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FOREWORD

The seminar “Development of Materials Science in Research and Education – DMSRE” is is
the 33rd in a series that began in Gabčíkovo in 1991, initiated by the Czech and Slovak Asso-
ciation for Crystal Growth and the Slovak Expert Group of Solid State Chemistry and Physics.

The seminar provides an excellent opportunity for the presentation and discussion of results
in the fields of materials engineering, chemistry, solid-state physics, production technologies,
materials processing, and related areas.

Additionally, the seminar aims to facilitate the exchange of experiences in teaching technical
subjects, chemistry, and physics at universities, and to explore the connections between uni-
versity research and practical applications.

The scientific session will cover the following main topics:
• Trends in development of materials research
• Education of materials science at the universities
• Information about the research programmes of individual institutions
• Information about equipment for preparation and characterization of materials
• Results of materials research

The program will include two invited keynote lectures (40 minutes each), given by Shel-
ley Lorimer from MacEwan University, Edmonton, Alberta, Canada, and Jan Džugan from
COMTES FHT a. s., Dobřany, Czech Republic; 52 contributions presented as short lectures
(20 minutes each); and two company presentations.

Dear Colleagues, we warmly welcome you to the 33 rd DMSRE Joint Seminar and hope you
enjoy your stay in the High Tatras.

Organizers
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carbide end mills

18:30 – 19:30 Dinner
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Wednesday, 11 September 2024

09:00 – 11:30 Current Trends in Teaching Technical Subjects: A Panel Discussion
Location: Lecture Hall

12:30 – 13:30 Lunch
14:00 – 15:30 Membership meeting of the Slovak Expert Group of Solid State

Chemistry and Physics
Location: Lecture Hall

16:00 – 17:00 Joint meeting of the Slovak Expert Group of Solid State Chemistry
and Physics and CSACG

Location: Lecture Hall

18:00 – 19:30 Dinner
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Thursday, 12 September 2024

08:30 – 10:10 Thursday Session 1
Location: Lecture Hall

(chairperson: Jana Šugárová, Milena Kubišová)

08:30 – 08:50 Milan Uhríčik
Effect of heat treatment on the internal daming of magnesium alloys

08:50 – 09:10 Milan Uhríčik
Effect of structure on the fatique properties of aluminum casting alloys

09:10 – 09:30 Viera Zatkalíková
Electrochemical characteristics of austenitic stainless steel after differ-
ent times of sensitization

09:30 – 09:50 Lenka Markovičová
Assessment of the suitability and durability of a recycled polymer prod-
uct as a building component

09:50 – 10:10 Daniel Ďugel
Modern composites in transportation constructions

10:10 – 10:40 Coffee break

10:40 – 12:20 Thursday Session 2
Location: Lecture Hall

(chairperson: Robert Král, Tomáš Hostinský)

10:40 – 11:00 Vladimír Kuchtanin
The journey of nickel

11:00 – 11:20 Alexandra Kucmanová
Let’s reveal the secrets of chemistry in the environment to children

11:20 – 11:40 Marek Kudláč
Influence of final turning on SCC susceptibility and corrosion properties
of austenitic stainless steel 08Ch18N10T

11:40 – 12:00 Jaroslava Maroszová
Efficiency of selected sorbents for eliminating PCBs from soil

12:00 – 12:20 Margita Ščasná
Biochars from Cardboard as an Alternative adsorbent for the Removal
of Pesticides from the Water Environment

12:30 – 13:30 Lunch
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14:00 – 15:20 Thursday Session 3
Location: Lecture Hall

(chairperson: Zdeněk Potůček, Vladimír Kuchtanin)

14:00 – 14:20 Zdeněk Kožíšek
Homogeneous versus heterogeneous nucleation in aluminum droplet at
low supercooling: nucleation rates and the total number of nuclei

14:20 – 14:40 Robert Král
Study of thermochromic materials and their properties for visual indi-
cators

14:40 – 15:00 Kateřina Křehlíková
Ternary lithium manganese (II) chloride as a new red-emitting neutron
scintillator

15:00 – 15:20 Juraj Kajan
Improving the efficiency of crystal growth process control by HDC
method

15:20 – 15:50 Coffee break

15:50 – 17:50 Thursday Session 4
Location: Lecture Hall

(chairperson: Ondřej Bílek, Viera Zatkalíková)

15:50 – 16:10 Jana Šugárová
Surface roughness evaluation of the formed parts produced by the multi-
pass cold metal spinning applying laser textured tool

16:10 – 16:30 Richard Antala
Roughness and wettability of the Ti Grade 2 surfaces modified by
nanosecond laser

16:30 – 16:50 Filip Ferenčík
Impact of sputtering power on trace impurities in binary oxides: A ToF-
ERDA characterization study

16:50 – 17:10 Matej Kubiš
Effects of high fluence helium ion irradiation on the micromechanical
properties of Eurofer97 and ODS Eurofer steels

17:10 – 17:30 Diana Fabušová
Theoretical investigation andDFTmodelling of novel Pd2Opolymorphs
using educated guess and evolutionary algorithms

17:30 – 17:50 Radovan Bujdák
Exploring novel phases in the nickel-oxygen binary system with evolu-
tionary algorithms and density functional theory modeling

19:30 – 24:00 Conference banquet (Hotel Restaurant)
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Friday, 13 September 2024

09:00 – 10:00 Friday Session 1
Location: Lecture Hall

(chairperson: Ivona Černičková, Lenka Markovičová)

09:00 – 09:20 Milan Naď
Analysis of the influence of geometric and material parameters of fixing
edge layers on the modal properties of plate structures.

09:20 – 09:40 Rastislav Ďuriš
The determination of basic material properties using DIC

09:40 – 10:00 Eva Labašová
Methods for determining reliability of complex systems

10:00 – 10:30 Coffee break

10:30 – 12:00 Friday Session 2
Location: Lecture Hall

(chairperson: Rastislav Ďuriš, Jaroslava Maroszová)

10:30 – 10:40 Ivo Říha
CEDEG - a partner for your business, research and innovations

10:40 – 11:00 Jana Jakubčinová
Interdisciplinary education of chosen parts of natural sciences for pre-
service teachers

11:00 – 11:20 Thaer Syam
CFD analysis of damping characteristics of a hydraulic damper

through geometrical modification and velocity variation
11:20 – 11:40 Eva Babalová

Numerical simulation of dissimilar laser welding of titanium and
AISI304 steel parts

11:40 – 12:00 Mária Behúlová
Modelling and numerical simulation of temperature fields during
WAAM production of an aluminium part

12:00 – 12:10 Closing
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33rd DMSRE Seminar, 9­13 September 2024, Tatranská Štrba, Slovakia

Roughness and wettability of the Ti Grade 2 surfaces modified by
nanosecond laser

Richard Antala, Peter Šugár, Jana Šugárová, and Michal Moško

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

Surface characteristics of the materials dedicated to application in a biological environment
play an important role. Chemical and phase composition, surface morphology and roughness
determine the processes on the interface implant-surrounding bone, therefore many researchers
are looking for optimal implant’s surface integrity with an emphasis on micro and nano rough-
ness alternation, in combination with the improved thickness of passivation layer and enhanced
surface energy [1 - 4]. One of many ways how to improve the surface properties of materials
for biomedical applications is laser structuring [5]. In this study, the impact of laser structuring
parameters on the surface roughness and wettability of flat Ti Grade 2 surfaces was examined.
Five experimental surfaces were prepared applying different levels of laser pulse energy main-
taining the constant value of the scanning speed and five surfaces were prepared using various
values of scanning speed while keeping the pulse energy constant. The surface morphology
was documented employing high-resolution digital microscopy followed by the surface rough-
ness parameters measurement using the contact profilometer. Finally, the surface wettability
was measured using the sessile drop technique [6]. Experimental results confirmed a tendency
of the surface contact angle to increase with the increase of the scanning speed, which cor-
responds with the trend of surface roughness parameters Rsk and Rku to be higher when the
scanning speed is increased. An opposite tendency of the contact angle decrease was observed
with the rise of the laser pulse energy. It is consistent with the trend of a slight decrease in the
surface profile kurtosis Rku when the pulse energy grows.

This research was supported by the VEGA project 2/0054/23, the KEGA project 026STU-
4/2023, and the project TIBLAS, solved under the STU Grand Scheme for Support of Young
Researchers.

[1] V. Veiko et al., Nanomaterials 12, 23 (2022), 4229.
[2] K. Rafiee, H. Naffakh-Moosavy, E. Tamjid, Mater. Sci. Eng. C 109 (2020), 110637.
[3] N. Eghbali, H. et al., Dent. Mater. 37, 3 (2021), pp. 547 – 558.
[4] N. Sirdeshmukh and G. Dongre, Results Eng. 17 (2023), 100898.
[5] H. Li et al., Int. J. Adv. Man. Tech. 119, 9 – 10, (2022), pp. 5993 – 6005.
[6] M. Moško, Modification of functional properties of surfaces by laser micromachining.

(Master Thesiss) Trnava: MTF STU (2024).
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Numerical simulation of dissimilar laser welding of titanium and
AISI304 steel parts

Eva Babalová and Mária Behúlová

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

Laser welding of titanium Grade 2 and AISI304 steel parts is commonly used in industries
such as aerospace, automotive. These two metals have unique characteristics that make them
ideal for various applications, but their differences in thermal conductivity, melting points, and
chemical composition make achieving a strong and durable joint challenging [1]. Numerical
simulation plays a crucial role in understanding and optimizing the laser welding process. By
using numerical simulation is possible predict the behavior of the weld pool, heat distribution,
and residual stresses in the welded material. This allows for the optimization of process pa-
rameters such as laser power, welding speed, and focal spot size to achieve better weld quality
and efficiency [2]. This article focuses on analysing the temperature fields during the laser
welding of 2 mm thick plates of AISI 304 steel and Ti Grade 2 through numerical simulations
using ANSYS software. A simulation model for producing butt joints was developed to eval-
uate the impact of laser welding parameters, including laser power, welding speed, and laser
beam offset towards the AISI 304 side, on temperature distribution and weld-pool characteris-
tics. The laser heat source was modeled using a conical model with a Gaussian distribution of
laser beam power. Material properties of AISI 304 steel and Ti Grade 2 were calculated as a
function of temperature using JMatPro software. Cooling of the welding plates via convection
and radiation with the argon shielding gas and surrounding air was applied using a third-kind
boundary condition. Subsequently, the simulation model was employed to design appropriate
technological parameters for laser welding these dissimilar metals. Using the DoE (Design of
Experiment), the influence of technological parameters such as welding speed and laser power
on the size of the melted zone on the top and bottom of the weld was analyse. An optimization
was carried out, on the basis of which the area of optimal parameters for creating a weld with
good quality was designed [3].

This research has been supported by the Scientific Grant Agency of the Slovak Republic
within the KEGA 035 STU-4/2024, VEGA Project No. 1/0287/21.

[1] S. Chen et al., Materials and Design 53, 504-511 (2014).
[2] Y. Zhang et al., J. Mater. Res. Technol. 9(1), 465-477 (2020).
[3] D. C. Montgomery, Design and Analysis of Experiments, eighth ed., John Wiley & Sons,

Inc., Hoboken, 2017
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Modelling and numerical simulation of temperature fields during
WAAM production of an aluminium part

Mária Behúlová1, Eva Babalová1, Miroslav Sahul1,2, Martin Sahul1, Marián Pavlík1, and
Tomáš Němec2

1Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

2Czech Technical University in Prague, Faculty of Mechanical Engineering, Technická 4, 166
07 Praha 6, Czech Republic

Wire arc additive manufacturing (WAAM) is a notably promising direct energy deposition
(DED) technology for the production of large-scale metallic components of various shapes
without the need for complex tooling, molds, or dies. The main advantages of this technology
include high material efficiency, lead time reductions, a high deposition rate, and low pro-
duction costs [1-2]. WAAM offers numerous benefits for a wide range of metallic materials,
including metals with high reflectivity like aluminum, copper, and magnesium, and their al-
loys [2-4]. The paper investigates the thermal cycles and temperature fields that develop dur-
ing the additive manufacturing of an AA5087 aluminum alloy part using conventional Cold
Metal Transfer (CMT) with varying deposition parameters. Thermal cycles were experimen-
tally measured using an Ahlborn Almemo 5690-2 measuring station equipped with K-type
thermocouples, while temperature fields were captured with a FLIR E95 infrared camera. A
simulation model of the deposition process was developed to study the effect of deposition pa-
rameters on temperature distribution and the geometrical characteristics of weld beads. Results
from numerical simulations using ANSYS software were compared with the macrostructural
features and weld bead dimensions in single layers.

The research was supported by the Scientific Grant Agency of the Slovak Republic within
the VEGA Projects No. 1/0287/21 and and KEGA Project No. 1/0769/24.

[1] Y. Li, Ch. Su and J. Zhu, Results Eng. 13 (2022) 100330.
[2] H Pant et al. Int. J. Adv. Manuf. Technol. 127 (2023) 4995–5011.
[3] K E K Vimal, M Naveen Srinivas and S Rajak, Mater. Today Proc. 41 (2021) 1139.
[4] M. Maleta et al. Materials 17 (2024) 50.
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The impact of surface roughness of replaceable cutting inserts treated
with MRF technology on the turning process

Ondřej Bílek1, Jan Zlámal1, Jana Knedlová1, and Hana Vrbová1,2

1Tomas Bata University in Zlín, Faculty of Technology, Vavrečkova 5669, 76001 Zlín, Czechia
2Department of Plastics and Rubber, Institute of Polymer Materials, Faculty of Chemical and

Food Technology, Slovak University of Technology in Bratislava, Radlinského 9, 811 07
Bratislava, Slovakia

This work investigates the effect of the surface roughness of uncoated replaceable cutting in-
serts (RCIs) on the turning process. The surface of the RCIs was modified using sandblasting
and magnetorheological finishing (MRF) technology, and the results were compared with the
original untreated surface. The experimental research was conducted on DMG Mori’s NTX
1000 turn-mill center, where cutting forces were measured using a Kistler 9129AA dynamome-
ter and analyzed using Dynoware software. The results showed that the roughness of RCI sig-
nificantly affected the final workpiece quality, cutting forces and chip compression coefficient.
The MRF-treated RCI showed lower cutting forces and better workpiece surface quality. In
addition, MRF technology allows for more precise control of surface roughness and quality.
Therefore, optimizing RCI roughness is critical for efficient and energy-saving turning opera-
tions.

This work and the project were realized with the financial support of the internal grant
of TBU in Zlín No. IGA/FT/2024/002, financed from the resources of specific university re-
search.
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Exploring novel phases in the nickel-oxygen binary system with
evolutionary algorithms and density functional theory modeling

Radovan Bujdák1, Diana Fabušová1, Kamil Tokár1,2, and Mariana Derzsi1

1Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Advanced Technologies Research Institute, Ulica Jána Bottu č. 2781/25, 917 24

Trnava, Slovakia 917 24 Trnava, Slovakia
2Institute of Physics, Slovak Academy of Sciences, 845 11 Bratislava, Slovakia

Transition metal oxides present a vast array of materials with innumerable technical and chem-
ical applications. Recently, binary oxides of nickel have attracted significant attention due to
their emergence as a family of new superconducting materials, as well as their relevance in var-
ious industrial processes, such as metallurgy, catalysis, and semiconductor fabrication. Known
binary nickel oxides have a wide application area, and the prediction and description of new
phases in Ni-O binary system might uncover new attractive and functional materials. In our
work, we explore and characterize either completely unknown or poorly characterzed phases
in binary transition metal oxide system Ni-O. We utilize a methodology that integrates state-
of-the-art approaches such as Density Functional Theory (DFT) calculations in combination
with Evolutionary Algorithms (EA) for the theoretical prediction of structures of new phases.
We focus on analyzing crystal chemistry across various stoichiometries within the Ni-O bi-
nary system, examining large datasets generated by EA+DFT to uncover statistical patterns,
relationships, and preferences in the data. Our findings contribute to a deeper fundamental
understanding of the nickel-oxygen binary system.

This work was supported by Project No. SK-SRB-23-0035 - A synergy of ion beam meth-
ods and 2D materials with bulk and nano systems for energy and sensing applications. Pre-
sented research results were largely obtained using the computational resources procured in
the national project National competence centre for high performance computing (project
code: 311070AKF2) funded by European Regional Development Fund, EU Structural Funds
Informatization of society, Operational Program Integrated Infrastructure.
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Comparison of experimental and thermodynamic approaches in the
study of Ga-enriched SAC305 lead-free solders

Ivona Černičková, Libor Ďuriška, Marián Drienovský, Tereza Machajdíková, Michaela
Halmanová, and Roman Čička

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

The aim of the work was the study of lead-free solders SAC305 alloyed with gallium and
comparison of experimental and thermodynamic approaches. In the experimental investiga-
tion, scanning electron microscopy, energy-dispersive X-ray spectroscopy, X-ray diffraction
and differential scanning calorimetry were used. It has been observed that with the addition of
gallium in the solders, the thermal properties of the solders are improved. Also at low gallium
content, a refinement of the microstructure was observed. However, at high gallium content,
the exclusion of the inappropriate gallium-rich phase was found. The experimental results
are compared to thermodynamic calculations of the Sn-Ag-Cu-Ga system obtained using the
Thermo-Calc software.

This work was supported by the Grant Agency VEGA (1/0389/22) and Slovak Research and
Development Agency (APVV-20-0124).

22



33rd DMSRE Seminar, 9­13 September 2024, Tatranská Štrba, Slovakia

Hermes LabSystems - provider of solutions for laboratories

Martin Cyprich

Hermes LabSystems s.r.o., Púchovská 12, Bratislava, Slovakia

Hermes LabSystems is a provider of leading-edge solutions for laboratories in analytical chem-
istry, cell and molecular biology, genomics, diagnostic pathology, thermal analysis and other
disciplines. The company was founded in 1996 to distribute products from the former An-
alytical Chemistry Division of Hewlett-Packard. At the time, no one knew that after only a
few years of existence, we would become a major player in the analytical chemistry technol-
ogy market and later in molecular biology, genomics and diagnostic pathology. As an official
representative of the world’s leading manufacturers, we supply instruments, equipment and
consumables for laboratories and provide support and consulting, equipment rental, training,
after-sales service, metrology and other services. In August 2021, Hermes LabSystems be-
came co-owner of the third largest distributor of laboratory supplies in Europe, Lab Logistic
Group, GmbH (LLG), based in Meckenheim, Germany. LLG is a company with more than 50
years of history, during which time it has earned a leading position in the distribution of lab-
oratory supplies. Our positive and motivated team has extensive knowledge and experience.
Combined with the unique technologies of our partners, this enables us to reliably help our
customers achieve the highest quality results. Our approach to the market is defined by inno-
vation, flexibility, quality and customer focus. Our goal is to serve public and private clients
at the highest possible level and with the highest expertise to become the best in their field.
www.hermeslab.sk
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Modern composites in transportation constructions

Daniel Ďugel and Lenka Lapašová

University of Žilina, Faculty of Civil Engineering, Department of Structural Mechanics and
Applied Mathematics, Univerzitná 8215/1, 010 26 Žilina, Slovak Republic

The large variety of existing modern composite materials and products on the construction
market provides a number of possibilities for their use. However, at the same time the world
is facing many challenges due to the daily deterioration of the environment and the depletion
of non-renewable
resources. New technologies and materials are being sought to combat these issues. As one
of possible solutions is the innovative use of polymers in transport construction. This paper
focuses on the investigation of the material properties of two different materials (hybrid com-
posite and foam concrete). The main idea of the research is the development of new composite
materials with higher strength and durability compared to traditional types of materials used
on construction site.
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The determination of basic material properties using DIC

Rastislav Ďuriš and Eva Labašová

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

In determining the basic material properties, in recent years contact the strain gauge techniques
of deformation measurements are often replaced by non-contact deformation measurement
techniques. Digital image correlation (DIC) is currently one of the most popular non-contact
optical method. The robust computational correlation algorithms developed so far allow a
sufficiently accurate description of the movement of material points during the deformation
of the tested sample. They effectively provide an estimate of the distribution of deformation
field. For this reason, the relatively simple optical DIC method is widely used to estimate
displacements and deformations in various applications: material characteristic investigation,
structural condition monitoring, fatigue crack growth tracking, high temperature testing, etc.
The adaptability of the DIC technique lies in the technology of image capture by standard
cameras, applicability to a wide range of dimensions and materials of the tested samples and
constructions. The contribution is focused on the use of the open source MATLAB 2D DIC
software Ncorr [1] to evaluate the deformations of the test sample during the static tensile test.
Tensile tests were carried out on flat samples made in different dimensions and with different
materials. The influence of selected parameters of the correlation algorithm in the settings of
the Ncorr program on the estimation of deformations was evaluated. The results of uniaxial
strains obtained by the DIC method were verified by experimental measurements using an in-
stalled strain gauge and a reference extensometer. Subsequently, the basic parameters of the
material of the samples were determined: Young’s modulus of elasticity and Poisson’s ratio.

This work was supported by the Slovak Cultural and Educational Grant Agency KEGA
within the project No. 035STU-4/2024.

[1] Blaber, J., Adair B., Antoniou, A. (2015)Ncorr: Open-Source 2DDigital ImageCorrelation
Matlab Software, Experimental Mechanics 55:1105–1122
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Structural and thermodynamic studies of SAC108 lead-free solders
enriched with Ga

Libor Ďuriška, Ivona Černičková, Marián Drienovský, Michaela Halmanová, and Martin
Kusý

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

In recent years, lead-free solders based on Sn-Ag-Cu (SAC) have been considered as the most
promising alternative to Sn-Pb solders [1,2]. Themost preferred candidates used in industry are
SAC387 (95.5 wt.% Sn, 3.8 wt.% Ag, and 0.7 wt.% Cu) and SAC 305 (96.5 wt.% Sn, 3.0 wt.%
Ag, and 0.5 wt.% Cu) [1]. However, there is a tendency to reduce the overall cost of the solder
by reducing the Ag content. Despite the fact that a lot of work has been done in recent years,
properties of lead-free solders have not been fully optimized compared to lead-based solders
[3]. However, it was found that additional alloying elements (e.g., Ga, In, Bi, Ni) can lower the
melting temperature and optimize the thickness and morphology of the intermetallic compound
(IMC) layer [4-6]. Considering the above facts, this work is focused on the study of SAC108
(98.2 wt.% Sn, 1.0 wt.% Ag, and 0.8 wt.% Cu) enriched with Ga. The main aim is to study
the influence of Ga on structural, thermal, and mechanical properties of SAC using scanning
electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), X-ray diffraction
(XRD), differential scanning calorimetry (DSC), and Vickers hardness testing (HV1). The
phase composition and morphology is discussed. The hardness and melting point of studies
solders are evaluated. The effect of the Ga addition is also discussed in terms of thermodynamic
calculations performed by the Thermo-Calc software.

This work was supported by the Grant Agency VEGA (1/0389/22) and Slovak Research and
Development Agency (APVV-20-0124).

[1] D. Zhou, A.S.M.A. Haseeb, and A. Andriyana, Mater Today Commun. 33 (2022) 104430.
[2] W. R. Osório, L. C. Peixoto, L. R. Garcia, N. Mangelinck-Noël, and A. Garcia, J. Alloys

Compd. 572 (2013) 97-106.
[3] M.A. Fazal, N.K. Liyana, S. Rubaiee, and A. Anas, Measurement 134 (2019) 897-907.
[4] J. Zhao, L. Qi, X. Wang, and L. Wang, J. Alloys Compd. 375 (2004) 196-201.
[5] K.S. Kim, S.H. Huh, and K. Suganuma, Microelectron. Reliab. 43 (2003) 259-267.
[6] P. Sivakumar, K. O’Donnell, and J. Cho, Mater. Today Commun. 26 (2021) 101787.
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AM deposited metallic materials mechanical properties assessment with
the use miniaturized samples

Jan Džugan

COMTES FHT a.s., Prumyslova 995, Dobrany, Czechia

Additive manufacturing (AM) has seen a dramatic surge in interest, necessitating precise char-
acterization of mechanical properties for its successful integration into engineering structures.
It is well-established that the mechanical behavior of AM-produced components is highly sen-
sitive to deposition parameters such as location, orientation, and wall thickness, resulting in
substantial property variations. Moreover, the size dependency and surface quality of AM
parts significantly impact their mechanical performance, rendering standard test samples of-
ten unsuitable. While miniaturized samples are undergoing standardization for tensile testing,
there remains a critical gap in methodologies for fatigue, fracture toughness, and creep evalua-
tions. This paper provides a comprehensive overview of mini-sample utilization for these tests
and outlines ongoing standardization efforts in this field.

All activities at COMTES FHT were supported by the Ministry of Industry and Trade of the
Czech Republic under a research organization decision no. 3/2018.
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Theoretical investigation and DFT modelling of novel Pd2O polymorphs
using educated guess and evolutionary algorithms

Diana Fabušová1, Radovan Bujdák1, Kamil Tokár1,2, and Mariana Derzsi1

1Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Advanced Technologies Research Institute, Ulica Jána Bottu č. 2781/25, 917 24

Trnava, Slovakia
2Institute of Physics, Slovak Academy of Sciences, 845 11 Bratislava, Slovakia

Transition metal oxides represent a significant category of materials with wide-ranging ap-
plications in technical and chemical fields. Among these, binary oxides of palladium have
recently attracted significant interest due to their exceptional catalytic properties [1], particu-
larly in industries such as automotive, pharmaceutical, and agriculture. Despite their impor-
tance, palladium oxides remain poorly characterized, with only PdO [2] and PdO2[3] being
well-recognized. In this study, we focus on the challenging task of identifying and charac-
terizing new phases within binary palladium oxides, specifically Pd2O. Utilizing a strategy
that combines Density Functional Theory (DFT) calculations with educated guesses and evo-
lutionary algorithms, we aim to predict and explore the structure of Pd2O. Palladium oxide,
Pd2O has been only identified in ultrathin palladium films and cuprite structure with space
group Pn-3m was proposed [4]. However, it was not further characterized and its properties
remain unknown. Therefore, in order to gain deeper insights into the properties of Pd2O we
have calculated crystal, electronic and phonon structure of the reported cubic Pd2O phase and
evaluated its thermodynamic stability using Density Functional Theory. Additionally, in com-
bination with evolutionary algorithms for crystal structure prediction we have proposed other
potential new polymorphs of Pd2O. Our results show that Pd2O can form various polymorphs
with more favorable formation enthalpy than previous reported cuprite structure.This study not
only advances the understanding of Pd2O but also demonstrates the effectiveness of integrating
theoretical methods in the exploration of poorly characterized transition metal oxides.

Research results was obtained using the computational resources procured in the national
project National competence centre for high performance computing (project code: 311070AKF2)
funded by European Regional Development Fund, EU Structural Funds Informatization of so-
ciety, Operational Program Integrated Infrastructure.

[1] K. Ament et al., ACS Catal. 11 (2021) 2754.
[2] J. Waser, H. A. Levy, S. W. Peterson, Acta Cryst. 6 (1953) 661.
[3] I. S. Shaplygin, G. L. Aparnikov, V. B. Lazarev, Russ. J. Inorg. Chem. 23 (1978) 488.
[4] J. Kumar, R. Saxena, J. Less-Common Met. 147 (1989) 59.
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Impact of sputtering power on trace impurities in binary oxides: A
ToF-ERDA characterization study

Filip Ferenčík, Jozef Dobrovodský, Zoltán Száraz, and Pavol Noga

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Advanced Technologies Research Institute, Ulica Jána Bottu č. 2781/25, 917 24

Trnava, Slovakia

Performance of Binary oxides, used especially in the semiconductor industry, are significantly
affected by impurity concentrations. Power density is one of the sputtering parameters that
significantly affects these impurities. Increasing the power density reduces the amount of con-
taminants in the thin film metals. This study examines how power density in magnetron sput-
tering impacts hydrogen, carbon, and other impurities in silicon, titanium, copper, silver, and
palladium binary oxides, which are common in the semiconductor industry and needed further
investigation for comparison with metals. We focused on a narrow power density range of 200-
300W using DC reactive magnetron sputtering on a 3-inch target. Six samples of each material
were prepared under fixed conditions of 5×10E-3 mbar pressure in an Argon and Oxygen at-
mosphere with a flow rate of 40/10 sccm. Data analysis was performed on films of the same
thickness, ignoring the surfaces of both the substrate and the film. Using Time-of-Flight Elas-
tic Recoil Detection Analysis (ToF-ERDA), we detected very low but important changes in
impurity concentrations and understood how they relate to the sputtering power density. The
results offer new insights into optimizing deposition parameters to improve film purity and
performance.

The Slovak Research and Development Agency, grant No. APVV-20-0220.
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Interdisciplinary education of chosen parts of natural sciences for
pre-service teachers

Jana Jakubčinová and Melánia Feszterová

Constantine the Philosopher University in Nitra, Tr. A. Hlinku 1, Nitra, Slovakia

The preparation of pre-service teachers and the training of professionals, technicians and en-
gineers are the main focus of new fields of study, curricula and educational approaches. The
multidisciplinary elements of chemistry are emphasised in university chemistry teacher prepa-
ration programs. The aim is to educate pre-service teachers by integrating the chemical and
physical disciplines through specific laboratory assignments. The above disciplines enhance
the effectiveness of pre-service student-teacher preparation in acquiring pedagogical skills re-
lated to developing flexible structural aspects of teaching practices to meet a specific learning
objective. The aim is to foster creativity and provide positive motivation for the science disci-
plines (chemistry and physics) using interdisciplinary approaches. The examples given in the
paper focus on physics for chemists.Laboratory exercises are also included as an educational
optimising factor based on the relationships between science disciplines. The students apply
the acquired theoretical knowledge to experimental activities on a physical basis. They perform
basic measurements on available laboratory instruments and evaluate the data. Laboratory ex-
ercises are an essential tool to improve the quality of education for the following reasons: the
essence is practical learning and experimentation, developing as well as promoting technical
and practical skills that help in the development of critical thinking and problem-solving, conse-
quently promoting interaction and cooperation, and above all validating theoretical knowledge.
Laboratory exercises in the education of pre-service teachers will help students understand
chemistry and physics concepts through hands-on learning and interactive activities. Expecta-
tions, outcomes, and benefits of the laboratory exercise among the pre-service chemistry and
physics teachers were orientated in the teaching: improving memorisation and understanding
of physicochemical concepts and relationships through laboratory exercises and interactive ac-
tivities; increasing the engagement of student pre-service teachers in the teaching process and
encouraging their active participation in solving physicochemical problems; strengthening the
practical skills and competencies of pre-service teachers, which can contribute to better use
of modern technologies in teaching; creating a stimulating and innovative learning environ-
ment through interdisciplinary learning. The results highlighted the importance of improving
chemistry teaching, increasing student motivation, developing skills and promoting interac-
tive learning. These implemented applications and activities can contribute to more effective
and interesting teaching of chemistry and physics and support the development of students’
comprehensive chemical knowledge in interdisciplinary education.

This work was supported by the project KEGA No. 015/UKF-4/2024, “Activating Teaching
Methods in Science Education with the Implementation of Digital Technologies“.
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Silver borophosphate glasses modified with tungsten and molybdenum
oxide

Tomáš Hostinský, Petr Mošner, and Ladislav Koudelka

University of Pardubice, Faculty of Chemical Technology, Department of General and
Inorganic Chemistry, Studentská 573, Pardubice 532 10, Czech Republic

This contribution deals with study of mixed glass former effect (MGFE) and its effects in two
series of borophosphate glasses of 40Ag2O-20MO3-(40-x)P2O5-xB2O3 (where M =W, Mo) in
a composition range of x = 0-30 mol% B2O3. Basic physico-chemical properties were deter-
mined, and thermal properties studied by differential thermal analysis and thermomechanical
analysis. The glass structure was investigated using Raman spectroscopy and both 1D and 2D
11B and 31PMAS NMR spectroscopy. Behavior and oxidation states of tungsten and molybde-
num throughout the series was investigated using EPR spectroscopy. The electrical properties
of the glasses were obtained by using impedance spectroscopy. In both series, glass transi-
tion temperature, Tg, increases in range of 0-10 mol% B2O3, further additions results in slight
decline of Tg values. Results from impedance spectroscopy reveal non-linear increase in DC
conductivity which can be attributed to MGFE and therefore changes in the structure of the
glass network. The second possible explanation of the development in DC conductivity can
be attributed to the presence of reduced forms of W and Mo which can affect the resulting
conductivity by the polaron hopping phenomenon. This phenomenon has already been stud-
ied and confirmed on glasses of similar systems [1]. Structure of the glasses was probed with
multiple MAS NMR experiments. To get first information about the glass network, standard
1D experiments of 11B and 31P nuclei were performed. From obtained 31P MAS NMR spec-
tra is visible the transformation of the dominant phosphate structural units in the direction of
Q2->Q0 with B2O3 additions, and thus the shortening of the phosphate chains. Development
in 11B MAS NMR spectra reveals presence of both BO4 and BO3 structural units through the
series. Interconnections between phosphate and borate species was further studied by multiple
2D correlation techniques. Namely 2D 31P INADEQUATE sequence was used to probe direct
trough bond connections between phosphate structure units, which confirmed shortening of
phosphate chains. As next was done investigation of the P-O-B linkages using the 11B(31P)
D-HMQC sequence. This experiment confirmed presence of both P-O-B[4] and P-O-B[3] struc-
ture units connection inside the glass network. And lastly 2D 11B DQ-SQ sequence was used
to investigation of presence and nature of B-O-B bonds. This experiment reveals presence and
evolution of all three BO3-BO3, BO3-BO4 and BO4-BO4 pairs inside the glass network. By
combining all these methods, we were able to prepare an approximate structural model of these
glasses, which could be used to explain the macroscopic properties of the studied glasses.

This work was supported by IR INFRANALYTICS FR2054 project.

[1] A. Šantić, J. Nikolić, S. Renka, et al., Solid State Ionics, 2022, 375, 115849.
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Effect of structure on the fatique properties of aluminum casting alloys

Silvia Hudecová, Milan Uhríčik, Peter Palček, Veronika Chvalníková, Zuzana Šurdová, and
Lukáš Šikyňa

University of Žilina, Department of Materials Engineering, Univerzitná 8125/1, Žilina,
Slovakia

Casting alloys are materials used for producing shape castings, specifically aluminum alloy
products with intricate geometries. These alloys are increasingly prevalent and find numerous
applications in modern industry [1]. Aluminum alloys are critical engineering materials exten-
sively utilized in various fields such as automotive parts, aircraft components, wire ropes, and
overhead electrical cables due to their high strength-to-density ratio. However, in these appli-
cations, aluminum alloys are also susceptible to fatigue damage [2]. Aluminum alloys used in
the automotive industry must exhibit a suitable balance of strength and ductility. Sheets or pro-
files are typically formed into final shapes, such as body panels or bumper beams, through cold
deformation. Therefore, bendability is crucial for both fabrication and application, where duc-
tility ensures optimal energy absorption. While uniaxial tensile testing is commonly employed
to determine the mechanical properties of metals, it may not accurately reflect the deforma-
tion modes experienced by a component. In such cases, the three-point bending test is a more
appropriate method for assessing mechanical properties. Several factors influence bendabil-
ity, including hardening behavior, constituent particles, shear band formation, microstructure,
and texture/anisotropy [3]. The aim of this work is to study and analyze the properties of alu-
minum alloys for casting. The experimental measurement is aimed at material evaluation and
fractographic analysis of fracture surfaces after three-point bending loading.

The research was supported by the Scientific Grant Agency of the Ministry of Education of
Slovak Republic and Slovak Academy of Sciences, VEGA 01/0461/24, KEGA 004ŽU-4/2023,
KEGA 016ŽU-4/2023, project APVV-20-0427 and project to support young researchers at
UNIZA, the ID of project 12715.

[1] M.V. Glazoff, V.S. Zolotorevsky, N.A. Belov, Casting Aluminum Alloys, Elsevier, The
Netherlands (2007).

[2] R. Sadeler, S. Atasoy, H. Altun, Metallic Materials 47 (2009) 95.
[3] I. Westermann, K.E. Snilsberg, Z. Sharifi, O.S. Hopperstad, K. Marthinsen, B. Holmedal,

Metal. and Mat. Tran. A 42 (2011) 3386.
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Influence of annealing on Raman and photoluminescence spectra of
single crystal ZnO

David John1,2,3, Zdeněk Remeš1, Radim Novák1, Jakub Volf1,4, Oleg Babčenko1, Egor
Ukraintsev5, Bohuslav Rezek5, and Maksym Buryi6

1Institute of Physics of the Czech Academy of Sciences, Na Slovance 1999/2, 182 00, Prague,
Czech Republic

2Nuclear Physics Institute of the Czech Academy of Sciences, Na Truhlářce 39/64, 180 00,
Prague, Czech Republic

3Faculty of Nuclear Sciences and Physical Engineering of the Czech Technical University,
Břehová 7, 115 19, Prague, Czech Republic

4Department of Inorganic of Chemistry University of Chemistry and Technology, Technická 5,
160 00, Prague, Czech Republic

5Faculty of Electrical Engineering of the Czech Technical University, Technická 2, 160 00,
Prague, Czech Republic

6Institute of Plasma Physics of the Czech Academy of Sciences, U Slovanky 2525/1a, 182 00,
Prague, Czech Republic

Zinc oxide exhibits high electron mobility, wide 3.3eV band gap, ability to sustain large elec-
tric fields, relative low electronic noise, and strong luminescence at room temperature. These
properties make ZnO invaluable for a broad range of applications. It is therefore important to
study to influence of treatment on its properties under various conditions. In this work we com-
pare Fourier transform infrared Raman (FTIR Raman, 1064 nm laser excitation, 70-3500/cm
spectral range, 1/cm spectral resolution) and photoluminescence (PL, 360 nm UV LED exci-
tation, 375-700 nm spectral range, 1 ns time resolution) optical spectra of as the received and
annealed ZnO single crystals. The annealing has been done in oxidizing and reducing atmo-
sphere at 350, 500 and 700C. The Raman spectra show two characteristic peaks at 100/cm
and 440/cm associated with the sublattice oscillations of Zn and O, respective, and a broad
PL band in the visible spectrum with mean time decay about 10 microseconds. The optical
measurements are correlated with the topographical information obtained by atomic force mi-
croscopy (AFM). We analyze trends in the optical spectra related to vacancy rearrangements
in the lattice, and showed a possible next course of action for further research.

The work was supported by the Czech Science Foundation project 24-10607J, Ministry of
Education, Youth and Sports of Czech Republic (MEYS) Danube project 8X23025 and the Mo-
bility Plus project SAV-23-13 (CAS-SAS-2022-08) and the program “Strategy AV 21” of the
Czech Academy of Sciences, specifically work package VP 27 Sustainable Energy (Renewable
energy resources and distributed energy systems). This work has used the large research in-
frastructure CzechNanolab supported by the MEYS through the project No. LM2023051 and
by the Operational Programme Johannes Amos Comenius (OP JAC) project financed by Euro-
pean Structural and Investment Funds (ESIF) and the Ministry of Education, Youth and Sports
of Czech Republic (MEYS): SENDISO—CZ.02.01.01/00/22_008/0004596.
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Monitoring of selected aspects during the plasma polishing of cemented
carbide end mills

František Jurina, Tomáš Vopát, Štefan Podhorský, and Boris Pätoprstý

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

The article deals with the monitoring of selected characteristics of the plasma discharge pro-
cess during the polishing of cemented carbide milling cutters. The aim of the experiment is
to evaluate the change in current, voltage, temperature of the electrolyte and the cutting edge
radius sizes with respect to the polishing time. These results bring new knowledge in the spe-
cific field of cutting edge preparation of cemented carbide milling cutters by plasma discharge
in electrolyte
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Improving the efficiency of crystal growth process control by HDC
method

Juraj Kajan1,2, Grigori Damazyan1, Vira Tinkova3, Tomáš Gregor1,2, Štefan Medvecký 2, and
Mykhailo Chaika 4

1AT Crystals s.r.o., Rosinská cesta 9, Zilina 010 08, Slovakia
2University of Žilina, Univerzitná 8215, 010 26, Žilina, Slovakia

3Research Centre UNIZA, University of Žilina, Univerzitná 8215/1, 010 26 Žilina, Slovakia
4Institute of Low Temperature and Structure Research, Polish Academy of Sciences, Okólna

2, 50-422 Wrocław, Poland

In order to determine the stability of crystallization conditions, four experimental processes of
sapphire crystal growth by the horizontal directional crystallization (HDC)methodwere carried
out. The heater power was regulated based on real-time crystal-melt boundary position data
obtained using video monitoring, which provided a stable crystal growth rate. The obtained
curves of the dependence of the heater power on the length of the growing crystal indicate the
similarity of physical phenomena regardless of the degree of melting of the seed crystal, the
length of the container, and the effectiveness of thermal shielding. The analysis of the heat
flow balance revealed that heat transfer from the heater is dependent on the melt surface area.

This work was supported by the Slovak Research and Development Agency under the con-
tract No., APVV-19-0010, program for support of researchers threatened by the conflict in
Ukraine - 09I03-03-V01-00097. Projects for the collaboration between organisations in the
Slovak Republic and the Republic of Poland- SK-PL-23-003.
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TESTOVACÍ TECHNIKA s.r.o. - company presentation

Miroslav Kamenský

TESTOVACI TECHNIKA s.r.o., Československé armády 923, Poděbrady, Czechia

Web site: https://teste.sk/
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The effect of moisture on laser beam wood machining

Jana Knedlová, Milena Kubišová, Jakub Javořík, Hanka Vrbová, and Vojtěch Dušek

Tomas Bata University in Zlín, Vavrečkova 5669, Zlín, Czechia

Wood moisture can affect various parameters of the engraving process, such as the depth of
engraving, the structure and surface of the wood, and thus the overall quality of the created
image. The investigation of the influence of moisture contained in different types of wood on
their machining was carried out on samples of oak, beech, pine, spruce, alder, ash and cherry
produced using the laser device ILS 3NM, CO2, with a wavelength of 10.6 µm and a maximum
power 100 W, with a maximum feed speed of 1524 mms−1. The depth of ablation and the
surface of the machined surface were studied for selected samples with the moisture of the
wood plants in the laboratory room, the outdoor and with the moisture created by immersion
in the water bath.

This work and the project were realized with financial support from the internal grant of
TBU in Zlin No. IGA/FT/2024/002, funded by the resources of specific university research.
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Homogeneous versus heterogeneous nucleation in aluminum droplet at
low supercooling: nucleation rates and the total number of nuclei

Zdeněk Kožíšek, Robert Král, and Petra Zemenová

Institute of Physics of the Czech Academy of Sciences, Cukrovarnická 10, 162 00 Praha 6,
Czechia

Crystallization processes determine the quality of the product obtained and understanding the
molecular mechanisms that occur during crystallization remains a scientific challenge. As a
model system, we have chosen aluminum (Al), whose crystallization temperature TC≈ 642 oC
(corresponding to an undercooling ∆TC≈ 18.3 oC) and can be well detected by differential
scanning calorimetry (DSC) under non-isothermal conditions [1]. On the contrary, the crystal-
lization event was repeatedly detected by the isothermal DSC after several tens of minutes at
the undercooling∆T ≈ 6.8 oC. The standard kinetic model of homogeneous and heterogeneous
nucleation was solved numerically to determine the size distribution of the nuclei, the nucle-
ation rate, and the total number of nuclei. In our previous analysis of Al crystallization via
homogeneous nucleation, we have determined [1] the most probable values of the interfacial
energy and the kinetic barrier of nucleation. Heterogeneous nucleation of Al on the concave
droplet surface is modeled for the wetting angle ϑ = 90 ◦C when the nucleation barrier of
heterogeneous nucleation W het ≈ 1/2 of the homogeneous nucleation barrier W hom and thus
the probability of heterogeneous nucleation would be much higher than homogeneous one.
On the other hand, the number of nucleation centers, where cluster formation starts, is much
higher for homogeneous nucleation. As a result, the two nucleation processes are comparable
in the Al sample of the mass 9.91 mg. Homogeneous nucleation starts at shorter times, but
heterogeneous nucleation prevails in longer times.

[1] Z. Kožíšek, R. Král, P. Zemenová: Homogeneous nucleation and crystallization model of
Aluminum droplet based on isothermal DSC analysis, J. Therm. Anal. Calorim. 147 (2022)
13089–13098. https://dx.doi.org/10.1007/s10973-022-11497-z
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Study of thermochromic materials and their properties for visual
indicators

Robert Král1, Lucin Fortin2, Petra Zemenová1, Morgane Poupon1, Alex Nicaise2, Jan Pavel
Šafrata3, David Daniel Šafrata3, and Joris More Chevalier1

1Institute of Physics, Czech Academy of Sciences, Cukrovarnicka 10, 162 00 Prague, Czechia
2Polytech Nantes, Rue Christian Pauc, CS 50609, 44306 Nantes Cedex3, France

3Gymnázium Evolution Sázavská, Sázavská 830/5, 120 00 Prague, Czechia

Recently, chromogenic materials brought attention due to their wide application potential [1].
They belong into a broad family of functional materials containing discoloration substances
and other auxiliary components, which change color when exposed to varying external condi-
tions such as temperature, pressure, gas, etc. Specific group are the thermochormic materials,
also called as temperature sensitive material(s), with unique color change occuring (reversibly
or irreversibly) under thermal treatment [2]. Thus, these materials can be applied in scientific,
industrial, and technological applications due to their ability to provide visual indication of
thermal changes at specific environmental conditions or external influences. This may be used
in aerospace, military, smart windows (to block solar radiation), printing technology, textile,
architectural coatings, etc. [2,3]. However, the most significant application may be ascribed
to food packaging and food safety, to monitor whether the food was properly stored while
transported. Our main goal is to study selected thermochromic compounds based on Co- and
Ni-phosphites to understand the mechanism behind their color properties and changes. How-
ever, due to their complex composition, which results in multiple transitions and decomposi-
tions at higher temperatures, we decided to firstly study thermochromic transitions on model
compounds such as cobalt chloride hexahydrate (CoCl2.6H2O) and nickel chloride hexahy-
drate (NiCl2.6H2O). In this work we explored and analyzed properties of above mentioned
model compounds using various thermoanalytical methods e.g. thermomicroscopy, simulta-
neous differential thermal analysis and thermogravimetry coupled with mass spectrometry, and
thermomechanical analysis. Further, their structural and physical properties were investigated
as well.

The work is supported by Operational Programme Johannes Amos Comenius financed by
European Structural and Investment Funds and the Czech Ministry of Education, Youth and
Sports (Project No. SENDISO – CZ.02.01.01/00/22_008/0004596).

[1] D.K. Nguyen, Q.-V. Bach, J.-H. Lee, I.-T. Kim, Materials 11 (2018) 1693.
[2] Y. Cheng, X. Zhang, C. Fang, J. Chen, Z. Wang, J. Mater. Sci. Technol. 34 (2018) 2225.
[3] W. Yu, Y. Zhou, Z. Li, D. Zhu, L. Wang, Q. Lei, C. Wu, H. Xie, Y. Li, Appl. Energy 372

(2024) 123821.
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Ternary lithium manganese (II) chloride as a new red-emitting neutron
scintillator

Vojtěch Vaněček1, Robert Král1, Kateřina Křehlíková1,2, Petr Průša1,3, Romana Kučerková1,
Vladimir Babin1, Anton S. Tremsin4,5, Petra Zemenová1, Monika Kotyková1,3, Jan

Rohlíček1, Zuzana Málková1, Terézia Jurkovičová1, and Martin Nikl1

1Institute of Physics of Czech Academy of Science, 162 00 Praha 6, Czechia, Cukrovarnická
112/10, Prague, Czechia

2Faculty of Chemistry and Technology, University of Chemistry and Technology in Prague,
Technicka 5, Prague 16628, Czech Republic

3Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in
Prague, Brehova 7, 11519, Prague, Czech Republic

4Space Sciences Laboratory, University of California at Berkely, Berkeley, California 94720,
United States

5Lawrence Berkeley National Laboratory, Berkeley, California 94720, United States

Neutron detectors play an important role in many application fields, such as nuclear power gen-
eration, nuclear decommissioning and decontamination, border and homeland security control,
nuclear non-proliferation and medicine [1,2]. The current world source of 3He comes mostly
from the decay of tritium originating in nuclear weapons programs in the U.S. and Russia.
Since 2008, 3He has become extremely expensive as the supply became limited and the world
has been facing the shortage [1,3]. As 3He proportional counters still represent the indus-
try standard for neutron detection [4,5], there is still high demand for an alternative scintil-
lation material, which would have potential to be mass-produced at low-cost from promptly
available materials and technology [3]. Good neutron detection efficiency, gamma-neutron
separation and robustness for deployment are the most important properties sought after [1].
From the group of inorganic scintillators, red-emitting ternary lithium manganese (II) chlo-
ride (Li2MnCl4) could represent a promising new material for neutron detection. In this study,
undoped and Ce3+ and Eu2+ doped Li2MnCl4 single crystals were grown by vertical Bridg-
man method and basic structural, compositional, physical, thermal, optical, luminescence, and
scintillation characterizations were performed.

The work is supported by Operational Programme Johannes Amos Comenius financed by
European Structural and Investment Funds and the Czech Ministry of Education, Youth and
Sports (Project No. SENDISO - CZ.02.01.01/00/22_008/0004596. This research was con-
ducted in the scope of the Japanese Society for Promotion of Science standard fellowship.

[1] Kouzes et al., Nucl. Instrum. Methods Phys. Res., Sect. A, 784 (2015) 172–175
[2] Carturan et al., Eur. Phys. J. Plus, 129 (2014) 212
[3] Nagarkar et al., 2013 NSS/MIC (2013) 1–4
[4] Maslin et al., Nucl. Instrum. Methods Phys. Res., Sect. A, 1058 (2024) 168898
[5] Dujardin et al., IEEE Trans. Nucl. Sci., 65 (2018) 1977–1997
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Effects of high fluence helium ion irradiation on the micromechanical
properties of Eurofer97 and ODS Eurofer steels

Matej Kubiš1, Zoltán Száraz1, Vladimír Kršjak1,2, and Pavol Noga1

1Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

2Slovak University of Technology in Bratislava, Faculty of Electrical Engineering and
Information Technology, Institute of Nuclear and Physical Engineering, Ilkovičova 3,81219

Bratislava, Slovakia

This study aimed to address the challenge posed by elevated levels of transmutation helium in
materials for advanced nuclear reactors, both fusion and fission, which leads to the formation
of helium bubbles, causing embrittlement and swelling [1]. While current research primarily
examines fundamental aspects such as defect evolution and void swelling at the nanoscale,
our study specifically investigates the bulk properties of these materials and their practical
engineering applications. To study the effects of transmutation helium, we subjected Eurofer97
and its ODS variant, as well as five other structural steels–SIMP, PM2000, OSD Eurofer, SS
310S, and 800H–designed for use in demanding radiation environments, to high fluence helium
ion irradiation. Using multiple ion energies ranging from 17 MeV to 1 MeV, we conducted
the irradiation experiment with the 6 MV tandem accelerator at the ion beam laboratory at
ATRI MTF STU. We systematically decreased the energy levels to create a uniform ”box-
profile” with a helium concentration of 1000 appm [2]. This method resulted in a consistently
irradiated layer approximately 65 µm thick, allowing us to focus on assessing changes in the
micromechanical properties, particularly hardness, of the irradiated Eurofer97 and its ODS
variant using the nanoindentation method. In this contribution, we present the initial findings
of our work, focusing on the nanoindentation analysis of the irradiated steel samples.

This research was co-funded by the European Regional Development Fund under contract
No. ITMS2014+: 313011W085., No. ITMS2014+: 313011BUH7 and INNUMAT Horizon
Europa-EURATOM, Grant agreement ID: 101061241

[1] V. Krsjak et al. Journal of Materials Science and Technology 105 (2022) 172-181.
[2] P. Noga et al. Materials 15 (2022) 6443.

41



33rd DMSRE Seminar, 9­13 September 2024, Tatranská Štrba, Slovakia

Analysis of measurement uncertainties in mechanical production and
subsequent use for process stability control

Milena Kubišová, Jana Knedlová, Vladimír Pata, and Oldřich Šuba

Tomas Bata University in Zlín, Faculty of Technology, Vavrečkova 5669, Zlín, Czechia

In the current industrial environment, where quality is a key factor of competitiveness, the
measurement and control of the stability of production processes plays a vital role. This work
focuses on the analysis of measurement uncertainties in mechanical production and their sub-
sequent use for process stability control. Measurement uncertainties are an inherent part of
any measurement system, and their understanding and proper management is necessary to en-
sure the accuracy and reliability of production processes. The MSA (Measurement Systems
Analysis) method enables the assessment of the capability of measurement systems and the
identification of sources of variability. Emphasis is placed on the standard uncertainties of
type A and B and the ways in which they affect the measurement process. The work also
includes a description of the implementation of statistical process control (SPC) and its im-
portance for maintaining a stable production process. SPC makes it possible to continuously
monitor production processes and quickly identify deviations, which leads to timely correction
and minimization of defects. To achieve these goals, quality tools such as the Ishikawa dia-
gram, histogram and Pareto diagram are used. This work provides a comprehensive view of the
importance of measurement and data analysis to ensure stability and quality in manufacturing
processes.
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The journey of nickel

Vladimír Kuchtanin

Slovak University of Technology in Bratislava, Bratislava, Slovak Republic, Radlinského 9,
Bratislava, Slovakia

Nickel has been found in metallic artefacts dating back more than 2,000 years. It was first
identified and isolated as an element by the Swedish chemist, Axel Cronstedt, in 1751. In the
19th century, it came to prominence in plating and in alloys such as “nickel silver” (German
silver) in which it is alloyed with copper and zinc. This alloy was named for its colour and
does not contain any silver! 15th century miners in Germany found a brown-red ore which
they believed to contain copper. They called it Kupfernickel or Devils’ Copper because they
couldn’t recover copper from it. Coins in the USA first used nickel alloyed with copper in
1857. The “nickel” was not made from pure nickel but in 1881, pure nickel was used for coins
in Switzerland. Stainless steels were discovered early in the 20th century and nickel was found
to have a very beneficial role in many of the common grades, which continues to this day.
Alloys based on nickel were found to have excellent corrosion resistance and could withstand
high temperatures, which made them suitable for chemical plants and also allowed the practical
realisation of the jet engine. As a result of these developments, nickel has enjoyed a very strong
growth of demand over the past century. This continues today because of the essential role
nickel plays in many technologies. While the concentration of nickel in the earth’s crust is 80
parts per million, the earth’s core consists mainly of a nickel-iron alloy.

This work was supported by the Scientific Grant Agency of the Slovak Republic (VEGA
1/0686/23)
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Let’s reveal the secrets of chemistry in the environment to children

Alexandra Kucmanová and Margita Ščasná

Slovak University of Technology in Bratislava, Faculty of Materials Sciences and Technology
in Trnava, Institute of Integrated Safety, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovak

Republic

This article aimed to determine the effectiveness of an innovative approach to teaching chem-
istry through experiential learning in a chemical laboratory followed by theoretical instruction
by teachers and subsequent theoretical teaching by teachers. Experiential learning and an ex-
cursion were completed by twelve-year-old elementary school pupils together with their chem-
istry teacher in the chemical laboratory at the Institute of Integrated Security, where they were
shown simple chemical experiments. During the theoretical classes, the processes that they had
previously seen in the laboratory, were explained. During the excursion, the pupils carried out
practical experiments under the guidance of university teachers, which enabled them not only
to visualize theoretical knowledge but also to gain practical experience with chemical tech-
niques. Subsequent teaching was designed to link practical experience with theory, improving
overall understanding and retention of the subject matter. Preliminary observations indicate
that combining the theoretical curriculum with practical examples increases students’ motiva-
tion and interest even in such a subject as chemistry. This can lead to a better understanding and
long-term retention of acquired knowledge. In addition, the article focuses on investigating the
impact of an innovative approach on the environmental awareness of pupils, as the experiments
were focused on chemical processes related to environmental protection. The preliminary re-
sults of the processing of the results from the interviews with pupils during the excursion and
the structured interview with the teacher indicate a positive impact of this innovative method
on the educational process of the pupils. The article provides valuable insights for educators
and education experts aiming to implement experiential learning into the pedagogical process
to improve the understanding of the basic principles of chemistry and promote environmental
awareness among younger generations.

This work was supported by the Slovak Research and Development Agency, project No.
APVV-20-0124.
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Influence of final turning on SCC susceptibility and corrosion properties
of austenitic stainless steel 08Ch18N10T

Marek Kudláč, Mária Dománková, Katarína Bártová, Matúš Gavalec, and Dávid Slnek

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

Final machining, such as final turning or final milling, aims to smooth the given machined
surface of the material and obtain dimensional tolerance. However, with tough materials like
austenitic stainless steels, where deformation hardening also occurs, the machining of these
materials is complicated, and consequently the character and properties of the machined sur-
face of these steels can have a negative impact on corrosion resistance. The affected parameters
may include surface microhardness, roughness or residual stresses. In this work, the influence
of final turning on stress corrosion cracking susceptibility and corrosion resistance of austenitic
stainless steel 08Ch18N10T was monitored where as a toll a replaceable double-sided sintered
carbide cutting plate with a negative rake angle was used. A combination of two machining
parameters was set up: feed (0.12, 0.2 and 0.3 mm) and cutting speed (100 and 250 m min−1).
The roughness, microhardness and the surface deformation zone depth were analysed on the
machined surface. It was found that hardness but also roughness increased with increasing tool
feed. Using the exposure of samples in a boiling MgCl2 solution, susceptibility to stress corro-
sion cracking was observed. Density of cracks as well as the depth or length of cracks into the
material were studied and evaluated using SEM and ImageJ software. With increasing feed, the
density of cracks decreased, on the contrary, the length and depth of cracks increased. Electro-
chemical potentiokinetic reactivation analysis, a double loop method, was used to determine
sensitization to intergranular corrosion. The samples were determined to be non-sensitized.
This method also showed the effect of roughness on the resulting polarization scans.

This work was supported by the Slovak Research and Development Agency under the Con-
tract no. APVV-22-0146. This work was supported by the call for doctoral students and young
researchers of Slovak University of Technology in Bratislava to start a research career (Grant
23-06-09-A).
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Methods for determining reliability of complex systems

Eva Labašová and Vladimír Labaš

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

The contribution deals with the determination of the final reliability function, the mean time
to failure and the hazard rate of complex systems. These systems cannot be simplified to a
combination of series and parallel connected blocks [1]. The systems were set by using a
reliability block diagrams [2]. Each block represents an element of the system, the connections
between these elements are set by lines. Ties connections might be one-way or double-way,
what is shown by the arrows. The aim of the contribution is to determine the reliability function
of the complex system on the model example. Three methods were used to determine the
reliability function: the method of minimum paths, the method of critical sections and the
decomposition method. The Matlab program was used for calculations. The article presents
the basic principles of individual methods and the functional relationships used to determine
reliability function of the systems [3]. Virtual block diagrams of the respective system are also
shown for all three methods. In terms of calculation efficiency, the decomposition method
seems to be the most suitable. It is not necessary to apply the idempotence transformation
because neither of elements of the system is repeated in virtual models more than once. In
the methods of minimal paths and critical sections, it is necessary to apply the idempotence
transformation, because some elements of the system can be found more than once in virtual
models.

Thies work was supported by Projekt No. 035STU-4/2024.

[1] Janíček F and Kovács Z 2009 Reliability in electro energetics (Bratislava: Renesans, spol.
Ltd)

[2] Dhilon B S 2005 Reliability, Quality, and Safety for Engineers (CRC Press, USA)
[3] Mayers A 2010 Complex system reliability (Springer-Verlag London Limited)
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Using a Compositional Thermal Reservoir Simulator (STARS) to
Examine Mechanisms and Scaling of Enhanced Oil Recovery Processes

Shelley Anne Lorimer

MacEwan University, 10700-104 Ave, Edmonton, Canada

Understanding scaling of enhanced oil/bitumen recovery processes is essential in moving lab-
oratory scale experimental results to field scale. Scaling theory for thermal processes, was
developed by Pujol and Boberg [1], but for many processes such as Steam-Assisted Grav-
ity Drainage (SAGD), solvent enhanced oil recovery and in-situ combustion [2], scaling from
lab scale to field scale is not well understood. This talk summarizes research done at MacE-
wan University that uses a commercial thermal compositional reservoir simulator to study the
mechanistic behavior and scaling of SAGD, solvent and combustion processes in Athabasca
bitumen. This work stems from Shook et al. [2] who used reservoir simulation to confirm scal-
ing groups for waterflooding. A similar strategy to Shook et al. was used in this work whereby
the scaling of the enhanced oil recovery processes was examined using reservoir simulation
at three different reservoir scales: lab scale, semi-field scale and field scale. Parameters were
chosen to investigate the capability of the reservoir simulator for capturing scalability with a
focus examining the results considering scaling groups that define the mechanisms for each of
the processes. Compositional reservoir simulation is extremely flexible as it permits the nu-
merical modeling of many physical mechanisms for enhanced oil recovery in a porous media.
A wide variety of mechanisms such as chemical kinetics, diffusion, dispersion, gravity and/or
drive forces, viscous forces, and capillary effects can be readily examined and analyzed. In ad-
dition, multiple components can be used in a 3D examination of complex reservoir properties
such as permeability and porosity. Temperature, oil saturation and water saturation profiles
and process recovery variables were examined at the three different scales. Results confirmed
scalability of the processes when the simulation results were non-dimensionalized. Other pa-
rameters included effects of capillary pressure, and other injection parameters on scalability.
Scaling approaches are summarized for each process as well as a discussion about the suitabil-
ity of reservoir simulation as a tool in examining the mechanisms that drive each process and
whether or not reservoir simulation supports the scaling groups for the processes.

1 L. Pujol and T.C. Boberg, Scaling Accuracy of Laboratory Steam Flooding Models, SPE
Paper 4191, SPE California Regional Meeting, 8-10 November, Bakersfield, California,
(1972).

2 M.R. Islam and S.M. Farouq Ali, New scaling criteria for in-situ combustion experiments,
Journal of Petroleum Science and Engineering, Volume 6, Issue 4, p. 367-379, (1992),
ISSN 0920-4105, https://doi.org/10.1016/0920-4105(92)90063-7.

3 M. [2] Shook, D. Li and L.W. Lake, Scaling Immiscible Flow Through Permeable Media
by Inspectional Analysis, In Situ, 16(4), p. 311-349, (1992).
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Influence of specimen dimensions on tensile behavior of NiTi alloy

Michal Kopelent1, Monika Losertová1, Radek Sedláček2, Bedřich Smetana1, Adam
Kratochvíl2, Kristýna Kubášová2, and Bogusława Adamczyk-Cieślak3

1VŠB-Technical University of Ostrava, Faculty of Materials Science and Technology, 17.
listopadu 2172/15, 708 00 Ostrava – Poruba, Czech Republic

2Technical University in Prague, Faculty of Mechanical Engineering, Technická 1902/4, 160
00 Prague, Czech Republic

3Warsaw University of Technology, Faculty of Materials Science and Engineering, ul.
Wołoska 141, 02-507 Warsaw, Warsaw, Poland

Nitinol is a shape-memory alloy composed of nickel and titanium that can exist in three differ-
ent states, each with unique properties and behaviors. The three states are martensite, supere-
lastic austenite capable of transforming into stress-induced martensite, and stable austenite.
The main variable that affects the presence of these states for given chemical composition of
the alloy is the temperature. The Young’s modulus of the NiTi alloy is reported to range from
28 to 83 GPa, with higher values corresponding to superelastic austenite. Nevertheless, his
Young’s modulus is more closely aligned with the elastic properties of human bone than any
other metallic material utilized in the field of biomedicine. It is therefore of great importance
to identify an appropriate phase composition in order to ensure the convenient superelastic
properties and mechanical strength of plates or nails that can be used in traumatology or ortho-
pedics. The mechanical properties of NiTi specimens are studied by the tensile testing that is
usually conducted either up to specimens breaking or only to superelasticity region manifesta-
tion with subsequent unloading. This work investigates the specimen dimension effect on the
tensile behavior for NiTi alloy with the composition of 56.31 wt.% Ni and 43.69 wt.% Ti. The
development of the curves at tensile testing of two different dimensions of NiTi was evaluated.
The phase composition of the NiTi testing material was determined by XRD and DSC analysis.

This work has been realized in the framework of the following projects: FV40306 ” De-
velopment of new implants for correction of angular pediatric deformities in sterile design”,
NU23-08-00043 “Additive manufacturing of NiTi alloys for applications in orthopedics and
traumatology“ and SGS SP2024/062 - Influence of production, processing parameters and
degradation mechanisms on the resulting material properties and lifetime of structural mate-
rials.
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Impact of nickel addition on the phase composition and properties of
Sn-Ag-Cu solder alloys

Tereza Machajdíková, Roman Čička, Ivona Černičková, Libor Ďuriška, and Marián
Drienovský

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

Lead-free solders have been adopted widely due to the environmental and health concerns asso-
ciated with lead. However, these alloys face several challenges that impact their performance
and reliability in electronic applications, e.g. high melting temperature, decrease in mechanical
properties, and formation of brittle intermetallic compounds. [1] The addition of nickel has the
potential to improve the properties of lead-free solder alloys. [2-4] This study focuses on the
addition of Ni into the solder alloy with varying nickel content (0.1-4 mass% Ni) using compu-
tational thermodynamics and experimental techniques. For the computational part, the phase
equilibria of the system was predicted to analyse the effect of nickel on the solder properties.
The experimental part employed various techniques (scanning electron microscopy, energy-
dispersive X-ray spectroscopy, X-ray diffraction, and differential scanning calorimetry). From
the experimental results, it was found that the primary phases identified were Ag3Sn, β-Sn,
and Cu6Sn5. At a nickel content of 1 wt.% or higher, the Ni3Sn4 phase also appeared. As
the nickel content increased, the alloy’s melting temperature rose sharply, and changes in the
solubility of other elements, as well as the stabilization of the Ni3Sn4 and Cu6Sn5 phases,
were observed. The analysis revealed that Nickel content significantly influences the phase
composition of the alloy.

This work was supported by the Slovak Research and Development Agency (project APVV-
20-0124) and Slovak Grant Agency VEGA (project 1/0389/22)

[1] Kotadia HR, Howes PD, Mannan SH. A review: On the development of low melting tem-
perature Pb-free solders. Microelectr. Rel. 2014;
http://dx.doi.org/10.1016/j.microrel.2014.02.025

[2] Hammad AE. Enhancing the ductility and mechanical behavior of Sn-1.0Ag-0.5Cu lead-
free solder by adding trace amount of elements Ni and Sb. Microelectr. Rel. 2018;
https://doi.org/10.1016/j.microrel.2018.06.015

[3] WangY,WangG, Song K, Zhang K. Effect of Ni addition on the wettability andmicrostruc-
ture of Sn2.5Ag0.7Cu0.1RE solder alloy. Mat. Des. 2017;
https://doi.org/10.1016/j.matdes.2017.01.046

[4] Zeng G, McDonald SD, Gu Q, Terada Y, Uesugi K, Yasuda H, Nogita K. The influence of
Ni and Zn additions on microstructure and phase transformations in Sn-0.7Cu/Cu solder
joints. Acta Mat.. 2015; https://doi.org/10.1016/j.actamat.2014.10.003
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Assessment of the suitability and durability of a recycled polymer
product as a building component

Lenka Markovičová, Viera Zatkalíková, and Patrik Chobot

University of Žilina, Univerzitná 8215/1, Žilina, Slovakia

The aim of this work is to assess the influence of natural environmental conditions (temper-
ature, time, humidity, microorganisms, UV radiation) on the modification of the properties
of rubber composites. The study evaluates the suitability and durability of recycled polymer
products by investigating changes in tensile strength, hardness and fire performance under nat-
ural ageing conditions. Recycled polymers offer environmental benefits, but their long-term
properties require careful assessment for practical applications. Samples were exposed to nat-
ural weathering for a specified period and mechanical properties were measured periodically.
Tensile strength was evaluated to determine structural integrity, hardness to assess surface dura-
bility and fire properties to ensure compliance with safety regulations. The results showed an
initial slight increase in tensile strength and hardness. With increasing length of exposure, the
composite started to degrade gradually which was reflected by a decrease in the monitored
parameters. The fire resistance proved to be insufficient as the composite exhibited poor fire
safety in both horizontal and vertical directions, but this can be improved by the addition of fire
retardants. The study concluded that although recycled polymers show promising durability,
specific formulations may require improvements to maintain mechanical properties over time.

The research was supported by Scientific Grant Agency of Ministry of Education, Sci-
ence and Sport of Slovak Republic and Slovak Academy of Science, grant KEGA No. 016ŽU-
4/2023.
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Efficiency of selected sorbents for eliminating PCBs from soil

Jaroslava Maroszová

Faculty of Chemical and Food technology, STU in Bratislava, Slovakia, Radlinského 9,
Bratislava, Slovakia

Polychlorinated biphenyls (PCBs) are physically and chemically very stable substances with
a serious negative impact on the health of the human organism as well as on the surround-
ing environment. In addition to acute symptoms in the form of dermatoses or nausea, chronic
toxicity is especially serious, in the form of hepato-, nephro-, neuro-, immuno- and other tox-
icities, including hormonal disorders and disorders of the excretory system. Due to their opti-
mal physico-chemical properties, they were massively produced all over the world. Chemko
Strážske - a factory in eastern Slovakia, was also an important producer of these substances.
Gradually, after the identification of serious toxic effects on health and the environment, the
production of PCBs was suspended worldwide (in Czechoslovakia as one of the last countries
in 1984). However, due to the prohibition of production and distribution, a large amount of
these substances remained in the premises of the former plant and its surroundings, together
with the by-products of their production, as a significant toxicological risk. After the partial
elimination of solid waste from the premises of the former factory, the question of cleaning up
the environment in the wider area also comes up. These are mainly water and soil from the
surrounding area. The present paper will present possible technological procedures that can be
helpful in removing this environmental burden from surrounding.

This work was supported by the Scientific Grant Agency of the Slovak Republic Project
APVV-19-0087 and VEGA 1/0686/23
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Measuring the toughness of weld joints on a tensile test machine.

Maroš Martinkovič and Pavel Kovačócy

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

In the tensile strength of weld joints, the sample breaks at the point of least strength or at the
point of the defect. If there is a fracture of the basic material, we do not get an overview of
the strength of the individual parts of the weld joint [1]. For that reason a shear test have been
developed. This process implies that it would be possible to measure shear strength and tough-
ness in butt welds of base materials, in different places of the heat affected zone, in weld metal.
Mechanical properties of the welded joint can be characterized by determination of strength and
from the force-displacement dependence by the toughness. Shearing in predetermined part of
the welded requires fixation of the sample in the required position using a holder. This causes
that it is not possible to determine the specific shear energy for samples with different shear
areas. Fracture energy consists of two components - shear energy and rupture (final failure)
energy. Shear energy is related to the deformation properties of the joint - the energy of defor-
mation until the joint deforms and a crack does not appear, that is, it is related to the resistance
to crack formation, the fracture energy to the resistance to crack propagation [2]. The fracture
in the shape of the S curve subsequently causes a decrease in the gradient of the decrease in
force by mutual friction with the created surface, which increases the value of the measured
fracture energy. Therefore, it is possible to exactly determine the energy only up to the maxi-
mum value of the force. In the shear test a special device with universal testing machine was
used. For accurate force measurement, the strain gauge force sensor of the universal testing
machine was calibrated using an externally calibrated strain gauge pressure sensor.

This work was supported by the Project VEGA No. 1/0391/24.

[1] M. Kartal, R.M. Molak, M. Turski, S. Gungor, M. E. Fitzpatrick and L. Edwards, Applied
Mechanics and Materials 7–8 (2007).

[2] C. Leitão, M.I. Costa, K. Khanijomdi, D.M. Rodrigues, Materials & Design 51 (2013).
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Analysis of the influence of geometric and material parameters of fixing
edge layers on the modal properties of plate structures.

Milan Naď, Ladislav Rolník, and Peter Bucha

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

The appropriate vibroacoustic properties, such as natural frequencies and mode shapes, are
very important conditions for the required behaviour of mechanical structures. It is clear that
these properties are dependent on the so-called spatial properties, which consist of mass, stiff-
ness and damping properties of the given mechanical structure. In many cases, when the dy-
namic properties of these structures are unsatisfactory, it is necessary to vary the structural be-
haviour to solve noise and vibration problems. The technique by which it is possible to achieve
the required dynamic properties consists mainly in changing the mass, stiffness and damping
properties of the structure, is called structural dynamic modification. The plate structures can
be considered as important building components of many technical equipment. These plate
structures are very often exposed to periodically repeating dynamic loads and in the case of
inappropriately designed parameters of plate structures, these loads lead to the resonant states.
This state is inappropriate and the structural modifications of plate structures are necessary.
One of the very effective methods of plate structural modification is the method edge fixing
of plate and also change of fixation parameters at the edges of the plate structure. The modifi-
cation of dynamical properties of plate structures using fixing edge layers is presented in this
paper. Structural modification of the selected geometrical shapes of plate structures is based
on the shapes and geometrical parameters of the layers. By changing the width, thickness and
slope of the fixing edge layers is possible to achieve modification of modal properties (espe-
cially natural frequencies and mode shapes) of the given plate structures. The results obtained
by computer simulations using the ANSYS program confirm that this method of structural
modification provides a suitable tool for the so-called ”dynamic tuning” of plate structures.

This work was supported by project KEGA 035STU-4/2024.

[1] V. Dekýš, M. Sága, M. Žmindák, Dynamics and reliability of mechanical systems, VTS
ZU, (2004) Žilina.

[2] L. Meirovitch, Analytical Methods in Vibrations. McMillan Company (1967) London.
[3] M. Naď, Modification of modal characteristics of vibrating structural elements, Scientific

Monographs (2010) Köthen.
[4] D. Thorby, Structural Dynamics andVibration in Practice: AnEngineeringHandbook,Elsevier

Ltd. (2008) Oxford, ISBN 978-0-7506-8002-8.
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Theoretical modelling of the frequency-dependent phase shift
betweenemission and excitation in ZnO nanorod photoluminescence

spectra

Radim Novák1, Zdeněk Remeš1, Štepán Remeš1, and Júlia Mičová2

Institute of Physics of the Czech Academy of Sciences, Na Slovance 1999/2, 182 00 Praha 8,
Czechia

Hydrothermally growth, zinc oxide (ZnO) nanocrystals are known for their intersting scintil-
lation andphotocatalytic properties. In our previous paper we presented an optical setup for
measuring spectrallyresolved photoluminescence (PL) mean decay time using conventional
UV LED with sinusoidalexcitation and a phase shift method with about 10 ns time resolution
[1], recently upgraded to 1 ns.Photoluminescence decay is the process by which the excited
state of a material, induced by theabsorption of photons, returns to the ground state, emitting
light in the process. This process can bemeasured in time domain, with the decay rate indi-
cating how quickly the material returns to its groundstate after excitation, or equivalently in
frequency domain, with the difference between the phase of thelight wave at the moment of
excitation and the phase of the light wave at the moment of emission. Herewe report on the
theoretical modelling of the frequency-dependent phase shift between emission andexcitation
in photoluminescence spectra of ZnO nanorods.

This work was supported by the CAS Open Science 2024, CAS-SAS Mobility Plus project
SAV-23-13,CAS-SAS-2022-08, MSTC Danube project 8X23025 and by the CSF project 24-
10607J. This work was also supported by the Slovak Research and Development Agency under
the Contract no. DS-FR-22-0035.

[1] Z Remeš, M Buryi, J Pejchal, O Babčenko, Š Remeš, R Novák and J Mičová, J. Phys.:
Conf. Ser. 2712 (2024) 012004
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Surface modification of additively manufactured parts by drag finishing

Boris Pätoprstý, Ladislav Morovič, Ivan Buranský, Maroš Dubnička, and Marek Vozár

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

The production of parts by additive manufacturing is a quickly progressing area. The issue
with additively manufactured parts is surface treatment with conventional methods. One of
the possibilities is the treatment of the surface by drag finishing, when it is possible to modify
even the complicated shapes of the parts. The article deals with the modification of additively
produced parts by drag finishing. The goal was to find out towhat extend is it possible tomodify
the integrity of the surface of parts produced by additive manufacturing. Simple cylindrical
parts were produced by Fused Deposition Modelling technology. The parts were made of ABS
plastic with different layer thickness. Surface roughness changes over time were monitored.
As a drag finishingmachine, a device developed at Faculty ofMaterial Science and Technology
was used. Two drag finishing media were used for part processing - Al2O3 and SiC + walnut
shells. It was determined that the roughness of the surface of additively manufactured parts
can be significantly improved.

This work was supported by the Slovak Research and Development Agency under the con-
tract No. APVV-21-0071. This work was supported by the Science Grant Agency - project
VEGA 1/0266/23.
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Site-controlled growth of InGaAs quantum dots with buried stressor for
the development of microlasers and quantum light sources

Martin Podhorský1, Maximilian Klonz1, Imad Limame1, Sarthak Tripathi1, Kartik Gaur1,
Chirag Chandrakant Palekar1, Priyabrata Mudi1, Petr Klenovský2,3, Sven Rodt1, and Stephan

Reitzenstein1

1Institute of Solid State Physics, Technische Universität Berlin, Hardenbergstraße 36,
D-10623 Berlin, Germany

2Department of Condensed Matter Physics, Faculty of Science, Masaryk University,
Kotlářská 267/2, 61137 Brno, Czech Republic

3Czech Metrology Institute, Okružní 31, 63800 Brno, Czech Republic

Quantum dots (QD) have proven to have many applications in optoelectronics [1.], photonics
[2.], quantum photonics [3.,4.] and telecommunications [5.]. This work focuses on the system-
atic optimisation of the growth and fabrication parameters of site-controlled InGaAs quantum
dots (SCQDs), grown with buried stressor method [6.], to enhance the precision, uniformity
and reproducibility of the quantum dot placement and local density for their advanced optoelec-
tronic applications, such as low-treshold microlasers and quantum light sources. The impact of
the growth and the fabrication on the structural and optical properties of SCQDs is thoroughly
investigated via atomic force microscopy (AFM), scanning electron microscopy (SEM), con-
focal laser scanning microscopy (CLSM), X-Ray diffraction (XRD) and photoluminescence
(PL) spectroscopy.

This work was funded by the German Federal Ministry of Education and Research (BMBF)
through the project MultiCoreSPS (Grant No. 16KIS1819K) and by the project Quantum ma-
terials for applications in sustainable technologies, CZ.02.01.01/00/22 008/0004572

[1] C. Shang et al., Light Sci. Appl. 11, 299 (2022)
[2] A. Skalli et al., Opt. Mater. Express 12, 2395 (2022)
[3] T. Heindl et al., Adv. Opt. Photon. 15, 613 (2023)
[4] I. Limame et al., Optica Quantum 2, 117 (2024)
[5] Z. Yao et al., Nanomaterials 12, 1058 (2022)
[6] A. Strittmatter et al., Phys. Status Solidi A 209, 12 (2012)
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Effect of sample illumination on the content of luminescence active
defects in Sn2P2S6 crystals

Zdeněk Potůček and Zdeněk Bryknar

Czech Technical University in Prague, Faculty of Nuclear Sciences and Physical
Engineering, Trojanova 13, 120 00 Prague, Czechia

Tin hypothiodiphosphate Sn2P2S6 is promising uniaxial semiconductor ferroelectrics with fa-
vorable photorefractive properties in the red and near-infrared spectral regions, a pronounced
photoconductivity, and large values of pyroelectric, piezoelectric, and electrooptic coefficients.
Moreover, Sn2P2S6 crystals exhibit photoluminescence (PL) in the red and near-infrared spec-
tral regions at low temperatures that is related to intrinsic crystal defects [1]. In comparison
to conventional orange tinted crystals the photorefractive properties of brown tinted Sn2P2S6
crystals were improved by modification of crystal growth conditions and they are not notice-
ably sensitive to crystal pre-illumination as well. However, the nature of defects involved in
photorefractive processes was not satisfactorily explained up to now. Since PL intensity is
sensitive to the photoinduced changes in the content of luminescence active defects and energy
levels of the same defects may influence photorefractive properties and photoconductivity of
Sn2P2S6 crystals, the dependence of PL intensity on exposure timewas studied on four Sn2P2S6
crystals as a function of temperature (12 - 360 K) and illumination wavelength (300 - 800 nm).
All the Sn2P2S6 crystals studied showed PL in the red and near-infrared spectral regions. Both
PL spectral distribution and integral intensity were markedly sample-dependent under the same
conditions. The variations with time of PL intensity were observed for all the crystals at tem-
peratures lower than 170 K as a result of sample illumination with light with wavelength shorter
than 710 nm at the same temperatures. The integral PL intensity of all the crystals cooled in
the dark decreased at 12 K with time of steady-state excitation with monochromatic light with
wavelength shorter than 510 nm. With respect to position of the absorption edge of the Sn2P2S6
crystals near 496 nm at 10K this finding indicates that PL excitation via the fundamental crystal
lattice absorption decreases integral PL intensity of the crystals cooled in the dark. Likewise,
the integral PL intensity of the orange tinted crystals cooled in the dark decreased at 12 K with
time of steady-state excitation with monochromatic light with wavelength longer than 510 nm.
On the contrary an increase of integral PL intensity was observed in the brown tinted crystal
demonstrating opposite effect of illumination in the spectral region where PL of Sn2P2S6 crys-
tals is excited through absorption of crystal defects on the integral PL intensity of brown and
orange tinted crystals. Heating of the crystal to suitable higher temperature partially or fully
restored the initial PL intensity observed in the crystal cooled in the dark pointing to partial or
full restoration of the initial content of corresponding luminescence active defects. The pos-
sible photoinduced changes of the charge state of supposable luminescence active defects in
Sn2P2S6 crystals resulting in the variations with time of PL intensity observed in the crystals
illuminated in a suitable way at temperatures lower than 170 K are discussed.

[1] Z. Potůček and Z. Bryknar, Ferroelectrics 334 (2006) 171.
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Polymorphism of methylsalicylatocopper(II) complexes

Miroslava Puchoňová, Ján Moncoľ, Ján Pavlik, Vladimír Kuchtanin, and Vladimír Jorík

Department of Inorganic Chemistry, Faculty of Chemical and Food Technology, STU in
Bratislava, Radlinského 9, Bratislava, Slovakia

Copper complexes containing N-donor ligands are traditionally studied from different points
of view, the phenomenon of polymorphism and isomersm of transition metal complexes be-
ing one of them. In recent decades, various polymorphs and isomers of carboxylatocopper(II)
complexes have been investigated [1,2]. Building upon previous research, we have focused on
Cu(II) complexes with various position isomers of methylsalicylate anions (MeSal) in pres-
ence of 2-hydroxymethylbenzimidazole (2HMBzim). The synthesis in the presence of 3-
methylsalicylate anion led to formation of two complexes with the same composition [Cu(3-
MeSal)2(2-HMBzim)2] (1a and 1b). The structures of the newly prepared complexes were
determined by single-crystal X-ray analysis. The complexes were characterized by spectro-
scopic methods (IR, UV-vis and EPR spectroscopy). Based on the crystal structures and in
accordance with experimental and computational studies it was concluded, that the systems 1a
and 1b were conformational isomers/polymorphs. With the help of the state-of-the-art com-
puter simulation, it was predicted, that the presence of methanol or acetonitrile as solvents
played a pivotal role in folding the molecular components into a specific polymorphic form.

This work was supported by the Scientific Grant Agency of the Slovak Republic APVV-19-
0087 and VEGA 1/0686/23.

[1] S. Matejová et al., Polyhedron, 2019, 170, 86.
[2] Z. Repická et al., Struct. Chem., 2010, 21, 1093.
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Nanosecond photoluminescence decay in Mo-doped ZnO nanorods
observed by TCSPC and phase shift methods

Zdeněk Remeš1, Neda Neyková1,2, Štěpán Remeš1, Radim Novák1, Romana Kučerková1,
Vítězslav Jarý1, and Julia Mičová3

1FZU - Institute of Physics of the Czech Academy of Sciences, Na Slovance 1999/2, Prague 8,
Czechia

2Centre for Advanced Photovoltaics, Faculty of Electrical Engineering, Czech Technical
University in Prague, Technická 2, 16627 Prague, Czechia

3Institute of Chemistry SAS, Dubravska cesta 9, 84538 Bratislava, Slovakia

Hydrothermally grown, pellet-pressed Mo-doped zinc oxide (ZnO) nanocrystals were inves-
tigated for time-resolved photoluminescence at room temperature under UV excitation. Two
optical setups were compared. The TCSPC setup was based on ns-short-pulse excitation fol-
lowed by time resolved histogram-like counting of emitted photons. The phase-shift method
was based on the frequency-resolved phase delay between sinusoidal excitation and emission
[1]. Whereas the TCSPC method is nowadays a commercially available and widely used,
the second method was built as a low-cost student’s setup with a conventional UV LED as
the excitation source, sine-wave voltage generator, an old dispersive monochromator, optical
band-pass and long-pass filters, a red-enhanced photomultiplier and a lock-in amplifier [2]. Re-
cently, the setup was upgraded by a new HF2LI Zurich Instruments 50 MHz lock-in amplifier,
which also includes pulse generator and a current amplifier to measure the PMT photocurrent.
Both methods gave a similar time resolution slightly below 1 ns. While the time resolution
of the TCSPC was limited by the excitation pulse width, the time resolution of the phase shift
method was limited by the maximum operating frequency of the UV LED (several MHz). To
be able to measure the PL decay in ps range, we need to replace UV LED by a new, faster UV
excitation source to increase the excitation frequency up to the 50 MHz limit of our lock-in
amplifier.

The work was supported by the CAS-SASMobility Plus project SAV-23-13 (CAS-SAS-2022-
08), MSTC Danube project 8X23025 and by the CSF project 24-10607J, by the Czech Ministry
of Education, Youth and Sports grant no. CZ.02.01.01/00/22_008/0004617 − ”Energy conver-
sion and storage” and by the Slovak Research and Development Agency under the Contract
no. DS-FR-22-0035.

[1] J. R. Lakowicz, G. Laczko and H. Cherek, Analysis of fluorescence decay kinetics from
variable-frequency phase shift and modulation data, Biophys. J. 46 (1984) 463-477

[2] Z Remeš, MBuryi, J Pejchal, O Babčenko, Š Remeš, RNovák and JMičová, The spectrally
resolved photoluminescence decay in YAG:Er, ZnO and SiO2 crystals, J. Phys.: Conf. Ser.
2712 (2024) 012004.
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CEDEG - a partner for your business, research and innovations

Ivo Říha

CEDEG - CE Digital and Enviro Grouping, Studentska 6202/17, 708 00 Ostrava-Poruba,
708 00 Ostrava-Poruba, Czechia

CEDigital and EnviroGrouping (CEDEG) is a research, business and networking grouping that
operates predominantly within the Central European area. Through its activities, the organiza-
tion fulfils the nature of a non-profit organization, a transnational cluster grouping (metaclus-
ter). The metacluster is dedicated to research, development, dissemination and monetization
of activities in two important topics of contemporary global society - the field of digitalization
and environmentally advanced technologies. CEDEG activities cover mainly the following
areas:

• Innovation and support of own members
To achieve growth, excellence and high-quality innovation synergies of member com-
panies, research organizations and other members, CEDEG mainly implements the in-
volvement of high-quality industrial and research partners in innovative research and
development projects or other development activities and their support in obtaining the
best European financial support programs. initiatives in order to provide new opportu-
nities in the Central European and European environment.

• International cooperation
CEDEG internationally provide partnership with significant leading foreign clusters, in-
novation centers, digital innovation centers, industrial enterprises, universities, regions
and other entities connecting prospective small and medium-sized enterprises and star-
tups with quality research and business partners from Central Europe and other regions.

• Dynamization and growth of member small and medium-sized companies
CEDEG helps small and medium-sized enterprises develop in their markets is the strong
mission of CEDEGGrouping through value-added support. Through expertise and fund-
ing, CEDEG Grouping supports SMEs in growth to become future mid-cap companies
in Central Europe.

• Promoting the principle of the digital and environmental ecosystem
CEDEG also aims to involve its members in key sector initiatives related to cooperation
and development of national, regional and local innovation ecosystems in these areas
within the Central European regions and at the European level. In addition, the orga-
nization contributes to the discussion and setting of sectoral strategic concepts and the
compilation of analytical documents within the scope of the defined areas of interest.
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Biochars from Cardboard as an Alternative adsorbent for the Removal
of Pesticides from the Water Environment

Margita Ščasná, Alexandra Kucmanová, and Maroš Sirotiak

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Institute of Integrated Safety, Ulica Jána Bottu č. 2781/25, 917 24 Trnava,

Slovakia

Hydrothermal carbonization (HTC) is a promising method for converting biomass into car-
bonaceous materials with high adsorption capacity. In this study, we investigated the effect
of different HTC conditions on the production of hydrochars from egg cardboard waste and
their subsequent efficiency in removing metribuzin from the water environment. Biochars are
presented as a sustainable alternative to commonly used sorbents, which often have limitations
such as high cost and environmental impact. All hydrochar samples were produced using the
same amount of dry biomass and distilled water, varying only the time (2, 3, 4, and 5 h) and
temperature (200 ◦C, 220 ◦C, 240 ◦C) of the HTC process. The organic carbon content of each
sorbent was measured using the Ťurin method modified by Nikitin. Metribuzin removal effi-
ciencywas evaluated using by comparisonmeasurements after 3 and 6 hours of adsorption. The
morphological properties of the hydrochars were analysed by scanning electron microscopy
(SEM). The results showed that temperature and HTC time significantly affect the structure,
organic carbon content, and adsorption capacity of the hydrochars. The highest metribuzin
removal efficiency was observed for samples produced at 240 ◦C after 6 h, which correlated
with a better-developed porous structure and higher organic carbon content confirmed by SEM
analysis. Conversely, lower temperatures and shorter HTC times produced hydrochar with a
less developed porous structure, lower organic carbon content, and lower adsorption capacity.
The study’s findings suggest that optimising HTC conditions are crucial for maximizing the
efficiency of hydrochars in removing organic contaminants from water environment. These
results contribute to a better understanding of the relationship between hydrochar production
conditions, organic carbon content, and adsorption properties, which is important for its future
applications in water treatment and environmental engineering.

This work was supported by the Slovak Research and Development Agency, project No.
APVV-20-0124. This work was supported by the call for doctoral students and young re-
searchers of Slovak University of Technology in Bratislava to start a research career (Grant
23-06-15-A).
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The impact of generator parameters on cutting width in machining
nickel alloys using WEDM technology

Vladimír Šimna

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Institute of Production Technologies, Ulica Jána Bottu č. 2781/25, 917 24 Trnava,

Slovakia

The objective of this study is to analyze the influence of generator parameters on the kerf width
in Wire Electrical Discharge Machining (WEDM) technology for the nickel alloy Inconel 718.
An experiment was designed using selected parameters that could affect the kerf width based on
the acquired knowledge. The introduction covers the general principles of EDM and WEDM
technology, discusses the method of spark generation using a generator, and focuses on how
electrical discharge machining impacts Inconel 718. The experimental part was conducted on
aWEDMmachine from Charmilles Technologies. During the experiment, two responses were
recorded: the groove width, measured using Dino-Lite and Alicona optical devices, and the
cutting speed. The final part of the thesis presents a statistical evaluation of the influence of
individual parameters on the cut.

This work was supported by the Slovak Research and Development Agency under the con-
tract No. APVV210071. This work was supported by the Science Grant Agency project VEGA
1/0266/23.
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Thermoelectric properties of doped Bi2O2Se

Antonín Sojka1, Jan Zich1,2, Čestmír Drašar1, Tomáš Plecháček1, Jiří Navrátil1, Pavlína
Ruleová1, and Karel Knížek2

1University of Pardubice, Faculty of Chemical Technology, Studentská 95, Pardubice 532 10,
Czechia

2FZU - Institute of Physics of the Czech Academy of Sciences, Cukrovarnická 10/112, 162 00
Prague 6

Over the past decade, Bi2O2Se has emerged as an interesting 2D material. It has excellent
carrier mobility and mechanical properties in its single crystal form. Thanks to its remarkable
transport properties, Bi2O2Se has also been explored in polycrystalline form for thermoelectric
applications. Bi2O2Se is an n-type thermoelectric material characterized by a quasi-2D layered
structure. Numerous studies have shown that this material can achieve low thermal conductiv-
ity, and its carrier concentration and mobility can be adjusted through doping. In this study,
we have examined the substitution of Bi with transition metals, focusing on manganese as a
case study. Our analysis of transition metal-doped Bi2O2Se polycrystalline samples included
X-ray diffraction, scanning electron microscopy, and measurements of electrical conductivity,
Seebeck coefficient and thermal conductivity. We compared the solubility limits, transport
properties, and other parameters of our samples with existing literature data, offering explana-
tions for the significant discrepancies observed.

The authors thank for financial support from the Czech Science Foundation (Project No.
22-05919S) and the grant of the Ministry of Education, Youth and Sports of Czech Republic
(grant LM2023037).
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Surface roughness evaluation of the formed parts produced by the
multi-pass cold metal spinning applying laser textured tool

Jana Šugárová1, Peter Šugár1, and Martin Frnčík1,2

1Slovak University of Technology in Bratislava, Jána Bottu 25, 917 24 Trnava, Slovakia
2ZKW Slovakia, spol. s r. o., Bedzianska cesta 375, Krušovce, Slovakia

Metal spinning is an incremental forming process based on the forming a flat metal disc on
a lathe into many different shapes. It is used in wide spectrum of production areas including
those requiring parts with high precision and improved surface integrity. There are a lot of
metal spinning parameters which defines and affects the quality of the produced components.
Some of them are parameters related to the tool-workpiece interface. These parameters have
essential influence on the final surface integrity of processed parts [1-5]. According to this,
the paper brings the results of an experimental study of the multi-pass cold metal spinning
process employing a laser-textured tool of 90MnCrV8 (1.2842) steel. The tool with a nose
radius surface modified by pulse laser machined hexagonally arranged texture made up of
dimple-like depressions with a diameter of 100 µm, depth of 20 µm and density of 6 % was
applied for testing of surface hardening of DC01 low carbon steel sheet of the thickness 1 mm
by applying various spinning tool pass profiles (convex, linear, and concave), mandrel speeds
of 400, 800, and 1200 min−1 and tool feeds of 0.4, 0.8, and 1.2 mm. On the cylindrical-shaped
spun samples the surface roughness of the spun cup wall was evaluated. The measurements
in 0◦, 45◦ and 90◦ directions related to the blank material rolling direction were realised and
these responses were compared with those, which have been observed on the parts produced
by the conventional, non-textured, tool. The analysis showed that applying a laser-textured
roller reduces the arithmetic mean height of the spun part roughness profile Ra by about 30 %
compared to this, achieved using the non-textured roller. The Ra reduction of about 15.2 %
compared to the initial roughness of the blank material was documented while the influence of
the planar anisotropy of the material on the surface roughness was not proven.

This research was supported by the KEGA project 026STU-4/2023.

[1] P. G. Grützmacher, F. J. Profito and A. Rosenkranz, Lubricants 7 (11) (2019) 95.
[2] J. Šugárová, et al., Adv. Sci. Technol. Res. J. 12 (1) (2018) 181-193.
[3] M. Frnčík, The influence of technological and geometrical parameters of the conventional

metal spinning process on macro and micro-geometrical characteristics of the spun parts.
(2019) (Dissertation thesis, Trnava: MTF STU).

[4] J. Šugárová et al. CNC Metal Spinning – Study of Properties of Spun Parts, Praha: Aleš
Čenek (2016).

[5] M. A. Prasad, et al. Surface Review and Letters 31 (8) (2024) 1-12.

64



33rd DMSRE Seminar, 9­13 September 2024, Tatranská Štrba, Slovakia

CFD analysis of damping characteristics of a hydraulic damper through
geometrical modification and velocity variation

Thaer Syam2, Mohamed Arab1, Ahmad Gamil1, Yousif Badri3, and Saud Ghani1

1Department of Mechanical and Industrial Engineering, Qatar University, Doha, Qatar
2Department of Mechanical Engineering, Texas A&M University, 3123 TAMU, College

Station, TX 77843, USA
3Department of Mechanical Engineering, University of Auckland, Newzland

Shock absorbers or hydraulic dampers are a power dissipating device. Fluid flow passages are
responsible for variation in the damping or hydraulic characteristics in terms of damping force
with respect to velocity. The piston inside the damper has a various orifice or piston valves
that cause different flow losses. They play a crucial role in the performance and stability of
systems, especially those involving fluid dynamics and mechanical vibrations. In this work,
a Computational Fluid Dynamics (CFD) method is used to study the flow behaviour inside a
rear side two-wheeler automobile mono tube damper for different number of orifices in the
piston which are two, six and ten orifices opening with changing the throttling velocities based
on previous experimental work in the literature. ANSYS 17R software is used to carry out
CFD analysis, the continuity, and the Reynolds averaged Navier-Stokes (RANS) equations
are used to describe the throttling behaviour inside the rebound and compression chambers.
A new proposed model comprises a modification of the throttle valve by changing one of
the original models with 6 orifices with geometrical design freedom, aiming to achieve better
damping characteristics and design freedom. The damping action has been studied and verified
by throttling viscous oil through orifices for different cases. The damping action is not affected
by changing the location of the orifice for the same number. It is concluded that the damping
force increases with increasing the velocity of the piston. However, the damping coefficient
decreases. The damping force decreases as the number of orifices increases in the piston valve.
Creating designs that are safe both for the operator, the machine itself and the surrounding
environment is par for the course with shock absorbing and vibration technologies.

[1] Shams M, Ebrahimi R, Raoufi A and Jafari B J 2007 International journal of automotive
technology 8(5) 615-622.

[2] Greco R, Avakian J andMarano G C 2014 Archive of AppliedMechanics 84(8) 1117-1134.
[3] Narkhede D I and Sinha R 2014 Journal of Sound and Vibration 333(1) 80-98.
[4] Cavaleri L, Di Trapani F and Ferrotto M F 2017 Ing. Sismica 34 64–74.
[5] Syam T,Muthalif A. Journal of Low Frequency Noise, Vibration and Active Control. 2022;

41(2) 676-700.
[6] Badri Y, Hussein M, Sassi S and Renno J 2020 International Conference on Civil Infras-

tructure and Construction 666-671.
[7] Chen Y, Guo K, Yang Y and Zhuang Y 2012 SAE International Journal of Passenger Cars-

Mechanical Systems 5 393-403
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Effect of heat treatment on the internal daming of magnesium alloys

Milan Uhríčik, Peter Palček, Silvia Hudecová, Veronika Chvalníková, Martin Slezák, and
Martin Mikolajčík

University of Žilina, Univerzitná 8215/1, Žilina 01026, Slovakia

The gradual accumulation of mechanical energy within a material leads to alterations in its me-
chanical and physical properties. These changes can degrade material performance, resulting
in decreased accuracy of machine tools, the initiation of fatigue cracks, increased noise and
vibration in the working environment, modifications to material properties, reduced corrosion
resistance, and the deterioration of regulatory devices and sensors. Ultimately, this can cause
damage to the entire device. Measuring internal damping provides a means to monitor these
structural changes and the various mechanisms involved [1, 2]. Today, there is a significant
demand for the efficient use of magnesium-based materials. Magnesium alloys are particularly
attractive for various industrial applications due to their specific weight, corrosion resistance,
density, and strength. The damping capacity of these alloys is closely related to microstructural
defects, including solute atoms, secondary phases, and voids. The interaction between moving
dislocations and point defects is a primary mechanism of internal friction in magnesium alloys,
meaning precipitates affect the damping capacity and contribute to damping properties. Pure
magnesium exhibits very high damping capacity at room temperature due to the easy move-
ment of dislocations. However, an increased concentration of solute atoms such as Al, Ca, and
Zn, as well as impurities and precipitates, can restrict dislocation mobility, potentially reducing
the friction capacity of magnesium alloys [2, 3]. Internal damping is a highly sensitive method
effectively used to investigate structural defects and their mobility. It facilitates the exami-
nation of transport processes in materials and phase transformations in the solid state, which
are otherwise difficult to detect. The experimental setup includes measurement and control
components, along with heating and ultrasonic elements. An ultrasound generator produces a
sine wave, which is then amplified and converted into a mechanical wave using a piezoceramic
transducer.

The research was supported by the Scientific Grant Agency of the Ministry of Education of
Slovak Republic and Slovak Academy of Sciences, VEGA 01/0461/24, KEGA 004ŽU-4/2023,
KEGA 016ŽU-4/2023, project APVV-20-0427 and project to support young researchers at
UNIZA, the ID of project 12715.

[1] T. Oršulová, P. Palček, A. Soviarová. Adv. Man. and Rep. Tech. in Veh. Ind., Zielona
Góra: Wydział Mechaniczny (2018) 263.

[2] Z. Trojanova, P. Palček, P. Lukáč, M. Chalupová, Magnesium alloys. IntechOpen, (2017).
[3] K. Suzuki, Y. Chino, X. Huang, M. Mabuchi, Materials Transactions, 52, (2011) 2040.
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Statistical evaluation of the influence of plasma polishing parameters on
the material removal rate and the cutting edge radius sizes

Tomáš Vopát and Štefan Podhorský

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

The paper introduces an innovative method for preparing the edges of cemented carbide cut-
ting tools using plasma discharges in an electrolyte. This environmentally friendly technique
rounded the cutting edges by immersing the cutting inserts into the electrolyte. The aim of
the article is to statistically evaluate the influence of the process parameters on the material re-
moval rate and the cutting edge radius sizes. The measured data were analysed in the software
Minitab. Measured responses were normally distributed, thus the assumption for performing
ANOVA (Analysis of Variance) analysis was fulfilled. The associated p-value of less than 0.05
for the model (95% confidence level) indicates that the input process parameters in model are
statistically significant. From the results of the ANOVA analysis for material removal rate and
cutting edge radius sizes, it is obvious, that all observed input process parameters had a signifi-
cant influence on measured responses. Moreover, the influence of values of individual process
parameters (electrolyte concentration, voltage, electrolyte temperature and polishing time) on
the cutting edge radius sizes and material removal rate was evaluated.

This work was supported by the Slovak Research and Development Agency under the con-
tract No. APVV-21-0071. This work was supported by the Science Grant Agency - project
VEGA 1/0266/23.
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Comparison of optical measurement methods utilization for complex
high feed tool geometry

Marek Vozár, Jakub Hrbál, Róbert Straka, and Ján Milde

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Ulica Jána Bottu č. 2781/25, 917 24 Trnava, Slovakia

High Feed Machining (HFM) is an advanced machining technique that offers the potential
for up to three times faster machining speeds compared to conventional methods. The geo-
metric characteristics of HFM cutting tools differ significantly from those used in traditional
machining, posing challenges when it comes to their precise measurement. Cemented carbide
solid high feed mills feature specialized end profiles that enable the utilization of chip thinning
mechanisms to achieve substantially increased feed rates. Grinding is a widely adopted man-
ufacturing process for production of carbide tools. The tool’s geometry is attained through the
coordinated movement of the grinding wheel and the workpiece while employing a cooling
medium. The precision of the resulting cutting tool geometry directly impacts the machining
process. In the context of the experiment, five HFM tools were manufactured. The primary
focus was to assess the geometry of these tools using two distinct measurement methods: a
dedicated optical measuring machine designed for cutting tools and a 3D optical scanner. The
results from each measurement method were subsequently compared and evaluated using the
GOM Inspect software. Based on the analysis of measured data, it’s possible to confidently
determine that optical scanning represents a reliable and effective method for quality control
of the macrogeometry of cutting tools.

This work was supported by the Slovak Research and Development Agency of the Slovak
Republic under Contract no. APVV-21-0071 and VEGA grant agency of the Ministry of Educa-
tion, Science, Research and Sport of the Slovak Republic and the Slovak Academy of Sciences,
no. 1/0266/23.
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Evaluating surface quality of heterogeneous surfaces produced by
non-conventional machining technologies: methodological advances and

challenges

Hana Vrbová1,2, Ondřej Bílek1, Vladimír Pata1, Miroslav Marcaník1, Jana Knedlová1, and
Cyril Hořava1

1Tomas Bata University in Zlin, Vavreckova 5669, Zlín, 76001, Czechia
2Institute of Polymer Materials, Faculty of Chemical and Food Technology, Slovak University

of Technology in Bratislava, Radlinskeho 9, 811 07 Bratislava, Slovakia

This paper is focused on the evaluation of heterogeneous surface quality. In the realm of scien-
tific practice, there exists a significant inconsistency in the methodologies employed to inves-
tigate heterogeneous surfaces produced by non-conventional machining technologies. Tradi-
tional approaches are inadequate for these types of surfaces due to the presumption of surface
roughness homogeneity, which does not account for the complexities and variations inherent
in heterogeneous surfaces. The utilization of unsuitable assessment methods can significantly
hinder the research and development efforts related to these advanced technologies, poten-
tially stalling innovation and the optimization of machining processes. However, through an
initial investigation of roughness data obtained from heterogeneous surfaces, discernible pat-
terns have emerged. These patterns suggest a promising opportunity for the development of
a coherent and standardized approach to surface quality assessment. Such an approach would
enhance the accuracy and reliability of evaluations, thereby supporting the continued advance-
ment and refinement of non-conventional machining technologies. The findings underscore
the necessity for a shift towards more sophisticated and tailored assessment methods that can
accommodate the unique characteristics of heterogeneous surfaces.

This work and the project were realized with financial support from the internal grant of
TBU in Zlin No. IGA/FT/2024/002, funded by the resources of specific university research.
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New insight into the gas-sensing properties of β-Ga2O2 nanowires by
near-ambient pressure XPS

Roman Yatskiv1, Michael Vorochta2, Nikola Bašinová1, Thu Ngan Dinhová2, Jaroslav
Maixner3, and Jan Grym1

1Institute of Photonics and Electronics, Czech Academy of Sciences, Chaberská 1014/57,
Praha, Czechia

2Faculty of Mathematics and Physics, Charles University, V Holešovičkách 2, 180 00,
Prague 8, Czech Republic

3Central Laboratories, Institute of Chemical Technology Prague, Technická 5, 166 28,
Prague 6, Czech Republic

Gas sensors play an essential role in environmental monitoring, medical diagnosis, chemical
processing control, energy efficiency, and emission control in combustion processes. Tradi-
tionally, various metal oxides have been used as active sensing materials. The key advantages
of metal-oxide sensors are their high sensitivity, rapid recovery and response times, low cost,
compact size, easy production, and simple measuring electronics. Among the various metal
oxides, Ga2O3, which is an ultrawide-bandgap n-type semiconductor [1-3], is an excellent ma-
terial for the detection of both oxidizing (O2, NOx, CO2) and reducing (H2, CO, NH3, ethanol,
acetone, and CH4) gases over a wide temperature range [4]. It has been demonstrated that at
high temperatures (T>800◦C), the formation of oxygen vacancies and complex lattice defects
are responsible for their sensitivity. In contrast, at lower temperatures, the sensing mechanism
remains unclear, and it is assumed that surface reduction-oxidation reactions play an essen-
tial role in sensing . The objective of this study [5] was to evaluate the potential of β-Ga2O3

nanorods as gas sensors and to elucidate their sensing mechanism at low temperatures. Using
near-ambient pressure X-ray photoelectron spectroscopy, we demonstrated that adsorbed oxy-
gen species play a crucial role in the gas-sensing properties of β-Ga2O3 nanorods. Our results
confirmed that the interaction of oxidizing/reducing analytes with adsorbed oxygen species
changes the resistivity of the β-Ga2O3 nanorods and that redox reactions govern the sensing
mechanism at low temperatures. Furthermore, we provided new insights into the ethanol-
sensing mechanisms at different temperatures. Our findings revealed that at 400◦C ethanol
reacts with chemisorbed oxygen on the surface of β-Ga2O3 via the acetaldehyde pathway,
whereas at 100◦C, the gas-sensing mechanism includes the adsorption of ethanol molecules,
which are partially oxidized to ethoxy due to the dissociative chemisorption of ethanol.

[1] G. Zbigniew, Semiconductor Science and Technology, 33 (2018) 113001.
[2] R. Yatskiv,at. al, Journal of Electronic Materials, (2020).
[3] S. Tiagulskyi, et al., Materials Science in Semiconductor Processing, 176 (2024) 108343.
[4] H. Zhai, et. al., Ceramics International, 48 (2022) 24213-24233.
[5] R. Yatskiv, et al., Applied Surface Science, 663 (2024) 160155.
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Electrochemical characteristics of austenitic stainless steel after different
times of sensitization

Viera Zatkalíková, Lenka Markovičová, Martin Slezák, and Milan Uhríčik

University of Žilina, Univerzitná 8215/1, 010 26 Žilina, Slovakia

Austenitic stainless steels are highly resistant to general corrosion in a wide range of corrosive
environments. They have good balance of strength and ductility and appropriate toughness
at both low and high temperatures. An advantage is also their weldability by most standard
welding techniques. Common limitations to the use of austenitic steels are their susceptibil-
ity to the pitting in chloride-containing environments and also to the intergranular corrosion
after their sensitization. This phenomenon is related to an exposure in the temperature range
of 500-800 ◦C with consequent slow cooling which can lead to chromium content drop under
the passivity limit near the grain boundaries due to chromium carbides precipitation. Sensi-
tized, locally chromium depleted austenitic grains become susceptible to intergranular attack
typically combined with pitting if aggressive environment contains chlorides. Sensitization of
austenitic stainless steel can occur during various industrial and operational processes where
the material is exposed to the critical temperatures in the sensitization range for a certain pe-
riod. It is typical for heat exchangers, especially used in chemical, petrochemical, and oil/gas
industries; chemical processing equipment; food processing equipment; intermediate tempera-
ture components for nuclear power plants, and also for exhaust systems. The conditions for the
significant extensive sensitization of austenitic stainless steels can be determined according to
the diagram of carbon solubility in austenite. The minimum sensitization time is affected by
various factors as alloy chemical composition, temperature, carbon content and heating rate.
Under specific conditions local sensitization can be caused by a short-term heating. This study
deals with the corrosion behavior of AISI 304 stainless steel after 10, 6, 2, 1-hour sensitization
time at the 650 ◦C temperature. Sensitization of the specimens is verified by ASTMA262 test.
Corrosion resistance is evaluated by electrochemical characteristics of the potentiodynamic
polarization performed in 1 M NaCl solution at the temperature 20 ± 3 ◦C on the specimens
with high temperature surface oxides and after their removal by pickling. The electrochemical
etching test in oxalic acid confirmed the ditch structure and the complete sensitization after
10 and 6 hours sensitization time. After 1 hour, the material showed only slight local signs
of sensitization. The electrochemical characteristics of the potentiodynamic polarization were
significantly affected by the surface state of the sensitized specimens. Regardless of the sen-
sitization time, the specimens with high-temperature surface oxides behaved like an actively
corroding metal. After pickling, they retained the passivity region, but with a higher passive
current density than the as received material.

The research was funded by Scientific Grant Agency of Ministry of Education, Science and
Sport of Slovak Republic and Slovak Academy of Sciences, grant KEGA 016ŽU-4/2023.
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Transport properties deviation of polycrystalline Bi2O2Se: Causes and
solutions

Jan Zich1,2, Antonín Sojka1, Jiří Navrátil1,2, Karel Knížek2, and Čestmír Drašar1

1University of Pardubice, Studentská 95, Pardubice 532 10, Czechia
2Institute of Physics of ASCR, Cukrovarnická 10, 162 00 Praha, Czech Republic

Bismuth oxyselenide (Bi2O2Se) is a promising thermoelectric (TE) material known for its high
carrier mobility, non-toxic composition, and cost-effectiveness. However, its low intrinsic
electrical conductivity necessitates doping to enhance performance. A major challenge is the
significant variation in transport properties of bulk polycrystalline samples, even when synthe-
sized using similar methods. This study examines the causes of these deviations and suggests
solutions. Through analysis of literature and synthesis of samples using different compounds
and methods, we identified that impurities and foreign phases significantly impact the trans-
port properties of undoped Bi2O2Se. Techniques such as powder X-ray diffraction (PXRD),
scanning electronmicroscopy/energy dispersiveX-ray spectroscopy (SEM/EDS), Raman spec-
troscopy, and ATR IR spectroscopy were used to detect these impurities. To combat this issues,
we propose a reproducible low-temperature solid-state synthesis process to produce high-purity
Bi2O2Se. This method minimizes presence of high temperature associated secondary phases
and ensures a consistent crystal structure, leading to improved and reliable transport properties.
By refining synthesis techniques and controlling impurity levels, we aim to establish a standard
for achieving consistent performance in Bi2O2Se.

The authors thank the Czech Science Foundation for financial support (Project No. 22-
05919S) and Ministry of Education, Youth and Sports of Czech Republic (grant LM2023037).
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