ICPIG XXXV

Egmona aan Zee
2023

July 9t - 14t 2023
Hotel Zuiderduin, Egmond aan Zee,

The Netherlands.

www.icpig2023.com

Version: July 12,2023

TU/e



1.6 Local Organizing Committee

Ute Ebert (chair), Centre for Mathematics and Computer Science (CWI) Amsterdam and Eindhoven
University of Technology (TU/e)

Sander Nijdam (co-chair), TU/e
Jannis Teunissen CWI

Jan van Dijk TU/e

Job Beckers TU/e

Baohong Guo CWI

Hemaditya Malla CWI

Conference organisation is supported by:

Ms. Inge Sanders and Ms. Evy Koenen - van Elderen - Conferences department of the Eindhoven
University of Technology.

Student assistants: Francesco Botta, Jesse Delbressine, Wouter Holman and Marcel Miftkkowski.

1.7 International Scientific Committee
Masaharu Shiratani (Chair) Japan
Igor Adamovich USA

N. Yu. Babaeva Russia

Christine Charles Australia

Gilles Cartry France

Uwe Czarnetzki Germany

Giorgio Dilecce Italy

Francisco J. Gordillo Vazquez Spain
Jon Tomas Gudmundsson Iceland
Sander Nijdam The Netherlands
Deborah O’Connell Ireland

Joanna Pawlat Poland

Marija Radmilovic Radjenovic Serbia

Tlekkabul Ramazanov Kazakhstan



P3-43 - Satoshi Uchida (T17)

Tokyo Metropolitan University, Japan.

Permeation characteristics of hydrogen peroxide through biological membranes by applying electric
fleld

P3-44 - Ryo Ono (T17)

The University of Tokyo, Japan.

Treatments of cancer tumors in mice using streamer discharge

P3-45 - Ana Sainz-Garcia (T17)

University of La Rioja, Spain.

Bactericidal activity against Listeria spp using Plasma Activated Water

P3-46 - Perla Trad (T17)

INRS/LPGP, France.

Coupling of a non-thermal plasma to a membrane process for the treatment of n-hexane

P3-47 - Korentin Géraud (T17)

LPP, Sorbonne Université, France.

Cold plasma therapy applied to non-small cell lung cancer: deciphering the relevant plasma
parameters to induce antitumor effects

P3-48 - Yoshihisa Ikeda (T17)

Ehime University, Japan.

Mechanism of molecular introduction into plant cells using plasma treatment

P3-49 - Takamasa Okumura (T17)

Kyushu University, Japan.

Measurement of electric field, UV photons, and long-lifetime reactive species generated by atmospheric
pressure air plasma for plasma bio applications

P3-50 - Paolo Francesco Ambrico (T17)

CNRISTP, Italy.

The inhibitory effect of volume dielectric barrier discharge on phytopathogenic fungi.

P3-51 - Aysegul Uygun Oksuz (T17)

Suleyman Demirel University, Turkey.

Determination of antibacterial effectiveness rate of plasma activated physiological saline (PAIS)
solution (0.9% NaCl)

P3-52 - Richard Cimerman (T17)

Comenius University in Bratislava, Faculty of mathematics, physics and informatics, Slovakia.
Nonthermal plasma regeneration and repetitive use of deactivated catalysts

P3-53 - Filippo Capelli (T19)

Alma Mater Studiorum - University of Bologna, Italy.

Plasma assisted decontamination of food packaging

P3-54 - Kunihiro Kamataki (T19)

Kyushu University, Japan.

Prediction of plasma process conditions via machine learning

P3-55 - Pohsien Chiu (T19)

Department of Mechanical Engineering, National Yang Ming Chiao Tung University, Hsinchu, Taiwan.
Stabilize Voltage and Transmit Power by Atmospheric-Pressure Plasma Jet in Streamer Mode

32



P3-52

XXXV ICPIG, July 9-14, 2023, Egmond aan Zee, The Netherlands

Topic number 17

Nonthermal plasma regeneration and repetitive use of deactivated catalysts

R. Cimerman', J. K8anova', L. Satrapinskyy” and K. Hensel'

! Division of Environmental Physics, Comenius University, Bratislava, Slovakia
2 Department of Experimental Physics, Comenius University, Bratislava, Slovakia

Nonthermal plasma regeneration of deactivated catalysts was investigated at ambient and clevated
temperatures and compared with ozone regeneration. A level of catalyst regeneration strictly depended on
the catalytic material and gas temperature. Regenerated catalysts were reused in several cycles and the
obtained results were compared with those of non-regenerated ones.

1 Introduction

A catalyst deactivation, i.e., the loss of catalytic
activity and/or selectivity over time, is generally one
of the major and inevitable concerns in conventional
as well as plasma catalysis. After a decrease of
catalyst activity, the catalyst can be regenerated
(restored, reactivated), used for another application,
recycled, or discarded [1]. From the economic and
environmental point of view, the first option is the
most appropriate.

It is well known that nonthermal plasma can create
highly reactive environment even at ambient
conditions. In this sense, a potential of nonthermal
plasma generated by atmospheric pressure dielectric
barrier discharge (DBD) for regeneration of
deactivated catalysts was investigated.

2 Experiment and analysis

The experimental procedure consisted of two
steps. Firstly, plasma catalytic removal of a model
volatile organic compound (toluene) or polycyclic
aromatic hydrocarbon (naphthalene) was employed
using packed-bed DBD reactors in synthetic air as a
carrier gas [2, 3]. The reactors had a cylindrical
coaxial geometry and were packed with various
catalysts  (TiO,, Pt-, Pd-yAOs, BaTiO3).
Decomposition of the model compounds resulted in
formation of various gaseous and solid compounds
(products) often found as carbon containing deposits
on surface of the catalysts. These solid deposits were
responsible for deactivation of catalysts and decrease
of their activity over time.

Secondly, the deactivated catalysts were
regenerated using the packed-bed DBD reactors of
the same geometry in oxygen as a carrier gas at
ambient (25°C) or elevated (100°C) temperatures for
2 hours. Besides, in order to evaluate a role of ozone
in the regeneration process, the catalysts were also
regenerated by ozone from an ozonator.

Regeneration led to formation of gaseous
oxidation products (CO,;, CO and HCOOH) and
temporal evolution of their concentrations was
monitored by infrared absorption spectroscopy FTIR.
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Surface of the catalysts was analysed by scanning
electron microscopy SEM and optical microscopy. In
addition, the thermogravimetric analysis TGA of the
catalysts was also performed.

3 Results
The results showed that the concentrations of the
oxidation products rapidly increased, reached

maxima and then gradually decreased with time.
Moreover, efficiency of the catalyst regeneration
depends predominantly on the used catalytic material,
i.e., its dielectric constant. It determines not only an
interaction between catalyst and plasma, but also an
exhibiting discharge mode (surface or localised
filamentary mode). Surface analysis of the catalysts
proved oxidation and partial removal of solid carbon
deposits. Efficiency of catalyst regeneration was
higher with nonthermal plasma compared to ozone
regeneration alone and depended on gas temperature.

Finally, some of the regenerated catalysts were
reused and tested for the removal of toluene by
plasma catalysis in three repetitive cycles. The results
showed that regenerated catalysts exhibited higher
efficiency of toluene removal than non-regenerated
ones. This effect was the most evident for Pt/yAl,Os,
and then for TiO..
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