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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 lvanova
09:00-12:00 Registration (continued)
10:00 - 10:40 Oriented Nucleation During Surface Crystallization of Glass,

Plenary lecture
Christian Russel, Otto-Schott-Institut fur 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

Chairpersons:

13:30-14:10
14:10—-14:50
14:50-15:30
15:30-16:15
16:00 —16:30
16:30-19:00
19:00 —20:30

Lunch

Afternoon session:

Christian Rissel, Ruzha Harizanova

Zeolites in the period of energy transition, Plenary lecture
Valentin Valtchev, ENSICAEN — University of Caen — CNRS,
France

From Innovation to Eco-innovation: a new circular economy
challenge for R&D and the industrial communities, Plenary
lecture

Valentina Ivanova, Commissariat a |'énergie atomique et aux
énergies alternatives, Institut List, CEA Saclay Nano-INNOV,
France

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

Coffee break

Aurubis - The copper heart of Bulgaria, Sponsorship
presentation

Milen Kadiyski, Aurubis

Poster session (1)

All posters should be placed in the poster area, but only
posters with odd numbers will be presented.

Dinner

Friday 3 September 2021

Chairpersons:

09:00 - 09:40

Morning session:

Valentin Valtchev, Rositsa Nikolova
Crystal structure and lattice dynamics of endotaxial FeSi,
nanowires, Plenary lecture



VIII'NCS, September 1-4, 2021, Varna, Bulgaria

09:45-10:25
10:25-11:00
11:00-11:40
11:40-12:20
12:20-13:30

Chairpersons:

13:30-14:10
14:10-14:50
14:50-15:20
15:20-15:50
15:50-16:15
16:15-19:00

Svetoslav Stankov, Institute for Photon Science and
Synchrotron Radiation, Karlsruhe Institute of Technology,
Germany

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

Coffee break

Plasmonic Ag@TiO; nanostructures as a photocatalysts for
PEC water splitting, Plenary lecture

Snejana Bakardjieva, Institute of Inorganic Chemistry of the
Czech Academy of Sciences, Czech Republic

Rheological behaviour of asphaltene structures studied in
nano/microscale confinements, Keynote lecture

Plamen Tchoukov, TCH NanoSolutions, Edmonton, Canada

Lunch

Afternoon session:

Daniela Kovacheva, Petar Tzvetkov

Mechanosynthesized Complex Oxides. Local Structure and
Functional Properties, Keynote lecture

Martin Fabian, Institute of Geotechnics, Slovak Academy of
Sciences, Slovakia

Low-alpha oxide glass-ceramics, Keynote lecture

Liliya Vladislavova, EMPA, Switzerland

XPS application for study of nano-structures and particulate
matter, Thematic lecture

Hristo Kolev, Institute of Catalysis, Bulgarian Academy of
Sciences, Bulgaria

Coffee break

The latest update on the Empyrean Platform Diffractometer
with the relevant application

Representative  of  MalvernPanalytical —  Sponsorship
presentation

Poster session (2)
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19:00-20:30

All posters should be placed in the poster area, but only posters
with even numbers will be presented.

Dinner

Saturday 4 September 2021

Chairpersons:

09:30-10:10
10:15-10:50
10:55-11:25
11:30-12:00
12:00-13:30

Chairperson:

13:30-14:00
14:00-14:30
14:30-14:50
14:50-15:00

Morning session:

Vanya Kurteva, Boris Shivachev

Comparative Methods for Characterization of Au-
Mercaptotriazole Crystals, Keynote lecture

Silvana B. Dimitrijevi¢, Mining and metallurgy Institute Bor,
Serbia

Coffee break

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
Magnetocaloric effect in multifferoic crystals, Thematic lecture
Dimitre Dimitrov, Institute of Solid State Physics, Bulgarian
Academy of Sciences, Bulgaria

Lunch

Afternoon session:

Galina Gencheva

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

Discover the Unknown with ZEISS GeminiSEM Family. Imaging
Below 1 kV with Unrivalled Sub-Nanometer Resolution and
Analytics Performance

Anton Tonchev, Aquachim

Award for the best poster contribution

Closing remarks and closing ceremony
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Poster sessions 1 and 2

P 2.

P 3.

P_4.

P_5.

P 6.

P 7.

P_8.
P o.

S. P. Dimitrijevi¢, S. B. Dimitrijevié, A. lvanovié, Z. Kamberovi¢ — Micro and sub-micro
sized silver powder for use in electronics industry applications

V. Kostov-Kytin, R. Stoyanova, D. Marinova — Manifestation of Vegard’s law on the ex-
ample of synthetic mixed Co-Mn alluaudite-type phases

M. Tsvetanova, V. Tumbalev, P. Tzvetkov, D. Kovacheva — Effects of cation substitution
on the phase composition and structure of Ba,Nb,MoO,,

P. Tzvetkov, I. Koseva, D. Kovacheva, V. Nikolov — New metastable high temperature
phase of Ca,GeO,

L. Aleksandrov, M. Milanova, R. lordanova — Thermal evolution of Eu3+ doped glasses
in ZnO-B,0,-WO, system

V. Angelov, R. Krastev, T. Batakliev, E. lvanov — Preparation of epoxy composites with
organoclay filler and study of some mechanical characteristics

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

S. Atanasova-Vladimirova, |. Piroeva — Element mapping of plagioclase from Vitosha

I. Avramova, I. Mihailova, R. Harizanova, G. Avdeev — X-ray photoelectron spectroscopy
investigations on iron-rich oxide glasses and glass-ceramics

. Y. Dimitrova, D. Elenkova, B. Morgenstern, R. Lyapchev, D. Dimov, J. Zaharieva, M.

Tsvetkov — Crystal structure and optical properties of Eu (lll) 2-(phenylethynyl)-1,10-
phenanthroline complexes

. L. Dimowa, Y. Tzvetanova, L. Tsvetanova, N. Lihareva — Structural study of Cd** ex-

changed clinoptilolite

. V. Dyulgeroyv, B. L. Shivachey, R. |. Rusew — The role of weak interactions in the cocrys-

talization of 4-halophenylboronic acid with acyclovir, caffeine, nitrofural and proline

. V. Dzhurkov, Z. Levi, M. J. Séepanovi¢, M. U. Gruji¢-Brojéin, D. Nesheva, T. Hristova-

Vasileva, K. L. Kostov — Influence of deposition conditions on the crystallinity and poros-
ity of ZnSe nanolayers

. R. Gegova-Dzhurkova, |. 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

. E. Encheva, Z. Cherkezova-Zheleva, D. Paneva — Role of mechanochemical activation

on the recycling of spent automotive catalysts

. M. Gancheva, R. lordanova, G. Avdeey, P. Ivanov — Direct mechanochemical syntesis

and optical properties of BaWO, nanoparticles

. |. Koseva, P. Tzvetkov, P. Ivanov, V. Nikolov, P. Petrova, R. Tomova — Synthesis and

photoluminescence of terbium doped Li,CaGeO, and Ca,Ge,0,,
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P 21.
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P 23.

P 24.
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P_27.

P_28.

P_29.

P_30.

P_31.
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P 33.

P_34.

P 35.
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Zh. Georgieva, P. Gorolomova, D. Tsekova, S. Zareva, S. Varbanov, R. Petrova, B. Shi-
vachev, G. Gencheva — Synthesis, structure and properties of new Zinc(ll) coordination
polymers

. G. Georgiey, |. Stoycheva, K. Miteva, N. Petrov, B. Petrova, A. Kosateva, B. Tsyntsarski

— Synthesis of novel anti-bacterial carbon materials from RDF

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

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

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

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

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

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

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

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

I. Koseva, P. Tzvetkov, P. lvanov, V. Nikolov, M. Gancheva, P. Petrova, R. Tomova — Dys-
prosium doped Li,CaGeO, and Ca;Ge,0,, as potential candidates for LED application

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

N. Kuvandjiev, Ts. Dimitrov, O. Petrov, R. Titorenkova — Synthesis and characterization
of ceramic pigments in the system Ca0.V,0,.Mg0.2Si0O,

H. Lazarova, S. Boycheva, D. Zgureva, M. Popova — Capture of CO, by coal fly ash
zeolites

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

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

N. Mirchey, D. Tachev, E. Karamanova, G. Avdeev — Electrical and thermal conductivity
of Cu/ZrW,0O, composite obtained by scanning electron beam sintering

D. Nicheva, V. licheva, V. Boev, M. Dimitrova, R. Harizanova, T. Petkova — Synthesis and
characterization of crystalline SrTiO,
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P 44.

P_45.

P_46.

P 47.

P 48.

P_49.

P_50.

P 51.

P_52.

P_53.

P _54.

. A. Nikolov, N. Kuvandjiev, B. Barbov, L. Tsvetanova — lon exchange properties of natural
zeolite clinoptilolite

R. Nikolova, Z. Delcheva, L. Tsvetanova, N. Petrova — Flexibility of the serpierite struc-
ture topology

D. Paneva, Z. Cherkezova-Zheleva — Impact of Mechanochemical activation on WEEE
materials (e-waste) recycling

Z. Delcheva, R. Nikolova, Ts. Stanimirova, N. Petrova — Cristal structure of new Zn-
hydroxy sulfate phase

T. Petrova, A. Eliyas, D. Kovacheva, B. Tsyntsarski, N. Velinov — Fe-doped TiO, for pho-
tocatalytic degradation of alizarin under UV light

T. Petrova, L. Dimitrov, G. Avdeev, R. Palcheva — Synthesis and characterization of
mesoporous alumina

Q. Porodko, M. Fabian, H. Kolev, M. Lischnichuk, M. Zukalova, V. Girman, K. Da Silva, V.
Sepelak — A new high entropy spinel oxides prepared by one-step ball milling

N. Rangelova, L. Aleksandrov, S. Yaneva, S. Nenkova — Interaction study in the hybrids
from SiO,/low methoxyl pectin system

C. Rosmini, T. Tsoncheva, M. Mihaylov, J. Henych, K. Chakarova, N. Velinov, D. Ko-
vacheva, Z. Némeckova, M. Kormunda, R. lvanova, |. Spassova, K. Hadjiivanov — Nickel
decorated mesoporous iron-cerium mixed oxides as catalysts for sustainable environ-
mental protection

L. Tsvetanova, R. Rusew, B. Barbov, M. Tarassov, R. Nikolova, B. Shivachev — Single
crystal analyses of natural clinoptilolite from Socorro County, New Mexico: Pb-exchange
kinetics of single crystals vs powders

N. Savov, S. Yaneva, N. Rangelova — Laccase-based optical biosensors for detection
of phenol

H. I. Sbirkova-Dimitrova, B. L. Shivachev, R. Rusew — The co-crystallization of Alzheimer
DNA promoter sequences from amyloid precursor gene with Thioflavin T

R. I. Rusew, G. Atanasov, VI. M. Gelev, Ch. D. Chaneyv, R. P. Nikolova, O. |. Petrov, M.
D. Apostolova, B. L. Shivachev — Crystal structures of new combretastatin A-4 analogs

S. Slavov, M. Noncheva, T. Peicheva, Z. Jiao, R. Harizanova — Dielectric properties of
polycrystalline bismuth titanate (Bi,,TiO,, and Bi,Ti,O,,) ceramics and glass-ceramics

I. Stoycheva, G. Georgiev, B. Tsyntsarski, B. Petrova — Synthesis and characterization of
carbon adsorbents from RDF-fuel and their application for Cd?* removal

T. Tasheva, |. Mihailova, R. Harizanova, C. Rissel — Chemical bonding of glasses and
glass-ceramics in the Na,0-CaO-SiO,—Fe,0O, system

R. Titorenkova, S. Bakardjieva, Ts. Dimitrov, Y. Tzvetanova — Synthesis and characteri-
zation of Fe-doped diopside-based ceramic

B. Tsyntsarski, G. Georgiev, |. Stoycheva, N. Petrov, K. Miteva, B. Petrova, A. Kosateva,
A. Sarbu, T. Doru, A. Radu — Nanosized carbon materials and composites

P. Vassileva, L. lvanova, A. Detcheva — Adsorption studies of a material based on the
medicinal plant yarrow for the removal of Cu?* ions from aqueous solutions

1
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P_56.

P_57.

P_58.
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I. Yordanova, H. Kolev, A. Naydenov, S. Todorova — Nano-sized cobalt oxide supported
on AlLO, and SiO, for purification processes-influence of the support

L. Tsvetanova, B. Barbov, R. Rusew, Z. Delcheva, B. Shivacheyv, R. Nikolova — Recycling
of aluminium casings: synthesis of FAU-type zeolite using waste cans as Al source

L. Tsvetanova, Z. Delcheva, R. Rusew, B. Barbov, R. Nikolova, B. Shivachev — Verified
synthesis of ETS-4, GTS-1 and ETS-10: problems and pitfalls

|. Sergeeva — Influence of metamorphic alteration on the structure of chromian spinel:
examples from deposits in the Rhodopes, Bulgaria

R. Nikolova, V. Nikolov, Z. Delcheva, |. Koseva — Structure properties of Re doped
Ca,Ge,0,,
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ZEOLITE MOLECULAR SIEVES IN THE PERIOD
OF ENERGY TRANSITION

V. Valtchev'?*
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F-14050 Caen, France
2 The ZeoMat Group, Qingdao Institute of Bioenergy and Bioprocess Technologies, CAS,
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The ongoing energy ftransition 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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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. Russel, Prog. Mater. Sci. 118 (2021) 100758.
* E-mail: ccr@uni-jena.de

Keywords: surface crystallization, surface nucleation, orientation, polar growth.
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ECONOMY CHALLENGE FOR R&D AND THE INDUSTRIAL
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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
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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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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. | will present recent results of lattice dynamics study of alpha-
phase FeSi, 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, |. Sergueev, M. Mikolasek, D.G. Merkel, D. Bessas, O. Sikora, T. Vitova,
J. Géttlicher, R. Steininger, P.T. Jochym, A. Ptok, O. Leupold, H.-C. Wille, A.l. Chumakov, P. Piekarz, K.
Parlinski, T. Baumbach and S. Stankov, Phys. Rev. B 102 (2020) 195414

[2] J. Kalt, M. Sternik, B. Krause, |. Sergueev, M. Mikolasek, D. Bessas, O. Sikora, T. Vitova, J. Géttlicher,

R. Steininger, P.T. Jochym, A. Ptok, O. Leupold, H.-C. Wille, A. |. Chumakov, P. Piekarz, K. Parlinski, T.
Baumbach and S. Stankov, Phys. Rev. B 101 (2020) 165406
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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.
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LOCAL STRUCTURE AND FUNCTIONAL PROPERTIES
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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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PEHTTEHOBU ON®PPAKUMOHHU U3CNEOABAHUA
BbB ®PUIUHYECKUA ®AKYNTET
HA CY ,,CB. K. OXPUACKWU“

B. KpbcTtes

B n3noxeHneTo ce npaBu KpaTbK Npernes Ha nabopartopuTte No peHTreHO-CTPYKTYPEH
aHanm3 y Hac 1 B YacTHoOCT Ha ®uanyeckns dpakyntet Ha CY ,Kn. Oxpuackn®. AKUeHT
we 6bae fadeH 1 BbpXy AelHoCTTa Ha [IpyecTBoTo Ha dusmunTte B Bbnrapus no
opraHu3vpaHe Ha KOMOKBMYMU, CUMMO3MYMU W TIETHW LLKOMM C KOrnernTe oT cTpaHaTa.

Llenta 6e cb3gaBaHe Ha npodecuMoHanHW BpPb3KU MEXAY CblUecTBYBaLUTe
nabopaTopuun, o6MeH Ha nabopaTopHM METOAMKN U KBanuduKaums Ha nepcoHana.
LLle 6bae oueHeHa 3acnyrata Ha NUYHOCTU, KaTo nNpod. AHaper AnNocTonos, AoL.
HwuHa MeeBa, npod. Meopru Kupos, npod. ViBaH BoHes u Ap., 4ONPUHECTIN MHOIO CbC
CBOUTE 3HAHWS N OPraHM3aLMOHHEH OMUT 3a OCbLLECTBABAHE Ha Te3n MepPONpUaTUS
npe3 80-te n 90-Te roanHM Ha MUHANMs BEK.
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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, ZrO, is a well-known nucleation agentin glass-ceramics, triggering volume
crystallization. Finding a suitable nucleation agent for the low thermal expansion
phase Ba, Sr,Zn,Si,0, 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/SiO,/N
(N = ZrO,, TiO,, Pt, Sb,0,) 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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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*
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The actinide (An) M,, 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)O," or U(VI)O,?"), 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 M, 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(ll) 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 M, edge HR-XANES spectra are sensitive to changes of the
Np-0 axial bond length for Np-yI-(V/VI). U/Np M, ; edge HR-XANES spectroscopy and
Np 3d4f RIXS are applied in combination with thermodynamic calculations, U/Np L, 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 |, 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).
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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 Na,0/BaO/SrO/TiO,/B,0,/SiO,/Al,O,. X-ray diffraction analysis
shows that Ba,_Sr,TiO, 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 Ba,_ Sr,TiO, 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 KIM-06-H28/1.
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AND REUSE OF MATERIALS: IMPACT OF MATERIAL
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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
Ne KI-06-KOCT/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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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, SO,, NH;, NO,, volatile organic compounds
(VOCs), CH,. 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
Ne DN 18/16/ 2017.
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To date, at least three secondary tungsten minerals with the general formula (W,Fe®")
(O,0H),.nH,0O — hydrokenoelsmoreite with a 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
WO,-Fe,0,-H,0 system at temperatures 40-120°C give either low-crystalline WO,.
H,O — tungstite (WO,.2H,0 - hydrotungstite <50°C) and WO,.1/3H,0 (at pH<1.0), or
amorphous WO,.xFe,0,.nH,O materials (with variable Fe/W atomic ratio (at pH 1-4),
or W-Fe?* 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 WO,.xFe,0,.nH,O gels (Fe/W=0-0.4) and W-Fe* 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 ym 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,Fe®*)(O,0H),.nH,O
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 Ne KP-06-OPR 03/5, 2018).
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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 Bi12Si020, 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 KIM-06-KOCT/1.
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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 RMn,O, and RMnO,
crystals.

[1] M. Balli, et al., Appl. Phys. Rev. 4, 021305 (2017).

[2] J. Barclay, et al., 6th lIF-IIR International Conference on Magnetic Refrigeration Victoria, BC, Canada,
7-10 September (2014).
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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 Na,,,;(Co, Mn,), 5(SO,),
(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
blddite-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).
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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 Ba,Nb,MoO,, 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
Ba,Nb,Mo0O,, can be described as consructed by a perovskite block with composition
Ba,Me,0,, and a block with composition Ba,Me,O,. The aim of the present work was
to synthesize pure and partially substituted Ba,Nb,MoO,, ceramics and to study the
stability of the structure upon partial cation substitution. The nominal compositions
of the substituted samples are: Ba,SrNb,MoO,,, Ba,Nb,TaMoO,,, Ba,Nb,ZrMoO,,,
Ba,Nb,Mo, W, ;,0,,, 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 (Ba,Nb,MoO,,),
5H (Ba;Nb,O,;) and BaMoO,. 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 Cr** activated lasers. The present work focuses on the production
and crystallization of glass with a general composition CaO-GeO,-Li,0-B,0, =
45:38:5:12 [wt.%] with Ca,GeO, as a major crystalline phase in the final glass
ceramic. The glass was prepared by melting CaCO,, Li,CO,, GeO, and H,BO,
at 1300°C 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 600°C. After thermal treatment of a glass sample at 580°C for 24 hours
the XRD phase analysis of the main crystalline phase showed similar pattern
to orthorhombic Ca,GeO, (Pnma; a = 11.392, b = 6.780, ¢ = 5.242), bun no
good match with known inorganic compound. The only one phase transition of
Ca,GeO, 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), ¢ =
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 Sr,GeO, (ICSD code 56382) as a compound with
close chemistry composition and unit cell parameters: P2,/n; a = 5.843(1),
b =7.141(1), c = 9.902(2), B = 90(0). The crystal structure refinement of the
metastable Ga,GeO, was performed with the structural parameters of Sr,GeO,
as a starting model.
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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 Eu®** luminescent ions. This
study revealed that ZnWO, crystallizes as a single-phase in amorphous matrix after
heat-treatment at temperature higher than glass transition temperature T of glasses
with nominal composition 50Zn0:40B,0,:10WO,:xEu,0, (x = 0.1, 0.5, 1 and 2 mol %).
On the other hand the XRD analysis of glasses with a higher Eu,0O, content (x = 5
and 10 mol %) showed the formation of ZnWO,, ZnB,0, and H,BO, in different ratio.
The presence of ZnWO, only in Eu®*" doped heat-treated glasses leads to enhanced
emission intensity as compared to the glass matrix due to the lower site symmetry of
Eu®* ions in the crystallized samples.
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under project KIM-06-H29/7.
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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
— CI-20A, CI-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 Ka, 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
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Potassium, as a main componentin 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,
NH,OAc/HOAc pH 4.5 (AA), Mehlich 1, CaCl, [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 Ky 2 Kay > Kyepion 1 > Keacy,- 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), 2" ed.

[3] Cuadros-Rodriguez et al., Anal. Chim. Acta 454 (2002) 297-314.
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ELEMENT MAPPING OF PLAGIOCLASE
FROM VITOSHA
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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
(CaAlLSi,O,) and albite (NaAlSi,O;). 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, Ne BGO5M20P001-1.001-0008, and Project
INFRAMAT (National Roadmap for Scientific Infrastructure).
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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 16Na,0-10Ca0O—(74—x)SiO,—xFe,0,, x=5-30 mol.% by
using conventional melt-quenching technique.

The phase composition is studied by X-ray diffraction and for concentrations of Fe,O,
higher than 15 mol% the spontaneous crystallization of Fe,O, and Fe,O, 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 Fe?* and Fe®, 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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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 (lll) excited state [1]. A novel 2-(phenylethynyl)-
1,10-phenanthroline was produced in order to be used as a ligand for europium (lll)
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 P2,/n. The asymmetric
unit consists of one neutral [Eu(L),Cl,] complex in a general position and two CH,CN
solvent molecules.

The Eu2 compound crystallizes in the monoclinic space group P2,/c with asymmetric
unit consisting of one neutral [Eu(L),(NO,),] molecule in a general position and two
CH,CN solvent molecules.
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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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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.
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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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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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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
Ne KI1-06-KOCT/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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Single nanocrystalline BaWO, powders were successfully synthesized by
mechanochemical reaction at room temperature. A stoichiometric mixture of BaCO,
and WO, 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 BaWO, 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 BawO,
particles exhibit major PL emissions in the blue wavelength range at 440 nm,
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Powder samples of 0.5, 1, 2 and 3 at% Tb** doped Li,CaGeO, and of 0.5, 1, 2, 3, 4 and
5 at% Tb* doped Ca,Ge,0,, 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 Tb** ion. The strongest peaks in excitation spectra are located at 378 and 377 nm
for Li,CaGeO, and Ca,Ge,0,, compound respectively. The luminescence spectra of
the investigated compounds are different. The highest peak is observed at 548 nm
(°D, —"F; transition), which is characteristic peak for Tb** activated materials. In the
Li,CaGeO, compound spectra peaks in the blue range are manifested in opposite to
the Ca,Ge,0,, compound spectra. Peaks in the Ca,Ge,O,, compound spectra, which
are sensitive to the host structure, are more split, as there are five different possible
crystallographic positions for Tb®" ion. The most intensive luminescence is obtained
when the dopant concentration is 1 at% Tb** for Li,CaGeO, and 4 at% for Ca,Ge,0,,.
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. Li,CaGeO, and Ca;Ge,O,, compounds
could be used as green phosphors tuning the color by changing the dopant
concentration.
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Series of zinc(ll) coordination polymers with the bidentate ligands: bis-(dimethyl-
phosphinylmethylenoxy)-benzenes (o-I, m-I and p-l) and bis((dimethylphosphinyl)
methylene)amine (bis-NL) were synthesized. The spatial structure of the polymers
is determined by the nature of zinc(ll) 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(ll) coordination polymers with
selected tertiary phosphine oxides are presented.
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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 CO, 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-M37/3
from 06.12.2019 r. with National Science Fund, Bulgarian Ministry of Education.
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Silver and gold nanoparticles were successfully synthesized by reduction of AQNO,
and HAuCI, 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 AgNO, and HAuClI,.

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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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/AlI=50). Cobalt was incorporated from
Co(NQ,),.4H20 by incipient wetness impregnation technique followed by drying
and calcination. The obtained materials were characterized by XRD, N, 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 Co,0,; CoO strongly interacting with zeolite framework
and framework cobalt or some other types of cobalt silicate. XPS dates show that
Co?* 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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* E-mail: rossonero_91@mail.bg

Keywords: Co-SBA-15; Co-ZSM-5, n-hexane combustion; butane combustion.

58



VIINCS, September 1-4, 2021, Varna, Bulgaria

APPLICATION OF BULGARIAN ZEOLITE CLINOPTILOLITE
FOR CATALYSTS CARRIER

|. Yordanova'*, S. Todorova', H. Kolev', G. Avdeev?

" Institute of Catalysis Bulgarian Academy of Sciences, Acad. G. Bonchev St.,
Bidg. 11, Sofia 1113, Bulgaria
2 Rostislaw Kaischew Institute of Physical Chemistry, Bulgarian Academy of Sciences,
Acad. G. Bonchev St., Bldg. 11, Sofia 1113, Bulgaria

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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Science Fund programme 'Competition for financial support for projects of junior
basic researchers and postdocs — 2020, for the financial support of project Ne
KM-06-M49/2.
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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 5TiSMn. The XRD and Raman analyses
showed co-existence of anatase, Mn,O,, Mn,O, and Mn,O, for both 8Ti2Mn and
2Ti8Mn, while only well crystallized anatase and rutile TiO, 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 Ti** by Mn™ ions. The
addition of manganese oxide to titania significantly improves the catalytic activity in
total oxidation of ethyl acetate to CO, and methanol decomposition, but this effect is
strongly influenced by the support composition.

Acknowledgement. Financial support from project KI1-06-INMM-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* BGO5M20P001-1.001-0008".
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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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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
(¢ = 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 44" International October Conference on Mining and Metallurgy, October
1-2, Bor, Serbia, 2012., p. 477-480.

[2] B. Trumic, D. Stankovic, Catalytic oxidation of ammonia, MMI Bor, 2009.

[3]A. lvanovic 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
9" edition,1975).
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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(ll) — peptide complexes with potential anticancer activity. We combine copper
with peptide ligand with already proven anticancer properties [1]. The complexes
with main structure Cu(ll) — Se(VI)/CI(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 I/l 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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Powder samples of 0.5, 1, 2, 3, 4 and 5 at% Dy*" doped Li,CaGeO, and Ca,Ge,O,,
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 Dy** ion. The strongest peaks
in excitation spectra are on 351 and 348 nm for Li,CaGeO, and Ca,Ge,0,, matrix
respectively. The luminescent spectra of Dy* doped compounds show different
shape and splitting. The peaks in the Li,CaGeO, compound spectra are with identical
shapes and doubly degenerated. The peaks in the Ca,Ge,O,, compound spectra
are more split. The yellow peak is dominant for both compounds. CIE coordinates of
the Dy** doped Li,CaGeO, show slight fluctuation, as oppose to the CIE coordinates
of the Dy*" doped Ca,Ge,O,, 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 Li,CaGeO, and
Ca,Ge,0,, 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.

i~ o

* E-mail: vanya.kurteva@orgchm.bas.bg

Keywords: benzo[1,3]dioxins; azo-dye fragment; NMR; XRD

66



VIINCS, September 1-4, 2021, Varna, Bulgaria

SYNTHESIS AND CHARACTERIZATION OF CERAMIC
PIGMENTS IN THE SYSTEM Ca0.V,0,.Mg0.2Si0,

N. Kuvandjiev'*, Ts. Dimitrov?, O. Petrov’, R. Titorenkova'

" Institute of mineralogy and crystallography “Acad. I. Kostov”, Bulgarian Academy of Sciences,
Acad. G. Bontchev Str., Bl. 107, Sofia 1113, Bulgaria
2 University of Ruse “Angel Kanchev”, Branch Razgrad, bul. “Aprilsko Vastanie” 47,
7200 Razgrad, Bulgaria,

Ceramic pigments were synthesized by solid state high-temperature sintering at
temperatures of 1000, 1100 and 1200° C in the Ca0.xV,0,.(1-x)Mg0.2SiO, 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 CO, 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 H,SO, and H,PO, and NaNO,, 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 KM-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/Na,O/SiO,/Fe,O, with high concentrations
of Fe,O, (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 Fe?*/Fe® 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.
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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/ZrW,O, 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/ZrW,O, 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.
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The current study presents results from the characterization of SrTiO, 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.

SrTiO, is prepared using as starting materials — Sr(NO,), and nanosized TiO, (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(NO,), and nanosized TiO, (anatase) at temperatures lower
than the accepted as a standard for high temperature synthesis (about 1000 °C),
leads to formation of cubic SrTiO, without any SrCO, 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 linfrared 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 SrTiO, 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.

Acknowledgements: The authors appreciate the financial support of the Bulgarian
National Science Fund under contract KIM-06-H28/1.
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lon 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 HCI and NaOH
was evaluated. The HCI 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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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),(OH)4(SO,),]*. nH,O where M = Ca, Cu, Mn, Pb. The crystal structures
are composed of negatively charged layers of the type [(Cu,Zn),(OH),(SO,),]* and
positively charged M?*(H,0), 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, /2 and | 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 Cu?*; one by
Zn?" and one is mixed with 60% Cu?" and 40% Zn?*; 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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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. E-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
Ne KI1-06-KOCT/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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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 Zn,(OH),SO,.4H,0 (SG P, a = 8.33 A,
b = 8.33A, ¢ = 10.54 A) and bechererite (Cu,Zn),Zn,(OH),,[(S,Si)(0,0H),], (SG P,
a=8.32A, b= 8.32A, c=17.38 A). 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).

Fig. 1. Crystal structure of the studied phase.
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In the present research unsupported (Fe-TiO,) and activated carbon (Fe-TiO,/AC)
supported Fe-doped TiO,, having different contents of the Fe ions, were prepared
by sol-gel method. The samples were characterized by X-ray diffraction, nitrogen
physisorption, Méssbauer 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 TiO, and 1wt.%Fe-TiO,. 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 TiO, sample,
which most likely due to the formation of voids and/or agglomerates. However, the
addition of Fe ions and AC to TiO, 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 Mdssbauer 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-TiO, samples not containing AC is
well observable in comparison to pure TiO,. However in the cases of the Fe-TiO,/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 m?/g and 0.52 cm?®/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 26 corresponding
to y-alumina.

The obtained supports are very promising for future application as catalysts after
deposition of the active phase.

Acknowledgements: This work is financially supported by the National Science
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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 AB,O, 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. Fabian et.al., RSC Adv. 5 (2015) 54321.
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Here in we described the sol-gel preparation of SiO,/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 SiO, 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~' (characteristic for
free OH groups) and from 1540 to 1900 cm~' (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 SiO,.

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 N, 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/CeO, 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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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 (NH,-Cpt), which in
addition The NH,-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 Pb?* exchange (400 ppm water solution of PbCl,) of the H-Cpt has been
conducted for 5, 10, 15, 30, 60 and 120 minutes at RT. The amounts of adsorbed
Pb?* 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 Pb?* 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/SiO,
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. The
operating parameters of the biosensors lifetime, linear range and limit of detection
were described.
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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 B-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).
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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
m... 1, weak interactions (C-H...O), comparison of the molecular geometry with
the one from the docked in the active site of the af—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
a,B-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 aB-tubulin.
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Bismuth titanate ceramics containing SiO, and Nd,O, were synthesized in the Bi,O,-
TiO,-Si0,-Nd,0O, 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 KIM1-06-H28/1,
2018.
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SYNTHESIS AND CHARACTERIZATION OF CARBON
ADSORBENTS FROM RDF-FUEL AND THEIR APPLICATION
FOR Cd* 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 m? 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 Cd?.

Acknowledgements: The authors acknowledge financial support for this work by
Bulgarian National Science Fund, grant number KIM-06-M37/3 from 06.12.2019.
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CHEMICAL BONDING OF GLASSES AND GLASS-CERAMICS
IN THE Na,0-CaO-SiO,~Fe,0, SYSTEM

T. Tasheva'*, |. Mihailova', R. Harizanova?, C. Rissel®

’ University of Chemical Technology and Metallurgy, Department of Silicate Technology,
1756 Sofia, Bulgaria
2 University of Chemical Technology and Metallurgy, Department of Physics,
1756 Sofia, Bulgaria
3 Otto Schott Institute for Materials Research, Jena University, Fraunhoferstr. 6,
07743 Jena, Germany

Two series of glasses were prepared in the window glass-based system Na,O0—CaO-
SiO,—Fe,0, 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
Fe,O, content leads to an increasing free volume and increasing average cross-
linkage. The addition of 15 and 20 mol% Fe,O, led to a decrease in both parameters.
Such anomaly is an indication for structural changes for both sub-systems with
increasing Fe,O, 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 Fe,O,,
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 Q" species
of the SiO, tetrahedral units was found depending on the basicity of the glass matrix.
The addition of Fe,O, 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 KI-06-H48/4.
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SYNTHESIS AND CHARACTERIZATION OF Fe-DOPED
DIOPSIDE-BASED CERAMIC

R. Titorenkova'*, S. Bakardjieva?, Ts. Dimitrov?, Y. Tzvetanova’
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2 Institute of Inorganic Chemistry of the Czech Academy of Sciences,
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Diopside (Ca,Mg,Si,O;) is Ca-rich pyroxene which is characterized by octahedral
coordinated Mg?* ions and tetrahedral coordinated Si** ions, with Ca?" 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 Ca0.xFe,0,.(1-x)Mg0.2SiO,, 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 (CaSiO,) along
with diopside, dkermanite (Ca,MgSi,0O,), 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. Tsyntsarski'*, G. GeorgieVv', I. Stoycheva’, N. Petrov', K. Miteva',
B. Petrova’, A. Kosateva', A. Sarbu?, T. Doru?, A. Radu?
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BI. 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 N,
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 m?/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 Cu? IONS FROM AQUEOUS SOLUTIONS

P. Vassileva*, L. lvanova, 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 Cu?* 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 Cu?* 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 Cu?* 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™'. 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 Cu?* from contaminated wastewaters.

Acknowledgements: This work is supported by the Bulgarian Ministry of Education
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Bio-Economy and Quality of Life” approved by DCM # 577/ 17.08.2018.
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NANO-SIZED COBALT OXIDE SUPPORTED ON AlO,
AND SiO, FOR PURIFICATION PROCESSES-INFLUENCE
OF THE SUPPORT

I. Yordanova'*, H. Kolev', A. Naydenov?, S. Todorova'

" 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. Co,O, 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 Co,0,, a
superficial Co-Al spinel-like phase is formed on the surface of alumina supported
sample. The Co,0,/SiO, 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 AlLO,.
This could be related to the presence of finely divided Co,O, phase stronger interacting
with the support and the presence of Co?*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 KI'-06-H49/4.
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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.
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Fig. 1. Diffraction pattern of the synthesized NaX zeolite using Al from waste cans.
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VERIFIED SYNTHESIS OF ETS-4, GTS-1 AND ETS-10:
PROBLEMS AND PITFALLS

L. Tsvetanova*, Z. Delcheva, R. Rusew, B. Barbov,
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; Na,SiO.nH,O; Na,SiO,; NaF; NaCl;
Na,TiF; KF; KCI; KOH; TiCly; TiCl,; Ti(SO,),~TS-992; TiO, (anatase, rutile); TiOCl,;
NaTiF,, Ti(OC,H,),, TBOT; Ti(OC,H,),; TMAOH; SiO, (with different sizes) Na,SiO,.
nH,O; 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 TiCl, and TiCl, 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
TiCl,. ETS-10 with remains of SiO, was obtained for 24h at 200° C (Fig. 1). Further
adjustment of the amounts of SiO, used in the initial synthesis gel are in progress.

Fig. 1. Diffractograms of the synthesized
titanosilicates.

—— ETS 10+Qumrz”

Intensity [a.u.]

20, CuKy

Acknowledgment: The authors are grateful for the financial support of the Bulgarian
National Science Fund (project contract KIM-06-M34/1).

* E-mail: lilicvetanova79@abv.bg

Keywords: Synthesis, ETS-4, GTS-1, ETS-10.

94



VIINCS, September 1-4, 2021, Varna, Bulgaria

INFLUENCE OF METAMORPHIC ALTERATION
ON THE STRUCTURE OF CHROMIAN SPINEL: EXAMPLES
FROM DEPOSITS IN THE RHODOPES, BULGARIA

|. 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-Fe?* substitution, followed by oxidation of Fe?* to Fe®* 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.
* E-mail: sergeevai@geology.bas.bg
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STRUCTURE PROPERTIES OF Re DOPED Ca,Ge,0,,
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The synthetic conditions and luminescence spectra of glass-ceramics containing
Re* doped Ca,GeO,, Ca,Ge,0,, and Li,CaGeO, were recently studied [1]. In order
to investigate the preferred positions of Re®" elements in these compounds Re®*
doped single crystal were grown by flux method and structural analyses of their Eu®*,
Tb® and Dy** doped analogs were performed. Here we report the results obtained
for the Ca,Ge,0,, 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 Eu®" is the best accepted by the Ca,Ge,O,,
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 Re®*
content, Ca2, Ca3 and Ca4 (Fig. 1).

Fig. 1. Four type of Ca polyhedra in the monoclinic polymorph of Ca;Ge,0,,.
The one preferred by Re®* is dark blue colored.
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More than Technology
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EJITA 90 M OO[] e 6bnrapcka KOMMNaHUs C OCHOBHA Hacoka Ha AeWHOCT — nabo-
paTtopHo ob63aBexaaHe n obopyasaHe. CTpeMexbT HU a npeanaraMme 3aBbpLUEHU
peweHna 3a guarHoCTu4HN, Hay4yHo-n3cnenoBsaTesiCkn U Nnpon3BoacTBEHU na6opa—
TOPUW, KaKTO U KOPEKTHOTO HW NMapTHbOPCTBO B ABafeceTroguwiHata Hu UCTopus
3aKOHOMEPHO HU OTPEXAa BOAELLO MSICTO Ha nasapa.

OcBeH B Bbnrapusi, moxete Oa OTKpMETe HallaTa KOMMNaHus owe B PyMbHUS,
Cbpbus, MakegoHus, bocHa n XepuerosuHa, Mspuus n Mpyaus.

CnasBalikyu OCHOBHUS HX NPUHLMN Aa npeanarame peLleHns C Han-BUCOKO KavyecTBo,
HVe NpuTexxaBame eKCKIy3VBHM OUCTPUMOYTOPCKM NpaBa Ha CBETOBHW NPOU3BOAUTE-
nm kato Micromeritics, Nicoya, TA Instruments, Brookhaven Instruments Corporation,
BioLogic Science Instruments, Pion, YL Instrument, Agela Technologies, AND, Light-
SALT, Logan Instruments corp., lllumina, Thermo, Sysmex, Stago, Nikon, Biotek,
Euroimmun, PHCBI, Sartorius, ADInstruments.

Micromeritics Instruments Corporation

E cBeToBeH nuaep B NpoON3BOACTBOTO Ha anapaTypa 3a oxapakrepusupaHe Ha maTe-
puanu- NAbTHOCT, NSOLL, NMOPLO3HOCT, pa3Mep 1 hopma Ha vyacTuumTe. KomnaHusata
e ocHoBaHa npe3 1962 r. B CALL n obcnyxBa uHaycTpun OT neTporneHarta go dap-
MaLeBTMYHaTa UHAYCTPUS.

pre .
3Flex ASAP 2020 PLUS TriStar Il Plus FT4 Powder Rheometer
Xemuacopbmus, ITopnosHocT B TloprosHocT H IIpaxoB peoMeThp

MOPbO3HOCT H coenupuIHA TOBLPXHOCT cnenadHIHA TOBHPXHOCT
coena(HYHA NOBbPXHOCT
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TA Instruments

KomnaHuaTta e ocHoBaHa npe3 1963 r. m e cbc ceganuuwe Hio Kacwvn, CALL.

KomnaHusTa npegnara NpoAykTn 3a TepMUYeH aHanns, peonorna, MMKpokanopume-
TpUA N MexXaHn4eH aHanums.

Juadepennnanno
CKAHApAaI
KAJTOPHMETBP

OnTHYeR THIATOMETBD

TepumoMexaHHYeH Xubpuaen peoMeTsp JduaaMoMexaHHYeH
AHATH3ATOP AHATH3ATOP

Brookhaven Instruments Corporation

KomnaHusaTa e ocHoBaHa npe3 1981 r., a AenHoCTTa U € HacoYeHa B npegnaraHeTo

Ha HaN-TOYHUTE, HALEXAHW N NECHM 3a M3Non3BaHe MHCTPYMEHTU 3a XapaKkTepusn-
paHe Ha YacTuun.

NanoBrook BI-ZTU Autotitrator BI-2008M Research Goniometer
Cepusra NanoBrook e komurypupyena Ujieansa 33 aETOMATHIHO ONpe/lerisHe Ha C rOHMOMETPHUHATA CHCTEMA € IIOCTIDKHNO H3CTeBaHe
TUIaTdopMa 32 opasMepsBaHe Ha JACTHIM H H30@TeKTPHYIHATA TouKa (IEP) Ha KONOHTHA Ha CTATHYHO pascefiBaHe HA CBeTIHHATA (SLS), Taka 1
H3MepBaHe Ha Zeta IoTeHUHAT MaTepHATH. Ha P )71 Ha iTa (DLS).
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SCIEX Beckman
Coulter
e | Life science products and systems e | HS Centrofuges, Ultra Centrofuges
e | Mass Spectrometers e | Particle Counters
Teledyne e | Laser Granulometers
e | ICP-OES e | Flowcytometry, Sorters
e | Mercury Analyzers FMS
e | TOC/TN Analyzers e | Automated Sample Preparation
Gamry ESCO
e | Potentiostats / Galvanostats e | CO2 incubators, ULT
e | Quartz Crystal Microbalance e | Laminar flow cabinets, BSC, Lab
fumes
e | Electrochemical Cells & Accessories Inficon
LECO e | GC, GC-MS - Mobile
Corporation
e | Elemental Analysis e | Leak Detectors
e | Thermal Analysis Linseis
e | Metallography e | Thermal Conductivity - Hightech
measuring instruments
e | Consumables e | TGA, DIL, DSC
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o | Glove boxes e | Life science consumables
ZEISS e | Volumetric instruments
e | Microscopes: Light, Stereo, Confocal, | Molecular
SEM Devices
Thermo e | Microplate Readers & Imaging
Orion Systems
e | Electrochemical equipment e | Clone screening
e | Water qualification Bioneer
e | Analytical Chemicals and solutions ° PCR equipment
VWR ° Automatic systems for NA isolation

Laboratory chemicals & equipment

Kits
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Excnepr B u3mepane Ha ®ITY B armocheprus Bp3ayx E-mail: sales@labexpert.bg Website:
www.labexpert.bg Codust 1839, 6yr. ,,boreBrpancko moce™ Ne 268, er. 3,0¢uc 8

... PANalytical

Ih

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.

e Acris Research edition: Phase analysis for every sample.

e Aeris Cement edition: directly probes the mineralogical composition of cement and its
intermediates.

e Aecris 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 EDXREF - incorporated into the Zetium

PANalytical ZETIUM

So

Comprehensive small spot analysis and mapping
in a fraction of the time

Enhanced analytical performance

o Power upgrades from 1 to 2.4, 3 or 4 kW for enhanced sensitivity

o Range of X-ray tube anode materials Rh, Cr, Mo and Au for specific application performance

o Duplex detector for enhanced sensitivity and wider dynamic range for transition metals analysis

o 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

o Simple, intuitive software with The Virtual Analyst

o Full suite of application setup modules and software solutions

o Multi-element small spot analysis with mapping

o Programmable collimator masks for sample sizes between 6 mm and 37 mm

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

Robustness
o Dust removal device minimizes contamination and maximizes instrument uptime
o CHI-BLUE X-ray tube window coating for increased X-ray tube durability and resistance to
corrosion
o Sample type identification (solids & liquids)

\\\\// Malvern LH_B

N Panalytical RO EE
\\\\\\\\\C\\\\\\\ nspectyns company m

YOUR LAB, OUR EXPERTISE
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INF®
M H q)OﬂAE YN. MNAYKOBULIA 1, BG-1164, COOUA, TEN: (+359 2) 958 13 43; ®AKC: (+359 2) 958 14 84

e-mail: infolab@infolab-bg.com

MH®OJIAB O0[] e ocHoBaHa npe3 2002 r. OcHoBHaTa M AeVHOCT e JoCTaBkKa,
WHCTanvMpaHe n CepBuU3 Ha aHanNUTMYHa anapartypa v oblonabopaTopHo o6opyaBaHe.

dupmaTa e ocmumaneH aucTpubyTop 1 cepeusHa opraHmsaumsa Ha BRUKER,
Analytik Jena, Scion Instruments n Hitachi High-Technologies 3a Bbnrapus u
MakenoHvsa — BoAeLLm NPpON3BOAMTENM Ha aHanUTUYHa TEXHUKA:

<)
RUKER
(>0

BRUKER (I'epmanus)

TOF u HPLC/TOF (Te4yen xpomarorpad
/MaccniekTpomersp time-of-flight)

Ton Trap u HPLC/Ion Trap (Teuen xpomarorpad
/MaccIeKTpOMeTBbp ion-trap)

MALDI-TOF (MaccnekTpoMeTpH ¢ Ja3epHO U3IMapeHHe
Ha npobara)

FTMS u HPLC/FTMS (Teuen xpomaTorpad
/MaccrieKTpoMeThp ¢ GypHe Tpanchopmarus)
HPLC/TQMS (Teuen xpomarorpad) / MacCeKTpoMeTbp
TPOEH KBaJPyTION)

GC/TQMS (ra3zoB xpomarorpad /MacceKTpoMeThbp
TPOEH KBaJPyIo)

FT-IR, FT-NIR u Raman cnexrpomerpu

IR Cucremu 3a IUCTaHIMOHEH MOHHTOPHHT Ha Bb3/lyXa
ATOMHOCHIIOBH MHKPOCKOITH
Pentreno-guyopecuentaun cnekrpomerpu (XRF)
Penrrenosu audpakromerpu (XRD)

KoMmoTspHH MHKpoTOMOTpadu

ONTHYHO-EMHCHOHHH CIIEKTPOMETPH

PbYHM PEHTreHOBH aHAIM3aTOPH

CHekTpoMeTpH M aHaIN3aTopyu Ha 0a3a siApeH MarHUTeH
pE30HaHC.

3a noseye MHopmauusi: www.infolab-bg.com

analytikjena

Analytik Jena (I'epmanus)

e  ATOMHOAOCOPOIIMOHHU CTIEKTPOMETPH
e ICP cnexkrpomeTpu

e [CP/MS cnekrpomerpu

e UV-Vis ciekrpodoromerpu

sScCioMm
INSTRUMENTS

Scion Instruments (Hunepaanmmst)

e GC (razoBu xpomarorpadu)

e GC/MS (ra3oB xpomatorpad /
MacCreKTPOMETBP)

Hitachi High-Tech

HITACHI

Hitachi High-Technologies (SImonus)

e HPLC (BHCOKO e(h)eKTUBHH TCUHH
xpomarorpadu)

e UPLC (ynrpa e(eKTHBHU TEUHU
xpomarorpadu)

WHdponab OO nputexaBa cepTudukaTt 3a ynpasreHue Ha kadectBoTo ISO
9001:2015.
[locTaBAHeTO Ha KayeCTBEHW NPOAYKTW, KPaTKUTE CPOKOBE 3a W3MblIHEHWE
M WHCTanupaHe, HadeXAHOTO rapaHUMOHHO W crneArapaHuMOHHO obcnyxBaHe U
yAOBNETBOPEHNETO Ha KMMEHTa ca NPMOPUTETHN 3a4a4n B HawaTa paboTa.
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AAurubis

Bulgaria

»Aypyouc bovarapus e vact Aurubis AG - Bojemna MeXIyHapoaHa
rpyma 3a Ipou3BOJICTBO Ha MeTanu, 6azupana B XamOypr, ['epmanus. B
HaIllu JTHU ,,AypyOuc’ e Hali-roJieMusT JaHbKoIuIaTell B bbarapus, cbe
CTPYKTYPHO 3HAu€HHE 3a HMKOHOMHUKaTa Ha crpaHata. (OcHOBHara
JEHHOCT € MpepaboTBaHETO HA MEAHU KOHIEHTPATH, MPOU3BOJCTBO Ha
paduHUpaHa Mell, perucTpupana Ha JIoHIOHCKaTa MeTaliHa Oopca KaTto
openn ,,Jlupmon*, Ha MeAHM aHOIM W BTOPUYHH MPOAYKTH KaTo CApHA
KHCEJIMHA U JKEJIC3€H CUITUKAT.

3aBoabT Ha ,,Aypyouc boirapus‘ e pasnonoxen B Cpegnoropueto. Ot
chb3gaBaHeTo cu npe3 1958 r. 1o aHec, MegoJ00MBHOTO MPOU3BOJCTBO
kpaii [luppon u 3naTuna e HejpeauMa 4acT OT UCTOPHSITa Ha PErMOHA U
pa3Butuero Ha bearapus. Ensa nu uma cemeiictso ot CpegHoropuerto,
KOETO J1a He € OMJIO 10 HAKaKbB HaYMH CBBbP3aHO C TOBA IIbTYBaHE Mpe3
HaJ IIECT JeCeTUIIETHSI.

KoMnanusita € W HaydyHO 3BEHO, KOETO Ch3JaBa WHOBAaTUBHU
MpeIIOKEHUs, MOJOOpPEHUsT M MOJEPHU3ALMKU B TEXHOJOTHMHUTE 3a
MPOM3BOJICTBO HAa MEJI W OINa3BaHETO Ha OKOJHaTa cpenaa. ,,Aypyowuc
bearapus® nposexaa ycTon4uBa NOJUTHKA HA COLMATIHA OTTOBOPHOCT
Ha HAllMOHAJIHO M PETMOHAJIHO HUBO, HacouyeHa KbM IMOJKpena Ha
00pa3oBaHMETO, 3/7paBEOINa3BaHETO, KYATypaTra, MECTHUTE OOIIHOCTH,
MJIaJd TaJIaHTH, XOpa C YBPEXAaHUs. Y TBBPAUI C€ KaTO €AUH OT Haii-
MOILIHUTE W CTaOWIHO paboTelmu JBUraTeNd Ha Objarapckara
MKOHOMHUKA, ,,AypyOuc™ € yBaXkaBaH U ThPCEH MapTHHOP OT KOMIIAHUU
OT YETUPHU KOHTUHEHTA.
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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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