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Nazov projektu Evidenc¢né ¢islo projektu PP-COVID-20-0002

Aplikovany vyskum a vyvoj pracovnej latky pre odmorovanie, dezinfekciu a
dezaktivaciu, aplikovanej do studenej plazmy za atmosférického tlaku, pre dopravné
sluzby

Zodpovedny riesitel Dr.h.c. prof. Ing. Miroslav Kelemen, DrSc., MBA
Priilemca Technicka univerzita v KoSiciach - Letecka fakulta

Nazov pracoviska, na ktorom bol projekt rieSeny

Technicka univerzita v KoSiciach, Letecka fakulta.

Zoznam spolupracujucich organizacii zo zahranicia, ktoré sa zapojili do rieSenia
projektu (uved’te nazov, sidlo, stat a identifikacné Cislo ak je dostupné)

Projekt bol rieSeny bez spolupracujucich organizécii zo zahranicia.

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Na zaklade projektu nebola podana prihlaska uzitkového vzoru alebo patentova prihlaska.
Uvedeny vystup nebol planovany.

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

ADC Vedecké prace v zahrani¢nych karentovanych ¢asopisoch

Model of Evaluation and Selection of Expert Group Members for Smart Cities, Green
Transportation and Mobility: From Safe Times to Pandemic Times / Miroslav Kelemen ... [et
al.] Mathematics. - Bazilej (Svajéiarsko) : Multidisciplinary Digital Publishing Institute Vol. 9,
No. 11 (2021), p. 1-21 [online]. ISSN 2227-7390 (online)

[KELEMEN, Miroslav - POLISHCHUK, Volodymyr - GAVUROVA, Beata - ROZENBERG,
Rébert - BARTOK, Juraj - GAAL, Ladislav - GERA, Martin - KELEMEN, Martin]

ADC Vedecké prace v zahrani¢nych karentovanych ¢asopisoch

Expert Model of Risk Assessment for Selected components of Smart City concept: From safe
time to pandemics as COVID-19 / Beata Gavurova, Miroslav Kelemen, Volodymyr Polishchuk.
Socio-Economic Planning Sciences, 2022, ISSN 0038-0121

[GAVUROVA, Beata - KELEMEN, Miroslav - POLISHCHUK, Volodymyr]

Paper in progress: after Minor revisions in the 2nd. round of review

ADE Vedecké prace v ostatnych zahrani¢nych ¢asopisoch

Ochrana pred COVID-19 ako vyzva pre technické a spoloCenskeé vedy: Identifikacia
vybraného vyskumného problému aplikovaného vyskumu. Prosopon. Europejskie Studia
Spoteczno-Humanistyczne, 34 (1) 2021. P. 69-76.

[KELEMEN, Miroslav — KELEMEN, Martin — BOVA, Stefan]

ADE Vedecké prace v ostatnych zahrani¢nych ¢asopisoch
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Experience and statistics of lost and found department at KoSice airport: from safe time to
pandemics. Humanum: Miedzynarodowe Studia Spoteczno-Humanistyczne, 40 (1) 2021. p.
101-112.

[PILAT, Marek — KELEMEN, Miroslav — Szabo, Stanislav — MAKO, Sebastian]

ADE Vedecké prace v ostatnych zahrani¢nych ¢asopisoch

Management of UAV border surveillance as technological and social consequence of anti-
pamdemic programs. Socio World-Social Research & Behavioral Sciences. Tallinn, Estonia:
The Baltic Scientific Journals, 2021. Vol. 06, No. 04 (1) (2021). p. 4-15. ISSN 2733-2713
[JEVCAK, Jaroslav — KELEMEN, Martin]

ADE Vedecké prace v ostatnych zahrani¢nych ¢asopisoch

Management of permanent landing and take-off areas network for helicopter emergency
medical services and national crisis management. Socio World-Social Research & Behavioral
Sciences. Tallinn, Estonia: The Baltic Scientific Journals, The Southern Caucasus Media
Group. 2021. Vol. 06, No. 04 (2) (2021). p. 5-12. ISSN 2733-2713.

[PETRICEK, Pavol — KELEMEN, Martin]

ADF Vedecké prace v ostatnych domacich ¢asopisoch

Specifications for test modules in the APVV project PP-20-COVID-0002 Aerosol. Acta
Avionica : journal of science. - KoSice (Slovensko) : Letecka fakulta TUKE, Ro¢. 23, €. 1
(2021), s. 28-34 [print, online]. - ISSN 1335-9479

[KELEMEN, Martin — BOVA, Stefan]

ADN Vedecké prace v domacich ¢asopisoch registrovanych v databazach Web of Science
alebo Scopus

Evaluation of Chemical Aging on Carousel Properties Due to the COVID-19 Anti-Pandemic
Measures at Airports. Acta Montanistica Slovaca, Volume 27 (1/2022), XXX-XXX.

[MUSII, Tomas — AMBRISKO, Lubomir — SUCIK, Gabriel — MARASOVA, Daniela —
KELEMEN, Miroslav — BOVA, Stefan — KOSCAK, Peter]

Paper in progress: after review process accepted for publication in Vol. 27 (1/2022).

2 Citacie na pracu ADC Expert Model of Risk Assessment for Selected components of Smart
City concept: From safe time to pandemics as COVID-19:

Advantages of fuzzy approach compared to probabilistic approach in project evaluation
Haskova, Simona; Sulef, Petr; Krulicky, Tomas.Entrepreneurship and Sustainability Issues;
Vilnius Vol. 9, Iss. 2, (Dec 2021): 446-456. DOI:10.9770/jesi.2021.9.2(29)
https://www.proquest.com/docview/2607524577?pqg-origsite=gscholar&fromopenview=true
ELECTROMOBILITY AS APART OF COMMUNALLY BENEFICIAL INNOVATIONS IN
TRANSPORT AND ITS PERCEPTIONBY SLOVAK CONSUMERS

Ferdinand Dano, Samer Khouri, Peter Drabik, Dominika Vernerova, Marek Kukura
Transformations in Business and EconomicsVolume 20, Issue 3, Pages 132 - 1502021
http://www.transformations.knf.vu.lt/54/article/elec
https://lwww.scopus.com/record/display.uri?eid=2-s2.0-
85120779208&origin=resultslist&sort=plf-f&cite=2-s2.0-
85108159860&src=s&imp=t&sid=2384953eb4caec921ee960889b3525c5b&sot=cite&sdt=a&sl
=0&relpos=1&citeCnt=0&searchTerm=

Uplatnenie vysledkov projektu

Priebezné a zavere¢né poznatky z analytickej a experimentalnej Casti projektu su
vysledkom komplexného skumania globalneho fenoménu pandémie COVID 19,
manazmentu a nastrojov na jej zvladanie. Aktualnost rieSenia problematiky a uplatnenie
vysledkov determinuje pretrvavajuci zaujem medzinarodnej komunity na eliminaciu
negativnych dopadov na spolo¢nost a ekonomiku. Projekt umoznil ziskat nové poznatky o
praktickej vyuzitelnosti perspektivnych technoldgii v ramci antibakterialnej a antivirotickej
ochrany os6b a eliminacie kontaminacie povrchov materialov prostrednictvom napr. korona
virusu COVID-19.

Primarnym, bezplatnym odberatelom vystupov aplikovaného vyskumu a vyvoja okrem
Ziadatefla je BovaCHEM, s.r.o., ktora vyuzije vystupy pri budovani spésobilosti
antibakteridlnej a antivirotickej ochrany spolo¢nosti, podpory organov krizového
manazérstva v mimoriadnej situacii a nudzovom stave Statu a pod.

Na celo$tatnej urovni budu dalSimi potencionalnymi odberatelmi vystupov letiskové
spolo¢nosti, letecké spolo¢nosti, dopravné a logistické spolo€nosti, sekundarne
prevadzkovatelia nemocnic a socialnych zariadeni, prevadzkovatelia skladového
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hospodarstva a pod., zloZky integrovaného zachranného systému SR, vybrané hospodarske
subjekty vo verejnom aj v privatnom sektore. Aplikacna uroven vysledkov projektu nachadza
primarne zrkadlenie v lokalnych, regionalnych a medzinarodnych dopravnych a prepravnych
procesoch na letiskach, v autobusovej a zelezni€¢nej doprave, sekundarne v logistike, v
nemocniciach, v Skolskych a socialnych zariadeniach poskytujucich sluzby obyvatelstvu a
pod. Vysledky sa uplatnia vSade, kde sa manipuluje s tovarom, prepravovanym nakladom,
obalom a pod., s potencialne kontaminovanym povrchom, nebezpecnym pre ¢loveka.

Noveé pracovné chemickeé latky a poznatky budu uplatnené v nasledujucej vedeckej praci, v
ramci podaného (vyvolaného) projektu ,Technologicky dekontaminacny demonstrator MAXI
s vyuzitim studenej plazmy a novej chemickejlatky pre antibakterialne, antiviroticke,
protichemické a antiradiacné vyuzitie v dopravnych sluzbach®, ¢. APVV-21-0010, na
vSeobecnu vyzvu APV W2021. Novy projekt aplikovaného vyskumu bol podany
27.10.2021. Vysledky z prvého projektu a z nasledne vyvolaného projektu budu tvorit
komplexné technické rieSenie pre trh.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

KlaCovy vystup projektu predstavuju nové polyvalentné dekontaminacné pracovné chemicke
latky (aerosdl), s vysokym potencialom pre dezinfekciu, odmorovanie a dezaktivaciu, ktoré
su aplikované v prude studenej plazmy. V ramci projektu boli experimentalne syntetizované
varianty pracovnych latok typ A (3 druhy vzoriek) a pracovnych latok typ B (4 druhy vzoriek),
v sulade s hypotézou ich reakéného potencialu s predpokladanymi zdrojmi kontaminacie.
Pracovnu latku B sa zaroven podarilo syntetizovat’ aj ekologicky neSkodnym procesom.
Viytvorené pracovné latky boli charakterizované fyzikalne — chemickymi metédamia
vysledky su zhodné s predpokladanou Strukturou. Charakterizacia sa opierala o metody
Mossbauerovej spektroskoie, elektronovej mikroskopie (SEM/EDS) a atbmove;j silovej
mikroskopie (AFM). Ich dekontaminaény potencial bol primarne posudeny bez aplikovania
do prudu studenej plazmy na modelovych biologickych latkach (Vibrio fischeri, SARS-CoV-2
delta B.1.617.2), modelovych chemickych latkach (Dimethyl methylphosphonate,
polychlérovany bifenyl DELOR) a modelovej stabilnej latke pre simulaciu radioizotopu
(84Sr(NO3)2, 84SrCI2.6H20), ako pokles koncentracie v Easovej zavislosti. Stanovenie
u€innosti dezinfekcie bolo realizované s vyuzitim stanovenia adenozintrifosfatu (ATP) a
cestou antigénového imunochromatografického testu. Hodnotenie poklesu koncentracie
chemickych latok sa opieralo o stanovenia metédami plynovej chromatografie s
hmotnostnou spektrometriou (GC/MS), vysokou¢€innu kvapalinova chromatografiu (HPLC),
infracervenu (FT-IR) a Ramanovu spektrometriu. Dezaktivacna ucinnost bola stanovena
metodou rontgenovej fluorescenénej spektroskopie (XRF). Nasledne bol experimentalne
stanoveny dekontaminacny potencial pracovnych latok zavedenych do prudu studene;j
plazmy vo forme aerosolu. Pre definovanie koneéného optimalneho zlozenia pracovnej
latky (aerosélu), podmienok jej aerosolizacie a ionozacie boli vytvorené dva testovacie
moduly generatorov studenej plazmy, vyuzivajuce piezoelektricky krystal, dielektricky
bariérovy vyboj (DBD), ultrafialové Ziarenie a ionizujuce Ziarenie beta. Optimalizovanie
chodu generatora studenej plazmy bolo monitorované optickou emisnou spektrometriou
(OES) a bezkontaktnym meranim teploty plazmy. Experimentalne stanovenie u¢innosti
dekontaminacie potvrdilo, Ze vyvinuté pracovné latky disponuju dobrou dekontamina¢nou
u€innostou aj bez aplikovania do studenej plazmy, ale s vefmi dlhou reakénou dobou.
Podobny zaver je mozné v pripade dezinfekéného a odmorovacieho procesu vyslovit' pri
pouziti studenej plazmy bez pracovnej latky, prifom samotna studena plazma nema ziadny
dezaktivaCny uc€inok. Potvrdena bola hypotéza, Ze po aplikovani dekontaminacnych
pracovnych latok do prudu studenej plazmy extrémne rastie dekontaminacny ucinok a
podstatne sa skrati as dekontaminacného procesu. Vyznamny faktor tiez predstavuje
poznatok, Ze reakény produkt oboch pracovnych latok je netoxicky a neSkodny pre Zivotné
prostredie. RieSitelsky kolektiv vyuZil expertnu databazu udajov z merani fyzickych udajov
nameranych pri experimente a stanovenych pri hodnoteni pracovnej latky pre celkové
hodnotenie vysledkov aj prevadzkovych rizik. Ziskané poznatky z analytickej Casti projektu
umoznili tvorbu informa¢nych modelov najma pre podporu rozhodovacich procesov u
potencialnych uzivatelov. Hodnotenie jednotlivych variantov pracovnej latky boli okrem
rieSitel'ského kolektivu doplnené o externé analyzy. Nase a externé hodnotenia potvrdili, Ze
vytvorené latky su schopné ionizacie v prude studenej plazmy a ziskali schopnost’ vo velmi
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kratkom Case neutralizovat nebezpecné virusy, baktérie a ich spdry, plesne a huby, zaroven
budu u€inné pri degradacii nebezpecnych chemickych latok a priemyselnych jedov.
Kla¢ovym vystupom z projektu bol splneny hlavny ciel projektu, ktory bol zamerany na
aplikovany vyskum a vyvoj pracovnej latky (aerosoélu) na baze experimentu, pre ziskanie
vhodnych dekontaminacnych pracovnych latok pre pouZitie v zariadeni, ktoré generuje
studenu plazmu za atmosférického tlaku.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The key output of the project is a new polyvalent decontamination working chemical
(aerosol), with a high potential for disinfection, decontamination and deactivation, which are
applied in a cold plasma stream. Within the project, experimental variants of working
substances type A (3 types of samples) and working substances type B (4 types of samples)
were experimentally synthesized, in accordance with the hypothesis of their reaction
potential with the presumed sources of contamination. Working substance B was also
synthesized by an environmentally friendly process. The created working substances were
characterized by physico - chemical methods and the results are identical with the expected
structure. The characterization was based on Mossbauer spectroscopy, electron microscopy
(SEM/ EDS) and atomic force microscopy (AFM) methods. Their decontamination potential
was primarily assessed without application to the cold plasma stream on model biologicals
(Vibrio fischeri, SARS-CoV-2 delta B.1.617.2), model chemicals (Dimethyl
methylphosphonate, polychlorinated biphenyl DELOR) and model stable substance for
simulation radioisotope (84Sr (NO3) 2, 84SrCI2.6H20) as a decrease in concentration over
time. The disinfection efficiency was determined using the adenosine triphosphate (ATP)
assay and the antigen immunochromatographic assay. The assessment of the decrease in
chemical concentration was based on the determinations of gas chromatography with mass
spectrometry (GC / MS), high performance liquid chromatography (HPLC), infrared (FT-IR)
and Raman spectrometry. Deactivation efficiency was determined by X-ray fluorescence
spectroscopy (XRF). Subsequently, the decontamination potential of the working
substances introduced into the cold plasma stream in the form of an aerosol was
experimentally determined. To define the final optimal composition of the working substance
(aerosoal), its aerosolization and ionization conditions, two test modules of cold plasma
generators were created, using piezoelectric crystal, dielectric barrier discharge (DBD),
ultraviolet radiation and ionizing beta radiation. The optimization of the cold plasma
generator operation was monitored by optical emission spectrometry (OES) and non-contact
plasma temperature measurement. Experimental determination of decontamination
efficiency confirmed that the developed working substances have good decontamination
efficiency even without application to cold plasma, but with a very long reaction time. A
similar conclusion can be drawn in the case of the disinfection and decontamination process
when using cold plasma without working substance, while cold plasma itself has no
deactivating effect. The hypothesis was confirmed that after the application of
decontamination working substances into the cold plasma stream, the decontamination
effect increases extremely and the time of the decontamination process is significantly
shortened. Another important factor is the knowledge that the reaction product of both
working substances is non-toxic and harmless to the environment. The research team used
an expert database of data from the measurements of physical data measured during the
experiment and determined during the evaluation of the working substance for the overall
evaluation of results and operational risks. The knowledge gained from the analytical part of
the project enabled the creation of information models, especially to support decision-
making processes for potential users. In addition to the research team, the evaluation of
individual variants of the working substance was supplemented by external analyzes. Our
and external evaluations have confirmed that the substances formed are able to ionize in
the cold plasma stream and have acquired the ability to neutralize dangerous viruses,
bacteria and their spores, fungi and fungi in a very short time, while being effective in
degrading hazardous chemicals and industrial poisons. The key output of the project was
the main goal of the project, which was focused on applied research and development of
working substance (aerosol) on the basis of experiment, aimed at obtaining suitable
decontamination working substances for use in equipment that generates cold plasma at
atmospheric pressure.
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