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Study of Optical Properties and Molecular Structure of Plasma
Polymerized Diethylene Glycol Dimethyl Ether

M. A. Algatti, R. P. Mota, R. Y. Honda, M. E. KayanK. G. Kostov,
R. F. Sampaio and T. C. A. M. Azevedo

FEG-DFQ-UNESP, Av. Ariberto Pereira da Cunha 338dregulho,
12516-410 Guaratingueta, SP, Brazil

Ethylene glycol ethers have been used as monomeptasma polymerization process to
produce different types of coatings in modern itdusDue to their high adhesion
characteristic they can be used as coating on a@ed#éferent types of materials. The films
have essentially the same properties of convertmoigmers and also good resistance to the
action of acids and bases as occurs in conventmoiginers chemically produced with this
family of monomers. In this work we used a staislsteel plasma reactor to produce thin
polymeric films from low pressure RF excited plasafadiethylene glycol dimethyl ether.
Plasmas were produced at 150 mTorr in the rang® &V to 40 W. Films were growth on
silicon and quartz substrates. The molecular siracdf plasma polymerized films and their
optical properties were analyzed by Fourier Tramsfdnfrared Spectroscopy (FTIR) and
Ultraviolet-Visible Spectroscopy. The IR spectrawshC-H stretching at 3000-2900 &m
C=0 stretching at 1730-1650 &mC-H bending at 1440-1380 €mC-O and C-O-C
stretching at 1200-1000 émThe concentrations of C-H, C-O and C-O-C weretigated
for different values of RF power coupled to thespta reactor. It can be seen that the C-H
concentration increases from 0.55 to 1.0 au (amyitunit) with the increase of RF power
from 10 to 40 W The concentration of C-O and C-@é&creases from 1.0 to 0.5 au in the
same range of RF power. The refraction index irsgddrom 1.48 to 1.56 with the increase
of RF power from 10 to 40 W. The optical gap cadtedl from absorption coefficient
decreased from 4.6 to 3.35 eV with the increasRFffrom 10 to 40 W. Due to its optical
and hydrophilic characteristics these films may umed, for instance, in ophthalmic
industries as glasses lenses coatings.

The authors would like to thank FAPESP and CNPdifancial support.

* % %

Superhard Vacuum — Arc TiN Coatings
A. A. AndreeV, V. M. Shulaye®, V. F. Gorbart, V. A. Stolbovoy

YIPMS NAS of Ukraine, Kyiv, Ukraine
2NISC KIPT NAS of Ukraine, Kharkov, Ukraine
Akademicheskaya St.1, 61108 Kharkov, Ukraine, &-aeidreev@kipt.kharkov.ua

Vacuum-arc TiN coatings of hardness ranging betwé®and 68 GPa, and with the H/E
ratio amounting up to 0.149, were obtained by tle¢hiod of plasma-based ion implantation
and deposition. In the process, the substrate tertye was ranging from 105 to 465°C.
After holding the coated samples for 3 months ahrdéemperature, or on vacuum annealing
of the samples for 2 hours at a temperature of C0fbfe coating hardness decreased by 15 to
30%. The paper describes the mode of depositiontladesults of investigations of the
coatings.
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Plasma Treatment of Powder Materials
L. Aubrecht

Czech Technical University, Faculty of Electricaldineering, Department of Physics, Technicka 2,
166 27 Prague 6, Czech Republic
aubrecht@fel.cvut.cz

Plasma modification of powder has recently attidcteuch interest because of new
prospects to control the interfacial propertieswhmressure plasma modification in fluidized
bed has been most frequently applied, but appticadf mechanical stirring appears very
promising for industrial-scale application. It ifosvn that this penetration substantially
reduces the process time. The PE parts sintered the plasma-modified powder are
characterized with high surface tension, which vedloe.g. direct painting or adhesive
bonding without any additional pretreatment. Thaspla modification also significantly
enhances the adhesion of the polymer powder teubstrate.

Comparison of model calculations and experimemteéstigation indicated the role of the
penetration of the active species under the upgesrlof the powder modifying also the
powder placed in deeper layers. It is shown thet penetration substantially reduces the
process time. Both air and oxygen plasma treatnshds/ an increase of the capillarity of
the treated powder. The plasma modification algaiicantly enhances the adhesion of the
polymer to the substrate.

Presentation of this contribution was supportedhsyCzech Technical University in Prague
Research Project No. CTU 0814213.

* % %

Plasma Drift in Dual Magnetron Discharge
P. Baroch, J. Lazar, J. Musil

University of West Bohemia, Department of Physicsyerzitni 22,
306 14 Plzen, Czech Republic

Dual magnetron (DM) is an advanced sputtering systéhich is effectively used in the
deposition of thin films, particularly oxides andiitiphase coatings. Main advantage of this
system lies in a removal of the arcing on the sgrfaf the magnetron target and the problem
of disappearing anode in single magnetron systenmglueactive sputtering of electrically
insulating oxides. In principal, DM is composedta magnetrons and can be realized in
two main configurations — either in mirror magndtedd configuration or in closed magnetic
field configuration. For the former case, a repudd8 field formed between the targets of
magnetrons results in generation of two separali@shta discharges. On the other hand, in
the case of closed magnetic field configuration,attractiveB field between magnetrons
results in the generation of one single dischargeficed between targets of both
magnetrons.

The DM, however, strongly differs also in the dtsiition of magnetic field linesB
depending on an angle between axes of both magnetrons. For the DM systetm
magnetrons tilted at certain anglea gradient of magnetic fie® ((JB), perpendicular to the
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lines of B is formed. ThelB together with the vectdd generates a drift of the plasma from
the xy-plane along the z-axis. Assuming that aatych rotation of charged particles takes
place in the plane perpendicular to the magneét flinesB, plasma drifts in the plane

perpendicular to the magnetic field linBs This drift is called the gradient drift and its
velocity along the z-axis can be determined byféiewing formula:

vy = —mjzljl,jBX X X
B,

Herevy is the vector of drift velocityW,;is the kinetic energy of particle perpendiculathte
field line, q is the electric charge of particlBy is the component of magnetic inductiBn
andx is the unit vector in the direction of magnetieldi line. This equation clearly shows
that plasma should drifts perpendicularly to thepiane. This drift of the plasma discharge
along z-axis was really observed experimentallthmtilted DM systems for both magnetic
configurations (mirror magnetic field and closedgmetic field). However, no drift of the
discharge exists in the DM with face-to-face magmetconfiguration ¢ = 180°) due to an
axially symmetrical distribution of the magnetiell lines. All of these observations were
done in the DM sputtering system under followingnaitions: | = 0.5 A, f= 100 kHz and

p = 0.5 Pa. Magnetrons were equipped with Ti targét50 mm in diameter and magnitude
of the magnetic field at their surface was apprataty 200 mT.

Simultaneously with experiments, a computer modelvas employed to describe above
mentioned plasma drift phenomenon under variousngéac and magnetic configurations of
DM system and results obtained are presented.

The work was supported in part by the Ministry dtigation of the Czech Republic under
Project MSM 4977751302.

* % %

Comparison of Low- Pressure Plasma with Atmospheric -Pressure
Plasma Treatment of Aluminum Surfaces

A. Bucek!, L. Bénova, A. Zahoranovi M. Zahoran, M. Cernak-?

! Department of Experimental Physics, Faculty of \atatics, Physics and Informatics,
Comenius University, Mlynsk& dolina F2, 842 48,tBlava, Slovakia
2 Department of Physical Electronics, Faculty ofé®cie, Masaryk University,
Kotlarska 2, 611 37 Brno, Czech Republic

In recent years, there is a large interest in serfaodification of aluminium because of their
wide application in industry. Many machine partgimly used in the automotive, aerospace
and also architectural branch are made of aluminiBheet metals are generally coated by
oils layer for temporally corrosion protection oy lubricants for friction reduction during
metal-forming processes. Traditional methods offagér cleaning are mostly liquid and
chemical processes, using organic solvents andesgige chemicals. However, the
ecological requirements force the industry to sedoc alternative environmentally friendly
methods. Over the two past decades, plasma sutfae¢ément techniques have been
extensively investigated, since they are not asmhadr for the environment as the
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conventional ones. The advantages of the plasnadment have been well known in the
laboratories for a long time.

This paper will present the investigations of aloanisurface treatment by two types of

plasma sources: a novel atmospheric-pressure atrddrgnlasma device based on the use of
Diffuse Coplanar Surface Barrier Discharge (DCSBIDY capacitive coupled low-pressure

RF discharge plasma source operating at 400 kHpémcy. The aims of our study are to

compare possibility of using plasma generated byBO and by RF low-pressure discharge
to modification of aluminium surface. We provideceasurements of contact angle after
plasma treatment with respect to treatment time medsurements of ageing effect. The
plasma treated samples were analyzed by AFM. Tagnm conditions were characterised
by electric measurements of the discharges. Theltsebring a better understanding of

surface treatment processes using non-isothernmbsaiheric-pressure plasma and its
advantages for surface treatment.

* % %

The Observing of Surface Changes of PET and POP aft er Plasma
Treatment

B. Ciganova, J. SaskovaJ. Wienet

! Technical University of Liberec, Department of fllexChemistry;
Héalkova 6, Liberec 46117, Czech Republic

Surface textiles made of PET and POP fibres hawte vimdustrial applications. These
materials are mostly hydrophobic. That's the reasmrchange hydrophobic features to
water-receptive.

One of the most important technologies of surfaaaifications is based on modification
realized by plasma. In this experiment, the lowrgn@lasma was used.

Surface properties of synthetic fibres and sheetdenof POP and PES materials, treated by
plasma (DCSBD) have been studied by XPS (X-Ray ddtettron Spectroscopy), FTIR
spectroscopy (Fourier Transform Infrared Spectrpg,0AFM (Atomic Force Microscope)
and SEM (Scanning Electron Microscopy). Properteghemical changes were tested by
FTIR, changes of surface were tested by SEM.

The XPS technique is highly surface specific duth&short range of the photoelectrons that
are excited from the solid. The energy of the pélgicirons leaving the sample is determined
using a CHA and this gives a spectrum with a sevfeghotoelectron peaks. The binding
energy of the peaks is characteristic of each aiéme

Measurement was done by use of FTIR (PERKIN-ELMERY}imary objective of
experiment was to describe changes of chemical v@mdi formation of new chemical
groups after the treatment.

Atomic Force Microscopy is the method used for ehtarization of prepared sub-micron
optical elements.

The photographs of POP and PES fabrics were madesdpf scanning electron microscope
VEGA. Detection of structure breaks and structuwiagnges of fibre surfaces, made by
plasma, was the objective.

The surface hydrophility of POP and PES polymers wmareased. It is possible to predict
this method as new environmental method of hydiaptieatment of synthetic fibres.

Acknowledgement this work was supported by KANITE%RB
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The Double M-effect Induced by Noble Gases Activate d
with Negative lons

R. Vladoiu, M. Contulov, A. Mandes, G. Musa

Department of Physics, Ovidius University, Consta@00527, Romania
rvladoiu@univ-ovidius.ro

The M-effect (monochromatization—effect) is a pdwketool which can give high intensity
monochromatic one line spectra with a certain wavgih depending on the type of used gas
mixtures to generate plasma state. The effect stsni the emission of a single spectral line
of plasmas ignited in certain gas mixtures. Themtaindition to obtain the M effect is the
presence of an electropositive and an electronegéfior example: Hydrogen) gas mixture.
A monochrome radiation was obtained in each ofehgms mixtures (e.g. Hydrogen and
Neon or Hydrogen and Argon) the wavelengths ofeimétted lines being 585.3 nm for the
emission spectrum of Ne and 750.4 nm for Ar in dase of Ne+ kKl or Ar+H,. Both
recorded spectra were each unique and monochrome.

In this paper we prove the general character gféffiect, i.e. if the optical emission spectra
reduced to nearly one line can be observed alsthier gas mixture discharges, for example
in the case of one electronegative gas and twdrefsasitive gases.

This discharge with three elements Ne and Ar withhidve proved the existence of the
double M-effect. The results suggest that the dimmalous M-effect is independent of total
gas pressure as long as the relative concentrafitime three gases remains unchanged. An
interesting feature of the relative intensities bagn observed at different percentages of
hydrogen added in the partial pressure of the mextDifferent other mixtures, as Xe + Ne +
H, and Ar + Xe +H have been studied. In all these cases, the Miedfgoeared without
doubt.

The mechanism responsible for the generation ofrtbrochrome radiation is based on the
elementary process of three body collision togewidr the resonant radiation of plasma or
of plasma due to trapped resonance radiation. Vigaiered this with the diagram of energy
levels of particles involved in the process. Adiuial processes including two particle
interactions like resonant radiation trapping otastable state are parts of M — effect. This
increased performance extends the area of gas mesxtum which the M-effect can be
established, especially ensure the generation lgkgihigh voltages with frequencies up to
25 kV.

We proved the general character of the M-effect\@adestablished the conditions to obtain
M-effect. These results opened a new research wié@,applications involving emission

line sources including double M-effect. Further esmments to put in evidence the
dependence of the double M-effect on other experiaie parameters are under
consideration.

* % %
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Accelerated Nitridation and Oxidation by Plasma on Polyethylene
M.G. Olayd; E. Colirt, G.J. Cruz, J. Morale§ R. OlayG

1Departamento de Fisica, Instituto Nacional de Itigesiones Nucleares, Apdo. Postal 18-1027,
D.F., CP 11801, México

’Departamento de Fisica, Universidad Autdnoma Maeilitena Iztapalapa, Apdo. Postal 55-534,
D.F., CP 09340, México

Polyethylene (PE) is the most studied polymer pobpbdecause of its simple structure
composed only by (-CH) groups. The main applications of PE are relatéth its high
hidrophobicity, low electric conductivity and lowhemical activity in the field of
environmental protection films, electric insulatimgaterials and implant prosthetics. In
particular, the medical uses have diversified cardusly to include the replacement or
modification of hips, articulations, bones, veireye tissues, etc. In some of those
applications, the polymer has to work for long tinmethe middle of mechanical stress
surrounded by reactive fluids, electrolytes andteleimpulses. The most common chemical
reactions usually involve oxidation and nitridatiomhose conditions, individually or
combined, gradually modify the initial charactadstof the polymer, reducing its efficiency.

In order to study accelerated oxidation and nitraain PE, in this work, thin films of low
density polyethylene were exposed to long contisutitect current glow discharge plasmas
of oxygen and nitrogen. The physicochemical inteoacdepends on the the trajectory of the
plasma particles, power, exposure time and geoenatrifiguration. The PE substrates were
treated in a vacuum camera with resistive electdigeharges, exposing the maximum area
to the rain of charged particles. The power dereiflied to the polymers was 7.8 mW/fm
and the maximum energy, after 180 min, was 84 JImm

The results indicated that PE was oxidized anditndad in approximately the same
proportion, with atomic ratios between O/C=(0.0I8).and N/C=(0-0.17). The maximum
values mean approximately 7 C atoms per each N ato@s in the chains. The constant
impact of high-energy particles on the surface piau selective erosion, which produced
fibered and folded morphologies of nano and midamessions. The erosion on the surface
can be related to the ordered structures in thgnpei, which increased and decreased,
between 33% and 57%, along the treatment with platbma gases. The treatment increased
the hydrophilic nature of polyethylene in the fi&@ min of exposition to the plasma, in
which the contact angle of water decreased, froft #Duntreated PE, to 45% and 35% in
the polymers processed with nitrogen and oxygesnpées, respectively. The evolution of PE
in these reactive atmospheres can be used to résémeblife of PE where oxidation and/or
nitridation prevalil.

* % %

Energy Balance on a Substrate in a Pulsed DC Plasma  Jet
Sputtering System during TiO , Thin Film Deposition

M. Cada; P. Virostko, S. Kment, Z. Hika

Institute of Physics of the ASCR, v. v. i., Na&toe 2, 182 21 Prague 8, Czech Republic

The total energy flux density delivered to an eieatly isolated substrate in an low pressure
pulsed DC hollow cathode plasma jet sputteringesysduring TiQ thin films deposition has
been quantified. The plasma source was operatedristant average current mode and in a
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mixture of argon and oxygen or only in pure argarking gas. A titanium nozzle served as
the hollow cathodeThe oxygen gas was fed into the reactor chambea \daparate port located
sideways.The total energy flux density measurements wereemathg a planar calorimeter
probe. The time-resolved Langmuir probe placed 10 above the substrate was used for
plasma parameters measurements. The film thickmessurement by using of Alpha-step
device helped us with a estimate of sputtered @estiflux density on the substrate. The
main results from the calorimeter probe show cletirét with increasing pulsing frequency
from 500 Hz to 50 kHz the total energy flux density the electrically isolated substrate
increases for lower duty cycles (10% to 50%) andrekeses for duty cycle 90%.
Furthermore, course of the total energy flux dgneit the substrate as a function of duty
cycle demonstrates a minimum at duty cycle 60%bfiih operation in pure argon in argon
and oxygen mixture. The measured plasma parametersplasma density, electron
temperature, plasma and floating potential allowesl to determine the individual
contributions from the charged particles to thaltenergy flux density on the substrate. A
detailed study on elementary processes i.e. rec@tibn of oxygen atom, adsorption of Ti
or O atoms and formation of the TiGhin film on the substrate revealed a substantial
influence of these processes on the energy balancthe substrate. Measured cathode
voltage and discharge current waveforms demondtriaéasient phenomena during ON to
OFF and vice versa transitions. The experimentaulte indicated that the previously
introduced model of the individual contributions ttee total energy flux density on the
floating substrate could be applied to the plasetasputtering system. Then the substantial
part of the total energy influx density on the dtdt® comprises the kinetic energy of high-
energy ions and electrons produced during overshobtthe cathode voltage at certain
pulsing frequencies and duty cycles. The bombardroéra substrate by ions such high
kinetic energy may lead to production of thin filmak better quality — coating are denser,
smoother etc.

This research has been supported by the project¢3KA370701, KIJB100100805, KJB100100701
and KJB100100707 of the Academy of Sciences &@zéeh Republic.

* % %

Effect of the Gas Mixture Composition on High-Tempe  rature
Behavior of Magnetron Sputtered Si-B-C-N Coatings

J. Capek, P. Zeman, P. Calta, J. Vicek, R. Cerstvy

Department of Physics, University of West Boheltrayerzitni 22, 306 14 Plzen,
Czech Republic

Our preliminary investigation of oxidation resistanand thermal stability of the Si-B-C-N
coatings to 1306C has indicated a strong effect of the gas mixtamposition on coating
properties. From this reason, further tests wergierh out to investigate the high-
temperature behavior of these coatings up to f@00rhe Si-B-C-N coatings (typically 2-
3 um thick) were deposited on Si, SiC and Cu satedrby dc magnetron co-sputtering
using a single KC-Si target in nitrogen-argon gas mixture. The affef the gas mixture
composition (50 or 75 % of Ar) on the high-temperatbehavior of the Si-B-C-N coatings
was investigated using a symmetrical high-resafugetaram TAG 2400 thermogravimetric
system and differential scanning calorimeter DS®dya 1600 in a synthetic air and in an
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inert gas (He, Ar). The elemental composition & tloatings was determined by Rutherford
back-scattering spectrometry (Si, B, C, N, O, Amnjl @&lastic recoil detection method (H).
The structure of the coatings was measured by XRi2 gas mixture composition was
found to be a very important process parameternigagi great impact on the elemental
composition (especially on the N/Si ratio) and @anpeently on final properties of the Si-B-
C-N coatings, such as oxidation resistance andmilestability of their structure and
mechanical properties. The coatings sputtered a0 &0 Ar fraction in the gas mixture
exhibited extremely high oxidation resistance up 1800 °C and preservation of the
amorphous state even up to 17@in air. No mass or structural changes of theiogat
were also detected by TG and DSC analyses up 1% an inert gas.

This work was supported by the Ministry of Educatbthe Czech Republic through project
No. MSM 4977751302.

* % %

Surface Free Energy Evaluation of Untreated and Pla sma Treated
Polymers in the Practical Courses

J.Cech:; L. Lazar, P.&hel

Masaryk University, Faculty of Science, Dept. of$ital Electronics,
Kotlarska 2, 611 37 Brno, Czech Republic

Students of plasma physics usually obtain wide rétezal overview on the phenomena in

ionized gases and plasma based technologies assvetime practical experience and skills
in plasma sources and plasma diagnostics. In éh@ &f surface diagnostics the situation is

more complicated mainly in the field of practicaperience and skill acquisition. The most

limiting factor of current practical courses is thecess to the analytical techniques due to
their high costs.

In this work the implementation of surface free rgigeevaluation in practical courses is
presented. Surface free energy (SFE) evaluatioonss of the most important surface
analytical techniques because of this parameteriesainformation about interfacial
interactions such as adhesion, wettability of thdage etc. SFE evaluation technique plays
key role in the process of characterization of awef after plasma treatment or the plasma
processing of polymers.

This technique is based on determination of tangentact angle of sessile liquid drop on
the solid surface. Using several models (Zismaneoryy Owen-Wendt-Raeble-Kaeble
theory or so called Acid-Base theory) SFE can beutzted.

The practical exercise on the surface free enevgluation is already prepared. In the frame
of this course students obtain necessary theordiazkground on SFE and its role in the
surface interactions. They also obtain valuabletpral skills on the SFE evaluation.

In this course students gain the experience wikrumentation for SFE evaluation and the
physical factors that influence the accuracy of smeament (the equilibrium relaxation time
of solid-liquid system, liquid evaporation, surfaceighness and temperature, image contrast
and influence of light exposure).

This research has been supported by the FRVS GH Z0E8.
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Surface Energy Evaluation of Unhydrogenated DLC Thi  n Film
Deposited by Thermionic Vacuum Arc (TVA) Method

R. Vladoiu, V. Dinca, G. Musa

Department of Physics, Ovidius University, Consta@00527, Romania
rvladoiu@univ-ovidius.ro

Diamond like carbon (DLC) thin films have drawnostg attention recently of the scientists
owing to their remarcable poperties of the coasngaces such as wear resistance, electrical
properties, hardness, roughness, smoothness, idwrrcoefficients, chemical inertness.

The variation of the contact angle measurements it energy is believed to be correlated
to the topography of the films. The aim of this @ajs to make the surface energy evaluation
by contact angle measurements of DLC films depdsite different substrates: glass plate,
single crystalline silicon, stainless steel andraha foil.

The deposition of the DLC thin films was carried by the Thermionic Vacuum Arc (TVA)
method. This is an original method for depositidnhigh purity thin films with compact
structure and extremely smooth, just convenient rfanostructure film preparation. We
mention only some of the sounding advantages of Tiwéthod: the growing thin film is
bombarded just during deposition with the ions e tlepositing material in high vacuum
conditions and more important, the energy of bomlibgrions can be controlled and even
changed during deposition.

The contact angle measurement were performed bpledting the tangent angle of a liquid

drop with a solid surface, defined by the mechdrecailibrum of the drop under the action

of three interfacial tension solid-vapor, soliddid, and liquid — vapor, by meaning of the
performed analysis software See System. The tebtjogls were water and ethylen glicol

and the surface energy evaluation system were madbe basis of Wu state equation and
Owens — Wend models.

The contact angle measurements have shown replbelueisults of high values for high
values of ion energy, whereas values ranging frO9 & 78,38 degrees for water and 51,9
to 61,98 degree for ethylene glycol were obtairtddva ion energies, which implies 27,74 to
36,41 mJ/rvalues of surface energy.

As we have previously reported, a higher numbamifiormly spread diamond crystallites at

higher ion energies, but of a lower size (<10 nmneyevobserved in the DLC films obtained

by TVA. At lower ion energies the diamond crystaki were over 100 nm but very scarce.
Therefore, wetability had reproducible values tog samples with lots of small features on
the surface and it had a high variation of valuesamples were large features but in small
numbers were observed.

This research has been supported byRloenanian Ministry of Education and Research, under
project CEx 06-D11-62/2006.

* % %
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Application of Atmospheric Pressure Microwave Plasm a Source for
Production of Hydrogen via Methane Reforming

M. Jashski', M. Dors, J. Mizeraczyk?

'Centre for Plasma and Laser Engineering, The Szkivhistitute of Fluid-Flow Machinery,
Polish Academy of Sciences, Fiszera 14, 80-952iskjd&oland,
’Dept. of Marine Electronics, Gdynia Maritime Uniséy, Morska 83, 81-225 Gdynia, Poland
mj@imp.gda.pl

This work is aimed at atmospheric pressure micr@yagsma source (MPS) for production
of hydrogen via methane reforming with 8ivirl. In the proposed method a high-flow rate
waveguide-based coaxial-type MPS operated at hagtflgw rates was used.

The main parts of the experimental setup used is ithivestigation were a microwave
magnetron generator (2.45 GHz, 6 kW), microwavesmpka source (MPS), microwave
supplying and measuring system, and gas supplyate®. The microwave power (up to
6 kW) was supplied from the magnetron to the MPSavrectangular waveguide (WR-430)
having a reduced-height section. The plug efficeent the used microwave magnetron
generator was higher than 66 %.

In our previous version of MPS the methane plasmddcnot be sustained at the absorbed
microwave power lower than about 3000 W. The medifMPS presented in this paper
allows to sustain the methane plasma at absorbewave power of 1000 W. In the new
MPS, the narrow external electrode was introducéd the inner diameter of 46 mm, so
microwave at frequency of 2.45 GHz could not bedgdialong the external electrode. This
causes lower losses of microwave energy, i.e.higlkeer microwave power is delivered to
the unit volume of the plasma. In the new MPS, phecessed methane (175 I/min) was
introduced to the plasma by the inner electrodee dtter diameter of the inner electrode
was 20 mm. This inner electrode together with tkier@al (inner) electrode form a section
of microwave coaxial line, which causes that maximaf the electric field in the place
where plasma is formed. We observed that the imhestrode improved the stability of
plasma generation, especially at a high methae ifise. The MPS was used for hydrogen
production via methane reforming for two inner deders @ of the inner electrode, i.e.,
@=6 mm andp=12 mm.

The plasma generation was stabilized by forming aalitional nitrogen swirl flow
(50 I/ min) in the quartz cylinder. The swirl gasldh the discharge in the centre of the
cylinder and thus protected the cylinder wall fromerheating. As the swirl the nitrogen was
used instead of air to avoid production of harnoixides.

Concentration of Hland CH in the gas exiting the discharge tube was measuitbdhe gas
chromatograph (SRI 8610C) and FTIR spectrophotoniBerkin Elmer 16 PC).

The results of this investigations show that thedrbgen mass yield rate and the
corresponding energetic hydrogen mass yield irpteeented methane reforming by the new
high-flow rate waveguide-based coaxial-type MPS eveump to 432 g[kH/h and
418 g [H])/kWh, respectively. These parameters are bettar both our previous results and
those other plasma methods of hydrogen producéilaetifon beam, gliding arc, plasmatron).

* % %
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Absolute Vacuum UV Emission from the Effluent of an
Atmospheric Pressure Plasma Jet (APPJ) with Ar/’Xea  nd Ar/Kr
Mixtures in Ambient Air

H. Lange, R. Foest, J. Schéfer, K. D. Weltmann

INP Greifswald, D-17489 Greifswald, Felix-Hausde®fir. 2, Germany
foest@inp-greifswald.de

Among other non-equilibrium plasmas operating atmmed pressure, atmospheric plasma jets
(APPJ) have been established specifically for tdwoall treatment of 3-D surfaces, e.g. inner
walls of wells, trenches or cavities. The treatmehtemperature-sensitive surfaces is of
interest, in particular the interaction of the ptas with biological material, e.g. for
cultivation, deactivation or remedial treatmentifeases.

It has been demonstrated that APPJ in Ar exhilbénise UV and VUV emissions. Radiation
within this wavelength range along with chemicalativity caused by free radicals plays an
essential role for the applications listed above.

Here, the vacuum ultraviolet (VUV) emissions from APPJ excited by radio frequency at

1.2 MHz in pure Ar and mixtures of Ar and Xe or Were analysed. The absolute radiance
for these mixtures is measured in order to charaetéhe device for application, to tailor the

emission spectrum and to illuminate the dischargehanisms.

The jet produces a cone-like plasma (effluent) idatshe nozzle (with a maximum plasma
radius r= 0.8 mm and a length L = 6 mm) expanding into ogien

The optical emission was measured end on at diffedistances between the nozzle of the
jet and the Mgk window, which seals the vacuum chamber with twaicap elements
(aperture, imaging mirror) and the monochromataecter system.

The emission spectra were obtained using a 0.5 amngtg monochromator (Acton
Research, grating: 1200 g/mm blazed at 150 nmpgrttbtomultiplier tube (9635 QB Thorn
EMI) as detector. The absolute calibration wasiedrout by comparison with the spectral
radiation of a deuterium lamp (V 03, Cathodeon)iclwiwas calibrated in units of radiance
(MW cm? si* nm?) at PTB (Physikalisch Technische Bundesanstale Tow cut off
wavelength for the calibration is 115 nm.

VUV spectra from 115 to 210 nm are presented fgas flow of 2.5 | mift of argon with
admixtures of xenon and krypton of up to 20%. herpure Ar discharge, a prevailing,Ar
excimer second continuum is observed in the regibd20 to 135 nm, which decreases
when Xe or Kr is added to the feed gas. In contride& resonant emission of Xenon at
147 nm and of Krypton at 124 nm and especiallyl® am becomes dominant for a small
admixture (0.5 %) of Xe or Kr. For higher admixtsiref Xe, the second continuum at 172
nm appears. The recorded spectra between 115 @nani@clude also several N | emission
lines, the O | resonance line and Lyntanine, due to ambient air. Finally, the integrated
spectral distribution is presented in units of mk¥¥ em2 in dependence on gas mixture and
distance to the nozzle. The total emitted opticalver is highest for pure Ar gas flow,
however, by adding small admixtures of Kr and Xeanticular, the spectral distribution is
effectively changed.

* % %
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Surface Characteristics and Printing Properties of PET Fabric
Treated by Atmospheric Dielectric Barrier Discharge Plasma

U. M. Rashet] A. Al-Halwagy and A. A. Garamodn

! Center of Plasma Technology ,Faculty of Scienté&zAar University, Nasr City, Cairo, Egypt
2 Unit of Textile Research, Center of National RedeaGeiza,Cairo,Egypt

Poly (ethylene tere phthalate) fabric, PET, hasliemated using DBD discharge as a type of
low—temperature plasma under atmospheric pressurd fto 15 minute under different
powers ranging between 0.3 to 3 watts. The effecBBD treatment on the surface of a test
PET fabric are examined, reported and discusseel sliiface analysis and characterizations
were performed using

X-ray diffraction (XRD), Fourier transition infragde spectroscopy (FTIR) and scanning
electron microscopy (SEM) before and following (8D processing.

SEM analysis shows significant surface morphologgnges in plasma treated polyester
fabric surface while FTIR analysis indicates the teactivity of the surface was increased.
The discharge parameters used are correlated metlcitanges in the surface characteristics
found after DBD processing, of various durationsaimospheric environment.

* % %

AFM and Contact Angle Investigation of Growth and S tructure of
pp-HMDSO Thin Films

E. Grimoldi; S. Zanini, R. Siliprandi and C. Ricdar

Dipartimento di Fisica “G. Occhialini”, Universitaegli Studi di Milano-Bicocca,
p.za della Scienza, 3 1-20126 Milano ITALY

HMDSO was plasma polymerized on silicon wafer aotygthylene (PE) substrates. The
chemical structure of the pp-HMDSO was analysett Wdurier-Transform Infrared (FT-IR)
spectroscopy. The morphological structure of thim tfims deposited on the different
substrates was investigated by means of atomice fonicroscopy (AFM), indicating
different coverage mechanisms. In order to investigthe growth process of the pp-
HMDSO, films of different thickness were also depes, varying the plasma deposition
time from 10 s to 1800 s. Thickness and structfireuoh deposits was detected with AFM.
Finally, hydrophobic characteristics of the differesamples was evaluated by means of
contact angle measurements and correlated witmtdrphological characteristics.

* % %
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Formaldehyde Abatement by Atmospheric Plasma and Ca  talyst
K. Hensetl, A. Mizund

'Division of Environmental Physics, Department opBrement of Astronomy, Earth Physics and
Meteorology, Faculty of Mathematics, Physics arfdrimatics, Comenius University, 842-48
Bratislava, Slovakia
“Toyohashi University of Technology, Departmentaifl&gical Engineering,
441-8580 Toyohashi, Japan

Abatement of formaldehyde by non-thermal plasmadpced by direct-current positive

streamer corona discharge in multi point-to-plaeactor was studied experimentally. The
removal efficiency of formaldehyde and the formatiof products were evaluated as
functions of the input concentration, the gas flate, the discharge polarity and discharge
mode. The effects of various pellets placed inglike reactor, in the combination with

plasma or without it were investigated. The disgkaproperties, chemical process and
formed by-products were found influenced by thecpsses of adsorption and plasma-
assisted catalytic reactions. Compared to indiMidu@atment by the plasma or pellet
catalysts, the improvement of the abatement effayjevas observed for plasma combined

with TiO, andy-Al,O3, especially at relatively high input energies &m-term operation.

This research has been supported by the APVT 280232nd VEGA 1/3041/06 grants.

* % %

Surface Modification of High and Low Density
Polyethylene by DBD Plasma

Jan Hladik', Jan Pichd, Petr Spatenk&®

! Technical University of Liberec, Faculty of MechzaliEngineering,
Department of Material Science, Halkova 6, 461 ibéetec, Czech Republic
2Czech Technical University, Faculty of Electricalgiheering,
Department of Physics, Technicka 2, 166 27 Pragu&zéch Republic
% University of South Bohemia, Pedagogical Faculéypdymova 10,
371 15Ceské Budjovice, Czech Republic

Contribution evaluates an effectiveness of the giblylene powder modification in
atmospheric DBD plasma. For simulation of largepaptuses operation (and longer
modification time), tested powder batches were atgaly filled in the discharge channel of
the plasma reactor, number of transits through glesma reactor being one of the
investigated parameters.

The wettability of the polyethylene powder was dmieed with a tensiometer. Powder
surface changes were evaluated with XPS and cbooeldetween XPS results and
wettability was revealed. XPS results confirm fotima of C=0O and COOH functional
groups on the powder surface after modificationttéfglity increase correlates with the O/C
ratio changes. Low-density polyethylene modificatsems to be more effective than that of
high-density polyethylene. Modification effect retion was remarkably small (max.
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reduction about 20% during 500 days after the nicatibn date), hence modification effect
is also very time stable.

This research has been supported by the MSM 46 50188 GACR 106/08/1665.

* % %

Effects of Different Plasma Source on the Growth
of Bacteria

A. Ahmeda#*, A. Elamirt, F. Shareéf N. Hashad

! Plasma Research Laboratory, AL-Fatah Universityayai
% Faculty of Pharmacy, AL-Fatah University, Libya
eldein0O@yahoo.com

The sterilization effect of two types of plasmamedy: DC and micro wave (MW) generated
plasma was investigated. The effect of irradiatiore, working pressure and power (in case
of MW plasma) were in particular investigated. Cdetg sterilization was achieved at
irradiation time of 120 sec when DC plasma was w@s®tat 180 sec when MW plasma was
used. Neither working pressure nor MW power wereseolbed to induce effect the
sterilization process.

This research has been supported by the PlasmaRéskab. Alfatah University.

* % %

Photocatalytic Efficiency of TIO , Thin Films Deposited by PECVD,
PVD and Modified with Addition of Noble Metals

M. Horakova, N. Martirf, E. Aubry, P. SpatenkaA. KoloucH, P. Hajkova

! Department of Material Science, Faculty of MeckahEngineering, Technical university in
Liberec, Czech Rep.
Z Institut FEMTO-ST, Departement MN2S, UFC, CNRSSIENI, UTBM, France
% University of South Bohemia, Department of Physiespnymova 10, 370 Qleské Bugjovice,
Czech Republic

This review deals with photocatalytic efficiency @fO, thin films deposited by PVD,
PECVD and modified with addition of noble metalgg(ACu) to its surface taking advantage
of Shottky barrier. Basically, the photocatalytrogess is initiated by the photogeneration of
electron/hole pairs in the semiconductor by phabsorption of UV-light. In photocatalysis
the addition of noble metals to a semiconductor daange the photocatalytic process by
changing the semiconductor surface properties. Wihentwo materials are connected
electrically, the barrier formed at the metal-seangtuctor interface called Shottky barrier.
After excitation the electron migrates to the metakre it becomes trapped at the Shottky
barrier and electron-hole recombination is supmess

TiO, thin films were deposited on glass substrate b€VE and PVD and its surface was
modified by nanoparticles of silver and copperotder to study the influence of the metal
particles on the photocatalytic efficiency we defsasthin silver (copper) film on top of the
TiO, films and tempered the system, thereby forminglisseparated silver and copper
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clusters. The photocatalytic activity was evaluaten decomposition speed of aqueous
solution of the Orange 7, (sodium salt of sulphedatzo dye), exposed to UV light. The
structure of the nanoparticles was examined by SERM and EFM. The influence of the

substrate, tempering and deposition parameterh@mesulting properties of the modified
films was studied.

A summarization of relations between modified andhadified films properties, deposition
parameters and photocatalytic activity was made.

This work was supported by MSMT, project NANOPINDARY and by GA AV CR, project No.
KAN101120701.

Computational Study of Plasma-Substrate Interaction in Plasma-
Assisted Technologies

R. Hrach, P. Bartos, V. Hrachova

Department of Surface and Plasma Science, Factitfathematics and Physics, Charles University
V HoleSowkach 2, 180 00 Prague 8, Czech Republic

The low-temperature plasma is widely used in maehnological applications, therefore the
detailed description and understanding of physeradl chemical backgrounds of these
processes is very desirable. Especially the knoydeaf properties of plasma surrounding
substrates during plasma-assisted treatment ofrialateés of a great importance for the
whole technological process. As the theoreticatlytis usually limited to very simplified
geometries — planar, cylindrical, etc. — the coraputimulation was used as a more
sophisticated tool for the study of the interactioh chemically active plasmas with
immersed metal substrates.

The technique used was the combination of multidsienal fluid modelling and particle
simulation codes. The fluid part of our model cetei of continuity equations for all
charges species, Poisson’s equation and energgdeafar electrons. The basic scattering
processes were included in the fluid model, toce phrticle simulation technique was used
in two different ways. First, the non self-considtparticle code with stochastic treatment of
collision processes was used for the calculationslectron energy distribution function
necessary for the fluid part of model. After finisty the hybrid fluid-particle simulation the
pure particle code was used for the derivationlloiecessary quantities, which characterise
the plasma-substrate interaction.

This approach enabled us to study in detail thacgire of the sheath and presheath near
metal substrates with realistic geometries anddfigiimensions. The main attention was
devoted to the influence of substrate geometryoith lmacroscopic and microscopic spatial
scales and to the plasma properties importantréatrnent on materials. In the contribution
the influence of both substrate quality and variplesma parameters as its composition,
pressure, etc. on the surface processes on s@ssiranersed into plasma is analysed.

This research has been supported by the reseaachid5M0021620834.
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Changes of Wool Fibres Properties by Plasma Treatme  nt
R. Chvalinova, J. Wiener

Technical University of Liberec, Department of Tlexthemistry
Studentska 2, Liberec, 461 17, Czech Republic
radka.chvalinova@tul.cz, jakub.wiener@tul.cz

The wool fibre exhibits a typical core—shell stuwret consisting of an inner protein core

(cortex) and surface shell (cuticle). The hydropbatature of the cuticle and the high cross-
linking density in the outermost fibre surface t¢esaa nature diffusion barrier. That

influences wettability, sorption properties and @tisates wool finishing processes, such as
printing, dyeing or shrink-proofing. Surface modétion plays an important role. To date,

the required surface modification is mainly accosigd by wet chemical processes using
special auxiliaries.

The effects of atmospheric pressure plasma tredtmernwool fabric were tested in this
study. A Diffuse Coplanar Surface Barrier Discha(&€SBD) has been used. Pure wool
fabric has been exposed to different intensiverpéatreatment (different exposure times at
constant conditions).

Changes of fibres surface were characterized bynse& IR spectroscopy, XPS and other
instrumental methods. The maximum experimentalnatie was focused to sorption
properties. It was tested textiles wettability lne thelp of Drop Test and Capillary Test.
Further, it was observed dye sorption. Wool fabwese dyed in dye bath by common used
acid dyestuffs. As criterions of dye sorption onolveere used dyeing rate and dye uptake
on wool fibres. At last, it was carried out prirgiof wool by acid dyestuffs.

Experiments showed invasion of subsurface layasutitle, increasing of hydrophility and
thus acid dye adsorption after plasma treatmenwadl fibres. Plasma-treatment wool
adsorbs dye more intensive on moderate terms (logvaperature). On grounds results of
experiments may be stated that plasma treatmemtool can replace wet pre-treatment
processes of wool dyeing and wool printing. No esafj water and chemicals in plasma
treatment caused that the application of low-temijpee plasmas to wool has become of
increasing interest. The pre-treatment of wool wibkv temperature plasmas gives an
appropriate environmentally acceptable alternativeonventional treatments.

This research has been supported by KAN 101630651.

* % %

Atmospheric Pressure Microwave Microplasma Source
M. Jashiski', J. Mizeraczyk? Z. ZakrzewskKi

'Centre for Plasma and Laser Engineering, The Szkivhistitute of Fluid-Flow Machinery,
Polish Academy of Sciences, Fiszera 14, 80-952i§igl@oland, e-mail: mj@imp.gda.pl
’Dept. of Marine Electronics, Gdynia Maritime Uniséty, Morska 83, 81-225 Gdynia, Poland

Nowadays, there is a growing interest in atmosphpressure microwave microplasma
sources (MMSs). They are needed for gas cleaningiomelding, surface modification,
light sources, and atomic spectroscopy system. Tagybe also used in the biomedical
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applications such as sterilization of medical imstents, high-precision surgery, cells
treatment and deactivation of bacteria and viruses.

In this work we present a new MMS based on a cédixie. The main advantage of the
presented MMS is its simplicity and low cost.

Experimental setup consists of a microwave magnegyenerator (2.45 GHz), microwave
power measuring system (directional coupler, pometers with thermistor mounts), gas
flow control system (Mass flow controller) and noarave microplasma source (MMS). The
whole arrangement was connected via coaxial c&l€].

The absorbed microwave powek,R.e. microwave power delivered to the discharges w
calculated as R Pk, where P and B are the incident and reflected microwave powers,
respectively. The incident and reflected microwpoevers Pand R were directly measured
using directional coupler equipped with bolometreads and HP power meters. The ferrite
isolator protected the magnetron head from thectdtd microwave power.

Due to the presence of an outer conductor the nédSMexhibited a better impedance
matching (the lower reflected microwave powg) than the previous model MMS.

In this investigation argon at atmospheric pressuas used as a working gas. The argon
flow rates varied from 1 to 20 I/min. The microwgwawer was from 10 to 80 W.

The temperature of the plasma gas produced by & Mould be changed by varying the
gas flow rate and/or absorbed microwave power. Whermgas flow rate increased and/or the
absorbed microwave power decreased, the plasmategagerature decreases. The gas
temperature measured on the top of plasma jet dmilthanged from 3 to 1200°C. The
wide range of plasma gas temperature increases¢lacof the MMS applications.

According to the our investigations we observedt tiee length and width of the
microdischarge increases with increasing gas flate and absorbed microwave power. In
other words, we can obtain different dimensionthefmicrodischarge by choosing operating
conditions.

The simplicity of the MMS, operation stability apdrameters of the microplasma allows the
conclusion that the presented MMS can find pracépalications in various fields.

* % %

Study of Surface Free Energy of Plasma Treated Poly carbonate
L. Kelar, V. BurSikova

Department of Physical Electronics, Masaryk UniitgrKotld*ska 2, 611 37 Brno, Czech Republic

Recently polycarbonate (PC) become to be one of niest important industrial
commodities. Although their unsuitable propertiebatt are connected with low
microhardness, scratch resistance, low surfaceggraerd chemical resistivity, degradation
when exposed to UV radiation, there is still risicagl in using this materials. Economical
factors like low prise and cheep processing in canmspn with glass for example are the
most significant factors in industrial and otherplgations. One of the most hopeful
technologies for elimination of PC disadvantageslasma Enhanced Chemical Vapour
Deposition (PECVD) of hard thin films. Because @lfatively low surface free energy of PC,
it is necessary to improve this important factdiuencing the film-substrate adhesion. The
problem could be solved using plasma treatmenhefRC surface before the deposition,
what was the main goal of the present work.
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The PC surface was modified using low pressure atipaly coupled r.f. discharge. To
measure the effect of plasma treatment, surfaeedrergy was evaluated. Evaluation was
done with contact angle measurement using at gadiquids, to obtain accurate results of
each component (Lifshitz-van der Waals part, ebecticceptor and electron-donor part) of
surface energy. Liftshitz-van der Waals/acid-bagpr@ach was used as one of the most
precise model. Measured dates were determined usirti-linear regression to evaluate
them really correct.

The results were compared with the most often usedels. For example for OWRK
approach and regression evaluation we obtaineduie polycarbonate value of total surface
free energy 38.59 with error 5.3 m3/nsing the LW/acid base approach and regression
evaluation we obtained value of total free surfawergy of pure polycarbonate 44.89 nfJ/m
with error 2.85 mJ/f

Significant increase of surface free energy waseodesl in both LW and acid-base
components. The increase of total surface freeggneas about 50%. The present work was
aimed at observation of change of the surfacedregy with experimental conditions, like
gas mixture, pressure during treatment process Mokiage, power, time, and storage time.

The work will be aimed at optimisation of experintedmparameters to obtain good adhesion
and stability of the substrate-film system and gtafichange of surface free energy and its
components during plasma treatment.

This research has been supported by the Czechcgdiundation under project 202/07/1669.

* % %

Thin Film Deposition Using PECVD
S. Khalifa®, Dr. Abdalkader M. Elamih) M. Sbetd and A. Abugalia

'Plasma Research Laboratory — Libya
“Center for Solar Energy Studies ce Libya
Alforgani@yahoo.com

The electric and the photo characteristics of salals were studied at TU-Delft
(Holland).The deposition technique that was usezhisf PECVD AMOR deposition system
"radiofrequency Plasma Enhanced Chemical Vapor Bigpn" on an amorphous thin films
that has been deposited on a supporting substrade finom glass. High quality thin films
were deposited at temperature of 180°C and anwkpof 4 watts, while CVD "Chemical
Vapor Deposition" techniques require higher temppeearange to produce similar quality
films. Another system is used (Leybold depositigstem CVD) for depositing metallic
contacts from either silver (Ag) or aluminum (AMMOR and Leybold systems were used to
deposit devices and layers with different speciitces. Two substrates were used for layer;
glass-based and c-Si wafer-based while TCO-coast gubstrate was used for devices.
Three types of glass-based layers; p, n and i wWep®msited with 300 nm thickness each.
Three 300nm intrinsic layers of c-Si based-waferengeposited at three different rf powers;
3W, 4W and 5W.On the other hand three devices thitbe different thicknesses; 150 nm,
300 nm and 450 nm were deposited on TCO-coatedratdasThe measured performances
of solar cells

* % %
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Exposed Charge by Negative Corona Discharge is Domi  nant
Parameter of Staphylococcus Epidermidis Grow Inhibi tion

V. Kiiha'; L. Dymé&kové&, J. Julék, J. Scholtzovi

'Czech Technical University in Prague, Faculty aédElical Engineering, Technicka 2,
166 27 Prague 6 Dejvice, Czech Republic
?|nstitute of Immunology and Microbiology of thestiFaculty of Medicine and General Teaching
Hospital, Studnikova 7, 128 00 Prague 2, Czech Republic

The decontamination of surfaces by pin-to-planeogardischarges was tested directly on
agar plates wittstaphylococcus epidermidisoculums. The dense inoculums were used; an
area untouched by the discharge was coated bytagons cover of bacterial culture. Areas
without bacterial colonies, i.e. zones of bactgriaw inhibition were measured. This method
is analogical to testing of antibiotic sensitivity bacteria; bacterial grow inhibiting factors
are discharge products in this case. Hypothesi$ ithabition zone dimensions are
determined by charge was verified by experimentd wariations of discharge current and
discharge voltage, but the same exposed chargetédnde between electrodes was changed
indirectly by spontaneous agar deformation cauggdric wind.

Presentation of this contribution was supportedh®s/Czech Technical University in Prague
Research Project No. CTU 0814213.

* % %

Langmuir Probe Diagnostics of Pulsed Cylindrical Ma gnetron
J. Klusa, P. Kudrna, I. Pickova, M. Tichy

Charles University in Prague, Faculty of Mathematémd Physics, Department of Surface and
Plasma Science, V HoleSdakach 2, 180 00 Praha 8, Czech Republic

In this paper we present a Langmuir probe studfpefcylindrical post magnetron discharge
in argon which was powered by pulsed dc power suppl

The system consists of hollow cylindrical anodehwitiameter of 60 mm and coaxially
mounted water cooled cathode with the diameteiOainin. The discharge volume is limited
by two disc-shaped electrodes to the length ofrb2@ Constant and homogeneous magnetic
field has axial direction and is created by couplevater cooled coils. The high-vacuum
chamber is pumped by oil-free pumping system ctingisof the combination of
turbomolecular and piston pump to the ultimate sues in the order of 10Pa. During the
discharge operation the argon continuously flowsugh the system with the flow rate of
about 1 sccm.

The pulsed discharge was operated in the presangerof 1 to 10 Pa and magnetic field
below 20 mT where it was stable. The pulse voltagged from 600 to 800 V with the duty
cycle 100us and the repetition period of 1 ms.

Measurements were performed using the cylindricaidmuir probe mounted on radially
movable feedthrough. The probe orientation was gretigular to the magnetic field to
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minimize its effect on electron probe current cdiilen. Probe characteristics were recorded
using pc labcard with the sampling rate of 2 Msasfsl and A/D resolution of 14 bit.

We present time-resolved radial dependences ofdtkeharge current, plasma density,
electron temperature and plasma potential measw#dduring the on time of the voltage
pulse and in the afterglow phase.

This research is a part of the research program MEM1620834 that is financially supported by
the Ministry of Education, Youth and Sports of@zech Republic. The financial support by the
Czech Science Foundation, grants 202/06/0776 a@{DZ00044 and by the Grant Agency of the

Academy of Sciences of the Czech Republic, graNt¥04120701 is also gratefully acknowledged.

* % %

Corona Discharge lon Sources for Fine Particle Char  ging
M. Lackowski, A. Krupa, A. Jaworek

Institute of Fluid Flow Machinery, Polish AcadenfySziences, Fiszera 14, P.O. Box 621, 80-952
Gdansk, Poland

Charging of aerosol droplets and solid particlesiwesed in many industrial processes such as
electrostatic painting, particle separation andatebstatic precipitation. In most of charging
devices, electrical discharges are used as a sadiraans, which are deposited onto the
particles. For example, in two-stage electrostatécipitators, which provide an opportunity
to increase the particle removal efficiency, thstfsection is that of particle charging. In the
present paper the charging process in an ionicestrand alternating electric field was
investigated. Alternating electric field chargersmvased as a charging devices in these
experiments. The current voltage characteristidh®felectrical discharge in this device, and
the charge imparted to the particle were determinBie charging process was also
simulated numerically and compared with the measargs carried out for various
discharge currents. The photographs of particlgedtary in the charging zone in the
presence of electrical discharge were compared wuitimerical simulations. The level of
charge was measured at the outlet of the chargemwas compared to the Pauthenier limit
for different supply voltage, and frequency. MgQldhe fly-ash particles were used in the
experiments. It was noticed that higher supplyagst of the electrodes give higher level of
particle charge, but at the same time, with theease of supply voltage, the particle
deposition on the charger elements also increabkdrefore the choose of the optimal
operating parameters of the charger are very imptrt

This research has been supported by the Polishsitynof Science and Higher Education Project
Grant N0.2835/T02/2006/31.

* % %
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Investigations of Hollow Cathode DC Plasma Jet Syst em as a
Source for TiO , Deposition

S. Leshkov, P. Kudrna, M. Chichina, I. Pickova, Nthy

Charles University in Prague, Faculty of Mathemat#d Physics, Department of Surface and
Plasma Science, V HoleSekéch 2, 18200 Praha 8, Czech Republic

DC plasma jet system was applied as a source faysitgon of TiQ thin films on plastic and
glass substrates. The reactor vessel was constructdHV technology in order to achieve
very clean and defined experimental conditions. plesma-jet system consisted of water-
cooled titanium nozzle with inner diameter 4 mmeTglasma flow entered the cylindrical
reactor vessel 30 cm in diameter and 35 cm in ketight was continuously pumped by
combination of turbomolecular and an oil-free pisfgump. The ultimate pressure in the
reactor chamber was in the ordef’I®a. The experiments were performed at typicalf30
Pa argon-oxygen pressure, discharge current 100antAthe mass flow of argon/Ar,O
mixture around 100 sccm.

Parameters of the plasma generated by the holltivoda plasma source were investigated
by Langmuir probe diagnostics. We present spatstidution of electron concentration and
electron (effective) temperature as well as of iiean electron energy. Investigations of
plasma parameters were performed in two differeates. In the first case the physical
admixture of two gases Ar and, @as fed directly in to the nozzle of system. la #econd
case the @entered the reactor chamber directly without pasthe powered nozzle. TiO
thin films were deposited also at these two modes$ at different pressures in order to
compare deposition speed and thin films properSebstrates were oriented perpendicularly
to the vertical axis of the plasma jet. Depositggets were investigated by AFM.

Key words: Plasma jet system, deposition, ikdn films, Langmuir probe, hollow cathode,
DC discharge.

This research is a part of the research program ME&K§1620834 that is financially supported by
the Ministry of Education, Youth and Sports of@zech Republic. The financial support by the
Czech Science Foundation, grants 202/06/0776 a@iDZ(0044 and by the Grant Agency of the

Academy of Sciences of the Czech Republic, graNt¥04120701 is also gratefully acknowledged.

* % %

Computer Simulation for Optimization of lon Sources
. Litovko', V. Gushenefs

Institute of Nuclear Research NASU, 47 pr. NauléyK03028 Ukraine

Results of the computer simulation for ion souropmization used for ion implantations
had been done. The highly stripped ion source leas llesigned to provide high current
beams of multiply charged Phosphorous and Boros fon high-energy ion implantation.
However, the total current transport is lying ie tlange about 30%. The modified computer
code Cobra has been used to evaluate the extratiwmlc-acceleration systems as well as
beam transport system and find main channels obé&m loss and ways for reducing it. The
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calculations indicate that the losses of extradted beam mainly occur in the transport
channel. The computer modelling allows find optigabmetry for ion-optical system. The
results of experiments with the modified geometey support of simulation results. With the
optimization of geometries of the ion-optical systand experimental setup, the maximum
current transport for Boron ions has been attained.

* % %

Nitrogen-Oxygen Mixture Optimisation in Low Energy Dense DC
Glow Surface Conditioning of Titanium

E. E. Granda-GutiérrézR. Lopez-Callejds, R. Pefia-Eguiluz A. Mercado-CabrefaA. E.
Mufioz-Castrd, R. Valencia A, S. R. Baroci A. de la Piedad-BeneiteH. Millan-Floreg

! Instituto Tecnologico de Toluca, AP 890, Tolucaalis de México, México
?Instituto Nacional de Investigaciones Nucleares,18PL027, 11801 México DF
E-mail: rlc@nuclear.inin.mx

Samples of pure Titanium have been treated by ma#&tH process in a DC glow discharge
in pure oxygen and different nitrogen—oxygen migtur In contrast with conventional
voltage supply based glow PIII, the present stualy leen conducted on a novel specifically
designed high current supply which allows a highcebn density to be kept constant
regardless gas pressure variations within the tipesd ranks. Thus, the acquired sample
characteristics can be more clearly ascribed taligenical composition of the mixture. One
stratified TiQ (rutile) and TiN 26 layer was identified from XRD and Raman spectrpgco
both of these compounds reputedly being highly dmagatible. The superficial hardness of
the samples was improved up to more than five timasler than that of the untreated
reference sample, namely, up to 1600 HV (10g leeth) a 2—6 um deep implanted layer.
These optimal results have been obtained from &b B@rogen 20% oxygen mixture at
1x10° Torr. Furthermore, with this gas proportion, thestroughness finishing of the
sample set was accomplished, which can be moreargiéor biocompatible applications.

* % %

Features of Materials Alloying Under Exposures
to Pulsed Plasma Streams

l. E. Garkusha, A. N. Bandura, O. V.Byrka, V. V.d&blorarev., V. D. Fedorchenko,
V. A. Makhlai, A. V. Medvedev, V. |. Tereshin

Institute of Plasma Physics of the NSC KIPT, Akacleeskaya str.1, 61108 Kharkov, Ukraine

It is well known that modification of constructidnsteels with powerful pulsed plasma
streams results in hardening their surfaces andeasmg the wear resistance of steel
samples. Under the pulsed plasma influence the $pgied heating and melting of treated
surface, high gradients of temperature arisindnenrtear-surface layer of material contribute
to high speed diffusion of plasma stream ions theodepth of the modified layer, structure
and phase changes in a surface layer, and formatitite fine-grained or quasi-amorphous
structures under the fast cooling of molten layer.
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In this paper features of materials alloying froas gand metallic plasma, as well as due to
the mixing process in liquid phase are investigaidte experiments were carried out with
pulsed plasma gdnwhich generates plasma streams with ion energioupkeV, plasma
density 2x16* cm*, average specific power of 10 MW/&@nd plasma energy density in the
range of (5-40) J/cfn The nitrogen, helium, hydrogen and other gases bm used as
working gases. The regime of plasma treatment wasen with variation of both the
discharge voltage and the distance of the mateuidhce from the gun output.

Modification of thin (1-2 um) PVD coatings of Mo, Wi, TiAIN, FeB and others as well as
the coating mixing with substrate under the pulpéabma processing are analyzed. For
example, after alloying of ferritic/martensitic skteEP-823 with Mo the concentration of
molybdenum in modified layer achieved 20 % for &nigeatment cycle and 30 % after two
cycles of processing.

Decrease of grains size (from tepm to hundreds nm), roughness and porosity were
obtained in result of plasma irradiation of thickd(1-0.3 mm) plasma sprayed coatings of
Co0-32Ni-21Cr-8AI-0.5Y, ZrQ@ and Ti64. The modified layer with homogeneous citne
and with thickness up to 90m was formed in result of plasma treatment.

Mechanisms of surface modification of WC-Co, WC-a¥id other alloys under irradiation
with pulsed plasma streams of different ions aseulised. It is shown that pulsed plasma
treatment results in essential improvement of gdtafjsand mechanical properties of exposed
materials.

* % %

Nanostructure of Photocatalytic TIO , Films Sputtered at
Temperatures below 200 °C

M. Meissner, J. Sicha, J. Musil, Rerstvy

Department of Physics, Faculty of Applied Sciendesyersity of West Bohemia, Univerzitni 22,
306 14 Plze, Czech Republic
michall4@kfy.zcu.cz

The article reports on correlations between thecgss parameters of reactive pulsed dc
magnetron sputtering, physical properties and tirgqeatalytic activity (PCA) of Tigfilms
sputtered at substrate surface temperatyig<I80°C. Films were deposited using a dual
magnetron system equipped with Ti (@ 50mm) targe®&r+O, atmosphere in oxide mode
of sputtering. The Ti@films with highly photoactive anatase phase wespared without a
post-deposition thermal annealing. The decompasitate of the acid orange 7 (AO7)
solution during the photoactivation of the TiGilm with UV light was used for
characterization of the film PCA. It was found tliiatthe partial pressure of oxygeszmand
the total sputtering gas pressuregre the key deposition parameters influencingTi@@
film phase composition that directly affects its& i) the structure of sputtered Ti@Ims
varies along the growth direction from the film/strate interface to the film surface, (iii)
~500 nm thick anatase TiQilms with high PCA were prepared and (iv) theusture of
sputtered TiQ films is not affected by the substrate surface permature T,+ when
T<u<180°C. The interruption of the sputtering processl deposition in long (tens of
minutes) pulses alternating with cooling pausesruasffect on the structure and the PCA of
TiO, films and results in a decrease of maximum valu€sg; necessary for the creation of
nanocrystalline nc-Ti@film. It was demonstrated that nc-Ti@ms with high PCA can be
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sputtered at ,<130°C. Based on obtained results a phase zone nbddeD, films was
developed.

This research has been supported by the Ministgdofcation of the Czech Republic under Project
No. MSM # 4977751302 and the Grant Agency of tleelCRepublic under Project No.
106/06/0327.

* % %

Electromagnetic Field Distributions in Waveguide-Ba sed Axial-Type
Microwave Plasma Source

H. Nowakowska M. Jashski', J. Mizeraczyk?

Centre for Plasma and Laser Engineering, The Szkivhistitute of Fluid-Flow Machinery,
Polish Academy of Sciences, Fiszera 14, 80-952i§,d#oland, e-mail: helena@imp.gda.pl
2Dept. of Marine Electronics, Gdynia Maritime Unigsdy, Morska 83, 81-225 Gdynia, Poland

Microwave discharges find applications in technataf processes such as purification of
gases, abatement of fluorinated compound gase®ntduination of chemical warfare
agents. Applying microwave discharges for hydrogeroduction via hydrocarbons
reforming have been reported recently. The hydrggeduction becomes an important issue
currently, because hydrogen is seen as a promesiaggy carrier for the next decades.

A waveguide-based microwave plasma source (MPShydrogen production via methane
reforming we reported earlier. This MPS allows Eatperation at microwave power level
from 600 to 6000 W and the gas flow rate from 5Q®0 I/min. The discharge is generated
in a quartz tube. The processed gas is introduzelet discharge region by a metallic tube,
which length can be changed. The discharge is ligtadbi by additional gas flow. Two
metallic tubes of the gas supplying system areeplaa the lower part of the MPS and
constitute a coaxial line. A shielding metallicesle is placed in the upper part of the MPS
coaxially with the discharge tube.

In this paper we report results from simulation thie spatial distributions of the
electromagnetic field inside the MPS. The studiesenaimed at optimization of discharge
processes and hydrogen production. The numericauleions were performed using
FlexPDEM™ software, which enables to solve partial diffei@ntequations. To avoid
problems with discontinuity of the electric fieldmponents on boundaries of dielectrics, the
magnetic field component distributions were caltadain the first stage. Subsequently the
electric field components were determined.

We determined the electromagnetic field distribogidor two cases — without and with
plasma inside the MPS. For the first case, we emadhthe influence of the length of the
inner conductor of the coaxial line on electromdgndéeld distributions. We obtained
standing wave patterns along the coaxial line anuhd resonances for certain positions of
the coaxial line inner conductor.

Calculations for the case with plasma inside theSMRere performed assuming that
distributions of plasma parameters are known. Satiarls were done for several values of
maximum electron concentration. We found that falues of electron concentration greater
than 3-16fm>strong skin effect in the plasma is observed arh tthe plasma may be
treated as an extension of the inner conductdnetoaxial line.

This research has been supported by the Minist§cadnce and Higher Education (MNiSW) under
the programme 3020/T02/2006/31 and by R&D Netw&KO-ENERGIA”",IMP PAN Gdaésk.
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New Trends in Non-Thermal Plasma Ozone Generation
S. Pekarek

Czech Technical University in Prague, FEE, Techiizk166 27 Prague 6, Czech Republic

First ozone generating system based on the elacttischarge was proposed in 1857 by
Siemens. Present efforts in the research of ozenergtion are focused on combination of
electrical discharges with different additives sashferroelectric pellets or catalysts in the
discharge region with the aim to obtain higher @zoancentrations, higher ozone generating
efficiencies and design of more compact and minizéd ozone reactors.

Corona discharge in air is apart of the sourcehafged and excited species also the source
of ultraviolet radiation. The strongest emissiongioate from the second positive system of
nitrogen (GII, — Ballg), which emits photons of wavelength 337.1 nm. Tilst negative
system (BZ," — X, Z4") of N;" emits radiation of the wavelength 391.4 nm.

With the aim to increase the corona ozone prodaatie studied the role of this radiation on
discharge ozone production by placing the photégsitanto the discharge region. An
appropriate choice of such photocatalyst shouldbdsed on the wavelength of radiation,
which activates the photocatalyst. From the widegea of semiconductor catalysts the
titanium dioxide TiQsuites the best the requirements.

The TiG is an-type semiconductor, biologically and chemicallgnnA series of its energy
levels is associated with covalent bonds among sttoomposing the crystallite (valence
band) and a second series of spatially diffuse drigknergy levels is associated with
conduction in the macromolecular crystallite (coctthn band). Both series are strictly
separated by a forbidden energy gap of 3.2 eV.

The electron of the valence band of Ti@comes excited when illuminated by UV radiation.
Wavelength of the radiation necessary for this pleotcitation is 388 nm. The excess energy
of excited electron promotes it to the conducticand of TiQ therefore creating the
negative-electron (e-) and positive-hole (h+) pair:

TiO,+hf -~ h* +¢€
The electron and positive-hole can react with tliegules in the vicinity of the catalyst. In
air the electron reacts with an oxygen moleculitm the superoxide anion,©

e +0, - Oy
This cycle continues as long as the ultravioletiataah is available. In case of negative
corona discharge in air the current is sustainechégative ions. The superoxide anions
appearing due to the UV irradiation of LiContribute to the discharge current. It is therefo
reasonable to expect, that for particular voltagditeon of TiO, will increase discharge
current. The superoxide anions as well as othecalshould be also added to other plasma
components produced by the discharge. All theseiepén different levels contribute to the
processes leading to the discharge ozone production

In our study we used hollow needle to mesh DC camtischarge with Ti@globules on the
mesh. The discharge was enhanced by the flow ahaugh the needle. We found that for
the needle biased negatively for particular curraadition of TiQ catalyst on the mesh
electrode drastically increases discharge ozongugtoon.

Presentation of this contribution was supportedh®/Czech Technical University in Prague
Research Project No. CTU 0814213.

* % %

161



Poster presentations — Section 6 Wednesday

Application of High Velocity Streams of Dense Plasm  a for the
Creating of High Adhesive Compounds of Chemically
Noninteracting Metals

L. I. lvanov, A. |. Dedyurin, I. V. Borovitskaya, . Q. Krokhin, V. Ya. Nikulin,
E. N. Peregudova, A. V. Oginov, A. A. Tikhomirov

P.N. Lebedev Phisical Institute, 119991, Leninsk§3 Moscow, Russia

The work presents the experimental results of itiyason of the possibility of the creating
of high adhesive compound of chemically noninteractnetals by means of pulse streams
of high temperature dense plasma. The 4 kJ plasms finstallation was used as a source of
pulse streams of plasma. In the experiment assembfi Cu-W and Pb -Fe samples were
used. The deep penetration of atoms Cu and Pbdiogbrin W and Fe was found.

The mechanisms of the penetration of chemicallytraéatoms into a material of the target
can be connected with the following processes:eihergy transfer from plasma pulse to
implanting atoms, the origin and distribution obsk waves in the material of a target, and
also the Rayleigh - Taylor instability of the bordé two combining materials.

This research has been supported by the RFBR, g#65-08-50052 and # 07-08-12096.

* % %

ADBD Plasma Surface Treatment of PES Fabric Sheets
J. Pichal, Y.Klenko

Czech Technical University, Faculty of Electricaldineering, Department of Physics, Technicka 2,
166 27 Prague 6, Czech Republic; pichal@fel.cvut.cz

Plasma treatment of textile fabrics is investigadsdan alternative to the environmentally
hazardous wet chemical fabric treatment and pretre@ processes. Plasma treatment
usually results in modification of the uppermostraic layers of a material surface and
leaves the bulk characteristics unaffected. It mesult in desirable surface modifications,
e.g. surface etching, surface activation, crodgso chain scission and oxidation. Presented
paper contains results of the applicability studytle atmospheric pressure dielectric
discharge (ADBD), i.e. dielectric barrier dischatgening in air at atmospheric pressure and
ambient temperature for synchronous treatmentwdraésheets of fabric.

For tests sheets of polyester fabric were used.

Effectivity of the modification process was detemed with wettability measurements
evaluated by means of the drop test. Wettabilityndfvidual sheets of fabric has distinctly
increased after plasma treatment.

Plasma induced surface changes of textiles were pieven by identification of new
functional groups at the modified polyester fabsierface. Existence of new functional
groups was detected by ESCA scans. For verificatioeurface changes we also applied
high-resolution microphotography. It has showniddtvariation of the textile surface after
plasma treatment.
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Important aspect for practical application of thaspna treatment is the modification effect
time-stability, i.e. time stability of acquired $ace changes of the fabric. Changes of the
fabric surface wettability diminish in time and téx hydrophobicity recovers in time after
treatment. The recovery of hydrophobicity was fsisie first days after treatment, later
gradually diminished until reached original unteshstate.

Presentation of this contribution was supportedh®/Czech Technical University in Prague
Research Project No. CTU 0814213.

* % %

Electrohydrodynamic Flow in a Wire-Plate Non-Therma | Plasma
Reactor Measured by 3D PIV Method

J. Podlinski, A. Niewulis', J. Mizeraczyk?

! Centre for Plasma and Laser Engineering, The Stewimstitute of Fluid Flow Machinery, Polish
Academy of Sciences, Fiszera 14, 80-952GkiaPoland
2 Department of Marine Electronics, Gdynia Marititdaiversity,
Morska 81-87, 81-225 Gdynia, Poland

Non-thermal plasma techniques have become an iamgddol for controlling the emission

of various gaseous pollutants, such as acid g&@gs NOy, HCI, etc.), greenhouse gases
(COy, NYOy, para—fluorocarbons, etc.), ozone depletion gédsesns, halons, etc.), volatile

organic compounds (VOCs, e.g. toluene, xylene) @iicd toxic gases (Hg, dioxins, etc.).
The main advantages of the non-thermal plasma imobs are small space volume, low
cost, high pollutant removal and energy efficieacie

This work was aimed at measurements of the elegroldynamic (EHD) secondary flow
ina wire-plate non-thermal plasma reactor usingeefdimensional Particle Image
Velocimetry (3D PIV) method. Collecting such dasamportant for designing non—thermal
plasma reactors of high performance efficiency.

The wide-type non-thermal plasma reactor usedigwork was an acrylic parallelepiped
with a wire discharge electrode and two plate ctilhg electrodes. The wire electrode
(diameter 1 mm, length 200 mm) was placed perperatly to the main flow, in the middle
of the reactor between the plate electrodes, wiviete placed on the top and bottom of the
reactor. The width of each plate electrodes was 69 while the plate-to-plate electrode
spacing was 100 mm (i.e. the width to height ratas 2:1 in the reactor). Air flow seeded
with a cigarette smoke was blown along the readtmt with an average velocity that could
be varied from 0 to 0.9 m/s. The positive DC vodtagas applied to the wire electrode
through a 10 MD resistor. The collecting electrodes were groundée. applied voltage was
varied between 0 and 30 kV. The 3D PIV velocitydeemeasurements were carried out in
four parallel planes stretched along the reactat,deerpendicularly to the wire electrode
and plate electrodes. The first plane was placethenreactor centre when the other were
placed 60 mm, 20 mm and 10 mm from the side wall.

The measured flow velocity fields illustrate compleature of the EHD induced secondary
flow in the non-thermal plasma reactor. In the plgtaced in the reactor centre the mean
flow is almost two-dimensional in terms of time-eaged observations. However, the
analysis of instantaneous EHD flow images and vsidields showed that the EHD flow is
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very turbulent. In the other three measured planedlow was also very turbulent and even
time-averaged flow velocity fields show 3D struetsicaused by the side-wall effect.

The results show clearly 3D character of the EHPDosdary flow, resulting from the 3D
interaction of the electric field, electric chargad the main gas flow in the non-thermal
plasma rector. Even in wide non-thermal plasmatoedabe EHD flow can not be assumed to
be 2-dimensional when its short-time behavior isstdered.

This research has been supported by the State Qtewrfor Research and Development
(grant PB 1857/B/T02/2007/33).

* * %

Influence of Dielectric Barrier Discharge Treatment on Adhesion
Properties of Platinum Coated PP and PET Fabrics

S. Shahid?; J. Wienet, M. S&pankova

'Department of Textile Chemistry, Faculty of Texfllechnical University of Liberec, Liberec,
Czech Republic
Plasma Physics Research Center, Science and RésBarapus, |.A.University. P.O.Box:14665-
678, Tehran, Iran
shahidish@yahoo.com

Low temperature plasma treatment has been conductéektile industry and has some
success in the dyeing and finishing processes.

In this paper, an attempt was made to apply lowptrature plasma treatment to improve the
adhesion property of Polyethylene terphtalate (P&iD) Polypropylene (PP) fabrics.

PP and PET fibers have been increasingly used xtileteindustries for a variety of
applications ranging from filtration, compositesydatissue engineering and electronic
textiles. The surface properties of these polyniber§ are of importance in various
applications. The surface properties of PP and RBdrs can be modified by different
techniques.

This paper is aimed at understanding the basiceptieg of platinum-deposited PP and PET
fabrics after treating with low temperature plasmegtment. Atmospheric plasma treatment
was employed in this paper to activate and etctaser

In this research work, the PP and PET fabrics vierated by Diffuse Coplanar Surface
Barrier Discharge for up to 10 minutes, and bogatied and untreated samples were coated
with platinum.

The textile properties of plasma-treated-Pt-coateolypropylene and polyethylene
terphtalate fabrics and untreated-Pt coated fabriese evaluated by different standard
testing methods in terms of both physical and cbhahgerformances.

The washing and rubbing fastness were investigatedrding to standards methods. The
morphology changes of fabrics after plasma treatnveere characterized by scanning
electron microscopy (SEM).

X-ray photoemission spectroscopy (XPS) and Furfiemsform Infrared (FTIR) analyses

revealed chemical surface modifications occurriftgrahe plasma treatments.
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For testing the quantity of Platinum on the samples Spectrophotometer were used to
investigate the Reflective properties and the L(B&ser Induced Breakdown Spectroscopy)
method was used as well.

And the conductivity of samples was measured.

The study showed that adhesion of the Platinumh&®RET and PP fabrics was greatly
enhanced by the air plasma treatment.

The details will be discussed in full paper.

This research has been supported by KAN 101630651.

* % %

Carbon-free SiO , Films Deposited from Octa-
methylcyclotetrasiloxane by an Atmospheric Pressure Plasma Jet

J. Schafer R. Foest A. Quadé, A. Oht, J. Meichsnet K. D. Weltmann

YINP Greifswald, D-17489 Greifswald, Felix-Hausdesftr. 2, Germany
Tel. +49 3834 554300, Fax +49 3834 554300,
’Ernst-Moritz-Arndt University Greifswald, D-1748F&¥swald, Felix-Hausdorff-Str. 6, Germany
foest@inp-greifswald.de

Thin films produced by plasma-assisted depositiosilizon-organic compounds have found
a broad spectrum of applications. According to heying chemistry of the film material,
applications stretch over a wide range from polyier films with applications as corrosion
protection to quartz-like (S} films with applications as barrier coatings oritcrease the
scratch resistance of polymers.

Gradient films with varying chemical compositioneovthe film height are of particular

interest to provide both, a good adhesion to thHeerfopolymeric) base material and a
satisfactory film density. Another request raisesf the deposition of multilayer films, a

sequence of films with alternating organic-inorgagomposition, e.g. for superior gas
permeation barriers. For process simplicity, ipisferable to deposit these films out of one
raw material by a controlled variation of the depos conditions.

While the deposition of polymer-like films with aigh organic content is easily
accomplished under normal pressure conditionsptb@uction of pure Sigfilms represents
a challenge as silicon oxide (Si)Cfilms produced out of silicon-organic moleculef$en
exhibit a high inherent carbon content, comparefine deposited under vacuum.

In the present work, the deposition of carbon-frgeartz-like (SiQ) films with a non-
thermal, RF capillary jet at 27.12 MHz at normag¢gsure is demonstrated. The jet geometry
of the plasma source is specifically appropriateléocal surface modification or coating of
3-D objects.

The gas mixture for film deposition is constitut@dargon, oxygen and small admixtures of
octamethycyclotetrasiloxane (OMCTS, 4GiCgH24). OMCTS has been selected for
providing the film precursor due to its favourablement ratio in the molecule compared to
other silicon-organic compounds (Si/C=1/2) and ris@mblance of its molecular structure
on the SiQ network unit.
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The parametric study reported here focuses on phienization of the deposition process
with regard to the chemical and morphological stefaroperties of the coating by varying
the oxygen feed gas concentration and the subséaigerature.

Surface analysis of the deposited films reveals #veceptionally low carbon content. The
XPS signal remains well below detection limit, whis estimated to 0.6 % (XPS atoms).

The film morphology is characterized by means ainsing electron microscopy (SEM) and
the chemical composition of the films is analysed FTIR microscopy and XPS. The
analysis of the optical modes of vibrational stai€si-O structures in the FTIR spectrum
helps to explain the observed correlation betwéenstructural properties obtained by SEM
and FTIR spectra. The nature of the optical mottegyitudinal or transversal) present in the
film is enlightened by comparison of attenuated@lto¢flectance spectroscopy (ATR-FTIR)
and infrared reflection absorption spectroscopyR@MS-FTIR). This information is directly
linked to the structural properties of the largeol@cular network observed by SEM and
displays a consistent image of the dependenceeotiiposition parameters on the studied
films.

* % %

Pulsed High Voltage DBD Reactor for Methane Crackin g at
Atmospheric Pressure

N. Spinicchid, C. Bellomunnd, M. De Angel?,zG. Gervasirli G. Gittini", A. Nardoné,
S. Maffi

!stituto di Fisica del Plasma “P. Caldirola“ CNR, N&no, Italy
?|stituto per 'Energetica e le Interfasi CNR, Milanitaly
spinicchia@ifp.cnr.it

Hydrogen is a promising energy vector and methaaeking is a suitable method for, H
production. However it could become a realistic dmlievable energetic alternative for
humanity when it will be produced from clean andhewable resources. Especially,
hydrogen production should reduce the greenhousemssions (like C¢ to avoid global
warming and climate changes.

Most hydrogen is currently produced from the cdialgonversion of natural gas (about 95%
methane) at the temperature range 750 - 850 °*@aassure range 3 - 25 atm.

In our work, we propose a method for hydrogen potidn based on plasma technologies
with the aim to lower the gas temperature, the sunes and to increase the conversion
efficiency of hydrocarbons to hydrogen by minimgitne energy consumption.

The non-thermal atmospheric plasma is generateal jnylseddielectric barrier discharges
(DBD) using different mixtures of methane (gHand argon (Ar). The DBD plasma is
powered by a high voltage (1-30 kV) pulsed generaide pulse width is 10 ns and
repetition rate up to 100 kHz. High voltage pulsgs an effective method to produce
spatially homogeneous, non-equilibrium plasma veithigh concentration of radicals and
excited particles, which is necessary for effectwaversion to hydrogen.

A separate vacuum system has been built to sarnelgds from the reactor at atmespheric
pressure down to low pressure to be analyzed bgrgpale mass spectrometer.

The cracking products will be detected and quatifboy an on-line gas chromatography
system.

This research has been supported by the INTAS KR€5-102-3493, entitled Hydrogen production
and safety promotion by innovative processes).
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Bold Deposition of Hydrophobic Protective Layers on Wood in
Surface Discharge at Atmospheric Pressure

P. Stahél, M. Odraskov3 V. Bursikova, Z. Navratit, J. Cech J. Janch

Department of Physical Electronics, Masaryk Uniitgrs
Kotlarska 2, 611 37 Brno, Czech Republic
Univerzita Komenského, Mlynské dolina F2, 842 4&tBlava
pstahel@physics.muni.cz

Like other biological materials, wood is suscemilib environmental degradation [1].
Interaction of wood with water can lead to dimensianstability and accelerated bio as well
as weathering degradation. Because of this, thiEacurof wood has to be protected to
prolong its durability. Besides of paints, the ptasdeposition is very suitable technique for
protection of wood surface. Majority of tests hdeen performed at low pressure, however
these processes are very cost consuming. Similectetan be achieved using the plasma
treatment at atmospheric pressure.

By choosing a suitable composition of discharge s hydrophobic surface properties of
wood can be obtained. In presented study, plasmsested deposition of hydrophobic
coatings was performed directly on the surfaceapigr veneer by surface barrier discharges
at atmospheric pressure from the mixture of nitrogentaining HMDSO vapors.

Surface properties of plasma treated wooden samyes studied using the sessile droplet
technique to identify surface free energy of trdaé®d untreated samples. The chemical
composition of the films was studied by FTIR tecjug. The colorimetric parameters as
whiteness, yellowness and brightness of samples aleo studied.

This research has been supported by the Czech &rotjanotechnology for the Society” (grant
No. KAN101630651).

* % %

Optical, Photo-Electrochemical and Photocatalytic P roperties of
Nanostructured TiO , Films Prepared by High Power Pulsed
Magnetron

V. Stranak’ R. Bogdanowicz S. Kment?, Z. Hubickd, S. Wrehd& P. Klusor,
M. Tichy®, R. Hipplef

! Institute of Physics of ASCR v.v.i., Na Slovand8221 Praha 8, Czech Republic
’Gdansk University of Technology, Narutowicza Sttd¢12, 80952 Gdansk, Poland
® Institute of Chemical Technology, Technicka 5,2BBraha 6, Czech Republic
“University of Greifswald, Institute of Physics, ix@Hausdorff-Str. 6, 17489 Greifswald, Germany
°Fac. of Math. and Phys. of Charles University, Mé3ovikach 2, 18000 Praha 8, Czech Republic

Due to good technological properties, e.g. higheadin, hardness, refractive index,
transparency, high dielectric constant, semicondggiroperties etc., titanium (di)oxides are
widely studied as coating material. The most irgting feature of titanium dioxide is its
photocatalytic property which can be used as deHdring and anti-fogging films or can
cause degradation of organic molecules. Titaniurdesxcan be used as photovoltaic layers,
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barrier layers in electronics, too. According te titerature TiQ has three crystalline phases:
anatase (tetragonal), rutile (tetragonal) and hbteokorthombic). The anatase crystal
structure is known to have higher photocatalytitvétg compared to rutile, due to its larger
band-gap (anatase ~3.2 eV, rutile ~ 3.0 eV). Theqaatalytic activity can be improved by
doping. Mostly titanium dioxides deposited by classmagnetrons are amorphous and post-
deposition thermal annealing is necessary for allyzsation. However, this way of thermal
annealing is unsuitable for deposition on plastithermal sensitive materials.

Our investigation was focused on study of optipalpto-electrochemical and photocatalytic
properties of crystalline Tithin films. The thin films were prepared directijthout post-
deposition thermal annealing by high power pulsedgmetron operated at repetition
frequency 250 Hz. Mean discharge curréptreached values abolit, = 600 mA while
measured peak current in active part of pulse washnhigherl, =40 A. The deposition
process was controlled through two independentnpatiers: pressure in the chamipeand
gas composition given by A3Ar mixture ratio. Under such conditions the layavere
prepared directly in rutile or anatase phase witlpast-thermal annealing.

Spectroscopic ellipsometry (SE) was employed feestigation of optical constants (film
thickness, refractive index and extinction coefficienk) of deposited Ti@in anatase and
rutile phase. The measurements were done using eatrgpcopic phase modulated
ellipsometer (Jobin-Yvon UVISEL) working in a phat@nergy range from 1.8 eV up to
4.5 eV. Polarization curves and photocurrents werdormed using a three-compartment
electrochemical cell with a Pyrex Windows. All patation curves were recorded during
4s/4s intervals of UV radiation/dark period (intitps1.63 mW.cn? with maximum
wavelength 365 nm). The photocurrents were measusied) Heka PG-310 potentiostat and
incident-photon-current conversion efficiency (IP@éas calculated by standard ways.

This research has been supported by Deutsche Ramgslgemeinschaft through SFB/TR 24. Further
projects KAN400720701 of ASCR, 202/06/0776 of lC3etence Foundation and research plan
MSM 0021620834 of Ministry of Education, Youth &parts of the Czech Republic are

acknowledged.

* % %

Structure and Mechanical Properties of Al-Si-N Film s with a Low
and High Si Content

M. Sasek, J. Musil and P. Zeman

Department of Physics, Faculty of Applied Sciendesyersity of West Bohemia, Univerzitni 22,
306 14 Plzé, Czech Republic

The contribution reports on properties of Al-Si-iNnfis with a low €10 at.%) and high>5
at.%) Si content reactively sputtered using a dasagnetic field dual magnetron system
operated in ac pulse mode. The films were sputttoed composed target (a Si plate fixed
by an Al ring with inner diameter & 15 or 26 mm). Main attention was devoted to the
investigation of a relationship between the striectof the films and their mechanical
properties, thermal stability of hardness, and abah resistance. The structure and
elemental composition of the Al-Si-N films were cheterized by XRD and XRF or RBS.
Mechanical properties were measured using microitadien and oxidation resistance was
tested using TGA in flowing air. It was found tt{&) while the films with a low<10 at.%)

Si content are crystalline (c-(Al-Si-N)), those it high £25 at.%) Si content are
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amorphous (a-(Al-Si-N)), (2) both groups of thanfd exhibit (i) high values of hardness
H=21 and 25 GPa and of the oxidation resistanc€®5nd 1150°C Am~0 mg/cnf),
respectively, (3) the hardness of a-(Al-Si-N) does vary after annealing for 4 hrs at
1100°C in air and (4) a high oxidation resistante-0Al-Si-N) film with a low 10 at.%)

Si content is due to the formation of a densifiddO4 surface layer which prevents the fast
penetration of oxygen into bulk of the film.

* % %

Formation of Crystalline Al-Ti-O Thin Films and the  ir Properties
V. Satava, J. Musil, R. Cerstvy, P. Zeman and TgTo

Department of Physics, Faculty of Applied Sciendesyersity of West Bohemia, Univerzitni 22,
306 14 Plze, Czech Republic
musil@kfy.zcu.cz (J. Musil)

The article reports on the effect of doping of tiihO; films with Ti on their structure,
mechanical properties and oxidation resistance. mha aim of the investigation was to
prepare crystalline Al-Ti-O films at substrate tergiuresT<500 °C. The AI-Ti-O films
were reactively sputtered from a composed Al/Tgeéanf 116 mm in diameter. The amount
of Ti incorporated into the Al-Ti-O films was coatled by the diameterl;, 1; of the hole in
the Ti target. The magnetron was supplied with laguidc power supply operated with the
repetition frequenc$=50 kHz. Properties of the sputtered films wererabterized using the
following techniques: X-Ray diffraction (XRD), X-yafluorescent spectroscopy (XRF),
microhardness testing using a Fischerscope H 18tmyand thermogravimetric analysis
(TGA). It was found that (1) the addition of Tirstilates the crystallization of Al-Ti-O films
at lower substrate temperaturés (2) Al-Ti-O films with a nanocrystalline cubigAl,Os
structure, hardneskl=25 GPa and zero oxidatiod\ri=0 mg/cnf) in flowing air up to
[1050°C can be prepared already at low substrate temyerat=200°C and (3) the
crystallinity of Al-Ti-O films at a given value ofs improves with the increasing amount of
Ti incorporated in it. The last finding is in a gbagreement with the thermodynamically
equilibrium binary phase diagram of the Fi®l,03 system showing that the temperature
corresponding to the transition between the amarphand crystalline AI-Ti-O films
decreases with the increasing amount of Ti.

* % %

Plasma Treatment of Kevlar and Nomex
J. Grégr, M. Sipankova, J. Wiener, J. Millerova, J. Grabmiillerova
Technical University of Liberec,Department of Ch&myi, Faculty of Education, Technical University

of Liberec; Studentsk& 2,CZ — 461 17, Czech Republi
jan.gregr@tul.cz

This paper is focused on plasma application orrsiloé Kevlar and Nomex. These fibres are

typical species of aromatic polyamide. They astertusing in large field — reinforcing of
composites, reinforcing of tires, bulletproof applion and so on. Most of these applications
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require special characteristics of fibre surfadeer€ is discussed the influence of plasma on
above-mentioned fibres.

Fibers of Kevlar and Nomex were treated by mearikeplasma source of Diffuse Coplanar
Surface Barrier Discharge (DCSBD). Flocks of fibvegere exposed to plasma ranging from
2 to 5 minutes. In this case the air was the operalt gas. Generated discharge had the
frequency 15 Hz and the power was 300 W.

The structure and the appearance of fibres surfaefse and after plasma treatment was
observed with using of scanning electron microsc¢8&M) on device VEGA. The
alternative method to value fibre surface is irdthspectroscopy. For this analysis we used
device FT-IR Spectrometer One by Perkin Elmer — AERhnique on ZnSe crystals.

Chemical changes of fibre surface after applicatibplasma in the air and in argon are only
slight. Essentially greater changes we reached bgsnmtic polymerization
vinyltriethoxysilane at the surface of Kevlar. He&sdormed layer of organosilicious polymer
with evidently different properties. Alongside plae treated materials was studied wetting
by model liquids with known surface energy and waaluated surface energy of treated
fibers. Surfaces of treated fibers will be analybgdhe help of other methods.

This research has been supported by KAN 101630651.

* % %

Small Ozone Sterilizer
V. S. Taran, V. V. Krasnyj, A. V. Klosovskiy, V. Tereshin

Institute of Plasma Physics, KIPT, 61-108 Kharkdkraine
vtaran@ipp.kharkov.ua

The paper presents the results of recent experahemiethods of sterilization of
microorganisms and the device with the use of oz ultrasound. The main aim was to
optimize the process of sterilization in small wadelution taking into account the ozone
concentration, the power of ultrasonic emitter reltemperature of water.

In the present work, the ultrasonic cavitation wstmultaneous ozone generation has been
used. The high ozone concentration in water salutvas achieved by the two-barrier glow
discharge generated at atmospheric pressure aondliagsthermo-electric module. Such a
sterilizer consists of ozone generator with the-iprézation in a shape of flat electrodes
covered with dielectric material and a high-voltagalsed power supply of 20 W.
The sterilization camera (0.5 liter) was equippathwltrasonic source operated at 50 W.
The experiments on the inactivation of bacterighef Bacillus Cereus type, E-coli, yeasts
et.al., were carried out in the distilled watemusated by ozone. The ozone concentration in
the aqueous solution was 9 mg/l, whereas the ozoneentration at the output of ozone
generator was 25 mg/l. The complete inactivatiorsdres took 15 min. Selection of the
temperature of water, the ozone concentrationsudinagisonic power allowed to determine
the time necessary for destroying the row of miogaaisms.

* % %
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Deposition of Thin Films in Atmospheric Pressure Ho mogeneous
Discharge

M. Sira, D. Trunec, P.t&hel, V. Bursikova

Department of Physical Electronics, Faculty of 8ce
Masaryk University, Kotléska 2, 61137 Brno, Czech Republic

The atmospheric pressure homogeneous dielectriciebadischarge was used for the
deposition of thin organosilicon polymer films. THscharge was burning in pure nitrogen
used as a carrier gas and a small admixture ofrhetkgyldisiloxane (HMDSO), which was
used as a monomer. It was assumed that the eletetgrbrature of the substrate could be
the cause of higher film hardness, so the subdieatperature was elevated to the range 45—
120 °C. The homogeneity of thin flms was enhanggidg movable upper electrode, which
was moving with the speed 7 cm.iiabove the substrate. High voltage of 12 kV wité th
frequency 10 kHz was used for the discharge geperat

The mechanical properties of thin films were inigeged by means of the depth sensing
indentation (DSI) technique using a Fischerscop®tkester equipped with the Vickers
indenter, microscope and CCD camera. This testables to register the load and the
corresponding indentation depth as a function ofetifor the loading and unloading
processes. Several tests were made at the differaximum indentation loads (i.e. several
different indentation depths) to eliminate the uefice of the substrate. The composition of
deposited films was studied by XPS by means of BE3 400 VG scientific photoelectron
spectrometer using an Mg, K1253.6 eV) photon beam at the normal incidenteang

Thin films were deposited on two types of the sidist (glass or silicon) at various
temperatures of the substrate (25 °C, 45 °C, 6@B3CC and 116 °C). The microhardness of
the thin film deposited at substrate temperatur€@5vas about 0.5 GPa and the elastic
modulus was about 15 GPa. The thin films depogitedilicon at the substrate temperatures
85 °C and 116 °C recorded the best mechanical pgiepethe microhardness was higher
than 4 GPa and the plastic hardness was more ti#Pa5However, the thin films deposited
on glass at the substrate temperatures 116 °C shilveanicrohardness of 1.3 GPa only.

The results of the atomic composition obtained B®SXshow that the carbon content in the
film decreases with increasing substrate tempezadnd the silicon content increases with
increasing substrate temperature. However, thesfoitain still large content of carbon and
nitrogen. The addition of D to the working gas mixture can decrease the cadootent
and cause almost stochiometric composition ofailiand oxygen, but the carbon content is
still between 10 and 20% and the film microhardnesbetween 2 and 3 GPa only. This
effect of NO was observed at temperatures below 40 °C onlhyhigtier temperatures the
addition of NO inhibits from the film growth.

The refractive index at different samples was chandrom 1.55 to 1.57 (measured at
500 nm). Thin films were transparent in visiblegan

This research has been supported by the reseabgirMSM0021622411 of the Ministry of
Education of the Czech Republic and by grant Nd@J2473 of the Czech Science Foundation.

* % %
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Silver Thin Film Deposited by Plasma Focus Device
L. Karpinski, M. Scholz, E. Stexiwilk-Kowalska, B. Ulejczyk

Institute of Plasma Physics and Laser Microfusion
Hery 23, 01-497 Warsaw, Poland
ulejczyk@ifpilm.waw.pl

Plasma Focus device (PF) has been successfullyassadpulsed ionizing radiation source
for many applications: pulsed neutron activatioalgsis, X-ray source for lithography and
radiography, highly energetic ion source for preassg of materials in the form of thin films
or surface modification. All the radiation is prada at the high-current discharge in a
vacuum chamber filled with various gases at pressidira hundreds Pascals. The sort of
radiation depends on the type of gases insidedhetaor, material of electrodes, geometry
and other parameters. For this reason, PF can bétvegl to a various applications, in spite
of the fact that a quite complicated picture of §ibgl processes ruling a generation of
radiation still is not understood completely.

In this work we present the results of silver thim deposition on stainless steel using the
PF device.

Stainless steel is used to produce of implantssamdically instruments. Stainless steel is
easier to settle by bacterial than titanium, whighused to produce medical devices, but
stainless steel is less expensive than titanium.tRkig reason problem of protection of
surface of stainless steel against its settle loyebial is important.

Silver is know as material of high antibacteriatiaty. Silver is characterized by high
toxicity for cellular with S-H group in cellular WaThis group is in many bacterial genus
but is absent in cellular wall in human cellulaor Ehis reason silver is danger for bacterial
but not danger for human body.

In this work we present the results of silver degms on stainless steel surface by PF
device. We show that:

- nano-structure of deposited film depend from preqegameters,

- antibacterial activity depend from nano-structursitver film.

* % %

Role of Neutral Gas Temperature on Hysteresis Behav  iour of
Reactive Sputtering Deposition Process

P. VaSina, T. Hytkova and M. Elias

Department of Physical Electronics, Faculty of &cie Masaryk University,
Kotlarska 2, CZ-61137, Brno, Czech Republic

Deposition of thin films by magnetron sputteringhimwvadays largely used process in many
industrial applications. To predict the outcometltd reactive sputtering deposition process
one need a model which takes into account majocgsses taking place in the deposition
chamber. Since the working pressure is low (usukgds than 1 Pa), the heterogeneous
reactions are dominant and determine the genehaviteur of the whole deposition process.
The model well describing the experimentally obsdraysteresis behaviour was developed
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by S. Berg and is usually referred to as Berg's eholloreover, this model states very
interesting predictions. However, it has a litttawback.lt assumes that the current density
is uniform over the whole target area and it doefstake into account the gas rarefaction
effect.

However in the magnetron configuration the dischasgrrent density is laterally very non-
uniform due to the presence of the magnetic figldfront of a magnetron cathode high
density plasma is formed in a form of toroid. Themttal part of the target and its edges are
substantially less sputtered than the racetrack gdathe target. The original Berg's model
was modified in order to accommodate the non-umiftyr of the discharge current density.
In enables us to derive the lateral variation eftfrget composition as a function of various
process parameters.

Metallic atom leaves the cathode with non-negligikinetic energy of few eV and after that,
it travels certain distance before it impacts wample and form a growing thin film. At low
pressures (typically below 0.1 Pa), the sputtetedhaundergoes few if any collisions with
the buffer gas atom. At higher pressures (typicablpve 1 Pa), it becomes more likely that
sputtered atoms collide with the atoms of the buffes. At these conditions, the significant
part of their kinetic energy is shared with thefeufyas atoms, resulting in both cooling of
the sputtered atoms and heating of the backgroasdThe increase of the gas temperature
affects the reactive sputtering due to the simelbais effect of reactive gas rarefaction and
increase of the thermal velocity of the gas spedsegh altogether influence the flux of
reactive species towards the target and the stbsiie have modified the original Berg's
model in order to accommodate the gas rarefactftacte In our approach, we assumed
different temperatures near the target and nearehetor walls. It enables us to derive the
hysteresis curves for various temperature conditiarthe reactor. If the temperature at the
target is higher, the whole hysteresis region igexhtowards higher rates of the reactive gas
supply. In this case, the width of the hysteresie/e is not affected. On the other hand
increasing the temperature at the substrate reisutegluction of the width of the hysteresis
curve and consequently in a stabilisation of thetsping deposition process. It is caused by
a shift of the transition from the metallic to tbtempound mode towards lower reactive gas
supplies keeping transition from compound to metatiode unaffected.

This research has been supported byMI8M contract 0021622411 and
by GACR contract 202/08/P038.

Surface Modification of Cu-Mo Electrodes by Arc Dis  charge
A. N. Veklich, I. L. Babich, R. V. Minakova

Taras Shevchenko Kiev National University, RadigsPBept., 64, Volodymirs'ka Str.,
Kiev, 01033, Ukraine, e-mail: van@univ.kiev.ua

The composite materials Cu-Mo with additions of @l Fe were used in this investigation.
Effects of these elements added in the compositeriaks on electrodes secondary structure
were studied. The state of the electrodes surfasdben investigated by optical and electron
microscopy (Neophot, Superprobe).

The arc was ignited in air between the end surfat¢be non-cooled electrodes. We used
the next parameters of electric arc: the diametah® rod electrodes was 6 mm, the arc
discharge gap was 8 mm and arc current was 30 A.
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The metallographic analysis of working layers @@Mo composition has shown formerly
that under influence of a heat flow from the arectiarge in air at current of the order of 100
kA in a working layer the secondary structure igxfed. It represents a layer of a variable
composition with high-melting peel in the vicinity a surface.

Some another kind of secondary structure formagoobserved in the composite materials
Cu-Mo with addition of Co and Fe treated by plasohdree burning electric arc in air at
current of 30 A.

Since the input power was less of some orders ofjniizde than in our previous

experiments, we have the soft eutectic on the naaligbase which is crystallized in a plate
form. Because of interacting with oxygen of air thelybdenum oxides are formed which
have the high saturation pressure. These oxidefigit temperature are intensively
evaporated. So the hollow spaces are formed ieplatmolybdate.

Observed peculiarities of secondary structure envtlorking layer of electrodes are realized
just in composition materials with additions ofrakents of VIl series (Co or Fe). Therefore
one can conclude that such kind of secondary strei¢brmation is probably caused by these
elements.

So, it was found that the electrode working layams uniquely modified in such mode of
electric arc operation. The type of secondary siimecis depended from composition of
electrode material and discharge-current magniasdeell.

This research has been supported by Taras Shewelgrik National University and Frantsevich
Institute for Problems of Materials Science of Nh8kraine.

* % %

Measurements of lon Flux to the Deposition Substrat e in Pulsed
Discharges

P. Virostko, Z. Huliika, M.Cada, P. Jelinek, S. Kment, J. OlégK, L. Jastrabik

Institute of Physics of the ASCR, v. v. i., Na&ioe 2, 18221 Praha 8, Czech Republic
virostko@fzu.cz

The ion flux to the deposition substrate was suldiepulsed DC hollow cathode plasma jet
and pulsed DC magnetron deposition systems.

The ion bombardment of substrate is used in pladgpasitions of thin films to modify their
properties, such as films' structure or surfacepmology. The substrate is usually negatively
biased to induce the bombardment with positive ifsom the plasma. When a dielectric
layer is deposited or a dielectric substrate islutiee negative bias is achieved by applying
radio-frequency (RF) voltage to the substrate tghoa blocking capacitor.

A knowledge of ion flux to the substrate is essarttd control the deposition process and
reproduce the parameters of layers. In this wand,ion flux was measured for substrate bias
of different frequencies: 500 kHZ — 13.56 MHz. Tmethods to determine the ion flux from
the current and voltage measurements on the pceer line to the substrate were used. In
the first method, the ion flux was determined frima discharging of the blocking capacitor
as the RF voltage was periodically turned off. e tsecond method, the ion flux was
calculated from the current to the substrate atithe, at which the simultaneously measured
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voltage on the substrate reached its minimum aeddibplacement current through the
sheath around the substrate was zero. In this @etltontinuous RF bias can be used.

A dependence on the average, negative DC valueea$ubstrate bias, and on the discharge
conditions, such as discharge current or duty ¢yebes studied. The ion flux measured in

the pulsed discharges was compared with the ionrflaasured in the continuous operation.

Pulsed mode of discharge excitation has advanthgfgechigher average deposition rate in

comparison with the DC mode.

This research has been supported by the projecté40R720701, KAN301370701, and
KJB100100707 of the Grant Agency of the AcaderSgieinces of the Czech Republic.

* % %

Study of PECVD Method for Thin Film Deposition on 3 D Substrates
L. Volfova', P. Barto§ P. SpatenKs

Technical University of Liberec, Faculty of MechamiEngineering, Department of Material
Science, Liberec, Czech Republic
“University of South Bohemia, Department of Physiesynymova 10, CZ-370 01 Ceske Budejovice,
Czech Republic

This paper is aimed on use of PECVD method for thims deposition on geometrically
complicated 3D substrates. Active particles petietranto shielded places of substrate is
key presumption for study.

The special model substrate was composed for thik.wQuantifying of active particles
penetration into the closed slot and other shieldledes of substrate was possible due the
model substrate. Penetration ability was investigidirstly for simpler molecules —.8s.
Plasma polymerization thin film was deposited ondelosubstrate. Experiments with
complex molecule Titanium (IV) iso-propoxide (TTIRjere lead in second part of work.
TTIP was used as precursor for deposition of tiinsfbased on Ti@

Deposited processes used both precursors was sathldg mathematical model. The drift-
diffusion type model has been created and the fsdifferential equations was solved by
finite element method (FEM).

This research has been supported by the AcadeRwgierfices of the Czech Republic, Grant
No. KAN 101 120 701.

* % %
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Plasma Polymerization of the P 3N3CIsN(CH3)[Si(CH 3)4]
E. Jordankova, Z. Vorac, M. Alberti, J. Janca

Laboratory of Plasma Physics and Plasma Sourcesylaof Science, Masaryk University,
Kotlarska 2, 611 37 Brno, Czech Republic, zbyndan@lgcom

Studied compoundsRsClsN(CH3)[Si(CHs)3] is derived from a cyclic phosphazengNECle.

In the mentioned molecule are several potentiatgddor substitution reactions, namely all
chlorine atoms and easy removable trimethylsilgugr Si(CH);. Besides, the phosphazene
skeleton consisting from phosphorus and nitrogematcould be polymerized thermally or
in a plasma discharge. Our work was aimed on inya&tsbn of reactivity and identification
reaction products of thesR;ClsN(CHz)[Si(CHz)] in plasma glow discharge.

Experiments were done in a static and dynamic vacuRressure of argon was 20 Pa,
generator output power 50 W, frequency 10 Hz anéosfuty cycle.

Reaction products were identified by common spscopic method$'P-NMR, LDI-TOF
MS and IR spectroscopy. It was found, that acting plasma on the
PsN3CIsN(CH3)[Si(CHs)3] led in the first stage to condensation on compgurike
PeNsCl10SiCH12. Further reaction caused fragmentation of prodoatsmaller molecules,
including destruction of the phosphazene skeleton.

Removing of volatile compounds released duringtready the dynamic vacuum increased
reaction rate and accelerated transformation efls@sN(CHz)[Si(CHs)s] to nitridic
compounds.

This research has been supported by the MinistBdoication, Youth and Sport of the Czech
Republic by grant No. MSM0021622411.

* % %

Removal of Paper Microbial Contamination by Atmosph eric
Pressure DBD Discharge

J. Vrajova, O. Novotny, F. Krcma, P. Stahel

Brno University of Technology, Faculty of ChemisByrkyiova 118, Brno, Czech Republic
vrajova@fch.vutbr.cz

An important part of our cultural heritage consisfspaper materials, which are stored in
archives and libraries. Paper due to the influesfagide range of agents undergoes different
degradation processes that result in alarming ¢tiomgi of most of the historical documents.
One of the serious problem, besides the paper tiardand acidification, is its microbial
contamination. The Analysis of Czech National Ligran Prague proved presence of at least
80 different microorganisms in paper documents.dgaty, the material sterilization can be
achieved by chemical and/or physical means, sucheat chemical solutions, gases and
radiation. Most conventional sterilization techreguare associated with some level of
damage to the material or medium supporting theaurganisms. It is therefore desirable to
focus the research activities on the new technigine$ are both efficient in microorganism
removal and gentle to the medium supporting theeoiganisms.

This contribution presents results of the removahe microbial contamination from paper
material using the plasma treatment at atmosphmassure. Aspergillus Niger, the fungi
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commonly found in libraries and archives, has beleosen as a bio-indicator enabling to
evaluate the effect of plasma assisted microbiattiaation. Dielectric barrier discharge
(DBD) operated at atmospheric pressure was usethépaper sterilization because of its
easy applicability for archive prints. This techumghas also advantage in low cost of process
as the expensive vacuum pumping equipment is naessary and high reactant
concentrations make sterilization process very fast

Certain amount of fungi was spread on Whatman papef and it was cultivated on wort
agar plates. Afterwards the dried paper sample® wrelated in DBD performed in pure
nitrogen or argon. The treatment time and the pdapower density were varied in order to
see the effect of the plasma treatment on the fuwagioval. After the treatment, the
microbial abatement was evaluated by the stand&atk gount method. This proved a
positive effect of the DBD plasma treatment on furggnoval. Nevertheless, optimisation
with regard to different microorganisms and kindlpapers must be considered.

Moreover the influence of the plasma treatment lo@ paper properties (colour, paper
strength, pH, etc.) was investigated.

This work was supported by the Czech Science Foondaontract No. 202/03/H162, by the Grant
Agency of Czech Republic contract No. 202/05/0hd7ty the Research Intent of Ministry of
Education the Czech Republic No. MSM0021622411.

* % %

Ambient Air-Plasma Cleaning and Activation of Flat Aluminium
Surfaces

A. Bucek!, P. $ahef, A. Zahoranovi M. Cernak? D. Frantd M. Zahoran

! Department of Experimental Physics, Faculty of \atatics, Physics and Informatics,
Comenius University, Mlynska dolina F2, 842 48,tBtava, Slovakia
2 Department of Physical Electronics, Faculty ofé®cie, Masaryk University,
Kotlarska 2, 611 37 Brno, Czech Republic

Coatings and adhesive bondings of aluminium arensitely used in the automotive,
aerospace and architectural sectors. Traditionabiyent degreasing, and acid pickling or
alkaline etching followed by conversion coating,amodising treatment, have been used to
prepare aluminium surfaces for painting or adhediweding. The use of organic solvents
and aggressive chemicals presents both health mricbemental concerns. An alternative
that is safe for both people and the environmest lisw temperature plasma cleaning. The
plasma surface cleaning make possible the use w@rlp@ne coating solutions having good
operability and properties to environment.

The paper will present results on a novel atmospimeessure ambient plasma cleaning of
aluminium surfaces based on the use of Diffuse @wapl Surface Barrier Discharge
(DCSBD). The DCSBD plasma sources generate thi®.5~mm) layers of diffuse non-
equlibrium plasma of an extremely high plasma podentsity of some 100 W/cinwhich
results in plasma cleaning times on the order & second. The plasma treated samples
were analyzed by AFM, ellipsometry, and surfacergneneasurements. The results bring a
better understanding of the adhesion of polymetings on plasma treated aluminium foil.

This research has been supported by the Grant 2¥38/08 from Ministry of Education of the
Slovak Republic and by and by the research intesiviNd021622411 funding by the Ministry of
Education of the Czech Republic.

* % %
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Low-Cost Atmospheric-Pressure Plasma Cleaning and A ctivation of
Glass Surfaces

A. Bugek!, T. Homold, A. Zahoranov D. Veli€?, M. Cernak-3 J. Havel

! Department of Experimental Physics, Faculty ofMatatics, Physics and Informatics, Comenius
University, Mlynska dolina F2, 842 48 Bratislavép\kia
Z International Laser Centre, llkagva 3, 812 19 Bratislava, Slovakia
® Department of Physical Electronics, Faculty ofeBcie, Masaryk University, Kotigka 2
611 37 Brno, Czech Republic

Freshly cleaned glass surfaces have a high sudaeegy and are well wettable. They,
however, have a tendency to adsorb organic conaimmfrom the ambient environment.
This may lead to non-uniform glass coatings, irtipalar if deposited from liquid media as
in the case of widely used sol-gel coatings, silemepling agent coatings, electroless metal
plating, as well as in jetting fluid dispensing heology that is gaining popularity in the
manufacture of flat panel displays.

In any glass coating process, a desired chemitatisie is immobilized on the clean glass
surface. This is usually carried out using SiOHugy which are freely available on the
clean glass surface. As a consequence, to obwiffieient number or density of modifying
agents, beside the glass cleaning also the nunfilbeactive SiOH groups must be increased,
i.e., the glass surface must be activated.

The paper will present results on a novel atmospipeessure plasma glass cleaning and
activation method based on the use of Diffuse Gapl&urface Barrier Discharge burning in
ambient air, nitrogen, and some other low-costrgixsures.

The plasma treated samples were analyzed by SIMS,IN] AFM, and surface energy
measurements. The results obtained indicate th&drabe cleaning energy efficiency and
speed the method is superior to other similar ntetiesed on the use of volume dielectric
barrier discharges and plasma jets.

This research has been supported by the SlovaktBicé&rant Agenc, Project No. VEGA
1/4014/07, by the Slovak Research and Developngaridy, Project No. APVV-0491-07 and by the
Czech Science Foundation under the contract nuidB@&101630651 of the Project Nanotechnology
for society.

* % %

Plasma-Induced Graft-Polymerization of Polyethylene Glycol
Acrylate on Polypropylene Substrates

S. zanint; M. Orland?, C. Colombd, E. Grimoldt, and C. Riccardi

Dipartimento di Fisica “G. Occhialini”, Universitadegli Studi di Milano-Bicocca,

p.za della Scienza, 3 1-20126 Milano ITALY
“Dipartimento di Scienza dell’Ambiente e del TenipUniversita degli Studi di Milano-Bicocca,
p.za della Scienza, 1 1-20126 Milano ITALY

A detailed study of argon plasma-induced graft-pwyization of polyethylene glycol
acrylate (PEGA) on polypropylene (PP) substratesnfbranes and films) is presented. The
process consists of four steps: a) plasma preaditiv of the PP substrates; b) immersion in
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a PEGA solution; c) argon plasma-induced graft-pasization; d) washing and drying of
the samples. Influence of the solution and plasm@meters on the process efficiency,
evaluated in terms of amount of grafted polymeryetage uniformity and substrates
wettability, is investigated. The plasma-inducedfgpolymerization of PEGA is then
followed by sample weighting, water droplet adsopt time and contact angle
measurements, attenuated total reflection infrapeettroscopy (ATR-IR) and atomic force
microscopy (AFM) analyses. The stability of theabéd thin films was evaluated in water
and in Phosphate Buffer Saline (PBS) at 37°C. Reslgarly indicates that plasma-induced
graft-polymerization of PEGA is an excellent metblodyy for anti-fouling surface
modification of materials.

* % %

Interaction of Plasma Deposited Polyacrylic Acid Th in Films with
Water and Phosphate Buffer Saline

R. Ziano, S. Zanini, and C. Riccardi

Dipartimento di Fisica “G. Occhialini”, Universitalegli Studi di Milano-Bicocca, p.za della
Scienza, 3, Milano 20126, Italy

We deposited thin films from acrylic acid (AAc) vag mixed with Ar by Radio Frequency
(RF) plasma-enhanced chemical vapor deposition GFB) on a polypropylene (PP)
substrate. We improved the deposition process deroto obtain stable coatings after
soaking in water at room temperature and in PhdspBaffer Saline (PBS) at 37°C. The
stability was investigated on coatings obtainedyiwvay the RF power input and keeping
constant the other relevant operating parametetat pressure, Ar and monomer flow rate
and total treatment time. The film was characterizdgth Water Contact Angle (WCA),
Fourier Transformed Infrared Attenuated Total RefHece (FTIR-ATR), X-ray
Photoelectron Spectroscopy (XPS) and Atomic Forcerddcope (AFM). Thin films
deposited at lower power input show high -COOH emtiation and hydrophylicity. On the
other hand, the strong interaction with water moles, gave rise to delamination of the
coating when the plasma treated substrates wekedaa water and PBS because of the low
cross-linked structure of coatings. By increasimgRF power input, a decreased retention of
-COOH groups and a lower coating hydrophylicity &ebserved. Such coatings show high
stability in water at room temperature. Howevefudher increase in RF power input was
found to be necessary to obtain high cross-linkeatings, stable also in PBS at 37°C.

* % %

High-Power Pulsed Reactive Magnetron Deposition of TiN Films
B. Zustin, K. Burcalova, J. Vicek, J. Lukas

Department of Physics, University of West Bohebhmyerzitni 22, 306 14 Plzen, Czech Republic

High-power pulsed reactive magnetron depositionTafl films on Si(100) and steel
substrates was investigated. The repetition frecperas in the range from 1 to 20kHz at a
fixed 20% duty cycle, a total gas pressure of IiRhaasubstrate temperature of 400°C. Time

179



Poster presentations — Section 6 Wednesday

evolutions of the discharge characteristics werasueed in a 90%Ar+10%MN\yas mixture at

a target power density in a pulse up to 460W/cfime-averaged mass spectroscopy was
performed at a substrate position located 100mmn filoe target. It was shown that argon
ions are strongly dominant (68-85%) in total ionxis onto the substrate. With increasing
preset average pulse currents at a fixed 10kHzié&ecy and with increasing frequencies at a
fixed average pulse current, the ion energy digtidms were more extended to higher
energies (up to 50eV relative to ground potenti@he increasing ion energies and fluxes,
together with the increase in thé/N," ratio, resulted in changes in structure and mechhn
properties (hardness up to 27GPa) of the prepaiedilins.

This work was supported by Ministry of Educatiothef Czech Republic under Project No. MSM
4977751302.
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