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Preface
Dear Colleagues,
on behalf of the International Scientific Committee and of the Local Organizing
Committee we are pleased to welcome you in Sveti Martin na Muri during
September 3-7, 2017, to attend CESPC-7, the Seventh Central European
Symposium on Plasma Chemistry.
The conference is the seventh edition of a series of successful symposia
initiated in 2007 in Gdansk (Poland) and continued in Czech Republic (Brno,
2008), Ukraine (Kyiev, 2009), Serbia (Zlatibor, 2011), Hungary
(Balatonalmadi, 2013) and Italy (Bressanone, 2015). The conference topics
include fundamental problems, modelling and diagnostics, new materials,
energy technologies, environmental protection, bio and medical plasma
technologies, surface processes, nanostructured materials, and as the first time
at CESPC, food and agriculture plasma technologies. CESPC-7 intends to
provide an interactive platform for researchers from different backgrounds,
(chemistry, physics, engineering, material sciences, biology, medicine, food
technology) to meet and develop new ideas in the widely interdisciplinary
plasma chemistry field. We hope that CESPC-7 will show advancements in the
field of plasma chemistry and will reinforce existing networks of scientific
interaction, communication and exchange and stimulate the development of new
collaborations.
The event is supported by the Central European Initiative under the
regional cooperation project in Central, Eastern and South-Eastern Europe.
Support by the Ministry of Science and Education of Croatia, Institute of
Physics, Zagreb and by the sponsors mentioned in the next pages is also
gratefully acknowledged.
This book collects the abstracts of the scientific reports contributed to
CESPC-7 authored by researchers from 24 countries all over the world,
including 10 invited lectures, 32 oral contributions, and 51 posters. A selection
of contributed papers will be published in a special topic issue of The European
Physical Journal D, under the title Advances in Plasma Chemistry.
We are confident that with your participation CESPC7 will continue the
tradition of successful CESPC conferences and that it will be a fruitful and
challenging experience for all of us.
We wish you all a pleasant stay in Sveti Martin na Muri.
With best regards
Slobodan Milošević and Nikša Krstulović
Chairs of CESPC-7
Zagreb, July 30, 2017
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General information
The Seventh Central European Symposium on Plasma Chemistry (CESPC-7) is
held in Sveti Martin na Muri (Croatia) during September 3-7, 2017.
CESPC7 is organized by the Institute of Physics, Zagreb, Croatia. CESPC is a
biannual International Symposium, supported by the Central European Initiative
(CEI) and attended by scientists from all over the world. Previous editions were
held in Poland (Gdansk, 2006), Czech Republic (Brno, 2008), Ukraine (Kyiev,
2009), Serbia (Zlatibor, 2011), Hungary (Balatonalmadi, 2013) and Italy
(Bressanone, 2015).
CESPC is a forum to present new results and exchange ideas in plasma
fundamentals and applications in all fields including materials processing,
surface modifications, medicine, environmental protection and related areas.
Emphasis is on plasma chemistry. The four-day format of the symposium
provides excellent opportunities for both formal presentations and informal
discussions.
Topics:
1. Fundamental problems
2. Modeling and diagnostics
3. New materials
4. Energy technologies
5. Environmental protection
6. Bio and medical plasma technologies
7. Surface processes
8. Nanostructured materials
9. Food and agriculture plasma technologies
10. Related topics

Venue and social events
Registration and all scientific activities will be held at the LifeClass Terme
Sveti Martin, Izvorska 3, 40313, Sveti Martin na Muri, Croatia.
Registration will be open on Sunday September 3, from 14:00 to 18:00 and on
Monday September 4 starting at 8:40. On Sunday, registration will be followed
by a welcome reception at the LifeClass Terme Sveti Martin.
Lunches and dinners will also be served at the hotel SPA Golfer. The
conference gala dinner will take place on Wednesday, September 6.
An excursion to Eco Museum Mura is organized for all participants and
accompanying persons on the afternoon of Tuesday September 5, to visit
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several spots in the area and winery. We will enjoy wine tasting and
refreshments.
Participants will stay at one of the following residences:
SPA Golfer Hotel
Apartments Regina

Information for Authors presenting oral and poster contributions
Oral presentations
Invited Lectures will be 40 min (35 +5 min discussion) Oral presentations will
be 20 min (15 min + 5 min). The lecture hall is equipped with a Windows PC.
Supported presentation formats are Microsoft PowerPoint and PDF. Please be
prepared to have your presentation ready on a portable USB-stick. If you need
to use your own computer, please inform in advance the conference staff.
Poster presentations
Poster size: the posting boards are 100 cm (width) x 250 cm (height). Within
these limits Authors are free to choose their poster size and format.
The organizers will provide fasteners for the posters.
You will find your poster number attached to the poster wall.
The posters should be posted in the morning of the presentation day and must
be removed the day before the following poster session. Poster sessions are
Monday 4 and Wednesday 5, afternoon from 17:00 to 19:00.
The best poster presentations of a young scientists will be awarded by sponsor
EPJ.org.

Contact
info@cespc7.org or
Dr. Slobodan Milošević
Institute of Physics, Zagreb
e-mail: slobodan@ifs.hr
Dr. Nikša Krstulović
Institute of Physics, Zagreb
e-mail: niksak@ifs.hr

10

8:40-9:00
9:00-9:20
9:20-9:40
9:40-10:00
10:00-10:20
10:20-10:40
10:40-11:00
11:00-11:20
11:20-11:40
11:40-12:00
12:00-12:20
12:20-12:40
12:40-14:00
14:00-14:20
14:20-14:40
14:40-15:00
15:00-15:20
15:20-15:40
15:40-16:00
16:00-16:20
16:20-16:40
16:40-17:00
17:00-17:20
17:20-17:40
17:40-18:00
18:00-18:20
18:20-18:40
18:40-19:00
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Welcome party

Registration

Sunday September 3rd

Dinner

1. Poster Session

O_6 Kossyi
O_7 Popelka
Coffee break
O_8 Kutasi
O_9 Tampieri
O_10 Park

I-3 Škoro

Lunch

O_3 Timmerman
O_4 Ercan
O_5 Chan

I-2 Mededovic-Thagart

O_1 Vukušić
O_2 Stulić
Coffee break

I-1 Machala

Registration
Opening ceremony

Monday September 4th

Dinner

Excursion

Lunch

O_14 Neretti
O_15 Pichler
O_16 Sokolova

I-5 Pedersen

O_11 Scapinello
O_12 Mizeraczyk
O_13 Iukhymenko
Coffee break

I -4 O'Connel

Tuesday September 5th

Conference dinner

2. Poster Session

O_23 Ercegović Ražić
O_24 Hergelová
Coffee break
O_25 Topala
O_26 Barni
O_27 Boselli

I-8 Akishev

Lunch

O_20 Tovstopyat
O_21 Onyshchenko
O_22 Šourková

I-7 Fracassi

O_17 Klute
O_18 Burhenn
O_19 Vogel
Coffee break

I-6 Franzke

Departure

Lunch

O_31 Jirásek
O_32 Kim
Closing remarks

I-10 Gorjanc

O_28 Pongrác
O_29 Cech
O_30 Jasek
Coffee break

I-9 Turner

Wednesday September 6th Thursday September 7th
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Scientific program in detail
September 3, 2017, Sunday
14:00 – 18:00
18:00 – 20:00

Registration
Welcome party

September 4, 2017, Monday
Chair: J. Mizeraczyk
Starting from
Registration
8:40
9:00 – 9:20
Opening ceremony
9:20 – 10:00
Invited lecture I-1
Z. Machala
Plasma activated water: plasma-induced gas-phase and
liquid-phase chemistry and applications in biomedicine and
food processing
10:00 – 10:20 O-1 T. Vukušić
Preservation of fruit juices using high voltage electrical
discharge plasma treatments
10:20 – 10:40 O-2 V. Stulić
Determination of oxidative stress upon high voltage
electrical discharge (HVED) plasma on Escherichia coli
MG 1655
10:40 – 11:00 Coffee break
Chair: M. Černák
11:00 – 11:40

11:40 – 12:00
12:00 – 12:20
12:20 – 12:40
12:40 – 14:20

Invited lecture I-2
S. Mededovic Thagard
The plasma-liquid interface: which physicochemical
processes are important?
O -3 E. Timmermann
Indoor air purification by dielectric barrier discharge
combined with ionic wind: ion and ozone production
O -4 U.K. Ercan
Non-thermal Atmospheric Plasma Treated Sutures for
Prevention of Suture Associated Surgical Site Infections
O -5 K.V. Chan
Enhanced Human Fibroblast Biocompatibility on
Cyclopropylamine Plasma Polymerised Films
Lunch
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Chair: F. Fracassi
14:20 – 15:00

15:00 – 15:20

15:20 – 15:40
15:40 – 16:00
16:00 – 16:20
16:20 – 16:40
16:40 – 17:00

17:00 – 19:00

Invited lecture I-3
N. Škoro
Use of atmospheric pressure plasmas for decontamination
of water containing organophosphates
O – 6 I. Kossyi
Plasmachemical cleaning of urban atmosphere in the
reactor based on the deeply subthreshold discharge excited
by microwave beam
O – 7 A. Popelka
Antimicrobial surface modification of packaging by food
preservatives
Coffee break
O – 8 K. Kutasi
Effect of the low pressure afterglow plasma on cereal grain
crops
O – 9 F. Tampieri
Air plasma treatment of water contaminated by
agrichemicals, their metabolites and residues
O –10 J. Park
Development of characteristics of a dielectric barrier
discharge system having flexible electrodes
Poster Session 1 – posters P1 – P26
P-1 Malinowski Sz.
Soft plasma polymerization in deposition of bio-active
coatings on GOX matrix
P-2 Ercan U. K.
Degradation of Tattoo Inks by Non-Thermal Atmospheric
DBD Plasma Treatment for Plasma Assisted Tattoo
Removal Purpose
P-3 Mota, R. P.
Incorporation of Chlorexidine in plasma polymerized thin
films from Hexamethyldosiloxane
P-4 Kim S.
Experimental study on a low-temperature atmosphericpressure plasma by two-parallel-wire transmission line
resonator with microwave power
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P-5 Poglayen G.
Inactivation of Eimeriaspp. oocysts in aqueous environment
assisted by a gas-liquid dielectric barrier discharge
P-6 Stavarache I.E.
Characterization of polythiophene films obtained under the
plasma atmospheric pressure conditions
P-7 Resnik M.
Cold atmospheric plasma treated polypropylene tubes and
their application in medical diagnostics
P-8 Artem’ev K. V.
CO2 plasma-chemical utilization by means of discharge
excited by strong subthreshold microwave beam in highpressure gas
P-9 Cimerman R.
Tar removal by combination of non-thermal plasma with
catalyst
P-10 Medvecká V.
Influence of atmospheric pressure plasma on hazelnuts
(Corylus avellana) and peanuts (Arachis hypogaea)
P-11 Kováčik D.
Changes in the redox equilibrium of fungal cells after
atmospheric pressure plasma treatment
P-12 Kučerová K.
Plasma activated water generated by transient spark
discharge for seed germination and plant growth
P-13 Tomeková J.
Optical emission spectroscopy of cold atmospheric pressure
plasma generated in air and in mixtures of oxygen and
nitrogen for applications in agriculture
P-14 Bišćan M.
Parsley (Petroselinum crispum) seeds treated by lowpressure DBD oxygen and air plasma: germination and
growth
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P-15 Davydov A. M.
Non-catalytic methane conversion by means of a strong
subthreshold discharge excited by microwave beam in high
pressure gases
P-16 Holz M.
Garlic Sprouting and Clove Surface Properties After LowPressure Oxygen Plasma Treatment
P-17 Choi J.
Numerical analysis of atmospheric-pressure plasma using
transmission line resonators operating with microwave
power
P-18 Živný O.
Theoretical study of plasma decomposition products of
perfluorinated compounds
P-19 Grobelnik-Mlakar S.
Highly reactive oxygen plasma treatment of wheat seeds
P-20 Neretti G.
Chemical effects of different waveforms on a Dielectric
Barrier Discharge Plasma microbubble reactor
P-21 Bulić-Jakuš F.
Infrared spectra of embryo culture media metabolome detect
biological activity of the antiepileptic valproate
P-22 Benčina M.
Effect of oxygen plasma treatment on morphology and
crystal structure of TiO2 nanotubes for biomedical
applications
P-23 Filipić A.
Potential use of atmospheric plasma in agriculture
P-24 Paradisi C.
Characterization of reactive species and advanced oxidation
processes in a new air plasma/water reactor for water
decontamination from agrichemicals
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P-25 Szőke Cs.
Effect of low pressure afterglow plasma on the growth of
maize
P-26 Beuc R.
Optical spectra of carbon-monoxide molecule: fast quantum
mechanical simulation

20:00

Dinner

September 5, 2017, Tuesday
Chair: Z. Machala
9:00 – 9:40

9:40 – 10:00
10:00 – 10:20
10:20 – 10:40
10:40 – 11:00

Invited lecture I-4
D. O’Connell
Atmospheric pressure plasmas: Chemical kinetics at the
plasma-liquid interface
O -11 M. Scapinello
Methane coupling assisted by Nanosecond Pulsed
Discharge
O -12 J. Mizeraczyk
Hydrogen production by conversion of ethanol injected
into a microwave plasma
O -13 V. Iukhymenko
Properties of atmospheric pressure rotating gliding
discharge
Coffee break

Chair: Yu. Akishev
11:00 – 11:40
11:40 – 12:00

12:00 – 12:20

Invited lecture I-5
J.O.P. Pedersen
Ion chemistry in the atmosphere
O -14 G. Neretti
Experimental and numerical evaluation of ozone
concentration within a DBD plasma reactor in
atmospheric pressure air
O -15 G. Pichler
Plasma Chemistry of Alkali Discharges
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12:20 – 12:40

12:40 – 14:20

O -16 M.V. Sokolova
Influence of voltage waveform on the structure and electric
characteristics of surface dielectric barrier discharge in
air
Lunch

15:00 – 19:00

Excursion

20:00

Dinner

September 6, 2017, Wednesday
Chair: G. Pichler
9:00 – 9:40

9:40 – 10:00

10:00 – 10:20
10:20 – 10:40

10:40 – 11:00

Invited lecture I-6
J. Franzke
Characterisation of Dielectric Barrier Discharges for
analytical applications
O -17 F.D. Klute
Influence of metastables, quasi metastables and gas
impurities on the positive ion formation of a noble gas
atmospheric DBD
O -18 S. Burhenn
Space and time resolved quantification of arsenic by optical
emission spectroscopy in a dielectric barrier discharge
O -19 P. Vogel
Spectroscopical investigations on ignition processes in
partial and full dielectric barrier discharges (DBD) used for
analytical applications
Coffee break

Chair: M. Mozetič
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11:00 – 11:40

11:40 – 12:00
12:00 – 12:20
12:20 – 12:40
12:40 – 14:20
Chair: K. Kutasi
14:20 – 15:00
15:00 – 15:20

15:20 – 15:40
15:40 – 16:00
16:00 – 16:20
16:20 – 16:40
16:40 – 17:00

17:00 – 19:00

Invited lecture I-7
F. Fracassi
Surface processing with atmospheric pressure DBDs for
environmental applications
O –20 A. Tovstopyat
Low energy ion beam plasma for final cleaning of ultrasmooth optical surfaces
O –21 I. Onyshchenko
Plasma jet for miniaturized printing
O –22 H. Šourková
Quality control used in industrial application for plasma
treatment of powder materials
Lunch

Invited lecture I-8
Yu. Akishev
Research on the DC negative corona - The state of the art
O -23 S. Ercegović Ražić
Surface modification processes for improving wettability,
dyeing and antibacterial properties of the textile materials
O –24 B. Hergelová
Silicon surface functionalization by Ar/H2 atmospheric
pressure plasma
Coffee break
O –25 I. Topala
Ion chemistry in hydrocarbon containing barrier
discharges plasmas at atmospheric pressure
O –26 R. Barni
Gas-phase Evolution of Ar/H2O and Ar/CH4 Dielectric
Barrier Discharge Plasmas
O -27 M. Boselli
3D modelling of a DC transferred arc twin torch plasma
system for the synthesis of copper nanoparticles
Poster Session 2 – posters P27 – P51
P-27 Peran J.
Impact of low-pressure plasma on dyeability of wool using
natural dye
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P-28 Maletić D.
Laser plasma interaction with atmospheric pressure
plasma jet in contact with liquid water
P-29 Kim J.-H.
Fabrication of superhydrophobic Si surfaces in a plasma
etching system
P-30 Tarasenka N.
Preparation of Cu-Zn nanoparticles by plasma and laser
assisted treatments in liquid
P-31 Medvecká V.
Plasma assisted calcination of Al2(NO3)3/PAN submicron
fibers at atmospheric pressure
P-32 Kelar J.
Low-temperature plasma processing of inkjet printed TiO2
photoanodes
P-33 Kováčik D.
Surface modification of PP nonwovens by plasma
generated in water and acrylic acid water solution
P-34 Pavliňák D.
Hydrophilization of outer and inner surfaces of PVC tubes
using surface dielectric barrier discharges generated
above the liquid electrode
P-35 Mozetič M.
Gaseous plasma as a source of neutral reactive particles
for functionalization of polymer surfaces
P-36 Ercan U. K
Cold Atmospheric Plasma Assisted Conjugation of Bone
Sialoprotein Mimetic Peptide on Align Nanofibers
P-37 Mihaila I.
Properties of plasma synthesized interstellar carbon dust
analogs

19

7th Central European Symposium on Plasma Chemistry

P-38 Magnan R.
Dual RF-LF dielectric barrier discharge at atmospheric
pressure
P-39 Stavarache I.E.
Effects of ophthalmic solutions on the physico-chemical
properties of PMMA films
P-40 Tučeková Z.
Effect of atmospheric pressure plasma on surface
modification of paper
P-41 Jurov A.
APPJ and PAW assisted nanoparticle impregnation and
treatment of polymers
P-42 Staňo L.
The evaluation of plasma treated porous polymer
materials as separators in alkaline water electrolysis cell
P-43 Černák M.
Effect of plasma pre-treatment and post-treatment on the
adhesive properties of silicone coated release liner paper
P-44 Štěpánová V.
Modification of paper surface properties by corona as
pretreatment before coating
P-45 Tmenova T.
Plasma properties of the Underwater Pulsed Discharge
Plasma
P-46 Golyaeva А.
Activation of dielectric surfaces by cold plasma for optical
contact hardening
P-47 Popović D.
Gas or plasma jet: Targets for Laser Induced Breakdown
Spectroscopy
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P-48 Horvatic V.
Time resolved plasma currents as a novel detection and
monitoring technique in an atmospheric pressure noble
gas DBD
P-49 Iukhymenko V.
Comparison of discharge channel behavior between
rotating gliding discharges with solid and with one liquid
electrode
P-50 Boselli M.
Design oriented modelling for the synthesis process of
copper nanoparticles by a radio-frequency induction
thermal plasma system
P-51 Blažeka D.
Transport properties of neutron irradiated 4H-SiC
Schottky diode

20:00

Conference dinner
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September 7, 2017, Thursday

Chair: S. Mededovic-Thagart
9:00 – 9:40
9:40 – 10:00
10:00 – 10:20

10:20 – 10:40

10:40 – 11:00

Invited lecture I-9
M. Turner
Modelling uncertainty in dry air chemistry
O –28 B. Pongrác
Experimental investigation of nanosecond corona-like
discharge generated in distilled water
O –29 J. Cech
Spatio-temporally resolved electric field measurement in
homogeneous helium coplanar DBD using a phaseresolved 2D spectral imaging
O –30 O. Jasek
Gas phase synthesis of graphene and graphene oxide
nanosheets in microwave plasma torch at atmospheric
pressure
Coffee break

Chair: C. Paradisi
11:00 – 11:40
11:40 – 12:00
12:00 – 12:20
12:20 – 12:40
12:40 – 14:20
14:20

Invited lecture I-10
M. Gorjanc
Natural dyeing and UV protection of plasma treated cotton
O –31 V. Jirásek
Modifications of nanodiamonds’ surface by atmospheric
pressure plasma jet afterglow
O –32 J.-H. Kim
Fabrication of antireflection slanted Si pillars using
slanted plasma etching
Closing remarks
Lunch
Departure
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I-1

Plasma activated water: plasma-induced gas-phase and
liquid-phase chemistry and applications in biomedicine and
food processing
Z. Machala1, B. Tarabová1, Z. Kovaľová1, K. Kučerová1, M. Janda1, K.
Hensel1,
F. Tampieri2, E. Marotta2, C. Paradisi2, P. Brun3, E. Martines4
1
Faculty of Mathematics, Physics and Informatics, Comenius University,
Bratislava, Slovakia
2
Department of Chemical Sciences, University of Padova, Padova, Italy
3
Department of Molecular Medicine, University of Padova, Padova, Italy
4
Consorzio RFX, Padova, Italy
E-mail machala@fmph.uniba.sk
Water and aqueous solutions treated by cold atmospheric plasmas – so called plasma
activated water (PAW) demonstrate antimicrobial or cytotoxic effects that are of great
interest for many applications in biomedicine and food processing. Nonequilibrium air
plasmas generate various radicals, ions, and reactive molecules commonly called reactive
oxygen and nitrogen species (RONS: OH, H2O2, NO, NO2, O3, O2-). They are transported
from the gas phase through the plasma-liquid interface and may induce formation of
secondary RONS in the liquid water, such as H2O2, nitrites/nitrates NO2-/NO3-,
peroxynitrites/peroxynitrous acid ONOO-/ONOOH, superoxide O2-, or OH.
The PAW bio-relevant effects can be enhanced by the efficient mass transfer of
plasma-generated RONS into the water, e.g. when air discharges are combined with water
electrospray. PAW antimicrobial activity normally decays in a few hours. The fast
freezing can preserve it for days and weeks, as tested on various bacteria and yeasts.
The detection of RONS in the PAW is challenging due to the chemical instability of
the detected RONS, or possible cross-reactivities of the analytical methods. We tested
diagnostic methods for PAW, such as colorimetric detection of H2O2, NO2- and NO3-,
fluorescence spectroscopy of ONOO- and OH, and indirect O2- detection using
superoxide dismutase. We showed that established indigo blue assay of dissolved O 3
might be misleading in PAW.
The discharge regime and gas/liquid characteristics determine the PAW composition
and the consequent bio-relevant effects. In low power air corona discharges, water
electrospray increased O3 production in both gas and liquid, which enhanced the biocidal
effect. When the discharge regime transits to higher power transient spark, gaseous NO x
are dominantly formed, leading to significant NO2- and NO3- in the PAW and practically
no O3, and the bactericidal action mainly due to the synergy of H2O2, NO2- and acidic
milieu (via ONOOH).
Preliminary results on cold plasma pasteurization of apple juice extending its shelf
life up to 4 weeks without changes of its nutrient values demonstrate new potentials in
food industry.
Supported by Slovak Research and Development Agency APVV-0134-12 and COST
Action TD1208.
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I-2

The plasma-liquid interface: which physicochemical processes
are important?
Mikhail Vasilev,1 Gunnar R. Stratton1, Patrick Conlon2, Douglas G. Bohl,2
Selma Mededovic Thagard1
1
Department of Chemical and Biomolecular Engineering, Clarkson University,
8 Clarkson Avenue, Potsdam, 13699, New York, USA
2
Department of Mechanical and Aeronautical Engineering, Clarkson
University, 8 Clarkson Avenue, Potsdam, 13699, New York, USA
E-mail smededov@clarkson.edu
Plasmas formed directly in and close to a liquid have been used to sterilize
and decontaminate water, synthesize materials and nanoparticles, and for
applications in plasma medicine and polymer surface treatment. However, the
optimization and broader application of these humid and dense aqueous plasmas
have been limited due to a general lack of understanding of the underlying
physical and chemical processes occurring at the plasma-liquid interface. Since
plasma radicals and their recombination products are primarily responsible for
initiating chemical reactions involved in the applications listed above, it is
critical to understand the processes that lead to the formation of these species,
their further propagation and recombination reactions, and to determine the
location of these reactions.
This work investigates the role bulk liquid transport plays in the chemistry
of the plasma-liquid interface. Using particle imaging velocimetry, we have
characterized the dynamic nature of the interface of an argon plasma contacting
liquid water and bulk liquid flow as a function of selected design and process
parameters. Knowledge thus gained was exploited in plasma reactor design, to
enhance the exposure of chemical contaminants to the plasma.
We have determined the efficacy of the plasma process for treatment of a
wide range of different compounds and used the results of this investigation to
construct a model to predict the approximate treatability of any compound based
on just a few of the compound’s physical properties. The effect of a compound’s
initial concentration on its removal rate was investigated for several nonsurfactants and surface-active compounds over a wide range of concentrations,
including the near critical micelle concentration for surfactants.
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Non-equilibrium atmospheric pressure plasmas (APP) are chemically active
media with properties adjustable to comply with various application demands.
In biomedical field, so far APP have demonstrated excellent applicability in
sterilization and cleaning, i.e. for treatment of organic materials and
microorganisms. Atmospheric pressure plasma jets (APPJ) proved to be
technically simple and efficient sources of cold APP which are suitable for
different application setups. Recently, a new research field - plasmas in
agriculture emerged, widening number of applications. Since APPJs can also
operate in contact with liquids, they are suitable for new applications in plasma
agriculture. Initial investigations show that chemically reactive environment
produced by these sources can influence and modify physical and chemical
properties of liquids.
As one of the main surface water contaminants are pesticides used in agriculture
our idea is to use APP for water detoxification. Namely, we conducted a study on
decontamination of water samples polluted with different pesticides, i.e.
organophosphate compounds, by using APPJs. We used two different jet
configurations powered by a kHz signal source with He as working gas and treated
liquid samples at different distances between the jet and the sample surface, for
different duration times and for different liquid sample volumes. Optical and
electrical characterization of the APPJs is performed in order to obtain information
about the plasma properties and stability of the treatment conditions. Liquid sample
analysis before and after the treatment are executed by using high performance liquid
chromatography (HPLC) and liquid chromatography coupled with mass
spectrometry (LC-MS) in order to follow degradation of organophosphates.
Significant and efficient degradation of both pesticides is noticed and appearance of
degradation products is observed in the liquid sample. Dependence of the
decontamination efficiency on treatment time is determined. We also investigated
toxicity of degradation products. Thus, from the data obtained we could assess the
decontamination efficiency for different APPJ types and also to provide information
about mechanisms governing the plasma destruction of organophosphates.
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Non-thermal atmospheric pressure plasmas have been recently explored for
a variety of potential biomedical applications, including cancer treatment,
antimicrobials and wound healing [1,2]. Operated at atmospheric pressure and
approximately room temperature they are efficient sources of reactive oxygen
and nitrogen species (RONS), known to induce various biological responses.
Water is typically present in low-temperature biological-plasma interactions,
both in the form of ambient air humidity and as a component of the biological
milieu. Therefore, investigation of reactive species directly produced from
water, and how they interact with liquids e.g biological media, is particularly
important.
In this work, advanced experimental techniques [3] in combination with
numerical simulations are used to quantify reactive species in atmospheric pressure
plasmas and their plasma plumes. Plasmas operated in humid gases and plasmas in
contact with liquids are investigated. By benchmarking plasma simulations with
absolute measured species densities, including O, H, OH, and H 2O2, additional
insight can be gained into the chemical kinetics of the plasma. Dominant production
and destruction pathways for these species and other species of interest are
identified. Knowledge of these pathways allows us to identify operating regimes for
the optimisation of the densities of various reactive species. In addition, our results
demonstrate that reactive species formation is strongly influenced by impurities in
the gas flow. The origin of reactive species in plasma-treated aqueous solutions is
also revealed using spin-trapping, hydrogen and oxygen isotopic labelling and
electron paramagnetic resonance (EPR) spectroscopy [4]. All reactive species
detected in the liquid phase are shown to be formed largely in the plasma gas phase
and are transferred to the liquid, whereas very small amounts are actually created
directly in the liquid phase.
[1]
A.M. Hirst, M.S. Simms, V.M. Mann, N.J. Maitland, D. O’Connell, F.M. Frame
Br. J. Cancer 112 1536 (2015)
[2] A. Privat-Maldonado, D. O’Connell, E. Welch, R.G.L. Vann, M. van der Woude Sci.
Reports 6 35646 (2016)
[3] K. Niemi, D. O’Connell, N. de Oliveira, D. Joyeux, L. Nahon, J.P. Booth, T. Gans,
Appl. Phys. Lett., 2013 103 034102 (2013)
[4] Y. Gorbanev, D. O’Connell, V. Chechik, Chem. Eur. J. 22 3496 (2016)
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Galactic cosmic rays are a constant source of ions in the Earth’s atmosphere and
the produced gaseous ions play an important role both in the electrical properties
of the atmosphere and in the chemical processes in the atmosphere. The ion-pair
production rate varies from about 20 cm-3s-1 in the upper troposphere to about 4
cm-3s-1 in the boundary layer. Ions in the atmosphere interact efficiently with
atmospheric atoms, molecules, ions, and electrons giving rise to large collision
cross sections [1].
Atmospheric ions have also been found to be important for aerosol formation.
Aerosol nucleation can proceed both through neutral and ion-induced pathways.
The presence of an ion can help enhance the nucleation rate since a charge makes
the small clusters more thermodynamically stable than their neutral counterparts
and thus reduces the energy barrier to nucleation. Also during the growth stage
the ion-molecule interactions greatly accelerate the kinetics of molecular
association, whereas during the later stages of aerosol growth (from ~2-3 nm
and larger) the effect of the ion is expected to become smaller and the growth
rate will approach that of a neutral aerosol [2].
Several atmospheric gases such as sulfuric acid, ammonia, amines and biogenic
emissions vapors have been found to enhance the nucleation process, and
aerosols are also known to be an important factor influencing local climate,
acting both directly (by reflection of solar radiation) and indirectly (by influence
on cloud cover). Aerosols together with clouds represent one of the greatest
uncertainties in the current understanding of climate change.
In talk we will look at some of the important ion-induced reactions and
nucleation pathways in the atmosphere and their implications for climate [3,4]
and how ion-induced reactions can be studied experimentally in an ultra-low
background radiation environment in deep underground science facilities.
[1] J.H. Seinfeld and S.N. Pandis, Atmospheric Chemistry and Physics: From
Air Pollution to Climate Change, Wiley, New Jersey (2016).
[2] J.O.P. Pedersen et al., J. Aerosol Sci. 50, 75–85 (2012).
[3] P. Hvelplund et al., Intern. J. Mass Spectr., 341-342, 1-6 (2013).
[4] T. Shigeo et al. Nucl. Instrum. Meth. B, 365, 616-621 (2015) .
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Sixteen years ago the potential of dielectric barrier discharge plasma was
presented for use in analytical element spectrometry [1]. It was a miniature
planar DBD, characterized by small size, low power consumption, low gas
temperature and excellent dissociation capability for molecular species. Several
years later a capillary shaped DBD was presented by Na et al. [2] applied as an
efficient method for molecular mass spectrometry resulting in the development
of a variety of methods now commonly termed Ambient Mass Spectrometry
(AMS), which experienced a very rapid development during the last years.
Here themes will be presented and tried to be characterized where dielectric
barriers were used in the field of Analytical Chemistry like “diode laser
spectrometry at low pressure DBDs” [1], “DBD as soft ionization source at
ambient air”[3] and “DBD for liquid analysis” [4].

[1] M. Miclea, K. Kunze, G. Musa, J. Franzke, K. Niemax, Spectrochim Acta
Part B At Spectrosc, 56 (2001) 37.
[2] N. Na, C. Zhang, M.X. Zhao, S.C. Zhang, C.D. Yang, X. Fang, X.R. Zhang,
J. Mass Spectrom., 42 (2007) 1079.
[3] V. Horvatic, A. Michels, N. Ahlmann, G. Jestel, D. Veza, C. Vadla, J.
Franzke, Anal. Bioanal. Chem., 407 (2015) 7973.
[4] T. Krahling, S. Muller, C. Meyer, A.K. Stark, J. Franzke, J. Anal. At.
Spectrom., 26 (2011) 1974.
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Surface processing with non-equilibrium plasmas allows the
preparation of functionalized structured and unstructured surfaces with
interesting and unique properties. The processes permit the grafting of specific
chemical functionalities or the deposition of organic, inorganic or hybrid
organic-inorganic thin films. Recently, also the utilization of non-equilibrium
plasmas at atmospheric pressure, in particular in dielectric barrier discharge
(DBD) configuration, has been investigated for surface processing. It has been
shown that at atmospheric pressure, thanks to the ignition of the discharge inside
the pores or for the more efficient penetration of the plasma generated species,
the treatment of porous materials, e.g. foams, can be accomplished [1].
Depending on the specific experimental conditions during the plasma processes,
the porous materials can be characterized by different exciting properties, also
of environmental interest. In this presentation three examples of novel
functionalization treatments of polyurethane foams and PET meshes, performed
with DBD in parallel plate configuration, will be described, i.e., the preparation
of hybrid organic/inorganic multifunctional nanostructured thin films [2], the
deposition fluoropolymers [1], and the grafting of surface carboxyl functional
groups. Hybrid organic/inorganic nanostructured thin films, obtained by
aerosol-assisted DBD plasma polymerization, were deposited through a
polyethylenthereftalate mesh. The discharge was fed with He and an aerosol of
a dispersion of commercial ZnO nanoparticles in n-octane; a ZnO/polyethylenelike nanostructured thin film was deposited. The resulting nanocomposite film
was characterized by superhydrophobicity, superoleophylicity as well as by
photocatalytic properties due to the ZnO nanoparticles. Fluoropolymers were
uniformly deposited inside and outside a polyurethane foam with Hehexafluoropropene fed DBD. After the treatment the foam exhibited
contemporaneous superhydrophobic and oleophilic behavior, suitable for wateroil separation. Polyurethane foams were also utilized for the surface grafting of
carboxylic groups in oxygen containing DBD. The treated foams showed metal
adsorption capacity.
[1] F. Fanelli, F. Fracassi, Plasma Processes and Polymers, 13, 470 (2016).
[2] F. Fanelli, A. Mastrangelo, F. Fracassi, Langmuir, 30, 857 (2014).
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1

The DC and pulsed coronas in air and in two-phase media with liquid and
solid particulate matters at atmospheric pressure are widely used in various
applications, such as electrostatic precipitation, ozone generation, surface
modification, biomedicine, etc. A short review of the various coronas and their
characteristics, mainly in air (a single-phase medium) is given in this report.
Also some related coronas applications are presented. However, this report is
mainly focused on the physical properties of the DC negative corona in the selfpulsing regime called the Trichel-pulse regime, which is of great interest for
science and practice. This is because the DC negative corona in the Trichelpulse regime offers self-pulsing current pulses which have amplitudes higher
than the average negative corona current. Despite of numerous publications
devoted to the experimental and numerical investigations of the Trichel-pulse
regime, many aspects of the physical mechanisms responsible for the
appearance and disappearance of the Trichel pulses are still the subject of
discussion. This report presents the simplified analytical model of the Trichel
pulses for the DC negative corona in a single-phase medium (air) and in a twophase medium (air with solid particulate matter). The differences in the Trichel
pulses behavior and properties in both media are discussed.
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Chemistry models are commonplace in low-temperature plasma physics,
because most applications of practical interest involve molecular gases with a
rich chemical character. Such models may involve dozens of species and
hundreds or even thousands of reactions. Assembling and maintaining such a
model is a difficult task, because the volume of data that must be considered is
large. Moreover, since chemistry models are not usually employed in isolation,
but rather embedded in more elaborate models, often involving several spatial
dimensions, the computational burden associated with a large chemistry model
is considerable. A further concern is that in many cases the provenance of some
of the rate data is unclear, which can raise anxiety about the reliability of the
model predictions. In this paper, we describe investigations into the sensitivity
of the predictions of a complex plasma chemistry model with respect to the
uncertainty in the rate data. We show that only a small fraction of the rate
constants strongly influence the uncertainty in the model predictions. We also
show that when the model is used under restricted conditions relevant to a
particular application, only a subset of the processes included are important. A
large fraction of the reactions in this subset have rate constants derived from
high quality experimental studies. Consequently, the chemistry model has
higher reliability than a superficial review of the whole set of processes might
suggest, but many processes of little importance can be omitted without
detriment to the predictive power of the model, and with advantage in
computational efficiency.
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The increasing skin diseases, with various malignancies, as a result of
prolonged and frequent exposure to the Sun are urging the researchers to find
solutions in protecting our skin from the harms of the UV radiation. Even though
the sun-block creams provide optimal UV protection, it is necessary to apply the
product regularly and abundantly. The textile materials are simple and
convenient way in protecting our skin [1]. Big differences in protection
capability can be noticed between different types of fibers, i.e. polyester with
many aromatic rings in macromolecules provide the highest protection whereas
cotton fibers provide the lowest protection, especially lightweight summer
textiles [2]. The possibilities of increasing the UV protection of cotton are use
of nanoparticles and UV absorbers [1,3,4]. Another possibility of providing
good UV protection of cotton is the use of plant extracts [5]. However, since
cotton is rich in –OH groups, where the natural dyes do not adsorb well, cotton
has to be treated with metal salts to form positive sites and attraction to dye
molecules. Natural dyes prefer to be bound onto wool and silk materials, which
already possess positive nitrogen-rich functional groups. In this contribution the
importance of choosing the right gas for production of non-thermal plasma for
functionalization of cellulose substrate to achieve good pickup of natural dyes
and UV protective properties of cotton will be presented.

[1] M. Gorjanc, K. Jazbec, M. Šala, R. Zaplotnik, A. Vesel, M. Mozetič,
Cellulose, 21, 3007 (2014).
[2] M. Gorenšek, V. Bukošek, Acta Chim Slov, 53, 223 (2006).
[3] M. Gorjanc, M. Šala, Cellulose, 23, 2199 (2016).
[4] M. Gorjanc, K. Jazbec, M. Mozetič, M. Kert, Fiber Polym, 15, 2095 (2014).
[5] S. Islam, M. Shahid, F. Mohammad, J Clean Prod, 57, 2 (2013).
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Innovative food processing techniques aims to completely replace standard
food preservation techniques like pasteurization and sterilization. High voltage
electrical discharge (HVED) plasmas are an energy efficient and effective food
preservation techniques applicable to the liquid foods manufacturing sector.
Application of HVED plasmas can be done through various experimental setups
from different plasma generators, reactor types, numerous electrode
configurations, shapes and materials [1]. The main aim of this work is to reduce
food wastage caused by microbial spoilage through the development of an
energy efficient and effective food preservation technology applicable to the
liquid foods manufacturing sector.
Aqueous suspensions of pure cultures of selected yeasts (Rhodotorula sp.
74) and Saccharomyces cerevisiae were treated in a point-to-plate reactor type
with gas and direct-in-liquid electrical discharge plasmas as a function of several
operational parameters such as headspace gas (argon), discharge frequency,
electrode material and voltage polarity [2]. Through the manipulation of plasma
parameters, we were able to achieve up to 5 log reduction in model solutions
and fruit juices. The extent of sterilization appears to be determined by the
plasma reactor design, input power, plasma electrode material, and electrode
polarity. A proposed mechanism of sterilization is also discussed, which
involves the complex interactions between chemical and electrical effects [3].
The results confirmed that, with further optimization of both the reactor
design and the process parameters, as well as thorough research of possible
plasma interactions with food ingredients, this novel technique can be applied
in fruit juice processing.
[1] P. J. Bruggeman et al., Plasma sources science and technology, 25(5),
(2016).
[2] T. Vukusic, M. Shi, Z. Herceg, S. Rogers, P. Estifaee & S.M. Thagard,
Innovative Food Science & Emerging Technologies, 38, 407-413, (2016).
[3] X. Liao, D. Liu, Q. Xiang, J. Ahn, S. Chen, X. Ye, & T. Ding, Food Control,
75, 83-91. (2017)
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High voltage electrical discharge (gas and liquid) plasmas are new
rapidly developing techniques used for food and water decontamination [1].
Though, one of the main questions to answer are effectiveness of this method
and full understanding of cell inactivation mechanisms after plasma treatments.
This study investigates the influence of high voltage gas phase plasma treatment
on several parameters: inactivation rate of Escherichia coli K12 MG1655, cells
recovery, cellular leakage, biofilm formation and influence of pH and generated
H2O2 species on inactivation of the Gram negative bacteria. Bacterial solution
of Escherichia coli K12 was treated in a glass reactor with a point-to-plate
electrode configuration. Four independent variables: electrical conductivity,
polarity, time and frequency were chosen in order to determine their influence
on listed parameters. Statistical analyses were obtained to optimize conducted
treatments. Treated samples gave positive reaction to catalase activity, as a
response to oxidative stress. Biofilm formation was not completely reduced, as
all the samples gave increase in percentage of recovery. Also with a longer
treatment time increase in cellular leakage was observed. Synergistic effects of
polarity, treatment time, solution conductivity, pH and concentration of free
radicals could have influence on inactivation rate of E. coli, but further
optimization of method is needed to understand why the recovery of cell occurs.

[1] D. Millan-Sango, L. Han, V. Milosavljevic, J.F. Van Impe, P. Bourke, P.J.
Cullen, V.P. Valdramidis, Food and Bioproducts Processing, 96, pp.154-160
(2015).
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1

Removal of airborne pathogens in air conditioning is an important
hygiene measure, especially in hospitals. State of the art are filters for suspended
matter, which have a high collection efficiency but cause a high flow resistance.
Another possibility is to produce ions, which attach to the pathogens and deflect
them in an electric field. For this purpose, we developed a non-thermal plasma
source as a combination of a dielectric barrier discharge (DBD) with ion
extraction electrode to produce ionic wind (Fig. 1). In preparation for
microbiological tests with E. coli the concentration of ozone, positive and
negative ions, electrical current and power in dependence on voltage, frequency
and relative humidity are measured in a duct behind the DBD. It is found that
both, increasing voltage and frequency, increase ozone production, whereas ion
production behaves in a more complex way. This opens opportunities to
minimize the production of ozone, which is a harmful and therefore unwanted
by-product. In addition, the influence of several electrical and geometric
arrangements is studied.

Fig. 1: Schematic setup
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Surgical site infections are one of the most common complications of open
surgeries. Sutures are the most implanted foreign bodies to human body. Presence
of sutures significantly increases the risk of surgical site infections [1]. While 10 5
CFU/gram tissue is sufficient to induce the surgical site infection, this number
decreases to around 102 CFU/gram tissue in the presence of suture material. Multidrug resistant organisms are main cause of hospital acquired infections including
surgical site infections. Therefore, antibiotics remain insufficient for control and
prevention of surgical site infections [2].
In the present study, we have evaluated antimicrobial efficacies of total four (two
monofilament, PGLC (polyglycolic acid-co-caprolactone), PDO (polydioxanone),
and two multifilament, PGA (polyglyolic acid) and PGLA (polygylcolic acid-colactide acid)) absorbable suture materials. Moreover, physical and chemical
characterizations of plasma treated sutures were performed.
Five cm long segments of USP:1 (United States Pharmacopeia) size sutures were
cut and treated with non-thermal atmospheric pressure air DBD plasma for 7
minutes. Plasma was generated using a microsecond pulsed power supply that was
operated at 31 kv, 1.5 kHz. After plasma treatment, antimicrobial activity of each
suture material was evaluated using colonization assay. Our results indicated that all
suture materials acquire antimicrobial activity in which, colonization of 105CFU/ml
E. coli and S. aureus was inhibited. Moreover, PGCL and PDO sutures were capable
of retaining this activity up to ten days after completion of plasma treatment. Also,
scratch assay has demonstrated accelerated wound healing in the presence of plasma
treated sutures in cell culture studies.
Physical characterization tests, reveled that plasma treatment increases
hydrophilicity of sutures without remarkable alterations in suture strength and
degradation time.
FT-IR and XPS studies are underway to enlighten plasma induced surface
chemical changes on suture material leading to antimicrobial activity.
[1] S. Kathju, L. Nistico, L. Hall-Stoodley, C. Post, G.D. Erlich, P. Stoodley, Surgical
Infections, 10, 457-461, 2009
[2] N. Damani, Infection Control and Prevention, 3rd edition, Oxford
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Due to the inherent hydrophobic properties of most
polymers, these materials often do not present good cellmaterial interactions. Among many methods that have
been developed to improve cell-materials interactions on
polymers, plasma treatment has shown great potential.
More specifically, amine rich plasma deposited polymers
have shown to significantly improve cell adhesion and
proliferation on polymeric surfaces [1, 2, 3].
In the present work, cyclopropylamine plasma
polymerized films (CPA-PPF) are deposited on
polyethylene (PE) substrates with the CPA precursor added
to an argon gas flow in a dielectric barrier discharge (DBD) to
achieve an amine rich surface. The aqueous stability of the
PPFs are investigated with
X-ray photoelectron
spectroscopy
(XPS),
Fourier Transform infrared
spectroscopy (FTIR) and atomic force microscopy (AFM)
Figure
1.
Live/dead
after being immersed in deionised water for 16 hours. AFM
fluorescence
microscopy
results show an increasing stability of the PPFs after water
images of HFFs after 7 days
immersion with increasing W/F values. However, FTIR
on (a) untreated PE and (b) PE
and XPS analysis demonstrate the contrary. FTIR spectra
coated with a CPA- PPF
show an initial increase in stability before instability
increasing W/F values.
sets in resulting in a much lower retention of NH2 groups
with increasing W/F values. Changes in isonitrile, amide and imine concentrations in the PPFs
are also observed with XPS as a function of W/F. In a next step, human fibroblasts (HFFs) have
been seeded on CPA-PPFs prepared with different W/F values to examine their morphology,
adhesion and proliferation behavior. From these cell studies, an interesting effect was found:
cells cultured on unstable CPA-PPFs adhere and proliferate much better than cells on the
stable CPA-PPFs, which is in contrast with the general consensus that stable plasma coatings
are required to reach improved cell-materials interactions. A thorough and fundamental
investigation is currently in progress to unravel the observed contradictory results.
[1] N. Bullett, D. P. Bullett, F. Truica-Marasescu, S. Lerouge, F. Mwale, and M. R. Wertheimer,
Applied Surface Science, 235, 395 (2004).
[2] F. P. S. Guastaldi, D. Yoo, C. Martin, R. Jimbo, N. Tovar, D. Zanetta-Barbosa, and P. G.
Coelho, International Journal of Biomaterials 2013, 6, (2013).
[3] E. D. Yildirim, D. Pappas, S. Güçeri, and W. Sun, Plasma Proc. and Poly., 8, 256 (2011).
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Solution of environmental safety problem in the modern metropolis
undoubtedly could be facilitated by means of metropolitan atmosphere cleaning
from considerably quantity of impurity substances sources of which are urban
transportation and industrial waste. Deficiency in the modern technique such a
system able to perform this complicated task heightens the interest in an
observed and investigated in the GPI new form of microwave discharge. It is
intended so called self/non-self sustained (SNSS) discharge excited by a deeply
subthreshold microwave beam in a high (up to atmospheric one) pressure. Such
type of gas discharge in an air environment represents a system of plasma
channels (“threads”) having extremely high density of electrons (ne≈1016–1017
cm-3), gas temperature (Tg≈3000–7000 K) and electron temperature (Te≈5 eV).
Plasma formation with structure characteristic for SNSS discharge offers
unique plasmachemical properties. It is possible to suggest that just this
discharge could remove simultaneously air environment from ecological
harmful admixtures.
In this report brief discussion of physical bases of SNSS formation is
presented. Experimental setup meant for investigation of action of discharge on
the air environment containing ecologically unsafe admixtures is circumscribed.
This setup is based on the powerful microwave generator GIROTRON (pulse
power ≤600 kW, wavelength 4 mm, pulse duration ≤20 ms) and makes it
possible to form quasi-paraxial microwave beam in a free space of air
environment.
Results of experiment in which with the help of such a beam SNSS discharge
in a chamber filled by gas gathered in one from road tunnel (Lefort tunnel) of
Moscow are submitted. Investigation of action of SNSS discharge on the waste
gases of paint and varnish factory has been performed as well. Several
conclusions about highly efficient cleaning of gas samples from ecologically
harmful admixtures have been reached.
This work was partly supported by Russian Sciences Foundation № 17-12-01352
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Low-density polyethylene (LDPE) is a polymer widely used in food
packaging applications due to desirable flexibility, transparency and
significantly low weight. However, a hydrophobicity of the LDPE surface
causes limitations in case of fighting the microbial organisms resulting in a lack
of some characteristics required in food packaging applications [1]. To prevent
any growth of bacteria, fungal or any other microbial organisms, the
antimicrobial modification of LDPE can be performed. Recently, the
antimicrobial surface treatment appears to be preferred choice due to several
advantages: it does not influence the bulk properties, antimicrobial agent are not
released from the bulk, and the procedure is effective and relatively simple [2].
In this work, the surface of LDPE was modified by fumaric acid (E297) and
ascorbic acid (E300) as commonly used food preservatives using radiofrequency plasma. Such modified samples showed excellent antimicrobial
efficiency, especially against gram-positive Staphylococcus aureus bacterium.
Various spectroscopic and microscopic techniques were used to analyze the
modified LDPE surface.
Acknowledgement
This publication was made possible by an Award JSREP 07-022-3-010 from
the Qatar National Research Fund (a member of The Qatar Foundation). The
statements made herein are solely the responsibility of the authors.
[1] S. K. Pankaj, C. Bueno-Ferrer, N. N. Misra et al., Trends Food Sci. Technol.,
35, 5-17 (2014).
[2] A. P. N. Newton, S. M. S. C. Cadena, M. E. M. Rocha et al., Toxicol. Lett.,
160, 49-59 (2005).
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Low pressure gas discharge plasmas have been proven to be an inactivating
medium allowing the sterilization/disinfection of medical devices (MDs). One of the
most promising systems is the flowing afterglow of a microwave generated
discharge, where the gas flow carries the chemically active species created in the
discharge region into an electromagnetic field free reactor. Using high enough gas
flow rates the uniform filling of large volume chambers with the active species at
mbar pressure is possible at low gas temperatures [1]. The active species, which
interact with the biological systems are believed to be the active atoms, such as Oatoms, metastable molecules and UV. Similarly to the bacteria, the interaction of
species with other biological systems such as plant cells, seeds can induce oxidative
processes, which can be both positive and negative. In our work we investigated the
effect of different afterglow plasmas on the germination of cereal seeds (maize and
barley), as well as the disinfection of seeds contaminated with Fusarium fungus.
Using different initial gas mixtures for the plasma generation the afterglow
plasma cocktail can be varied. For example, using different N 2-O2 mixture
composition, the afterglow plasmas can be rich either in N and O-atoms, excited O2
molecules and/or UV radiation, while in Ar-O2 mixtures the afterglow is dominated
by O-atoms and excited O2 molecules. The figure shows the percentage of infected
barley seeds with 5 days after the 2 min and 4 min afterglow treatments and the
corresponding germination percentage. A more detailed examination of the effect of
different plasma species on the seeds germination and disinfection will be given at

the conference.

[1] Moisan M et al., Eur. Phys. J. Appl. Phys., 63, 10001 (2013)
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There is a growing interest in the use of air non-thermal plasma to treat
waters contaminated by agrichemicals, their metabolites and residues formed in
oxidative degradation paths occurring in the environment [1]. The lecture will
focus on the results of our recent studies on the efficiency and products of air
plasma induced advanced oxidation of a few representative agrichemilcals
including metolachlor, a member of the chloroacetanilide herbicides,
imidacloprid and thiamethoxam, two neonicotinoid pesticides, and glyphosate
(N-(phosphonomethyl)-glycin), a broad spectrum, non-selective herbicide, and
its major metabolite, aminomethylphosphonic acid (AMPA), which is more
persistent than its precursor in the environment (76 - 240 days). We used a
reactor in which plasma is generated in an air flow above the water, using,
depending on the electrode configuration adopted, +DC, -DC and AC
energization modes. For each condition, the concentrations of the main reactive
species produced by the discharge were determined both in the air (O 3) and in
the water (O3, OH, H2O2). Using metolachlor as a test model, it was found that
the process efficiency and extent of mineralization correlate with the production
of reactive species which in turn depend on the energization mode. Detailed
product and kinetic studies were then carried outwith all the above mentioned
agrichemicals. The results of HPLC/UV/MSn, ion chromatography, GC-MS,
and TOC analyses allowed us to identify the major oxidation intermediates and
to gain insight into the complex mechanisms of these advanced oxidation
processes.
[1] B. Jiang, J. Zheng and M. Wu. In Cold Plasma in Food and Agriculture:
Fundamentals and Applications, N. N. Misra, O. Schlüter and P. J. Cullen,
editors, pages 205-221, Elsevier, (2016).
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Atmospheric pressure plasmas are useful for bio-medical applications such
as sterilization and wound healing [1, 2]. Among atmospheric pressure plasma
sources, dielectric barrier discharges (DBDs) have a simple operation and are
easily implemented to produce plasmas. In a DBD system, at least one of the
electrodes is covered with a dielectric material. In most cases, the electrode and
dielectric are rigid. However, a flexible (non-rigid) DBD system is desirable
because tissue and wounds do not constitute flat surfaces.
In this study, a DBD system having flexible electrodes was developed,
discharge characteristics were investigated. Flexible polymer films (PET and
PDMS) were used as dielectric materials. Rigid ceramic plate (alumina and
zirconia) were also used dielectric materials to compare the discharge properties
of flexible and rigid electrodes. Figure 1 shows a snapshot of a plasma ignited
in the DBD system having flexible electrodes. It is shown that a plasma over a
flexible electrode is successfully obtained Reactive species were investigated
using optical emission spectroscopy. Sterilization capability of the flexible DBD
was examined by measuring pH of distilled water after exposure of water to a
plasma.

Figure 1. Snapshot of a plasma ignited over a flexible electrode.
[1] G. Fridman, G. Friedman, A. Gutsol, A. B. Shekhter, V. N. Vasilets, A.
Fridman, Plasma Processes and Polymers, 5, 503-533 (2008).
[2] M. Laroussi, IEEE Transactions on Plasma Science, 37, 714-725 (2009).
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1

The progress in green electricity production is changing the landscape of the
power generation and electricity distribution system. In this scenario, chemical
industry cannot have a secondary role. The electrification of chemical processes
through their integration with the electrical grid is a promising solution for high
efficient electricity utilization and storage as a chemical energy (power-tochemistry).
In the present paper, we fully analyze an electrical driven cold plasma
process for methane conversion into acetylene followed by selective catalytic
hydrogenation of acetylene to ethylene, one of the most important commodity
chemicals. Among different non-thermal plasmas, corona and dielectric barrier
discharges (DBDs) have been extensively applied to methane conversion.
However, the high-energy requirement is a major drawback towards the
technology industrialization. Appling “warm” discharges (i.e. gliding arc, spark,
microwave) higher conversion rate and efficiency can generally be achieved,
mitigating the electric energy consumption down to 9.2 kWh/kg C 2H2 as it has
been obtained in a pulsed discharge [1].
In the context of the technology, nanosecond pulsed discharges (NPD) have
recently emerged as a promising alternative for efficient, gas phase plasma
chemistry, due to enablement of very high mean electron energies and operating
far from the thermodynamic equilibrium.
The experimental setup comprises a NPD, generated in a coaxial reactor.
Nanosecond pulsed spark and nanosecond pulsed DBD discharges are
investigated and optimized prior to the selective catalytic hydrogenation into
ethylene. The outlet gases streams are analyzed by chromatographic techniques
to define the conversion rate, the product selectivity and the energy cost of the
products. A complete parametric study is performed to optimize the reactor
performance. Different design parameters namely, amplitude, frequency, gas
flow, specific energy input, gap and gas composition are studied. A comparison
between the tested discharges leads to obtain insights regarding the plasma
chemistry of the reaction.
[1] S. L. Yao, E. Suzuki, N. Meng, and A. Nakayama, Plasma Chem.
Plasma Process. 22, 225-237 (2002)
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Nowadays the reforming of gaseous and liquid hydrocarbon compounds
is of high interest from the hydrogen production point of view [1, 2]. In this
paper we present a microwave (2.45 GHz) plasma-based method for hydrogen
production by conversion of ethanol (C2H5OH). In contrast to our earlier
experiments, in which the hydrogen precursors were axially [3, 4] or radially [5,
6] introduced into the microwave plasma carrier gas inlet, in this experiment we
injected C2H5OH directly into the plasma flame.
The experimental results were as follows. At an absorbed microwave
power of 5 kW, N2 (carrier gas) swirl flow rate of 2700 NL(N2) h-1 and C2H5OH
mass flow rate of 2.7 kg(C2H5OH) h-1 the hydrogen production rate was
1017 NL(H2) h-1, which corresponds to the energy yield of hydrogen production
203 NL(H2) (kWh)-1. After the C2H5OH plasma conversion the outlet gas
contained 27.6 % (vol.) H2, 10.2 % CO, 4.8 % CH4, 4.3 % C2H2, 3.7 % C2H6.
These results are comparable to those obtained in the experiments [3-6], in
which different methods of C2H5OH delivery to the microwave plasma were
employed.
[1] R. Rincón, A. Marinas, J. Muñoz, C. Melero, M.D. Calzada, Chemical
Engineering Journal, 284, 1117–1126 (2016).
[2] J. Mizeraczyk, M. Jasinski, European Physical Journal: Applied Physics, 75,
24702-p1-p7 (2016).
[3] D. Czylkowski, B. Hrycak, R. Miotk, M. Jasinski, M. Dors, J. Mizeraczyk, Int. J.
Hydrogen Energy, 40, 14039–14044 (2015).
[4] R. Miotk, B. Hrycak, D. Czylkowski, M. Dors, M. Jasinski, J. Mizeraczyk,
Plasma Sources Sci. Technol., 25, 035022 (2016).
[5] B. Hrycak, D. Czylkowski, R. Miotk, M. Dors, M. Jasiński, J. Mizeraczyk, Int. J.
Hydrogen Energy, 39, 14184-14190 (2014).
[6] B. Hrycak, D. Czylkowski, R. Miotk, M. Dors, M. Jasinski, J. Mizeraczyk, Open
Chem., 13, 1–8 (2015).
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Low-temperature plasma is used in various fields of science and technology.
There are many designs of plasma generators with different types of discharges.
However, unsolved problem of creating powerful industrial atmospheric
pressure plasma-chemical systems with long-term time of work that could
generate wide-aperture flow of plasma still exists. Duration of work of the
plasma generators is usually limited by electrodes erosion. The rotating gliding
discharge may be a promising source of atmospheric pressure plasma that satisfy
above requirements. The interest to such system appeared because it allows to
obtain non-equilibrium atmospheric pressure plasma with large cross section
(tens of cm2).
The atmospheric pressure rotary gliding discharge was studied in work. The
rotating gliding discharge and the discharge in transversal air flow were
compared. The rotating gliding discharge system is an axially symmetric system
of electrodes: the central electrode and peripheral electrodes separated by
fluoroplastic insulator. Fluoroplastic insulator has a cavity and channels are
directed to the cavity tangentially to form a vortex flow of plasma-forming gas.
The system is based on discharge in transversal air flow consists of two
cylindrical electrodes. The ends of the electrodes were a rounded shape.
Electrodes were inclination towards each-other at an angle of approximately
120. Gas flow was applied perpendicular to the discharge.
Video observation of the discharge burning was conducted. The current and
voltage oscillograms of the discharges were measured.
The clear analogies between rotating gliding discharge and discharge in
transverse air flow were identifying. The waveforms of both discharges are have
a sawtooth shape. The discharges are have the form of thin cord thickness of
the order 0.5 - 1 mm. The length of the current channel increases until discharge
is not broken and switchable in the interelectrode gap.
We can conclude that the rotating gliding discharge is a typical transversal
discharge its rotation caused by the vortex air flow. The main difference of the
systems in terms of the current channel study behavior is character of generated
discharge motion.
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Ozone density in a plane-to-plane Dielectric Barrier Discharge (DBD)
device was evaluated both experimentally and numerically. The discharge was
ignited for 20s in atmospheric-pressure quiescent air by a sinusoidal voltage
signal. The plasma was considered as homogeneously distributed in the whole
discharge gap. This assumption was experimentally confirmed by taking iCCD
pictures of the discharge. Ozone density within the discharge gap was
experimentally derived by means of the UV absorption method [1]. Schlieren
diagnostic was used to experimentally evaluate air thermal diffusion, and
subsequently to estimate the UV optical path variation due to the ozone diffusion
process.
The simulation was performed by using the open-source zero-dimensional
code ZDPlaskin, implementing 602 reactions among 53 chemical species. Main
inputs parameters as reduced electric field and electron density were estimated
based on the measured applied voltage and total current [2], respectively (Fig.
1). The gas temperature was assumed equal to the rotational plasma temperature,
experimentally obtained by means of emission optical emission spectroscopy
[2]. Ozone density presents a maximum value of ~3.8·10 17cm-3 about half a
second after the discharge ignition and a plateau value of ~6·10 16cm-3 after 15s.
The simulated ozone density shows a very good agreement with respect
experimental data (Fig. 2). This result suggests the chance to simulate the
complex chemistry of a volumetric DBD air plasma with a zero-dimensional
model, assuming the discharge as a homogeneous medium.

Fig. 1: Reduced electric field and electron
number density as a function of time.

Fig. 2: Measured and simulated ozone
concentration within the discharge gap
.

[1] Taglioli M, Shaw A, Wright A, FitzPatrick B, Neretti G, Seri P, Borghi C A and
Iza F, Plasma Sources Sci. Technol. 25, 06LT01 (2016).
[2] Neretti G, Taglioli M, Colonna G and Borghi C A, Plasma Sources Sci. Technol.
26, 015013 (2017).

51

7th Central European Symposium on Plasma Chemistry

O-15

Plasma Chemistry of Alkali Discharges
Pichler G1, Rakic M2, J. Kokaj J1, Makdisi Y1 and Mathew J1
1
Department of Physics, Kuwait University, Kuwait
2
Institute of Physics, Bijenička 46, 10000 Zagreb, Croatia
E-mail pichler@ifs.hr
We shall present our studies of dense alkali vapor in which we shall search for
the molecular phenomena in the discharge spectra, laser induced fluorescence
spectra and absorption spectra. The well-known high pressure sodium light
source and much less known cesium high pressure light source reveal a few
molecular features under very high temperatures of the alkali vapor discharges.
In some special cases laser induce fluorescence of neutral alkali vapor shows
similar spectrum as the high pressure electric discharge spectrum.
The study of the high-pressure alkali vapor revealed new absorption bands
above the first ionization limit. The origin of these photoionization bands is not
clear, but it points out to the new pathway of the very effective photoionization
process. We shall present results for K, Rb and Cs cases, as well as for the mixed
alkali cases of KRb and RbCs. Electric discharges of the high pressure mixed
alkali vapor may have some interesting and important applications, especially
in the field of solar conversion of energy.

[1] G. Pichler, Y Makdisi, J. Kokaj, N. Thomas and J. Mathew J. Phys. B: At.
Mol. Opt. Phys. 48,165002 (2015).
[2] G. Pichler, Y. Makdisi, J. Kokaj, N. Thomas, J. Mathew, R. Beuc, J. Phys.
B: At. Mol. Opt. Phys. 49, 145101 (2016).
[3] M. Rakić, R. Beuc, N. Bouloufa-Maafa, O. Dulieu, R. Vexiau, G. Pichler,
and H. Skenderović, J. Chem. Phys. 144, 204310 (2016).
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The interest to the surface dielectric barrier discharge (SDBD) is based on its
being useful for plasma-assisted flow control, surface modification and some other
technologies. Recent publications [1] show certain advantages of using SDBD driven by
sub-microsecond pulses at atmospheric pressure. The present investigation is aimed to
propose a comprehensive view of voltage waveform influence on the surface discharge
behavior, its structure obtained with temporal and spatial resolution, its electric
characteristics and intensity of products formation (charged species and ozone). A
periodic unipolar impulse voltage (f = 15 kHz) with 150 ns rise duration, different
impulse duration (0.5-45 μs) and amplitudes Um = 5.5-8 kV was used to form a SDBD in
a three electrode arrangement (Fig.1).
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Fig.1. Electrode
Fig.2. Structure of
Fig.3. Id = f(Timp) curves
arrangement
SDBD
The data on the SDBD structure (Fig.2) measured by means of a speed camera
(60 000 fps), simultaneously measured current oscillograms, power values, current I d
“extracted” from the plasma layer of the surface discharge by a DC potential Ud of the
third electrode (Fig.3) and ozone formation intensity, are achieved for a range of unipolar
impulse voltages Um of different duration and nanosecond rise time and both polarities.
These data are used to analyze and explain peculiarities of the impulse surface discharge.
A comparison with analogical values for sinusoidal voltage of equal frequency and equal
voltage amplitude is done.
Acknowledgement. The work is done with financial support of RFBR, grant No 15-0804384
[1] S. Leonov, I. Adamovich, V. Soloviev. Plasma Sources Sci. Technol. 25 063001
(2016).
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Dielectric barrier discharges (DBD) that are widely used as ionisation sources for
analytical applications were well studied over the recent years. Although the influence of
gas impurities on a capillary DBD and its operation behaviour was well studied and a
clear impact on the ignition mechanisms of the plasma could be shown [1], the exact
energy transfer from the noble gas main species of the plasma to the ion forming impurity
species can only be explained in part. A new approach based on a streamer like excitation
mechanism that is primarily driven by photoionisation might help to better understand
stage like development of the plasma that can be observed in the capillary DBD. The
necessary VUV radiation necessary to ionise e.g. neutral N2 in a He discharge will be
readily created by He* 1s2p 1P° excited states that recombine resonantly into the He 1s2
1S ground state via emission of 58.43 nm. Due to constant reabsorption and reemission
of these photons they become virtually trapped in a He atmosphere under atmospheric
conditions making the He* 1s2p 1P° a long living quasi metastable state. This quasi
metastable state can therefore be considered a suitable source for the creation of N2+ ions
via photoionization similar to the already proposed ionisation of neutral N 2 via penning
collisions with metastable Hem 1s2s 3S states. Absorption measurements of these Hem
show that they are primarily created in a later stage of the plasma when the early streamer
driven stage is already finished. Further emission measurements also indicate that the
Hem states indeed perform collisions during this later stage of the discharge, leading to
a long living dissociative excitation of neutral elements and molecules that was observed
in previous works [2]. It seems unlikely that Hem states are responsible for two
fundamentally different processes, on the one hand for the positive ion formation via
penning ionization in the early stages of the discharge and on the other hand for the
dissociative excitation via penning collisions during the later stages, in particular when a
clear separation of the processes in time and space is possible. The approach of explaining
the early stages via a streamer like photoionisation driven therefore seems much more
plausible, although a direct detection of the He* 1s2p 1P° in question remains difficult.

[1] F. D. Klute, A. Schütz, A. Michels, C. Vadla, D. Veza, V. Horvatic, J. Franzke,
Analyst, 141, 5842-5848 (2016).
[2] F. D. Klute, A. Michels, A. Schütz, C. Vadla, V. Horvatic, J. Franzke, Anal Chem,
88, 4701-4705 (2016).
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The detection of inorganic arsenic is of great importance as it is contained
in a variety of foods. The most common detection method is inductively coupled
plasma mass spectrometry (ICP-MS), where already low detection limits were
achieved. However, ICP-MS does not offer the possibility to investigate
atomisation mechanisms in detail. With optical emission spectroscopy on a
capillary dielectric barrier discharge (DBD), however, it is possible to obtain
information about the origin of species responsible for the atomisation and
excitation of arsenic compounds. Thus, temporal and spatial resolution is
required. The results are used to adjust the discharge parameters in order to
improve the detection limit.
For this purpose, arsenic from arsenic standard solutions is converted by
means of a hydride generator into volatile arsenic hydride, which is introduced
into a DBD. The discharge channel of the DBD consists of a quartz capillary
with ring shaped soldered electrodes to which a rectangular high voltage is
applied. In order to detect the temporally, spatially and spectrally resolved
emission signal, a combination of a fast gated iCCD camera and an interference
filter at 234 nm is used.
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Since application of inductively coupled plasmas in mass spectrometry (ICPMS), various kinds of plasmas are investigated for analytical applications.
Dielectric barrier discharges have become an important tool for ambient air soft
ionization used in mass spectrometry. Using cold atmospheric pressure plasmas,
it is possible to ionize molecular analytes without dissociating them. Due to their
simple design and ease of operation they are ideal candidates for standardized
commercial equipment. This success has led to a variety of different discharge
design optimized to their respective analytical application. One reason for this
variety is, that according to Kogelschatz et al., for dielectric barrier discharges,
at least one dielectric layer has to be in between the electrodes [1]. This definition
of a DBD does not differentiate between the case when the discharge gas is in
contact with a conducting surface which can be called “half DBD” or not which
can be referred to as the “full DBD”. It will be shown that this differentiation is
important contrary to the official definition and should be taken into
consideration. A new discharge design, the variable dielectric barrier discharge
(VDBD), was built to create a fair comparison basis between half and full DBD.
The VDBD enables a quick switch between both discharge modes making a
direct live comparison possible.

[1] Kogelschatz, U.; Eliasson, B.; Egli, W. J. Phys. IV 1997, 7, 47-66.
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The surface roughness has a huge effect on the mechanical, optical and electronic
properties of materials. In modern optical systems, the specifications for the surface
accuracy and smoothness of mirrors are becoming even more stringent [1-2].
Modern standards for the surface roughness of the optical substrates are lying in
interval 0.8-1.2 Å [2]. Now a day, due to the complex structure of the prevalent
optical materials (glass-ceramic) the most common method to achieve these values
of roughness is a mechanic-chemical polishing. Unfortunately, the percentage of
substrates with the required parameters from the manufacture is around 8-9%. One
of the methods to increase the percentage of the suitable ultra-smooth optical
substrate is to make a final plasma polishing. The aim of this final process is to get
rid of the rest of particles and “chemical waste” after the mechanic-chemical
polishing. Because of glass-ceramic materials consists of amorphous and at least one
crystalline phases it is crucial to find right parameters of plasma to be able to
decrease the roughness [3]. In this work, the dependence of ion-beam plasma on
macroscopic parameters were investigated with the focus on improving of the
surfaces. We had achieved the improvements of the glass-ceramic surfaces from 2.6
to 2.2 Å rms by removing the “waste” after the previous operations.

Fig 1 Illustration of the glass-ceramic surface under low energy ion beam treatment.
[1] Hector S and Mangat P, 2001 J. Vac. Sci. Technol. B 19 2612
[2] Wu B and Kumar A, 2007 J. Vac. Sci. Technol. B 25 1743
[3] F Frost, R Fechner, B Ziberi, J V¨ollner, D Flamm and A Schindler, J. Phys.: Condens.
Matter 21 (2009) 224026
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An atmospheric pressure non-thermal plasma is regularly used for different
kinds of surface treatment [1]. Plasma jets become more beneficial when a gentle
modification of thermal sensitive substrate with a complex geometry is required.
Together with the advantage of not using vacuum equipment, this plasma source can
effectively alter the top sample layer alone while preventing any changes in the bulk
properties. One of the main topics of current interest is miniaturizing the area of
effective plasma treatment [2], especially in biomedical applications like cellimprinting substrates [3]. The relationship between the atmospheric pressure argon
plasma jet footprint size on the polymeric substrate and the capillary geometry is
investigated for varying operating parameters. By using different substrates and
analyzing techniques, crucial parameters are pointed out that are necessary in plasma
printing of thin lines. SEM images reveal the morphology of the surface after plasma
jet impact. XPS analysis shows oxygen incorporation only in the plasma treated
region on a PS film. An osteoblast cell line (MC3T3) was used to demonstrate the
cell adhesion on the plasma treated area. Figure 1 shows the fluorescence
microscopy image of the living cells after 1 day of culturing on PCL substrate. The
results prove that cells are more likely to be attached to the plasma activated surface
while leaving the untreated surface abandoned. Further optimization of experiment
should enable “cell printing” in the future.

Figure 1. Fluorescence microscopy of MC3T3 after 1 days remain on the plasma treated line

[1] J. Winter, R. Brandenburg and K. D. Weltmann, Plasma Sources Sci. Technol. 24, 19
(2015). [2] L. L. Lin and Q. Wang, Plasma Chem. Plasma Process. 35, 925 (2015).
[3] E. Roy, S. Patra, A. Tiwari, R. Madhuri and P. K. Sharma, Biosens. Bioelectron. 89,
620 (2017).
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Plasma technologies are used to treat surfaces of different materials especially
in industry to improve wettability or adhesion while bulk properties remain.
Plasma treatment of powders is the most recent direction in this branch. This
technology offers wide range of applications such as composites or in
productions e.g. using rotomolding or 3D printing technology with requirement
of unique surface characteristics. Methods based on establishment of surface
energy can be used as control mechanism of plasma treated powders. In fact
nowadays classification of powders is performed usually with only such
methods (Washburn capillary rise method, contact angle analysis on powders in
form of tablets), which are difficult to use in industrial scale for its high
consumption of time, finance, testing fluids. A faster and reliable method is
searched in order to control process conditions continuously with production of
plasma treated powders in each production cycle. The results from particular
methods were compared based on large amount of industrial data. Development
of wider potential of plasma treated powders application is limited by absence
of sufficient control method. The main focus of this paper is to find a proper insitu control method applicable in industrial scale and to react on perspective
development of plasma treatment of powders.
Key words: control method, industrial application, plasma treatment, powder
materials, wettability
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1

Textile materials exposed to plasma undergo chemical and physical
transformations in their surface layer and the resulting final properties include
increased hydrophilicity, wettability, adhesion properties, improved dyeing and
printing properties, electrostatic properties, etc. [1,2] The present research is
focused on the optimization of plasma process parameters for achieving targeted
functional properties of different textile materials. Activation of textile materials
surface was carried out using low-pressure plasma system (LP-Nano LF-40 kHz,
Diener) with O2 as non-polymerizing gas at optimized process parameters.
Plasma was investigated by optical emission spectroscopy (OES) and the
process parameters for which oxygen concentrations were known have been
used. For OES measurements Avantes AvaSpec 3648 16-bit CCD spectrometer
with a nominal spectral resolution of 0.8 nm in the optical range from 200 to
1100 nm was used. Morphology of the fibers surface were analyzed using SEM
microscopy, while the wettability properties of all samples were explored by
testing capillary rise of water by vertical test. To achieve antibacterial properties
of the cotton, lyocell and modal fabrics, solution of silver nitrate was used, while
for dyeing of the lyocell and modal fabrics reactive phthalocyanine dyestuff was
applied. In this research the influence of mordant used in dyeing of wool fabrics
with plant extracts, with or without O2 plasma pretreatment, on the degree of
coloration was also examined. Wool fabrics were treated with aqueous plant
extract of Punica granatum L.- Punicaceae, by using exhaustion method, with
or without 2% KAl(SO4)2 and 0,1M AgNO3 solution of metal salts. Results
indicate that the pretreatment of the surfaces with O2 plasma certainly increases
the exhaustion rate of treated fabrics with phthalocyanine and natural dyes. The
antibacterial efficiency against selected bacteria was also confirmed.
Pretreatment with oxygen plasma indicates the changes in the surface layer of
the fibers, which are in correlation with the increasing degree of wettability of
all samples.
[1] S. Ercegović Ražić, R. Čunko, Tekstil, 58 (3), 55-74 (2009).
[2] S. Ercegović Ražić, R. Čunko, V. Svetličić and S. Šegota, Materials
Technology 26 (3), 146-152 (2011).
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Functionalization of silicon surface by Si-H or Si-OH bonds can be
important for many applications such as Si wafer bonding [1]. Hydrosilylation,
where Si-H functional groups react with unsaturated carbon bonds [2], can be
used for passivation or functionalization with amino groups and consequent
DNA attachment [3] or surface metallization [4].
The functionalization of silicon wafer surfaces was performed in direct or
post-discharge region of Ar/H2 plasmas generated by means of atmosphericpressure dielectric barrier discharges (DBD). The changes on plasma treated
silicon wafers surfaces were investigated by means of FTIR, ellipsometry, XPS,
and SIMS.
In the Ar/H2 plasma by collisions of Ar metastables with H2 molecules, H
atoms, and H2 continuum radiation are created. The H atoms are formed also by
electron excitation of H2. With increasing H2 concentration the UV radiation of
Ar excimer continuum vanished.
Direct plasma treatment helped to introduce Si-O and Si-H functional
groups to Si wafer surface. The Si-H functionalities could be created only in
direct plasma. No formation of Si-H bonds could be observed in the postdischarge region, where H atoms created in the plasma are still present at
sufficiently high gas velocities. On the other hand, Si-O functionalities were
formed also in the post-discharge region. With prolonged treatment time or
increasing H2 concentration in the Ar plasma the oxide thickness of native oxide
increased from ~2 nm to 8 nm and the H atoms present on the surface penetrated
deeper into the Si wafer bulk, they were found even below the oxide layer. Si-H
groups at the Si surface disappeared after approximately 8 hours while bulk SiH groups stayed stable for longer than 1 month. The strong UV Ar excimer
radiation from a pure Ar DBD plasma can destroy already formed Si-H bonds.
Acknowledgement: This work was supported by RAPID Marie Curie – Initial
Training Network FP7-PEOPLE-2013-ITN, No 606889.
[1] M. Eichler et al., Surface and Coatings Technology. 203, 826 (2008).
[2] J.M. Buriak, Chemistry of Materials 26, 763 (2014).
[3] W. Cai et al., Biosensors and Bioelectronics 19, 1013 (2004).
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The chemical diversity of carbon based molecules in certain interstellar
regions is very rich, around 157 organic molecules being identified in hot
molecular cores using radiotelescopes. Moreover, the carbon ions chemistry is
also of interest to understand the composition of specific atmospheres and
tholins production. Plasma based experiments and mass spectrometry
observation may offer important results for these problems [1-2].
We present here results of mass spectrometry investigations for a dielectric
barrier discharge in helium - hydrogen – hydrocarbons (methane, ethane, propane,
butane). The plasma is driven by a bipolar sinusoidal high voltage, at 1.7 kHz and
4.7 kV peak-to-peak. Positive secondary ion mass spectrometry (+SIMS) mode was
selected to point the plasma ion chemistry. We observed an efficient fragmentation,
formation and growth processes, due to plasma active species. Hydrocarbon radicals
and complex hydrocarbons, with CnHx general formula (up to 10 carbon atoms and
12 hydrogen atoms) are the typical species identified in the positive ion mass spectra
[3]. The molecular mass distribution, in terms of intensity and mass presence of
certain mass numbers, is function of discharge geometry. In specific discharge
configurations, with a grid as ground electrode, additional to aliphatic compounds
with a periodic mass behaviour, we observed also formation of aromatic molecular
ions. Thus appropriate tuning of this atmospheric pressure plasma source and the
subsequent coupling to biased extraction orifices and mass filters, may offer a new
ion source for laboratory astrophysics.
Acknowledgements: This research was financially supported by
Romanian Space Agency (ROSA) under the project STAR CDI ID 486/20172019.
[1] H. Imanaka, B.N. Khare, J.E. Elsila, E.L.O. Bakes, C.P. McKay, D.P.
Cruikshank, S. Sugita, T. Matsui, R.N. Zare, Icarus, 168 (2), 344 (2004).
[2] L. Torokova, J. Watson, F. Krcma, V. Mazankova, N.J. Mason, G. Horvath,S.
Matejcik, Contrib. Plasm. Phys., 55(6), 470 (2015).
[3] I. Mihaila, V. Pohoata, R. Jijie, A.V. Nastuta, I.A. Rusu, I. Topala, Adv. Space
Res., 58, 2416 (2016).
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1

We present some experimental results of an investigation aimed to hydrogen
production with atmospheric pressure plasmas, based on the use of Dielectric
Barrier Discharges (DBD), fed with a high-voltage alternating signal at
frequency 30-50 kHz, in mixtures of methane or water vapor diluted in argon.
The plasma gas-phase of the DBD was investigated by means of optical and
electrical diagnostics. The emission spectra of the discharges was measured with
a wide band spectrometer and a photosensor module, based on a photomultiplier
tube (PMT). A Rogowski coil allowed to measure the electric current flowing
into the circuit and a high voltage probe was employed for evaluating the voltage
at the electrodes. The analysis of the signals of voltage and current shows the
presence of microdischarges between the electrodes in two alternating phases
during the period of oscillation of the applied voltage. The hydrogen
concentration in the gaseous mixture was measured too.
Besides this experimental campaign, we present also results from a numerical
modeling of chemical kinetics in the gas-phase of Ar/H2O and Ar/CH4 plasmas
[1]. The simulations were conducted under conditions of single discharge to
study the evolution of the system, of fixed frequency repeated discharging and
also by exploiting the presence of a duty cycle, in order to highlight the effects
of the on-off cycle on the system gas-phase evolution. In particular in Ar/H2O
mixtures we could study the evolution from early atomic dissociation in the
discharge, to longer time scales, when chemical reactions take place producing
an increase of the density of species such as OH, H2O2 and subsequently of H
and H2. The results of numerical simulations were compared with those obtained
in experiments, in particular we discuss the effect of the duty cycle in our
operating conditions, as we could observed a relative improvement of the
efficiency in the cycles with shorter times ON.

[1] R. Barni, R. Benocci, C. Broggi, C. Riccardi, Eur. Phys. J. Appl. Phys., 35,
135 (2006).
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DC transferred arc twin torch plasma systems torch are devices consisting
of two electrodes generating a plasma arc sustained by means of an electric
current flowing through the body of the discharge; they are typically
characterized by a very high plasma temperature [1]. Twin torches are
intrinsically asymmetrical systems, with cathodic and anodic electrodes having
their axes tilted to each other; the discharge generated by this particular plasma
source configuration is characterized by a complex shape and fluid dynamic
behaviour and a 3D description is needed in order to realistically predict it. 3D
models have been previously used to study temperature and velocity distribution
of such devices [2].
In this work a static 3D LTE twin torch model that considers the synthesis
of copper nanoparticles in argon by evaporation of micrometric solid copper
precursors is presented. The synthesis process occurs inside a reaction chamber,
with micron-sized precursors fed vertically with a carrier gas along the axis of
the chamber. The precursors are vaporized by interaction with the plasma arc
and nanoparticles are synthetized in the reaction chamber by interaction with a
quenching gas flow rate. The radiative power loss contribution due to the vapour
produced in the plasma by the solid precursors has been recently pointed out as
one of the main mechanisms limiting the evaporation efficiency (the fraction of
the injected precursor that is effectively evaporated in the plasma) in a thermal
plasma process for the synthesis of nanopowders [3-4]. Especially in the twin
torch system, where the electric arc interacts directly with the discharge, this
cooling effect can affect the behaviour and the stability of the arc. In order to
control particle size distribution and increment the nanoparticle yield, several
typologies of quenching strategies can be adopted, with different effects [4].
Work supported by European Union’s Horizon 2020 research and innovation
program under grant agreement No 646155 (INSPIRED project).
[1] J. Heberlein and A. B. Murphy, J. Phys. D: Appl. Phys., 41, 053001 (2008).
[2] V. Colombo, E. Ghedini, M. Boselli, P. Sanibondi and A. Concetti , J. Phys. D: Appl.
Phys., 44, 194005 (2011).
[3] M. I. Boulos, Plasma Chem. Plasma Process., 36 ,3 (2016).
[4] S. Bianconi, M. Boselli, M. Gherardi and V. Colombo, Plasma Chem. Plasma
Process.,37, 717 (2017).
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Plasmas generated by a nanosecond HV electrical discharges directly the liquids
are of interest from the fundamental point of view as well as for their potential
applications. Generally, water discharges can be initiated through formation of
bubbles which typically occurs for microsecond HV pulses [1]. Recent results
indicate that discharges driven by short nanosecond HV waveforms applied at
low repetition rate develop due to the presence of pre-existing voids or that
direct ionization of water without bubbles takes place [2, 3]. We employed
techniques of ICCD microscopy and spectroscopy to register basic
morphological and emission fingerprints of the corona-like discharge produced
in distilled water by applying positive HV pulses of nanosecond duration in
point-to-plane electrode geometry. The time–averaged emission spectra
acquired in the UV-vis-NIR spectral range can be seen in Fig. 1. Typical spectra
of this discharge are characterized by strong continuum in the UV area
superimposed with several unidentified peaks. The vis-NIR area is characterized
by the well-known atomic lines typical for water discharges initiated through
bubble breakdown (Hα or OI ) [1].

Fig. 1 Time-averaged emission produced by the discharge in distilled water (100 kV,
FWHM 7 ns).

This work was supported by the Czech Science Foundation (project No. 15–
12987S).
[1] M. Šimek et al., Plasma Sources Sci. Technol. 21, 055031 (2012).
[2] A. Starikovskiy et al., Plasma Sources Sci. Technol., 20, 024003 (2011).
[3] D. Dobrynin et al., J. Phys. D: Appl. Phys., 46, 105201 (2013).
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The knowledge of spatio-temporal evolution of reduced electric field (E/n)
within the dielectric barrier discharge [1] is essential for understanding of role
of electrons in the discharge development as well as the energy-to-heat transfer
[2,3]. A new spectroscopic technique for true 2D imaging of the E/n temporal
evolution was tested. The technique was based on the known method of local
E/n evaluation from the ratio of helium atomic lines (HeI 21P–31D 667.8 nm and
HeI 21P–31S 728.1 nm) [4]. We have extended its charm by employing the
ICCD camera to monitor simultaneously the discharge space via both respective
interference filters. This gave us a synchronized, phase resolved 2D images of
He atomic line intensities. The technique allowed to capture the E/n evolution
in atmospheric pressure helium homogeneous coplanar DBD, from the end of
Townsend phase till the slowdown of cathode-directed ionizing wave above the
cathode dielectrics. Measurements were realized with the time resolution of
50 ns and spatial resolution of 25×25 µm2 – see figure below. Preliminary
results gave the maximum electric field value of approx. 40 kV/cm.
Figure: From left to right: (1) V-A characteristics; (2) plane view of electric
field at 0 µs; streak camera-like images of (3) optical emission and (4) electric
field along the central horizontal axis.

Acknowledgement: This research has been supported by the Czech Science
Foundation, contract No. GA16-09721Y and project LO1411 (NPU I) funded
by Ministry of Education, Youth and Sports of the Czech Republic.
[1]
[2]
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[4]

U. Kogelschatz, J. Phys. D: Appl. Phys. 50, 051001 (2017).
I. A. Kossyi, et al, Plasma Sources Sci. Technol. 1, 207 (1992).
N. L. Aleksandrov, et al, J. Phys. D: Appl. Phys., 43, 255201 (2010).
S. S. Ivkovic, et al, J. Phys. D: Appl. Phys. 47, 055204 (2014).
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Graphene and graphene related materials, such as graphene oxide, are rapidly
progressing fields in many areas of basic and applied research [1]. In our work,
microwave plasma torch (2,45 GHz, 200-600 W) at atmospheric pressure is used
to synthesize graphene nanosheets consisting of 1 or more graphene layers with
rectangular shape and typical size of hundreds of nanometers Fig1a. The
synthesis is based on the decomposition of organic precursor (ethanol 0.02-0.06
g/min) which is introduced by carried gas (Ar, 700-2800 sccm), in given, center
or outer, channel of our nozzle. The torch is ignited in Ar (250-1000 sccm)
flowing through the central channel. The plasma torch system is enclosed in
quartz tube (8 cm diameter, 20 cm length) with flanges. The synthesized
nanosheets are collected on silicon oxide substrate located in the sample holder
below the top flange or from the tube wall. The deposition process (discharge
power, gas flows, substrate temperature) is investigated with aim to obtain
maximum amount of single layer graphene. We further study the possibility of
direct synthesis of graphene oxide in plasma discharge by addition of oxygen
(10-200 sccm) to Ar/ethanol gas mixture. The addition of oxygen leads to
structural change which can be seen in Fig1b. Prepared samples are further
analyzed by scanning electron microscopy, Raman spectroscopy and X-ray
photoelectron spectroscopy (XPS).

Figure 1 a) SEM image of prepared graphene nanosheets and b) Raman spectroscopy
of the samples prepared with 0 and 50 sccm O2 admixture, respectively.
[1] A. C. Ferrari, F. Bonaccorso, V. Faľko et al, Nanoscale, 7(11), 4598-4810, 2015.
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The new low temperature, atmospheric pressure plasma sources have a
great potential for low-cost, targeted chemical modifications of various
materials, including liquids and solids. Recently a number of works related to
the plasma-chemical treatment of syntheticnanodiamonds for tuning their
application potential, especially in biomedicine, has been published. In this
contribution we present results on the surface chemical modification of NDs by
atmospheric pressure plasma jet (APPJ) afterglow. The plasma jet was operated
with He/O2 and He/O2/H2O gas mixture preferentially producing O and OH
radicals, respectively, which penetrated in the liquid and reacted with hydrogen
terminated nanodiamonds (H-NDs). The 1.7 to 3 ml volume of the suspension
(1.6 g NDs/l) was treated for different times varied from 5 to 45 min in a closed
chamber in the absence of ambient air. The FTIR spectra of treated H-NDs
revealed changes in intensity of specific bands in correlation with increasing
treatment times. These changes include an increase of O-H (2800-3750 cm-1),
C-O- (1100 cm-1) and C=O- (1719 cm-1) related bands as well as a decrease of
CHx (1383 cm-1, deformation, 2878 cm-1 and 2943 cm-1, stretching) -related
bands. A continuous oxidation of H-NDs surface with prolonged treatment time
was confirmed by an increase of oxygen molar fraction from 1.8% to 5% as
evaluated by XPS and by decreasing the zeta-potential from 58 mV to 30 mV
after 45-min treatment. No substantial difference between the treatment by Orich and OH-rich afterglow was found. The efficiency of APPJ in surface
treatment of NDs was compared with other examined atmospheric-pressure
plasma sources, namely the underwater corona discharge and surface dielectric
barrier discharge.
[1] V. Jirásek, P. Lukeš, H. Kozak, A. Artemenko, M. Člupek, J, Čermák, B.
Rezek and A. Kromka, RSC Advances, 6, 2352 (2016)
[2] V. Jirásek, J. Čech, H. Kozak, A. Artemenko, M. Černák, and A. Kromka,
Phys. Status Solidi A, 213, 305 (2016).
[3] A. Kromka, J. Čech, H. Kozak, A. Artemenko, T. Ižák, J. Čermák, B.
Rezek and M. Černák, Phys. Status Solidi B, 252, 2602 (2015).
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Antireflection structures find many applications including solar cells, light
emitting diodes, optical lens systems, and so on [1, 2]. Texturing or pattering of
surfaces is effective to produce antireflection properties. In particular, Si rods or
pillars in nanometer scale exhibit low reflectivity. For the purpose of
antireflection, slanted pillars have advantages over vertical structures.
Slanted structures can be obtained using wet chemical etching and ion
beam etching [3, 4]. Fabrication of slanted structures by wet chemical etching is
based on the orientation-dependent etching of a crystalline substrate in a specific
solution. Wet chemical etching is very simple to operate, but only crystalline
substrates can be used to obtain slanted structures in wet chemical etching. The
range of the structure angles is limited as well. Ion beam etching or focused ion
beam etching techniques use ions extracted from an ion source. The etching area
is limited to the ion beam diameter (a few hundred nanometers at most) and the
etch rate is extremely slow. Physical damage of the substrate is also detrimental
because a high energy ion beam (up to several tens of keV) bombards the
substrate during ion beam etching. Plasma etching has been widely used to
fabricate high aspect ratio structures due to its anisotropic etching
characteristics. In a conventional etching process, a sheath is formed along the
surface of a substrate. Therefore, conventional etching is not adequate for
obtaining slanted etch profiles.
In this study, slanted Si pillars at various angles were fabricated using
slanted plasma etching to obtain antireflection properties. The diameter and
height of the pillars varied to investigate their effects on reflectance. It was
shown that the reflectance of the surface with Si pillars was affected by the
aspect ratio as well as the opening area of the pillars
[1] Y. –J. Moon, J. –Y. Na, S. –K. Kim, Applied Optics, 54, 6053-6058 (2015).
[2] J. Xi, M. F. Schubert, J. Kim, E. F. Schubert, M. Chen, S. Lin, W. Liu, J. A. Smart,
Nature Photonics, 1, 176-179 (2007).
[3] K. E. Bean, IEEE Transactions on Electron Devices, 25, 1185-1193 (1978).
[4] J. Melngailis, Journal of Vacuum Science & Technology B, 5, 469-495 (1987).
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One of the tools used in surface engineering by deposition of coatings is
plasma polymerization. It has found numerous applications by coating
substrates with polymerized inorganic and organic compounds. An important
challenge is the use of plasma polymerization for deposition of biologically
active organic compounds such as enzymes or nucleic acids. This can be
achieved using an innovative SPP (Soft Plasma Polymerization) technique [1,
2] in which the discharge is generated at atmospheric pressure making it possible
to use biologically active precursors. Moreover, thanks to the low specific
energy density of corona SPP plasma jet, the technique may be used for plasma
polymerization of biomolecules without significant interference in the active
center of the biologically active precursor molecule.
The objective of this research is development of the SPP technique to
deposit bioactive coatings. In this work the biologically active precursor,
laccase, was used. These enzymes belong to the oxireductase family and are
produced by numerous living organisms such as bacteria and fungi as well as
higher plants [3]. SPP plasma jet laccase biocoatings could be used as reception
layers in the construction of biosensors applied in clinical analysis or
environmental protection [4]. In the building of electrochemical biosensors it is
necessary to have electrically conductive solid support. Therefore our study used
solid support in the form of graphene oxide (GO x). These materials have found
many applications in biotechnology due to the presence of oxygen functional
groups and high surface area [5]. In our study laccase bioactive coatings on GO x
were obtained using different values of key plasma parameters such as applied
voltage and flow rate of carrier gas (He). The flow rate of biologically active
laccase precursor and its deposition time were optimized. SPP plasma jet
biocoatings were studied with spectroscopic methods, FTIR and SEM.
1

We acknowledge support from Polish Ministry of Science and Higher Education within
the statutory research number S/12/II B/2017.
[1] S. Malinowski, et al., In HAKONE XV Proceedings, 347-351 (2016)
[2] P.A.F. Herbert, et.al. Chemistry of Materials 21, 4401-4407 (2009)
[3] K. Szot, et al., Electrochimica Acta 54 4620-4625 (2009)
[4] B. Bertrand, et.al., Journal of Molecular Catalysis B: Enzymatic 122,339-347 (2015)
[5] M. Patila, et.al., Sensors 12, 287-301 (2016)
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Tattoos have been part of human culture and existed since ancient times. Today,
about 30% of adults have at least one tattoo in the US and about 17% of them intend
removal of their tattoos. In addition to personal remorse, medical reasons such as
allergic reactions to tattoo inks are reported as reasons for tattoo removal. Similar to
tattooing, removal of tattoos also dates back to ancient era. Modern tattoo removal
procedures utilize various types of lasers. Mechanism of laser tattoo removal is
based on photothermolysis, in which particular chromophores (tattoo inks) are
broken down via absorbing different wavelengths of laser beam. Main adverse
effects of laser tattoo removal include, textural change, scarring and
hypopigmentation due to absorption of particular wavelengths by melanin [1].
Previously degradation of various dyes was reported by non-thermal
atmospheric plasma treatment [2]. In the present study, we attempted to evaluate
degradation characteristics of various tattoo inks with non-thermal atmospheric
plasma treatment for possible future application of cold plasmas for tattoo removal.
We have tested red, blue, black, green, yellow and white tattoo inks. Preliminary
experiments were performed with green tattoo ink. As
shown in Figure 1, complete color degradation of
green tattoo ink was achieved after 10-minute plasma
treatment using a DBD plasma discharge that was
generated at 2.5k Hz frequency, 32 kV peak to peak
voltage and 15 W power output. Degradation
experiments of other tattoo inks are being performed.
Moreover, studies that involve stained agar gels with
different concentrations of tattoo inks to simulate the
tattoo removal from human skin using non-thermal
plasma treatment are underway.
Figure 1: Degradation of green tattoo ink.

[1] M. Kupernam-Beade, V. J. Levine, R. Ashinoff, American Journal of
Clinical Dermatology, 2, 21-25 (2001)
[2] P. Attri, M. Yusupov, J.H. Park, L.P. Lingamdinne, J.R. Koduru, M. Shiratani,
E.H. Choi, A. Bogaerts, Scientific Reports, 6, 34419 (2016)

73

7th Central European Symposium on Plasma Chemistry

P-3

Incorporation of Chlorexidine in plasma polymerized thin
films from Hexamethyldosiloxane
Kodaira, F. V. P., Moreira Jr., P. W. P., Mota, R. P.
UNESP - Univ Estadual Paulista, Av. Dr. Ariberto Pereira da Cunha, 333 –
Guaratinguetá, SP, Brazil
E-mail rmota@feg.unesp.br
The plasma polymerized polymers are known for its good adhesion in
different kinds of substrates and its high crosslinked structures which gives
resistance to corrosion by mild and even strong acidic and basic media. The
monomer Hexamethyldisiloxane (HMDSO) is promising in covering for
biomedical uses for it is not cytotoxic and is insoluble in water. In this work,
plasma polymerized HMDSO (pp-HMDSO) thin films are being studied for
drug release applications. The antiseptic chlorhexidine was chosen for its large
range of applications as a bactericide and fungicide properties. Thin films
coatings with chlorhexidine may prevent microorganisms to grow on the
covered surface, avoiding infections.
The pp-HMDSO films were grown in a low-pressure system (100 mTorr of
total pressure, being 90 mTorr of HMDSO and 10 mTorr of Ar), the plasma is
generated between two stainless steel electrodes, the upper one was fed by
15W@13.56MHz and the bottom one was grounded. The film grew on Si, glass
and aluminum foil substrates, which were placed on the bottom electrode. The
deposition process last for 30 minutes. The incorporation of the medicine occurs
dipping substrates in a solution of chlorhexidine (2%) for 10 minutes, after that
they were flushed and dried. Then they were washed in water and again flushed
and dried. Three different conditions were analyzed, chlorhexidine on, under
and between layers of HMDSO films. The measurements were taken after which
one of those processes. Water contact angle (WCA) was taken on glass substrates,
the roughness was taken by confocal microscopy on Si substrates and FTIR spectra
were taken on aluminun foil substrates.
The WCA remained stable around 100 degrees for all the conditions, the
roughness slightly increased after washing in water except for the case where the
chlorhexidine was incorporated above the film, as it is soluble in water, it might have
been washed away. In the FTIR analysis changes in functional groups related to the
chlorhexidine were observed essentially in C-C (1450-1512 cm-1), C=N (1600-1670
cm-1) and phenyl group (1550 cm-1). The FTIR spectra of the “chlorhexidine over
pp-HMDSO” film corroborates that the medicine was washed away, since its
characteristics peaks almost disappears after water washing, the same was observed
in the case with the medicine in between layers of pp-HMDSO, perhaps for its
hydrophobicity the chlorhexidine is removed when flushed. The chlorhexidine peaks
remain in the spectra in the case it was put under the pp-HMDSO film.
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A microwave-exited atmospheric-pressure plasma (ME-APP) has received
growing attention for industrial and biomedical applications. Furthermore, the
ME-APP has lots of advantages such as high power efficiency, safety from highvoltage shock and long lifetime due to the low energy of striking ions [1].
In this study, a two-parallel-wire transmission line resonator (TPWR) for
the ME-APP generation is described [2]. The TPWR was designed by using a
commercial software, COMSOL. The resonator has unique structure to reuse the
reflected power from the open port of the electrode, where the ME-APP is
ignited. Eventually, the resonance improves the power efficiency of the device.
A matching component could be eliminated by determination of the location of
power feeding to the resonator based on the calculation [3]. We investigated
spectra of the ME-APP by OES measurement. Finally, physical properties
including electron density, ion density and electron temperature are estimated
by Boltzmann plot method and Stark broadening.
For the application to surface treatment, the effect of ME-APP properties
on the surface properties of organosilicate films with various chemical structures
was investigated.

[1] J Winter et al., Plasma Sources Sci. Technol., 24 (2015).
[2] Brian C. Wadell, Transmission line design handbook, Artech House Inc.,
Norwood, (1991).
[3] J Choi et al., Plasma Sources Sci. Technol., 18 (2009).
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Among human and animal diseases agents, parasites are those that show, with
very few exceptions, an environmental resistance far superior with respect other
pathogens [1]. This is due to the complex structure of the wall of their infective stages,
that makes them particularly resistant to almost all physical and chemical agents. In
this work, a novel technique to inactivate coccidian parasites in liquid environment
has been investigated and implemented. A Petri dish filled with 20 ml of water
contaminated by Eimeria spp. oocysts has been placed within a plasma reactor
constituted by a lower HV exposed electrode and an upper grounded copper strip
electrode covered by a ceramic slab (Fig. 1). The reactor has been supplied with
sinusoidal and nanosecond-pulsed voltage waveforms varying the application time.
In both cases an atmospheric pressure Dielectric Barrier Discharge (DBD) has been
ignited in the air gap above the liquid surface and in contact with it [2]. The temperature
of the solution and its pH level were not significantly changed by plasma treatment. The
concentration of ozone and hydrogen peroxide increase by increasing treatment time
[2]. Plasma treatment efficacy has been detected considering a representative
population of 100 oocysts. For both discharges, treatment efficacy has been found
to be dose dependent (Fig. 2). After an energy dose treatment of about 100 kJ/l, the
number of sporulated oocytes are roughly halved with respect the control sample. Results
are statistically significant with a p<0.01 in the worst case.

Fig. 1: Reactor scheme

Fig. 2: Efficacy of plasma treatment

[1] N.C. Smith, F.J. Lunden, H.D. Chapman, Parasitology Today, 14, 215-218 (1998).
[2] Neretti G, Taglioli M, Colonna G and Borghi C A, Plasma Sources Sci. Technol.
26, 015013 (2017).
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Polymerization reactions under the plasma atmospheric pressure conditions
can be included as a practical solution for obtaining polymeric films with
important properties such as high degree of reticulation and density, chemical
stability and good adhesion to substrates. In our experiments it has been used an
atmospheric pressure plasma in a plan-plan geometry, working in a mixture of
helium and monomer vapors, in order to obtain polythiophene (pPth) films with
controlled physical and chemical properties. The monomer, respectively
thiophene, is an organic heterocyclic aromatic compound and the corresponding
polymer, polythiophene, can be included in the class of semiconducting
polymers, characterized by low cytotoxicity and potential properties for medical
applications. Our plasma is characterized as a high efficiency method in
generation of the chemically reactive species, simpleness of experimental setup
and easier industrial implementation, also as a low expensive technic due to the
operation in atmospheric pressure. The plasma parameters were monitored
during the polymerization reaction by its electrical and optical signals and the
parameters of deposition, respectively voltage and frequency, also the flow rates
of gases and duration of polymerization have been established in correlation
with pPTh characteristics [1]. Helium was selected as plasma gas and also as
buffer due to its high crosslinking effects and low degradation. A high control
of the layer thickness at nanoscale can be assured by changing the plasma
parameters, especially the polymerization duration. The pPTh films were
analyzed by different technics such as EDAX and FTIR, AFM, contact angle,
impedance spectroscopy. Using short duration of polymerization they are
obtained uniform polymeric films having chemical composition in good
agreement with the conventional one, a hydrophobic character and good time
stability, also a high sensibility at UV radiations. We intend to prepare pPTh
films as biosensors for negative ions (iodine, chlorine).
[1] T. Teslaru, I. Topala, M. Dabromir, V. Pohoata, L. Curecheriu, Nicoleta Dumitrascu,
Materials Chemistry and Physics, vol. 169, 120-127 (2016).
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Cold atmospheric plasma (CAP) treatment was found indispensable in
many fields including medicine. Currently novel diagnostic techniques have
been developed, based on detection of microvesicles found in whole blood [1].
Microvesicles can be used as a fingerprint of various diseases including cancer.
Currently isolation of microvesicles presents a major drawback due to the fact
that the concentration of microvesicles after isolation is very low, as they tend
to stick on the surface of medical tools. Improvement of surface properties by
CAP treatment was conducted in order to alter surface morphology and chemical
structure. Results showed that plasma treatment of Eppendorf tubes
(PolyPropylene) altered surface morphology (Atomic Force Microscopy) and
chemistry (X-ray Photoelectron Spectroscopy), while the microvesicle count
detected by Flow Cytometer was higher for plasma treated tubes. Thus plasma
treatment of medical tools used for isolation could be a prospective method.
Furthermore, it was discovered that tubes from different manufacturers
differ greatly and can affect the outcome of microvesicle count detected by Flow
Cytometry. Even when untreated, tubes have specific surface morphology and
chemistry depending on the manufacturer. Surface finish of tools used to
manufacture tubes and fillers added to raw polypropylene all play an important
part in the final result. Surface etching and increase of oxygen on the surface is
observed in all tubes after CAP treatment by plasma jet.

[1] V. Šuštar, V. Kralj-Iglič, et al., International journal of nanomedicine, vol.
6, p. 2737-2748 (2011).
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In a microwave reactor based on the powerful gyrotron generator plasmachemical process of carbon dioxide utilization has been investigated. The
generator operating regime was as following: the peak power of a single-shot
pulse is 600 kW, the pulse duration is 20 ms and the microwave wavelength
is 4 mm.
By means of strong subthreshold microwave beam formed by a quasioptical system of mirrors so called self/non-self sustained (SNSS) discharge was
excited in a chamber filled by the atmospheric pressure gaseous mixture of CO2
and H2. This discharge represents a system of plasma channels characterized by
an extremely high electron density (1016–1017 cm-3), gas temperature (3000–
7000 K) and electron temperature (≈ 5 eV).
The decomposition of CO2 is described by the following chemical
equation:
CO2 + 3H2  CO + H2O + 2H2
The degree of CO2 decomposition at a power input density of 80 J/cm3
reaches 85 %. If the gyrotron works in a pulse-periodic operating regime at a
repetition frequency of 100 Hz, a peak power of 400 kW and a pulse duration of
2 ms the energy cost of CO2 decomposition will be approximately 20 kW·h/m3.
A brief discussion of the physical and plasma-chemical bases of the
described CO2 utilization method is presented. Advantages of the investigated
microwave plasma-chemical reactor relative to other systems described in the
literature are the points of issue.
This work was partly supported by Russian Science Foundation № 17-1201352.
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Biomass is one of the most available renewable energy sources around the
world. It can be used directly in combustion processes or transformed by
gasification processes into biomass derived fuel gas (mixture of CO, H 2, CH4 ,
etc) often polluted with NOx, SOx and tar. Besides the environmental hazard,
tar compounds have negative impacts on the human health, constrain the heating
value of the fuel gas, cause operational problems due to aerosol and soot
formation, and block particle filters and fuel lines. Thus, it is important to
remove tar compounds as well as to investigate new processes to obtain higher
removal efficiencies at low energy consumption. Non-thermal plasma processes
combined with catalysts represent a promising method able to provide high
chemical reactivity and catalytic selectivity, often utilized in numerous
environmental applications (e.g. gas and water pollution control). In recent years
various stand-alone catalytic and non-thermal plasma systems have been tested
for tar removal [1, 2]. The objective of the study was tar removal by non-thermal
plasma generated by atmospheric pressure discharges in combination with
various metal catalysts. Naphthalene was used as a model tar compound because
of its stability and difficulty of being decomposed. Dielectric barrier discharge
of cylindrical geometry maintained in the streamer discharge mode, alone or in
combination with catalytic pellets was used and the effects of gas mixture
composition (N2, ambient or synthetic air) and temperature (up to 100oC),
applied voltage amplitude and frequency (up to 1 kHz) and type of catalyst
(Al2O3, TiO2, Pt) were investigated. Naphthalene decomposition and byproducts formation was analyzed by means of the FT-IR spectrometry. The
plasma chemical effects in two identical plasma reactors with/without catalytic
pellets were studied and showed higher naphthalene removal efficiency when
plasma catalytic system was used.
Supported by Slovak Research and Development Agency Grant APVV0134-12 and Comenius University Grant UK/319/2017.

[1] L. Devi, et al. . In Biomass and Bioenergy: New Research, Michael D.
Brenes, editor, 249–274, Nova Science Publishers, Inc., (2006).
[2] A. J. M. Pemen et al., Plasma Polym., 8, 209–214 (2003)
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Nuts belong to important commodity containing essential compounds with
various biological properties. However raw nuts are often contaminated with
human pathogens [1]. For that reason, the alternative inactivation technology for
the surface decontamination of nut becomes necessary. On the other hand
inactivation technology could have influence on quality and quantity
maintenance of biological compounds [2].
The aim of this study was to observe the impact of special type of plasma
source – Diffuse Coplanar Surface Barrier Discharge (DCSBD) - on phenolics
and antioxidant activities of hazelnuts and peanuts depending on exposure time
of samples in plasma. DCSBD generates macroscopically homogeneous lowtemperature plasma at atmospheric pressure and it is efficient, fast and gentle
tool for plasma treatment of biological material [3,4].
The changes in surface properties of hazelnuts (Corylus avellana) and
peanuts (Arachis hypogaea) samples were studied in the term of chemical bonds
and morphology using ATR-FTIR and SEM. The antioxidant effect was
evaluated by different assays for the analysis of antiradical activity and reducing
ability of antioxidants presented in nuts. Since hazelnuts and peanuts are food
with high content of fat qualitative parameters of oil were also studied.
[1] S. E. Keller, InThe Produce Contamination Problem: Causes and Solutions, K.
R. Matthews, G. Sapers and Ch. Gerba,303-314,Elsevier, (2014).
[2] G.G. Atungulu, Z. Pan, In Woodhead Publishing Series in Food Science,
Technology and Nutrition,125-162,Woodhead Publishing Limited, (2012).
[3] A. Zahoranová, M. Henselová, D. Hudecová, B. Kaliňáková, D. Kováčik, V.
Medvecká, M. Černák, Plasma Chem. Plasma Process. 36,397–414, (2015).
[4] M. Henselová, Ľ. Slováková, M. Martinka, A. Zahoranová, Biologia, 67,490–
497, (2012).
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The plasma-generated reactive oxygen species (ROS) play a major role in
the interaction of low temperature plasma (LTP) with cells [1, 2]. The ROS are
also by-products of aerobic metabolism and fungal cells have evolved efficient
antioxidant defense mechanisms to avoid oxidative damage [3]. The increased
level of intracellular ROS can lead to not only oxidative stress, but the ROS can
act as signaling molecules to regulate some physiological processes [4]. In this
study, we examined the effect of atmospheric plasma treatment on redox
changes of saprophytic soil fungus - Aspergillus flavus that infects and
contaminates preharvest and postharvest seed crops. The fungal cells were
treated using planar LTP source generating plasma by diffuse coplanar surface
barrier discharge at atmospheric pressure in ambient air [5]. The total
antioxidant capacity of fungal cells was determinate by Ferric Reducing
Antioxidant Potential (FRAP) and Trolox Equivalent Antioxidant Capacity
(TEAC) assays, the non-protein low-molecular mass thiols by Ellman´s test and
activities of the antioxidant enzymes (catalase, superoxide dismutase and
peroxidase) were determined by spectrophotometric methods. As a positive
control hydrogen peroxide was used. The results show that fungal cells have
integrated antioxidant defense mechanisms against ROS generated by
atmospheric pressure plasma in ambient air. Therefore, fungal cells are capable
of adaptation to the low dose of LTP.
This work was supported by the Slovak Grant for Science VEGA No. 1/0904/14.
[1] Y. Ma, G. J. Zhang, IEEE Transactions on Plasma Science, 36, 1619 (2008).
[2] K. P. Arjunan, V. K. Sharma, S. Ptasinska, International journal of molecular
sciences, 16, 2971-3016 (2015).
[3] Y. Asano, et al., Bioscience, biotechnology, and biochemistry, 71, 1800-1803
(2007).
[4] M. Schieber, N. S. Chandel, Current Biology, 24, 453-462 (2014).
[5] M. Černák, et al. The European Physical Journal Applied Physics, 47, 22806
(2009).
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Low-temperature plasma generated by electrical discharges in atmospheric
pressure air is a source of various reactive species, free radicals and charged
particles. If the plasma is generated in a contact with water, the reactive species
formed in the gas-phase transfer into the water and generate plasma activated
water (PAW). The PAW has a potential to be also used in agriculture
applications. The reactive species in the PAW may act like signal molecules
inducing the seed germination and also be a source of essential nutrients
necessary for the plant growth [1,2].
We generated the PAW by DC driven pulsing transient spark discharge at
atmospheric pressure above the circulating water solution [3]. Plasma induced
chemical changes in various O2/N2 gas mixtures were analyzed and correlated
with chemical changes in water solutions. Gas phase products were analyzed by
FTIR absorption spectroscopy, while for the analysis of the reactive species in
the liquid phase (•OH, H2O2, NO2‾, NO3‾) we used the colorimetric and
fluorescence UV-VIS methods. We monitored the reactive species’
concentration in PAW in dependence on treatment time and also their posttreatment time decay. The effect of PAW on seed germination and plant growth
on several seeds (wheat, radish, cabbage, spinach, lettuce, etc.) was studied. It
was necessary to optimize the treatment time to achieve desired concentrations
of reactive species in water, otherwise the inhibition could occur.
The characteristic concentrations of H2O2, NO2‾ and NO3‾ in 1 mL of PAW
treated for 1 min in air were approximately 0.75 mM, 0.5 mM and 0.75 mM,
respectively. The preliminary experiments with wheat seeds showed 10%
increase in germination rate and small increase in dry weight of wheat seedlings.
The optimal effect on the growth parameters was observed for the treatment time
in the range 0.4 – 0.6 min/mL. Different results are expected for other
plants/vegetables as they may have different requirements for living
environment.
This work was supported by Comenius University UK/418/2017 & SRDA APVV 0134-12.

[1] S. Sivachandiran, A. Khacef, RSC Advanced, 7, 1822-1832 (2017).
[2] D.P. Park, et al., Current Applied Physics, 13, 19-29 (2013).
[3] K. Hensel, et al., Biointerphases, 10, 029515 (2015).
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In order to eliminate or at least partially to reduce the use of toxic chemicals
for protection of seeds intended for sowing or for storage, the possibility of lowtemperature plasma (LTP) usage is offered as the ecological alternative for
reduction or removal of microbial contamination of agricultural commodities.
The plasma treatment has a positive impact on the germination and surface
sterilisation of seeds. It is also important to check the possibility of DNA damage
of seeds in connection with adequate plasma treatment [1, 2].
In our experiments, DNA damage and germination of pea seeds were
evaluated after low-temperature plasma treatment of seeds. The potential
genotoxic effect of LTP treatment on pea seeds was investigated by the “comet
assay” method. Our results suggest that plasma generated in pure oxygen or
nitrogen has negative effect on DNA of pea seeds. The lowest DNA damage was
measured in the samples treated with plasma generated in the air. To establish
the correlation between plasma parameters and DNA damage effect, we studied
the plasma properties by the means of optical emission spectroscopy which is
non-invasive method proper for determining temperatures of particles in plasma
or their concentrations. The difference between temperature of nitrogen, oxygen
and air plasma was observed from evaluation of the optical emission spectra.
The Diffuse Coplanar Surface Barrier Discharge [3] at atmospheric pressure was
used like a source of the LTP for plasma treatment and for optical emission
spectroscopy studies too.
This work was supported by the Slovak Grant for Science VEGA No. 1/0904/14 and UK
grant UK/199/2017.
[1] L. K. Randeniya, G. J. J. B. de Groot, Plasma Process. Polym. 2015, 22, 608.
[2] A. Zahoranová, M. Henselová, D. Hudecová, B. Kaliňáková, D. Kováčik, V.
Medvecká, M. Černák, Plasma Chem. Plasma Process.2016, 36, 397
[3] M. Černák, D. Kováčik, J. Ráhel’, P. Sťahel, A. Zahoranová, J. Kubincová, A. Tóth,
L. Černáková, Plasma Phys. Controlled Fusion2011, 53, 124031.
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There are several pathways by which gas discharges can influence
biological objects. Due to high concentration of RONS radicals these discharges
have bactericidal effect causing the reduction of pathogenic species on the
surface of treated objects. Besides affecting bacteria, the radicals can graft to the
surface of the treated samples thereby changing its properties. These changes
are mostly notable in the wettability of the exposed surfaces. Also, the cold gas
discharges usually involve UV radiation and microscopic electric fields. Both of
these can interfere with biological signalling processes inside and between the
exposed cells leading to altered cell behaviour, for example supressing the
organism growth.
Here are presented results of treating the seeds of parsley (lat Petroselinum
crispum) using low pressure cold plasma discharge (oxygen, air). The samples
have been treated at a pressure of 1.4 mbar for different treatment times. The
plasma has been generated in a reactor 2 L in volume with a plate-electrode
separation of 3 cm using a power source with nominal power of 6 W (2.5 kV, 25
kHz). Optical emission spectroscopy was used to characterise plasma within the
reactor.
After plasma treatment of seeds, we measured contact angle, time of
spreading water on seeds, germination rate, appearance of the first two leaves,
appearance of the third leave (the first with parsley characteristics), and we
followed the growth of parsley planted in a hydroponic-growth system for 87
days. Each treated group of about 100 seeds, for treatment times of 1, 3 and 5
minutes was compared to the corresponding control group. Oxygen plasma
treatments gave about 11% better mass yield.
Acknowledgement:
This work was supported by Croatian Science Foundation under the project
#2753.
We would like to thank Magda Topić, Luka Čabraja, Dominik Matišin, Filip
Kusetić, secondary school pupils, their mentors Mihaela Marceljak Ilić, prof and
Marko Movre, prof., from XV. Gymnasium Zagreb and Berti Erjavec from IF
Zagreb for their help.
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V. D. Stepakhin1, N. K. Kharchev1
1
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2
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Plasma-chemical microwave reactor based on the new type of microwave
plasma formation – so called self/non-self sustained (SNSS) discharge – has
been investigated in experiments performed by GPI [1,2]. Discharge excited by
strong subthreshold microwave beam represents a system of plasma channels
having extremely high density of electrons (10 16 – 1017 cm-3), gas temperature
(3000 – 7000 K) and electron temperature (≈ 2-3 eV).
The “Boretz 72/2” GIROTRON (Pmax = 0,7 MW, f=75 GHz) has been used
in the experiments on the non-catalytic plasma-chemical methane into the SYN
gas two type conversion: carbon dioxide reforming: CH4 + CO 2  2H2 + 2CO
and water steam reforming: CH4 + H2O  3H2 + CO.
Results of experiment are discussed. Physical and plasma-chemical models
of conversion process are points at issue.
Received results testify that it is possible to make a high-productive (day
make up to 103 m3 SYN gas), small-sized microwave system, which could be
nominated as requested by modern technique/
This work was partly supported by Russian Sciences Foundation № 17-1201352.

[1] G.V.Batanov, S.I. Gritsinin, I.A. Kossyi, A.N. Magunov, V.P. Silakov, N.M.
Tarasova. In Plasma Physics and Plasma Electronics, L.M.Kovrizhnykh
editor, 241-282, Nova Science Publishers, Commack,(1985).
[2] I.A.Kossyi, In < 44th AIAA Aerospace Sciences Meeting and Exhibit> , Reno,
Nevada, Report AIAA-2006-1457, (2006)..
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Garlic Sprouting and Clove Surface Properties After LowPressure Oxygen Plasma Treatment
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Technical advances in agriculture are desired to improve crop germination,
growth, and yield, particularly where crop production is limited by region and
climate. One method of physically improving these properties, without the use
of chemical or biotechnological procedures, is the use of gaseous plasma.
Plasma agriculture has so far mainly been employed to improve various
properties of seeds and seedlings, indicating a potential for yield improvement.
In this work, we have employed inductively coupled, low pressure radio
frequency (RF) oxygen plasma to observe its effect on the surface properties and
germination of garlic cloves, which in contrast to seeds, are means of vegetative
plant propagation. Plasma treatment has increased the wettability of the clove
skin surface, as determined by water contact angle measurements. X-ray
photoelectron spectroscopy and scanning electron microscopy have also shown
that this effect is related to changes in composition of the garlic clove surface,
and in the surface morphology, respectively. This modification of the surface
properties has, by influencing wetting of the cloves, an effect on the sprout
emergence from the garlic cloves in a manner dependent on the selected plasma
treatment parameters. With optimal choice of treatment conditions, sprout
emergence can be improved.
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1

In this study, non-thermal atmospheric-pressure plasma sources based on
transmission line resonators operating with microwave frequency are
introduced. The plasma is generated at resonance, which has a variety of
advantages such as high-density of electron and reactive species, lower plasma
temperature, lower applied power and long electrode lifetime. In particular, the
microwave plasma devices can be used for several applications such as
sterilization, surface modification, decontamination and cell treatment. [1]
However, the discharge progress excited by the resonance cannot be shown by
the experimental measurement. Therefore, numerical analysis compensates to
obtain more accurate information of the discharge process. COMSOL
Multiphysics, which is based on a finite element method, is used to examine the
characteristics of the devices by coupling the electromagnetic and plasma fluid
simulation. By using the Poisson’s equation and continuity equation, electrical
and physical properties including electric field, electron density, ion density and
electron temperature are investigated in this work.

[1] Zhaoquan Chen et al., J. Appl. Phys. 116, 153303 (2014)
[2] J Choi et al., Plasma Sources Sci. Technol. 18 (2009)
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Perfluorinated compounds (PFCs) are increasingly utilized in semiconductor
manufacturing processing as in dielectric-etch tools and plasma-enhanced chemical
vapor deposition chamber cleaning [1].
These gases are extraordinary stable and represent a potent source of global
warming effect which is much higher than that of CO2 [2]. A promising way to reduce
emission of represent plasma abatement techniques exploring steam thermal plasma as
generated by water stabilized plasma torch [3].
To study decomposition processes of plasma abatement in detail the knowledge of
plasma properties including composition and thermodynamic function is necessary,
which is given by standard thermodynamic functions (STF) and corresponding standard
enthalpies of formation (SEF) of the components forming the system under
consideration. The aim pursued by this study is to select the possible components of the
system formed by the components containing carbon and fluorine atoms with a presence
of nitrogen and determine their STF together with SEF in the temperature range from 300
K to 10,000 K. The components taken into consideration can be regarded as
decomposition products of (CF3)2CFCN (Novec 4710), which has been recently
proposed as an effective alternative to SF6 as dielectric gas for electrical power
applications [4].
The molecular properties needed for calculation of STF of the decomposition
products, namely equilibrium geometries, frequencies and total electronic energies have
been computed using quantum chemistry density functional methods (DFT), mainly
Minnesota meta functionals family [5]. The molecular data concerning several PFCs as
obtained in this study have not been published yet. Resulting DFT geometries serve also,
in combination with high level ab initio method, as an input for more precise
determination of SEF.
The authors gratefully acknowledge financial support from the Czech Science
Foundation under Projects No. 17-10246J and 15-14829S. MetaCentrum Virtual
Organization in Czech Republic is also gratefully acknowledged for computational
resources.
[1] Saito, Y., Yamazaki, H., Mouri, I., J. Vac. Sci. Technol. A 19 (1), 38–40 (2001).
[2] Direct Global Warming Potentials
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch2s2-10-2.html Retrieved
04/29/2017.
[3] M. Hrabovský, J. Fluid Sci. Technol. 6 , 792-801 (2011).
[4] J. G. Owens, In 2016 Electrical Insulation Conference (EIC),
Montreal, QC, 535-538 (2016).
[5] R. Peverati and D. G. Truhlar, Phil. Trans. R. Soc. A372:20120476 (2014).
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An alternative technique to improve growth of wheat seeds was studied.
Highly reactive oxygen plasma was used to treat two different types of wheat
variety (Apache and Bezostaya 1). The wheat seeds were exposed to
radiofrequency oxygen plasma in glow (G) position (energy 200 W, time of
exposure 5 and 30s) and afterglow (AG) position (energy 600 W, time of
exposure 3 and 5 s). For the control groups, un-treated wheat seeds and wheat
seeds which were exposed just to vacuum and gas were used. Influence of
plasma treatment on seed germination was studied in terms of germination speed
(H) and percentage of germinated seeds (Kt), while changes in chemical
composition of seeds surface were studied by X-ray Photoelectron Spectroscopy
(XPS). Results of the study show that the oxygen plasma treatment has a
significant impact on the varieties. In comparison with the control treatment, the
significantly positive impact of the oxygen plasma treatment on the variety
Apache was observed in the AG position at 3 s (H), interestingly in case of
Bezostaya 1 wheat variety and the statistical differences were not significant in
some parameters the oxygen plasma treatment has a negative impact on
germination. Results of XPS analysis show increased oxygen content on the
seed surfaces already after short exposure to oxygen plasma.
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A lot of work is in progress in the gas-liquid plasma interaction field. A
big topic currently developed is the usage of Dielectric Barrier Discharges
(DBDs) to produce different chemical reactive species in liquids [1]. In this
work, the influence of different waveforms and duty cycle modulation
frequencies on the Ozone yield, of a water bubbling reactor has been
investigated. For this purpose, a multilevel inverter power supply, capable of
generating arbitrary voltage waveforms (up to ±15 kV), frequencies (up to 20
kHz), no matching issues and engineered by the University of Bologna has been
used [3]. Average power feeding the discharge has been maintained constant
for each test condition. Ozone production in the liquid phase has been evaluated
by the UV absorption method and subsequently compared to the reduction of
Potassium Indigo Trisulfonate [4]. Optical Emission Spectroscopy (OES) and
water PH and conductivity measurements have been used to help interpreting
data. Results from this work show how not only waveforms with higher
instantaneous powers (square waves) usually perform better in Ozone
production (Fig. 1), but also that faster duty cycles modulation frequencies can
deeply influence the chemical yield of a plasma discharge (Fig. 2), further
enhancing the Ozone production.

[1]
[2]
[3]
[4]

Fig. 3: Ozone production with
Fig. 4: Ozone production with different
different waveforms and fixed duty
duty cycle frequencies.
cycle frequency
Neretti G, Taglioli M, Colonna G and Borghi C A, Plasma Sources Sci. Technol. 26,
015013 (2017).
M.B Chang, S.J. Wu., Ozone: Science and Engineering, 19(3), 241-254 (1997).
F A Dragonas, G Neretti, P Sanjeevikumar and G Grandi, IEEE Trans. Ind. Appl.
51(4) 3334-3342 (2015).
H.Bader, J.Hoigne., Water Research, 15, 449-456 (1981)

91

7th Central European Symposium on Plasma Chemistry

P-21
Infrared spectra of embryo culture media metabolome detect
biological activity of the antiepileptic valproate
Balarin M1,2, Gamulin O1,2, Škrabić M1, Katušić Bojanac A3,5, Plazibat M4,5,
Bulić-Jakuš F4,5
1
University of Zagreb, School of Medicine, Department of Physics, Zagreb, Croatia
2
Center of Excellence for Advanced Materials and Sensing Devices, Zagreb, Croatia
3
University of Zagreb, School of Medicine, Department of Medical Biology, Zagreb,
Croatia
4
Hospital Zabok, Department of Pediatrics, Zabok, Croatia
5
Centre of Excellence in Reproductive and Regenerative Medicine, School of
Medicine University of Zagreb, Croatia
E-mail floriana@mef.hr
The rodent embryo in vitro culture has been used to screen for biological
activity of various extraneous influences at gastrulation, as the most critical
phase of mammalian development [1,2]. Our aim was now to screen for the
metabolome changes in growth media of embryos cultivated with an
antiepileptic drug and a teratogen valproate. Samples of media in which rat
embryos grew in vitro for 14 days with or without valproate were collected.
Using FTIR spectroscopy the spectra of media were recorded. The spectra were
analyzed by statistical methods of PCA and PC regression. It was shown that the
method of FTIR spectroscopy can distinguish media metabolome between the
control group and the one in which they grew with valproate. Moreover, the
spectroscopic analysis of the metabolomes contained information about the
difference in the development of embryos through the monitored period of time.
Using PCA analysis we have shown that from metabolome spectra we could
determine for how long the embryos grew in culture. These results suggest that
FTIR spectroscopic analysis of the media metabolome can reflect the biological
processes occurring in the embryo and may be proposed as a new screeningmodel for the biological activity of drugs.
[1] F. Bulic-Jakus, A. Katusic Bojanac, G. Juric-Lekic, M. Vlahovic, and N.
Sincic, Teratoma: from spontaneous tumors to the pluripotency/malignancy
assay. WIREs Dev Biol, 5:186–209 (2016).
[2] F. Bulić-Jakuš, M. Vlahović, G. Jurić-Lekić, V. Crnek-Kunstelj, D. Šerman,
Gastrulating rat embryo in a serum-free culture model: changes of
development caused by teratogen 5-azacytidine. ATLA, 27: 925-933
(1999).
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Electrochemically synthesized aligned arrays of self-assembled titanium
dioxide (TiO2) nanotubes (NTs) attracted considerable interest as biomedical
devices, e.g. biosensors, dental and orthopedic implants, coronary stents and
drug delivery systems. Oxygen plasma treatment plays significant role in surface
treatment of such biomedical devices due to surface cleaning and sterilization.
The aim of present study was to investigate the effect of plasma treatment
on the morphology and crystal structure of TiO2 NTs. Morphology has high
influence on proteins and cells adhesion on TiO2 NTs, while crystal structure
affects the wettability properties of the materials. Herein we present the
optimized conditions (power, frequency and time) of oxygen plasma treatment
on the stability of TiO2 NTs investigated with SEM (Fig.1) and the induction of
TiO2 NTs crystallization to anatase and rutile crystal phase without the use of
conventional annealing methods. XRD was implemented to monitor the crystal
structure of the samples. The results are backed with XPS, WCA and UV-Vis
spectroscopy.

Fig.1.: SEM images of TiO2 NTs after plasma treatment at a.) non-optimized
conditions; structure is destructed, NTs are partially closed and b.) optimized
conditions; NTs are well defined, tops are open.
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In agriculture viral diseases of plants present a serious concern as they can affect
crop yields and germination or even destroy entire crops. Inactivation of plant
viruses with atmospheric pressure plasma seems to be a promising technique.
Thus in the scope of our study the Potato Virus Y (PVY) was selected to study
the influence of atmospheric plasma treatment, as this strain of virus is one of
the most aggressive and can infect different plant species. PVY is economically
the most important potato virus, which can cause up to 80% annual losses in
potato crop production. Since potato is one of the most important crops in the
world, PVY infection can cause high financial losses. In our study cold
atmospheric plasma (CAP) was used for inactivation of PVY. Samples of 10 ml
solution containing nutrient elements and the virus were treated with CAP at
different treatment times. Results show that viral RNA was undetectable after 3
hours of treatment, while short treatment time did not completely destroy viral
RNA. However, in the test plants, that were mechanically inoculated with
mentioned samples, no viral presence was detected even at short treatment
times. Thus CAP seems to be a promising technique for inactivation of viruses
in liquids.
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A new efficient and compact reactor for treatment of contaminated water with
air non-thermal plasma has been developed, characterized and tested with a few
important organic pesticides found in Italian surface waters. The reactor (Figure
1) is composed of a quartz vessel, which allowed for the characterization of the
plasma emitting excited species by OES, and of an electrode array energized to
implement a streamer discharge. This design and type of discharge had proven
quite efficient in recent work by our group [1].
air in
air out
Sampling port

Figure 1: Photograph and schematics of air plasma reactor developed and tested in this
work.

The reactive species produced in solution (ozone, hydrogen peroxide and OH
radicals) were determined by established protocols and the reactor was tested by
processing phenol, used as a standard for comparative evaluations of its
performance. Efficiency and products obtained in processing imidacloprid and
atrazine-based herbicides will be presented and discussed.
[1] J. F. Bosi, F. Tampieri, E. Marotta, R. Bertani, D. Pavarin, C. Paradisi,
manuscript submitted.
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By sustaining the surface-wave microwave discharge in a flowing gas, the
applied gas flow can carry the chemically active species created in the discharge
region into an electromagnetic field free reactor, where a low temperature
afterglow rich in active species is developed [1]. Using different initial gas
mixtures for the plasma generation the afterglow plasma cocktail can be varied.
Using different N2-O2 mixture composition, the afterglow plasmas can be rich
either in N and O-atoms, excited O2 molecules and/or UV radiation, while in ArO2 mixtures the afterglow is dominated by O-atoms and excited O2 molecules.
Placing crop seeds in the afterglow reactor, the reactive oxygen and nitrogen
species (ROS and RNS) can interact with the seeds wall and induce oxidative
processes in the seeds. In several studied it has been suggested that ROS and
NO are crucial for breaking the dormancy [2,3].
In the present study we aim to investigate how the afterglow treatment of
maize seeds influence the germination and growth of plants on the field. For this
study we have used 3 genotype of maize and concluded the treatment of seeds
in three different type of afterglows: (i) N2-10%O2, (ii) Ar-20%O2 and (iii) Ar40%O2, at 4 mbar pressure using 60 s, 90 s and 120 s long treatments. The seeds
have been planted in the experimental nursery field of the Hungarian Academy
of Sciences, Agricultural Institute (Martonvásár, Hungary, 47◦18’ N, 18◦46’ E,
120 m a.s.l.).
We are going to monitor and report the germination and the early stage
development of the plants, the flowering time, and the hight and the
photosynthesis of plants.
[1] Moisan M et al., Eur. Phys. J. Appl. Phys., 63, 10001 (2013)
[2] Bethke P C, Gubler F, Jacobsen J V, Jones R L, Planta, 219, 847 (2004)
[3] Minorsky P V, Plant Physiol, 128, 1167 (2002).
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CO is the second most common molecule (after H2) in the interstellar
medium. The CO molecule spectra have been the subject of many studies of
Earth atmosphere, especially greenhouse gas remediation. We developed a full
quantum-mechanical procedure for calculating optical spectra of diatomic
molecules, based on the Fourier grid Hamiltonian method [1] for determining
energies and the corresponding wave functions. “Molecule in a box” concept
enables that all transitions between the bound, free, and quasibound states can
be treated on the same way as bound-bound transitions. Our study suggests that
numerical simulation of the absorption [2] and thermal emission [3] spectra can
be an efficient tool for the diagnostics of hot vapors (or plasma) and is suitable
for the determination of the number density and temperature (vibrational and
rotational) of the diatomic molecules. We have analyzed absorption, LTE
emission and non-LTE emission spectra of CO molecule at “room” temperature
(300 K) in visible spectral range. The numerical data have been compared with
experimental results obtained by exciting CO molecules in inductively coupled
RF plasma. The plasma was created in a glass tube using 13.56 MHz
electromagnetic field (300 W). As working gases, we used CO 2 and CO at
pressures between 5 and 70 Pa.
The present work was supported by the Croatian Science Foundation
(HRZZ) under the project number 2753.
[1] D.T. Colbert, W.H. Miller, J. Chem. Phys. 96, 1982 (1992).
[2] R. Beuc, M. Movre, B. Horvatić, Eur. Phys. J. D, (2014)
[3] B. Horvatić, R. Beuc, M. Movre, Eur. Phys. J. D, (2015)
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In this paper, the influence of low-pressure O2 plasma on surface properties
and dyeability of wool is studied. Wool is a natural fiber that consists mainly of
keratin protein with high number of disulfide cysteine crosslinkages (-S-S-). It
has a complex morphological structure containing internal cortical cells that
make 90 % of fiber and external cuticular cells. Cortex consists of orthocortical
and paracortical cells that differ in chemical composition and structure.
Orthocortex is generally more accessible to reagents and more chemically
reactive due to its non-keratin structure and lower degree of crosslinkage of
macromolecules [1]. Cuticle consists of a thin layer of hydrophobic epicuticule,
highly crosslinked layer of exocuticule and non-keratinous endocuticule, which
form hydrophobic scale-like surface structure. This complex structure makes
chemical processing of wool difficult. The scales need to be removed in order
to improve wool absorbency and make the penetration of dyes and chemicals
possible [1, 2]. There is a number of methods researched in order to modify wool
surface by physical and chemical means such as ultrasound, ozone, enzyme
treatments, microwave irridation, laser technology, plasma etc [3]. Fiber surface
modification using plasma is an environmentally friendly, dry-state process that
modifies only the outer layer of substrate and consumes minimal amounts of
gasses or monomer vapor [2]. In this research, plasma etching of wool surface
was conducted using different process parameters (300 W and 500 W) for 2 and
5 minutes. Natural dye extracted from Punica granatum L. – Punicaceae and
2% KAl(SO4)2 and 0,1M AgNO3 as mordants were used on plasma pretreated
wool. Results show great increase in wettability of all plasma treated samples.
An increase in the breaking strength and elongation was observed with increased
flexural rigidity. The color strength of plasma treated and untreated samples was
analyzed using remission spectrophotometer. Color depth (K/S values) indicate
that plasma pretreatments can increase the dye exhaustion and can even replace
the application of mordants.
[1] D. Lewis, J.A. Rippon, The coloration of wool and other keratin fibres, First Edition,
John Wiley & Sons and Society of Dyers and Colourists, Bradford, (2013).
[2] P. Mendhe et. al., J. Appl. Polym. Sci., 133, 43097, (2016).
[3] R. Atav, In Eco-Friendly Textile Dyeing and Finishing, M. Günay (Ed.), 44, InTech,
(2013).

98

7th Central European Symposium on Plasma Chemistry

P-28

Laser plasma interaction with atmospheric pressure
plasma jet in contact with liquid water
Maletić D1,2, Popović D2, Puač N1, Bišćan M2, Malović G1, Milošević S2
and Petrović Z Lj1,3
1
Institute of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade,
Serbia
2
Institute of Physics, Bijenička cesta 46, 10000 Zagreb, Croatia
3
Serbian Academy of Sciences and Arts, Knez Mihajlova 35, 11001 Belgrade,
Serbia
E-mail dejan_maletic@ipb.ac.rs
In this work we present results of characterization of the laser-plasma interactions.
We are using atmospheric pressure plasma jet that was characterized in great detail
previously [1] and the laser produced plasma [2]. Objective of this research was to
investigate plasma-liquid interaction at atmospheric pressure. The plasma jet consists of
a glass tube (4 mm or 1 mm inner diameter and 6 mm outer diameter) and metal powered
electrode (15 mm wide) placed at 15 mm from the jet nozzle. Power supply of the plasma
jet consists of a waveform generator, power amplifier and high voltage transformer and
operates at 80 kHz. Deionized water is placed at 15 mm from the jet nozzle. A laser beam
(Nd:YAG 1064nm, 5 ns) was focused in the middle between the jet nozzle and the target.
We performed optical emission measurements for several gas mixtures (Helium-Argon,
Helium-Nitrogen and pure Argon) at flow rates 2 and 4 slm. We also performed time
resolved line emission measurements of the laser-jet interaction for the excited 1s3p He
state (corresponding to the 388.86 nm line. Interaction of the plasma jet with water
surface results in high intensity of NO and OH bands. Composition of the buffer gas has
high impact on the concentration of produced radicals.
Figure 1. Laser and jet plasma
interaction with water surface as
grounded electrode the flow rate of 4
slm: a) He/N2 (0.5%); b) He/Ar
(0.5%) and c) Ar

Acknowledgements: This research has been supported by the Ministry of Education and
Science Serbia, project III41011 and ON171037, the Croatian Science Foundation project
number 2753 and the COST Action TD1208 (Electrical Discharges with Liquids).
[1]
[2]

D. Maletić, N. Puač, G. Malovic and Z. Lj. Petrovic, Journal of Physics D: Applied
Physics, 50, 145202 (2017).
M. Bišćan, Z. Kregar, N. Krstulović, S. Milošević, Optics Commun., 315, 3741 (2014)
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The superhydrophobicity of solid surfaces (contact angles > 150°) is an
important property for practical applications such as self-cleaning and
antifogging surfaces, DNA arrays, and microfluidics [1]. Many techniques have
been proposed to control the hydrophobicity of solid surfaces including surface
coating and surface nanostructuring [2, 3]. Surface coating with hydrophobic
materials is simple and easy to modify the chemical composition of the surface.
However, this method has limitations to realize the superhydrophobic surfaces.
Surface nanostructuring is to fabricate 1-dimensional (1-D) nanoscale structures
such as nanorods and nanowires on the surfaces for achieving the
superhydrophobicity. However, the fabrication of uniformly arrayed nanoscale
structures on solid surface is extremely difficult. Surface texturing in
microscale, or surface microstructuring, can be a good alternative to surface
nanostructuring for the fabrication of superhydrophobic surfaces because the
preparation and control of microscale structures are easier than those of
nanoscale structures.
In this work, Si surfaces having microscale rod structures were fabricated
using plasma etching, and their superhydrophobicity was investigated. The
aspect ratio of the rods and spacing between the rods were varied to analyze the
effect of the surface roughness on the contact angle of the surface. The Si
surfaces having microscale rod structures were subsequently deposited with
fluorocarbon films to investigate the effect of surface energy on hydrophobicity
of the surface.
[1] Y. Lai, Y. Tang, J. Gong, D. Gong, L. Chi, C. Lin, Z. Chen, Journal of
Materials Chemistry, 22, 7420-7426 (2012).
[2] N. Yoshida, Y. Abe, H. Shigeta, A. Nakajima, H. Ohsaki, K. Hashimoto, T.
Watanabe, Journal of the American Chemical Society, 128, 743-747 (2006).
[3] J.-G. Fan, X.-J. Tang, Y.-P. Zhao, Nanotechnology, 15, 501–504 (2004).
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Nanoparticles (NPs) of metal alloys might have different properties
from those of NPs made of the constituent materials and more suitable for
practical applications. In the present communication the capabilities of the
plasma-assisted techniques combined with post-synthesis laser treatment for the
production of Cu-Zn alloyed and bimetallic NPs have been evaluated. Cu-Zn
nanomaterials exhibit superior electrical and thermal conductivities, catalytic
activity, corrosion resistance, antibacterial, antifungal, and optoelectronic
properties, increased hardness and strength compared to pure copper that make
them promising for numerous applications.
Three different approaches were tested for NPs preparation: electrical
discharge between Cu and Zn electrodes immersed in a cell filled with liquid,
sequential discharge between Cu and then Zn electrodes in the previously
prepared colloid and plasma-assisted treatment of the micropowders in a liquid
combined with post-synthesis ns laser induced modification (second harmonic
of Nd:YAG. laser (532nm)) The resulting NPs were characterized by HRTEM,
SAED, EDX and UV-Vis spectroscopy in order to elucidate the optimal
conditions for controlled synthesis of alloyed NPs.
The preliminary results showed that the applied techniques are suitable
for preparation of alloyed NPs. The role of NPs laser irradiation for alloying and
fabrication of multi-element structures was studied. The detailed comparison of
the possibilities and efficiency of the applied approaches will be discussed in the
presentation.

Figure 1. TEM micrographs of Cu-Zn NPs before (a) and after laser treatment (b)
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Nanostructured aluminium oxide (Al2O3) plays an important role in
many high-performance applications, e.g. the preparation of biomaterials,
photocatalysis, filtration, polymer nanocomposites, heat insulators, transfer
medium, etc. [1].
Alumina nanofibers are prepared mainly by electrospinning and
subsequent thermal treatment of polymer/precursor fibers to remove the base
polymer in the process of thermal calcination [2]. This process needs high
temperature (700-1000°C) and long treatment times (3-10 hrs) and significantly
increases the cost of final ceramic fibers.
Plasma assisted calcination is novel low-temperature process for
preparation of inorganic submicron structures by polymer-template techniques
[3]. Atmospheric pressure plasma is chemically very active medium and can
be used for oxidation and removal of base polymer and transformation of
polymer/precursor fibers to inorganic fibers [4,5].
In our study, we used Diffuse Coplanar Surface Barrier Discharge [6] for
plasma treatment of polyacrylonitrile/aluminium nitrate fibers in different
conditions of plasma treatment (exposure time of samples in plasma, distance
between sample and ceramic plate, working gas, etc.). The reduction of base
polymer was investigated by the study of changes in chemical bonds on the
surface and chemical composition by using ATR-FTIR and EDX. The changes
in morphology of fibers were detected by SEM. The strong decrease of organic
base polymer and nitrate part of precursor was detected in short exposure time.
[1]
[2]
[3]
[4]
[5]
[6]

D. Yang, et al., Water Res. 44, 741–750, (2010).
P.K. Panda, S. Ramakrishna, J. Mater. Sci., 42, 2189–2193, (2007).
H. Wang, H. Tang, J. He, Q. Wang, Mater. Res. Bull., 44, 1676–1680, (2009).
V. Medvecká, et al., Eur. Phys. J. Appl. Phys, 75, 24715, (2016).
E. Mudra, et al., Appl. Surf. Sci, in press, (2016).
M. Černák, et al., Plasma Phys. Control. Fusion. 53, 124031, (2011).
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Fine mesoporous TiO2 are usually cured at high temperatures by means of
a slow convection heating procedure (up to 350 °C) in order to remove all
organic components present in the used ink. However, this high sintering
temperature in unusable for processing of TiO2 layers prepared on substrates
with low heat resistance. In a present time, there is a strong push towards the
field of flexible electronics usually prepared on polymer substrate such a foils
of PP or PET. We prepared hybrid mesoporous titania/silica electron-generating
and transporting layers using a wet coating with a dispersion consisting of
prefabricated titania nanoparticles and methyl silica binder. These layers were
deposited by inkjet printing technique and further mineralized by lowtemperature atmospheric pressure air plasma using so-called Diffuse Coplanar
Surface Barrier Discharge (DCSBD) to form a titania/silica hybrid
nanocomposite coating. Number of tests on these layers were carried out such
as scanning electron microscopy to reveal potential damage to nanocomposite
layer. Chemical analysis was performed by X-ray photoelectron spectroscopy.
The coating was further electrochemically investigated with linear sweep
voltammetry and chronoamperometry. Based on acquired results we believe that
the plasma mineralization process provides production performance superior to
the previously-considered processes (thermal sintering and UV curing), taking
only a fraction of the time required for them at far lower temperatures.
This research has been supported by the project LO1411 (NPU I) funded by
Ministry of Education Youth and Sports of Czech Republic.
[1] M. Černák, D. Kováčik, J. Ráheľ, P. Sťahel, A. Zahoranová, J. Kubincová,
A. Tóth, Ľ. Černáková, Plasma Physics and Controlled Fusion, 53 (12),
124031 (2011).
[2] J. Čech, P. Sťaheľ, H. Dvořáková, M. Černák, Plasma Physics and
Technology, 2 (3), 304-307 (2015).
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Significance of plasma generated by electrical discharges in liquids has
increased recently due to potential applications for chemical, biological,
environmental and disinfection processes. Discharge in liquids is accompanied by
intensive UV radiation, formation of shock waves, and generation of free radicals,
singlet oxygen, ozone and hydrogen peroxide that can be useful for mentioned
applications. The use of plasma for surface treatment of nonwovens and fabrics
becomes more and more popular as a surface modification technique. Hydroxyl
radicals generated by plasma in water [1] may to induce incorporation of
hydroxyl functionality onto nonwovens surface and increase surface energy.
Therefore, the electrical discharge generated in water can be used for surface
modification of polypropylene (PP) nonwovens. Moreover, if such discharge is
generated in water solution of monomer like acrylic acid (AAc) polymerization
reaction without the use of additional chemicals can be initiated. Deposition of
poly(acrylic acid) (pAAc) on PP nonwovens can find utilization as interfacial
bonding layers in structural adhesive joints or as biomaterial surface coatings. This
contribution deals with surface modification of PP lightweight nonwovens by
diaphragm discharge with various exposure time generated in tap water of different
conductivity supplying by pulsed high voltage. The wettability of treated
nonwovens was examined by strike-through time measurement and surface energy
estimation immediately after treatment as well as 1 and 2 weeks later to study the
permanency of hydrophilic treatment. Nonwovens were also treated by plasma in
AAc water solution with different concentration. The presence of deposited pAAc
layer was verified by ATR-FTIR, SEM and XPS analysis, its adhesion to PP
nonwoven was characterized by the peel strength measurement.
This work was supported by the Slovak Grant Agency for Science VEGA No.
1/0930/17 and is also result of project implementation ITMS 26240220042
supported by the Research & Development Operational Programme funded by the
ERDF.
[1] P. Šunka, V. Babický, M. Člupek, P. Lukeš , M. Šimek, J. Schmidt, M.
Černák, Plasma Sources Sci. Technol., 8 (2), 258-265 (1999)
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An atmospheric pressure ambient air plasma technique was developed for
technically simple treatment of inner and/or outer surfaces of plastic tubes and
other hollow dielectric bodies. [1-3] It is based on a specific type of surface
dielectric barrier discharge generating visually diffuse plasma layers along the
treated dielectric surfaces using water-based electrodes. One of the most
significant areas of atmospheric pressure plasma applications are surface
activations of various polymeric materials, where active species (charged and
excited particles, radicals, etc.) generated by the plasma interact with the surface
and change/introducing new functional groups. In this way, the surface
properties as wetting, adhesion, printability or removing the contaminants and
plastic suppliers may be significantly influenced. In the present study, the
technique was used for surface activation of PVC tubes. [4] ATR-FTIR
spectroscopy, XPS analyses of treated surfaces were performed and the aging
effect on the treated PVC surface was studied. Based on the results, it can be
stated that plasma treatment removes the upper layer of the additives on the
surface of the PVC tubes and oxidizes the PVC material. In this way, it reduces
the quantity of the additives and changes significantly the surface properties
(and possible fields of usage) of the treated tubes.
Acknowledgements:
This research has been supported by the project LO1411 (NPU I) funded
by Ministry of Education Youth and Sports of Czech Republic.
[1] Pavliňák, D., Galmiz, O., Zemánek, M., Brablec, A., Čech, J., & Černák,
M., Applied Physics Letters, 105(15), 154102. (2014)
[2] Galmiz, O., Pavlinak, D., Zemanek, M., Brablec, A., & Cernak, M. (2015).
Journal of Physics D: Applied Physics, 49(6), 065201. (2015)
[3] Pavlinak, D., Galmiz, O., Zemanek, M., & Cernak, M., In Plasma Sciences
(ICOPS), 2015 IEEE International Conference on (pp. 1-1). IEEE. (2015).
[4] Galmiz, O., Pavliňák, D., Zemánek, M., Brablec, A., & Černák, M., DOI:
10.1002/ppap.201600220, Plasma Processes and Polymers. (2017)
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The surface properties of polymer materials are rarely adequate so they
have to be modified prior to further processing. A common technique for
modification of polymer surfaces is a brief treatment with gaseous plasma. Such
a treatment causes both surface functionalization and modifications of surface
morphology. In many cases, however, exposure of polymer materials to glowing
plasma does not allow for desired functionalization due to spontaneous decay of
specific groups so neutral reactive particles should be used. Best results in terms
of polymer functionalization are often obtained using highly non-equilibrium
gas at room temperature which is created in plasma flowing afterglows. Surface
functionalization is often accomplished by receiving the neutral reactive
particles (often atoms) fluence of 1022 m-2 what can be achieved in a fraction of
a second, depending on configuration of the processing device. Further
treatment causes etching of specific polymer materials so the advantage of using
flowing afterglows as compared to gaseous plasma treatment are lost. The
method for determination of the fluence using a calibrated catalytic probe will
be introduced and several examples of successful applications will be presented
and discussed.
[1] A. T. Sunny, M. Mozetič, G. Primc, M. Suresh and S. Thomas, Composites
science and technology, 146, 34 (2017).
[2] M. Gorjanc and M. Mozetič, Modification of fibrous polymers by gaseous
plasma: principles, techniques and applications, LAP Lambert Academic
Publishing, Saarbrücken, (2014).
[3] A. Vesel and M. Mozetič. In Printing on polymers: fundamentals and
applications, J. Izdebska and S. Thomas, editors, 101 - 121, Elsevier,
(2016).
[4] Z. Peršin, M. Mozetič A. Vesel, A. Maver, U. Maver and K. StanaKleinschek. In Cellulose - medical, pharmaceutical and electronic
applications, V. Van de Ven and L. Godbout, editors, 163 - 194, InTech,
(2013).
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One of the major limitation of using polylactid-co-glycolic acid (PLGA)
nanofibers (NF) as bone tissue engineering scaffold is the absence of required
biological cues which initiate differentiation of mesenchymal stem cells. Due to the
unavailable functional groups on PLGA NF, direct conjugation of peptides would
not successfully be performed. Therefore, appropriate surface modifications should
be done prior to peptide conjugation. Cold atmospheric plasma (CAP) treatment is
considered as an effective surface modification method. Extracellular matrix
proteins of bone tissue such as bone sialoprotein play major role on osteogenic
differentiation and mineralization [1]. Modification of PLGA NF surface with bone
sialoprotein mimetic peptide may accelerate osteogenic differentiation. In this
regard, the aim of this study is to determine the optimum CAP treatment conditions
for effectively conjugating bone sialoprotein mimetic peptide on PLGA NF.
In the present study, electrospun PLGA NF were treated with CAP for various
treatment time points to maximize functional carboxylic groups on the surface [2].
EDC/NHS chemistry was used to conjugate bone sialoprotein mimetic peptide on PLGA
NF from carboxylic groups of CAP treated NF and free amino group of peptides. The
appropriate CAP application time among 15, 30, 45, and 60 seconds (s) that increase
functional carboxylic groups but not effecting fiber morphology was determined by
measuring contact angle measurement and SEM analysis of CAP applied PLGA NF. The
results showed that average diameter of PLGA NF were 287±21 nm and CAP treatment
up to 45 s did not affect the average NF diameter. Furthermore, CAP treatment for 60 s
completely change the morphology of the NF. Therefore, 45 s treatment which decrease
the contact angle to 26.3±4.4 was used for peptide conjugation. As depicted from Figure
1E, peptide conjugation on 45 s CAP treated PLGA NF were successfully performed. In
conclusion, CAP treatment would be a strong alternative for surface modification of
synthetic NF for conjugating functional peptides.

Figure 1: CAP treatment on PLGA NF for 15 (A), 30 (B), 45 (C), and 60 (D) seconds.
Fluorescence micrograph of FITC labeled bone sialoprotein peptide conjugated PLGA
NF (E).
[1] Karaman, O., et al.,. Journal of Tissue Engineering and Regenerative Medicine,
2016. 10(2): p. E132-E146.
[2] Kojtari, A., et al., J. Nanomed. Biother. Discovery, 2013. 4: p. 120
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Laboratory experiments of interstellar volume and surface chemistry are
necessary in order to understand the observations by various types of
astrophysical Earth or space based instruments. Silicate and carbon dust
chemistry are important to be studied, as them represent the major component
of interstellar dust. Thus synthesis by plasma techniques of dust analogs as well
their characterization gain some interest in the last period [1-2].
The parallel plate type electrode assembly was hosted by a stainless steel
chamber, vacuumed prior all experiments and then helium (up to 90%) was
introduced together with hydrogen (1%) and hydrocarbons (C nH2n+2, n = 1 - 4)
(minimum 10%) at atmospheric pressure, using electronic flowmeters [3]. Then,
the dielectric barrier discharge was ignited using kHz positive nanosecond
voltage pulses and the plasma diagnosis was carried out by means of voltagecurrent measurements and optical methods. The dust-like deposition products
were investigated by electron microscopy and several spectroscopic methods
(UV-VIS, FTIR, Raman, XPS).
Microscopy observations of deposited products revealed the presence of
aggregates or dust like structures, with a broad size distribution from micrometer
order to hundreds of micrometers. The vibrational spectra of plasma deposited
carbonaceous material exhibits the same bands as found by astronomical
observations (i.e. the 3.4, 6.8 and 7.2 µm bands), proving a similar carbon
chemistry, further detailed by the high resolution XPS results.
Acknowledgements: This research was financially supported by Romanian
Space Agency (ROSA) under the project STAR CDI ID 486/2017-2019.
[1] E. Kovačević, I. Stefanović, J. Berndt, Y. J. Pendleton and J. Winter, The
Astrophysical Journal, 623(1), 242 (2005).
[2] A. De Sio, L. Tozzetti, Z. Wu, A. Marcelli, M.C. Guidi, G. Della Ventura, H. Zhao,
Z. Pan, W. Li, Y. Guan and E. Pace, Astronomy & Astrophysics, 589, A4 (2016).
[3] I. Mihaila, V. Pohoata, R. Jijie, A.V. Nastuta, I.A. Rusu, I. Topala, Adv. Space Res.,
58, 2416 (2016).
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Homogeneous dielectric barrier discharges (DBD) at atmospheric
pressure offer an appropriate cold plasma technology for a continuous thin film
deposition process. These kinds of discharges are streamer-free. Low frequency
diffuse DBDs were thoroughly studied. Recently efforts have been made to
increase discharge power in order to improve the efficiency of processes such
as thin film growth. The increase of excitation frequency from kilohertz to
megahertz range is a solution to sharply increase the power of a DBD and thus
the processing time. A specificity of the radio frequency (RF) discharge is
that the voltage breakdown is one third of the low frequency (LF) one. Thus
a LF voltage can be added to the RF one maintaining a RF discharge mode. The
aim of this work is to study if polarizing a RF discharge at atmospheric pressure
with a LF voltage changes the physics of the discharge and is a way to
independently control ionization level and ions energy.
A usual plane to plane dielectric barrier configuration is used with a
RF voltage applied on one electrode and a LF voltage applied on the other one.
In order to understand the DBD dual frequency behavior, the analysis is
mainly based on the discharge optical emission spectroscopy, high speed
images, the light and the electrical characteristics variation over a RF or a LF
cycle.
The Fast Fourier Transform (FFT) of the light emission shows that
there is a coupling between the RF and the LF discharge. For lower LF
voltage amplitudes, the intensity of the RF discharge tends to decrease while
for higher values the discharge light intensity increases. High speed images
show LF voltage changes the cathode fall. A possible explanation is that the
LF voltage extracts ions from the gas bulk which chokes the discharge to the
point where these ions are sufficiently accelerated by the LF voltage to induce
electron secondary emission which enhances the discharge.
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The storage, lubrication and disinfection of contact lenses (Cls) demand the
use of various solutions which can generate alterations of physico-chemical
properties. These modifications are provoked by known mechanisms at interface
such as adsorption, swelling, spreading, possible degradation and deposition,
affecting the characteristics of Cls and finally quality of vision. Moreover, the
handling of contact lenses removed from eyes for storage a limited duration
could develop irritations, infections and corneal lesions, accompanied by a
variety of symptoms, for example, pain, redness, sensation of burning or dryeye [1, 2].
In our study we have analyzed the physico-chemical modifications of
PMMA (polymethyl methacrylate) films induced by ophthalmic solutions used
for storage and cleaning, also for disinfection or as drugs against allergies. The
PMMA films have been chosen as a test material, recognized for its use in
manufacturing of conventional soft and hard contact lenses.
Surface characterization of PMMA films has been made by SEM (FEI
Quanta 250), contact angle measurements, ATR-FTIR (Vertex70-Bruker) and
EDAX (FEI).
In our testing we selected four commercial solutions, characterized by a
mixture of major compounds (usually based on sodium hyaluronate or hyaluronic
acid) and diverse ingredients. However, all of these solutions are recognized as
biocompatible with the internal environment of the eye. Thus, one of the solutions
(i.e., no. 1) is used for all types of soft contact lenses having lubricating, disinfecting
and antiallergic properties, convenient for patients affected by dry-eye syndrome.
Unfortunately, a small percentage of ingredients, for example, the silver ions used
as antibacterial ingredient, has been identified on the Cls surface, affecting the initial
physico-chemical properties and, finally, the vision quality.
[1] M. Guillon, C. Maissa, S. Wong, T. Patel, R. Garofalo, Contact Lens and Anterior
Eye, vol. 38, 435–441 (2015).
[2] A. Sulley, G. Young, Chris Hunt, Contact Lens and Anterior Eye, vol. 40, 15–24
(2017).

110

7th Central European Symposium on Plasma Chemistry

P-40

Effect of atmospheric pressure plasma on surface
modification of paper
Tučeková Z, Galmiz O, Kelar J, Kováčik D, Zemánek M, Stupavská M,
Černák M
CEPLANT, Department of Physical Electronics, Faculty of Science, Masaryk
University, Kotlářská 2, 611 37 Brno, Czech Republic
E-mail zlata.tucekova@mail.muni.cz
The Diffuse Coplanar Surface Barrier Discharge (DCSBD) was
investigated for surface modification and functionalization of paper used for
industrial processing, such as coating and printing. DCSBD belongs to the
atmospheric pressure plasma sources of large area, high power density plasma
generated in almost any gas (e.g. air, nitrogen, oxygen, water vapour) [1-2]. The
surface changes of clay coated paper after DCSBD plasma treatment in ambient
air and nitrogen have been characterized through water contact angle (WCA)
and surface energy measurement, X-ray photoelectron spectroscopy and
scanning electron microscopy. The results showed that the short exposure (0.255 sec) in DCSBD plasma can ensure significant decrease of WCA without
damaging the surface and changing the bulk material. The ageing test lasting 3
months revealed the stability of the surface treatment. The advantages of
DCSBD in roll-to-roll arrangement, such as speed of the treatment, the precisely
controlled effective distance of treated material from the electrode as well as the
capability of working at atmospheric pressure are encouraging results proving
its suitability for in-line industrial processing.
This research has been supported by the project 7D16003 funded by
EUROSTARS 2 and project LO1411 (NPU I) funded by Ministry of Education
Youth and Sports of Czech Republic.
[1] M. Černák, D. Kováčik, J. Ráheľ, P. Sťahel, A. Zahoranová, J. Kubincová,
A. Tóth, Ľ. Černáková, Plasma Physics and Controlled Fusion, 53 (12),
124031 (2011).
[2] J. Čech, P. Sťaheľ, H. Dvořáková, M. Černák, Plasma Physics and
Technology, 2 (3), 304-307 (2015).
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1
Jožef Stefan Institute, Jamova cesta 39, SI-1000 Ljubljana, Slovenia
2
Jožef Stefan International Postgraduate School, Jamova cesta 39, SI-1000
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Institute of Physics, Bijenička c. 46, 10000 Zagreb, Croatia
4
Univ. of Rijeka, Dept of Physics, Radmile Matejčić 2, 51000 Rijeka, Croatia
5
Univ. of Rijeka, Faculty of Engineering, Vukovarska 58, 51000 Rijeka, Croatia
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This research was motivated by the development of the antimicrobial coatings on
polymers. In order to do so a new atmospheric pressure plasma jet (APPJ) and plasma
activated water (PAW) assisted route for nanoparticle impregnation into polymers is
introduced. Preliminary research was done on different polymers with multiple
colloidal nanoparticles, whereas a special attention was devoted to studies of PVC and
PET polymer, and Au and Ag nanoparticles. Nanoparticles used in this experiment
were in their colloidal form, synthesized within this research by a process of laser
ablation in liquids. That technique provides not inhalable colloidal nanoparticles of wide
variety of metals with no residues or byproducts.
Unlike the methods where nanoparticles are incorporated not only at the surface but
in the bulk of polymer material, our method is focused on incorporating nanoparticles
only to the surface, keeping the bulk material untouched. This is a cost-efficient route to
incorporate nanoparticles into polymers. Within this approach, 5 methods are tested: 1)
nanoparticles deposited onto the polymer surface by drop-coating method, 2) polymer
surface treated with APPJ, 3) polymer surface containing nanoparticles deposited by
drop-coating on plasma pre-treated polymer, and 4) polymer surface containing
nanoparticles deposited by drop-coating and sequent plasma treatment after water
evaporated, and 5) PAW assisted impregnation by APPJ activation of colloidal
nanoparticles on top of polymer.
Results of the analysis of colloidal nanoparticles exhibits a narrow size distribution
which is suitable for antibacterial applications. SEM images show presence of NPs on
most samples, especially on a sample not treated with APPJ (just NP drop coating) since
there, nanoparticles are present only on the surface. In samples where NPs are put first
and then the polymer was treated with APPJ, NPs are harder to detect due to the
increased surface roughness. Some differences between PVC and PET polymers are
observed, especially in roughness incensement which is more pronounced for PVC.
The presented work shows preliminary results of constructing antibacterial coatings.
Some of the methods of nanoparticle impregnation, such as combinations of APPJ
treatment with PAW, are promising but additional analysis and combination of polymers
and NPs is needed.
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The evaluation of plasma treated porous polymer materials as
separators in alkaline water electrolysis cell
Ľubomír Staňo , Michal Stano, Dušan Kováčik, Veronika Medvecká
Department of Experimental Physics, Faculty of mathematics, physics and
informatics, Comenius University, Mlynska dolina F2, 842 48 Bratislava,
Slovak republic
E-mail lubomir.stano@fmph.uniba.sk
Alkaline electrolysis is one of the promising technologies for large scale
production of hydrogen from renewable power. The major advantege of this
technology is no need for expensive and rare materials in comparison to
PEM cells. Inter electrode separator is an unavoidable component in alkaline
electrolyser. Its role is to separate the produced hydrogen and oxygen while
posing maximal hydrophilicity to promote charge conductiong ions to flow
through pores of the separator. Insufficient wettability is responsible for
adhesion of gas bubbles onto the separator, resulting in the increase of ohmic
resistance, worsens the energetic efficiency and causes cross-contamination of
the gases. In addition, the separator has to show suitable pore size distribution
and high chemical stability in strong base solutions. For constructional reasons,
mechanical strength is also required.
In the present work we study surface modification of commercially
available porous polymer membranes, namely polypropylene (PP) and
polyethersulphone (PES), using atmospheric pressure plasma to enhance their
wettability. Diffuse Coplanar Surface Barrier Discharge (DCSBD) in air and
oxygen was used as the plasma source. Adhesion properties of surfaces were
analyzed using Critical Wetting Surface Tension (CWST). The Water Contact
Angle (WCA) measurements using the two liquid Owens-Wendt method were
performed to determine dispersive and polar component of the free surface
energy. In addition, changes of chemical composition of the polymer surfaces
were analyzed using ATR-FTIR spectroscopy. Long term stability of the
treatment was examined in aqueous solution of KOH, showing certain
decrease of surface energy on PP samples during the very first period of ageing
tests, but remained at elevated level even after 50 days in comparison to
reference samples. Treated membranes were also tested as separators in alkaline
electrolysis cell (surface area of 13,8 cm2) to determine specific conductivity and
the purity of produced H2 and O2 as a function of the cell current density.
Acknowledgement: This work was supported by the Slovak grant agency
VEGA, project 1/0930/17. The project has received funding from the European
Union's Horizon 2020 research and innovation program under grant agreement
No. 692335 and from the Comenius University No. UK/275/2017.
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Effect of plasma pre-treatment and post-treatment on the
adhesive properties of silicone coated release liner paper
Kováčik D1, Kelar J1, Galmiz O1, Tučeková Z1, Zemánek M1, Štěpánová V1,
Stupavská M1, Julien Vallade2, Černák M1
1
CEPLANT, Department of Physical Electronics, Faculty of Science, Masaryk
University, Kotlářská 2, 611 37 Brno, Czech Republic
2
Coating Plasma Industrie, ZA du Verdalaï 30 impasse du Nid, 137 90
Peynier, France
E-mail dusan.kovacik@mail.muni.cz
Release liner papers are used in various self-adhesive applications such as
hygiene products, envelopes, bar code labels, packaging tapes, postage stamps,
etc. The main function of the release liner is to protect the adhesive layer in the
product. It has to stick to the adhesive, but also be easily removed from it.
However, a typical problem for silicone based release liners is transfer and
migration from the release coating on surfaces they come in contact with. In this
study atmospheric pressure plasma was used for pre-treatment of clay coated
paper before silicone coating as well as for post-treatment to prepare the release
liner with low adhesion. To compare the effect of plasma on adhesive properties
of silicone layer on paper there were used two different dielectric barrier
discharges (DBDs) in roll-to-roll configurations: volume DBD (often referred
to as “industrial corona”), and diffuse coplanar surface barrier discharge
(DCSBD) [1]. Processes of plasma pre- and post-treatment were done in ambient
air, using DCSBD also in nitrogen. The exposure time in plasma varied from
0.25 sec up to 5 sec, for the purpose of efficiency comparison for both discharges
the input power has been set to the values corresponding to the same power
density 2.5 W/cm2. Plasma pre-treated paper was sprayed with silicone oil (0.25
- 0.5 ml/A4 size) using spray gun with subsequent plasma post-treatment.
Surface of silicone coated paper was analyzed by water contact angle
measurement after coating and 1 and 3 months later. The possible changes in
morphology were characterized by scanning electron microscopy, chemical
composition by X-ray photoelectron spectroscopy and the adhesion by
measuring release factor and tape peeling force. The silicone coated paper was
characterized by increase of hydrophobicity and decrease of release factor with
significant impact of plasma post-treatment.
This research has been supported by the project 7D16003 funded by
EUROSTARS 2 and project LO1411 (NPU I) funded by Ministry of Education
Youth and Sports of Czech Republic.
[1] M. Černák, D. Kováčik, J. Ráheľ, P. Sťahel, A. Zahoranová, J. Kubincová,
A. Tóth, Ľ. Černáková, Plasma Phys. Contr. F., 53 (12), 124031 (2011).
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Modification of paper surface properties by corona as
pretreatment before coating
Štěpánová V, Kováčik D, Zemánek M, Stupavská M, Tučeková Z, Černák M
CEPLANT, Department of Physical Electronics, Faculty of Science, Masaryk
University, Kotlářská 2, 611 37 Brno, Czech Republic
E-mail vstepanova@mail.muni.cz
Plasma treatment of paper can effectively change its surface
characteristics, such as wettability, surface energy and adhesion. In this
contribution plasma treatment of clay coated paper using industrial corona
(volume DBD) in air at atmospheric pressure is presented. This type of paper is
used in industry as a release liner to prevent a sticky surface before unwanted
adhering [1]. Release liner is characterized by low release factor and low
adhesion. The aim of this work was the wettability improvement by ambient air
plasma exposure of upper side of clay coated paper without changing the
properties on its opposite side. As a plasma source industrial corona system from
Ahlbrandt GmbH for treating of flexible materials was used, the exposure times
varied from 0.25 sec to 5 sec. For determination of changes in wettability the
water contact angle (WCA) measurement was carried out. It was studied in
dependence on different input power (376 W, 840 W) and also distance of the
treated paper samples from discharge electrode (1 mm, 2 mm). The distance of
2 mm led to better results than 1 mm. WCA values decreased to the half of
original value already for exposure time of 0.25 sec. The more significant
decrease of WCA was found out in case of longer exposure times (3 sec, 5 sec)
and higher input power. Surface free energy of paper has increased by 40-50 %
after plasma treatment. Long term ageing effect study of treated samples was
carried out up to 3 months after the treatment. WCA did not reach the original
value (77°) even after 3 months and it was still 20-30 % lower. No
morphological changes were observed via scanning electron microscopy (SEM)
after the plasma exposure. Small changes in chemical composition of surface
after treatment were observed by X-ray photoelectron spectroscopy (XPS). O/C
ratio increased from 0.7 to 1.8 in case of 5 s plasma treatment at power 376 W.
This study was done with the aim to verify the possibility and efficiency of
industrial corona treatment as pretreatment procedure of paper surface before
subsequent coating/spraying for preparing paper with low release factor.
This research has been supported by the project 7D16003 funded by
EUROSTARS 2 and project LO1411 (NPU I) funded by Ministry of Education
Youth and Sports of Czech Republic.
[1] D. Vangeneugden, M. Dubreuil, E. Bongaers, W. Hendrix, Contrib. Plasma
Phys., 49, 648–654 (2009).
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Taras Shevchenko National University of Kyiv; Faculty of Radio Physics,
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Conversion d’Energie); 118 route de Narbonne, F-31062, Toulouse Cedex 9,
France
3
National University of Life and Environmental Sciences of Ukraine; 15,
Heroyiv Oborony st., Kyiv, Ukraine
E-mail tetiana.tmenova@laplace.univ-tlse.fr
Investigations of the immerged electric discharge were implemented using
two experimental setups: technological unit for synthesis of metal colloids and
setup for model studies of a single-pulse discharge initiated between two
electrodes. In both cases electrodes were immerged into water. Compact fourgrating spectrometer SDH-IV (Solar Laser Systems) in the first setup, and
monochromator Acton SpectraPro SP-2750 equipped with camera EMCCD
ProEM 1024 (Princeton Instrument) in the second setup were used to obtain the
spectra of such discharge, allowing the acquisition of the time-resolved spectra.
Spectra analysis and estimation of plasma parameters (i.e. plasma temperature,
electron density and concentration of particles in plasma) were performed using
optical emission spectroscopy techniques (Boltzmann plot method, Stark
broadening for calculation of electron density) with respect to electric
characteristics of the experimental arrangements and, correspondingly, different
values of the power input in two systems. High-speed imaging of the discharge
allowed to correlate and to study the geometry of plasma channel and size of the
bubble with experimental conditions. Erosion rates were estimated for both
experimental setups.
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Activation of dielectric surfaces by cold plasma for
optical contact hardening
Golyaeva А.1, Galeev V. 1, Azarava V.1, Grushin M.1, Krasnov V.1,
Petryakov A.2, Sukhov E.1, Trushkin N.I.2, Tovstopyat A.1, Akishev Yu.2
1JSC “POLYUS research institute named after M.F.Stelmakh”, Moscow,
Russia
2 JSC «SRC RF TRINITI», Moscow, Russia
E-mail kaitana2005@mail.ru
During the investigation of the atmospheric plasma jet influence on the surface of
glass-ceramic materials, it was found, that a developed argon plasma source, based on a
barrier discharge, makes it possible to substantially increase the strength of optical contact.
The surface treatment of optical details was carried out by using a small-sized cylindrical
plasma source (Fig. 1)1-3. A discharge with a frequency of a sinusoidal voltage of 100
kHz and an amplitude of 4 kV was used as a gas discharge. The electrical power
consumed by the discharge is 1 W. The velocity of the plasma jet at the source outlet was
around 20 m/s. As can be seen from Fig. 1, the plasma jet flowing into the free space is
sufficiently thin (about 1 mm), but when the jet strikes the workpiece, it flows strongly over
its surface.
The increase in mechanical strength of optical contact after plasma treatment was
tested by using a Shimadzu EZ-LX tearing machine. The control samples of the Sitall
and Clearceram-Z were separated from each other by a force equal to approximately 300
N. In this case, the strength of the optical contact increased by a factor of 2 for samples
made of a Sitall and 1.7 times for Clearceram-Z.

Fig. 1 Illustration of the source and the plasma jet freely flowing into the ambient air
and spreading over the surface of the workpiece

1. G.Buyle, J.Schneider, M.Walker, Y.Akishev, A.Napartovich, M.Perucca,
WILEY-VCH, Verlag, GmbH&Co. KGaA,Weinheim, 400 p, pp. 33-62. (2010).

2. Y.Akishev, M.Grushin, N.Dyatko, I.Kochetov, A.Napartovich, N.Trushkin.
WILEY-VCH, Verlag, GmbH&Co. KGaA, Weinheim, 400 p, pp. 295-332, (2010)/

3. Yu.S.Akishev, M.E.Grushin, A.I.Drachev, V.B.Karalnik, A.V.Petryakov,
N.I.Trushkin, "The Open Plasma Physics Journal", vol. 6, (Suppl 1: M4) 19-29.
(2013).
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Gas or plasma jet: Targets for Laser Induced Breakdown
Spectroscopy
Popović D1, Bišćan M1, Šegedin N 1, Milošević S1
Institute of Physics, Bijenička cesta 46, 10000 Zagreb, Croatia
E-mail dpopovic@ifs.hr

1

In our work, we have investigated the difference between using a gas
target or a plasma jet as a target for Laser Induced Breakdown Spectroscopy.
Laser plasma was produced by focusing the Nd:YAG laser pulse (4-5 ns pulse
duration) either into the gas target or plasma jet. The plasma jet was generated
by using either sinusoidal-like or pulsed-DC high voltage with frequency around
25 or 10 kHz respectively. Shielding gas was implemented in the experimental
setup to reduce the interaction between helium metastables and nitrogen
molecules and enable diagnostics. Since both types of plasma evolve in time
very fast, time-resolved spectroscopy was used as a main diagnostical method.
For this purpose light that the plasmas emit was collected with optical fibre from
focal region to monochromator. After passing the monochromator’s exit slit, the
light was detected with photomultiplier tube and the signal recorded on the
computer. From the measured spectral line profiles we determined the electron
temperatures and concentrations for different time windows. Interesting
observation was the decrease in He (388.86 nm) emission line intensity when
the laser was focused into the plasma jet, compared to the case where only the
gas target was used. This is because of the reabsorption of the emitted light on
the efficiently produced helium metastables in the plasma jet.
Acknowledgements:
This work was supported by Croatian Science Foundation under the project
#2753.
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F. D. Klute1, A. Michels1, A. Schütz1, S. Brandt1, C. Vadla2, V. Horvatic2, and J.
Franzke1
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Dielectric barrier discharges (DBD) are well established tools for analytical
applications. They are widely used e.g. for the ionization of analytes that are
subsequently measured by mass spectrometry (MS) or as excitation sources for
optical emission or absorption spectroscopy (OES/OAS). These techniques
make use of some particular characteristics of noble gas DBD which are stable
and reproducible operation, low power consumption and operation temperature
and possibility of robust and small discharge designs suitable for miniaturized
applications. This work shows a new approach on using a noble gas DBD as a
stand-alone detection and monitoring device not relying on subsequent detection
of analytes via either MS or OES. The detection of the so called current delay
shift (CDS) is based on the fact that the stepwise ignition of a DBD can easily
be resolved in time by a simple measurement of the discharge current. It will be
shown that introduction of several gaseous test substances, either already in a
gaseous state or vaporized by suited means, influence the ignition behaviour of
the DBD in a way that it can be clearly detected. Due to the fact that CDS is not
species selective the system will be tested with a gaschromatograph (GC) which
provides the necessary separation and evaporation. To benchmark the sensitivity
of the CDS system additional OES measurements will be done in parallel. First
results give sensitivities of substance concentrations ranging from 10 – 100 pg/s
or 0.1 - 10 ppmV in solution, respectively. The broad range primarily depends on
the substances used and the GC separation and is comparable to the OES
measurements that were done in parallel under optimized conditions. Further
development of this novel technique in suited experimental environment might
further increase the senitivity bringing it closer to comparable commercially
available systems such as the barrier ionization discharge (BID) with
sensitivities in the range of 0.1 pg/s.
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gliding discharges with solid and with one liquid electrode
Nedybaliuk O., Chernyak V., Fedirchyk I., Chernolutsky D., Iukhymenko V.
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Shevchenko National University of Kyiv, Volodymyrska Street, 64/13, 01601,
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Plasma-catalytic approach to hydrocarbon conversion has low energy requirements and high
conversion efficiency [1]. However, plasma-catalytic systems need new sources of the
nonequilibrium plasma with high service time and scalability. Rotating gliding discharges with
solid and liquid electrodes have significant potential in this area.
In this work, we studied the rotating gliding discharges with solid electrodes and with one
liquid electrode, which work as the plasma sources for the systems for the plasma-catalytic
conversion of hydrocarbons into the synthesis gas. In these systems, discharge chamber is
consecutively connected with the reactor to offer a way for produced plasma jet to enter the
reactor. During the study, we used atmospheric air as a working gas in the discharges. In the case
of the discharge with a liquid electrode, we used distilled water as a working liquid. For the visual
observation of the discharges, we used a video camera. For the deeper understanding of the
processes in plasma, we determined the temperatures of plasma components using optical
emission spectroscopy.
Our study showed that rotating gliding discharge with solid electrodes has two operation modes. On the
oscillograms, the difference between these modes lies in either absence or presence of the sawtooth
oscillations of discharge voltage and current. We think the sawtooth oscillations appear due to the change of
the discharge channel length in response to the gas flow, which is characteristic for the gliding discharges. In
the case of rotating gliding discharge with a liquid electrode, the mode with sawtooth oscillations is absent
from the voltage and current oscillograms. Sawtooth oscillations are absent in both solid cathode and liquid
cathode discharge operation modes. The absence of sawtooth oscillations is an evidence of the more stable
discharge channel length in rotating gliding discharge with liquid electrode when compared to the same
discharge with both solid electrodes.
We discovered that the change of the airflow through the discharge influences the proportion between
the oscillation modes. At low airflow, the mode without sawtooth oscillations is prevalent. With the increase
of the airflow, the mode with the sawtooth oscillations at first overcomes the mode without oscillations and
then becomes dominant. Oscillograms show the increase of the sawtooth oscillations frequency with the
increase of the gas flow through the discharge. The increase of the airflow causes the move to the sawtooth
oscillations mode due to the increased influence of the airflow on the discharge channel.
The study of the dependence of discharge oscillograms on the airflow through the reactor showed that
sawtooth oscillations mode disappears under the influence of the airflow through the reactor. Oscillograms
show that the change of the airflow through the reactor in the investigated range did not affect the values of
discharge current and voltage.
During the investigation, we found that at the low discharge current sawtooth oscillations exist only on
the half-period of the sine wave with the highest discharge voltage. The reason for this behavior lies in the
connection between the maximal length of discharge channel and the highest output voltage of the power
source.
[1] O. A. Nedybalyuk, V. Y. Chernyak, I. I. Fedirchyk, V. P. Demchina, V. A. Bortyshevskyy, and R.
Korzh, Probl. At. Sci. Technol., 106, 276 (2016).
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Radio-frequency inductively coupled plasma (RF-ICP) technology has
proven to be a viable means for continuous production of nanoparticles (NP),
thanks to its distinctive features, such as high energy density, high chemical
reactivity, high process purity, large plasma volume, precursors long residence
time and the high cooling rate (104–105 Ks−1) in the tail of the plasma, and its
large number of process variables, e.g. frequency, power, process gases, phase
of the precursor and system geometry [1]. Nonetheless, this high versatility
comes at a price, as process optimization (in terms of yield and size distribution
of the NP) is a challenging process that can hardly rely on try and fail
experimental approaches due to equipment costs and to the limited amount of
information that can be obtained from conventional diagnostic techniques.
Therefore, process optimization of the NP synthesis process in RF-ITP systems
has to rely extensively on modelling techniques [2-3].
In this work, we report on design-oriented modelling for the optimization of an
RF-ICP synthesis process of Cu NP starting from a solid precursor. In particular, the
effect of i) the geometry of the reaction chamber (the volume downstream the plasma
source, where NP are formed and grow) and of ii) the quenching strategy (injection
of gas in the reaction chamber that affects flow fields, temperature distributions,
cooling rates and particle deposition at the chamber walls, which must be
minimized) will be investigated. The adopted simulative model can describe plasma
thermo-fluid dynamics, electromagnetic fields, precursor trajectories and thermal
history, and nanoparticle nucleation and growth [4]. Radiative losses from Cu vapour
and their effect on the precursor evaporation efficiency have also been taken into
account in the model.
Work supported by European Union’s Horizon 2020 research and innovation program
under grant agreement No 646155 (INSPIRED project).
[1] M. I. Boulos, Pure Appl. Chem., 5, 681007 (1996)
[2] N. Y. M. Gonzalez, M. E. Morsli and P. Proulx, J. Therm. Spray Technol., 17, 553
(2008)
[3] M. Shigeta and T. Watanabe, J. Phys. D: Appl. Phys., 27, 946 (2007)
[4] S. Bianconi, M. Boselli, M. Gherardi and V. Colombo, Plasma Chem. Plasma
Process.,37, 717 (2017)

121

7th Central European Symposium on Plasma Chemistry

P-51

Transport properties of neutron irradiated 4H-SiC Schottky
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Silicon-carbide (SiC) is the semiconductor material with properties which make
it suitable for radiation detection. Wide band gap, small intrinsic carrier
concentration, small leakage current, large breakdown voltage, good thermal
conductivity, hardness, excellent resistance to large temperatures and high
radiation tolerance are all properties which make it better than silicon - the most
widely used material in semiconductor detectors [1]. 4H-SiC is the SiC
polymorph with the best detection properties.
Two n-type Ni/4H-SiC diodes with similar dopance and dimensions have been
irradiated with thermal and fast reactor neutrons (both at doses 1010 cm-2
,

TRIGA Mark reactor – Jožef Štefan Institute) to study their effect on
transport properties, which have been measured by current- voltage (I-V)
and capacitance-voltage (C-V) at temperatures 150K-375K. All of the
observed changes in I-V point to the introduced interface states that locally
influence Schottky barrier height. Fast neutrons have introduced much more
concentration of such defects than thermal neutrons. From C-V small decrease
in free carrier concentration has been observed.
[1] Damjan Blažeka, Transportna svojstva poluvodičkih detektora – diplomski
rad, 2017.
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