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THURSDAY, JUNE 25 

Chairperson: Dr. Evgenia Benova 

10:00 Opening   

10:15 PLASMA-LIQUID SYSTEMS FOR BIO APPLICATIONS  

Prof. Frantisek Krcma, Brno University of Technology, Faculty of 

Chemistry, Brno, Czech Republic 

T3 

11:30 PLASMA ENHANCED CVD OF BIOACTIVE PLASMA POLYMERS 

Prof. Lenka Zajíčková, Central European Institute of Technology - 

CEITEC, Brno University of Technology,  

Deptartment of Condensed Matter Physics, Faculty of Science, Masaryk 

University,Brno, Czech Republic 

T3 

12:15 PLASMA TECHNOLOGIES IN AGRICULTURAL APPLICATIONS 

Mrs. Ludmila Čechová, Central European Institute of Technology - 

CEITEC, Brno University of Technology, 

Brno University of Technology, Faculty of Chemistry, Brno, Czech 

Republic  

T3 

Chairperson: Dr. Miglena Dimitrova  

 

 

14:00 QUENCHING OF MAGNETICALLY STABILIZED ARC 

DISCHARGE IN CO2 FOR IMPROVING CONVERSION RATE AND 
ENERGY EFFICIENCY AT REDUCED PRESSURE –  
A NUMERICAL STUDY  

Mr. Veselin Vasilev, Faculty of Physics, Sofia University,  Sofia, 
Bulgaria 

T2 

14:25 PLASMA ASSISTED SYNTHESIS OF NITROGEN OXIDES IN A 
GLIDING ARC REACTOR  

Mr. Bozhidar Stanchev, Faculty of Physics, Sofia University, Sofia, 
Bulgaria 

T3 
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WEDNESDAY, JUNE 26 

Chairperson: Dr. Mariana Atanasova 

9:30 NON-EQUILIBRIUM EFFECTS IN PLASMA NEUTRAL SPECIES 

KINETICS  

Prof. Émile Carbone , Institut national de la recherche scientifique, 

Énergie Matériaux Télécommunications research centre, Québec, 

Canada 

T3 

11:30 ADVANCEMENTS IN PLASMA MEDICINE: ENHANCING 

DIABETIC WOUND HEALING WITH COLD ATMOSPHERIC 

PLASMA (CAP) 

Dr. Todor Bogdanov, Department of Medical Physics and Biophysics, 

Faculty of Medicine, Medical University–Sofia, Sofia, Bulgaria  

T3 

16:05 PLASMA CHARACTERIZATION AND CLASSIFICATION BASED 

ON THE NATURE OF EQUILIBRIUM DEPARTURE  

Prof. Joost van der Mullen 

T3 

Chairperson: Prof. Lenka Zajíčková  

14:00 CHARACTERIZATION AND APPLICATION OF MICROWAVE 

PLASMA TORCH ON WOUND HEALING  

Mrs. Kateřina Smejkalová, Brno University of Technology, Faculty of 

Chemistry, Brno, Czech Republic 

T3 

14:25 ENHANCING WOUND HEALING THROUGH INNOVATIVE 

SOURCE DEVELOPMENT  

Mrs. Maria Simeonova, Faculty of Physics, Sofia University,  Sofia, 

Bulgaria 

T3 
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THURSDAY, JUNE 27 

Chairperson: Prof. Émile Carbone 

9:30 PLASMA-ENABLED MULTIFUNCTIONAL PLATFORM FOR 

GRAM-SCALE PRODUCTION OF GRAPHENE  

Prof. Elena Tatarova, Instituto de Plasmas e Fusão Nuclear, Instituto 

Superior Técnico, Universidade de Lisboa, Lisbon, Portugal 

T3 

10:15 CORRELATION BETWEEN NON-AMBIPOLAR CURRENTS AND 

DIVERTOR HEAT LOADS IN THE COMPASS TOKAMAK 

Dr. Miglena Dimitrova, Institute of Plasma Physics of the Czech 

Academy of Sciences, Prague, Czech Republic, Emil Djakov Institute of 

Electronics, Bulgarian Academy of Sciences, Sofia, Bulgaria 

T1 

Chairperson: Prof. Elena Tatarova   

11:30 WORKFLOW FOR RUNAWAY ELECTRON HEAT LOAD 

MODELLING 

Mr. Jakub Čaloud, Institute of Plasma Physics of the Czech Academy of 

Sciences, Prague, Czech Republic 

T1 

11:55 LANGMUIR PROBE MEASUREMENTS ON THE WEST TOKAMAK 

DURING NITROGEN SEEDING EXPERIMENTS 

Ms. Elmira Vasileva, Emil Djakov Institute of Electronics, Bulgarian 

Academy of Sciences, Sofia, Bulgaria 

T1 

12:20 A NEW DIAGNOSTIC FOR UNDERSTANDING OPERATIONAL 

VARIABILITY IN THE DENSE PLASMA FOCUS  

Prof. Alexander Blagoev, University of Sofia, Faculty of Physics, Sofia, 

Bulgaria 

T1 

14:00 DIRECT PLASMA TREATMENT AND PLASMA ACTIVATED 

WATER EFFECTS ON CROPS  

Dr. Plamena Marinova, Faculty of Forest Industry, University of 
Forestry, Sofia, Bulgaria 

T3 
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FRIDAY, JUNE 28 

Chairperson:  Prof. Joost van der Mullen 

9:30 PLASMA PROCESS DIAGNOSTICS WITH NON-CONVENTIONAL 

PROBES 

Prof. Holger Kersten, Institute for Experimental and Applied Physics, 

Kiel University, Kiel, Germany 

 

MD 

10:15 PLASMA CONVERSION OF CO2 AND H2/H2O TO CH4 

AT CONDITIONS SIMILAR TO MARS SURFACE 

Prof. Vit Kudrle , Department of plasma physics and technologies, 

Faculty of Science, Masaryk University, Brno, Czech Republic 

MD 

Chairperson:  Prof. Vit Kudrle  

11:30 PLASMA BASED SYNTHESIS OF GRAPHENE AND 

APPLICATIONS 

Prof. Elena Tatarova, Instituto de Plasmas e Fusão Nuclear, Instituto 

Superior Técnico, Universidade de Lisboa, Lisbon, Portugal 

MD 

12:15 COMPARATIVE ANALYSIS OF TWO LOW TEMPERATURE 

MICROWAVE PLASMA DEVICES AT ATMOSPHERIC PRESSURE 

Ms. Neda Babucić, Institute of Physics, University of Belgrade, 

Belgrade, Serbia 

MD 
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SATURDAY, JUNE 29 

Chairperson:  Prof. Holger Kersten 

9:30 PERSISTENT CONFLICTS IN THE SURFACE WAVE DISCHARGE 

COMMUNITY 

Prof. Joost van der Mullen 

MD 

10:15 PULSED MICROWAVE PLASMAS USING SOLID STATE 

GENERATORS: FUNDAMENTALS AND APPLICATIONS 

Prof. Émile Carbone , Institut national de la recherche scientifique, 

Énergie Matériaux Télécommunications research centre, Québec, 

Canada 

MD 

11:30 CHARACTERIZATION OF MICROWAVE ARGON PLASMA 

TORCH SUSTAINED BY TRAVELLING ELECTROMAGNETIC 

WAVE 

Dr. Evgenia Benova, Clean & Circle Centre of Competence, Sofia 

University, Sofia, Bulgaria 

MD 

11:30 Closing  
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PLASMA-LIQUID SYSTEMS FOR BIO APPLICATIONS 
 

F. Krčma 

 
Brno University of Technology, Faculty of Chemistry,  

Purkyňova 118, 612 00 Brno, Czech Republic 
 

The applications of non-thermal plasmas operating at atmospheric pressure became a hot 
topic during the last years. These discharges allow plasma treatment of not only temperature 

sensitive materials like polymers but also of different biomaterials. Nowadays, a special 

attention is given to plasma applications in agriculture and medicine. Both these directions are 
currently co-ordinated by European research networks within COST Actions: CA19110 for 
plasma agriculture, and CA20114 for plasma therapy. The real plasma interaction with living 

tissue (animal as well as plant) is generally based on the plasma-liquid interaction, so the 
general overview of plasma-liquid processes is given in the first part of the invited lecture. 

Number of systems generating cold atmospheric pressure operating plasmas is increasing 
every year and, in general, each group uses one or two own systems for these purposes. The 

presentation gives a general overview of the current plasma-liquid systems with critical 
appointment of their suitability for application in plasma agriculture and/or plasma medicine. 
Finally, some examples originating from our group in both fields are presented. 
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PLASMA ENHANCED CVD OF BIOACTIVE PLASMA POLYMERS 
 

L. Zajíčková 

 
Central European Institute of Technology - CEITEC, Brno University of Technology, 

Purkyňova 123, Brno 61200, Czechia 

Deptartment of Condensed Matter Physics, Faculty of Science, Masaryk University,  
Kotlářská 2, Brno 61137, Czechia 

 
.  

Plasma processing technologies includes etching, sputter-deposition, plasma treatment, 
and plasma enhanced chemical vapor deposition (PECVD). They have already established a 
key role in many industrial products such as microelectronic devices, solar cells, protective or 
anticorrosion coatings on machining tools or automobile parts. In many other cases, it is still 

an emerging technology with a large potential for further grow. This talk is devoted to the 

PECVD of plasma polymers (PPs) that are chemically reactive for biomolecule 
immobilization and cell colonization because they contain amino or carboxyl groups [1].  

At the beginning, I will review the fundamentals of plasma-surface interactions to 

understand the details of PECVD, the method of thin film deposition utilizing plasma 
chemistry, besides the physics of plasma interacting with the surfaces [2]. The properties of 

plasma sheath, the region between plasma and solid material, will be discussed because it is a 
critical interface governing the energy of ions impinging on the material surface. Plasma 

processing needs some type of plasma source, an electrical discharge that generates plasma 
outside the thermal equilibrium due to additional energy that free electrons gain from the 
electrical field or electromagnetic wave. I will describe a few types of electrical discharges 

that are typically used for the deposition of plasma polymers, either at low or atmospheric 

pressure.  
Although PECVD is a complex process, a macroscopic kinetics model was developed to 

understand and upscale the depositions using highly simplified assumptions [3,4]. I will 

discuss its results and validity for plasma polymerization focused on the bioactive coatings. 

Then, I will provide details on the chemical structure of amine and carboxyl PPs that we used 
to construct immunosensors [5,6] or improve materials for tissue engineering [7,8]. The latter 
application is related to the film deposition into microporous materials such as polymer 
nanofibrous mats, thus opening the question on the deposition penetration depth [9]. 

 
Acknowledgments : This work has been supported by the Czech Science Foundation project 24-12321S. 

 
References: 

[1] K. S. Siow, L. Britcher, S. Kumar, H. J. Griesser, Plasma Process. Polym. 3 (2006) 392. 

[2] A. Fridman, Plasma Chemistry, Cambridge University Press, New York (2008). 

[3] H. Yasuda, Plasma Polymerization, Academic Press, New York (1985). 

[4] D. Hegemann, J. Phys. D Appl. Phys. 46 (2013) 205204. 

[5] E. Makhneva, Z. Farka, M. Pastucha, A. Obrusník, V. Horáčková, P. Skládal, L. Zajíčková, Anal. 

Bioanal. Chem. 411 (2019) 7689. 

[6] E. Makhneva, Z. Farka, P. Skládal, L. Zajíčková, Sens. Actuator B-Chem. 276 (2018) 447. 

[7] M. Buchtelová, L. Blahová, D. Nečas, P. Křížková, J. Bartošíková, J. Medalová, Z. Kolská, D. 

Hegemann, L. Zajíčková, Plasma Process. Polym. 20 (2023) e2200157. 

[8] I. Nemcakova, L. Blahová, P. Rysanek, A. Blanquer, L. Bačáková, L. Zajíčková, Int. J. Mol. Sci. 21 

(2020) Article ID 9467 

[9] M. Michlíček, L. Blahová, E. Dvořáková, D. Nečas, L. Zajíčková, Appl. Surf. Sci. 540 (2021) 147979. 

[10] M. Michlíček, A. Manakhov, E. Dvořáková, L. Zajíčková, Appl. Surf. Sci. 471 (2019) 835. 
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PLASMA TECHNOLOGIES IN AGRICULTURAL APPLICATIONS 
 

L. Čechová1,2, T. Vozár1, M. Kovařík1, D. Holub2, P. Modlitbová2, P. Pořízka2, J. Kaiser2, Z. 
Kozáková1, F. Krčma1 

 
1Faculty of Chemistry, Brno University of Technology, Purkyňova 118/464, 612 00 Brno, 

Czech Republic 
2Central European Institute of Technology, Brno University of Technology, Purkyňova 123, 

60200 Brno, Czech Republic 
Corresponding author: Ludmila.cechova@vut.cz 

 
Non-thermal plasma technologies are getting more and more popular amongst biologist 

and chemists due to its effects on plants, microorganism and water. The reactive oxygen and 
nitrogen species (RONS) in plasma have stimulating and antibacterial properties which may 

be utilized in agriculture. For example, non-thermal plasma treatment of seeds can stimulate 

seeds germination while simultaneously disinfect seeds surface. On the other hand, treatment 
of water by non-thermal plasma causes the RONS from plasma to penetrate the water surface, 
resulting in water with changed properties (e.g. lower pH and higher conductivity) and 

enriched with nitrogen and hydrogen peroxide. Nitrogen species in water help with the growth 
of plants while hydrogen peroxide and lower pH give the water antibacterial properties. This 

water is often referred to as Plasma Activated Water (PAW) [1].  
Due to PAWs properties, it has been suggested that it may be utilized as a new type of 

liquid fertilizer. In our work, we studied PAW’s effect on plants in various stages of their 
growth. Seed germination and early growth was studied on seeds of durum wheat Triticum 
durum and maize Zea mays. Plants of radish Raphanus sativus were treated with PAW for a 

month during a pot experiment. The effects of PAW on radish were evaluated by the weight 

of fresh and dry matter, content of chlorophyll and chlorophyll fluorescence, as well as 
determination of nutrients such as N, O and C by the elemental analysis. A special type of 
the test was conducted by growing of technical hemp Cannabis sativa in hydroponic medium 

which consisted of PAW with various concentrations of heavy metals (Cd or Pb). The PAW 

effect on C. sativa during the heavy metal contamination was assessed by toxicological 
endpoints (length of the root, the stem, and the whole plant). The spatial distribution of Cd, Pb 
and various nutrients was determined by the Laser-Induced Breakdown Spectroscopy (LIBS) 
[2]. This spectroscopic technique is based on detection of optical emission from laser-induced 

plasma and it is able to detect any element from the periodic table [3]. Spatially resolved 
LIBS analysis enables bioimaging of different types of samples and has gained a popularity 
amongst plant biologist, as it is able to determine the exact distribution of various 
contaminants (e.g. heavy metals, metallic nanoparticles, microplastics) in plants [4].    

 

Acknowledgments: This work was carried out within the frame of COST Action CA19110. 
LČ and DH gratefully acknowledge the support of grant No. FCH/FSI-J-23-8250 (Brno 
University of Technology) and the grant No. 23-13617L (Czech Science Foundation).  

 

References 
[1] N. Puač, M. Gherardi, M. Shiratani, Plasma Process and Polymers, 15, (2018), 1700174 

[2] T. Brennecke, L. Čechová, et al. Spectrochim. Acta Part B: At. Spectroscopy, 205, (2023), 106684 

[3] J. Buday, P. Pořízka, M. Buchtová, J. Kaiser, Acta Part B: At. Spectroscopy, 182 (2021), 106254 

[4] P. Modlitbová, P. Pořízka, J. Kaiser, TrAC Trends Anal. Chem., 122, (2020), 115728 
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QUENCHING OF MAGNETICALLY STABILIZED ARC DISCHARGE IN CO 2 FOR 

IMPROVING CONVERSION RATE AND ENERGY EFFICIENCY AT REDUCED 

PRESSURE – A NUMERICAL STUDY. 

 
V. Vasilev1, Kh. Tarnev2 and St. Kolev1 

 
1Faculty of Physics, Sofia University, 5 James Bourchier Boulevard, 1164 Sofia, Bulgaria  
2Department of Applied Physics, Technical University of Sofia, 8 Kliment Ohridski Blvd., 

1000 Sofia, Bulgaria 
 

Plasma conversion of carbon dioxide (CO2) into carbon monoxide (CO) and oxygen (O2) 
has various applications ranging from energy storage and green fuel production on Earth to 
oxygen generation for fuel and life support on other planets and during manned space 
missions. In this paper we present a two-dimensional fluid model of a magnetically stabilized 

thermal arc discharge in CO2 cross flow at reduced pressure in the range of 400 -1000 mbar.   

In the discharge, the arc is stabilized in a gas flow perpendicular to the arc column due to the 
Lorentz force (JxB), which is produced by the mutually perpendicular arc current and external 
magnetic field. In this configuration, the arc current, the gas flow and the magnetic field are 

all perpendicular.  
The aim of this study is to investigate the quenching of the gas in the afterglow region of 

the discharge in different discharge configurations. Rapid cooling of the gas inhibits the 
undesirable recombination reaction – CO + O → CO2, therefore leading to higher conversion 

rates and energy efficiencies. The results show the role of the factors determining the speed of 
the quenching. 
Acknowledgments : This work was supported by the Bulgarian National Science Fund, Ministry of 

Education and Science, research grant KP-06-N78/1 from 05.12.2023. 
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PLASMA ASSISTED SYNTHESIS OF NITROGEN OXIDES IN A GLIDING ARC 

REACTOR 

 
B. Stanchev1, I. Tsonev2, St. Kolev3 

 
1Faculty of Physics, Sofia University, 5 James Bourchier Boulevard, 1164 Sofia, Bulga ria 

2Research group PLASMANT, Department of Chemistry, University of Antwerp, 
Universiteitsplein 1, B-2610 Antwerp, Belgium 

 
 

Economically feasible "green" alternatives for the production of nitrogen fertilizers rely 
on energy-efficient nitrogen fixation in the form of nitrogen oxides (NO and NO2) [1]. We 
investigated the plasma assisted synthesis of NOx in a gliding arc reactor at atmospheric 
pressure. The reactor is based on a classic gliding arc discharge with diverging electrodes [2], 

but it is realized in three different modifications: classic GD, magnetically accelerated GD 

(MAGD) and magnetically retarded GD (MRGD) [3]. In the latter two, permanent magnets 
produce a magnetic field that accelerates or retards the discharge downstream, depending on 
the direction of the mutually perpendicular arc current and magnetic field. The gas flow is 

contained between dielectric wall and the knife-shaped electrodes.  
In this study, we evaluate the effect of the distance between the dielectric walls, the gas 

flow and the discharge current on the production of NOx in synthetic air. The experiments 
were performed for the three discharge configurations over a range of operating conditions: 1) 

dielectric wall distance in the range from 1 – 3 mm; 2) air gas flow rate in the range from 5 – 
10 L/min; 3) discharge current from 50 to 200 mA. In the MRGD configuration, NOx 
concentration peaked at approximately 1.4%, accompanied by an energy cost of around 8 

MJ/mol. The best results regarding energy cost were around 4.2 MJ/mol, accompanied by 

concentration of around 1% without magnetic field applied. Overall, the MRGD configuration 
is producing higher NOx concentration with respectable energy costs, showing that the 
magnetic field can be used to optimise the NOx synthesis in a gliding arc reactor.  

 
References: 

[1] Rouwenhorst, Kevin Hendrik Reindert & Jardali, Fatme & Bogaerts, Annemie & Lefferts, Leon. 

(2021). From the Birkeland-Eyde process towards energy-efficient plasma-based NOX synthesis: A 

techno-economic analysis. Energy & Environmental Science. 10.1039/D0EE03763J. 

[2] V. Ivanov, Ts. Paunska, S. Lazarova, A. Bogaerts, St. Kolev, J. of CO2 Util. 67 (2023), p. 102300-0 

[3] A. Fridman, Plasma chemistry, Cambridge university press (2008), pp. 200. 
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NON-EQUILIBRIUM EFFECTS IN PLASMA NEUTRAL SPECIES KINETICS 
 

Émile Carbone1, Felix Bandle1 

 
1Institut national de la recherche scientifique, Énergie Matériaux Télécommunications 

research centre, 1650 bld Lionel Boulet, J3X 1P7 Varennes, Québec, Canada  
 

Non-equilibrium effects are ubiquitous in laboratory plasmas and need to be considered to 
optimize the reactor performance for specific applications. In the low temperature plasma (LTP) 
community, there are on-going discussions on how to define reaction mechanisms and verify 

them. Such efforts would allow going toward predictive modelling and accelerate innovation. In 
this contribution, we will discuss a couple of cases illustrating different non-equilibrium effects 
which play a direct role in the yield of plasma (reactive) species. While external electric and 
magnetic fields come first to mind in controlling non-equilibrium plasma properties, we will 

focus more specifically on flow and wall effects. These effects are usually hard to quantify and 

generate additional challenges for constructing a plasma chemistry model and validating it. A 
better understanding (and/or control) of them would allow making significant steps forward in 
the development of predictive models. The current state-of-the-art will be outlined and steps 

toward the definition of reaction mechanisms discussed. One of the main challenges is the 
accessibility and documentation of high-quality data [1]. In that respect, the LXCat team, in 

collaboration with the LTP community is developing a new infrastructure, ChemCat, that may 
address this issue. 

 
Acknowledgments : EC acknowledges the support of the Natural Sciences and Engineering Research 

Council of Canada (NSERC), RGPIN-2021-04363 and from Fonds de recherche du Québec – Nature et 

technologies (FRQNT). 

References: 

[1] Carbone, E., Graef, W., Hagelaar, G., Boer, D., Hopkins, M. M., Stephens, J. C., ... & Pitchford, L. 

(2021). Data needs for modeling low-temperature non-equilibrium plasmas: the LXCat project, history, 

perspectives and a tutorial. Atoms, 9(1), 16. 
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ADVANCEMENTS IN PLASMA MEDICINE: ENHANCING DIABETIC WOUND 

HEALING WITH COLD ATMOSPHERIC PLASMA (CAP) 

 
T. Bogdanov1, T.Hikov1, L. Traikov1 

 
1Department of Medical Physics and Biophysics, Faculty of Medicine, Medical University–

Sofia, Sofia, Bulgaria 
 

Recent advancements in surface wave sustained plasma (SWP) sources have revealed 
significant potential for their application in the biomedical industry. The unique properties of 

low-temperature plasma torches, including microwave and UV radiation, make them suitable 
for sterilization and the activation of healing and regenerative processes in acute wounds. 
Cold Atmospheric Plasma (CAP) sources have shown promising results in enhancing wound 
regeneration in diabetic wounds. This study investigates the effects of a microwave plasma 

torch, sustained by a traveling electromagnetic wave using argon gas, on in vivo treated 

wounds in diabetic rats. The plasma's interaction with Reactive Oxygen Species (ROS) and 
Reactive Nitrogen Species (RNS) influences biological pathways, promoting the production 
of key agents involved in wound healing. The findings demonstrate that CAP treatment 

accelerates wound regeneration, promotes faster wound closure, reduces inflammation, and 
enhances critical regenerative processes such as angiogenesis, collagen synthesis, and 

remodeling. Additionally, CAP modulates the immune response towards a pro-regenerative 
state, highlighting its potential in diabetic wound care and offering a promising approach to 

improving the quality of life for patients with chronic diabetic wounds. 
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PLASMA CHARACTERIZATION AND CLASSIFICATION BASED ON THE 

NATURE OF EQUILIBRIUM DEPARTURE 

 

Joost van der Mullen 

 

E-mail: jjamvandermullen@gmail.com 
 

One of the essential reasons behind the success of high-tech plasma-physics is that 
plasmas can create large effluxes of charged particles, photons and/or radicals. This transport 

to the plasma-surroundings can lead to effective and efficient processes used in the 
application of volume or surface treatment or for illumination purposes. However, for the 

plasma the generation of effluxes implies departures from equilibrium. The larger the effluxes 
the larger equilibrium departure will be. Moreover, the nature of the departure is related to the 
features of the effluxes. 

The aim of this presentation is to show the tight relation between transport and 

equilibrium departure and to use this relation as a tool for plasma classification and 
characterization.  

To find our way in the wilderness of non-equilibrium plasma features we can use the 
method of disturbed Bilateral Relations (dBR), which relates transport related equilibrium 

disturbing to equilibrium restoring mechanisms. In that way dBR generates validity-criteria 
for equilibrium presence and predicts trends in the deviations from equilibrium. The basic 
idea of the dBR method is that “equilibrium” has many features, which can be described by 
specifying the state of underlying balances of (de)excitation ionization/recombination, 

absorption/emission etc.. Equilibrium-departure has also many aspects. This can be caused by 

the efflux of heat, photons and/or (charged) particles. The effect of photon escape on the 
plasma is not the same as that of the efflux of electron-ion pairs. 

Several types of plasmas will be dealt with in treating various case studies of the dBR 

method. Moreover, we will use the method as a guide in the field of (global) plasma 
modelling and diagnostical spectroscopy. Apart from passive spectroscopy (Optical Emission 

Spectroscopy) we will also give examples of active (laser) spectroscopy like Thomson 
scattering.  

If wanted and if time permits, we can divide the case- studies over more than one 
presentation. 
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CHARACTERIZATION AND APPLICATION OF MICROWAVE PLASMA TORCH 

ON WOUND HEALING 

 
K. Smejkalová1, D. Kužmová1, F. Krčma1, Z. Kozáková1, L. Traikov2, T. Bogdanov2 

 
1 Brno University of Technology, Faculty of Chemistry,  

Purkňova 118, 612 00 Brno, Czech Republic 
2 Medical University–Sofia, Faculty of Medicine, Zdrave street 2, 1431 Sofia, Bulgaria 

 
The low temperature plasma application in medicine turned to direct therapeutic purposes 

during the last decade [1, 2]. Various atmospheric pressure operating systems were 
successfully tested. Plasma is generated mainly in helium, some systems allow also generation 
of sufficiently cold plasma in argon. A special plasma conditions, mainly high excitation level 
of long living metastable particles, can be obtained using the microwave discharges [3, 4].  

The aim of this presentation is the investigation of the microwave plasmas for skin 

wound healing. Microwave discharges used for this work were generated in argon by direct 
torch [5]. The model wounds on laboratory mousses were treated by plasma and wound 
healing was examined during short-term scientific mission program at Medical University in 

Sofia. This plasma system showed healing acceleration. For experiment was used Animal 
model system based on the Dorsal Skin Fold Chamber (DSC), for direct in vivo observation 

of skin microcirculation in conscious animals at control and exposure conditions. 
Application of torch discharge was proved to be the most effective method in the healing 

of skin defects. The plasma system was visualized using fast camera at selected powers and 
gas flows. Additionally, determination of active particles was taken by optical emission 
spectroscopy. Based on these measurements, plasma parameters were determined: electron 

temperature, rotational and vibrational temperatures. To determine role of different plasma 

active species, the treatment of indigo coloured artificial skin model was treated under various 
conditions by both plasma systems. Results show that the direct interaction between plasma 
particles is the main effect, role of radiation, only, is more or less negligible.  
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Work explores advancements in microwave plasma technology, focusing on a novel 
plasma source designed to enhance wound healing. We detail this new device's innovative 
features and significant modifications, emphasizing its clinical potential. The study highlights 
cold atmospheric plasma (CAP) for its unique properties and reactive species that interact 

with biological tissues to modulate cellular signaling, reduce inflammation, enhance 

angiogenesis, promote collagen synthesis, and stimulate tissue regeneration—critical factors 
in wound healing. 

Experiments on BALB-C mouse models show a marked acceleration in wound closure 

rates for CAP-treated subjects, aligning closely with natural healing processes. We will 
discuss the mechanisms behind these results, including inflammation modulation and 

angiogenesis promotion. We address the safety and operational aspects of the new plasma 
source, such as biocompatible temperature maintenance and the absence of long-term adverse 

effects. The technology's implications extend beyond acute wound care, offering promising 
applications in chronic wound management, surgical procedures, and dermatological 
treatments. 
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Taking advantage of the high-energy-density microwave plasma environment as a unique 
3D space for the self-assembly of free-standing nanostructures, a novel multifunctional platform 

for the continuous production of graphene and derivatives at the gram scale was developed. The 
platform is supported by a prototype plasma machine capable of performing a wide variety of 

industrially applicable processes within a single assembly environment. Free-standing 
graphene/N-graphene sheets are assembled in a one-step process in seconds under atmospheric 

pressure conditions without the need of post-treatment. The method enables the conversion of a 

wide range of low-cost feedstock (e.g., ethanol) into graphene at a 30 mg/min. The resulting N-
graphene sheets exhibit high quality, as evidenced by the highest reported presence of single 

atomic layers (45 %), high ratio of 2D/G peak intensities in Raman spectra and N/O atomic ratio 

greater than one. The presented plasma machine embodies significant potential to increase the 
effectiveness of plasma-driven process regarding productivity, costs and turnaround time.



22 

CORRELATION BETWEEN NON-AMBIPOLAR CURRENTS AND DIVERTOR 

HEAT LOADS IN THE COMPASS TOKAMAK 

 
M. Dimitrova1,2, J. P. Gunn3, J. Cavalier1, E Vasileva2, P Ivanova2, E Hasan2, D. Tskhakaya1,  
R. Dejarnac1, P. Vondracek1, V. Weinzettl1, M. Hron1, R. Panek1 and the COMPASS team 

 
1 Institute of Plasma Physics of the Czech Academy of Sciences, U Slovanky 2525/1a,  

182 00 Prague 8, Czech Republic 
2 Emil Djakov Institute of Electronics, Bulgarian Academy of Sciences,   

72, Tsarigradsko Chaussee Blvd., 1784 Sofia, Bulgaria 
3 CEA, IRFM, F-13108 Saint-Paul-Lez-Durance, France 

 
The electric current flowing onto the divertor of the COMPASS tokamak [1, 2] 

influences its heat loading. The current measured when a Langmuir probe is grounded to the 

divertor gives a local measurement of this heat loading, which, according to the classical 

theory of the Debye sheath, should be enhanced with respect to the case of locally ambipolar 
currents. When the floating potential is negative, which corresponds to the non-ambipolar 
case, the heat transmission coefficient (γ) value is higher by a factor of more than three than 

the value of 7 – 8 ordinarily assumed [3].  
The grounded current, when the current-voltage characteristic is at zero potential is used 

and included in calculating γ, as proposed by Brunner [4].  
Several different discharges were processed to find the limits wherein calculating γ using 

the grounded current may be applied and in which divertor regions play a significant role. It 
was found that γ is not a constant and has a distribution in the divertor with values between 7 
and 25. The profile depends on various parameters such as the direction of the magnetic field, 

the plasma current, the line-averaged electron density, etc. Then, γ should be calculated in the 

non-ambipolar case – in forward magnetic field, L-mode throughout the outer divertor 
(maximum γ is about 15); in H-mode – the region with the highest values was localized 

around both the inner (γ 15) and the outer strike points ( 25). In the case of the reversed 

magnetic field in L-mode in the inner divertor, γ reaches 20, in the vicinity of the outer strike 
point, it is around 15. 

The comparison of the calculated heat flux by probes with infrared thermography, 
when the influence of non-ambipolar currents is not considered, is grossly wrong; when the 
effect of non-ambipolar currents is included, however, the agreement is very good. 
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During tokamak discharge, a significant part of the plasma electron population can be 

accelerated by electric field to a so called runaway regime, where these runaway electrons 
(RE) can gain energy in the range of tens of MeV. If the RE beam strikes the first wall of the 
tokamak, the electrons deposit significant energy into the plasma-facing components (PFC), 
possibly causing melting or other damage to the material [1]. Modelling of the RE heat loads 

is therefore important for analysis of the experimental results as well as predictions of heat 

loads for the design of new PFC. 
 
A workflow for RE heat load modelling utilising 4 different simulation codes was 

developed. First, the location of RE impacting the PFC with impact angles is solved by field 
line tracing code PFCFlux [2] based on an equilibrium given either by a disruption simulation 

(Carma0NL) [3] or a real equilibrium modified by RE toroidal canonical momentum. High 
energy electrons interacting with solid matter lose their energy mainly in two ways. Firstly by 

interacting with material electrons and nuclei, this part of energy is deposited mainly in a form 
of heat, and secondly by bremsstrahlung radiation. The energy can therefore be deposited in 
significant depth inside the material. In our workflow, the energy deposition is simulated by 

Monte-Carlo code FLUKA [4] using the 3D CAD geometry of the components.  Finally, the 

temperature change of the material is simulated by finite element analysis software ANSYS 
[5] using the deposited energy density profiles from FLUKA. 

 

In this contribution, we present an overview of RE interaction with tokamak first wall 

and description of the workflow. The accuracy of this workflow will be assessed by 
comparison with experimental measurements during RE calorimetry probe cases done on 
COMPASS. Predictive assessment of the RE impact will be shown on the case of limiters of 
COMPASS Upgrade tokamak. 
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In this work, results on the plasma parameters are presented obtained by Langmuir probe 

measurements in the WEST tokamak [1]. The probes used in the divertor are as follows: a 
magnetically-driven "mouse-trap" probe, pop-up probes, flush-mounted probes and a vertical 
reciprocating probe. The magnetically-driven "mouse-trap" probe is located in the lower 

divertor near the outboard strike point. The comparison of the plasma parameters concerning 

the electron temperature, the floating potential etc., in the divertor shows a good agreement. 
The vertical reciprocating probe head consists of six flush probes oriented (each at 60º) at 

different angles with respect to the magnetic field lines. The main usage of those probes is to 
measure the Mach number [2] to characterise flows in the plasma edge. Our attention was 

focused on the probe oriented along the magnetic field lines (we call it on the “electron” side) 
and the one on the opposite side, at 180º, on the shadow side (on the “ion” side). The typical 
operation of the probes is measuring current-voltage characteristics in a swept mode, making 
it possible to use different techniques to determine, e.g., the electron temperature, Te. The Te 

as determined by the “electron” and “ion” probes were found to be different, the “ion” one at 

the last-closed flux surface (LCFS) being higher with a value of about 25 eV; the “electron” 
probe yielded a value of ~15 eV. 

It was found that during the seeding in the scrape-off layer (SOL), the Te did not change 

significantly, but rather even increased slightly when the seeding was implemented from the 
low field side. The divertor was cooled down, but the SOL was not affected substantially. The 

floating potential was always negative, which influenced the sheath heat transition coefficient 
(rising more than twice at the LCFS) used to calculate the heat flux and should be taken into 

account. 
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Sixty years of research on the physics, technology and applications of Dense Plasma 

Focus (DPF) have established it to be a valuable technology platform with a broad spectrum 
of applications spanning: material science, fusion energy, space propulsion, nuclear medicine 
and security technologies. Its conversion into a usable technology is held up because of its 
erratic behaviour. It is not known whether such variability originates in an inherently chaotic 

phenomenon or whether it is an artifact of imperfect construction. Understanding this 

distinction is fundamental to unlocking the technoeconomic potential of the plasma focus. In 
this paper, we demonstrate a new method of looking at this issue. This involves measurement 
of electrical flux emission from the plasma using d-dot probes. Its unambiguous interpretation 

and high sensitivity to the location and dynamics of the plasma make it uniquely useful for 
generating systematic data concerning the origin of variability. Our preliminary results 

indicate the existence of an asymmetric formation phase, which implies imperfect 
construction as the cause of operational variability.  

 



26 

DIRECT PLASMA TREATMENT AND PLASMA ACTIVATED WATER EFFECTS 

ON CROPS 
 

Plamena Marinova1,3, Ludmila Čechová2, Evgenia Benova3, Violeta Bozhanova4, Maria Videva4, 
Spasimira Nedjalkova4, František Krčma2 

 
1 Faculty of Forest Industry, University of Forestry, Bulgaria  

2 Faculty of Chemistry, Brno University of Technology, Czech Republic  
3 Clean&Circle CoC, Sofia University, Bulgaria 

4 Field Crops Institute – Chirpan, Agricultural Academy, Bulgaria 

 
The challenge for the developing modern agriculture is to reduce the amount of water 

used for irrigation of plants, improve plant development, increase crop yields and last but not 
least reduce the use of synthetic fertilizers and pesticides. One of the great interest is the 

possibility that plasma technology may have a stimulating effect on seed germination, plant 

growth and positive influence on plant development. 
Depending on the plasma properties and the desired effect the treatment of the biological 

system can be performed directly in the active plasma region (direct plasma treatment) or 

outside the active plasma (indirect plasma treatment) by using plasma activated water/liquid 
(PAW). In the direct treatment regime, all active plasma components – the electrons, ions, 

short- and long-living excited species, radicals, electric fields, electromagnetic radiation 
(including VUV and UV photons) directly and in a synergetic way act on the treated samples. 

In our work in order to study both direct plasma treatment and PAW water effects various 
plasma sources have been used. Microwave Argon plasma torch (MW) operating at various 
discharge conditions has been used both for direct treatment and PAW production. MW, 

underwater discharge (UW), dielectric barrier discharge (DBD), pin-hole discharge (PHD) 

have been used to produce the PAW with attention to the treatment time. The impact of the 
treatment on the performance of the seeds from different groups of crops like vegetables and 
durum wheat from different genotypes has been studied. The effect of the individual 

constituents and their concentrations in the prepared PAW on seeds germination was 

determined as positive or negative after the treatment. The discharge conditions of all plasma 
sources used that can produce in the PAW the reactive particles in adequate concentrations 
leading to positive effects on the seeds germination were determined.  

One line of our research was to study the application of plasma in seeds priming for 

enhanced and simultaneous germination, plant grow stimulation, resistance to stress and 
pathogens. Based on the results obtained, it can be concluded that the treatment of seeds with 
cold plasma can improve the resistance of the plants to drought.     
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Plasma-based technologies are integral to a wide range of industrial applications, 

including semiconductor manufacturing, surface modification, and environmental 
remediation. Accurate characterization and control of plasma processes are essential for 

optimizing performance and ensuring product quality. Hence, plasma process diagnostics play 
a crucial role in optimizing and controlling plasma-based technologies in various industrial 
applications. Traditional diagnostic methods, such as optical and electrical probes, have 
limitations in access and accurately characterizing plasma processes. Calorimetric and force 

probes have emerged as promising alternatives, offering unique capabilities for measuring 

energy deposition and momentum transfer in plasma systems not only by charged but also by 
neutral species [1]. The talk reviews recent advancements in plasma process diagnostics with 
a focus on calorimetric and force probes, highlighting the contributions of our group in Kiel. 

Key techniques, including calorimetric measurements of energy deposition and force probes 
for plasma-surface interactions, are discussed, showcasing their potential in improving our 

understanding of plasma processes and guiding the development of efficient plasma-based 
technologies. 

Calorimetric probes (also combined with retarding potential analyzer), based on heat flux 
sensors, enable direct measurement of energy deposition in plasma environments. By 
quantifying the heat flux absorbed by the probe surface, these probes provide valuable 

information about plasma power density and energy distribution. We contributed to the 

development and application of calorimetric probes for studying energy transfer mechanisms 
in various plasma processing systems. Force probes, including combination with 
microbalance sensors, offer unique capabilities for studying plasma-surface interactions. 

These probes measure the forces exerted on the probe by the plasma, providing insights into 

surface morphology changes, material erosion rates, and chemical reaction kinetics.  

 

[1]  Benedikt, J., Kersten, H., Piel, A., „Foundations of measurement of electrons, ions and species fluxes 
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Conversion of CO2 to some useful products, like hydrocarbons or alcohols, seems as an 

ideal solution for global warming [1]. Unfortunately, this process generally consumes lot of 
energy, and therefore does not make sense economically. However, in certain cases it could 
work. E.g. with quite common overproduction of solar and wind electricity, its spot prices can be 
even negative. Or for production of rocket fuel (needed for mission return) from the local 

resources at Mars surface, the economic factors are not so important. Plasma chemistry of CO2 

mixtures was already a topic of many experimental and modelling studies, e.g. [2] and [3].  
We investigate the possibilities of simple plasma-based conversion process as an alternative 

to a classical catalytic chemistry. The experiments are carried out using a low-pressure 

microwave discharge (2.45 GHZ surfatron, power up to 400 W) in mixture of CO2 with H2 or 
H2O. The experimental conditions are intentionally close to those encountered at Mars surface 

(T=300 K, p=600 Pa). Optical emission spectroscopy is used for the plasma diagnostics while 
MS and FTIR are used to determine chemical composition of the outflowing gas. Experimental 

work is complemented by a numerical simulation of the plasma chemistry. 

Figure 1: OES intensities of main spectral features for varying H2/CO2 ratio. 

 

Recorded spectra show the dissociation of H2 and CO2 molecules and reassociation to 

new stable products. This was also confirmed by FTIR and MS in the outflowing gas.  
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A single custom-designed plasma machine enables the synthesis of an extensive array of 

graphene based hybrid nanomaterials. Hybrid nanomaterials feature graphene/N-graphene as a 
highly conductive matrix where metal (MnO2, Fe2O3, oxy-MnS, TiO2) nanoparticles are 

anchored.     Graphene and nitrogen doped graphene (N-graphene) sheets and hybrids are 
assembled in a one-step process under atmospheric pressure conditions. The use of the 
obtained N-graphene and hybrids in low secondary electron emission applications, inkjet 
printing, electromagnetic shielding  and decontamination processes are explored.  
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The non-electrode nature of surface-wave microwave discharge (MW) minimizes the risk of 
liquid contamination with nanoparticles from electrode sputtering, as observed in some cases [1]. 
In recent years, plasma-activated water (PAW) has gained attention for its diverse applications in 

biology, medicine, agriculture, and the food industry. PAW's effects arise from reactive oxygen 
and nitrogen species (RONS) generated when liquid interacts with plasma. Studies show that 
RONS concentrations vary based on discharge type, gas composition, liquid properties, and 
treatment conditions, enabling customizable PAW composition. RONS play a crucial role in 

plant signaling pathways, impacting metabolic processes, development, and stress responses [2]. 

Microwave-generated plasma is particularly efficient, producing higher RONS concentrations 
while treating larger water volumes compared to other plasma sources, potentially enhancing its 
effectiveness.  

In our study, we are investigating and comparing the performance of two distinct microwave 
plasma devices designed for treating bio samples at atmospheric pressure. These two devices 

are: i) commercially available inductively coupled Sairem S-Wave launcher and ii) a capacitive 
coupled home-made S-Wave launcher tailored specifically for this research. Both devices are 

powered by solid-state power supplies commercially available by Sairem. The objective is to 
conduct a comprehensive analysis of the operational characteristics and efficacy of these plasma 
sources under various conditions, offering insights into their suitability and efficiency for diverse 

applications.  

By changing parameters, such as generator power, gas flow and distance from the water, it is 
shown how to reach the most efficient mode of operation of these two devices. Also, by 
analysing the plasma emission spectra obtained by Optical Emission Spectroscopy and 

measuring the concentration of RONS in the treated water, it was concluded that the intensity of 

the oxygen and nitrogen lines is related to the concentrations of their compounds in the water. 
The lower the flow, the higher the concentration of RONS, but also the temperature of the 
treated water. Also, zinc-oxide powder added to water is proven to maintain the concentration 
values of reactive species of oxygen and nitrogen in plasma treated water. 
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One of the routes towards improving the understanding of surface wave discharges (SWD) 
is to tackle longstanding discrepancies. Discrepancies between results of experiments and 
models, but also between the outcome of different experimental methods and between various 

model approaches.  

In this contribution we will deal with some of these “conflicts” hoping to initiate vivid 
discussions and to obtain solutions from the audience. 

Let us start with a description of the ‘ideal’ SWD that is based on the interdependent 
connection between the surface wave (SW) and the plasma. In that perception the plasma guides 

the SW while the SW creates and feeds the plasma; more specifically, the wave supplies energy 
to the free electrons, {e}, which in turn use this energy to heat, excite and ionize heavy particles 
{h}. This generates effluxes of heat, radiation, radicals and ei pairs to the surroundings. This 
energy chain schematically reads 

  {h*, h+}-> surr 
EM  -> {e} -> {h}  ->  surr 

Most of the ‘ideal concept’ stems from studies of low pressure tubular SWDs, filled with an 

atomic gas, often Ar. The SWD is seen as a long smooth luminous pipe of plasma surrounded by 

one or more dielectric media. The plasma sticks to the surface from the very beginning (the 

launcher) to the ultimate end; the electron temperature, Te, is constant Te = CT while the 
electron density, ne, decreases along the tube (z-direction) with a constant slope: dne/dz = Cn’. 

The following questions form the basis for conflicting ideas:  

Is the energy chain correct and complete; are there other energy sources feeding {e}?  
In how far is the energy flow unidirectional; are backward processes (ir)relevant?  

Is the EM completely absorbed by the {e}, or is a part radiated by the plasma (as antenna)?  
Is Te indeed axially constant and do all studies deliver the same CT for the same condition?   

What about the proposition dne/dz = Cn’? Several studies point to a bump of the ne slope at 
the very start i.e. close the launcher, and a fuzzy decline at end of the column. 

How homogeneous are the plasmas? Is plasma filamentation present under some 
conditions?  

Can we neglect molecular process, even if the gas feeding is pure atomic? 
 
In dealing with these questions we will refer to several results of experiments and 

modelling.  
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Solid state RF generators and amplifiers are commonly used for various applications, and 

they became affordable in the microwave range due to their widespread use for 
telecommunications in recent years. While their energy efficiency does not supersede the one of 

classical magnetron technologies, their amplitude and phase stability as well as ultrafast 
switching capabilities enable new fundamental studies.  Pulsed microwave plasmas have more 

attracted a lot of interest to improve the efficiency of chemical conversion of stable products 
such as CO2 into added-value chemicals. In this contribution, we will discuss the 

electromagnetic wave coupling to plasma column generated by microwave in the pulsed regime 
mode in pure argon plasma as well as in molecular gases using surface wave discharges [1, 2]. 
Ultra-fast imaging shows that the background ionization degree strongly affects the wave 

propagation characteristics and an ionization wave is formed with velocities in the order of 104 

m/s. At low pulse repetition rates, the ionization front breaks into multiple filaments with close 
similarities to streamers. Optical emission and laser absorption spectroscopies confirm that the 
propagating end of the plasma column (i.e. ionization front) is a region of higher electric field.  

Power pulsing allows getting insight into the power coupling and wave propagating by studying 

the formation of (propagating) standing wave patterns. Two regions of special interest are the 
one within the microwave applicator region and the one at the end of the plasma column and 
appear to act as discontinuities for the wave propagation [3]. We will also discuss the use of 
ultrafast power pulsing for CO2 conversion using a coaxial microwave plasma torch. A complex 

interplay is observed between power deposition and gas flow dynamics [4, 5]. 
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It has been repeatedly demonstrated over the years that the Surface-Wave-Sustained 

discharges (SWD) [1] can operate in a broad range of discharge conditions: Wave frequency 
from 10 MHz to more than 10 GHz; Gas pressure from a few mTorr to several atm; Tube 

diameter from 1 mm to 12.4 cm; Plasma length from a few mm up to 6 m (depending on the 

wave power); Working gas – rare gases, molecular gases, gas mixtures. Because of this, the 
plasma characteristics of these discharges can vary within very wide range, allowing their use 
for many technological applications.  

The microwave Argon plasma torch is a type of SWD operating at 2.45 GHz in Argon 
gas flow in the open space (air). It is a strongly non-equilibrium (non-thermal) plasma with 

electron temperature Te about 1 eV while the gas temperature can vary from room temperature 
to above 1000 K. In order to optimize the plasma torch characteristics for any particular 

application it is necessary to find the dependence of plasma properties on the discharge 
operational conditions. It should be taken into account that the plasma torch to its end is the 
active discharge region where the plasma is sustained by the wave and contains all short-

living particles and VUV radiation in addition to the electrons, ions, long-living particles, 

electromagnetic fields. This is the main difference between the plasma torch and the plasma 
jet since the later acts on the sample with a part of the plasma outside the region of active 
plasma production. 

That is why it is of great importance to know the plasma characteristics and the active 

plasma components especially when it is used for in vivo plasma treatment of biological 
systems. 
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