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The thesis is designed as a commentary on annotated scientific papers. It addresses two
technologically significant plasma sources for fast and efficient treatment of solid surfaces
(DCSBD, Diffuse Coplanar Surface Barrier Discharge) and liquids (CaviPlasma). The
selection of annotated papers summarises the author’'s contribution to the targeted
development of these industrially applicable plasma sources at the Department of Physics
and Technology at Masaryk University (DPPT).

The physical phenomena in coplanar barrier discharge (CDBD) and electric discharge in
hydrodynamic cavitation were studied using various diagnostic techniques. The author was
specialised in plasma diagnostics using optical emission of the discharge. He utilised the
newly acquired diagnostics equipment, namely the intensified gated CCD cameras (the
author was responsible for the ICCD camera selection process), for the space and phase-
resolved optical emission spectroscopy and imaging, respectively. The correlated electric
and optical measurements were designed to study, e.g. the statistical behaviour of
microdischarges in CDBD or the development of spark/glow discharges in cavitation. The
single photon counting spectroscopy was utilised for ultra-low light events, aka the newly
discovered charge relaxation event in CDBD. The dynamics of microdischarges and 2D
electric field development were studied using intensified CCD camera imaging. But not only
were the diagnostics performed. The application potential of DCSBD and CaviPlasma
discharges was also investigated, and the author was involved in numerous application tests.

In the first part of the thesis, a detailed investigation of DCSBD/CDBD was summarised in
the selection of ten annotated papers. The DCSBD is a special implementation of coplanar
dielectric barrier discharge, which was developed into an industrially applicable, robust and
reliable plasma source at DPPT under the leadership of Prof. Mirko Cernak, master's and
doctoral theses supervisor of the author. The author collaborates on this progress through
research on DCSBD and a dedicated CDBD setup. The author’s key findings include
investigating the influence of electrode arrangement and temperature on the discharge
properties, and the study on microdischarges dynamics in the multi-filamentary regime of
CDBD. Further research identified the residual heat influence on the memory effect of DBD
and the author’s discovery and characterisation of the Charge Relaxation Event (CRE), a
previously undocumented pre-breakdown ultra-low intensity phenomenon of CDBD. The
discovery of conditions leading to diffuse/homogeneous CDBD on microdischarge level
enabled the utilisation of the helium emission lines ratio method for mapping the
development of 2D-resolved electric field in helium CDBD. The author was also involved in a
broad portfolio of DCSBD applications from which the application studies in a hydrogen
atmosphere were selected for presentation.



The second part of the thesis deals with the discovery and utilisation of the CaviPlasma®,
the technology for efficient large-volume liquid treatment. This novel and internationally
patent-protected technology combines hydrodynamic cavitation with electric discharge
generated at the specific axial electrode geometry. The author is a co-inventor of this
technology. The commentary to the five annotated papers summarises the development of
CaviPlasma from the very first steps focused on cyanobacteria-contaminated water
remediation up to the current generation of the technology that was presented by the
licensee at EXPO 2025 in Osaka in the form of the commercial treater prototype unit.

The annotated papers demonstrate the high-throughput water treatment with excellent
treatment efficiency, e.g. hydrogen peroxide yield up to 12.4 g/kWh and production rate more
than 17 g/h using the lab-scale 1.5 m*h CaviPlasma unit. The presented diagnostics were
performed using electrical, optical, and spectral methods, as well as chemical analyses of the
treated water. The parametric studies of discharge regimes of operation in unbridged and
bridged electrode configurations were published. The phase-resolved imaging and electrical
measurements enabled spark/glow discharge regime identification. The dedicated
spectrometric study in a broad research collaboration enabled the identification of some of
the generated reactive oxygen species (ROS), revealing the presence of long-living products
— the hydrogen peroxide and ozone, and also short-lived products — the OH radical, or singlet
oxygen. The dynamics of the OH radicals were investigated by a Iluminol
chemiluminescence, which enabled the identification of space and time-resolved OH
dynamics in the cavitation-plasma system. The mapping of OH radicals reveals the
enhanced interaction zone in the cavitation cloud collapsing end and the extended interaction
zones beyond the active discharge region in the after-cavitation wake stream. The author
believes the CaviPlasma® technology represents a promising breakthrough in plasma-liquid
treatment. It has strong potential for environmental and bio applications owing to its
engineering simplicity and unprecedented volumetric rating.

The author’s principal contribution to annotated papers is estimated in terms of content
(quantity), summarised in the respective tables, and in terms of quality, as shown in the list
below the tables.
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[1] Design and construction of the “The Box” experimental apparatus (with P.S.),
conduction of experiment — electrical measurements, optical emission spectroscopy
(with Z.N.) and imaging, data analysis (with Z.N.), responsible for the writing of the
manuscript

[2] Design (with P.S. and Z.N.) and conduction of experiment — electrical
measurements, optical emission spectroscopy and imaging, data analysis,
responsible for the writing of the manuscript

[3] Design (with P.S) and conduction (with J.H.) of experiment — electrical
measurements, optical emission spectroscopy and imaging, data analysis,
responsible for the writing of the manuscript

[4] Numerical model and analysis of residual heat build-up, joint interpretation of
results with J.R., comments on the manuscript

[5,6] Discovery of investigated phenomenon, design and conduction (with T.M.) of
ICCD-related measurements and analysis, preparation of the respective part of the
manuscript, comments on the manuscript
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[7] Design (with Z.N.) and conduction of ICCD-related measurements (with Z.N., T.M.
and M.S.) and analysis (with Z.N.), responsible for the writing of the manuscript

[8] Design and conduction of ICCD-related measurements and analysis, optical
emission spectroscopy (with A.B.), preparation of respective part of the manuscript,
co-editing of the manuscript (with A.B. and M.C.)

[9] Design and conduction of plasma treatment experiment, design and conduction of
plasma diagnostics and data analysis; writing of respective parts of the manuscript,
comments on the manuscript

[10] Design (with P.S. and M.Z.) and conduction of experiment (with P.S., H.D.),
(phase-resolved) imaging and electrical characterisation and analysis, responsible for
the writing of the manuscript (Z.B. was responsible for the development and
application of modified Paschen law part of the manuscript)

[11] Co-inventor of the CaviPlasma technology, optical emission spectroscopy (with
P.S. and J.R.) and related part of the manuscript, comments on the manuscript

[12] Design and conduction of the diagnostics experiment (with P.S., J.R. and L.P.),
electrical measurements (with P.S.), optical emission spectroscopy and imaging, data
analysis, responsible for the writing of the manuscript

[13] Design and conduction of the experiment (diagnostics — with P.S., parametric
study — with L.P., R.H., E.M.), electrical measurements (with R.H.), optical emission
spectroscopy and imaging, data analysis, responsible for the writing of the manuscript
(co-editing with D.T.); phenol and colourimetric measurement of peroxide with P.L.,
OH analysis A.L. and Z.M.

[14] Design and conduction of the experiment (diagnostics — with P.S. and R.H,,
parametric study — with P.L, P.S. and L.P.), electrical measurements and optical
emission spectroscopy and imaging (with R.H.), data analysis (with R.H.), responsible
for the writing of the manuscript (co-editing with D.T.)

[15] Design and conduction of experiment (with L.P. and R.H.), electrical
measurements (with L.P) and analysis, optical emission spectroscopy (with R.H.),
(spectrally resolved) imaging and analysis, data analysis with numerical model (with
D.T. and P.R.), responsible for the writing of the manuscript (co-editing with D.T. and
R.H.)



