AGENTURA

-~
4mmm 2. PODPORD
v

\ VYSKUMU AVYVOIA

Formular ZK - Zaverecna karta projektu

Riesitel’: RNDr. Karol Hensel, PhD. Eviden¢né ¢islo projektu: APVT-20-032404

Nazov projektu: Mikrovyboje v poréznych dielektrickych materialoch, ich vlastnosti a aplikacia na ¢istenie vyfukovych plynov

Na ktorych pracoviskach bol
projekt rieSeny:

Univerzita Komenského, Bratislava

Toyohashi University of Technology, Toyohashi, Japonsko

Universite Paris-Sud, Orsay, Franciuzsko

Ktoré zahrani¢né pracoviska
spolupracovali pri rieSeni
(nazov, $tat):

Toyohashi University of Technology, Toyohashi, Japonsko

Universite Paris-Sud, Orsay, Franciuzsko

National Institute of Advanced Industrial Science and Technology, Tsukuba, Japonsko

Udelené patenty alebo podané
patentové prihlasky, vynalezy
alebo uzitkové vzory
vychadzajuce z vysledkov
projektu:

ziadne

Publikacie (knihy, ¢lanky,
prednasky, spravy a pod.)
zhriujice vysledky projektu
(uved’te i publikacie prijaté
do tlace alebo pripravované):

Uvaddzajte maximadlne pat’
najvyznamnejSich publikdcil.

K. Hensel, V. Martisovits, Z. Machala, M. Janda, M. Lestinsky, P. Tardiveau, A. Mizuno:
Electrical and optical properties of AC microdischarges in porous ceramics, Plasma Process.
Polym. 4 (7-8), 682-693 (2007). Impact factor: 2.132
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K. Hensel, S. Sato, A. Mizuno: Sliding discharge inside glass capillaries, IEEE Trans. Plasma
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V ¢om vidite uplatnenie
vysledkov tohto projektu:

Projekt ukazal moznosti uc¢innej kombinacie plazmy generovanej vybojmi a katalyzatorov vo
forme poréznych keramik, resp. vcelieho plastu (zvézku kapilar) a ich pouzitia na Cistenie zloziek
vyfukovych plynov. Vysledky projektu a ziskané vedomosti sa uplatnia pri realizacii
integrovaného systému automobilového katalyzatora a vybojov (japonsky partner uz na tomto

v sucasnosti spolupracuje s firmou Toyota).

Podpisom zaverecnej karty rieSitel’ vyjadruje svoj stiihlas ku zverejneniu udajov v nej uvedenych.
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Charakteristika vysledkov

| Eviden&né &islo: APVT-20-032404 |

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Cielom projektu bolo Studium mikrovybojov generovanych v poréznych dielektrickych materidloch a tenkych
kapilarach, skimanie ich fyzikalnych vlastnosti a ich aplikacia na destrukciu zloziek vyfukovych plynov. Vysledkom
projektu st namerané elektrické charakteristiky vybojov v zavislosti na vel'kosti pérov a hrubky poréznych keramik,
priemere a dizke kapilar, zloZeni plynu, type a polarite zdroja vysokého napitia a pod. Urobila sa ¢asové i priestorova
fotodokumentécia a emisna spektroskopia vybojov pre rozne vstupné parametre vyboja, plynu a materialu. Podarilo sa
identifikovat’ excitované Castice, urit’ zavislosti ich koncentracie od mnohych parametrov a stanovit' rovnovaznost’
generovanej plazmy. Experimentalne vysledky boli doplnené teoretickou analyzou mechanizmu vzniku mikrovybojov v
keramikach, ktora brala do ivahy elementarne procesy v plazme vratane ionizacie, rekombinacie a difiizie. Uginky
vybojov boli testované prostrednictvom generacie oxidantov (o0zonu), resp. destrukcie vybranych zloziek vyfukovych
plynov (oxidy dusika, toluén, prachové castice). Zhodnotili sme ucinnost’ procesov a analyzovali vysledné produkty.
Experimentalne $tudium plazmochemickych procesov bolo doplnené teoretickym Stiidiom a pocitacovymi simulaciami
dynamiky elektronov vo vybranych zmesiach. Syntéza vysledkov experimentalneho Stidia fyzikalnych vlastnosti
vybojov a testov ich plazmochemickych ucinkov urcila optimalne podmienky generacie vybojov v poréznych
keramikach a kapilarach. Vysledky tiez ukazali, ze fyzikalne vlastnosti a mechanicka stabilita katalyzatorov st kritické
parametre ovplyviujlce vznik a Sirenie vybojov, ich plazmochemické ti€inky a vyzaduju potrebu d’alSieho skimania.

Celkove mozno konStatovat’, Ze ciele zakladného vyskumu zadefinované projektom boli vyrieSené kompletne. Ciele
aplikovaného sa podarilo naplnit’ uspokojivo, pricom existujil moznosti d’al$ej optimalizacie systému. T4 spociva najméa
v hladani atestovani dalSich druhov katalyzatorov s vhodnymi {fyzikadlnymi, chemickymi a mechanickymi
vlastnostami. Po zvladnuti tychto testov bude mozné urobit’ definitivny navrh systému plazmy a automobilového
katalyzatora s optimalnou u¢innost'ou a nizkou energetickou spotrebou.

Suhrn vysledkov rieSenia projektu a naplnenia ciel’ov projektu (max. 20 riadkov) - anglicky:

Objective of the project was the study of microdischarges generated in porous dielectric materials and capillaries,
investigation of their physical properties and their application for the destruction of exhaust gases. The results of the
project are the electrical characteristics of the discharges as a function of pore size and thickness of the porous
ceramics, diameter and length of the capillaries, gas composition, type and polarity of the high voltage power supply.
Temporal and spatial photo-documentation and emission spectroscopy of the discharges for their various input
parameters, gas mixture and material were performed. We successfully identified the excited particles, determined the
dependence of their concentration on various parameters and estimated the level of non-equilibrium of the generated
plasma. The experimental measurements were supported with the theoretical analysis of the microdischarge mechanism
with respect to the elementary processes including ionization, recombination, and diffusion. The effects of the
discharges were tested by means of oxidant generation (ozone) and destruction of selected components of exhaust gases
(nitrogen oxides, toluene, dust particles). We evaluated the efficiency of the process and analyzed by-products.
Experimental study of plasma chemical processes was supplemented by computer simulations of electron dynamics in
selected gas mixtures. The synthesis of the results from the experimental study of physical discharge properties and the
tests of their chemical effects determined the optimal conditions for the discharge generation in porous ceramics and
capillaries. The results have also shown that physical properties and mechanical stability of the catalysts are critical
parameters, which influence the formation and propagation of the discharge, its plasma chemical effects and therefore
require the further study.

In summary, it can be pointed out that the objectives of the fundamental research, as defined in the project, were
completely fulfilled. The objectives of the applied research have been completed satisfactorily; however, there are still
possibilities for the further improvement of the system. They consist of a search and test of other types of catalysts with
appropriate physical, chemical and mechanical properties. Once these tests are completed, it will be possible to make
final proposal of the integrated system of plasma and catalyst with optimal efficiency and low energy consumption.
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