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Dear Colleagues, 

on behalf of the International Scientific Committee and the Organizing 

Committee we are pleased to welcome you in Gozd Martuljek between 26 and 30 

May 2019 at the Eighth Central European Symposium on Plasma Chemistry – 

CESPC-8. 

This is the eighth edition of the conference in a series of successful symposia 

launched in 2007 in Poland (Gdansk) and continued in the Czech Republic (Brno, 

2008), Ukraine (Kiev, 2009), Serbia (Zlatibor, 2011), Hungary (Balatonalmadi, 

2013), Italy (Bressanone, 2015) and Croatia (Sveti Martin na Muri, 2017). 

Conference topics include fundamental problems of gaseous plasma, modelling 

and diagnostics, new materials, energy technologies, environmental protection, 

surface processes, nanostructured materials, and plasma technologies in modern 

industry, medicine and agronomy. CESPC-8 in intended as an interactive platform 

enabling researchers of different backgrounds (chemistry, physics, engineering, 

material sciences, biology, medicine, agriculture, food technology) to meet and 

develop new ideas in a widely interdisciplinary field of plasma chemistry. 

Furthermore, CESPC-8 promotes the transfer of scientific knowledge to industrial 

practice and the development of value chains for the implementation of scientific 

results in mass production.  

The event is supported by the Strategic Research & Innovation Partnership 

»Factories of Future« funded by the Slovenian Ministry of Economic 

Development and Technology and the European Regional Development Fund. 

These conference proceedings contain abstracts of scientific reports contributed 

to CESPC-8 by researchers from around the world, including 13 keynote lectures 

(4 of them short-course topics), 16 invited talks, 9 oral contributions and 

numerous posters. A rich social program is organized to encourage networking 

and exchange of ideas. 

We are confident that with your participation CESPC-8 will continue the tradition 

of successful CESPC conferences and that it will be a fruitful experience full of 

exciting challenges for all of us. 

We wish you all a pleasant stay in Gozd Martuljek. 

With best regards, Gregor Primc and Miran Mozetič 

Chairs of CESPC-8      Ljubljana, May 2019 
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Recent advances in tailoring electron dynamics and 

chemical kinetics in atmospheric pressure plasmas 

Timo Gans 

Department of Physics, University of York, UK 

Atmospheric pressure plasmas are versatile and efficient sources for reactive species production 

at ambient room temperature. This enables the development of new plasma technologies for 

various environmental and healthcare applications. The non-equilibrium chemical kinetics is 

initiated and determined by the electron dynamics. Due to the strongly collisional environment 

and associated short electron energy relaxation times the electron dynamics can be tailored 

using multi-frequency power coupling techniques, enabling separate control of key parameters 

like electron density and electron mean energy. Reactive atomic species play key roles in the 

chemical kinetics and details strongly depend on the feed-gas composition. Measurements and 

predictive simulations of key reactive species are equally challenging due to the strongly 

collisional environment and their multi-scale nature in space and time. The most promising 

approach is the exploitation of complementary advantages in direct measurements combined 

with specifically designed numerical simulations. 

Picosecond two-photon absorption laser induced fluorescence (ps-TALIF) spectroscopy allows 

us to measure absolute densities of atomic oxygen (O), nitrogen (N) and hydrogen (H), even in 

chemical environments with complex reaction kinetics and associated collisional quenching 

processes, through directly resolving the effective lifetime with sub-nanosecond resolution. 

This is particularly important in realistic situations for technological applications with plasma 

operation and species penetration into ambient air. The picosecond TALIF measurements are 

compared with direct VUV synchrotron absorption spectroscopy under well-defined gas 

compositions showing very good agreement. Further insight into the chemical kinetics is 

obtained through additional UV & IR absorption spectroscopy (OH, O3, CO2, CO) 

measurements and synergistic combination with multi-scale numerical simulations of the 

chemical kinetics. The presentation will focus on examples of He-O2-N2-H2O mixtures for 

bio-medical applications and He/Ar-CO2 mixtures for CO2 conversion into value-added 

chemicals. The presented concepts are, however, also transferable to other plasma technologies. 
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Challenge of atomic layer and molecular processes for 

future plasma chemistry 

Masaru Hori, Makoto Sekine and Kenji Ishikawa 

Center for Low-temperature Plasma Sciences, Nagoya University, Japan 

Interactions of low-temperature plasmas with organic films have been studied in the fabrication 

of ultra large scale integrated circuits (ULSIs) for a long time. Nowadays, the etching of organic 

films has become a key issue to fabricate the precisely patterning in nano-scale size. 

Additionally, the low -temperature atmospheric pressure plasmas have opened the new avenue 

of the interaction of plasmas with the liquid and the organism, which will bring about 

innovations not only in material processes but also the medicine and agriculture. 

In these plasma processes, the most important issue to be established for the future plasma 

chemistry is the bond engineering to control the chemical reactions induced by interactions of 

plasma with organic compounds. In this article, we will introduce three topics. 

One is the precise etching of organic films of which pattern size is below 10 nm by the plasma 

chemistry employing H2/N2 gases. We have developed the novel plasma controlling system 

where the plasma was modulated by ON-OFF according to the in-situ monitoring of the 

substrate temperature to keep it at constant during the processing. Eventually, we have 

successfully obtained the ultimate size of organic film pattern below 10 nm. 

The second is the atomic layer etching of graphene. We have developed the novel radical 

reaction system, where the O atom was injected to the sample of graphene and the interaction 

of O atom reactions with the graphene was observed in a real time by using TEM. We have 

observed dynamic behaviors of O atoms reacted on the plane and edge of graphene. 

Finally, we have proposed the programmed processing induced by the plasma for the future 

plasma sciences. The plasma exposure to cells activated the bio molecules to cause the 

apoptosis and proliferation of cells. The controlling of signaling cell induced by the plasma is 

the key issue to develop the future medicine and agriculture. We will introduce results of 

behaviors of organic molecules induced by the interaction of plasma with the organic solution 

for selectively killing cancer cells and the growth of plant. 

On the basis of these results, we will forecast the future plasma chemistry. 
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Radical probes in challenging environments 

David N. Ruzic, Dren Qerimi and D. Eitan Barlaz 

Center for Plasma Material Interactions, Department of Nuclear, Plasma and Radiological 

Engineering, University of Illinois at Urbana-Champaign 

Radical densities can be measured by observing the magnitude of recombination energy on a 

catalytic surface. Mozetic et. al. showed how to do this for O radicals using a thermocouple. In 

this work we expand on those efforts showing how by using differing catalytic materials 

multiple gas species can be differentiated. The challenging part of this work is making the 

measurements in plasmas where there are condensing species. In those cases in-situ cleaning is 

required and fast-time response methods are developed. This paper will review the technique 

and show recent results for both helicon-driven plasma processing devices, surface wave 

plasma sources, and commercial-scale EUV laser produced plasma sources. 
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Progress and prospects in synthesis and processing of high 

performance energy storage/conversion nano-assemblies 

using plasmas 

Rajdeep Singh Rawat 

NSSE, National Institute of Education, Nanyang Technological University, Singapore 

Fossil fuels currently cater to more than 80% of energy needs but they are non-renewable and 

hence non-sustainable and moreover also suffer from huge pollution problem to our 

environment. The renewable energy sources such as solar, wind, and hydro hold the tremendous 

promise and potential to meet the energy demand of mankind at no environmental cost as they 

are clean and green. Harvesting and utilization of these energies require efficient and low cost 

energy conversion and storage devices, whose performance essentially depends on the 

properties of the electrode materials. The exploitation of new materials and modification of 

existing materials at the atomic level are two prime strategies. Most commonly used approach 

for the fabrication of electrode materials with desirable structures is wet chemical approach 

which suffers from sluggish reaction rates, and high reaction temperature and long 

processing/synthesis duration requirements. Hence, the innovation in synthesis and processing 

of new materials is urgently required. Plasma-based methods, which provide unique far from 

equilibrium environment, are fast emerging as suitable alternative technologies. Such strategy 

is expected to serve as a promising candidate in the preparation of advanced nanoassemblies 

for energy storage and conversion materials. The energy storage and conversion electrodes 

require high performance materials having high efficiency, reliability and stability. I will 

present progress and prospects of plasma based methods for energy conversion/storage 

materials along with the review of our recent work using low temperature carbon and nitrogen 

plasma in RF-PECVD system to process, dope and synthesize energy storage and conversion 

materials. The carbon plasmas, from sustainable carbon resource (tea tree oil) instead of using 

methane, and nitrogen plasmas, from ordinary N2 gas rather than toxic ammonia, were used to 

synthesize and process the hybrid porous 3D nanoassemblies of electrode materials. The 

detailed physical characterization, and performance evaluation of these plasma 

processed/synthesized nanostructured electrode materials show superior energy storage and 

conversion performances which will be discussed in my keynote talk. 

 



Keynote 

5 

 

Low-temperature hydrogen plasma for large-area surface 

modification (reduction and etching) of materials 

Richard Krumpolec*, Zlata Tučeková, Jakub Kelar, Tomáš Homola, Jan Čech, Dušan 

Kováčik and Mirko Černák 

R&D Centre for Low-Cost Plasma and Nanotechnology Surface Modifications, Masaryk 

University, Kotlářská 267/2, 611 37 Brno, Czech Republic 

We present atmospheric pressure cold plasma technology generating high power density plasma 

for surface modification of materials and coatings. A large area diffuse coplanar surface barrier 

discharge (DCSBD) was used to generate high power density (up to 2.5 W/cm2) surface plasma 

in hydrogen reducing gases. The surface plasma generated by proprietary, easily scalable, 

DCSBD discharge is macroscopically homogeneous in ambient air and other standard technical 

gases as N2, O2, Ar, CO2, water vapour and others. Moreover, the diffuse plasma can be 

generated also in pure hydrogen and H2-containing gas mixtures. The use of various gas leads 

to different plasma-chemical reactions on the surfaces of treated materials. The use of argon 

and hydrogen led to reducing and etching processes induced by plasma treatment. Besides that, 

we present also a hydrogen-containing plasma generation using a novel multi-hollow surface 

dielectric barrier discharge. Pure hydrogen plasma or H2-containing plasma was previously 

used for surface modification of copper oxide layers, surface cleaning and etching of silicon 

dioxide on top of silicon wafer, chemical modification of nanodiamonds and plasma 

nanostructuring of polymer substrates. In this contribution we focus on two latest application 

of reducing DCSBD plasma: i) reduction of thin titanium dioxide films and ii) selectivity of the 

etching process in pure hydrogen. We used hydrogen plasma for modification of flexible 

transparent metallic/polymer mesh composite substrate based on polymethyl methacrylate foil 

with embedded Ag-coated Cu-wires. The observed moderate etching process in pure hydrogen 

was found strongly selective and influenced mainly polymeric structures rather than metallic 

ones. In contrast, the etching in ambient air, pure N2, and N2/H2 mixtures, resulting in a strong 

degradation both the polymer and metal parts of the substrate. Only the etching in pure H2 

plasma let to the fast (~ 1 s) selective etching of the thin surface polymer film with no damage 

to the metallic electrodes. Titanium dioxide (TiO2) is widely investigated material for decades 

due to its versatile properties e.g. for photocatalysis. We studied surface reduction of TiO2 and 

the generation of localized Ti3
+ states by means of x-ray photoelectron spectroscopy. We show 

that it is possible to achieve interesting results by hydrogen DCSBD plasma treatment without 

any high-pressure, high-temperature process taking even several hours. Low-temperature 

hydrogen DCSBD plasma can create a significant amount of Ti3
+ defects (about 22% Ti3

+/Ti4
+) 

even after plasma exposures only of tens of seconds or several minutes. As presented, a 
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hydrogen DCSBD plasma technology is ready for large-area modification of flexible substrates 

even in roll-to-roll configuration. Integration of diffuse and stable hydrogen plasma processes 

in fast roll-to-roll line brings new possibilities in application of reducing plasma for high-speed 

and low-cost manufacturing of materials. 

Acknowledgements. The authors would like to acknowledge financial support from the project 

LO1411 (NPU I), funded by Ministry of Education, Youth and Sports of the Czech Republic 

and from the project TJ01000327, funded by Technology Agency of the Czech Republic. 
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Controlling the composition of plasma-activated water 

Kinga Kutasi (1) and Slobodan Milošević (2) 

(1) Wigner Research Centre for Physics of Hungarian Academy of Sciences, Konkoly-Thege 

Miklos str. 29-33, H-1121 Budapest, Hungary  

(2) Institut za fiziku, Bijenička 46, Zagreb 

In the last decade plasma-activated water (PAW) has received a lot of attention from the plasma 

medicine and plasma agriculture community due to its potential to induce oxidative stress to 

cells. By PAW it is meant the water, which contains reactive species, mostly reactive oxygen 

and nitrogen species (RONS), generated by the interaction of active or afterglow plasma with 

water. The main long-lived RONS produced in PAW have been identified to be the H2O2, NO2
− 

and NO3
−, whose lifetime has been defined to vary from couple of days to weeks. PAW have 

been created typically in the amount of 0.1-30 ml, with the concentration of generated species 

decreasing with the volume of the treated water [1-5]. 

Usually the studies report one or two PAW conditions and do not give suggestions for the tuning 

of the PAW composition, which would be welcomed in order to be able to define the role of 

different species acting in synergy in the biological applications. For tuning the PAW 

composition an attempt has been done by Ito et al [6] by using a He DBD jet with different 

shielding gases obtaining ratios of [NO2
−]/[H2O2] ranging between 0 to 0.18. However, here no 

information is given about the density of NO3
− molecules, which can be also formed during 

storage from the reaction of NO2− with H2O2. 

In our presentation, we show that by using a surface-wave microwave discharge, it is possible 

to vary in PAW the radicals density ratios over three orders of magnitude. Here, the 

characteristics of the plasma plume, that is in contact with the water, is tuned with the 

discharge’s initial gas mixture composition and the treatment distance (discharge tube to the 

water surface). The composition of PAW is further changing during the storage. It is found, that 

ageing of PAW depends on the absolute concentrations. We demonstrate, that the composition 

of PAW in the ageing phase can be controlled by changing the recombination pathway of 

radicals. 

Acknowledgements. This work has been financially supported by the Hungarian Scientific 

Research Fund, via Grant NKFIH K-115805 and by the Croatian Science Foundation, through 

project IP-2013-11-2753. 

[1] Oehmigen K, Hahnel M, Brandenburg R, Wilke Ch, Weltmann K-D, von Woedtke Th 2010 

Plasma Processes Polym. 7 250. 
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Dominant effects of RONS in air plasma biomedical 

treatments and the roles of electric field and radiation 

Zdenko Machala 

Faculty of Mathematics, Physics and Informatics, Comenius University, Bratislava, Slovakia 

Cold atmospheric pressure plasmas operating in contact with water and biological media induce 

antimicrobial or antitumor effects and represent a great potential for applications in 

biomedicine, food technologies and agriculture. In direct plasma treatments, aqueous solutions, 

bacteria or eukaryotic cells, tissues/seeds/plants are exposed to the (typically pulsed) electric 

field, short and long-lived radicals and reactive species, UV-vis radiation, and in some cases 

also shock waves or heating. In indirect treatments, they are only subjected to the medium or 

long-lived chemical species, especially reactive oxygen and nitrogen species (RONS). Plasma 

activated water/media (PAW/PAM), despite carrying only these long-lived species, often 

perform strong antibacterial or anticancer effects for hours or days post plasma activation. The 

need of understanding, control and tunability of the chemical and biomedical effects of direct 

plasma or PAW/PAM treatments is emerging [1]. 

By comparing two non-thermal air plasma sources: streamer corona and transient spark, 

interacting with water in open and closed reactors and by enhancing the plasma-liquid 

interaction by water electrospray through these discharges or by induced gas flow by ionic wind 

towards the liquid, we demonstrate that the plasma gaseous products strongly depend on the 

discharge regime, its deposited power and gas flow conditions. Streamer corona leads 

dominantly to the formation of ozone and hydrogen peroxide, while more energetic transient 

spark leads to nitrogen oxides and hydrogen peroxide. The gaseous products then determine the 

chemical properties of the PAW and the dominant aqueous RONS. Production of hydrogen 

peroxide depends on water evaporation and hydroxyl radical formation that is determined by 

the discharge power. Transient spark produces higher concentrations of gaseous and aqueous 

RONS and induces stronger antibacterial effects than streamer corona; however, the RONS 

production rates per Joule of deposited energy are comparable for both studied discharge 

regimes. The net production rate per Joule of gaseous nitrogen oxides strongly correlates with 

that of aqueous nitrites and nitrates. Antibacterial effects of the PAW tested on E. coli bacteria 

are mainly determined by the aqueous RONS: in the lower power streamer corona mainly by 

the dissolved ozone and hydrogen peroxide, in the higher power transient spark by the 

combination of hydrogen peroxide, nitrite and acidic pH, while in transient spark in the closed 

reactor by acidified nitrites. 
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Nevertheless, a significant difference in antibacterial effects between direct plasma application 

to suspended bacteria and the indirect effect of PAW indicate that besides RONS chemistry, 

electric field and perhaps UV radiation play certain roles. Preliminary results with bacteria 

exposed to PAW and PAW combined with pulsed electric field confirm this hypothesis. Even 

UVA radiation emitted from the discharge seems to co-operate with the nitrite chemistry and 

enhance the antibacterial effects of PAW. 

Acknowledgements. Supported by Slovak Research and Development Agency APVV-17-0382 

and APVV-0134-12. 

[1] Z. Machala, B. Tarabová, D. Sersenová, M. Janda, K. Hensel: J Phys. D: Appl. Phys. 52, 

034002 (2019). 
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Removal of pesticide residues in water by electrical 

discharges 

M. Magureanu and C. Bradu 

National Institute for Lasers, Plasma and Radiation Physics 

Growing use of pesticides in agriculture in order to increase food production leads to 

contamination of soil and water, that can seriously threaten various species, especially those 

presenting biological similarities with the pest species. Pollution due to pesticide application is 

impossible to control, but at least the remediation of point sources of pesticide pollution can be 

attempted by advanced oxidation processes. An example is the wastewater from pesticide 

manufacturing plants, which frequently has very high contamination levels, of the order of tens 

to hundreds of mg/L in a limited volume. 

This presentation will review literature results on the removal of pesticides from water by 

non-thermal plasma. The published data generally confirm that non-thermal plasma generated 

in liquid or gas–liquid environment can successfully degrade these contaminants. Improving 

the efficiency of this process was the target of many of these studies. Combinations of plasma 

with other AOPs, such as catalyst addition or plasma-ozonation systems, can produce such a 

beneficial effect by the generation of additional hydroxyl radicals. From the viewpoint of 

reactor design, it is generally accepted that good mass transfer of the active species from the 

plasma to the liquid and pulsed discharge operation are desirable for enhanced degradation 

efficiency. 

With respect to the degradation mechanism, it was confirmed that the oxidative degradation of 

pesticides by plasma is dominated by reactions with OH radicals, similarly with other AOPs. 

In some cases, depending on the chemical structure of the organic compound and on solution 

pH, reactions with molecular ozone can also play a role in the degradation pathway. The 

identification of reaction intermediates and final by-products is important, since these 

compounds can also be harmful to aquatic organisms, and therefore several works included 

toxicity assessments of the treated effluent. Thus, essential information for optimizing the 

operational parameters of plasma treatment can be determined, especially regarding the 

duration of the treatment, which can be prolonged until the dangerous compounds are removed, 

but not necessarily until complete mineralization. 
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Radio-frequency atmospheric pressure discharge: 

diagnostics, modelling, applications 

Ivana Sremački (1), Lei Wang (1), Christophe Leys (1), Gheorghe Dinescu (2), 

Eusebiu-Rosini Ionita (2) and Anton Nikiforov* (1) 

(1) Department of Applied Physics, Ghent University, Sint-Pietersnieuwstraat 41 B4, 9000 

Gent, Belgium 

(2) National Institute of Laser, Plasma and Radiation, Magurele-Bucharest, MG-36, Ilfov RO 

077125, Romania 

Atmospheric pressure plasmas have found numerous application in wide range of fields 

including biomedical use for treatment of skin, cancer therapy, drugs delivery and many others. 

Among plasma sources developed in different groups the radio-frequency (RF) plasmas are of 

particular interest due to possible safe biomedical operation i and generation of high amount of 

reactive species. Despite a wide range of RF plasma sources proposed in literature, the physics 

of RF discharge sustaining at high pressure is still not well studied. Here we present an overview 

of research activities performed by both experimental and modelling approaches for study 

atmospheric pressure RF plasmas. A novel type of RF plasma in co-axial geometry is studied 

by electrical diagnostics as well as optical emission and laser scattering spectroscopy. RF 

plasma operation and stability of diffuse mode sustaining is analyzed based on energy and 

ionization balance. Considering high importance of gas temperature for biomedical application 

of plasma special attention is paid to determination of gas temperature and validation of the 

rotational temperature obtained by emission spectroscopy through comparison with laser 

scattering. It is revealed that gas temperature obtained by N2 emission detection is highly 

overestimated whereas the gas temperature estimated from OH emission analysis gives 

reasonable agreement with both Rayleigh and Raman spectroscopy. Based on Rayleigh 

scattering method it is found almost uniform gas temperature distribution in a core of the 

discharge. This finding confirms low gas heating in RF plasma and allows to use novel source 

in heat sensitive applications including plasma medicine. Time behavior of an atmospheric 

pressure RF discharge is investigated experimentally with phase resolved emission 

spectroscopy, and through 2D simulation with COMSOL Plasma Module. It is found that the 

α-mode discharge has a similar structure with low pressure capacitively coupled plasma with 

visible sheath regions about 100-150 μm width near both electrodes. Atomic lines (He I, Ar I) 

emission is always detected near the cathode which is consistent with 2D discharge simulation 

results. The simulation shows that both electron and ion density vary from 0.8 × 1018 m−3 to 

1.05 × 1018 m−3, and electron temperature is about 1.28 eV in the plasma bulk. The ion 

temperature stays close to gas temperature in the bulk, and only rises high to 1.4 eV near sheath 



Keynote 

13 

 

region. The mechanism of the sheath formation in atmospheric pressure discharge strongly 

correlates with dynamics of the electron density and electron temperature variation in the gap 

and the process is similar to low pressure RF capacitively coupled discharges. High uniformity 

of the discharge and upscale possibility to any desirable size are considered beneficial for 

variety of application and two examples of films deposition and aerosol drug delivery are 

demonstrated. 
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Trapping and determination of ROS generated in water 

treated with air non-thermal plasma 

Ester Marotta, Francesco Tampieri, Gabriele Cabrellon, Antonio Barbon, Andrea Rossa 

and Cristina Paradisi 

Department of Chemical Sciences, University of Padova, Via Marzolo 1, 35131 Padova, Italy 

The application of non-thermal plasma (NTP) to water decontamination is considered as a 

promising novel approach especially with regard to treatment of recalcitrant organic pollutants 

[1]. The interest in developing efficient NTP-based technologies is documented by the large 

and rapidly increasing number of studies exploring and comparing various options to generate 

NTP and to bring it in contact with the water to be decontaminated [2]. Aim of these studies is 

to find optimal conditions to maximize the efficiency of the pollutants degradation and of their 

mineralization, both of which are dependent on the NTP generated reactive species and their 

reactions with dissolved organic matter. Although the use of Ar and other gases has been 

reported, in our work we focus on ambient air which is the best choice in view of large scale 

application [3]. Major ROS detected and determined so far in these systems are the hydroxyl 

radical, ozone and hydrogen peroxide [3]. This contribution deals with superoxide, O2
−·, a very 

short lived species in aqueous media, with strong reactivity both as oxidant and reductant. There 

are only few previous papers reporting the detection of NTP generated superoxide in water [4]. 

We will report the results obtained using traps and suitable detection techniques, notably spin 

traps with EPR spectroscopy and selective probes, leading to fluorescent products, coupled with 

fluorimetry. Based on these results the possible role of superoxide in air NTP induced advanced 

oxidation of organic pollutants in water will be discussed. 

[1] Miklos DB, et al (2018) Evaluation of advanced oxidation processes for water and 

wastewater treatment – A critical review. Water Res 139:118–131. 

[2] Foster JE, et al (2018) Towards high throughput plasma based water purifiers: Design 

considerations and the pathway towards practical application. J Phys D Appl Phys 51:293001. 

[3] Marotta E, et al (2011) Plasma Process Polym 8:867–875; Bosi FJ, et al (2018) Plasma 

Process Polym 15:1700130; Tampieri F, et al (2018) Plasma Process Polym 15:1700207; 

Ceriani E, et al (2018) J Phys D Appl Phys 51:274001; Nani L, et al (2018) J Phys D Appl Phys 

51:274002; Ceriani E, et al (2018) Chem Eng J, 337, 567-575. 

[4] Tresp H, et al (2013) Quantitative detection of plasma-generated radicals in liquids by 

electron paramagnetic resonance spectroscopy. J. Phys. D: Appl. Phys. 46 435401; Zhang M, 

et al (2017) A plasma/liquid microreactor for radical reaction chemistry: An experimental and 

numerical investigation by EPR spin trapping. Plasma Process Polym. 2017, e1700188; 
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Gorbanev Y, et al (2016) Non‐Thermal Plasma in Contact with Water: The Origin of Species. 

Chem. Eur. J. 22 3496; Tani A, et al (2012) Free radicals induced in aqueous solution by non-

contact atmospheric-pressure cold plasma. Appl. Phys. Lett. 100 254103; Zhang M, et al (2018) 

A plasma/liquid microreactor for radical reaction chemistry: An experimental and numerical 

investigation by EPR spin trapping Plasma Process Polym. 1700188. 
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Impact of low temperature plasma on selected non-heat 

resistant materials 

Joanna Pawłat (1), Michał Kwiatkowski (1), Piotr Terebun (1), Agata Przekora (2), 

Grażyna Ginalska (2), Barbara Chudzik (3), Marek Kopacki (4) and Agnieszka Starek 

(4) 

(1) Lublin University of Technology, Poland 

(2) Medical University of Lublin, Poland 

(3) Maria Curie-Skłodowska University, Lublin, Poland 

(4) University of Life Science in Lublin, Poland 

The Cold Atmospheric pressure Plasma (CAP) is used for conditioning and microbiological 

decontamination of heat-sensitive materials including seeds, juices, and cell cultures. 

This work reports research results concerning impact of cold plasma technology on the growth 

of onion seedlings after pre-sowing stimulation of Alium cepa cv. ‘Wolska’ seeds with 

helium/air plasma. Exposure times ranged from: 0 to 480 seconds and observation time was 12 

days from seedling start time. The best efficiency of seedling germination was observed in the 

240 and 120 s exposure time treatment. 

The effect of CAP on inactivation of juice background spoilage microorganisms, as well as on 

high count of inoculated yeast while maintaining physicochemical properties in tomato juice is 

also reported. The time of exposure was the main factor influencing the tomato juice treatment 

efficacy with low temperature plasma generated from air as a substrate gas. 5 minutes of plasma 

treatment enabled 3.45-log CFU/ml, 3.55-log CFU/ml and 3.32-log CFU/ml reductions just 

after the treatment for the total aerobic mesophilic bacteria colonies, yeast and molds, 

respectively. 

Moreover, normal mouse calvarial preosteoblasts (MC3T3-E1 Subclone 4) in HBSS solution 

were treated with nitrogen CAP. Short-time (up to 16 s) treatment was non-toxic to the 

MC3T3-E1 cells and promoted preosteoblasts’ proliferation, enhanced osteogenic 

differentiation by increasing bone alkaline phosphatase and osteocalcin concentration, but it 

inhibited mineralization of extracellular matrix. 
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Applications and fundamental properties of atmospheric 

pressure discharges used in biology and agriculture 

N. Puač (1), N. Škoro (1), N. Selaković (1), D. Maletić (1), S. Živković (2), M. Milutinović 

(2) and Z. Lj. Petrović (1) 

(1) Institute of Physics, University of Belgrade, Pregrevica 118, 11080 Blegrade, Serbia 

(2) Institute for Biological Research "Sinisa Stankovic", University of Belgrade, Bul. despota 

Stefana 142, 11060 Belgrade, Serbia 

In the last decade extensive research have been executed in the field of atmospheric pressure 

plasmas (APPs) motivated mostly by their high application potential in medicine, biology and, 

lately, in agriculture. Different applications demanded development of plasma sources of 

various geometries and configurations that were made with different electrode materials. 

Atmospheric pressure plasma jet (APPJ) is type of source mostly utilized for abovementioned 

applications. Typical configuration of APPJ consist of a tube for conducting the flow of the 

buffer gas and a set of electrodes where the powered electrode can be in contact with the plasma 

or separated by a dielectric surface. The signal fed to the powered electrode can be divided as 

continuous or pulsed while the signal frequencies are usually from several kHz to GHz. The 

choice of the electrode geometry as well as the type of the power supply is governed by the 

particular application of the APP. 

For all source configurations one needs to perform detailed diagnostics of the plasma to obtain 

the information which can be linked to the processes significant for the specific treatment. On 

one side, this is essential for the control of the plasma parameters and consequently the 

treatment realization. Moreover, it can provide an opportunity to assess the efficiency of desired 

application and, up to some extent, to allow comparison of the obtained effects on the treated 

samples between different plasma systems. For instance, in the case of APPJ an interesting 

feature observed is formation of pulsed atmospheric-pressure streamers (PAPS). In order to 

investigate this phenomenon synchronous measurements of electrical signals and fast plasma 

imaging were performed. The ICCD recording revealed that PAPS form at certain time point 

of the signal period and have a speed of several kilometres per second. From the point of 

applications the most important feature of the APP is that they create chemically highly reactive 

environment in the gas phase with the properties that should be generally tuned according to 

the application’s demands. Thus, mass spectrometry (MS) measurements are key diagnostics 

when comes to determining which are the reactive species created in the plasma. For example, 

MS provides a detailed insight of plasma formed reactive oxygen and nitrogen species (RONS) 

that are responsible for modification of the treated surfaces or activation of specific mechanisms 

inside the treated targets. In order to obtain complete information on treatment of biological 
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systems, we compared the results of plasma diagnostics and the response of the biological 

system treated by different plasma sources. In the direct treatments of seeds and calli RONS 

interact with the plant cells. In plasma treatments of water, they can penetrate into the treated 

water which is then brought into contact with biological sample. In the cells RONS can trigger 

various biochemical mechanisms that can be observed also at molecular level through the 

activity of enzymes or hormones in the seeds and plants.  

Acknowledgment. Research has been supported by the MESTD Serbia, projects III41011, 

ON171037 and ON173024. 
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Nanosecond discharges for the conversion of renewable 

energy and CO2 in value-added products 

Luca Matteo Martini (1, 2), Matteo Ceppelli (1), Nicola Gatti (1), Giorgio Dilecce (1, 3), 

Mario Scotoni (1) and Paolo Tosi* (1, 3) 

(1) Department of Physics, University of Trento, Italy 

(2) Present address: Department of Applied Physics, Eindhoven University of Technology, 

Netherlands 

(3) P. Las. Mi Lab NANOTEC – CNR, Bari, Italy 

Already two centuries ago, J. Fourier wondered if changes in atmospheric CO2 could influence 

the average temperature of the Earth. Lately, in 1896, S. Arrhenius proved this relationship. 

Pre-industrial levels of atmospheric CO2 were close to 280 ppm before about 1900, but 

nowadays the level is above 400 ppm, and there are no more doubts that the principal driver of 

global warming is anthropogenic carbon dioxide. 

An obvious way to reduce the emission of CO2 is to substitute fossil fuels with renewable 

energy sources. Unfortunately, they are intermittent, and thus energy storage is essential for the 

use of renewable energies on a large scale. A promising storage option is a Power-to-Fuels 

technology, based on the use of green electricity to convert CO2 into electricity-based synthetic 

fuels and feedstocks. 

In this context, a plasma technology can be flexible (easily switched on/off to follow the 

intermittent energy source) and efficient. Among the different kinds of discharge, the 

repetitively-pulsed nanosecond discharge is particularly promising since a considerable power 

can be injected into the gas by using low energy pulses. In such a way, the non-equilibrium 

character of the plasma can be enhanced, thus allowing greater efficiency of the dissociation 

process of very stable molecules like CO2. In our group, we have investigated the plasma 

reforming of CH4-CO2 at atmospheric pressure. The main products are CO, H2, C2H2, H2O and 

solid carbon. We estimate an energy efficiency of 40% for syngas (CO and H2) production, 

higher if other products are also considered. 

Insights on the chemical processes occurring into the discharge require non-invasive and time-

resolved diagnostics. Given the hostile environment, those diagnostics should be based on a 

fast and transient sensor, like a molecule prepared in a specific quantum state. We have applied 

this concept by using the OH radical arranged in one particular rovibronic state. Such excited 

state is populated by absorption of resonant laser radiation, which produces a transient sensor 

locally in space and time, whose signal is the fluorescence spectrum. This spectrum depends on 

the gas composition because non-radiative collisional energy transfer processes with the 
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background molecules compete with the radiative decay of the initially excited states. Thus, 

since the background molecules selectively modify the OH fluorescence spectrum, the latter 

can be used to measure the gas composition with high temporal and spatial resolution. We have 

developed this method (Collision Energy Transfer CET-LIF) and used to measure the 

time-resolved dissociation of CO2 in a nanosecond pulsed discharge. 
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A comprehensive diagnostic study of a DC positive column 

in O2: a test-bed for models of plasmas in a diatomic gas 

J. P. Booth* (1), A. Chatterjee (1, 2), O. Guaitella (1), N. De Oliviera (2), L. Nahon (2), D. 

Lopaev (3), S. Zyryanov (3), D. Voloshin (3) and T. Rakhimova (3) 

(1) Laboratoire de Physique des Plasmas, CNRS, Ecole Polytechnique, Université Paris-Sud, 

Université Paris-Saclay, Sorbonne Universités, F-91128 Palaiseau, France 

(2) Synchrotron SOLEIL, Gif Sur Yvette, France 

(3) Moscow State University 

Despite many decades of study, models of discharges in molecular gases still lack accurate data 

on many key collisional processes, both in the gas phase and on surfaces, necessary for reliable 

predictive modeling. Good data is lacking for electron-impact dissociation, surface 

recombination, reactions with metastables, gas heating mechanisms, energy transfer, and 

surface thermal accommodation. This is true even for such “simple” and ubiquitous gases as O2 

and N2. Diagnostic techniques have advanced significantly, with an emphasis on accurate 

absolute density measurements, space and time resolution, and energy distribution functions 

(translational, rotational and vibrational). However, most studies focus on measuring only a few 

of the modeled parameters for a given system, and often in plasma configurations optimized for 

applications rather than for model/experiment comparison. Particularly problematic is the 

presence of large gradients (in temperature, density, composition) as well as poorly-controlled 

surface conditions. Our approach therefore is to use a well-characterized, stable and uniform 

discharge chosen to be simple to model, namely a DC positive column in pure O2, and to 

perform a comprehensive set of measurements of all accessible parameters using multiple (and 

sometimes overlapping) diagnostics. The model/experiment comparison is therefore highly 

constrained, allowing the origin of discrepancies to be probed in unprecedented detail. 

Measurements were made of the absolute densities and kinetics of O2 in the X, a and b states, 

and O3P atoms, using a combination of synchrotron vacuum ultraviolet absorption, cavity 

ringdown spectroscopy and optical emission (visible and infrared). These results show the 

importance of gas heating and surface reactions, as well as charged and neutral gas phase 

reactive collisions. 

Acknowledgements. This research was conducted in the scope of the KaPPA International 

Associated Laboratory (LIA). The project was performed under LABEX Plas@par, and 

received financial state aid managed by the Agence Nationale de la Recherche, as part of the 

programme "Investissements d'avenir" under the reference ANR-11-IDEX-0004-02. 
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Coatings for medical implants: from experiment to 

application 

Ladislav Cvrček 

Department of Materials Engineering, Czech Technical University in Prague 

Chemically stable and corrosion resistant materials must be selected in the design of a joint 

implant. Well proven pairs of joint implants based on UHMWPE (ultra-high molecular weight 

polyethylene) e.g. CoCrMo-UHMWPE or Al2O3-UHMWPE are indeed reliable, however the 

prolongation of their life is still a subject of research. Not always can the basic material fulfil 

the severe tribological conditions. In this case application of coatings on the surfaces in contact 

can be considered. The selection of an appropriate coating must ensure a chemically stable 

surface and must fulfil conditions for long-time adhesion of the coating to the basic material. 

In case of load-bearing orthopaedic implants, the coatings should also ensure low friction and 

wear. In addition, the coating can act as a diffusion barrier against the discharge of toxic ions 

(e.g. Co, Cr, Mo, Ni, V or Al) from the basic materials (CoCrMo, Ti6Al4V ELI or stainless 

steel). Such requirements meet DLC (diamond-like carbon) coatings with an optimized 

adhesive interlayer. Newest studies have shown that for the long-time life of joint implants also 

the ability to attract proteins to the surfaces of the friction area is essential. This causes a 

considerable reduction of friction due to lubrication of the surface in limit states which occur at 

the start of motion from standstill. Bioinert surface of DLC coatings was therefore doped with 

Ti and Nb to increase the ability to bind proteins. The experiments devised for the testing of the 

functionality and life of optimized coating systems deposited on real implants will be described. 

The life cycles of the implants were tested on a motion simulator. The effect of other parameters 

such as corrosion resistance or the effect of the geometry of the implant were also assessed. 
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PVD hard coatings: from fundamental science to job 

coating service, and vice versa 

Miha Čekada 

Department of Thin Films and Surfaces, Jožef Stefan Institute, Ljubljana, Slovenia 

Physical vapor deposition (PVD) is a mature technology, daily used in industrial practice. 

Nevertheless, there are several directions of improvement where vigorous research is 

conducted: advanced plasma diagnostics, novel power supply (e.g. Hipims), nanolayer and 

nanocomposite coatings, and implementation of new coatings in niche applications. As in any 

other fields, most of the R&D work is performed by academia, while everyday industrial 

practice is done at companies; this activity is called job coating. Performing both activities in 

one facility is relatively rare. In this presentation, such a case will be presented based on 30-year 

history of doing simultatneously PVD research and job coating service at the Jožef Stefan 

Institute. The activities are limited on hard protective coatings, which are predominantely 

transition metal nitrides.  

Foremost the research topics are broadly dictated by the needs of the local industrial partners: 

coating design, coating characterization, industrial trials and finally the financial support. 

Second, doing research in an industrial deposition chamber makes the applicability of these 

results far more relevant than the ones conducted in a lab (e.g. UHV) environment. Two cases 

will stress the industrially-driven nature of the research, though not directly related to a 

particular partner's needs: (i) a warranty claim of poor coating quality initiated a successful 

research of growth defects, (ii) a similar complain of multilayer coating reproducibility was 

followed by an extensive work on modeling of thin film growth in a multi-rotation system. 

Based on publications, conference presentations, patents, etc., there should be a steady 

expansion of novel coatings with constantly improving properties, all dedicated to more and 

more specific needs. However, the industry is often reluctant to change reliable technologies, 

such as standard TiAlN, or even the old TiN. An all-purpose coating is often more welcome 

than a series of specific coating types. There is little room for improvement in such 

environments. In addition, if the chamber should be ready for the next industrial batch tomorrow 

morning, the opportunities for long or risky experiments are limited. In summary, advantages 

and disadvantages will be outlined of such a simultaneous scope of work (R&D / job coating). 
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Thin layers of atmospheric pressure plasmas for polymer 

surface treatments 

Dušan Kováčik, David Pavliňák, Oleksandr Galmiz, Jakub Kelar and Mirko Černák 

CEPLANT – R&D Centre for Low-Cost Plasma and Nanotechnology Surface Modifications, 

Masaryk University, Kotlářská 2, 611 37 Brno, Czech Republic 

Plasma jets and dielectric barrier discharges (DBDs) are widely used as atmospheric-pressure 

plasma sources for surface treatments of polymer material. A significant disadvantage of such 

plasma source is that they are producing the plasmas in volumes much larger than the volume 

in which active particles really reaching the treated surfaces reacting with them are generated. 

As a consequence, a substantial part of the discharge power is uselessly dissipated in the plasma 

volume by, for example, recombination processes and gas heating. Moreover, in typical 

operating conditions, toxic NOx and ozone are produced excessively. 

As a consequence, for many polymer surface treatments it is advantageous to use the thin (on 

the order of 0.1 mm) plasmas layers generated in a close contact with the treated surfaces. Such 

a solution can provide substantial advantages in energy consumption, exposure time, exhaust 

gases production, and technical simplicity. 

In the talk, the applications of several gas discharge types, namely surface DBDs [1], Diffuse 

Coplanar Surface DBDs [2], surface DBDs generated using liquid electrodes [3], and 

underwater diaphragm discharges [4], for the surface treatment of a wide scale of polymer 

materials will be discussed. 

[1] Ľ. Černáková et al.: Plasma Chemistry and Plasma Processing 25 (2005) 427-437. 

[2] D. Pavliňák et al.: Materials Today Communications 16 (2018) 330–338. 

[3] D. Pavliňák et al.: Appl. Phys. Letters 105, (2014) 154102. 

[4] M. Šimor et al: Acta Phys. Slovaca 54 (2004) 43 – 48. 
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Effective virus inactivation in water by cold atmospheric 

plasma 

Arijana Filipić (1, 2), Tadeja Lukežič (1), Magda Tušek Žnidarič (1), Gregor Primc (3), 

Rok Zaplotnik (3), Nataša Mehle (1), Ion Gutierrez-Aguirre (1), Maja Ravnikar (1, 4), 

Miran Mozetič (3), Jana Žel (1) and David Dobnik* (1) 

(1) National Institute of Biology, Department of Biotechnology and Systems Biology, Večna 

pot 111, 1000 Ljubljana, Slovenia 

(2) Jožef Stefan International Postgraduate School, Jamova cesta 39, 1000 Ljubljana, Slovenia 

(3) Jožef Stefan Institute, Department of Surface Engineering, Jamova cesta 39, 1000 Ljubljana, 

Slovenia 

(4) University of Nova Gorica, Vipavska 13, 5000 Nova Gorica, Slovenia 

An increasing number of biotic and abiotic pollutants is only one of the reasons why lack of 

clean and safe water is one of the biggest problems we have to face today. The possibility of 

viruses being transmitted through water was neglected for decades, however, the rise in 

numbers of waterborne human and plant diseases due to suboptimal water disinfection, is 

changing the focus in this direction. Many water transmissible viruses are infectious in low 

dosage, stay infectious after long periods of time and can cause a plethora of diseases. For this 

reason, inactivation of viruses in water is extremely important. Since all the methods currently 

used for water decontamination have some negative properties, the search for alternative 

methods became very important. One such method that is environmentally friendly, easy to use, 

non-toxic, and could thus be used for water decontamination, is cold atmospheric plasma. 

We used cold argon plasma for inactivation of two morphologically different viruses in water 

samples: potato virus Y (PVY) and bacteriophage MS2, both of which can be successfully 

transmitted by water. PVY is a filamentous virus that can infect different plants but is the most 

important potato virus pathogen. MS2 is an icosahedral virus, used as a surrogate for enteric 

viruses transmitted by water. Compared to PVY, its genome is almost three times shorter. We 

determined success and a mode of virus inactivation with different methods: infectivity tests 

with either test plants or double layer plaque assay, polymerase chain reaction (PCR), real-time 

PCR, droplet digital PCR, transmission electron microscopy and optical emission spectroscopy. 

Despite the differences between the two model viruses used, we were able to inactivate or 

sufficiently decrease the concentration of both viruses in 10 ml water samples after short 

treatment times. We also proposed reactive oxygen species as the main mode of viral 

inactivation. Our results indicate that plasma could be a powerful tool for solving the problem 
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of water scarcity as it could efficiently inactivate pathogenic microorganisms and with that 

make water safer for everyone. 
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Surface streamers on dielectrics and liquids: similarity and 

difference. 

Yuri Akishev (1, 2) and Vladimir Karalnik (1) 

(1) State Research Centre RF TRINITI, Pushkovykh Str. 12, Moscow, Troitsk, 108840, Russia 

(2) National Research Nuclear University ‘MEPhI’, Kashirskoe shosse 31, Moscow, 115409, 

Russia 

The object of this talk is the gas discharge sliding on the surface of solid dielectric or liquid 

with different conductivity. This discharge can be powered with pulsed, pulsed-periodical or 

sinusoidal voltage. Surface discharge (SD) generates on dielectric or liquid a thin sheet of 

non-thermal plasma enriched with various reactive species. Different types of SDs are of great 

interest for practice because they can be used for many applications such as modification of a 

solid surface, gas flow control, initiation or intensifying of the wanted biochemical processes 

in liquids, etc. In general, the spatial structure of SD is non-uniform. In order to get more or 

less uniform SD and to cover the maximum area with plasma sheet, it is necessary to take into 

account the physical peculiarities related to the spatial-temporal formation of SDs on solid 

dielectric and the conductive liquid. For instance, in the first case, the collection of an electric 

current into the plasma of SD happens due to the displacement current transferred through a 

dielectric, in the latter case, the conductive current from liquid provides the transport of electric 

current into plasma sheet. An important role in the formation of a plasma sheet pattern on 

surface belongs to the ionization instabilities the development of which leads, on the one hand, 

to the constriction of the plasma sheet but, on the other hand, to an increase in the length of 

plasma sheet on the surface. Besides, the geometrical and electrical parameters of dielectric 

material and the liquid medium, the parameters of the applied voltage like the sinusoidal 

frequency or the polarity, rise-time and duration of a pulse and external gas flow influence the 

SD as well. The state-of-the-art in phenomenological investigations of SDs on dielectric and 

liquid and the advances in the insight of physics of these discharges will be presented in this 

report. 
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Peroxynitric acid (HOONO2) preserved in plasma-treated 

water for effective and safe disinfection 

Katsuhisa Kitano* (1), Satoshi Ikawa (2), Yoichi Nakashima (2) and Atsushi Tani (3) 

(1) Graduate School of Engineering, Osaka University, Osaka, Japan 

(2) Osaka Research Institute of Industrial Science and Technology, Osaka, Japan 

(3) Graduate School of Human Development and Environment, Kobe University, Hyogo, Japan 

For the plasma disinfection of human body, we have developed the reduced-pH method with 

direct plasma exposure, which brings stronger bactericidal activity in the liquid at lower pH 

condition, where the threshold is pH 4.8. The enhancement is thought to be due to hydroperoxy 

radical (HOO•) generated from superoxide anion radical (O2
–•) by acid dissociation equilibrium 

(pKa 4.8). Considering the plasma treatment of human body, the plasma-induced chemical 

reactions in the liquid (body fluid) must be worthy of attention. In addition to it, we found that 

the plasma-treated water (PTW) also has strong bactericidal activity under acidic condition. 

PTW contains many kinds of species, some of which brings bactericidal activity. 

To understand our PTW experimental results with the reduced-pH method, physicochemical 

properties of PTW are discussed based on chemical kinetics. Lower temperature drastically 

brings longer half-life, and the bactericidal activity of PTW can be kept by cryo-preservation. 

This means that PTW with higher bactericidal activity could be obtained by longer plasma 

treatment under enough low temperature. High performance PTW, corresponding to the 

disinfection activity of 22 log reduction (against Bacillus subtilis spore), can be obtained by 

special plasma system equipped with cooling device. This is equivalent to 65% H2O2, which is 

harmful for living body. However, the bactericidal activity of PTW is deactivated soon at higher 

temperature (4 sec. at body temperature), and toxicity to human body seems low. For dental 

application, PTW was effective on infected models of human extracted tooth. 

Many researchers are interested in this area of PTW, where the waters are treated / activated by 

their original devices. For scientific understanding, we should discuss based on chemical 

species. Although PTW has many chemical components, respective chemical components in 

PTW were isolated by ion chromatography. In addition to peaks of H2O2, NO2
− and NO3

−, a 

specific peak was detected at retention time = 3 min and only this fraction had bactericidal 

activity. This means that active ingredient of PTW was successfully purified. Moreover, 

molecular nitrogen was required both in the ambient gas and in the distilled water used to 

prepare the PTW. We, therefore, propose that the reactive molecule in PTW with bactericidal 

effects is not a free reactive oxygen species but nitrogen atom(s)-containing molecules that 

release O2
−•, such as HOONO (peroxynitrous acid) or HOONO2 (PNA: peroxynitric acid). 
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Considering the activation energy for degradation of these species, we assumed that PNA is 

active ingredient. From IC analysis of chemically synthesized PNA, a same specific peak was 

seen. From quantum chemical calculation on PNA decomposition, PNA can release HOO•. So 

we conclude that PNA is a key chemical species of cryo-preserved PTW with the reduced-pH 

method. 

Although the existence of PNA itself including chemical synthesis method has been known 

since 100 years ago, sterilization by PNA has never been reported in past papers. Chemical 

synthesis is more inexpensive for the practical use of PNA for sterilization. But it is just a 

plasma-inspired new technique. 
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The effect of plasma pretreatment and cross-linking 

degree on antimicrobial activity of nisin coated film 

Zuzana Kolarova Raskova* (1), Pavel Stahel (2), Jana Sedlarikova (1, 3), Lenka Musilova 

(1), Monika Stupavska (2) and Marian Lehocky (1, 3) 

(1) Tomas Bata University, Centre of polymer systems, Trida Tomase Bati 5678, 76001 Zlin, 

Czech Republic 

(2) Masaryk University, Department of Physical Electronics, Faculty of Science, Kotlarska 

267/2, 63711 Brno, Czech Republic 

(3) Tomas Bata University, Faculty of Technology, Department of Fat, Surfactants and 

Cosmetics Technology, Vavrečkova 275, 76001 Zlin, Czech Republic 

Stable antimicrobial nisin layers were prepared on the carrying medium - polyvinyl alcohol 

(PVA) films, crosslinked by glutaric acid. Surface plasma dielectric coplanar surface barrier 

discharge (DCSBD) modification of polyvinyl alcohol was used to improve the hydrophilic 

properties and to provide better adhesion of biologically active peptide – nisin to the polymer. 

The surface modification of films was studied in correlation to their cross-linking degree. Nisin 

was attached directly from the salt solution of commercial product. In order to achieve stable 

layer, the initial nisin concentration and following release was investigated by using 

chromatographic methods. Uniformity and stability of the layers was evaluated by means of 

zeta potential measurements and for surface changes of hydrophilic character the water contact 

angle measurements were provided. The nisin long term stability on the PVA films was 

confirmed by tricine polyacrylamide gel electrophoresis (SDS-PAGE) and by antimicrobial 

assay. It was proved that crosslinking degree of polyvinyl alcohol plays an important role 

mainly in the range of 10 – 20%, which was evaluated as optimal for preparation of relatively 

water-stable peptide coatings that can sustain also the antibacterial properties with potential 

applicability in medical field. According to the zeta potential measurement, the adhesion 

proceeded at acidic pH value and surface inhomogeneity was observed mainly in the case of 

10% of crosslinking. This suggests that besides the bulk also the surface properties of the 

polymer materials must be carefully controlled to achieve acceptable results. Based on the 

results, DCSBD plasma treatment of PVA using 20% crosslinking with glutaric acid and nisin 

adhesion represents novel and promising method for design of biomaterials characterized by 

tunable stability and diffusion of bioactive compounds. 

It was found that PVA can serve as a suitable carrying medium for nisin with tunable properties 

by plasma treatment and crosslinking degree. Combination of coplanar Surface Barrier 

Discharge activation and cross-linking using environmentally friendly glutaric acid was applied 

to PVA to study its potential use as a carrier system for nisin adhesion. It was found that both 
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mentioned factors have the crucial effect on the extent of nisin surface attachment and its release 

kinetics. 

Acknowledgments. This work was supported by the grant 17-10813S of the Czech Science 

Foundation (Grant Agency of the Czech Republic). 
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Between classical and plasma polymers: studying the 

missing link 

Jaroslav Kousal (1), Zdeněk Krtouš (1), Zuzana Kolářová Rašková (2), Jana Sedlaříková 

(2, 3), Liliana Kučerová (2), Pavel Solař (1), Suren Ali-Ogly (1), Andrei Choukourov (1) 

and Marian Lehocký (2, 3) 

(1) Charles University, Faculty of Mathematics and Physics, Prague, V Holešovičkách 2, 

180 00, Prague, Czech Republic 

(2) Tomas Bata University in Zlin, Centre of Polymer Systems, Zlín, třída Tomáše Bati 5678, 

760 01, Zlin, Czech Republic 

(3) Tomas Bata University in Zlin, Faculty of Technology, Vavrečkova 275, 76001 Zlin, Czech 

Republic 

Typically, polymers prepared using classical “wet chemistry” methods have well-ordered 

chemical structure. However, significant degree of crosslinking without residues of the 

crosslinking agent is not easily achievable for many types of polymers. In contrast, plasma 

polymers are typically highly crosslinked, but their molecular structure is poorly defined. 

Plasma assisted vapour thermal deposition (PAVTD) technique combines these two 

approaches. 

Classical bulk polymer (“precursor“) in a powder form is placed into a crucible inside a glow 

discharge. Polymer is heated up to the temperature at which the cleavage of macromolecular 

chains starts to occur. Oligomeric fragments are released into the gas phase through a glow 

discharge, forming a thin plasma polymer film. Generally, the building blocks of the film are 

much larger that would be practical to use in typical gas-phase plasma polymerization 

processes. Hence, the resulting plasma polymer film prepared using PAVTD can preserve most 

of the molecular structure of the precursor. Retention of the macromolecular structure and the 

crosslink density can be tuned by the plasma power and material deposition rate in Yasuda-like 

manner. 

Thin films based on polyethylene oxide, poly-lactic acid and polyurethane were prepared at 

temperatures of 150-350 °C under low pressure (1-5 Pa) with/without the RF plasma (0-50 W) 

involved. The molar mass distribution and the chemical composition of the resultant films were 

characterized in comparison with their respective “precursor” polymers. Both the fragmentation 

(lower molar masses detected) and re-polymerization (higher molar masses detected) play a 

role during the film formation. Films were found to well correspond to the original polymer 

“precursors“ counterparts in terms of the chemical structure as measured by infrared 

spectroscopy and X-ray photoelectrons spectroscopy. As a measure of the crosslinking degree 
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and degradability of the films their swelling and hydrolysis behaviour were monitored using 

liquid chromatography and in-situ spectroscopic ellipsometry. Permeability of several model 

molecules through the films was studied. 

Properties of the films prepared by PAVTD were found to be tuneable by the deposition 

conditions to a significant degree. In dependence on the deposition conditions, such films can 

exhibit chemical composition and physical behaviour belonging anywhere between those of the 

classical and plasma polymers.  

Acknowledgements. This project is supported by the grant GA17-10813S of the Czech Science 

Foundation. 
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Deposition of antibacterial silan-based coating on PP 

surface for advanced wound dressings by atmospheric 

pressure plasma 

Janez Kovač* (1), Gregor Jakša (1), Andrej Zabret (2), Marjetka Kralj Kunčič (2, 3), Bert 

Verheyde (4) and Dirk Vangeneugden (4) 

(1) Jozef Stefan Institute, Ljubljana, Slovenia 

(2) Tosama d.d, Domžale, Slovenia 

(3) TIMIAN, Begunje na Gorenjskem, Slovenia 

(4) Flemish Institute for Technological Research (VITO), Mol, Belgium 

A new atmospheric plasma technology was applied for deposition of antibacterial quaternary 

ammonium silane on non-woven materials for advanced wound dressings. A new remote 

plasma configuration was used in which a plasma polymerization process can be carried out by 

introduction of chemical precursors in a plasma afterglow. The plasma reactor was 

implemented in an existing production process for wound dressings. In this study 

Dimethyloctadecyl[3-(trimethoxysilyl)propyl]ammonium chloride solution (DMO or Si-QAS) 

was used for antimicrobial coatings on polypropylene (PP) nonwoven substrate. Quaternary 

ammonium silane was deposited using two different deposition techniques: wet-chemical 

deposition (dip coating) and atmospheric pressure plasma assisted chemical vapor deposition 

(AP-PA-CVD). X-ray photoelectron spectroscopy (XPS) and Time-of-flight secondary ion 

mass spectrometry (ToF SIMS) were used to characterize the composition, the chemical 

structure and homogeneity of deposited silane layers. Comparison between different deposition 

techniques, durability, water stability of deposited coatings as well as antibacterial activities 

were investigated and discussed. The results show that silane coatings could be deposited by 

both deposition techniques. Silane layers deposited by plasma process are thicker than 

wet-chemically deposited ones. However, plasma deposited coatings shows better antibacterial 

activities. 

Acknowledgments. The research was funded from the EU Programme FP7 under the grant 

agreement NMP3-SE-2013-604048 within the project with acronym “IP4Plasma”, 

http://ip4plasma.eu/en/home. 
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Laser synthesis of colloidal nanoparticles and applications 

Nikša Krstulović* and Damjan Blažeka 

Institute of Physics, Bijenička cesta 46, 10000 Zagreb, Croatia 

This talk is based on laser synthesis of colloidal nanoparticle solutions, treatment of materials 

with atmospheric pressure plasma jet (APPJ) and their applications. Laser synthesis of 

nanoparticles is based on a process of laser ablation of metallic targets immersed in liquids [1]. 

By laser ablation in liquids a synthesis of nanoparticles from wide variety of materials (metals, 

semiconductors, alloys, glass) is possible which makes it as versatile synthesis technique [2,3]. 

Laser synthesis of nanoparticles in liquids is known as 'green' synthesis method because there 

are no chemicals involved in the synthesis and chemical reaction byproducts which is the main 

advantage of this method over the standard chemical methods where often additional 

purification is needed [4]. 

Treatment and impregnation of nanoparticles into materials such as polymers and cellulose by 

atmospheric pressure plasma jet (APPJ) will be discussed [5-7]. 

One of the topic of this talk is development and verification of a quantitative method for 

determination of concentration of nanoparticles synthesized by laser ablation in liquids. 

[1] N. Krstulovic et al., Int. J. Adv. Manuf. Technol. 69 (2013) 1765-1773. 

[2] N. Krstulović et al., Mater. Res. Express 4 (2017) 105003. 

[3] N. Krstulovic et al., Appl. Surf. Sci. 15 (2018) 916-925. 

[4] S. Besner et al, Appl. Phys. A (2008) 955-959. 

[5] W. Schlemmer et al., Materials 11 (2018) 2412. 

[6] A. Jurov et al., Int. J. Adv. Manuf. Technol. (2018) doi.org/10.1007/s00170-018-2988-4. 

[7] N. Krstulovic et al., Portal 9 (2018) 145-158 doi.org/10.17018/portal.2018.10. 
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Thermal arc plasma as a tool for energy recovery and 

chemical recycling of waste streams 

A. Maslani, M. Hrabovsky, M. Hlina, O. Zivny, A. Serov, P. Ondac and M. Jeremias 

Institute of Plasma Physics, Prague, Czech Republic 

Thermal plasma generated in electric arc torches has been widely used for various applications. 

In the recent years, utilization of thermal plasma for processing of waste solids, liquids and 

gases, their energetic valorisation and transformation into valuable products has attracted 

interest of both research institutions as well as industrial companies. Indeed, amount of the 

waste produced by the human society is still increasing and traditional ways of its management 

as simple incineration or landfill disposal are absolutely insufficient and environmentally 

inappropriate. 

This contribution will summarize research performed in the Institute of Plasma Physics in 

Prague, from the development of the novel plasma torch based on the principle of water vortex 

stabilization, through its technical enhancements and characterization of the produced plasma 

jets, to its application for the waste treatment, gasification and pyrolysis. For this application, 

special reactors were built and large number of experiments with various materials has been 

performed. 

The stress will be given to the recently obtained results. Firstly, the last version of so called 

hybrid water-argon arc plasma torch was tested and analysed. We have studied visible part of 

the arc by optical methods as well as by electric probes. Detailed study of the anode region of 

the torch was performed by high speed camera and by optical emission spectroscopy. The 

movement of the anode arc attachment on the anode surface was analysed statistically, leading 

to the information about anode erosion and anode lifetime. Interesting phenomena were found 

when the plasma jet was expanding into the chamber with decreased pressure. 

Main part of the contribution will be devoted to analysis of the process of thermal plasma waste 

treatment, gasification and pyrolysis. In the recent experiments we performed gasification of 

lignite, steam and dry reforming of methane, methanol and ethanol, pyrolysis of methane and 

decomposition of perfluorinated compounds as tetrafluormethane (CF4) and sulfur hexafluoride 

(SF6). Each of these experiments has its specific features. In case of lignite, we have shown that 

thermal plasma can effectively use the bound water molecules and form hydrogen-rich syngas. 

Simple methane molecule serves as an example of possibility to form either syngas or hydrogen 

accompanied by high quality carbon particles. For decomposition of perfluorinated compounds 

the plasma torch with water stabilization turned out to be good choice, since presence of water 
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enhances desired reactions. Generally, application of this plasma torch for waste treatment 

brings the advantage of high energy content in small plasma volume and moreover, in 

comparison with commonly used air or nitrogen plasma torches, minimal dilution of the product 

by the plasma gas takes place. Important issue of the energy consumption of the plasma torch 

and energy balance of the process will be also discussed. Finally, some future plans will be 

presented, including possibility of treatment of hazardous materials like hospital waste or 

sewage sludge and possible extraction of valuable materials from them as phosphorus or various 

metals for instance. 
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Power transfer and gas heating in a DBD discharge for dry 

reforming of methane 

N. R. Pinhão 

Instituto de Plasmas e Fusão Nuclear, Instituto Superior Técnico, Universidade de Lisboa, 

Lisboa, Portugal 

Gas heating represents a significant, often undesired, channel for the power dissipation in a 

DBD discharge. In molecular gases, the gas temperature affects the vibrational population and 

influences the gas chemistry. 

Experimental measurements of the gas temperature in [1:1] CO2/CH4 mixtures with helium, 

obtained from the optical emission of the CH rotational band for the CH (A2Δ - X2Σ), have 

obtained values of up to 600 K. In these conditions the fractional vibrational), have obtained 

values of up to 600 K. In these conditions the fractional vibrational population in the ground 

state is close to 80% in case of CH4 and circa 60% in case of CO2. Modelling of the dry 

reforming of methane in these discharges requires a proper account of the reactor temperature. 

In this work we compute the temperature profile and the gas kinetics in a DBD discharge used 

for dry reforming of methane as a function of the Specific Input Energy (SIE). 

The results are obtained for the actual geometry of the reactor using a 2D hydrodynamic model 

for the gas heat fluxes inside the reactor, assuming constant conditions, coupled with a 

simplified system for the rate balance equations for the most important neutral (including 

vibrational kinetics) and ionic species produced in these plasmas. 

The modelling results are compared with experimental measurement of the gas temperature and 

the exhaust gas composition, the latter obtained by gas chromatography. A good agreement is 

obtained between the model and the experimental results confirming a low energy efficiency 

for dry reforming using DBD discharges. 
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Combination of different analytical methods can identify 

the effects of water purification/disinfection treatments 

M. Ravnikar (1, 3), A. Filipić (1, 2), D. Dobnik (1), T. Lukežič (1), J. Žel (1), D. Kutnjak 

(1), N. Mehle (1), M. Tušek Žnidarič (1) and I. Gutierrez Aguirre (1) 

(1) National Institute of Biology, Department of Biotechnology and Systems Biology, 

Ljubljana, Slovenia 

(2) Jožef Stefan International Postgraduate School, Ljubljana, Slovenia 

(3) University of Nova Gorica, Vipava, Slovenia 

Globalization, industrialization and climate change are resulting in an increasing number of 

regions worldwide being forced to use recycled wastewater for irrigation purposes. Because 

traditional wastewater treatment plants are not successful in inactivation of microbes including 

viruses, such water is an important source of pathogenic plant and human viruses. Therefore, 

efficient virus inactivation technologies are urgently needed. Many novel approaches are in 

development, among them, treatment with cold atmospheric plasma is very promising. 

Waterborne viruses are typically composed of the genetic information (RNA/DNA molecule) 

surrounded by a protein layer (capsid) that protects the genome and allows the virus to attach 

to a cell host receptors. Both components are essential for the virus to be infective. To study the 

mechanism of virus inactivation of disinfection technology we apply different virus 

characterization methods, that target the above mentioned viral features: protein capsid (particle 

integrity) and genome-nucleic acid integrity, coupled with the measurements of viral 

infectivity. In this way, we are able to decipher which viral component is being disrupted by 

the treatment and gain more information on the mechanisms of action. Protein capsid integrity 

and conformation of the coat protein after treatments is examined by transmission electron 

microscopy (TEM) and ELISA or surface plasmon resonance (SPR). With TEM we are able to 

observe any changes in the structures of viral particles, i.e., if viral particles are intact, broken 

or damaged. With ELISA and SPR we test whether the plasma treatment affects integrity of the 

capsid protein. PCR based methods and high throughput sequencing (HTS) allow us to examine 

the integrity of viral nucleic acids after treatments. With PCR based methods, we are testing if 

genetic material is degraded in targeted areas. Nanopore sequencing is a novel HTS approach 

that is able to sequence long nucleic acid fragments and therefore holds a potential to confirm 

defects in the integrity of long viral genomic nucleic acids. The ultimate proof that water 

treatment is effective is to test the capacity of viruses to infect their host. To do this, we perform 

infectivity assays, using mechanical inoculation of test plants (for selected plant viruses) or 

bacterial cultures (for surrogate of human viruses: MS2 bacteriophage).  
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Only by applying the combination of all these viral characterization methods, we can get close 

to understanding the mechanisms of action of water purification/disinfection treatments. Such 

strategy can be extended from viruses to other microbes and pollutants of water sources. 
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Laser induced breakdown in helium atmospheric pressure 

plasma jets 

Dean Popović, Marijan Bišćan and Slobodan Milošević* 

Institute of Physics, Bijenička cesta 46, HR-10000 Zagreb, Croatia 

In this talk two fields of research will be connected: laser induced plasmas and nonequilibrium 

low-temperature plasmas in gases at atmospheric pressures. We studied effects of preionisation, 

made by a single electrode atmospheric pressure plasma jet, on a laser induced breakdown in 

helium. In the experiment, Nd-YAG laser pulse (1064 nm, 4 ns pulse width, 5 Hz repetition 

rate) was focused into the helium jet flowing into ambient air and synchronized with the 

discharge (10 kHz repetition rate, 2-6 kV pulses). The level of preionisation in the focal volume 

at the moment when the laser pulse arrives was controlled by changing the time delay between 

voltage and laser pulse (T_delay). It was shown, that the conditions of the discharge are strongly 

affecting laser induced plasma by providing initial seed of electrons and promoting the 

breakdown in helium. Measurements of the absorbed laser pulse energy and optical emission 

relative intensities were performed for different time delays between voltage and laser pulse. 

Parametric study on T_delay and laser pulse energies near threshold of laser induced breakdown 

with preionisation will be discussed as a potential tool for diagnostics of free plasma jets and 

jets interacting with various target materials. Proper modeling of both processes could yield 

electron densities distributions within atmospheric plasma jets in the range from 1010 to 

1015 cm−3. 
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Towards enriched surface modifications and plasma 

coatings with atmospheric pressure plasma jets 

L. Zajíčková* (1), K. Polášková (1), P. Jelínek (1), M. Klíma (1), F. Jeník (2), Z. Jeníková 

(2), L. Dostál (3), P. Fiala (3), J. Cerman (4) and P. Špatenka (2, 4) 

(1) Masaryk University, Brno, Czech Republic 

(2) Czech Technical University, Prague, Czech Republic 

(3) Brno University of Technology, Brno, Czech Republic 

(4) Surface Treat a. s., Ceske Budejovice, Czech Republic 

Atmospheric pressure plasma jets represent a versatile technology for the processing of 

materials that require a modification of surface nanostructure and chemistry. Recently, we have 

introduced a new geometry of gliding arc (50 Hz) utilizing the gas cross flow for addition of 

gases and vapors to the main air flow of the jet [1]. It improved the surface treatment uniformity, 

enriched plasma chemistry and enabled to prepare coatings by plasma enhanced CVD. The gas 

flow was optimized by gas dynamics simulations, the discharge dynamics was studied by fast 

camera imaging and the surface chemistry was revealed by X-ray photoelectron spectroscopy 

and water contact angle measurements. Besides the translational plasma of the gliding arc, we 

have investigated the discharge dynamics and plasma chemistry in radio-frequency 

(13.56 MHz) plasma slit jet. The plasma slit jet (PSJ) [2] uses a coupling with periodic 

deceleration structures integrated in the jet body consisting of inductors which geometry and 

winding were designed by the simulations of electromagnetic field. The PSJ was designed to 

achieve the width of 150 or 300 mm. It represents an interesting option to other atmospheric 

pressure plasma sources for the surface modification and PECVD because it provides the wide 

plasma curtine yet keeping the flexibility of the plasma source with possible variations from 

the treated surfaces, i.e. possesing important properties for the treatment of 3D objects. 

[1] P. Jelínek, K. Polášková, F. Jeník, Z. Jeníková, L. Dostál, E. Dvořáková, J. Cerman, H. 

Šourková, V. Buršíková, P. Špatenka, L. Zajíčková, Surface & Coatings Technology, in print 

https://doi.org/10.1016/j.surfcoat.2019.04.035. 

[2] M. Klíma, CZ Patent PV 2016-790 (2016). 
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Characterization of Ar/SF6 RF Plasmas for material 

processing 

Ruggero Barni and Claudia Riccardi 

Dipartimento di Fisica G. Occhialini, Università degli Studi di Milano-Bicocca, p.za della 

Scienza, 3 – 20126 Milano, Italy 

An experimental characterization of the plasma state as well as the neutral gas phase in low 

pressure radiofrequency discharges of sulphur-hexafluoride/argon mixtures is presented. The 

plasma source (Copra by CCR Tecnology) produces a high density diffuse plasma in a cubic 

vacuum chamber (40 cm in size) driving an electrical discharge in reactive gas mixtures 

employing a resonant inductive coupling. The plasma state have been investigated by means of 

optical emission spectroscopy in order to identify the radicals formed in the dissociation 

processes during the discharge. Atomic argon emission lines was also used to measure the 

electron temperature using a simplified collision radiative model. Mass spectroscopy of the 

neutral and of the charged species has been performed too, directly sampling the gas-phase 

inside the discharge region, by a Hiden EQP1000 spectrometer. This allows to measure the 

absolute concentration of species in both the neutral and charged gas-phase. We presents also 

results concerning the ion energy distribution which contributes with energetic particle 

bombardment to the plasma surface interactions and so to the surface treatment processes. 

We have studied the influence of the operating conditions (RF power, pressure, flow rate and 

sulphur hexafluoride/argon concentrations) on the local gas-phase composition of the plasma 

state. The aim is to investigate the prevailing plasma interactions with material surface like such 

polymers as PET. Such processes lead to surface fluorination or etching depending on the 

plasma conditions. 

A detailed modelling of the chemical kinetics in the plasma gas-phase was also implemented 

and used to get insight into the prevailing plasma chemistry. In particular the role of ion 

chemistry was investigated numerically and compared with the collected experimental 

information. 
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Desulphurization of biogas and of diesel exhaust gases 

using dielectric barrier discharges 

Sebastian Dahle 

Department of Wood Science and Technology, University of Ljubljana, Ljubljana, Slovenia 

The desulphurization of different gases is an important process for many industrial applications. 

The major Sulphur emissions are hydrogen sulfide and Sulphur dioxide, for example in natural 

gas or biogas, and in exhaust gases from combustion engines, respectively. We present 

approaches to use dielectric barrier discharge (DBD) plasmas for the removal of both hydrogen 

sulfide and Sulphur dioxide. For hydrogen sulfide removal, a simultaneous revaluation of the 

fuel gas was observed, whereas no decomposition of methane could be found. The removal of 

Sulphur dioxide was conducted using different sorbent materials within the plasma. While the 

desulphurization proved an efficient process also for diesel exhaust gases, nitrous oxides and 

carbon monoxide were produced as secondary emissions. An outlook on scaling and an 

estimation of industrial applicability is given for both example applications. 
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Naphthalene removal by plasma combined with various 

catalysts 

K. Hensel, M. Cíbiková, D. Račková and R. Cimerman 

Faculty of Mathematics, Physics and Informatics, Comenius University, Mlynská Dolina F2, 

842 48 Bratislava, Slovakia 

Non-thermal plasma has been used in numerous environmental applications, mainly for air and 

water pollution control. The plasma processing usually possesses decent removal efficiency, 

but low selectivity and high energy consumption. A combination of plasma and catalyst utilizes 

the individual benefits of the plasma and the catalyst and is characterized by synergistic effects. 

Naphthalene is polycyclic aromatic compounds and a representative component of biomass and 

municipal solid water tars and one of the most difficult tars to decompose. Commercial methods 

for tars removal include wet scrubbers, electrostatic precipitators, thermal or catalytic cracking 

methods. Plasma methods have been also tested and are quite well documented. However, tars 

removal by a combination of plasma with catalyst have been reviewed only by few papers, with 

toluene being the most common target tar compound. 

The objective of this work was to investigate naphthalene removal by plasma generated by 

atmospheric pressure DBD in combination with packing materials of various shape, size, 

specific surface area and catalytic activity (glass beads, g-Al2O3 TiO2, BaTiO3, ZrO2, Pt/Al2O3). 

Effects of specific input energy (SIE, up to 1000 J/L) and carrier gas (nitrogen, oxygen, ambient 

air) were also investigated. In contrast to the existing works, we performed our experiments at 

a relatively low temperature (below 150 °C) and high initial concentrations (5000 ppm). 

Gaseous and solid by-products of naphthalene decomposition were analyzed by FTIR 

spectrometry. 

The results showed the carrier gas and packing material had very small or almost negligible 

effect on the SIE, respectively. Naphthalene removal efficiency (NRE) increased with the SIE 

and was higher for all plasma catalytic reactors in comparison with plasma alone. The carrier 

gas significantly affected the NRE, as different reactive species were formed. In nitrogen, N2(A) 

or N dominates, while in oxygen it is rather O(3P), O(1D) and O3. In nitrogen, the NRE was 

relatively small (<25%) with N-containing aromatic compounds being the main by-products. 

In ambient air, the NRE was significantly higher (up to 88%) and accompanied by the formation 

of CO/CO2 and O-containing hydrocarbons. In oxygen, complete naphthalene removal was 

achieved due to improved oxidation governed by O and O3. The highest NRE was reached with 

TiO2 catalyst (88%, 320 J/L). The NRE with the Pt/g-Al2O3 catalyst was only slightly lower, 

but shown much higher CO2 concentration suggesting the best complete oxidation abilities 
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among the materials. BaTiO3 and ZrO2 also showed relatively high NRE. Materials without 

specific catalytic properties (glass beads, g-Al2O3) showed the smallest NRE. The specific 

surface area and size of material played a minor role. CO, CO2, H2O and HCOOH were 

identified as by-products, as well as more complex compounds, such as 1,4-naphthoquinone 

and phthalic anhydride. The results proved, that combination of the non-thermal plasma with 

catalysis is very efficient method for naphthalene (tars) removal that allow better efficiency 

compared to the non-thermal plasma alone treatment. 
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Electrochemical biosensors are devices designed to determination of chemical compounds i.e. 

pollutants or pharmaceuticals. The biosensors are composed of a bio-recognition layer direct 

responsible for analyte determination and transducer element responsible for generation of 

measurable analytical signal. The bio-recognition layer can involve enzymes, antibodies or 

nucleic acids (DNA, RNA). The enzyme-based biosensors are the most common in practical 

use because of their analytical parameters arising from biological activity of enzymes. 

A construction of the enzyme biosensors is huge challenge of many branches science and 

industry and involves deposition of enzymes onto conductive solid support on the way of 

complex “wet” methods. These methods are consisted of long-hours conditioning of conductive 

solid support in solution of biologically active compound. Therefore many scientists made huge 

effort on development new and faster techniques of biosensors construction without losing their 

analytical parameters. One of them is Soft Plasma Polymerization (SPP) technique. The 

principle of the SPP technique is polymerization/cross-linking of biological precursor inside 

Corona Discharges with low energy density and temperature closed to room temperature 

without losing its bio-activity and bonding of polymerized/cross-linked molecules onto solid 

support. The basic research carried out for laccase enzyme showed that during SPP plasma 

deposition process are generated molecules even with 7 times higher molecular weight in 

comparison to non-plasma treated laccase molecules [1]. It was the starting point for applying 

the SPP technique in the construction of biosensors containing the laccase receptor layer. In the 

first step of researches has been carried out optimization of deposition time of the laccase bio-

recognition layer onto Glassy Carbon Electrode (GCE) surface. For this purpose analytical 

parameters (linearity, sensitivity and stability) of three biosensors received as a result of 10, 15 

and 30-seconds plasma process have been investigated. The studies showed that the biosensor 

received in 30-second process is characterized by the longest linearity and stability of analytical 

signal generation and the lowest sensitivity, so this device was used in further studies aimed to 

optimize buffer and its pH and to study of recovery and interference. Researches showed that 

biosensor constructed by the SPP technique in 30-second process generates the highest 

analytical signal in environment of acetate buffer at pH = 5.00. Recovery of the biosensor was 
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in range from 96.8 to 104.00% what means that this device can be successfully used in 

measurements of real samples. 

The studies confirm possibility of using cold plasma in enzyme-based biosensors. The devices 

received by the SPP technique are characterized by similar or better analytical parameters then 

biosensors obtained by conventional methods, what opens way to further studies. 
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Among various techniques of polymer processing, the electrospinning technique plays a key 

role in commercial production of nanofibers. This fabrication method is based on high 

electrostatic forces that are responsible for elongation and thinning of flowed polymer fibers. It 

is still very popular for its simplicity, efficiency and usability of most industrially expanded 

polymers. Unfortunately, similar to other areas of technological development, the application 

potential of electrospun nanofibers is reduced by adverse processing effects. One of these 

disadvantages represents the poor adhesion of produced nanofibers to substrate. The nanofibers 

material itself is very sensitive to mechanical handling. Therefore, the presence of carrier is 

necessary for manipulation with it. Other disadvantages may be insufficient surface properties 

of produced fibers such as a weak hydrophilicity or absence of chemical groups for further 

chemical functionalization and grafting. Nowadays, a plasma treatment is frequently used 

method for physical and chemical modification of polymer surface as well as nanofibers. In this 

work nanofiber carriers, polypropylene nonwoven textile and paper, were pretreated by 

dielectric barrier discharge in continuous mode to improve the adhesion between the produced 

nanofibers and substrate. Meanwhile, the polyamide-6 nanofibers were oxidized by convexly 

curved coplanar DBD electrode to improve their surface properties. The increased adhesive 

forces to carrier substrate as well as surface plasma functionalization of polyamide nanofibers 

were confirmed by infrared spectroscopy, scanning electron microscopy, X-ray photoelectron 

spectroscopy and peeling test. 
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Submicron Al2O3 and Y stabilized ZrO2 powders were activated in atm. pressure air by a 

coplanar dielectric barrier discharge (DBD) and studied for its impact on ceramic processing. 

Performed experiments have shown that DBD activated powders exhibit an improved stability 

in water dispersion [1], lesser porosity of slip casted green-body leading to a finer 

microstructure of final sintered ceramics [2]. DBD plasma activation had a dramatic effect on 

the process of electrophoretic deposition (EPD) of both powders dispersed in a non-aqueous 

organic solvent. The treatment resulted in a substantial improvement of surface roughness of 

deposit, smaller mean grain size and slightly higher relative density. The dynamics of EPD was 

affected too, as the process had switched to the opposite polarity electrode [3]. Treatment of 

Al2O3 in various working gases introduced a subtle surface changes which allowed to tune 

electrical impedance of water-alumina nanofluids [4].  

To clarify the character of underlying processes we have performed a thorough analysis of 

activated surfaces by means of FTIR, XPS, SEM, thermoluminescence (TL) and thermal 

desorption spectroscopy (TDS). Activated powders showed a substantial amplification of the 

TL signal [5] which is related to their intrinsic surface charge trapping states. Replacement of 

plasma activation by a sole UV exposure led to the amplified TL signal, but did not provide any 

improvement in the EPD process. Therefore, the altered population of charge trapping states is 

not likely to be responsible for observed positive effects.  

TDS pointed out the importance of DBD originated molecular gases, adsorbed of the powders 

surface. When the amount of plasma introduced species was gradually reduced by a sequenced 

thermal desorption at successively increased temperatures, at temperatures above 300°C the 

positive EPD effect was lost completely. This particular temperature was in excellent agreement 

with the activation temperature for desorption of plasma introduced adsorbed species. 

Acknowledgements. The work was financially supported by the Czech Science Foundation, 

contract No. GA17-05620S, project CZ.1.05/2.1.00/03.0086 funded by European Regional 



Oral 

51 

 

Development Fund and project LO1411 (NPU I) funded by Ministry of Education, Youth and 

Sports of Czech Republic. 

[1] Szalay Zs, Bodišová K et al.: Atmospheric pressure air plasma treated alumina powder for 

ceramic sintering, Ceramics International, 40 (8B), 2014, 12737. 

[2] Pouchlý V, Rahel J et al.: Improved microstructure of alumina ceramics prepared from DBD 

plasma activated powders, Journal of the European Ceramic Society, 39(4), 2019, pp. 

1297-1303. 

[3] Drdlík D, Morávek T et al.: Electrophoretic deposition of plasma activated sub-micron 

alumina powder, Ceramics International, 44 (8), 2018, pp. 9787-9793. 

[4] Ambico M, Moravek T et al: Tuning the water-alumina nanofluids impedance and dielectric 

relaxation by the diffuse coplanar dielectric barrier discharge, Powder Technology, 340 (2018), 

pp. 570-577. 

[5] Moravek T, Ambrico PF et al.: Parametric study of plasma-mediated thermoluminescence 

produced by Al2O3 sub-micron powders, Journal of Physics D-Applied Physics, 50(2017) 

415306. 

  



Oral 

52 

 

Cold atmospheric plasma treatment of poly(2-oxazoline) 

thin films by diffuse coplanar surface barrier discharge 

Petra Šramkova* (1), Jakub Kelar (1), Zlata Tučekova (1), Monika Stupavska (1), Juraj 

Kronek (2), Dušan Kovačik (1) and Mirko Černak (1) 

(1) CEPLANT, Department of Physical Electronics, Faculty of Science, Masaryk University, 

Kotlářská 267/2, 611 37 Brno, Czech Republic 

(2) Polymer Institute, Slovak Academy of Sciences, Dúbravská cesta 9, 845 41 Bratislava, 

Slovakia 

Long-term stability and functionality of medical devices depend on their ability to stay 

“invisible” to proteins, cells as well as bacteria and thus prevent their undesirable adhesion on 

the surface. Such contamination of medical implants often leads to infection at the 

implant-tissue interface and causes serious health problems. So-called anti-biofouling coatings 

avoid the non-specific adsorption and thus prevent the biofilm formation. Poly(2-oxazolines) 

(POx) are a class of synthetic polymers, which among other features (e.g., biocompatibility, 

water solubility, synthetic versatility) possess anti-biofouling properties and accordingly, they 

are very promising for this purpose. 

In our contribution, we employ the cold atmospheric pressure plasma generated by diffuse 

coplanar surface barrier discharge (DCSBD) for treatment of POx thin films deposited on the 

polymer surfaces with the aim to achieve the homogeneous POx layer. Our main objective is to 

adjust the appropriate conditions of the plasma treatment to observe the covalently attached and 

cross-linked POx layer, which will possess the anti-biofouling properties. As support surface 

for our experiments, we have chosen the polymers often utilized for fabrication of biomedical 

devices, implants and other equipment used in medicine, namely polyethylene (PE), 

polypropylene (PP) and polytetrafluoroethylene (PTFE). A POx-based statistical copolymer 

containing 5 mol% of double bonds in the polymer backbone was deposited in three different 

concentrations (2, 5 and 10 wt.%) on plasma activated polymer surface by spin-coating. 

Deposited POx layers were treated by cold DCSBD plasma generated either in an atmosphere 

of ambient air or argon at atmospheric pressure. We have compared the influence of used gases 

(air vs. argon) and different plasma exposure times on chemical and morphological changes of 

the POx layer. X-ray photoelectron spectroscopy (XPS) and Fourier-transform infrared 

spectroscopy (FTIR) were used for monitoring of formed or cleaved bonds and functionalities. 

Atomic force microscopy (AFM) and scanning electron microscopy (SEM) provided 

information about the surface morphology and roughness. 
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As a source of cold plasma, DCSBD operated at the atmospheric pressure represents a very 

elegant, easy and straightforward approach for the treatment of various surfaces. Here, we 

provide the new application potential of DCSBD plasma for preparation of crosslinked 

Pox-based films suitable for coating of biomedical devices. POx coatings are usually prepared 

by challenging multi-step grafting; therefore, our new approach would be faster, easier, and 

economically friendly.  
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Diffuse coplanar surface barrier discharge (DCSBD) treatment is a well-known method to 

increase surface free energy (SFE) and wettability of wood surfaces [1] but recently it was 

shown that the distance between the wood sample and DCSBD surface can adversely lead to 

increased water repellency at distances exceeding 0.5 mm [2]. 

The aim of this work was to study a series of TMW beech (Fagus Sylvatica) samples: untreated, 

heat treated at 160, 180 and 200 °C at varying plasma treatment distance. Surfaces were 

characterized with CA measurements and SFE calculations. X-ray photoelectron spectroscopy 

(XPS) is further scheduled. 

In all experiments the DCSBD was operated in air and the electrode system was powered by 

AC voltage of 15 kHz frequency with a peak-to-peak voltage of 20 kV and a fixed power of 

400 W. The treatment time was 10 s. The distance was varied using 0.15 and 1 mm thick glass 

microscope slides. Three distinct positions were investigated: 0.15 mm located inside the 

DCSBD discharge (thickness of about 0.3 mm), 0.45 mm just above the active discharge and 

1 mm located further away. SFE and its components were determined by Owens-Wendt 

regression from the average of 15 droplets of each test liquid: distilled water, ethylene glycol, 

diiodomethane and glycerol. 

SFE increased for all heated treated beech and the regular wood samples from roughly 

50 mJ/mm2 to about 65 mJ/mm2 after plasma treatment for both distances 0.15 and 0.45 mm. 

The main contribution was due to increased polar part (up to about 30 mJ/mm2) while the 

dispersive part remained mostly unchanged. The change was most significant for the sample 

heat treated at 200 °C and decreased with heat treatment temperature, being the smallest for 

regular beech. These findings are in accordance with previous works [3]. 

10 s plasma treatment at 1 mm resulted in a slightly decreased SFE (up to 10 mJ/mm2) for all 

heat treated and regular wood samples. The polar part of SFE was below 10 mJ/mm2 for all 

samples. The decrease of the polar part was 10-15 mJ/mm2 for all samples except for sample 

heat-treated at 200 °C which showed a decrease of a few mJ/mm2. The dispersive part increased 
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for all samples up to 45-50 mJ/mm2 except for sample heat-treated at 200 °C which had a 

similar value (45 mJ/mm2) prior to plasma treatment. 

Our work indicates that the previously observed increased water CA after DCSBD treatment at 

relatively larger distances is mainly a result of modified SFE components. XPS studies are 

planned to determine the O/C ratio after treatment at larger distances. Further studies are also 

necessary to determine what plasma species cause the increased hydrophobicity. 

Acknowledgements. This work was supported by the Estonian Research Council (grant No. 

PUTJD732) and project LO1411 (NPU I) funded by Ministry of Education, Youth and Sports 

of Czech Republic. A kind thank you to Department of wood science in Mendel University 

Brno for supplying the wood samples. 

[1] M. Odraskova, J. Rachel, A. Zahorova, R. Tino and M. Cernak. Plasma Chem. Plasm 

Process. 28 (2008) 203-211. 

[2] M. Jablonsky, I. Smatko, M. Botkova, R. Tino and J. Sima. Cellulose Chem. Technol. 50 

(2016) 41-48. 

[3] D. Altgen, G. Avramidis, W. Viöl and C. Mai. Wood Sci. Technol. 50 (2016) 1227-1241. 

  



Oral 

56 

 

N2 influence on the vibrational distribution of the 

asymmetric level of CO2 in non-thermal plasmas 

T. Silva (1), M. Grofulovic (1), A. S. Morillo-Candas (2), O. Guaitella (2), V. Guerra (1) 

and L. Terraz (1) 

(1) Instituto de Plasmas e Fusão Nuclear, Instituto Superior Técnico, Universidade de Lisboa, 

Portugal 

(2) LPP, Ecole Polytechnique, UPMC, Université Paris Sud-11, CNRS, Palaiseau, France 

DC pulsed discharges in CO2–N2 plasmas ignited at room temperature, pressures between 1 and 

5 Torr and currents between 20 and 50 mA, show an increase of CO2 dissociation when 

molecular nitrogen is present [1]. In this case, dissociation is assumed to be obtained partly 

from highly vibrating molecule collisions, as well as from direct electronic impact. The former 

process is enhanced by strong non-Boltzmann distributions of the vibration levels, typical from 

cold plasmas. The CO2 molecule possess 3 vibrational modes, namely the symmetric v1, the 

bending v2l2 and the asymmetric v3, represented following Herzberg’s notation as 

CO2(v1,v2l2,v3). Molecular nitrogen is known for having its lower vibration energy levels almost 

equal to those of CO2(000v3), allowing N2 to easily exchange vibration quanta with the 

asymmetric mode of CO2. Hence the possibility that previously excited molecular nitrogen 

injected in a CO2 cold plasma can favor CO2 dissociation. In order to investigate the kinetics of 

such plasmas, a self-consistent model is developed, able to reproduce time-resolved 

experimental results for the populations of several CO2 vibrational levels and to quantify the 

relative importance of all the processes involved in CO2 dissociation. The model accounts for 

about 70 vibration levels for CO2 and 10 levels for N2, where all the species are at the ground 

electronic state. It includes reaction datasets for the vibration-translation energy exchanges 

(V-T), vibration-vibration exchanges (V-V) and excitation by direct electron impact (e-V) in 

mixtures of CO2–N2, extending the work in pure CO2 from [2]. The e-V processes are derived 

from the LisbOn KInetics Boltzmann code (LoKI-B). The overall good agreement between the 

model predictions and the experimental results provides a validation of the current kinetic 

scheme. Some discrepancies remain, which can however be justified by the influence in the 

kinetics of some species not considered in the current model, namely CO, O and O2. The present 

simulations strongly suggest the possibility of using previously excited N2 to assist CO2 

dissociation. 
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A wide variety of human enteric pathogenic viruses can be present in environmental waters and 

they can cause many serious human diseases. Since they can be harmful even at low 

concentrations, their presence in water poses a major risk for public health. For that reason, 

their inactivation is very important. Since the cultivation of many enteric viruses is very difficult 

and costly or in some cases not even yet possible, surrogates of enteric viruses are often used 

to determine the potential a method has for the inactivation of enteric viruses in water. 

Bacteriophage MS2 is a widely used surrogate due to its similarity to enteric viruses in structure, 

size and resistance to conditions in environmental waters and water treatment processes. 

Additionally, MS2 is safe and easy to work with it and the results are acquired relatively 

quickly. 

In our study, we assessed the level of inactivation of bacteriophage MS2 in water with cold 

atmospheric plasma (CAP). We used CAP system in the single electrode configuration 

connected to a low-frequency generator (31 kHz) that operated at a peak-to-peak voltage of 

6 kV, with a total average output power of ~3 W. Samples were prepared by spiking 10 ml of 

tap water with high concentration of bacteriophages, ~109 PFU/ml. They were treated with 

CAP for various amounts of time, from 45 minutes down to 30 seconds. Efficiency of 

inactivation was determined with double layer plaque assay. Additional methods were used to 

describe a mode of viral inactivation. Reverse transcription-PCR (RT-PCR) and RT droplet 

digital PCR (RT-ddPCR) were used to determine the effect of CAP on the MS2 RNA. 

Transmission electron microscopy was used to observe potential structural changes.  

Our results have shown that short treatment times were enough to inactivate MS2. After only 1 

minute of treatment we observed a decrease in bacteriophage concentrations for more than 

4 logs. These results met the US environmental protection agency's standard for virus removal 
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for water purifiers, in which it is stated that methods ensuring 4 logs reduction (≥99.99%) of 

pathogenic viruses should be used for water treatment. In most treatments we observed a 

reduction of RNA concentrations which differ between treatments, showing that plasma can 

penetrate through the protein coat and effect MS2 RNA, leading to total inactivation of 

bacteriophages.  

In our study we have yet again shown the great potential that CAP has as a decontamination 

tool. Due to its environmentally friendly properties and the ability to inactivate viruses, CAP 

presents a great alternative for currently used methods for water decontamination, which can 

produce toxic by-products or waste, can be expensive and cannot inactivate viruses. 
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Plasma modification of wood surfaces has been established for a few decades. The number of 

works on plasma modification of wood is increasing while there is few information about the 

atmospheric plasma etching of wood [1-3]. Thermally modified wood for construction that 

offers additional advantages such as structural stability and resistance to weathering was chosen 

as a specimens for this research. 

Recently we observed a nano-scale structuring effect after plasma treatment by diffuse coplanar 

surface barrier discharge (DCSBD). A similar effect was observed by another research group 

while using an atmospheric pressure plasma jet [4]. One of the potential effects of such 

nano-scale structures could be the adhesion improvement due to increased surface roughness. 

On the other hand, the formation of a weak boundary layer could reduce adhesion strength [5]. 

At the moment, there is practically no information published about the reason and how the 

plasma parameters influence the formation of these structures. 

The first part of this work was focused on formation of the nano-scale structures by DCSBD 

plasma with the aim to determine the effect of plasma treatment time and distance from the 

DCSBD surface by scanning electron microscopy (SEM). The XPS measurements to reveal the 

chemical changes on the wood surface after the plasma treatment were also performed. The 

second goal of the work was to determine how the formed structures influence the shear strength 

of the joints glued with PVAC adhesive. 

Results indicate that the morphology and chemical composition of wood was changed after the 

plasma treatment. The surface free energy increased as well as O/C ratio of treated samples. It 

was shown that the structures could start to appear only after 30 seconds of plasma treatment in 

air with the 400 W applied power. After 1 minute structures are well pronounced but don’t 

cover the whole surface of the sample. And after 5 minutes treatment they spread uniformly on 

the wood surface. 

It is also possible that plasma treatments might be employed to etch wood surfaces prior to 

coating or gluing in order to improve the penetration and performance of coatings and 

adhesives, particularly in impermeable wood substrates such as thermally treated wood. 
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Multi-hollow Surface Dielectric Barrier Discharge is novel and prospective technology that was 

studied by several research groups around the world. The Multi-hollow Surface Dielectric 

Barrier Discharge technology was already successfully used in a number of applications such 

as polymer, wood polymer composite, glass and metal plasma treatment. In this study, we 

quantify two unique configurations of this dielectric barrier discharge with respect to their 

power management, thermal heating, and durability. We complement these findings with 

optical emission spectroscopy to obtain rotational and vibrational temperatures in the generated 

plasma. All these diagnostics were conducted for different discharge gas composition and 

different gas flow rates of synthetic air, nitrogen, oxygen, and water vapour. We present results 

for so-called asymmetric and symmetric configuration of MHSDBD and comparison of their 

parameters. 
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Acrylic acid (AAc) is a widely used precursor for modification of different materials with the 

aim to develop surface with specific properties or promote further immobilization of desired 

structures. Moreover, plasma-assisted polymerization of AAc provides an easier alternative to 

challenging chemical processes, because electrical discharge generated in a water solution of 

AAc initiates polymerization reaction without the use of additional chemicals. Application 

areas of such AAc modified surfaces include, e.g. battery separators, interfacial bonding layers 

in structural adhesive joints, as well as bio-medical interfaces. Concerning the potential medical 

applications, AAc represents an important precursor for the formation of functionalized layers 

with exclusively attached carboxylic acid groups suitable for further biomolecules 

immobilization processes. 

In our contribution, we provide the straightforward method for plasma-assisted polymerization 

of AAc on fibres of polypropylene nonwoven textile (PPNT) by using the electrical discharge 

generated in AAc water solution. This so-called diaphragm discharge ensures the formation of 

plasma when high pulse voltage (~25 kV) with a frequency of 100 Hz and microdischarge 

duration in the order of nanoseconds is applied.  

Our main objective was to adjust the appropriate conditions of the plasma polymerization 

procedure to achieve the continual process which could provide the homogeneous distribution 

of AAc layer on fibres of thin PPNT. Therefore, we selected four different concentration of 

AAc water solution 5, 10, 20 and 30°% that corresponded to the conductivity of solution 1.9, 

2.4, 2.1 and 1.7 mS/cm, respectively and two plasma exposure times (3.5 and 5 s) to control the 

resulting characteristics of deposited PPNT.  

The wettability of treated nonwovens was examined by strike-through time measurement and 

surface energy estimation using Critical wetting surface tension (CWST) method immediately 
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after treatment as well as 2, 4 and 8 weeks later to study the permanency of hydrophilic 

treatment. Both methods confirmed the stable hydrophilic character of polyacrylic acid (pAAc) 

surface of PPNT fibres. 

X-ray photoelectron spectroscopy (XPS), Fourier-transform infrared spectroscopy (FTIR) and 

Secondary-ion mass spectrometry (SIMS) were used to monitor the chemical composition of 

AAc binding to PPNT and confirmed the presence of deposited pAAc layer. 

The formation and thickness of the pAAc layer on the surface of PPNT fibres was also proved 

by Scanning electron microscopy (SEM). The presence of pAAc on the fibres and the higher 

surface energy of PPNT resulted in the higher adhesion properties what was confirmed by the 

results of the tape peel test measurement. 

Acknowledgements. The presented work was supported by the Slovak Grant Agency for 

Science VEGA No. 1/0930/17. 
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CEPLANT, Department of Physical Electronics, Faculty of Science, Masaryk University, 
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Polyamide (PA) foils provide a unique combination of properties like mechanical strength, 

thermo-formability, high transparency, and excellent barrier characteristics which predetermine 

their application in food industry as flexible packaging material. Similarly to other polymeric 

materials, PA is characterized by low surface energy, bad wettability and poor adhesion 

properties. Therefore, for most of the application the surface of PA foils must be treated. Plasma 

represents an excellent, environmentally friendly and efficient tool for surface treatment of 

many materials. 

Here, we utilize the diffuse coplanar surface barrier discharge (DCSBD) as a source of “cold” 

atmospheric pressure plasma to improve the surface characteristics of polyamide foils. DCSBD 

with concavely-curved electrode system as a plasma source in a roll-to-roll plasma reactor 

generates a very thin layer of macroscopically homogeneous plasma with extremely high power 

density suitable for high-speed treatment of flexible material in a continuous regime.  

The main objective of this study is to optimize the plasma treatment conditions to achieve the 

desired properties of the polyamide foils. Optimization includes assessment of the optimal 

exposure time, a distance of foils from ceramics of the electrode system, discharge input power 

and working gas. Accordingly, we monitored the influence of two different discharge input 

powers (400, 600 W), selected plasma exposure times (0.25, 0.5, 1 and 2 s), three distances of 

sample from the electrode (0.3, 0.4, 0.5 mm) and two working gases (ambient air, nitrogen) on 

wettability, the ageing of plasma treatment, adhesion properties, morphology and chemical 

composition of the PA foils. 

A significant decrease in water contact angle (WCA) from an initial value of 65.4° ± 1.3° was 

achieved already after 0.25 s for both used DCSBD input powers. The ageing process was more 

pronounced for the foils treated at 400 W in comparison to 600 W; however, WCA values of 

all foils were still far from the initial value even after 30 days. The distance of the treated sample 

from the electrode at 0.3 mm was determined as the most effective concerning the rate of 

hydrophobic recovery. It was also proved that the treatment by DCSBD plasma is much more 

effective and durable compared to the industrial corona treatment. 
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Moreover, we investigated the adhesion properties of PA foils after plasma treatment. The 

results from the tape peel test showed the significant adhesion enhancement of DCSBD plasma 

treated foils. Scanning electron microscopy (SEM) revealed that the DCSBD plasma treatment 

is gentle to the surface of PA foils and does not lead to any changes in morphology. The results 

of X-ray photoelectron spectroscopy (XPS) gave us information about the chemical 

composition changes after plasma treatment of PA foils. We can suppose that the hydrophilic 

character of plasma treated PA foils is caused mainly by the incorporation of polar functional 

groups containing oxygen to the surface. 
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funded by Masaryk University and project LO1411 (NPU I) funded by the Ministry of 

Education, Youth and Sports of the Czech Republic. 
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Plasma treatments are effective surface modification techniques, especially treatments of 

materials with low-pressure oxygen plasma. The treatment of the surfaces of materials with 

non-thermal plasma can lead to surface activation and functionalization. Plasma surface 

modification play an essential role in biomedicine. It can improve bio-compatibility, 

bio-functionality, and strongly influence biological response in vivo. As biomaterials, titanium 

alloy have attracted more attention in biomedicine. In this study, in vitro biological response of 

treated titanium with oxygen plasma is introduced to whole blood. Knowing, platelet activation 

can cause thrombosis, due to implants damaging the arterial walls, titanium foil treated with 

oxygen plasma reduces adhesion and activation of platelets in comparison with untreated 

titanium foil. 
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Studies of low pressure plasma are often focused on the density of reactive particles, ranging 

from ions, free electrons to meta-stable neutral atoms and molecules. While most of those 

particles have a specific use in plasma, be it etching, sterilization, etc. depending on the 

material, we have focused on neutral particles. There are many methods for determining the 

chemical structure and measuring the density of neutral particles, such as NO titration. 

Self-excited electron plasma resonance spectroscopy (SEERS), optical emission spectroscopy 

(OES), and in our case, catalytic probes, which is the focus of this study. We measured 

radiofrequency (RF) and microwave (MW) plasma discharges of several different gasses: 

oxygen, hydrogen, nitrogen and carbon dioxide. We measured neutral atom density using both 

a standard catalytic probe and an optical catalytic probe, latter of which gave us results for 

density in real time. Our main focus was comparing responses of different catalytic probes, 

which all had a chromel-alumel thermocouple and a tip made of some catalytic material. Most 

measurements were done using a cobalt tip in different shapes (disc, tile, etc.). We also used a 

tip made of nickel in the shape of a disc and a tip made entirely of nickel foam. Lastly, we used 

two smaller and similar catalytic probes, one with a cobalt tip, and the other with a gold tip. In 

this study we present the measurements of neutral atom density versus the input power of the 

generator, real power (input power minus reflected power), pressure and distance between the 

tip of the probe and the area of discharge (in our case, the coil inducing the RF plasma 

discharge). We compare the responses of probes with different tip surface areas, and the 

different temperature responses that each depending on the chemical composition of the probe 

tip. 
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plasma parameters 
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Ceramic materials based on alumina are widely used as dielectric barrier layers for dielectric 

barrier discharges (DBD). The main focus of presented research is on the significance of various 

dopant concentration inside of the pure alumina-based ceramics with different thicknesses. In 

this research, we studied ceramics with different amounts of added magnesium (in form of 

MgAl2O4 spinel). The ceramics were prepared using the tape casting method. Ceramic materials 

based on alumina (Al2O3) are preferably used for dielectric barrier layers of DBDs due to its 

high chemical resistance, physical durability, and favorable electrical properties. 

Alumina-based ceramics with small thickness can exhibit high flexibility that can be also 

improved by different material composition such as a combination of pure Al2O3 and ZnO 

ceramics. In this study, we determinate ignition and quenching voltage with respect to ceramics 

composition, thickness and gap between two electrodes. Those measurements give us a basic 

understanding of the power supply needed to generate coplanar dielectric barrier discharge 

(CDBD) with studied types of ceramics. 
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treated by atmospheric pressure plasma 
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(2) Serbian Academy of Sciences and Arts, Belgrade, Serbia 

Recent studies deliver wider knowledge on the role and significance of reactive oxygen and 

nitrogen species (RONS) that lead to their new chemical and biological applications and, at the 

same time, make a demand for development of new methods to generate them. Numerous 

research show that atmospheric pressure plasma can be used to efficiently produce numerous 

aqueous reactive species in plasma treated water. In the studies involving the influence of 

plasma treated water on biological samples researchers demonstrate that hydrogen peroxide as 

well as nitrite and nitrate play an important role in biological effects. Therefore, it is suggested 

that quantitative analysis of the above species should be related to the plasma source 

characterization in terms of the evaluation of the biological activity of liquids treated with 

atmospheric pressure plasma source. 

In this work we have used an atmospheric pressure plasma jet to produce nitrate and nitrite ions 

and hydrogen peroxide in liquid samples. The plasma source used in the experiments was a 

pin-electrode jet with He as working gas with different flow rates. The treatments of pure 

distilled water and water contaminated with dissolved pesticides were performed. The liquid 

samples were placed below the plasma source powered by a continuous kHz signal and treated 

for different treatment times. After treatments, the physicochemical properties of the treated 

samples were measured. Additionally, we measured concentrations of nitrite ions, nitrate ions 

and hydrogen peroxide generated by the discharge plasma in exposed water solutions. This was 

done by using a colorimetric method with test strips. The chemical analysis of aqueous solutions 

after treatments show that creation of RONS in pure and polluted water is different, i.e. that the 

treated liquid composition is affecting the RONS production. The existence of hydrogen 

peroxide and nitrite ions was observed in all samples, but nitrate ions were detected only in 

clear treated water. Additionally, results show that increase in concentrations of nitrite ions and 

nitrate ions depends on the duration of the treatment. 

Acknowledgements. This work was supported by projects ON171037 and III41011, MESTD, 

Serbia. 
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It is well known that plasma effectively sterilize surface from contamination with different 

pathogens, germs, bacteria and also viruses. In our study, we tried to eliminate fungi spores 

from model surface – object glass, which was contaminated with solution of Mucor spores. 

Spores have been collected from growing fungi Mucor on agar plates and resuspended in buffer 

solution in concentration 8 × 106 CFU/mL. Two different dilutions of initial solution with 

spores were prepared in concentrations of 10−3 CFU/mL and 10−1 CFU/mL and a drop of 25 µm 

was put on the glass surface. 

Glass samples were exposed to O2 and H2 plasma. Plasma was created by inductively coupled 

electrodeless radio-frequency discharge, forward power was set to 2 kW and treatment time 

varied between 1 s and 180 s. In each experiment, two glass samples, one with concentration 

of 10−3 spores and one of 10−1, were treated. Glass slides were then put inside the sterile plastic 

petri dish and covered with yeast peptone dextrose (YPD) culture medium. Plates were 

incubated at room temperature and observed every day for growth of colony units. After 5-7 

days, colonies that have grown on agar plates were counted and compared to control, where 

spores on the glass slides were not treated with plasma. Results showed that hydrogen plasma 

was more efficient in elimination of spores than oxygen plasma. After 100 s of H2 plasma 

treatment time, 5 log reduction of spores was observed and counted on agar plates of both 

concentrations. Already after 30 s of treatment, significant difference in number of colonies 

compared to control was observed. Oxygen plasma was efficient as well for elimination of 

spores, although longer treatment time was needed for the same log reduction as with H2 

plasma. Plasma proved to be a good method for sterilization and elimination of fungi spores, as 

spores in general are very resistant and hard to remove. 
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polypropylene tubes 
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This study was performed in order to better characterize plasma treated polypropylene tubes 

used for microvesicle isolation. Microvesicles (MVs) are cell derived particles involved as 

mediators in intercellular communication and found in all body liquids [1]. MVs contain 

biological information about the cell of origin in the form of various proteins, lipids, sugars and 

genetic material (DNA, miRNA). They belong to the group of extracellular vesicles (EVs) 

which also includes exosomes and apoptotic bodies. The size of exosomes is expected to be 

between 30 and 150 nm while microvesicles range from 100 to 1000 nm and apoptotic bodies 

up to 5000 or even 10000 nm. Microvesicles are promising biomarkers for some of the most 

common and widespread diseases [2, 3]. Some of these are metastasis of cancer, diabetes, 

coronary diseases, inflammatory diseases, neurologic diseases, atherosclerosis and other 

presenting a major health issue for our fast ageing society. The main problem lies in the fact 

that diseases are diagnosed too late and already mature to the point where drugs can only 

mediate their effects. Early stage diagnosis is therefore suggested and microvesicles are one of 

the most promising alternatives at the moment. It is important to isolate and purify 

microvesicles carefully as they are not abound and high concentrations are needed for precise 

diagnostics. Apart from microvesicles small size, their isolation is impaired by the fact that they 

are likely to interact with surfaces, especially those of medical tools used for collection, 

sampling, transport and storage. Therefore, knowing the characteristics of polypropylene tubes 

is highly important. It was discovered that tubes from different manufacturers can substantially 

differ in surface properties which affects the process of microvesicle isolation. Tubes from three 

different manufacturers were analyzed before and after plasma treatment. X-ray photoelectron 

spectroscopy (XPS) was performed to get an insight into surface chemical composition. 

Wettability was measured and the ageing of plasma treatment on wettability was observed. 

Surface free energy and its components were calculated. Atomic force microscopy (AFM) 

analysis was performed. Polymer crystallinity was measured with differential scanning 

calorimetry (DSC). 

[1] V. Muralidharan-Chari, J. W. Clancy, A. Sedgwick, and C. D’Souza-Schorey, J Cell Sci, 

vol. 123, no. 10, pp. 1603–1611, 2010. 

[2] G. Raposo and W. Stoorvogel, J Cell Biol, vol. 200, no. 4, pp. 373–383, 2013. 

[3] J. S. Redzic, T. H. Ung, and M. W. Graner, Pharmgenomics. Pers. Med., 7, 65–77, 2014.  
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Soda-lime glass (SLG) is an essential material in production of functional glasses for a wide 

range of industrial applications. The quality of the final product depends on the adhesion of the 

functional layer to the SLG substrate and that is related to the cleanness and chemical 

composition of the SLG surface. An important phase of the functional glass processing is 

precleaning of the SLG surface, usually carried out mechanically with conditioned water. In 

this study, plasma treatment was investigated as a dry alternative to the standard wet methods. 

The effect of plasma exposure of a float glass surface on its cleanness and chemical activity 

was investigated. Diffuse coplanar surface barrier discharge (DCSBD) and multi-hollow 

surface dielectric barrier discharge (MSDBD) in air at atmospheric pressure were used to 

generate thermally non-equilibrium plasma. The examined plasma sources are scalable to larger 

areas and they have a potential for industrial application [1,2]. The conditions for achieving an 

effective and non-invasive surface treatment were verified by measurements of water contact 

angle (WCA), analyses with X-ray photoelectron spectroscopy (XPS), atomic force microscopy 

(AFM), and laser scanning, tests of organic powder layer adhesion and finally, analysis of 

stearic acid decomposition by Fourier-transform infrared (FTIR) spectroscopy. Realized 

experiments were subjected to an ageing study to test the stability of the plasma treatments' 

effect. The results show that significant changes in adhesive properties, as well as surface 

purification of organic contamination without substantial erosive effects on the inner structure 

of the material were achieved by treatment with plasma of the DCSBD. The possibilities of 

leading the DCSBD plasma source over float glass were tested in contact and non-contact mode. 

Based on the results, a device for non-contact leading the DCSBD plasma source was designed 

within the scope of the international project Glareal Coat and protected by verified technology. 
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The WCA measured on the float glass treated for 3 s with a prototype based on the verified 

technology was 5.5° ± 0.5° immediately after treatment, in comparison to untreated 26° ± 1°. 

Acknowledgements. This research has been supported by the projects Alternative methods for 

processing glass using atmospheric pressure plasma technology, 

CZ.01.1.02/0.0/0.0/16_053/0007132 funded by European Regional Development Fund and by 

the German BMWi under grant No. ZF4028609AG6. 
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The seeds of maize (Zea mays L.) and pea (Pisum sativum L.) were exposed to atmospheric 

pressure air plasma. Plasma was generated by Multi-hollow surface barrier discharge (MH 

SDBD) and diffuse coplanar surface barrier discharge (DCSBD) for several tens of seconds 

(20–120 s). The time of plasma treatment was chosen to compare the results of a whole range 

of studies related to DCBSD plasma treatment and pathogen decontamination on agricultural 

seeds. 

Immediately after the MH SDBD and DCSBD plasma treatment, the dependence of seed weight 

loss on plasma treatment time was measured. For most of the tested treatment times the weight 

loss value was established to be less than 1%. 

The effect of plasma sources on the wetting properties and water imbibition of seeds was 

studied. It was established that air plasma treatment leads to hydrophilization of the seed surface 

and thus to accelerated initiation of water absorption. 

The morphology of untreated, MH SDBD and DCSBD plasma treated seeds was observed by 

scanning electron microscopy. The change of chemical composition on upper layer of seed 

surfaces was analysed by X-ray spectroscopy. 

Acknowledgements. The authors would like to acknowledge financial support from the project 
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Atmospheric pressure plasma jet (APPJ) was used to treat the surface of polymer polyethylene 

terephthalate (PET). APPJ jet was focused to the middle of the PET sample with a size of 

5 × 5 cm2. Ar flow was adjusted to 1 L/min and treatment time was 3 min. After plasma 

treatment a mapping of the polymer surface was performed to investigate changes in wettability 

and surface functionalization and to determine the size of the treated spot. 
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Thin flexible self-supporting ceramics are new promising materials exploitable in many 

applications because of their unique combination of the physical and chemical properties. These 

properties exceed the performance of polymers, glass materials or other insulators in use as a 

dielectric barrier layer of dielectric barrier discharges (DBD). In this contribution, we present 

our findings of the behavior of pure alumina (Al2O3) dielectric barrier tapes with a thickness of 

0.1 mm and 0.3 mm. We studied this material in coplanar dielectric barrier discharge (CDBD) 

geometry with electrode distances from 0.3 mm to 1.0 mm. In the center of interest were the 

electrical parameters of DBD such as ignition and quenching voltages and optical emission 

parameters such as rotational and vibrational temperatures. For this purpose, we have developed 

an automatic measurement method of electrical breakdown in dielectric barrier discharge 

controlled by computer program that has been the center-point of this contribution. 
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Perfluorinated compounds (PFCs) are widely utilized industrial gases, including electronic 

semiconductor etchants, refrigerants and inert media for power switch gears (sulphur 

hexafluoride, SF6). These gases are potent source of global warming effect. Because of 

extremely high stability of PCFs only very high temperature as provided by plasma is effective 

for their destruction. Water and gas stabilized DC-plasma torch for generating thermal steam 

plasma has been already used for efficient abatement of CF4, and this work is going on to abate 

SF6. The experiments were carried out at 20 kW and 40 kW of torch power. The highest 

destruction efficiency was attained in the mixture at 40 kW of torch power for which the 

complete removal was attained even for concentration >15% in argon. An effect of additional 

gas as a reaction agent was also observed for both CF4 and SF6. It was found the certain addition 

of hydrogen enhances the destruction efficiency. 


