest area per atom of the least mobile species being oriented 
parallel to the surface leads to an even better correlation between the approach and 
the experimental observations [1].It should further be noted that in most cases, the 
orientations of the crystals change during growth into the bulk.

[1] W. Wisniewski, C. Rüssel, Prog. Mater. Sci. 118 (2021) 100758.

* E-mail: ccr@uni-jena.de

Keywords: surface crystallization, surface nucleation, orientation, polar growth.



23

VIII’NCS, September 1–4, 2021, Varna, Bulgaria

FROM INNOVATION TO ECO-INNOVATION: A NEW CIRCULAR 
ECONOMY CHALLENGE FOR R&D AND THE INDUSTRIAL 

COMMUNITIES 

V. Ivanova1,*, E. Monnier2, F. Tardif3

1 List Institute of CEA Tech, CEA SaclayNanoInnov, 91191 Gif-sur-Yvette Cedex, France 
2 Université Grenoble Alpes, CEA-Liten, 17 rue des Martyrs, F-38054 Grenoble, France 

3 CEA Tech, 17 Avenue des Martyrs, 38054 Grenoble Cedex 09, France

The Circular Economy adopted by Europe, which addresses the economy, the 
environment and society in parallel, requires more virtuous technologies and 
products, which implies moving from innovation to eco-innovation. For all researchers 
and engineers, it is a question of addressing first the finality in terms of positive 
impact for the human being and the planet and not strictly the technological advance. 
A first iterative Eco-innovation methodology approach is proposed here. After the 
finality-oriented ideation stage, it consists in an iterative process of gradually making 
the technology or the product evolve in an incremental way thanks to the methods 
of eco-design, optimization of costs and optimization of societal impact before new 
assessment of the overall impact and reiteration.

This paradigm shift represents a strong element of competitiveness for technological 
research centers and industry who will move first towards Eco-innovation. The 
method proposed here is a first approach which has to be completed in the future by 
both methodological considerations and results from the field.

* E-mail: valentina.ivanova@cea.fr
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POWDER XRD METHODOLOGY – MAIN RESEARCH INSTRUMENT  
IN MODERN CRYSTALLOGRAPHY

O. Petrov*

Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria;

Powder XRD methodology continues to be a milestone in modern Crystallography. As 
stated at the Opening Ceremony for the International Year of Crystallography (IYCr 
2014, UNESCO Paris 20–21 January, 2014), Crystallography becomes the Science 
of future. Some of the powder XRD approaches used today intensively are: powder 
XRD phase analysis, Rietveld structural analyses, profile fitting analysis, quantitative 
analysis of polycrystalline materials, petrological samples, composites, etc.

Powder XRD phase analysis. ICDD continues to be the world center for quality 
diffraction data. ICDD for about 70 years creates the PDF database of all known 
crystalline phases. Main ways of collecting powder XRD data in ICDD: Grant-in aid 
projects and Calculated powder patterns from published single crystal structural data.

Rietveld structural analyses with powder XRD data. Numerous scientific 
challenges are based on polycrystalline phases – minerals, synthetic materials, 
composites, ceramic and cement products, etc. The upgrade of the powder XRD 
instrumentation and the modern software help for solving the structural problems with 
powder XRD (sophisticated software being GSAS, Fullprof, and others). 

Crystallite size determination. In present time, importance is forwarded to nano-
science, nano-technologies and nano-materials. The determination of crystallite size 
of materials is crucial and the profile analysis of powder XRD patterns again comes 
in support with approaches based on the FWHM of peaks, the Sherrer equation and 
the corresponding modern software packages. 

Powder XRD quantitative analysis (using the Rietveld methodoly). Prerequisites: 
1. Advances in computer technology. 2. This computing power has enabled specialists 
to work with the whole XRD pattern. 3. Whole-pattern analyses is based on diffraction 
pattern being the sum of all effects, both instrumental and phase-related. 4. The 
approach is to obtain best data, identify the phases present and input structural 
data for all phases, then computer models your data until reaching the best fit to 
the experimental pattern. Summarizing, the Rietveld powder XRD quantification we 
may state that this is a serious instrument for speedy quantitative determinations of 
minerals. In material science the tasks are analogical. 

Finally, the discussed modern approaches of the powder XRD methodology confirms 
it as a milestone in contemporary Earth and Materials Sciences. 

* E-mail: opetrov@dir.bg
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CRYSTAL STRUCTURE AND LATTICE DYNAMICS  
OF ENDOTAXIAL FeSi2 NANOWIRES

J. Kalt1,2, M. Sternik3, B. Krause2, I. Sergueev4, M. Mikolasek5, D. Merkel6,7,  
D. Bessas5, O. Sikora3, T. Vitova8, J. Göttlicher2, R. Steininger2, P. T. Jochym3,  
A. Ptok3, O. Leupold4, H.-C. Wille4, A. I. Chumakov5, P. Piekarz3, K. Parlinski3,  

T. Baumbach1,2, S. Stankov1,2,*
1 Laboratory for Applications of Synchrotron Radiation, Karlsruhe Institute of Technology,  

D-76131 Karlsruhe, Germany 
2 Institute for Photon Science and Synchrotron Radiation, Karlsruhe Institute of Technology, D-76344 

Eggenstein-Leopoldshafen, Germany 
3 Institute of Nuclear Physics, Polish Academy of Sciences, PL-31342 Kraków, Poland 

4 Deutsches Elektronen-Synchrotron, D-22607 Hamburg, Germany 
5 ESRF – The European Synchrotron, F-38000 Grenoble, France 
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of Sciences, H-1525 Budapest, Hungary 

7 Centre for Energy Research, H-1121 Budapest, Hungary 
8 Institute for Nuclear Waste Disposal, Karlsruhe Institute of Technology,  

D-76344 Eggenstein-Leopoldshafen, Germany

The reduction of the dimensions of crystals to the nanometer length scale induces 
significant deviations in the phonon dispersions and phonon density of states 
(PDOS) of nanostructures compared to their bulk counterparts and novel vibrational 
phenomena emerge. I will present recent results of lattice dynamics study of alpha-
phase FeSi2 endotaxial nanowires, epitaxially grown on Si(110), as a function of 
their size [1]. The experimentally obtained Fe-partial PDOS from nuclear inelastic 
scattering are comprehensively understood by the help of ab initio theory [2].

[1]  J. Kalt, M. Sternik, B. Krause, I. Sergueev, M. Mikolasek, D.G. Merkel, D. Bessas, O. Sikora, T. Vitova, 
J. Göttlicher, R. Steininger, P.T. Jochym, A. Ptok, O. Leupold, H.-C. Wille, A.I. Chumakov, P. Piekarz, K. 
Parlinski, T. Baumbach and S. Stankov, Phys. Rev. B 102 (2020) 195414
[2] J. Kalt, M. Sternik, B. Krause, I. Sergueev, M. Mikolasek, D. Bessas, O. Sikora, T. Vitova, J. Göttlicher, 
R. Steininger, P.T. Jochym, A. Ptok, O. Leupold, H.-C. Wille, A. I. Chumakov, P. Piekarz, K. Parlinski, T. 
Baumbach and S. Stankov, Phys. Rev. B 101 (2020) 165406
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RHEOLOGICAL BEHAVIOUR OF ASPHALTENE STRUCTURES 
STUDIED IN NANO/MICRO-SCALE CONFINEMENTS

P. Tchoukov1,2,3,*, S. Mozaffari 3,4, N. Nazemifard3, J. Czarnecki3

1 TCH NanoSolutions, Edmonton, Alberta T6J 1A8, Canada  
2 Institute of Physical Chemistry, Bulgarian Academy of Sciences,  
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3 Department of Chemical and Materials Engineering, University of Alberta,  

Edmonton, T6G 2V4 AB, Canada 
4 Department of Chemical Engineering, Virginia Polytechnic Institute and State University,  

Blacksburg, VA 24060, USA

Asphaltene fraction is the key factor controlling rheological behaviour of heavy crude 
oil [1]. In poor solvents (high aliphatic content), the asphaltenes self-assemble and 
form hierarchical structures like nanoaggregates, clusters of nanoaggregates, and 
extended 3D network [2]. Such aggregation behaviour can have significant practical 
implications, especially in systems with confined geometry of nanoscale dimensions. 
It is recognized that bulk rheological properties measured using conventional 
techniques don’t always represent fluid flow at such micro-/nanoscale dimensions. 
Here, we study the drainage kinetics of thin liquid water-in-oil emulsion films and 
capillary driven flow in microfluidic device to understand heavy oil rheology at micro-/
nanoscale [1–3]. Both systems’ characteristic lengths are below 100  nm. At poor 
solvent conditions, asphaltene aggregation causes non-Newtonian behaviour of 
heavy crude oil with Bingham yield stress. Our estimates show that the Bingham yield 
stress of such a fluid may be too small to be measured by conventional rheological 
methods and manifests itself in bulk systems. However, it is still significant to induce 
dramatic changes in properties of water-in-oil emulsions and heavy oil flow in micro-/
nanoporous media. These results demonstrate the potential of using the thin liquid 
film technique and microfluidics platforms with suitable theoretical models to study 
rheological properties of complex liquids in nanoscale confinements.

[1] P. Tchoukov et al., Langmuir, 30 (2014) 3024.
[2] J. Czarnecki et al., Can. J. Chem. Eng., 91 (2013) 1365. 
[3] S. Mozaffari et al., Energy Fuels, 35 (2021) 9080.

* E-mail: tchoukov@ualberta.ca.
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MECHANOSYNTHESIZED COMPLEX OXIDES.  
LOCAL STRUCTURE AND FUNCTIONAL PROPERTIES

M. Fabián1,*, V. Šepelák2, V. Girman3, A. Yaremchenko4, H. Kolev5 
1 Institute of Geotechnics, Slovak Academy of Sciences, Košice, Slovakia 

2 Institute of Nanotechnology, Karlsruhe Institute of Technology, Karslruhe, Germany 
3 Institute of Physics, P.J. Šafárik University, Košice, Slovakia 

4 CICECO – Aveiro Institute of Materials, Department of Materials and Ceramic Engineering,  
University of Aveiro, Aveiro, Portugal 

5 Institute of Catalysis, Bulgarian Academy of Sciences, Sofia, Bulgaria

The properties of nanomaterials are sensitive to structural/microstructural parameters, 
which in turn strongly depend on the preparation method. There is a challenge to 
improve physical performance (magnetization, conductivity, photoluminescence, etc.) 
by varying microstructural parameters (e.g. particle size and shape, strain, defects) 
using new or modified synthesis procedures. Among the many types of preparation 
techniques, the nonconventional mechanochemical synthesis has been recognized 
as a powerful route to novel, high-performance and low-cost nanomaterials.

In this work, the response of the structure of the various mechanosynthesized complex 
and/or doped oxides (e.g. spinels, perovskites) to mechanical action due to the high-
energy ball milling is reported. Their functional properties including optical, catalytic, 
electrical or magnetic behavior is influenced by milling conditions. Understanding the 
interconnection between functional and structural features of mechanosynthesized 
materials plays very often a key role in optimization of their synthesis and properties. 
The work is focused on combination of diffraction, spectroscopic and microscopic 
methods to evaluate local structure of synthesized materials. It is shown, that as-
prepared nanoparticles exhibit wide range of modified physical behavior.

Acknowledgements: This work was supported by the Slovak Research and 
Development Agency APVV (No. 19-0526 No. SK-PT-18-0039), Scientific Grant 
Agency VEGA (No. 2/0055/19) and bilateral cooperation project between Slovak 
Academy of Sciences and Bulgarian Academy of Sciences (Project: Insight to local 
structure of doped/nanocrystalline complex oxides by sophisticated physico-chemical 
methods. Educational approach. Period 2021-2022).

* E-mail: fabianm@saske.sk
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РЕНТГЕНОВИ ДИФРАКЦИОННИ ИЗСЛЕДВАНИЯ  
ВЪВ ФИЗИЧЕСКИЯ ФАКУЛТЕТ  

НА СУ „СВ. КЛ. ОХРИДСКИ“

В. Кръстев

В изложението се прави  кратък преглед на лабораторите по рентгено-структурен 
анализ у нас и в частност на Физическия факултет на СУ „Кл. Охридски“. Акцент 
ще бъде даден и върху дейността на Дружеството на физиците в България по 
организиране на колоквиуми, симпозиуми и летни школи с колегите от страната. 

Целта бе създаване на професионални връзки между съществуващите 
лаборатории, обмен на лабораторни методики и квалификация на персонала. 
Ще бъде оценена заслугата на личности, като проф. Андрей Апостолов, доц.
Нина Пеева, проф. Георги Киров, проф. Иван Бонев и др., допринесли много със 
своите знания и организационнен опит за осъществяване на тези мероприятия 
през 80-те и 90-те години на миналия век.
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ZrO2/Al2O3 BASED CERAMICS AND NUCLEATION AGENTS  
IN THE GLASS SYSTEM BaO/SrO/ZnO/SiO2

L. Vladislavova1,2,*, G. Blugan1, C. Thieme2, C. Rüssel2

1 Empa Swiss Federal Laboratories for Materials Science and technology,  
Laboratory for High Performance Ceramics, Ueberlandstrasse 129,  

8600 Duebendorf, Switzerland 
2 Otto-Schott-Institut für Materialforschung, Jena University,  
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Zirconium oxide and aluminium oxides are well-known ceramics with mutable use 
in biology, especially in dental ceramics, due to their excellent biocompatibility with 
the body. However, one of the essential advantages of these materials is that they 
have high strength and scratch resistance. This makes them extremely valuable for 
the watch industry, where the final product can sustain multiple small damages from 
everyday use, which can destroy the colour or damage the microstructure and lead 
to the destruction of the material. Damage will be unacceptable when it comes to 
producing long wasting products demanded by Swiss watch manufacturing. 

Additionally, ZrO2 is a well-known nucleation agent in glass-ceramics, triggering volume 
crystallization. Finding a suitable nucleation agent for the low thermal expansion 
phase Ba1–xSrxZn2Si2O7 was a significant challenge. Enabling the crystallization in 
the volume in a high quantity and small crystallite sizes, which can be controlled, is 
a key step for the implementation of the new phase for industrial use such as cook 
panels, telescope mirrors and optical application. This work focuses on the effect of 
different nucleation agents and additives on the base glass BaO/SrO/ZnO/SiO2/N 
(N = ZrO2, TiO2, Pt, Sb2O3) the resulting microstructures. A detailed investigation of 
the kinetic parameters such as the activation energy, the Avrami parameter and the 
characteristic temperatures and their accuracy to predict the crystallization tendency 
of certain glass systems was made as well.

* E-mail: vladislavova_l@abv.bg
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COMPARATIVE METHODS FOR CHARACTERIZATION  
OF Au-MERCAPTOTRIAZOLE CRYSTALS
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A completely new electrolyte for gold electroplating based on the gold complex with 
mercaptotriazole was synthesized in a wide pH range from acid to alkaline (pH = 2–12). 
The synthesized solutions of the gold complex with mercaptotriazole were evaporated 
to dryness at room temperature to obtain and characterize the Au-MT in crystalline 
form. Comparative characterization of the obtained crystals was performed using 
optical microscopy, IC/Raman spectroscopy, mass spectrometry, X-ray diffraction, 
DSC/TG, and SEM-EDS analysis. Optical microscopy of these crystals showed that 
the crystals obtained at different pH values differ in color, size, and homogeneity. 
The most homogeneous and smallest crystals are obtained from electrolytes at pH = 
9. The most important finding of IC/Raman spectroscopy analysis is that the Raman 
spectroscopy has provided definitive confirmation of the bond established between 
the metal ion and sulfur atom. The mass spectrometry method indicated the presence 
of large mass molecules that can correspond to combinations of Au-2MT, Au-2MT-
Gly, and even the combination of Au-2MT-2Gly cannot be completely excluded in the 
final formulation of the structure of the resulting compound. The X-ray diffractogram 
Au-MT crystals obtained from electrolytes at pH = 9 does not show a match with the 
cards of any known gold compound, which confirmed the assumptions that a new 
compound was synthesized. DSC/TG analysis results show that the loss of mass 
during heating takes place in two stages and that the most significant loss of mass 
originates from the loss of sulfur. Scanning electron microscopy (SEM) with energy-
dispersive spectrometry (EDS) of crystals of gold complexes with mercaptotriazole 
showed that crystals obtained at different pH values differ from each other in shape, 
size, and homogeneity. The most homogeneous and, at the same time, the smallest 
crystals were obtained from electrolytes at pH = 9.

* E-mail: silvana.dimitrijevic@irmbor.co.rs
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STRUCTURAL PROPERTIES OF ACTINIDES PROBED BY HIGH 
ENERGY RESOLUTION X-RAY SPECTROSCOPY

T. Vitova*
Karlsruhe Institute of Technology (KIT), Institute for Nuclear Waste Disposal (INE),  

P.O. Box3640, 76021 Karlsruhe, Germany 

The actinide (An) M4,5 edge high energy resolution X-ray absorption near edge 
structure (HR-XANES) and core-to-core 3d4f resonant inelastic X-ray scattering (3d4f 
RIXS) are becoming increasingly important for electronic structure and speciation 
studies of actinide materials [1–6]. The potential of these techniques to reveal bonding 
properties – reactivity relations of uranium and neptunium will be demonstrated. The 
experiments were performed at the CAT-ACT beamline at the KIT light source, which 
operates the Karlsruhe Research Accelerator (KARA), Karlsruhe Germany [4]. 
A. One key question in actinide sciences is how the bond covalency, well documented for 
the uranyl(V)/(VI) (U(V)O2

1+ or U(VI)O2
2+), relates to the complex stability. The electronic 

structure and bonding properties of U(IV), U(V) and U(VI) coordination complexes with 
similar structures but major reactivity differences will be compared. Using a combination 
of U M4,5 HR-XANES spectroscopy techniques and ab-initio multireference CASSCF 
computations, it will be provided evidence for the stabilization of U(V)-yl compounds 
when the bond covalency of the U(V)-Oax bond is reduced by Fe(II) or when there is lack 
of covalency in the bonding between the U(V)-yl and the equatorial ligands [6].
B. We precipitated Np(V) and U(VI) from an aqueous potassium−sodium-containing 
carbonate-rich solution, and investigated the solid phases. It will be shown that despite 
the 100 times lower initial Np(V) concentration at pH 10.5 and oxic conditions, Np(V)-rich 
phases predominately precipitate. The prevailing formation of Np(V) over U(VI) solids 
demonstrates the high structural stability of Np(V) carbonates containing potassium. It 
will be illustrated that the Np M5 edge HR-XANES spectra are sensitive to changes of the 
Np−O axial bond length for Np-yl-(V/VI). U/Np M4,5 edge HR-XANES spectroscopy and 
Np 3d4f RIXS are applied in combination with thermodynamic calculations, U/Np L3 edge 
XANES, and extended X-ray absorption fine structure (EXAFS) studies to analyse the 
local atomic coordination and oxidation states of uranium and neptunium. The XANES/
HR-XANES analyses are supported by ab initio quantum-chemical computations with the 
finite difference method near-edge structure code (FDMNES) [2].
Acknowledgement: T.V. acknowledges funding from the European Research Council 
(ERC) Consolidator Grant 2020 under the European Union’s Horizon 2020 research 
and innovation programme (grant agreement n° 101003292).
[1] a) Vitova T, et al., Nat Commun 8, 16053 (2017); b) Pidchenko I, et al., Environ. Sci. Technol. 51, 2217 (2017).
[2] Vitova T, et al. Inorg Chem 59, 8 (2020).
[3] Zegke M, et al., Chem Sci 10, 9740 (2019). 
[4] Zimina A, et al., Rev Sci Instrum 88, 113113 (2017).
[5] Kauric G, et al., Materials Today Advances 8, 100105 (2020). 
[6] T. Vitova, et al., submitted.
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PHASE FORMATION AND DIELECTRIC PROPERTIES  
OF STRONTIUM-SUBSTITUTED BARIUM TITANATE  

GLASS-CERAMICS 

R. Harizanova1,*, M. Pernikov1, W. Wisniewski2, G. Avdeev3, C. Rüssel2
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Oxide glass-ceramics containing alkaline-earth and 3d-transition metal ions are of 
practical importance due to their advanced dielectric and magnetic properties which 
are favorable for applications in sensor technology and microelectronics. 

The present work is dedicated to the synthesis of strontium-substituted barium titanate 
glasses in the system Na2O/BaO/SrO/TiO2/B2O3/SiO2/Al2O3. X-ray diffraction analysis 
shows that Ba1–xSrxTiO3 crystallizes in the prepared glasses after an appropriate 
thermal treatment. Their microstructure is studied by scanning electron microscopy 
and reveals the occurrence of liquid/liquid phase separation. One phase enriched 
in Ba, Sr and Ti is formed and crystallizes to form the Ba1–xSrxTiO3 during thermal 
treatment. The second phase is enriched in all other glass components and remains 
amorphous. The dielectric properties of the prepared glasses and glass-ceramics 
with differing thermal histories are investigated by impedance spectroscopy. This 
enabled to determine the dielectric constants which were in the order of 100 at 1 kHz 
and 100° C. It is observed that the degree of of BaO substitution by SrO in the parent 
glass influences the dielectric constant. A maximum value for the dielectric constant 
is measured for the glass–ceramics obtained for a sample with an SrO concentration 
of 1 mol%.

Acknowledgements: The authors appreciate the financial support of the Bulgarian 
National Science Fund under contract КП-06-Н28/1.
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MECHANOCHEMISTRY FOR SUSTAINABLE RECYCLING  
AND REUSE OF MATERIALS: IMPACT OF MATERIAL  

CRYSTALLINITY

Z. Cherkezova-Zheleva1,*, D. Paneva1, E. Encheva1, J. Krstic2 
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Mechanochemistry is gaining great attention as green and sustainable way of waste 
management due to its low-cost and eco-friendly nature. Ball milling is a non-/
less-solvent technology, which can boost environmental sustainability and waste 
valorization into engineered new materials for advanced applications. Scalable 
production of recycled materials with superior properties (incl. nanomaterials) enables 
their application and reuse in diverse applications – energy production, environmental 
protection, improvement of human life, etc. The paper evaluates the criticality of some 
raw materials, the urban mining possibilities, the preparation and application of new 
advanced materials based on waste utilization. Nowadays, the main challenges are 
connected with feedstock collection, technology optimization, product homogeneity 
and reusability, potential environmental risks, sustainability assessment. 

The role of different factors including material crystallinity on the result of 
mechanochemical treatment will be discussed. A special impact in this study will be 
put on the advantages of mechanochemistry in comparison with the standard waste 
treatment technologies. Insights into opportunities and future prospects are related 
to sustainable and facile synthesis of catalysts and novel materials for achieving 
sustainable development goals. 

Acknowledgement: The authors gratefully acknowledge the financial support of the 
Bulgarian National Science Fund at the Ministry of Education and Science - Project 
№ КП-06-КОСТ/18/ 2019. This article is based on the project activities of COST 
Action CA 18112 “Mechanochemistry for Sustainable Industry” (Mech@SustInd), 
supported by COST (European Cooperation in Science and Technology).

Financial support from the Bulgarian Academy of Sciences (Bilateral grant agreement 
between BAS and University of Belgrade, ICTM) is gratefully acknowledged.
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XPS APPLICATION FOR STUDY OF NANO-STRUCTURES  
AND PARTICULATE MATTER 
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Particulate matter (PM) is a complex mixture of organic and inorganic substances in 
a form of solid and liquid particles suspended in air many of which are hazardous.

One of European Union’s (EU) main environmental policy tasks is to reduce emissions 
of air pollutants until 2030, such as PMs, SO2, NH3, NOX, volatile organic compounds 
(VOCs), CH4. In this regard EU has established the European emission standards, 
which include limits for particulates in the air [1]. 

This work focuses on X-ray Photoelectron Spectroscopy (XPS) investigation of PMs 
from the lowest atmospheric air over the urban area of the Bulgarian capital – Sofia. In 
order to make comparative study and conclusions about the input of different pollution 
sources the PMs have been collected throughout various periods of 2019 and 2020. 
XPS is one of the most widely used analysis techniques due to its extremely surface 
sensitivity. Beside the qualitative analysis (identification of all chemical elements 
except H and He presented on the surface and determination of their chemical state), 
it can give a valuable information about the dispersion of supported nanoparticles. 
Using the power of XPS technique we were able to determine the oxidation state of 
all elements presented on the surface of PMs.

Acknowledgements: The authors gratefully acknowledge the financial support of the 
Bulgarian National Science Fund at the Ministry of Education and Science - Project 
№ DN 18/16/ 2017.

[1] “Air Quality Standards – Environment – European Commission”. Ec.europa.eu. Retrieved 1 February 
2015. https://ec.europa.eu/environment/air/quality/standards.htm
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LOW-TEMPERATURE SYNTHESIS AND SEM  
CHARACTERIZATION OF W-Fe OXIDES WITH A PYROCHLORE  

TYPE OF STRUCTURE

M. Tarassov1,*, E. Tarassova1
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To date, at least three secondary tungsten minerals with the general formula (W,Fe3+)
(O,OH)3.nH2O – hydrokenoelsmoreite with а pyrochlore structure and phyllotungstite 
and pittonite, both with mixed layer pyrochlore - hexagonal tungsten bronze structures, 
have been found in the natural environments [1]. The conditions of the formations of 
these minerals are poorly understood and their synthesis in laboratory conditions is 
a serious challenge. It is found by us that the direct hydrothermal processes in the 
WO3-Fe2O3-H2O system at temperatures 40-120oC give either low-crystalline WO3.
H2O – tungstite (WO3.2H2O - hydrotungstite <50oC) and WO3.1/3H2O (at pH<1.0), or 
amorphous WO3.xFe2O3.nH2O materials (with variable Fe/W atomic ratio (at pH 1-4), 
or W-Fe3+ solutions without precipitations (pH>3-4). Only using a soft chemistry 
route, well crystallized hydrokenoelsmoreite with a pyrochlore structure was 
obtained. This route included preliminary preparation of low-crystalline or 
amorphous WO3.xFe2O3.nH2O gels (Fe/W=0–0.4) and W-Fe3+ aqueous solutions 
(Fe/W=0–0.5, pH=3–6), their mixing and treatment at temperatures 40–70°C for 
2 weeks. SEM examination shows that the final solid product consists of well 
crystallized octahedral crystals 1–10 µm in size, their groups and intergrowths. The 
Fe/W atomic ratio of the crystals varies between 0.1 and 0.35 depending on the 
composition of the initial gel, solutions and pH. No other (W,Fe3+)(O,OH)3.nH2O 
crystalline phase were obtained during the present study. It was found only that 
a decrease in the Fe/W of solution causes the formation of skeletal platy crystal 
groups. 

Acknowledgements: The study was supported by the National Science Fund of 
Bulgaria (Contract № KP-06-OPR 03/5, 2018).

[1] W.D. Birch et al., Can. Mineral. 45 (2007), 857.
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PHOTOREAFCTIVE CRYSTAL-LIQUID CRYSTAL HYBRID  
DEVICES SUPPORTED BY GRPAPHENE ELECTRODES
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The demand to develop novel materials and devices with ultrafast operation 
speed, very high memory capability, submicron spatial resolution and low energy 
consumption is among the main challenges of our community. For example, to 
reach a wide viewing angle in displays, the pixel pitch needs to be smaller than or 
comparable to the wavelength of light. Or to manipulate light–matter interactions, all 
optically controlled devices are critically needed.

Recent technologic approaches enforce to balance the shortcomings of individual 
material by designing of novel hybrid structures, which open scenarios their properties 
to be independently optimized and combined into a single device with enhanced 
functionality.  Examples are hybrid structures combining large anisotropy, strong 
birefringence, flexibility and low cost, typical for organic materials with the excellent 
photosensitivity, photoconductivity and mechanical stability, provided by inorganic 
crystals (organic-inorganic hybrid devices).

Here we present several organic-inorganic structures based on inorganic crystals 
(as Bi12SiO20, Bi12TiO20, characterized with remarkable photorefractivity and 
high photoconductivity) together the excellent birefringence and anisotropy of liquid 
crystals (LC) supported by graphene as transparent conductive electrodes. The 
proposed devices can serve as holographic displays, light shutters or tunable phase 
retarders by varying the doping elements in selected inorganic crystals.

Acknowledgement: This work was supported by the Bulgarian National Science Fund 
under the contract КП-06-КОСТ/1.

[1] V. Marinova, S. H. Lin and K. Y. Hsu “Roadmap of Holography”, Journal of Optics 22 (12) 123002 (2020).
[2] P. Yeh, and C., Gu, „Optics of liquid crystal display“, Wiley Interscience, New York, (2010).
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MAGNETOCALORIC EFFECT IN MULTIFFEROIC  
CRYSTALS 
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In our society, the search for new advanced materials that exhibit outstanding 
functional properties becomes primordial to deal with numerous environmental and 
economic issues such as the global warming and the resources energy scarcity. 
In this context, the implementation of magnetocaloric materials that can be used 
as active refrigerants in cooling (heating) systems would greatly contribute to 
reduce greenhouse gas (GHG) emissions while enabling efficient refrigerators [1]. 
Magnetocaloric materials at low temperature regime are also of great importance 
in some critical applications such as gas liquefaction, space industry and scientific 
instruments. Particularly, the liquefaction as well as the safe storage of hydrogen that 
is considered as one of the most promising energetic alternatives is a great issue 
that merits intensive investigations [2] The development and the discovery of new 
performant magnetocaloric compounds is a key parameter for the commercialization 
of this promising technology. In this paper, we discuss the recent developments 
in relation with the magnetocaloric properties of multifferoic RMn2O5 and RMnO3 
crystals.

[1] M. Balli, et al., Appl. Phys. Rev. 4, 021305 (2017). 
[2] J. Barclay, et al., 6th IIF-IIR International Conference on Magnetic Refrigeration Victoria, BC, Canada, 
7–10 September (2014).
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MICRO AND SUB-MICRO SIZED SILVER POWDER FOR USE  
IN ELECTRONICS INDUSTRY APPLICATIONS
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Variation of the basis synthesis process based on hydrometallurgy process of 
reduction of silver ions by ascorbic acid in near-neutral solution and different 
surfactants/dispersants is the topic of this paper. Special attention is dedicated to 
the crystal structure, determined by X-ray diffraction analysis (XRD), of the obtained 
silver powders. Morphology of the powder particles was another important goal of the 
study. Powder of the medium size of the particles under two micrometers with a high 
yield is the base for industrial production of the powders for various applications in 
electronics and related disciplines. The synthesis process is simple and has not high 
requirements neither in equipment or skilled workforce. Improvement in the method 
led to silver powder with smaller particles (below a micrometer) and narrower size 
distribution, which can be used for more demanding applications. The morphology 
of the Ag particles was determined by the use of the SEM technique. Improved 
technological process produce more rounded (spherical) particles and generally 
more regular shaped powder. Characteristical fcc crystal structure of the silver 
was determined for the different synthesized Ag powders with minor variations in 
crystallographic orientation planes, depending on the synthesis method. 

* E-mail: stevad@gmail.com
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Via the last few years, one of the fastest-growing directions in electrochemistry of 
cathode materials is targeting the double sulfates of sodium and transition metals with 
alluaudite-type structure as very perspective, cheaper, and environmentally compatible 
materials. Recent investigations provided information for a quick and easy method 
for obtaining the foregoing salts with the general formula Na2+2δ(Co1–xMnx)2–δ(SO4)3  
(0.12≤x≤0.54). The synthesis procedure for these mixed sodium manganese-cobalt 
sulfates includes simple dehydration of the initially prepared hydrated salts with a 
blödite-structure [1]. The occupancy of the 8f crystal site in the structures of the run-
products by Co and Mn leads to a lowering of the extent of cationic deficiency, which 
is thought to be an important factor affecting the Na+ migration. This provides an 
opportunity to look for optimal compositions that lead to improved electrochemical 
behavior of these materials. In addition, the difference in the ionic radii of the transition 
metals raises other questions linking the chemical composition with certain crystal 
chemical characteristics of the test compounds.

Results from Rietveld refinement of the crystal structures of six representatives of 
the title group phases whose chemical compositions fall within the above range have 
been reported in this work. The manifestation of Vegard’s law has been demonstrated 
as well as the opportunity to derive the transition metals content directly from the 
lattice parameter b values.

Acknowledgements: This work was supported by the Bulgarian Ministry of Education 
and Science under the National Research Programme “Low Carbon Energy for the 
Transport and Household (E+)” (approved by DCM # 577/17.08.2018).

[1] Marinova, D. M., et al. “Redox properties of alluaudite sodium cobalt manganese sulfates as high-voltage 
electrodes for rechargeable batteries” Chemical Communications 54.43 (2018): 5466-5469.
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EFFECTS OF CATION SUBSTITUTION ON THE PHASE  
COMPOSITION AND STRUCTURE OF Ba7Nb4MoO20

M. Tsvetanova, V. Tumbalev, P. Tzvetkov, D. Kovacheva*
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Acad. G. Bonchev Str., Bd.11,1113, Sofia, Bulgaria.

Fuel cells are prospective option for clean energy production with low emission of 
environmental pollutants and high energy conversion rates. Increased interest in 
oxide ion and proton-conducting materials is due to their application as electrolytes 
in solid-oxide fuel cells (SOFC). However, oxide-ion conductors with perovskite-
related structures are quite rare. Only several oxide-ion conductors with perovskite 
related structures were reported in the literature. Recently Ba7Nb4MoO20 is found 
to exhibit high oxide-ion and proton conductivity and is considered as a promising 
material for such purposes. The compound crystalizes in trigonal P-3m1 space group 
and belongs to the class of hexagonal perovskite (7H polytype). The structure of 
Ba7Nb4MoO20 can be described as consructed by a perovskite block with composition 
Ba4Me3O12 and a block with composition Ba3Me2O8. The aim of the present work was 
to synthesize pure and partially substituted Ba7Nb4MoO20 ceramics and to study the 
stability of the structure upon partial cation substitution. The nominal compositions 
of the substituted samples are: Ba6SrNb4MoO20, Ba7Nb3TaMoO20, Ba7Nb3ZrMoO20, 
Ba7Nb4Mo0.66W0.33O20, asuming Sr at Ba-position, Ta or Zr at Nb-position and W 
at Mo-position. The results show that for the samples substituted with Ta at the 
initial steps of thermal treatment three main phases appear – 7H (Ba7Nb4MoO20),  
5H (Ba5Nb4O15) and BaMoO4. The prolonged heating and the increase of the 
temperature lead to the increase of the 5H phase content. For Zr substituted sample 
the similar increase of 6H phase is observed after prolonged thermal treatment. Sr 
substitution is clearly manifested by decrease of the unit cell parameters of the 7H 
phase, which is again with low stability. The 7H structure appear to be more tolerant 
towards substitution of Mo by W. The results of the phase compositional changes 
with temperature and from the structure refinements of Sr and W substituted samples 
will be presented and discussed. 

Acknowledgements: The authors thank Project D01-272/02.10.2020 – “European 
Network on Materials for Clean Technologies”, funded by the Ministry of Education 
and Science under the National Program “European Scientific Networks”.
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Germanium containing oxide compounds are intensively studied in the recent 
years for applications as luminescent materials (doped with rare earth elements) 
and hosts for Cr4+ activated lasers. The present work focuses on the production 
and crystallization of glass with a general composition CaO-GeO2-Li2O-B2O3 = 
45:38:5:12 [wt.%] with Ca2GeO4 as a major crystalline phase in the final glass 
ceramic. The glass was prepared by melting CaCO3, Li2CO3, GeO2 and H3BO3 
at 1300oC for 3 hours. The melt was quickly poured and quenched between 
steel plates. Obtained glass was characterized by powder X-ray diffraction and 
DTA/TG thermal analysis. According to DTA data the crystallization peak starts 
close to 600oC. After thermal treatment of a glass sample at 580oC for 24 hours 
the XRD phase analysis of the main crystalline phase showed similar pattern 
to orthorhombic Ca2GeO4 (Pnma; a = 11.392, b = 6.780, c = 5.242), bun no 
good match with known inorganic compound. The only one phase transition of 
Ca2GeO4 at normal pressure takes place above 1450°C to tetragonal symmetry. 
In an attempt to clarify the unidentified compound it was successfully indexed in 
orthorhombic symmetry with unit cell parameters a = 9.142(3), b = 7.161(2), c =  
5.031(2). According to extinction conditions one of the possible space groups 
is Pnma. Careful search in the current ICSD database revealed one of the high 
temperature modifications of Sr2GeO4 (ICSD code 56382) as a compound with 
close chemistry composition and unit cell parameters: P21/n; a = 5.843(1), 
b = 7.141(1), c = 9.902(2), β = 90(0). The crystal structure refinement of the 
metastable Ga2GeO4 was performed with the structural parameters of Sr2GeO4 
as a starting model.

Acknowledgements: This research is financially supported by the National Science 
Fund of Bulgaria (Contract No. KP-06-H29/10).
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Thermal evolutions of zinc-tungstate-borate glasses were investigated in order to 
develop glass-ceramic materials as a host matrix for Eu3+ luminescent ions. This 
study revealed that ZnWO4 crystallizes as a single-phase in amorphous matrix after 
heat-treatment at temperature higher than glass transition temperature Tg of glasses 
with nominal composition 50ZnO:40B2O3:10WO3:xEu2O3 (x = 0.1, 0.5, 1 and 2 mol %).  
On the other hand the XRD analysis of glasses with a higher Eu2O3 content (x = 5 
and 10 mol %) showed the formation of ZnWO4, ZnB4O7 and H3BO3 in different ratio. 
The presence of ZnWO4 only in Eu3+ doped heat-treated glasses leads to enhanced 
emission intensity as compared to the glass matrix due to the lower site symmetry of 
Eu3+ ions in the crystallized samples.

Acknowledgements: This work is supported by Bulgarian National Science Fund 
under project КП-06-Н29/7.
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PREPARATION OF EPOXY COMPOSITES WITH  
ORGANOCLAY FILLER AND STUDY OF SOME MECHANICAL 

CHARACTERISTICS
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The present research aims to obtain epoxy composites with organoclay filler and to 
investigate some of their mechanical properties.

Epoxy composites were obtained by the method of “in situ” polymerization in the 
Laboratory “OLEM” at Institute of Mechanics-BAS and after that is used a modern 
vacuum installation in IOMT-BAS in order to remove air bubbles from the epoxy resin 
before curing the composites.

The mechanical characteristics (hardness and Young’s modulus) were tested on a 
TIRA TEST machine at Institute of Mechanics-BAS. Epoxy composites with fillers 
– Cl-20A, Cl-30B, 1.44 P, 1.31 PS have worse mechanical properties than neat 
epoxy resin. Composites with organoclay 1.34 TCN show slightly better mechanical 
properties, but still the results are unsatisfactory and are close in value to pure epoxy 
resin.

The X-ray diffraction analysis of the obtained nanocomposite materials was 
performed by using small-angle X-ray diffraction (SAXS) with Philips diffractometer. 
The measurements are performed with the help of Cu Kα, radiation with nickel-filter 
and wavelength 0.1542nm, and LynxEye detector. Based on the X-ray diffraction 
method, the distance between the layers of the organoclays is calculated.

* E-mail: v.angelov@imbm.bas.bg

Keywords: preparation, epoxy resin, organoclays, XRD.



44

VIII’NCS, September 1–4, 2021, Varna, Bulgaria

COMPARATIVE STUDY OF METHODS FOR POTASSIUM  
EXTRACTION APPLIED TO BULGARIAN  

ARABLE SOILS
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Potassium, as a main component in soils, is highly analyzed and a variety of procedures 
for extraction and determination are used. According to the soil characteristics and 
local conception a number of different methods are proposed. A comparative study 
of four potassium extraction procedures was conducted and available potassium 
content in Bulgarian arable soils was determined. In addition, fertility indices 
are applied for estimation of potassium content in arable soils. For that purpose,  
NH4OAc/HOAc pH 4.5 (AA), Mehlich 1, CaCl2 [1] and a modified acetate/lactate 
method (ALM) were used. The extractants were chosen according to their possibility 
for extraction of available potassium, their composition and pH. Quantitatively, 
potassium content was determined by Flame atomic emission spectrometry.  
The obtained results showed that extractable potassium lowered in the following 
order KALM ≥ KAA > KMehlich 1 > KCaCl2

. A polynomial fit was used to recalculate the 
results from calibration data, correlation coefficients between all of the studied 
extraction methods were developed and estimated. A total potassium content was 
used to assess the degree of extraction of available potassium from the studied 
samples. In order to evaluate the analytical characteristics of proposed methods, 
some additional procedures were conducted.  A modelling approach was used for 
uncertainty calculations [2, 3] and ALM was shown to be the method with lowest 
value of uncertainty. For that reason, ALM was used for further studies. The trueness 
was estimated applying a standard addition approach and relative spike recovery 
[2] in order to assess method bias and measurement bias. The data obtained from 
presented analysis shows advantages and disadvantages of the proposed methods 
for potassium extraction, correlation between them and an extensive research of 
analytical characteristics.

[1] Zebec et al., Eurasian Soil Sci. 50 (2017) 1420–1427.
[2] EURACHEM/CITAC Guide (2014), 2nd ed.
[3] Cuadros-Rodrıguez et al., Anal. Chim. Acta 454 (2002) 297–314.
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ELEMENT MAPPING OF PLAGIOCLASE  
FROM VITOSHA 

S. Atanasova-Vladimirova*, I. Piroeva
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Electron microscopy X-ray elemental analysis is used to characterize the plagioclase 
composition of the Vitosha pluton. The Vitosha pluton crops out in the western part of 
the Srednogorie structural zone. The plutonic body is composed of abyssal gabbros 
and anorthosites, hypoabyssal monzonites, syenites and late veins of granosyenitic 
composition. The major rock-forming mineral phases are plagioclase, K-feldspar, 
amphibole and clinopyroxene. Common accessory minerals include apatite, titanite, 
magnetite, ilmenite and zircon. Secondary minerals are epidote, tourmaline, chlorite, 
actinolite, adularia and clay minerals.

Plagioclase, the principal component mineral is a solid solution consisting of anorthite 
(CaAl2Si2O8) and albite (NaAlSi3O8). In the cooling process of high-temperature 
magma, first, crystals with a large anorthite component form, and then, as cooling 
proceeds, the composition changes to one with a large albite component. Areas 
where the chemical composition changes discontinuously appear as stripes. This 
is referred to as “zonal texture.” The result of a mapping analysis of the principal 
elements of plagioclase are O, Na, Al, Si, and Ca, and the trace elements Mg, K, and 
Fe. Concentric zoning can be seen, and as a general tendency, the core area has 
a large anorthite content, while the rim area has an albite-rich composition. The rim 
portions display higher Si and Na concentrations and lower Al and Ca concentrations. 
In most of the samples, plagioclase presents Ca concentration at the core higher than 
at rim identifying a normal crystallization from high to low temperature.

Acknowledgments: S. Atanasova – Vladimirova acknowledges the support from OP 
Science and Education for Smart Growth 2014-2020, Project CoE National center for 
mechatronics and clean technologies, № BG05M2OP001-1.001-0008, and Project 
INFRAMAT (National Roadmap for Scientific Infrastructure).
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X-RAY PHOTOELECTRON SPECTROSCOPY INVESTIGATIONS  
ON IRON-RICH OXIDE GLASSES AND GLASS-CERAMICS

I. Avramova1,*, I. Mihailova2, R. Harizanova2, G. Avdeev3 
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Oxide and glass-like materials with high concentration of iron oxide in the composition 
have potential application as part of electronic devices, in sensors technology and 
depending on the size of the formed crystals in biotechnology and medicine. Glasses 
are prepared in the system 16Na2O–10CaO–(74–x)SiO2–xFe2O3, x=5–30 mol.% by 
using conventional melt-quenching technique. 

The phase composition is studied by X-ray diffraction and for concentrations of Fe2O3 
higher than 15 mol% the spontaneous crystallization of Fe2O3 and Fe3O4 occurs. 
The microstructure is investigated by Scanning electron microscopy and average 
size of the observed needle-like crystals is of the order of some micrometers. The 
composition and oxidation states of the prepared samples are studied by X-ray 
photoelectron spectroscopy method. All elements in the composition are present in 
oxidized states. The iron ions are present both as Fe2+ and Fe3+, with respective 
binding energies at around 709.0 eV and 711.0 eV. The number of non-bridging and 
bridging oxygen ions are calculated. 

Acknowledgments: The authors gratefully acknowledge financial support from the 
National Science Fund of Bulgaria under grant KP-06-N48/4.  
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CRYSTAL STRUCTURE AND OPTICAL PROPERTIES OF Eu (III) 
2-(PHENYLETHYNYL)-1,10-PHENANTHROLINE COMPLEXES 

Y. Dimitrova1,*, D. Elenkova1, B. Morgenstern2, R. Lyapchev1, D. Dimov3,  
J. Zaharieva1, M. Tsvetkov1
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The aromatic N-donor ligand 1,10 phenanthroline and its derivatives are known 
for being sensitizers of lanthanoid ions based on their capability to absorb and 
efficiently transfer energy to the Ln (III) excited state [1]. A novel 2-(phenylethynyl)-
1,10-phenanthroline was produced in order to be used as a ligand for europium (III) 
complex. Two types of complexes were synthesized with different counterions. After 
the powder samples were synthesized single crystals of the complexes were obtained 
in acetonitrile media. The optical properties of the complexes were also investigated 
as both exhibit red luminescences.

The Eu1 complex crystallizes in the monoclinic space group P21/n. The asymmetric 
unit consists of one neutral [Eu(L)2Cl3] complex in a general position and two CH3CN 
solvent molecules. 

The Eu2 compound crystallizes in the monoclinic space group P21/c with asymmetric 
unit consisting of one neutral [Eu(L)2(NO3)3] molecule in a general position and two 
CH3CN solvent molecules. 

Acknowledgements: 
The financial support from the BG Fund for Scientific Investigations (project № KP-
06-N39/1) is acknowledged. 
Instrumentation and technical assistance for this work were provided by the Service 
Center X-ray Diffraction, with financial support from Saarland University and German 
Science Foundation (project number INST 256/506-1).
Research equipment of Distributed Research Infrastructure INFRAMAT, part of 
Bulgarian National Roadmap for Research Infrastructures, supported by Bulgarian 
Ministry of Education and Science was used in this investigation.

[1] R. Maouche et. al., Inorg. Chim. Acta. 501 (2020) 119309.
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STRUCTURAL STUDY OF Cd2+ EXCHANGED  
CLINOPTILOLITE
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The Cd-clinoptilolite was obtained by ion exchange of initial purified Bulgarian natural 
clinoptilolite (from Beli Plast deposit) with cadmium salts. The ion exchange was 
conducted at room temperature and 90° C with 0.5 M cadmium solution for 22 days. 
The maximum cadmium exchanged clinoptilolite form is that prepared at 90° C.  
The obtained maximum exchanged sample for 22 days at 90° C was structurally 
refined in order to find the cadmium positions in the clinoptilolite voids. The structural 
refinements of the occupations of the incoming and outgoing cations give an idea how 
the intracrystalline diffusion proceeded. The cadmium content was determined also 
by EDS analysis and showed almost complete exchange – 2.55 cadmium cations 
per unit cell. A good correlation between results obtained by structural refinement of 
the Cd-exchanged samples and the data of the EDS measurements was achieved. 
The maximum amount for clinoptilolite is about 3–3.5 cadmium ions per unit cell. 
Cadmium is a toxic element and it is of interest to study its distribution in the structure 
of clinoptilolite, as well as its thermal behavior and stability.
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THE ROLE OF WEAK INTERACTIONS IN THE COCRYSTALIZATION 
OF 4-HALOPHENYLBORONIC ACID WITH ACYCLOVIR, CAFFEINE, 

NITROFURAL AND PROLINE

V. Dyulgerov, B. L. Shivachev, R. I. Rusew
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Boron-containing compounds and in particular boronic acids, R-B(OH)2, are of 
interest for applications in organic synthesis (Suzuki reaction), macromolecular 
chemistry, crystal engineering and molecular recognition (sugar sensors). In addition, 
pharmaceutical chemistry shows an increasing interest for boron compounds since 
some of them have shown antitumor (Bortezomib), antifungal or cyctotoxic properties. 
The –B(OH)2 moiety contains two hydrogen atoms that can adopt three different 
conformations that are suitable for hydrogen-bonding interactions.

* E-mail: silver_84@mail.bg
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INFLUENCE OF DEPOSITION CONDITIONS ON THE CRYSTALLINITY 
AND POROSITY OF ZnSe NANOLAYERS
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ZnSe films have various applications, such as optoelectronic devices, lasers, 
transistors, etc. but they are poorly investigated for use in gas sensors. Our recent 
study on nanocrystalline ZnSe films of various thicknesses, prepared by thermal 
evaporation in vacuum, revealed that the films sensitivity to ethanol vapors at room 
temperature is affected by their porosity. In this study ZnSe films with thickness of  
50 nm are prepared by applying continuous or periodically interrupted vapor deposition, 
as well as three different deposition rates. Optical absorption spectra indicate direct 
allowed transitions which shows that the films are crystalline. X-ray diffraction studies 
reveal that the crystal structure of all films is predominantly zinc blend, while the films 
crystallinity is strongly affected by the applied deposition rate. The porosity of the 
continuously deposited films is smaller than that of the films prepared by interrupted 
vapor deposition. The results of Raman scattering measurements support the 
conclusions based on the XRD investigations. The small crystallite size and porosity 
make prepared ZnSe films promising for gas sensing purposes. 
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UV AND VISIBLE PHOTOCATALYTIC ACTIVITY OF ZNO THIN FILMS 
PREPARED BY MODIFIED SOL-GEL METHOD
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Photocatalysis is a widespread method for the degradation of organic matter in 
polluted water from domestic industry, for the purification of contaminated soils and 
many other applications. Most of the compounds used as active photocatalysts are 
based on semiconductor oxides obtained in the form of powders or thin films by 
various methods of synthesis. In the last years, a large number of studies have been 
focused not only on enhancing photocatalytic activity under UV light, but also for 
obtaining materials which are active in the visible part of the spectrum, as well.

In this work, two groups of sol-gel ZnO single layers were preprared using spin coating 
technique and their photocatalytic activity for the degradation of Malachite Green 
model dye was studied. The first group was prepared by applying a conventional 
thermal treatment (CT) at 140° C. A two-step drying procedure was applied during 
the preparation of the films in the second group – hot air drying (HD) was used as 
first step, followed by CT at 140° C. A part of the films from both groups were further 
annealed at 400° C. 

The X-ray diffraction results show that all layers are nanosized and polycrystalline, 
having wurtzite structure. The scanning electron microscopy showed the presence of 
tightly packed nanosized particles with some microcracks on the films surface. The 
influence of the both HD and the CT temperatures on the photocatalytic reaction rate 
was investigated. It was found that the films from the second group demonstrated 
higher photocatalytic activity under the both ultraviolet and visible light than that of the 
first group films after even 6 photocatalytic cycles.
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ROLE OF MECHANOCHEMICAL ACTIVATION  
ON THE RECYCLING OF SPENT AUTOMOTIVE  

CATALYSTS
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Recently, the existing imbalance between increasing demand on metals and the 
finiteness of metal resource in nature dramatically increases. Thus metal recycling 
from second-hand resources is of great importance to meet the sustainability 
challenge. 

Mechanochemistry has been successfully applied as technically feasible method for 
recycling of metals from some specific wastes as cathode ray tubes, funnel glass and 
tungsten carbide waste, where the significant improvement of recycling efficiency 
was obtained. The main processes occurring during the mechanochemical treatment 
are reduction of particle size, increase of specific surface area, crystalline structure 
decomposition and bond breakage together with defect generation and new phases 
formation. The activation energy required for these processes decreases and material 
reaction activity increases as a result of applied mechanochemical forces. 

This study aims to investigate the application of mechanochemistry for metal recycling 
from spent automotive catalysts. The method offers possibilities for significant 
increase of metal recycling rate and is second-pollution-free. Both these factors are 
essential to move forward toward resource-efficient economy. 

Acknowledgement: The authors gratefully acknowledge the financial support of the 
Bulgarian National Science Fund at the Ministry of Education and Science – Project 
№ КП-06-КОСТ/18/ 2019. This article is based on the project activities of COST 
Action CA 18112 “Mechanochemistry for Sustainable Industry” (Mech@SustInd), 
supported by COST (European Cooperation in Science and Technology).
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DIRECT MECHANOCHEMICAL SYNTESIS AND OPTICAL  
PROPERTIES OF BaWO4 NANOPARTICLES
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Single nanocrystalline BaWO4 powders were successfully synthesized by 
mechanochemical reaction at room temperature. A stoichiometric mixture of BaCO3 
and WO3 in a 1:1 molar ratio was subjected to intense mechanical treatment in air 
using a planetary ball mill for different period of time. The phases obtained and 
their transformations were monitored by X-ray diffraction (XRD) and infrared (IR) 
spectroscopy. The optical properties were investigated by ultraviolet visible (UV-
Vis) and photoluminescence emission spectroscopy. The single phase BaWO4 with 
tetragonal structure with crystalline size of 23 nm was obatained after 180 min milling 
time at room temperature. The UV-vis absorption spectrum shown one peak at 210 
and calculated optical band gap is 3.0 eV. With excitation at 350 nm, the BaWO4 
particles exhibit major PL emissions in the blue wavelength range at 440 nm,

* E-mail: m.gancheva@igic.bas.bg
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Powder samples of 0.5, 1, 2 and 3 at% Tb3+ doped Li2CaGeO4 and of 0.5, 1, 2, 3, 4 and 
5 at% Tb3+ doped Ca5Ge3O11 were synthesized by conventional solid state method. 
XRD analyses confirm the purity of the obtain phase at all dopant concentrations. 
Emission and excitation spectra of both compounds comprise the characteristic peaks 
of Tb3+ ion. The strongest peaks in excitation spectra are located at 378 and 377 nm 
for Li2CaGeO4 and Ca5Ge3O11 compound respectively. The luminescence spectra of 
the investigated compounds are different. The highest peak is observed at 548 nm 
(5D4 →7F5 transition), which is characteristic peak for Tb3+ activated materials. In the 
Li2CaGeO4 compound spectra peaks in the blue range are manifested in opposite to 
the Ca5Ge3O11 compound spectra. Peaks in the Ca5Ge3O11 compound spectra, which 
are sensitive to the host structure, are more split, as there are five different possible 
crystallographic positions for Tb3+ ion. The most intensive luminescence is obtained 
when the dopant concentration is 1 at% Tb3+ for Li2CaGeO4 and 4 at% for Ca5Ge3O11. 
CIE coordinates are located in a wide range in the pale blue, green and yellowish 
parts of the chromaticity diagram. 

The obtained results confirm the influence of the host structure and the active ion 
concentration on the optical characteristics. Li2CaGeO4 and Ca5Ge3O11 compounds 
could be used as green phosphors tuning the color by changing the dopant 
concentration. 
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Series of zinc(II) coordination polymers with the bidentate ligands: bis-(dimethyl-
phosphinylmethylenoxy)-benzenes (o-I, m-I and p-I) and bis((dimethylphosphinyl) 
methylene)amine (bis-NL) were synthesized. The spatial structure of the polymers 
is determined by the nature of zinc(II) and the characteristics of the ligands such 
as nucleophilicity of the donors, bond angles, molecular length, bulkness, etc. 
The ligands used in this study coordinate through the phosphoryl oxygen donors 
from the tertiary phosphine oxide-substituents. Due to their flexible structure, the 
ligands can adopt different conformations and thus favor the construction of 1D, 2D 
and 3D dimensional structures. The counterions used in the syntheses having 
different sizes and metal binding properties also have a crucial influence on the 
construction of the spatial structure of the polymers. In this study single crystal 
structure and behavior in solution of the stable Zn(II) coordination polymers with 
selected tertiary phosphine oxides are presented. 
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SYNTHESIS OF NOVEL ANTI-BACTERIAL CARBON  
MATERIALS FROM RDF

G. Georgiev*, I. Stoycheva, K. Miteva, N. Petrov, B. Petrova,  
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RDF (Refuse Derived Fuel) is obtained from the fragmented fraction of household and 
industrial waste. RDF is mainly used within the European Union in countries with a 
high standard of waste recycling, such as Austria, Germany and the Netherlands. A 
method for the synthesis of carbon materials and composites based on RDF, coal pitch, 
petroleum coke and others was developed and the possibilities for including various 
active metal additives were studied. The samples were first carbonized at 500–800° C, 
and further subjected to activation procedure: hydropyrolysis at 600–900° C, physical 
activation with CO2 or chemical activation. The obtained samples were characterized 
by XRD, BET, SEM, etc. The final products are distinguished by moderate surface 
area and metal particles included in the carbon matrix. The characteristics of obtained 
carbon materials determine their possible application of obtained carbon materials for 
adsorption of pollutants and neutralization of microorganisms (bacteria and viruses) in 
water and air.

Authors appreciate financial support by „Young Scientists and post-doctorants“ DCM 
No 577 / 17.08.2018 of Bulgarian Ministry of Education and project KP-06-М37/3 
from 06.12.2019 г. with National Science Fund, Bulgarian Ministry of Education.
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Silver and gold nanoparticles were successfully synthesized by reduction of AgNO3 
and HAuCl4 with water extract of Rosa Damascena waste petals, as well as 
with this extract, purified from carbohydrates by Adsorption Chromatography 
(ADC). In order to prevent the aggregation of the NPs, we also used sodium citrate 
and citrate buffer with pH=3.5 to reduce AgNO3 and HAuCl4.

The morphology, structure and phase composition of the Ag- and Au-nanoparticles 
were studied by High Resolution Transmission Electron Microscopy (HRTEM) and 
Selected Area Electron Diffraction (SAED). The size distribution was 
presented as histograms using the data acquired with Image J computer program.

The results obtained showed the presence of predominantly spherical Ag 
nanoparticles and Au nanoparticles with spherical, triangular, hexagonal, rod-like and 
even irregular shapes. The indexing of SAED patterns revealed the co-existence of 
cubic face centered and hexagonal metal Ag phases and cubic face centered 
metal Au phase. Size distribution and predominant populations of 
the nanoparticles were followed and discussed.
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National Science Fund of Bulgaria; project DN 17/22 “Valorization and application of 
essential oil industry wastes for “green” synthesis of metal nanoparticles”. Research 
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Ministry of Education and Science was used in this investigation.
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Abatement of volatile organic compounds (VOCs) in the waste gases is an important 
task in the areas of environmental protection. The European Commission presented 
the so-called Green Deal in December 2019, also known as the Green Pact, which 
is a set of policies aimed at making Europe climate neutral by 2050. The design of a 
catalytic system for complete oxidation of hydrocarbons is an important problem of the 
environmental catalysis. Cobalt oxide is reported as quite promising among the metal 
oxides used for preparation of supported catalysts for the removal of VOC’s. The 
main drawback of the transition metal oxides catalysts is the deactivation as result 
of an aggregation. The problem could be tackled by application of supports with new 
properties, as those of nanostructured porous oxides. Zeolites are one such type of 
carrier because of their specific pore structure, acidic properties, high thermal stability 
and the ability to exchange ion. Another type of supports that science is increasingly 
interested in is mesoporous oxides such as SBA-15. This work is focused on the 
investigation of the structural and catalytic properties of mono component cobalt 
catalysts supported on SBA-15 and ZSM-5 (Si/Al=50). Cobalt was incorporated from 
Co(NO3)2.4H2O by incipient wetness impregnation technique  followed by drying 
and calcination. The obtained materials were characterized by XRD, N2 adsorption-
desorption, TPR, TPO and XPS and tested in complete oxidation of n-hexane and 
butane. The formation of different cobalt oxide species would be suggested from 
TPR data: extra framework Co3O4; CoO strongly interacting with zeolite framework 
and framework cobalt or some other types of cobalt silicate. XPS dates show that 
Co2+ predominate on the surface. Co-SBA-15 demonstrates oxide phases difficult for 
reduction. Higher activity in bought reaction is shown by the samples supported on 
ZSM-5, probably due to the presence of easily reducible phases.
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The release of volatile organic compounds (VOCs) to the atmosphere results in 
environmental damage. Catalytic oxidation is recognized as one of the most efficient 
methods employed to VOCs eliminations.

For the metal oxides, cobalt oxide has been shown to be one of the most efficient in 
the total oxidation of VOCs and for many low-temperature oxidations, because cobalt 
oxides owing high bulk oxygen mobility and the easy formation of highly active oxygen 
species. The use of cobalt oxide offers the advantage of both high reactivity and a 
relatively low price in comparison to the noble metal catalysts. An effective principle 
in the practice of heterogeneous catalysis is the application of the active phase to a 
chemically inert support. The extremely high activity and selectivity of zeolites in a 
number of catalytic reactions, the high thermal stability of their crystal lattice and their 
molecular sieve effect make them very suitable as catalyst carriers. The combination 
of cobalt oxides deposited and clinoptilolite is expected to have high catalytic activity. 
Before cobalt deposition a clinoptilolite was pretreated by two methods: pretreatment 
with nitric acid and ion exchange modification. Subsequently cobalt was deposited on 
the clinoptilolite by the wet impregnation method. The studied samples were calcined 
at 500°C for 3 h. The experimental techniques that were used for characterization of 
the so prepared catalysts are: XRD, TPR, XPS and adsorption properties. Reaction 
in total oxidation of n-hexane was used to test Co supported catalysts on Bulgarian 
zeolite clinoptilolite.
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TEMPLATE-ASSISTED HYDROTHERMALLY OBTAINED  
TITANIA-MANGANESE COMPOSITES AND THEIR APPLICATION  

AS CATALYSTS IN ETHYL ACETATE OXIDATION  
AND METHANOL DECOMPOSITION
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The aim of current investigation is to elucidate the impact of textural, structural, 
surface and redox features of binary manganese-titania materials on their catalytic 
behaviour in methanol decomposition. For the purpose of the investigation 
mesoporous mixed oxides were synthesized by template-assisted hydrothermal 
technique and the material characteristics were tuned by variation of the Mn/Ti ratio. 
The complex characterization of the samples was achieved by different physico-
chemical techniques, as such N2 physisorption, XRD, UV-Vis, XPS, SEM, TEM, 
Raman and FTIR spectroscopies and TPR with H2. The catalytic activity of the 
obtained materials was studied in the reaction of total oxidation of ethyl acetate and 
methanol decomposition. All prepared materials exhibited high surface area and 
mesoporous volume with the exception of the single manganese oxide. The binary 
oxides demonstrated improved textural characteristics in comparison with the single 
oxides, and they were most pronounced for 5Ti5Mn. The XRD and Raman analyses 
showed co-existence of anatase, Mn2O3, Mn5O8 and Mn3O4 for both 8Ti2Mn and 
2Ti8Mn, while only well crystallized anatase and rutile TiO2 phases were found for 
5Ti5Mn. The slight shifting in the anatase unit cell parameters found for the binary 
materials did not exclude partial isomorphous substitution of Ti4+ by Mnn+ ions. The 
addition of manganese oxide to titania significantly improves the catalytic activity in 
total oxidation of ethyl acetate to CO2 and methanol decomposition, but this effect is 
strongly influenced by the support composition.

Acknowledgement: Financial support from project КП-06-ПМ-39/1/2019 is 
acknowledged. This work was supported by the European Regional Development 
Fund within the Operational Programme “Science and Education for Smart Growth 
2014–2020” under the Project CoE “National center of mechatronics and clean 
technologies“ BG05M2OP001-1.001-0008”.
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Mesoporous materials have received considerable attention as metal oxide catalysts 
for several catalytic processes. This is particularly due to their unique crystal 
structures, high specific surface areas, elevated pore volumes, and tunable pore 
size. The highly-ordered pore structure could enhance metal oxide dispersion and 
the interfacial electron transfer. In the present study two series titanium-manganese 
mono- and bi-component oxides with different compositions (1:2, 1:1, or 2:1 mol 
ratio) were obtained by template-assisted precipitation followed by hydrothermal 
treatment (HT samples) and homogeneous co-precipitation method (CP samples). 
They were used as a host matrix for nanosized copper oxide species. The modified 
materials were obtained by incipient wetness impregnation from the corresponding 
metal nitrate followed by drying and calcination at 773 K for 2 hours. The obtained 
materials were characterized by nitrogen physisorption, XRD, Raman, UV–Vis, XPS, 
SEM, and TPR/TG techniques. The catalytic properties of the samples were tested 
in methanol decomposition with a potential for hydrogen production. The results from 
physicochemical analyses demonstrate that the copper species seems to be larger 
and located to a higher extent on the surface for the CP materials, while the HT 
procedure favors the formation of very finely dispersed nanoparticles located into 
the mesopores of the oxide matrix together with a low fraction of isolated and large 
nanoparticles on the surface. It seems that the existence of certain differences in the 
dispersion and phase composition of the copper oxide is mainly due to the performed 
hydrothermal step, while the presence/absence of surfactant (CTAB) seems to 
have a minor influence on the porous characteristics of the studied materials. The 
elucidation of the role of the support on the formation of the catalytically active copper 
oxide phase was the main motivation of this investigation.
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Regional Development Fund within the Operational Programme “Science and 
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CORRELATION BETWEEN MECHANICAL PROPERTIES AND 
STRUCTURAL CHANGES OF THE CAST PdAu5 ALLOYS DURING 

THERMOMECHANICAL TREATMENT
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Influence of thermomechanical treatment on microstructure and hardness, tensile 
strength and elongation of the cast Pd-5at%Au alloy was investigated. The HV, Rm 
and A were determined in the function of annealing temperatures and  deformation 
degrees.By testing Pd-5at%Au alloy machanical and structural characteristics in the 
function of deformation degrees, it was noticed that increasing of the degree of cold 
plastic deformation leads to an increase in HV and Rm while the values of A decrease, 
that is, it comes to strengthening. From the presented results of testing the effect 
of annealing temperature of PdAu5 alloy (deformed by the degree of deformation  
(ε = 80%) at a constant annealing time (15 minutes)), it is noticed that the values of 
hardness and tensile strength decrease sharply at a temperature of 650 °C. A further 
increase in the annealing temperature leads to a continuous, slight decrease in the 
values of hardness and tensile strength, which is a consequence of the enlargement 
of the structure, ie the appearance of secondary recrystallization. The maximum 
value of relative elongation is observed at an annealing temperature of 750 °C.

 [1] A. Ivanovic et al., Proceedings of 44th International October Conference on Мining and Мetallurgy, October 
1–2, Bor, Serbia, 2012., p. 477–480.
[2] B. Trumic, D. Stankovic, Catalytic oxidation of ammonia, MMI Bor, 2009.
[3]A. Ivanovic et al., Journals of optoelectronics and advanced materials, 16(7–8) (2014) 925–932.
[4]Hermann Schumann, Metallographie, Faculty of Technology and Metallurgy. Belgrade, 1989. (translation 
9th edition,1975).

* E-mail: aleksandra.ivanovic@irmbor.co.rs

Keywords: Pd-Au system, mechanical characteristic, catalysts-catchers.



63

VIII’NCS, September 1–4, 2021, Varna, Bulgaria

NEW Cu(II) – PEPTIDE COMPLEXES WITH POTENTIAL  
ANTICANCER ACTIVITY – SYNTHESIS  

AND CHARACTERIZATION
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Copper is one of the trace elements concentrated in organs with high metabolic 
activity, like the liver, kidneys, heart and brain. Even in a very low dose it plays a 
lot of roles in different processes in human organism, especially as a cofactor of 
many enzymes. Peptides are molecules normally present in the human body, as 
they perform a number of important functions such as hormones, neurotransmitters, 
neuromodulators, etc. In addition peptides show specific feature to form complexes 
with different metals due to specific groups of amino acids in their primary structure. 
Many metals are object of deep studies as anti-tumor chemotherapeutics. Copper is a 
toxic chemical element with proven antimicrobial properties, but the mechanism of its 
toxic action is not yet fully understood. However, this property makes it an attractive 
target for inclusion in modern chemotherapeutics for the treatment of various types 
of cancer cells in combination with second pharmacophore with proven anticancer 
properties. In this work we present our investigations on synthesis and study of new 
Cu(II) – peptide complexes with potential anticancer activity. We combine copper 
with peptide ligand with already proven anticancer properties [1]. The complexes 
with main structure Cu(II) – Se(VI)/Cl(I) – peptide ligand were synthesized and 
characterized. The differences in structures as well as the proving of inclusion of 
copper ions are realized by means of FTIR, elemental and ICP analysis as well as 
Raman spectroscopy. All obtained analytical data will be presented and discussed. 
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The aim of the study was to synthesize composites of reduced graphene oxide 
(RGO) and metallic Ag, Cu and Ag-Cu combination. The synthesis was performed 
by simultaneous reduction of graphene oxide and corresponding metal salts. The 
structural and morphological characteristics of the obtained composites were studied 
by XRD, SEM, TEM and Raman spectroscopy. The evaluation of antibacterial 
activity and cytotoxicity was done by standard techniques. The pro- and antioxidant 
activity of all materials was studied according to the free-radical oxidation reactions 
in chemiluminescent model systems. The XRD show complete reduction of GO. The 
crystallite size of Ag and Cu are 29 nm and 13 nm respectively. A good distribution 
of silver and copper particles over the graphene sheets is observed by SEM. The 
Raman spectra show typical spectra of RGO material with two wide bands D and G 
with intensity ratio ID/IG higher than 1. The observed enhanced antimicrobial efficiency 
of the RGO/Cu-Ag composite is due to a synergetic effect of the metal nanoparticles.  
All tested materials present definitive antioxidant activity in both tested media at 
neutral and alkaline pH. The results support the idea to use those nanomaterials as 
implants coatings. The cytotoxicity results revealed that in the presence of Ag and Cu 
composites the non-cancerous cell line shows better cell survival than the cancerous 
cell line. This tendency leads to the conclusion that the composites can be used 
successfully as anticancer drugs.
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DYSPROSIUM DOPED Li2CaGeO4 AND Ca5Ge3O11  
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Powder samples of 0.5, 1, 2, 3, 4 and 5 at% Dy3+ doped Li2CaGeO4 and Ca5Ge3O11 
were synthesized by conventional solid state method. XRD analyses confirm the purity 
of the obtain phase at all dopant concentrations. Emission and excitation spectra of 
both compounds contain the characteristic peaks of Dy3+ ion. The strongest peaks 
in excitation spectra are on 351 and 348 nm for Li2CaGeO4 and Ca5Ge3O11 matrix 
respectively. The luminescent spectra of Dy3+ doped compounds show different 
shape and splitting. The peaks in the Li2CaGeO4 compound spectra are with identical 
shapes and doubly degenerated. The peaks in the Ca5Ge3O11 compound spectra 
are more split. The yellow peak is dominant for both compounds. CIE coordinates of 
the Dy3+ doped Li2CaGeO4 show slight fluctuation, as oppose to the CIE coordinates 
of the Dy3+ doped Ca5Ge3O11 which displays almost the same shades of colors. The 
observed experimental data confirm the influence of the host structure on the optical 
characteristics. The obtained results show that dysprosium doped Li2CaGeO4 and 
Ca5Ge3O11 could be used as yellow phosphor.  
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Compounds having a benzo[1,3]dioxin moiety in their molecule have shown 
diverse profiles of biological activity, e.g., anti-inflammatory, analgesic, mycolytic, 
antipyretic. They have found application as agrochemical fungicides, biocides, 
pesticides, herbicides and others. Additionally, benzodioxins are widely used starting 
materials for the preparation of cyclic and acyclic phenol-formaldehyde resins and 
key intermediates in multistep synthetic procedures. The protocols used to date for 
the synthesis of benzo[1,3]dioxins suffer from serious shortcomings. Direct methods 
for preparing the compounds operate at high temperatures and pressures, and the 
yields are in most cases unsatisfactory. Indirect methods, in turn, include multi-stage 
procedures with heavy and time-consuming purifications.

Herein, we present a fast and efficient direct protocol for benzo[1,3]dioxins synthesis 
via tandem hydroxymethylation-acetal protection of 4-(phenylazo)phenol under 
Eschweiler-Clark conditions. The scope of the reaction is studied and is found that 
the presence of azo-dye fragment is crucial for effective conversion. The structures 
of the products are assigned on the basis of NMR spectra and confirmed by single 
crystal XRD.
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Ceramic pigments were synthesized by solid state high-temperature sintering at 
temperatures of 1000, 1100 and 1200° C in the CaO.xV2O5.(1–x)MgO.2SiO2 system, 
where x = 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6. The obtained diopside-based ceramics 
were examined by powder X-ray diffraction analysis, electron scanning microscopy, 
infrared and UV-Vis spectroscopy. It was found that under the conditions of synthesis 
a multiphase ceramics is obtained, which contains in different ratio diopside, 
cristobalite, tridymite and traces of wollastonite. The color of the ceramic changes 
to blue-greenish when vanadium is added to the system. The efect of vanadium 
concentration and sintering temperature on phase composition and color was studied.
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The combustion of coal in Thermal Power Plants generates fine dust particles (coal 
fly ash, CFA), which are collected from the flue gas streams and deposited as solid 
wastes. One of the technologically reliable solutions for utilization of CFA is its alkaline 
conversion into zeolites. The present study focuses on the influence of calcium 
content in CFA on the chemical and phase composition, morphology and surface 
properties of coal fly ash zeolites. Comparative studies of the capacity of zeolites of 
Na-X and Na-Ca-X types from coal fly ash to capture carbon emissions under static 
and dynamic conditions have been performed. The present study answers a key 
question from a practical point of view, how does moisture in flue gases affect the 
adsorption of carbon dioxide on zeolites. The development of efficient adsorbents 
from CFA with varying composition will contribute to a number of environmental 
benefits and to the development of efficient CO2 capture technologies in the context 
of the circular economy.
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Scientific articles most often cite two methods for producing graphene oxide by 
chemical exfoliation, the Hammers method [1] and the Tour method [2]. In this study, 
we synthesized GO both by these two methods and by a synthesis scheme by the 
simultaneous introduction of H2SO4 and H3PO4 and NaNO3, but in ratios different from 
those proposed in the known methods. For all samples, the same graphite powder 
(-20 + 84 mesh, 99.9 Alfa Aesar) was used as a starting precursor, ground for 1 
hour with an agate grinder Fritsch, model Analisette 3 SPARTAN, Pulverisette 0. For 
the oxidation of graphite by different methods also reagents from the same batches 
were used. The obtained samples were examined by X-ray diffraction, SEM and 
BET analyzes and we evaluated the degree of oxidation of the graphite layers, the 
number of layers in the obtained GO sheets, as well as their lateral dimensions. 
The ratio of the mass of the obtained GO and the mass of the graphite precursor 
was determined and the specific surface was compared. Based on these results, 
a method is indicated, in the application of which the highest degree of oxidation 
of GO is achieved, which is a factor for better exfoliation of GO in the application 
of ultrasonic treatment and can support the reduction processes in the synthesis of 
reduced graphene oxide subsequently.

Authors acknowledge the financial support of the National Science Fund of Bulgaria, 
Project KП-06-H27/17 17.12.2018.
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Glass-ceramics containing iron oxides attract scientific interest due to their magnetic 
and electrical properties and the potential for various applications in electronics 
biomedicine and catalysis. The microstructure, phase composition and in particular 
the type, size, and quantity of precipitated iron containing phases are the basic factors 
that determine the properties and the application of the obtained glass-ceramics. 

Glass-ceramic materials in the system CaO/Na2O/SiO2/Fe2O3 with high concentrations 
of Fe2O3 (20, 25 and 30 mol%) are investigated in this work. The samples are 
obtained by melting of the respective batches at 1400 °C, followed by cooling on 
air and annealing at 480 °C. The spontaneous crystallization during pouring the 
melt leads to the formation of magnetite and hematite, which are identified by X-ray 
diffraction analyses and optical microscopy. Scanning electron microscopy (SEM) 
and elemental analysis by means of energy-dispersive spectroscopy (EDS) are 
used to study the microstructure and the chemical composition of the crystalline 
and amorphous phases. The obtained results allow to evaluate the homogeneity of 
the phases, the oxidation state of iron (the Fe2+/Fe3+ ratio) in the residual glass, the 
amount of crystalline iron oxide phases and their morphology. The effects of the iron 
oxide concentration, of the melt composition and of the synthesis conditions on the 
crystallization are discussed. 

Acknowledgements: This work is financially supported by contract КП-06-Н48/4 with 
the Bulgarian National Science Fund.
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ELECTRICAL AND THERMAL CONDUCTIVITY  
OF Cu/ZrW2O8 COMPOSITE OBTAINED BY SCANNING  

ELECTRON BEAM SINTERING

N. Mirchev, D. Tachev, E. Karamanova, G. Avdeev*
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Cermet with a preset coefficient of thermal expansion is a promising material for 
application in electronics. The most studied composition is based on Cu/ZrW2O8. The 
usual way to obtain it is hot pressing, which is associated with a relatively slow rate 
of heating and cooling and leads to undesirable changes in the phase composition. 
However, there is no data on its additional characteristic in the published results. 
In this paper, we present a composites from Cu/ZrW2O8 in three different weight 
ratios of 94/6, 80/20, 44/56 sintered with a scanning electron beam. The degree 
of compaction was determined by comparing the density of the samples after cold 
pressing and after sintering. Phase composition, morphology, electrical and thermal 
conductivity of the samples were also studied.

* E-mail : g_avdeev@ipc.bas.bg

Keywords: Sintering of ZrW2O8, Sintering of copper, scanning electron beam.



72

VIII’NCS, September 1–4, 2021, Varna, Bulgaria

SYNTHESIS AND CHARACTERIZATION  
OF CRYSTALLINE SrTiO3 

D. Nicheva1,*, V. Ilcheva1, V. Boev1, M. Dimitrova1,  
R. Harizanova2, T. Petkova1

1 Institute of Electrochemistry and Energy Systems, Bulgarian Academy of Sciences,  
1113 Sofia, Bulgaria 

2 University of Chemical Technology and Metallurgy, 8 St. Kliment Ohridsky Blvd,  
Sofia, Bulgaria

The current study presents results from the characterization of SrTiO3 prepared from 
strontium nitrate and titanium dioxide (anatase) nanocrystals. The goal is to obtain 
a nanocrystalline material which could be further incorporated into an oxide glass, 
thus achieving controllable phase composition and crystal size, which will result in a 
composite material with predefined electrical properties. 

SrTiO3 is prepared using as starting materials – Sr(NO3)2 and nanosized TiO2 (15 
nm), heated at 600 °C for 10 h. Subsequent thermal treatment of the obtained 
sample was performed at 900 and 1200 °C for 3 h. The phase composition of the 
synthesized samples was examined by X-ray diffraction and the structure – by 
infrared spectroscopy. Information on the morphological features was gathered by 
scanning electron microscopy.

It was found that the applied method of synthesis, carried out directly using as 
starting components Sr(NO3)2 and nanosized TiO2 (anatase) at temperatures lower 
than the accepted as a standard for high temperature synthesis (about 1000 °C), 
leads to formation of cubic SrTiO3 without any SrCO3 impurities. The morphology 
analysis of the prepared powders reveals an improvement of the crystallinity with the 
increasing annealing temperature, which complies with the results, obtained from 
XRD measurements. The data obtained by Iinfrared spectroscopy also prove the 
highest degree of crystallinity for the sample, annealed at 1200 °C. 

The obtained results prove the applicability of the direct synthesis method for the 
preparation of pure cubic SrTiO3 with a high degree of crystallinity at significantly 
lower temperatures than those used in the standard high-temperature synthesis 
methods. The applied additional thermal treatment allows the degree of crystallinity 
to be controlled.
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Ion exchange is the most common method for highly dispersed metal loading 
onto zeolites. The modification of the zeolites with metal cations can potentially be 
employed as antimicrobial fillers into composite materials.

In the present study natural zeolite clinoptilolite from Beli Plast deposit, Bulgaria, was 
used to obtain Cu, Ag, Fe ion exchanged forms. The liquid to zeolite ratio was varied 
form 1:2 to 1:10. Different ion exchange procedure parameters were used like molar 
concentration and liquid to zeolite. For practical reasons very low liquid to zeolite 
ration was used. The influence of pre-treatment of the zeolite by HCl and NaOH 
was evaluated. The HCl pre-treatment removes exchangeable cations that could 
be in competition with the metal ion that will be loaded. On the other hand, NaOH 
pre-treatment enrich the clinoptilolite in sodium, which is beneficial since sodium 
homoionic form of the clinoptilolite is more easily exchanged afterwards. Both pre-
treatments increase the effective sorption, but could dealuminate the clinoptilolite. 
The samples were examined by powder XRD, FTIR and XRF.

Acknowledgment: The results in this work has been achieved in fulfillment of a project 
financed by the National Science Fund of Bulgaria under contract No. KP-06-M47/1 
from 26.11.2020.
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FLEXIBILITY OF THE SERPIERITE STRUCTURE TOPOLOGY
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The mineral serpierite is a rare calcium-copper-zinc hydroxy-sulfate formed by 
exogenous alteration of copper sulfides. The crystal structure of serpierite was 
solved by Sabelli and Zanazzi [1] in the C2/c SG for a sample from the Laurion 
mine. Mineral serpierite is a member of the develine group with general formula 
M2+[(Cu,Zn)4(OH)6(SO4)2]2–. nH2O where M = Ca, Cu, Mn, Pb. The crystal structures 
are composed of negatively charged layers of the type [(Cu,Zn)4(OH)6(SO4)2]2– and 
positively charged M2+(H2O)n complexes in the interlayer. Recently a new data for 
develine group mineral from Zvezdel deposit, Eastern Rhodopes have been reported 
[2]. The preliminary structural data for this sample show serpierite structural topology, 
but the unit cell parameters and space group differ from the ones reported before [1]. 
To assess if and how the ratio of Cu/Zn reflect to the symmetry of serpierite structure 
topology we provide comparative crystal-chemical study of samples from Zvezdel 
deposit (Bulgaria) (SZ) and Laurion mine (Greece) (SL). Several physicochemical 
methods were used to characterize these samples: SEM- EDS, PXRD, DSC-
TG(DTG)-MS and single crystal XRD. 

Both of the studied samples show similar unite cell parameters, serpierite type 
topology and were refined in Monoclinic space group, I2 and I 2/m for the SZ and SL 
respectively. There are five symmetrically independent crystallographic positions for 
the octahedrally coordinated atoms in SZ: three of them are occupied by Cu2+; one by 
Zn2+ and one is mixed with 60% Cu2+ and 40% Zn2+; In difference for the SL with has 
higher zinc content than the SZ one, two Zn and two Cu crystallographic positions 
were located in the octahedral layer. 

The obtained data show that the serpierite type topology is very flexible and suggests 
a wide variety deformations including distortion of the octahedra, stacking manner of 
the adjacent layers and the coordination polyhedral of the interlayer cations. Definitely 
the Cu/Zn ratio influences the degree of these deformations. 

Acknowledgements: This work was supported by the BMES under the National 
program “Young scientists and postdoctoral students”.
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IMPACT OF MECHANOCHEMICAL ACTIVATION ON WEEE 
MATERIALS (E-WASTE) RECYCLING 

D. Paneva*, Z. Cherkezova-Zheleva

Institute of Catalysis, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., Bld. 11,  
Sofia 1113, Bulgaria

The recent global progress of information and communication technologies and 
high-tech industries leads to two big challenges: 1) huge consumption of various 
kinds of metals needed for production of the new high-tech products; 2) very fast 
growing of waste electrical and electronic equipment (WEEE) streams, so-called 
e-waste. Е-waste practically includes all chemical elements due to the large diversity 
of collected devices. Together with valuable resources some harmful components 
are also presented in e-waste (organic matter, plastics, etc.). This leads to numerous 
difficulties in e-waste recycling, due to different physical and chemical characteristics 
of e-waste materials, as different metal content and different oxidation state of 
elements, different type of organic matter/plastic, etc. The continious increasing of 
complexity of electronic products additionally hinders e-waste treatment. WEEE 
recycling technologies include thermal processes consisting of pyrometallurgy and 
pyrolysis, hydrometallurgical techniques, bio-metallurgy and mechanical processing. 
Our investigation presents current application of mechanochemistry (MCh) for 
degrading solid E-wastes, recycling of plastics and metal recovery. MCh method is 
promising to relieve the shortage of metal resources as highly-efficient, environmental 
friendly and second-pollution-free utilization technology. Important advantages of 
mechanochemical treatment in comparison to conventional recycling process are 
increased reaction rates, lower reaction temperatures, overall simplicity and cost. 
Mechanochemistry offers possibilities of achieving alternative reaction pathways and 
preparation of meta-stable products. Thus, the MCh treatment can induce interactions 
of inherently insoluble materials allowing laborious purification steps to be avoided. 

Acknowledgement: The authors gratefully acknowledge the financial support of the 
Bulgarian National Science Fund at the Ministry of Education and Science – Project 
№ КП-06-КОСТ/18/ 2019. This article is based on the project activities of COST 
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supported by COST (European Cooperation in Science and Technology).
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CRISTAL STRUCTURE OF NEW Zn-HYDROXY  
SULFATE PHASE 
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The hydroxysalt minerals are converted easily into each other under slight 
environmental changes. In the process of examination of the transformations of Zn- 
hydroxy nitrates in sulfate solutions, Zn- hydroxy sulfates in nitrate solutions and 
Zn- hydroxy sulfate in alkali iodides solutions, a new unknown phase was obtained. 
PXRD, SEM-EDS, DTA-TG-MS analyses were performed and the received data 
suggest that the crystal structure of the new phase could be a combination of the 
crystal structures of the minerals, namuwite Zn4(OH)6SO4.4H2O (SG P, a = 8.33 Å, 
b = 8.33Å, c = 10.54 Å) and bechererite (Cu,Zn)6Zn2(OH)13[(S,Si)(O,OH)4]2 (SG P,  
a = 8.32Å, b =  8.32Å, c = 7.38 Å).  A theoretical model which describe the possible 
topology of the studied material was proposed. After the successful attempt to 
obtain crystals suitable for single crystal analyses the structure was refined and the 
proposed theoretical model was confirmed (Fig. 1).

а b 
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Fig. 1. Crystal structure of the studied phase.
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In the present research unsupported (Fe-TiO2) and activated carbon (Fe-TiO2/AC) 
supported Fe-doped TiO2, having different contents of the Fe ions, were prepared 
by sol-gel method. The samples were characterized by X-ray diffraction, nitrogen 
physisorption, Mössbauer spectroscopy and photocatalytic activity in water purification 
from Alizarin dye under ultraviolet (UV) light radiation. Based on the XRD analysis it 
is evident that diffraction peaks of anatase phase are found out in all the samples. 
Additional diffraction lines, which were attributed to rutile phase, were observed in 
the samples TiO2 and 1wt.%Fe-TiO2. It is seen from data also that these samples 
are consisting of significantly bigger crystallites than the rest of samples. From the 
analysis of the textural characteristics it can be seen that the average pore size varies 
within a wide range from 2.5 to 16 nm, and it is the largest in case of TiO2 sample, 
which most likely due to the formation of voids and/or agglomerates. However, the 
addition of Fe ions and AC to TiO2 during the synthesis leads to a significant increase 
in the specific surface area and therefore to a decrease in the pore size diameter of 
the composite materials. The Mössbauer spectra of the synthesized materials have 
doublet type with slightly asymmetric lines. This could be explained by presence of 
iron ions in high spin 3+ state, incorporated inside anatase lattice having different 
oxygen coordination or near cation neighbor environment. The photocatalytic activity 
shows that the promoting effect of Fe in the Fe-TiO2 samples not containing AC is 
well observable in comparison to pure TiO2. However in the cases of the Fe-TiO2/AC  
samples this effect is masked by the dominating effect of Alizarin irreversible 
adsorption on AC.
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The hydrotreatment processes continuously face strict regulations on sulfur content 
in liquid fuels, on one hand and on the other hand diminution of available low sulfur 
feedstock. Transition metal sulfides have been widely used as hydrotreating catalysts 
that are small crystallites of Mo sulfide, promoted by Co or Ni supported on alumina. 
The properties of HDS catalysts depend significantly on both properties of the support 
and preparation methods.

We have reported previously on preparation of mesoporous alumina through sol-gel 
and hydrothermal methods using block copolymers as the soft templates. The specific 
surface area and the pore volume obtained (230 m2/g and 0.52 cm3/g) are important 
properties for oxide materials used in catalysis. Mesoporous alumina having large 
pore size (up to 9 nm) were prepared from aluminum isopropoxide in the presence 
of Pluronic F123. The shape of the nitrogen adsorption/desorption isotherms is 
characteristic of type IV isotherms. A more steep hysteresis loop is observed in case 
of mesoporous oxide prepared by hydrothermal method.

Mesoporous alumina synthesized by sol-gel method and calcined at 550 °C is 
amorphous. The alumina prepared by hydrothermal method and calcined at 600 °C 
exhibits some broad crystalline peaks around 35–40 and 45 and 67 2θ corresponding 
to γ-alumina.

The obtained supports are very promising for future application as catalysts after 
deposition of the active phase.
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(BAS-20-01) is also acknowledged.
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High entropy oxides are a new type of inorganic materials that provide unique and 
unexpected properties. The composition with 4 and more metal elements show better 
mechanical, electrochemical and thermal properties [1]. On the other hand, in spite of 
their multielelement composition, it is generally known that the method of preparation 
affects their properties. Among others, the mechanochemical process is known as a 
suitable method for synthesis of nanomaterials [2].

In the present work, for the first time a novel class of spinel type high entropy oxides 
as well as lithiated high entropy oxyfluorides and oxychlorides are introduced. 
The nanostructured samples were prepared via high-energy ball milling of the 
oxide precursors and LiF or LiCl as a lithium source for particular oxyfluorides 
and oxychlorides. Their structure is investigated by XRD, HR-TEM, EDX and XPS 
spectroscopy. It is revealed, that incorporation of lithium into the structure together 
with anionic exchange has significant influence on the short-range structural features, 
size and morphology of crystallites as well as oxidation/reduction processes within 
the structure of AB2O4 spinels. The charge capacity was tested by cyclic voltammetry. 
The results revealed that storage capacity is poor despite lithiation of the samples 
in comparison to previously reported spinel-type high entropy oxides. Nevertheless, 
the present results offer potential one-step process towards novel classes of high 
entropy oxides as well as lithiated oxyfluorides and oxychlorides with possibility to 
vary their cationic and anionic elemental composition.

[1] J.W. Yeh et.al., J. Mater. Res. 33 (2018) 3129.
[2] M. Fabián et.al., RSC Adv. 5 (2015) 54321.
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Here in we described the sol-gel preparation of SiO2/low methoxyl pectin materials 
as well as the influence of biopolymer content was determined. As precursors 
tetraethyl orthosilicate (TEOS) and pectin with degree of esterification 30–35% 
were used. Polysaccharide content was varied from 5 to 60 wt.% to silica. The 
principles of the hybrids formation were discussed using structural data from Fourier 
transform infrared spectroscopy (FT-IR) and X-ray diffraction (XRD) analysis. XRD 
analysis showed the successful incorporation of pectin into SiO2 matrix even at 
maximum content (60 wt.%). IR spectra showed the typical bands for silica network 
and polysaccharide. Additionally, the hybrids formation was observed by the 
decompose of IR spectra in two areas: from 3000 to 3800 cm–1 (characteristic for 
free OH groups) and from 1540 to 1900 cm–1 (characteristic to free or methyl ester 
of COOH groups). The most probable model of interaction between pectin and silica 
network in the hybrid materials ware proposed. It has been found that the reaction 
between organic and inorganic components (in the first area) was performed initially 
by depolymerization of the intermolecular H-bonds in the biopolymer and formation 
of new H-bonds. In the second area, it has been found that the all free carboxylic 
groups are involved to H-bonds with SiO2.

This work was supported by the Scientific Investigation Sector at UCTM-Sofia 
(contract 12148). 
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Nickel decorated mesoporous cerium-iron oxide composites were synthesized by 
combination of incipient wetness impregnation and template assisted hydrothermal 
techniques. The influence of the Fe/Ce ratio and the temperature of calcination of 
cerium-iron oxides on the phase composition, texture, structure and redox properties 
of the composites were studied by combination of low temperature N2 physisorption, 
XRD, HRTEM, SEM, Moessbauer, Raman, XPS, UV-Vis and FTIR spectroscopies, 
TPR with hydrogen and total oxidation of ethyl acetate as a catalytic test. Their 
catalytic behavior in methanol decomposition as a source of hydrogen was also 
investigated. It was established that iron doping of ceria significantly improved the 
stability of Ni/CeO2 catalysts for operation in wide temperature range. For the first 
time the combined physicochemical study and in situ FTIR investigation of methanol 
decomposition was used for proper understanding of the microstructure of the 
NiFeCe oxide composites and the mechanism of the reaction on them. The complex 
role of FeCe support on the generation of surface intermediates and stabilization of 
Ni particles in highly dispersed state are discussed in details. Special attention is paid 
on the impact of the phase transformations with the NiFeCe oxide composites under 
the reaction medium. 
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KINETICS OF SINGLE CRYSTALS VS POWDERS
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A comparative study of the Pb-exchange kinetics for powder and single crystal 
samples of natural clinoptilolite (Cpt) has been undertaken. First, powder and single 
crystal samples were prepared from a natural Cpt crystal from Socorro County (Fig. 1).  
Both samples have been transformed to ammonium form (NH4-Cpt), which in 
addition The NH4-Cpt has been subsequently converted to H-form (H-Cpt) by heating 
at temperatures in the range of (300–520 °C). The studied samples were treated 
under different temperatures and exposure times in order to conserve the Cpt crystal 
structure. The Pb2+ exchange (400 ppm water solution of PbCl2) of the H-Cpt has been 
conducted for 5, 10, 15, 30, 60 and 120 minutes at RT. The amounts of adsorbed 
Pb2+ were determined by XRF for the powdered samples and EDS for single crystals. 
The single crystals structures for the different sorption times were solved and refined 
and the Pb2+ ions behavior was evaluated.

Fig. 1. View of the natural Clinoptilolite single crystal sample from Socorro County, New Mexico.
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In this study, optical biosensors for phenol detection based on cellulose ester/SiO2 
matrices and laccase were constructed. Matrices were prepared by sol-gel method 
and as precursors methyltriethoxysilane (MTES), ethyltrimethoxysilane (ETMS) and 
cellulose acetate propionate with high molecule weight (CAPH) were used. Each 
carrier were examined by X-ray diffraction (XRD) analysis, Infrared (IR), Ultraviolet 
and visible (UV-Vis) spectroscopies and Scanning electron microscopy (SEM). For 
enzyme immobilization glutaric aldehyde was used. The enzyme activity, catalytic 
properties and amount of bonded protein of immobilized systems were determined. 
The results were compared to free laccase. The constructed optical biosensors. Тhe 
operating parameters of the biosensors lifetime, linear range and limit of detection 
were described.

* E-mail : sp_yaneva@uctm.edu

Keywords: optical biosensors, laccase, toxic compounds detection.
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THE CO-CRYSTALLIZATION OF ALZHEIMER DNA  
PROMOTER SEQUENCES FROM AMYLOID PRECURSOR  

GENE WITH THIOFLAVIN T 

H. I. Sbirkova-Dimitrova*, B. L. Shivachev, R. Rusew

Institute of Mineralogy and Crystallography “Acad. Ivan Kostov”, Bulgarian Academy of Sciences,  
Acad. G. Bonchev str., bl. 107, 1113 Sofia, Bulgaria

The object of the present work is the detection of binding interactions and co-
crystallization of Alzheimer’s DNA promoter sequences of the amyloid precursor 
(APP) gene with Thioflavin T (ThT) and other fluorescent markers. 

Thioflavin T fluorescence is often used as a diagnostic of amyloid structure, but it 
is not completely specific for amyloid [1]. Depending on the particular protein and 
experimental conditions, Thioflavin T may or may not undergo a spectroscopic 
change upon binding to precursor monomers, small oligomers, and unaggregated 
material with high β-sheet content or even alpha helix-rich proteins. Conversely, 
some amyloid fibres do not affect Thioflavin T fluorescence, raising the prospect of 
false negative results [1]. However, the in depth analysis of the binding of ThT to DNA 
can significantly contribute to shed light on the optical properties of ThT and their 
possible dependence on the hydrophobic local characteristics of the binding pocket. 
This information can be of use in the improvement of the biomedical/biological 
applications of ThT or similar sensors. 

The improvement of the optimal conditions for crystallization and co-crystallization 
of selected sequences from the promoter region of the APP gene as well as their 
subsequent co-crystallization with Thioflavin T and other fluorescent markers, 
represents a cutting-edge research. It is expected that single crystal samples of 
the co-crystallized promoter region sequences to be structurally determined on the 
basis of single crystal X-ray analysis. The structural determination of the ThT binding 
site will contribute to the most accurate determination of the sequence specificity of 
this DNA marker or the exclusion of such affinity for particular bases from the DNA 
sequence.

[1] A. Biancardi, T. Biver, and B. Mennucci, Fluorescent dyes in the context of DNA‐binding: The case of 
Thioflavin T., International Journal of Quantum Chemistry (2017) 117(8).

* E-mail: hsbirkova@gmail.com
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CRYSTAL STRUCTURES OF NEW COMBRETASTATIN 
A-4 ANALOGS

R. I. Rusew1, G. Atanasov2, Vl. M. Gelev3, Ch. D. Chanev3, R. P. Nikolova1,
O. I. Petrov3, M. D. Apostolova2, B. L. Shivachev1,*

1 Institute of mineralogy and crystallography “acad. Ivan Kostov” – Bulgarian Academy of Sciences,  
Acad. G. Bonchev Str.,bl.107, 1113 Sofia, Bulgaria  

2 Roumen Tsanev Institute of Molecular Biology - Bulgarian Academy of Sciences,  
Acad. G. Bonchev Str., bl. 21, 1113 Sofia, Bulgaria  

3 Sofia University St. Kliment Ohridski, Faculty of Chemistry and Pharmacy, 1 James Bourchier Blvd.,  
1164 Sofia, Bulgaria 

Continuing our work on antitumor CA-4 analogs the crystal structures of several 
new such compounds have been determined. The single-crystal X-ray analysis 
was performed to precisely assign the E/Z conformation of the newly synthesized 
compounds and to assess the structure activity relation based on structural features: 
bond lengths, bond angles, relative orientation of the fragments, hydrogen bonding 
π… π, weak interactions (C–H…O), comparison of the molecular geometry with 
the one from the docked in the active site of the αβ–tubulin. Single crystals suitable 
for data collection were grown by slow evaporation from various solvents (ethanol, 
methanol, water, acetone and their mixtures). The structure solution of the analogs 
suggests a considerable structural (conformational) flexibility. The structural similarity 
of the compounds with colchicine allowed the docking in the colchicine site of the 
α,β-tubulin. The docking results suggests that the observed effect is mostly due to 
interactions of the analogs with Cys241 from tubulin (Fig. 1). 

Fig. 1. Molecular docking of a CA-4 analog in the colchicine site of αβ-tubulin.

Acknowledgments: This work was supported by the Bulgarian Science Research 
Found under grant DN-19/13 12.12.2017.
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DIELECTRIC PROPERTIES OF POLYCRYSTALLINE BISMUTH 
TITANATE (Bi12TiO20 AND Bi4Ti3O12 ) CERAMICS  

AND GLASS-CERAMICS 

S. Slavov1,*, M. Noncheva1, T. Peicheva1, Z. Jiao2, R. Harizanova1

1 University of Chemical Technology and Metallurgy, Sofia, Bulgaria 
2 School of Environmental and Chemical Engineering, Shanghai University, Shanghai,  

People’s Republic of China

Bismuth titanate ceramics containing SiO2 and Nd2O3 were synthesized in the Bi2O3-
TiO2-SiO2-Nd2O3 system using the melt-quenching method. The phase composition 
of selected samples was determined by X-ray diffraction (XRD) analysis and the 
microstructure was studied by scanning electron microscopy (SEM). As a result, the 
preparation of monophase polycrystalline materials was concluded. Infrared Fourier-
transformed spectroscopy (FTIR) was applied in order to identify the structure. The 
electrical conductivity, conductivity activation energy, as well as the dielectric losses 
and dielectric constants of selected samples were determined, and the influence of 
the phase composition on the dielectric characteristics was evaluated. 

The authors acknowledge the financial support from the Bulgarian National Science 
Fund of the Ministry of Education and Science of Bulgaria, Project KП-06-H28/1, 
2018.

* E-mail: stanislavslavov@uctm.edu 
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SYNTHESIS AND CHARACTERIZATION OF CARBON  
ADSORBENTS FROM RDF-FUEL AND THEIR APPLICATION  

FOR Cd2+ REMOVAL

I. Stoycheva*, G. Georgiev, B. Tsyntsarski, B. Petrova

Institute of Organic Chemistry with Centre of Phytochemistry, Bulgaria

Every day large quantities of municipal and industrial waste are deposited in the 
landfills of Bulgaria. However, in a number of European countries, landfilling has 
been reduced to zero using waste as an alternative fuel. Thus, the benefits of this 
process are multiplied – the environment is not polluted by landfill, the harmful carbon 
emissions into the atmosphere are reduced by using waste as a substitute for classic 
fossil fuels such as petroleum products and coal, which are an exhaustive natural 
resource.

The aim of the research is to develop a method for processing RDF fuel, which leads 
to production of liquid and gaseous combustible products and solid product with 
carbon adsorbent properties are obtained.

RDF fuel from waste made of polyvinyl chloride was tested. As a result of the 
treatment, a nanoporous material with a high surface area of 1300 m2 was obtained.

The initial material was examined by TG and DSC analysis. The resulting carbon 
adsorbent was characterized by XRD, Elemental Analysis, Nitrogen Porosimetry. 
The obtained results show that the material has a potential application for adsorption 
of Cd2+.

Acknowledgements: The authors acknowledge financial support for this work by 
Bulgarian National Science Fund, grant number КП-06-М37/3 from 06.12.2019. 

[1] A. S. Akdag et al., Waste Manage 47 (2016) 217.
[2] K. Gergova et al., Carbon 32 (1994) 693.
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CHEMICAL BONDING OF GLASSES AND GLASS-CERAMICS  
IN THE Na2O–CaO–SiO2–Fe2O3 SYSTEM

T. Tasheva1,*, I. Mihailova1, R. Harizanova2, C. Rüssel3

1 University of Chemical Technology and Metallurgy, Department of Silicate Technology,  
1756 Sofia, Bulgaria 

2 University of Chemical Technology and Metallurgy, Department of Physics,  
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07743 Jena, Germany

Two series of glasses were prepared in the window glass-based system Na2O–CaO–
SiO2–Fe2O3 using conventional melt-quenching technique. In the first sub-system, 
the iron oxide concentration is varied and in the second sub-system the alkaline 
concentration remains constant while silica is successively replaced by iron oxide. 
The investigation envisages to trace the influence of the basicity of the glass matrix 
on the structure, on the physico-chemical characteristics, and on the crystallization 
behavior of the obtained glasses. 

The density of the glasses was measured pycnometrically. The molar volume and the 
oxygen packing density of the glasses were determined. It was found that increasing 
Fe2O3 content leads to an increasing free volume and increasing average cross-
linkage. The addition of 15 and 20 mol% Fe2O3 led to a decrease in both parameters. 
Such anomaly is an indication for structural changes for both sub-systems with 
increasing Fe2O3 content. The structures of the glasses were investigated by Fourier-
transformed infrared spectroscopy, FTIR. The FTIR-spectra of the samples with the 
same iron oxide concentration of the two sub-systems were similar, for 5 and 10 mol%,  
while larger differences were detected for 15 and 20 mol%. With increasing Fe2O3, 
a general trend of displacement of the main absorption peaks was observed which 
is due to a decrease in the number of bridging oxygens. This trend was more 
pronounced for the higher basicity sub-system. The presence of different Qn species 
of the SiO4 tetrahedral units was found depending on the basicity of the glass matrix. 
The addition of Fe2O3 led to the occurrence of mixed Si-O-Fe bonds. The tendency 
to spontaneous crystallization occurring during casting the melt is also investigated 
from the basicity point of view. 

Acknowledgments: The authors acknowledge the financial support of the Bulgarian 
National Science Fund under grant КП-06-Н48/4.

* E-mail: tina.tasheva@uctm.edu

Keywords: glasses, crystallization, structure, iron oxide.



89

VIII’NCS, September 1–4, 2021, Varna, Bulgaria

SYNTHESIS AND CHARACTERIZATION OF Fe-DOPED 
DIOPSIDE-BASED CERAMIC

R. Titorenkova1,*, S. Bakardjieva2, Ts. Dimitrov3, Y. Tzvetanova1
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3 University of Ruse “Angel Kanchev”, Branch Razgrad, bul. “Aprilsko Vastanie” 47,  
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Diopside (Ca2Mg2Si2O6) is Ca-rich pyroxene which is characterized by octahedral 
coordinated Mg2+ ions and tetrahedral coordinated Si4+ ions, with Ca2+ in 8-fold 
coordination crystallized in space group C2/c. Diopside-based ceramic pigments were 
synthesized by solid-state high-temperature sintering at 1000, 1100 and 1200 °C with 
composition CaO.xFe2O3.(1–x)MgO.2SiO2, where x = 0.1, 0.2, 0.3, 0.4, and 0.5. The 
obtained Fe-doped ceramic pigments were examined by powder X-ray diffraction 
analysis, electron scanning microscopy, FT-IR, UV-Vis, and EPR spectroscopy. 
The phase composition varies with the concentration of iron and the temperature 
of sintering. At 1000 °C the predominant phase is wollastonite (CaSiO3) along 
with diopside, åkermanite (Ca2MgSi2O7), and periclase (MgO). With the increase 
of temperature, the number of diopside increases, which is highest at 1200 °C.  
The best diopside samples were obtained at a temperature of 1200 °C and at an iron 
concentration of x=0.2 to 0.4. At iron concentrations corresponding to x=0.4 and 0.5, 
Fe-diopside is formed and the excess of iron forms hematite. The parameters for the 
synthesis of Fe-doped diopside ceramic pigments and the optical characteristics are 
determined.

Acknowledgments: The financial support of this work by the Bulgarian Ministry of 
Education and Science, National Research Fund under the contract number KP-
06-H47/10 – 2020 is gratefully acknowledged.
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NANOSIZED CARBON MATERIALS AND COMPOSITES 

B. Tsyntsarski1,*, G. Georgiev1, I. Stoycheva1, N. Petrov1, K. Miteva1,
B. Petrova1, A. Kosateva1, A. Sarbu2, T. Doru2, A. Radu2

1 Institute of Organic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Acad. G. Bonchev str.,  
Bl. 11, Sofia, Bulgaria 

2 National Research-Development Institute for Chemistry and Petrochemistry INCDCP-ICECHIM  
Bucuresti Spl. Independentei 202, sector 6, Bucuresti, Romania

The main task of this study is synthesis, characterization and application of porous 
carbon materials from different precursors. The carbon materials were synthesized 
by thermo-chemical acid treatment at 150–200° C and subsequent heating in N2 
athmosphere at 600–700° C, Porous carbon materials were synthesized by further 
hydro-thermal carbonization at 800–850° C. The obtained carbon materials were 
examined by electron microscopy, XRD, nitrogen adsorption, etc.

Results. New carbon materials were produced using precursors obtained after 
thermo-oxidation treatment.

The chemical composition of the initial mixture significantly affects the physicochemical 
properties of the obtained nanocarbon. Increasing oxygen content leads to formation 
of nanoporous carbons with large surface area and oxygen functionalities of basic 
nature.

The investigation of the relation between the properties of the precursor and the 
structure of the carbon composites indicate, that the precursor composition affects 
the synthesis procedure, and consequently, the final characteristics of the product.

Conclusions. The results show that obtained nanoporous carbons with high surface 
area (800–1000 m2/g) could find possible application for purification of water and air 
by various organic and inorganic pollutants.

Acknowledgements: The authors appreciate the funding by Projects KP-06-29/2, 
DCM DCM No 577 /17.08.2018/ and bilateral project between Romanian Academy 
Sciences and Bulgarian Academy of Sciences.
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ADSORPTION STUDIES OF A MATERIAL BASED ON  
THE MEDICINAL PLANT YARROW FOR THE REMOVAL 

OF Cu2+ IONS FROM AQUEOUS SOLUTIONS 

P. Vassileva*, L. Ivanova, A. Detcheva

Bulgarian Academy of Sciences, Institute of General and Inorganic Chemistry,  
Acad. Georgi Bonchev Str., Bl. 11, 1113, Sofia, Bulgaria 

Recently, biosorption is increasingly applied for the removal of toxic metals using a 
passive binding process with nonliving organisms. It is a good alternative compared 
with conventional wastewater treatment techniques. Medicinal plants are of great 
interest as biosorbents, because they contain numerous active phytochemicals 
which are able to attach metal ions. Another advantage of the biosorbents is their 
biodegradability. In the present study the feasibility of a material based on the widely 
used herb yarrow (Achillea millefolium L.) for the removal of Cu2+ ions from aqueous 
solutions was investigated. For its characterization XRD, TGA, FTIR and SEM 
analysis were used. Texture parameters and slurry pH of the investigated sample 
were also determined.

The estimation of optimal parameters influencing the Cu2+ removal such as solution 
acidity, contact time, temperature and initial metal concentration was studied by 
means of the batch method. Optimum pH value was found to be about 4. It was 
established that the adsorption equilibrium is achieved within the first two minutes 
which suggests an excellent affinity of the investigated material towards Cu2+ ions 
in aqueous media. It was proved that temperature do not influence the adsorption 
process. Equilibrium experimental data were fitted to linear Langmuir, Freundlich and 
Dubinin-Radushkevich models. The Langmuir isotherm most adequately described 
the adsorption process. The maximum adsorption capacity for studied material was 
found to be 28.11 mg g–1. The possibility for desorption was also studied. The results 
showed high adsorption capacity of the investigated biosorbent towards copper ions, 
hence it has good potential for removal of Cu2+ from contaminated wastewaters. 

Acknowledgements: This work is supported by the Bulgarian Ministry of Education 
and Science under the National Research Programme “Healthy Foods for a Strong 
Bio-Economy and Quality of Life” approved by DCM # 577/ 17.08.2018.
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NANO-SIZED COBALT OXIDE SUPPORTED ON Al2O3  
AND SiO2 FOR PURIFICATION PROCESSES-INFLUENCE 

OF THE SUPPORT

I. Yordanova1,*, H. Kolev1, A. Naydenov2, S. Todorova1

1 Institute of Catalysis, Bulgarian Academy of Sciences 
2 Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences

Cobalt oxide has been reported to be quite promising among the metal oxides used 
for preparation of supported catalysts for the removal of VOC’s and the preferential 
CO oxidation (PROX). Different studies indicate that a highly oxidized form of cobalt 
that exhibits strong interaction with a defect forming support allows CO activation 
that could lead to high activity in PROX reaction. Co3O4 nano-sized particles 
were supported on the silica or alumina by one-step hydrothermal method and 
characterized by X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), 
temperature programmed reduction (TPR). The catalytic performance was examined 
in the complete oxidation of n-hexane and methane and preferential CO oxidation 
(PROX process). Finely divided weakly interacting cobalt oxide particles are formed 
on the surface of the silica supported catalyst. In addition to the phase of Co3O4, a 
superficial Co-Al spinel-like phase is formed on the surface of alumina supported 
sample. The Co3O4/SiO2 catalyst possesses the appropriate characteristics for the 
reaction of the total n-hexane oxidation, namely, a high dispersion of the oxide phase 
and the weak interaction with the support. The small crystallite size gives rise to 
more easily accessible active sites, the formation of more active oxygen species and 
easy reduction. The lower activity of the alumina supported catalyst could be related 
to the formation of the inactive surface spinel-like phases. Regarding the catalytic 
combustion of methane both samples show very low and comparable activities, 
however the most active sample in the PROX reaction is the one supported on Al2O3. 
This could be related to the presence of finely divided Co3O4 phase stronger interacting 
with the support and the presence of Co2+.ions on the catalytic surface, which could 
be the sites for oxygen adsorption and formation of active oxygen species.

Acknowledgments: The authors express their gratitude to the National Science Fund 
of Bulgaria for the financial support under the Contract КП-06-Н49/4.
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RECYCLING OF ALUMINIUM CASINGS: SYNTHESIS OF FAU-TYPE 
ZEOLITE USING WASTE CANS AS Al SOURCE

L. Tsvetanova, B. Barbov*, R. Rusew, Z. Delcheva,
B. Shivachev, R. Nikolova

Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences,  
Acad. G. Bonchev St., bl. 107, 1113 Sofia, Bulgaria

In the present work, the possibility for the recycling of aluminum cans is presented. 
The  investigation targets to broaden the possible applications of this waste product, 
transforming it in a highly added value product such as zeolites. Aluminum recycling 
provides many environmental, economic and community benefits, it saves energy, 
time and precious natural resources. Here we disclose the successful production of 
the most widely applied in the chemical industry FAU- type zeolite NaX from Al cans 
by a one-stage hydrothermal synthesis proces. In addition to the Al source the initial 
synthetic gels contained sodium hydroxide, silica powder and distilled water. The 
obtained NaX samples were with high purity (more than 99.5%, Figure 1) and were 
characterized by X-ray diffraction, infrared spectroscopy, surface area and pore size 
(BET) and scanning electron microscopy. 

Fig. 1. Diffraction pattern of the synthesized NaX zeolite using Al from waste cans.

Acknowledgments: The authors are grateful for the financial support of the Bulgarian 
National Science Fund (project contract КП-06-M34/1).
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VERIFIED SYNTHESIS OF ETS-4, GTS-1 AND ETS-10: 
PROBLEMS AND PITFALLS
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R. Nikolova, B. Shivachev

Institute of Mineralogy and Crystallography “Acad. Iv. Kostov”, Bulgarian Academy of Sciences,  
Acad. G. Bonchev Str., bl.107, 1113 Sofia, Bulgaria

We focused on the use of microporous and mesoporous titanosilicates for water 
purification. Thus we attempted to synthesize the following compounds: ETS-4, 
GTS-1 and ETS-10. Different chemicals as sources for the preparation of the initial 
synthesis gel are commonly employed: NaOH; Na2SiO.nH2O; Na2SiO3; NaF; NaCl; 
Na2TiF6; KF; KCl; KOH; TiCl3; TiCl4; Ti(SO4)2–TS-992; TiO2 (anatase, rutile); TiOCl2; 
NaTiF6, Ti(OC4H9)4, TBOT; Ti(OC2H5)4; TMAOH; SiO2 (with different sizes) Na2SiO3.
nH2O; TEOS and different organic templates if needed. The main problem that we 
faced with the synthesis of ETS-4, GTS-1 and ETS-10 is the type of titanium source. 
The most widely used reagents TiCl3 and TiCl4 complicate the synthesis process due 
to their high hydrophobicity. This leads to difficulties in the reproducible control of the 
used amounts leading to the production of undesired crystal phases especially if the 
synthesis is conducted in small volumes. In addition, most of the reaction times are 
elongated and may require higher temperatures e.g. 72 h and 230° C for ETS-10. We 
managed to optimize the production of pure phases of ETS-4, GTS-1 for 19h and at 
200° C (Fig. 1). In the case of ETS-10 we used nanosized anatase instead of liquid 
TiCl4. ETS-10 with remains of SiO2 was obtained for 24h at 200° C (Fig. 1). Further 
adjustment of the amounts of SiO2 used in the initial synthesis gel are in progress.

Fig. 1. Diffractograms of the synthesized 
titanosilicates.
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INFLUENCE OF METAMORPHIC ALTERATION  
ON THE STRUCTURE OF CHROMIAN SPINEL: EXAMPLES 

FROM DEPOSITS IN THE RHODOPES, BULGARIA

I. Sergeeva*

Geological Institute “Strashimir Dimitrov”, Bulgarian Academy of Sciences,  
Acad. G. Bonchev str., bl. 24, 1113 Sofia, Bulgaria

Chromian spinel or chromite belongs to the oxyspinel group of the spinel-supergroup, 
in particular to the subgroup of (2-3) spinels [1]. Like all compounds with a spinel-type 
structure, it shows compositional variations depending not only on the environment 
of formation but also on the post-crystallization processes. These later alteration 
processes, in turn, cause changes not only in the chemical composition of chromian 
spinels, but lead to specific changes in the crystal structure.

This contribution presents data on the chemical composition of chromian spinels and 
its changes due to metamorphism, as well as on the changes in the crystal structure 
associated with it.

For this purpose, several complementary methods were used, such as electron 
microprobe analysis, powder X-ray diffraction, Rietveld analysis, and Mossbauer 
spectroscopy.

The results show that primary chromite composition becomes progressively modified 
expressed as Mg-Fe2+ substitution, followed by oxidation of Fe2+ to Fe3+ accompanied 
by corresponding disordering, enlargement of unit cell parameter and decrease of 
oxygen positional parameter approaching values characteristic for inverse spinels.

[1] F. Bosi et al., Eur. J. Mineral. 31 (2019) 183.
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STRUCTURE PROPERTIES OF Re DOPED Ca5Ge3O11
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The synthetic conditions and luminescence spectra of glass-ceramics containing 
Re3+ doped Ca2GeO4, Ca5Ge3O11 and Li2CaGeO4 were recently studied [1]. In order 
to investigate the preferred positions of Re3+ elements in these compounds Re3+ 
doped single crystal were grown by flux method and structural analyses of their Eu3+, 
Tb3+ and Dy3+ doped analogs were performed. Here we report the results obtained 
for the Ca5Ge3O11 compound which crystal structure offers the largest number of 
replacement options due to the presence of at least four symmetrically independent 
atomic positions. It was found that the Eu3+ is the best accepted by the Ca5Ge3O11 
hosts under the used synthetic conditions. The higher positive charge of the dopants is 
compensated by formation of Ca deficiencies and affects the geometrical parameters 
of the structure. Al of the studied doping ions prefer the Ca1 crystallographic position 
and occupy almost 30% of it while their presence in the other positions is not more 
than 1%. The calcium vacancies are concentrated in the positions with lower Re3+ 
content, Ca2, Ca3 and Ca4 (Fig. 1).

Fig. 1. Four type of Ca polyhedra in the monoclinic polymorph of Ca5Ge3O11.  
The one preferred by Re3+ is dark blue colored.
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ЕЛТА 90 М ООД е българска компания с основна насока на дейност – лабо-
раторно обзавеждане и оборудване. Стремежът ни да предлагаме завършени 
решения за диагностични, научно-изследователски и производствени лабора-
тории, както и коректното ни партньорство в двадесетгодишната ни история 
закономерно ни отрежда водещо място на пазара. 

Освен в България, можете да откриете нашата компания още в Румъния, 
Сърбия, Македония, Босна и Херцеговина, Гърция и Грузия.

Спазвайки основния ни принцип да предлагаме решения с най-високо качество, 
ние притежаваме ексклузивни дистрибуторски права на световни производите-
ли като Micromeritics, Nicoya, TA Instruments, Brookhaven Instruments Corporation, 
BioLogic Science Instruments, Pion, YL Instrument, Agela Technologies, AND, Light-
SALT, Logan Instruments corp., Illumina, Thermo, Sysmex, Stago, Nikon, Biotek, 
Euroimmun, PHCBi, Sartorius, ADInstruments.

Micromeritics Instruments Corporation

Е световен лидер в производството на апаратура за охарактеризиране на мате-
риали- плътност, площ, порьозност, размер и форма на частиците. Компанията 
е основана през 1962 г. в САЩ и обслужва индустрии от петролената до фар-
мацевтичната индустрия. 

1
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TA Instruments

Компанията е основана през 1963 г. и е със седалище Ню Касъл, САЩ. 
Компанията предлага продукти за термичен анализ, реология, микрокалориме-
трия и механичен анализ. 

Brookhaven Instruments Corporation

Компанията е основана през 1981 г., а дейността и е насочена в предлагането 
на най-точните, надеждни и лесни за използване инструменти за характеризи-
ране на частици.
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повече от 20 години на българския пазар

Находище „Ралица“ - бели бентонитови глини

Находище „Пчелари“ - органогенен варовик

Находище „Оврага“ - кисели вулкански туфизити 
и зеолити

Производствен цех, с. Стамболово

† Търсене, проучване, разработване,
добив и преработка на естествени,
технологични и отпадни минерални
суровини за промишлеността

† Консултантска и изследователска
дейност
† Ноу-хау

  

† Създаване на технологии за
приложението и внедряването на
суровини и полупродукти в
производството на керамични

† Търговска дейност със суровини,
инертни материали, керамични

и композитни изделия

и селското стопанство

София 1505, ул. „Ф. Станиславов” 11-13
производствен цех - с. Стамболово, 

област Хасково

тел./факс 02 843 56 40,  0888 311 029

stoyan.djambazov@gravel i ta .com
www.grave l i ta .com

Г РА В Е Л И ТА О ОД

полупродукти и изделия
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High quality equipment for laboratory & industrial solutions 

  SCIEX  Beckman 
Coulter  

• Life science products and systems • HS Centrofuges, Ultra Centrofuges
• Mass Spectrometers • Particle Counters

Teledyne   • Laser Granulometers
• ICP‐OES • Flowcytometry, Sorters
• Mercury Analyzers FMS 
• TOC/TN Analyzers • Automated Sample Preparation

Gamry  ESCO 
• Potentiostats / Galvanostats • СО2 incubators, ULT
• Quartz Crystal Microbalance  • Laminar flow cabinets, BSC, Lab 

fumes 
• Electrochemical Cells & Accessories  Inficon 

LECO 
Corporation 

• GC, GC‐MS ‐ Mobile

• Elemental Analysis • Leak Detectors
• Thermal Analysis Linseis 
• Metallography • Thermal Conductivity ‐ Hightech

measuring instruments 
• Consumables • TGA, DIL, DSC

MBrawn   BRAND 
• Glove boxes • Life science consumables

ZEISS  • Volumetric instruments
• Microscopes: Light, Stereo, Confocal,

SEM
Molecular 
Devices 

Thermo 
Orion 

• Microplate Readers & Imaging 
Systems 

• Electrochemical equipment • Clone screening
• Water qualification Bioneer 
• Analytical Chemicals and solutions • PCR equipment  

VWR 
International 

• Automatic systems for NA isolation 

• Laboratory chemicals & equipment • Kits  
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Експерт в измерване на ФПЧ в атмосферния въздух E-mail: sales@labexpert.bg Website: 
www.labexpert.bg София 1839, бул. „Ботевградско шосе“ № 268, ет. 3,офис 8 

Aeris is an easy-to-operate and user-friendly benchtop X-ray diffractometer. With its intuitive 
operation, Aeris makes X-ray diffraction so simple that it is accessible for everyone. 

 Aeris Research edition: Phase analysis for every sample.
 Aeris Cement edition: directly probes the mineralogical composition of cement and its

intermediates.
 Aeris Metals edition: for rapid and reliable analysis of sinter, direct reduced iron and

retained austenite. Aeris is fully automatable and can easily be incorporated in industrial
production control.

The combination of usability and performance takes your lab work to a new level – giving you 
better information and deeper insights, so you can get to the answers more effectively, refine your 
materials, advance your knowledge and push forward that scientific frontier. 
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WDXRF and EDXRF - incorporated into the Zetium 

Enhanced analytical performance 
 Power upgrades from 1 to 2.4, 3 or 4 kW for enhanced sensitivity
 Range of X-ray tube anode materials Rh, Cr, Mo and Au for specific application performance
 Duplex detector for enhanced sensitivity and wider dynamic range for transition metals analysis 
 HiPer scintillation detector for increased dynamic range for heavy elements (linear up to 3.5

Mcps) ideal for high precision analysis of Nb and Mo in steels
Superior user experience 
 Simple, intuitive software with The Virtual Analyst
 Full suite of application setup modules and software solutions
 Multi-element small spot analysis with mapping
 Programmable collimator masks for sample sizes between 6 mm and 37 mm

Maximum sample throughput
 SumXcore technology - measurement times reduced by up to 50% with an ED core
 Hi-Per channels for simultaneous measurement of light elements 

Robustness
 Dust removal device minimizes contamination and maximizes instrument uptime
 CHI-BLUE X-ray tube window coating for increased X-ray tube durability and resistance to 

corrosion
 Sample type identification (solids & liquids) 
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ИНФОЛАБ ООД е основана през 2002 г. Основната ѝ дейност е доставка, 
инсталиране и сервиз на аналитична апаратура и общолабораторно оборудване.

Фирмата е официален дистрибутор и сервизна организация на BRUKER, 
Analytik Jena, Scion Instruments и Hitachi High-Technologies за България и 
Македония – водещи производители на аналитична техника:

BRUKER (Германия) 
 TOF и HPLC/TOF (течен хроматограф

/масспектрометър time-of-flight) 
 Ion Trap и HPLC/Ion Trap (течен хроматограф

/масспектрометър ion-trap) 
 MALDI-TOF (масспектрометри с лазерно изпарение

на пробата) 
 FTMS и HPLC/FTMS (течен хроматограф

/масспектрометър с фурие трансформация) 
 HPLC/TQMS (течен хроматограф / масспектрометър

троен квадрупол) 
 GC/TQMS (газов хроматограф /масспектрометър 

троен квадрупол) 
 FT-IR, FT-NIR и Raman спектрометри
 IR Системи за дистанционен мониторинг на въздуха 
 Атомносилови микроскопи
 Рентгено-флуоресцентни спектрометри (XRF)
 Рентгенови дифрактометри (XRD)
 Компютърни микротомографи 
 Оптично-емисионни спектрометри
 Ръчни рентгенови анализатори 
 Спектрометри и анализатори на база ядрен магнитен

резонанс. 

Analytik Jena (Германия) 
 Атомноабсорбционни спектрометри 
 ICP спектрометри 
 ICP/MS спектрометри 
 UV-Vis спектрофотометри

Scion Instruments (Нидерландия) 
 GC (газови хроматографи)
 GC/MS (газов хроматограф / 

масспектрометър)

Hitachi High-Technologies (Япония) 
 HPLC (високо ефективни течни 

хроматографи) 
 UPLC (ултра ефективни течни

хроматографи) 

 ИНФОЛАБ   УЛ. ПЛАЧКОВИЦА 1, BG-1164, СОФИЯ, ТЕЛ: (+359 2) 958 13 43; ФАКС: (+359 2) 958 14 84 
e-mail: infolab@infolab-bg.com

За повече информация: www.infolab-bg.com

Инфолаб ООД притежава сертификат за управление на качеството ISO 
9001:2015. 

Доставянето на качествени продукти, кратките срокове за изпълнение 
и инсталиране, надеждното гаранционно и следгаранционно обслужване и 
удовлетворението на клиента са приоритетни задачи в нашата работа.
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 ИНФОЛАБ   УЛ. ПЛАЧКОВИЦА 1, BG-1164, СОФИЯ, ТЕЛ: (+359 2) 958 13 43; ФАКС: (+359 2) 958 14 84 
e-mail: infolab@infolab-bg.com



„Аурубис България“ е част Aurubis AG - водеща международна 

група за производство на метали, базирана в Хамбург, Германия. В 

наши дни „Аурубис“ е най-големият данъкоплатец в България, със 

структурно значение за икономиката на страната. Основната 

дейност е преработването на медни концентрати, производство на 

рафинирана мед, регистрирана на Лондонската метална борса като 

бренд „Пирдоп“, на медни аноди и вторични продукти като сярна 

киселина и железен силикат. 

Заводът на „Аурубис България“ е разположен в Средногорието. От 

създаването си през 1958 г. до днес, медодобивното производство 

край Пирдоп и Златица е неделима част от историята на региона и 

развитието на България. Едва ли има семейство от Средногорието, 

което да не е било по някакъв начин свързано с това пътуване през 

над шест десетилетия. 

Компанията е и научно звено, което създава иновативни 

предложения, подобрения и модернизации в технологиите за 

производство на мед и опазването на околната среда. „Аурубис 

България“ провежда устойчива политика на социална отговорност 

на национално и регионално ниво, насочена към подкрепа на 

образованието, здравеопазването, културата, местните общности, 

млади таланти, хора с увреждания. Утвърдил се като един от най-

мощните и стабилно работещи двигатели на българската 

икономика, „Аурубис“ е уважаван и търсен партньор от компании 

от четири континента. 
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Figure 1. View of thetThe Infrastructure and Aurubis Bulgaria plant. 

Aurubis Bulgaria is part of Aurubis AG - a leading international group 

for the production of metals, based in Hamburg, Germany. Currently, 

Aurubis is the largest taxpayer in Bulgaria, with structural significance 

for the country's economy. The main activity of the company is the 

processing of copper concentrates and production of refined copper, 

registered on the London Metal Exchange as the Pirdop brand, as well as 

copper anodes and by-products such as sulfuric acid and iron silicate. 

The Aurubis Bulgaria plant is located in Srednogorie area. From its 

establishment in 1958 until today, the copper production near Pirdop and 

Zlatitsa is an integral part of the history of the region and the development 

of Bulgaria. There is hardly a family from Srednogorie who has not been 

in any way related to this journey for more than six decades. 

The company is also a scientific unit that creates innovative projects, 

improvements and modernizations in technologies for copper production 

and environmental protection. Aurubis Bulgaria pursues a sustainable 

policy of social responsibility at national and regional level, aimed at 

supporting education, healthcare, culture, local communities, young 

talents, and people with disabilities. Established as one of the most 

powerful and stable engines of the Bulgarian economy, Aurubis is a 

respected and favoured partner by companies from four continents. 
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